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Pre][ace

Durixa the past 50 vears much information has been accumulated on the dynamic
«trocture and the functlon of Lone Orthopaedic sutpeons have become increasingdy
copmzant of the necewity of understanding the biologic proceswes of bone It is our
beliel that a presentation of the picture of hiving bone will sugzest many chinfeal as
well as reearch posdbilities to the thoughtful surgeon and physidan

An example of this lies in the appreciation of how bone forms fn lamellar fashion
“\onunlon repre<enta the formation of a circular seal at & bone end. The obvious con
cluslon then is that any surgical procedute for noaunion must go back bevond the
start of the seal 0 that the pattern of normal lamellar bone growth can be reumed
with the aid of adjuvant bone-graiting matenal.

Bone functions not only as a_structural framework but also as an organ of the body
acting and reacting to normal and abnormal conditions Furthermore {actors produc
ing chanses in bone may affect other parts of the body

As another example of the application of basic saentific knowledge in clinlcal work.
it is well known that immobilization and bdfastness assoaated with the treatment of
major traumatic or patholome fractures result in osteoporosis and an eutpouning of
tbe released calcium and phosphorus into the blood stream The danger which is
well known clinrcally of ectopec soft tissue cakification; particularly of the kidneys
obvioustv is increased by any extra dietary intake of calqum phospborus and vitamin
D The logical therapeutic step of early ambulation in major fracture treatment is
apparent. 1{ ambalation is not possible 1t will be seen that the intake of calchum
phosphotus and vitamin D in bedddden patients sbould be kept at the lowest possible
level 50 as oot to add to the already excess material whrch must pasas through the
_kidney parepchyma in such a patlent The additional use of magnesium carbonate for
ts effect on mineral solubdlity also may be suggested by our data.

The first part of this book is o conmderation of the structure tbe function and the
reactions of pormal liming bone. There is Included a detailed discussion of vitamine
minerals carbohydrates proteins hormones and physical agents as these are related
to bone It 18 our hope that this basic material will be of value in assisting the phyat
cian and the sutgeon to understand what makes booe a Living organ of the body

The recond part is a presentation and a discussion of the more common derange-
ments of the skeletal xystem as they are now known, with an attempt to catalog them
according to basic mechanisms and manifestations This also is dove to point out the
possible relatronship and even the possible pathologic continuity between diseases
that at one time may have been considered quite independent The responses of living
bone 1o the wide variety of normal and pathologic stimull contronting it are_some-
what limited_This has led to considerable confusion regarding the proper differentia
tion of varlous bone leslons. For example in the rickets group it is now possitde to
differentiate a large number of disease entities. The pathologe, the roentpenagraphic
and the clinrcal findings In many cases show a striking simflanty but the mechamsma
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responsible for each type are different and must be determined by further studies. Only
after such studies have been made can rational therapeutic procedures be instituted.

In some Instances diseases whose sheletal manifestations are only of secondary
incidence have been included because at times they may present bone symptoms and
require treatment. In the process of assembling these dissazes the relatronship betseen
them began to fall into an ordetly pattern resembling & “periodic table of bone affec
tions. This concept may well help the careful sclentific worker to fill in the as yet
unknown “elements. At present, a more practical classification is needed by the clini-
clan, Consequently we have devoted Part Three to a method of classification accom-
panled by tables. The roentgenographic tables list lesions that, on roentgenographic
study are Jocalzed disseminated or gemeralized, each of these in turn being sub-
divided into bone-absorptive bone-formative or mixed lesions. These tables will allow
the cliniaan confronted by a given clinleal, roentgenographic or blood-chemical find-
g to proceed In an orderly comprebensive manner to assemble the clues necessary
for final diagnoms and management.

This book, it 15 hoped will be of interest to the student for an over-all prcture of
bone and bone diseases and to the laboratory worker as a correlation of his chemical
studles mth climcal and x ray findingy. The roentgenologist will find a juxtapesition
of roentgenograms with clinfcal and laboratory data. The cliniclan will note a collec
tion of clinical chemical x ray and pathologic material as well as methods of treat
ment Indicated or suggested by the information at hand Surgical therapy has been
discussed In detail where indicated

Research and therapy both have been presented in the Light of past accomplishments
and future posstbilities It is only in this way that work in these fields can go forward.

The senfor author never would have envisioned this work without the stimulus and
the opportunity given to him by his teachers and assocutes, His earlfest work in booe
metabalism was encouraged by Dr George E. Bennett and Dr A Bruce GAL These
ploneers In modemn orthopaedic surgery reslized that bone was not an Inert substance.
It was they who provided for study the early cases of Paget s disease, vou Reckling
bausen s disease myositis caslficans progressiva and other bone diseases Including
varying forms of riclets, An appreciation of the orthopaedic surgeon as a sclentist
rather than as a bone carpenter was galned through contact with these men
Az understanding of bone pathology was obtained by the senlor author from
Dr Charles F Geschuckter and by the other authors from Dr Henry L. Jafle.
Dr ‘uchell T Rubin was of great ald In the apprecmtion of biochemistry in relation
to bone and the detailed biochemical work of both blood and balance studles, was
done by Dr Laslo Kajdi and Dr E P Corson-White

We wish to thask Dr Blaurice M Pomeranz and Dr Eugene P Pendergras for
many unusual roentgenographc flustrations. Dr Philip ] Hodes aided In the analysis
of some of our bone roentgenograms. Thanks also are due to Dr Fritz T Caliomon
for hus valuable ce with the bibli hy and his expert translatfon of many
articles from foreign literature.

We partkularly thank Walter hahoe J Brooks Stewart Stanley & Glilet and
Laura E Mwre fthe ] B Lippincott Company for thelr expert counsel and help.

Preparaticn [ the manuseript was ably performed by Mrs. Eleanor C ODonpell
and Miss Bubara  Tenck transcribed the captions
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CHAPTLR ONE

Bone and Its Structure

INTRODUCTION

The field of investigatlon of bone and
cartilage is a constant challenge Much has
been done and many research workers have
left their names indelibly attached to now
familiar gross and microscopic structures
What were research data without practicat
connotation yesterday are Important and
useful facts today

Each time something additional about
bone or cartilage is learned new problems
arise which often demand new modalities of
investigation. Originally there was gross
anatomy and then came mifcroscoplc anat
omy with conventional and later specinl
stains. \ow there have been added studfes
by polarized light x-ray difiractlon and
electron microscopy

Both bone and cartilage are complex dif
ferentinted conmective tlssue They are a
mixture of organic materlal and intercellu
lar substance Bone is unusual In that it
Is impregnated with minerals cartilage 1o
that It is in a gel state and also may be
impregnated with minerals,

Bone a3 a mineral impregnated substance
Is difficult to study because of the firm
union of the mineral to the organic portion
At present one cannot remove one com
ponent without affecting the other It would
be ideal if detailed histologic chemical
physlologie, crystal and mechanical obser
Vations could be made on intact Jiving bone.
The efforts of all research workers have
been directed toward thls goal

Early investigations Involved study of
bone sections made thin by grindlog—ma
terinl that is dead tissue but useful to dem
omstrate the calafied framework of bone.
Next decalcified fixed sections of bone re

vealed some cellular detail Further inter
esting findings resulted from studies of mi
croscopic sections prepared by cutting fixed
undecakafied voung bone Then the inor
ganic mineral content of bone was deter
mined by chemical analysis of Lone ash

As new modalities of study come Into
being other appronches were possible such
s x ray diffraction studles for crystal struc
ture and electron microscopy of finely
ground pieces for minute organic and inor
ganle structore

Studles of living metaboluing bone have
been carried out by tissue culture and by
the use of tracer substances At present,
these tissue cultures can be done only upon
cartilage and young bone. It Is to be hoped
that similar dynamic investigations ulti
mately can be carrled out on adult bome.

Since cartilage and counective tissue are
ensler to Investigate than bone much more
wnformation has nccumulated about them
Cartilage plays a role in bone formatlon
Connective tissue enters Into the formation
and the structure of bone Auch of our
Information about bone has been Interpo-

Iated therefore from studies of these struc
tures

STRUCTURE OF CARTILAGE

Cartilage consists of a dense mesh of
collagen fibers Incorporated 1n a_condensed,
‘amorphous intercellular substance. This
complex structure I3 smooth and resilient
There are three types of cartllage all bas-
Ically alike but differing in the proportion
and the type of fiber structure These are
fibrocartilage elastic cartilage and hyaline
cartilage the last being the prototype.

. Ffbrocnrlﬂnga Is a highly differentiated
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structure specifically adapted to supplying
great tensile strepgth at tendon insertions.
It is unique In relatfon to the other two
forms in that its intercellular substance con
tains excess collagen arranged in fibers
parallel with the tension placed_upon 1t
(Fig 1) Ths type of cartilage also forms
as g repair response to hyaline cartilage
injury Tt forms the Intervertebral disks
the publc symphysis and the interarticular
meniscl (clavicle sternum faw and knee)
It is found also in the glenold and the
cotylod 1i and in the I
teres of the femur

Elastic cartilage 1s found in the eustachian
tube in the epiglottis, in the external ear
and 1n some of the laryngeal cartilages Its
structure is similar to that of hynline cartl
lage except for the fact that it contalns
large amounts of elastlc fibers (Fig 2)

Hyalino 18 the most important
form as it is widely di_tributed 1n the body
It also is the fetal and the early childbood
anlage of much of the skeletal system It
forms the articular cartllages, the costal

um

COLLAGEN FIBERS IN

Fic 2 Elastic cartilage. The cart
lage-cell nests lle in a matrx containing
large numbers of elastic fibers.

cartilages and the cartilages of the nose and
the laryngotrachecbronchlal tree With the
exception of the small differences mentioned
above the composition of hynline cartilage

CARTILAGE CELLS

INTERCELIULAR SUBSTANCE
Fio. 1 Fibrocartilage, Groups of cartilage cells [n & matrix of fibrous con
nective tissue,



Structure of Cartllage 5

Fia. 3 Hyaline
cartilage The cartl
lape cells Le singly
or In clumps in the
lacunae The inter
cellular substance is
homogeneous and
Dasophilic.

LACUNA CO
CELL NEST CHONDROCYTES

INTERCELLWLAR SUBSTANCE

Is typical of all cartilage (Fig 3) Hyaline
cartilage 1s composed of cells and intercellu fiber
lar substance These cells are known as
chondrocytes. The mature cartilage cell Jies
mn a lacuna or space In the ground sub-
stamce A lacuna may contain one or at
{imes more than one cartilage cell

The intercellular substance of cartlage
consists of collagen fibers bound together
with cement substance (Fig 4) The col
lagen fibers are formed from linked poly
peptide chalns The collagen fibrils are )‘
jolned together by a mucopolysaccharide 'vL,_/ »”

elastic collagemea
fibers

cemment substance which is probably chon J A D
droltin sulfaric acid t\:}a _— - -
No capillaries touch cartflage cells di Fig 4 Collagenic and elastic fibers as

rectly as they lie in their lacunae surrounded scen in a fresh, unstained, teased

by matrix (Fig 3) Cartilage structure is  Aration of areolar tiwue with the light

bathed In tissue fuids, and putrition can o™ The clastlc ibers are more re-

reach the cell only by diffusion through the A, We H}ﬂlhecn“agm}c. (From Ham

matrix. ology ed. 2 p 191 Thila
delphia, Lipplncott, 1953)

-



LANELAL
SURAGUNDING HAYERSIAN CANAL

DEVELDPING
HAVERSIAH SYSTEM
Fic § Crass sectlon of the haversian
systems, Schematic drawmng of dried un
decalcified bone The lacunae are ahown
a3 black-colored areas with radiating

lines representing the canalicul

Except at jomnt surfaces cartilage is cov
ered by perichondrium Like perlosteum
this may be «eparated Into two layers—the
outer 18 a fibrous one while the ioner Is &
mare primtive cellular part The inner layer
represents a source of continued cartilage
cell formation

DEVELOPMENT OF CARTILAGE

Cartilage develops In the fetus from the
mesenchyme whose cells differentiate into
chondroblasts and lay down the matrlx The
chondroblasts hypertrophy to form the chon
drocytes which are the living cells of hya
Iine cartilage Chondrocytes also may pro-
duce phosphatase and die as coincident
calafication of the cartilage occurs

Once dlfierentiated cartilage grows in two
aays—by interstitsal and by appositional
growth

1 Interstitial grovth 15 represented by
the division o1 chondrocytes This can ocrur
oaly in the voung ubyer ¢ with plastic nter

cellular substance The cartilage expands {n
al} directions like the foam of a detergent
when i is mixed with water

2 Appositional growth occurs from the
inner layer of the perichondnum. It infers
growth by the additlon of new cartllage that
13 1ald or apposed upon the old (hence the
term appositional) This is the type of
growth observed in cortical bone formation
and in mature hyaline cartilage

STRUCTURE OF BONE

All bone Is compased of & combination of
organic and Inorganic material It occurs in
three structural forms deslgnated as cortl
cal cancelloys and medullary Al three
structural forms are present in varying de-
gree In every bane Cortica) or compact bone
composes the hard surface layer of all bone
It varles in thlchness in different bones. The
cancellonts and the medullary bosie are foand
internal to the cortical bane

Corrrear or Coxpact Bong

Compact bone often s referred to as cor
tical bone but for parposes of describing
its Intrimle structure the term compact
bone is prefernble. It 13 a dense lamellar
structure This means that it }s arranged in
thin layers. These [ayers are a three-dimen-
alonal system (Fig 6) In a typical long
bone they may be described as follows

There are multiple parallel longitudinal
channels known as hayversian canals, which
carry blood vessels lymphaticy and nerves.
Surrounding the central haversian channel
are & varying number {from 8 to t5) of con
centrc Iamellae or rings of bone. The lamel
lae plus the canal and its contents are called
# haversian system {Fig. §} The canals run
from metaphysls to metaphysis in a long:
tudinal direction the concentnic lamellae
encirele each tube n a circular manner

Subpenoateally and subendosteally In
addition lamellae are lald down In ringlike
fashion for several thicknesses. These lamel
lae are hnown s outer and inner circum
ferential lamellae respectively They en
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JI OUTEA CIRCUMF CACHTIAL LAMELLAL

1 TO ¢ DOVILOPMENT OF HAVERELAN SVFTOM FROM pLRiO3ITOUM |

Fic 6 Three-dmensioml

showing a composite cross section and a long

duagram
tudinal section of the shaft of a long bone (after Ham) The relationship of the haver

slan and the Volkmam camals to the penosteum and

the endosteum Is deplcted. In

addition the development of a haversian system by the conversion of a trough on the
pertasteal surface of the bone Into a longitudinal tunnel surrounded by concentric
through 6

lamellae is shown as stages 1

arde the entire shaft of the diaphyms in the
subperiosteal and the endosteal areas

Lying between haversian systems are the
interstitial lamellae These actually repre
sent the remains of previous haversian sys-
tems in addition to the remnants of outer
arcumferential lamellae Interstitial lamel
lae are the result of absorption of bone by
the remodeling process

The haversian systems run longitudinally
and roughly parallel wmith each other They
are connected transversely by tubes referred
to as Volkmanns cannls (Fig 6) These
canals are not surrounded by concentnc
iamellae bechuse comcentric lamellae only
form to encircle the lonmtudinal axis

It 13 thus obwious that tubular bones are
coustructed principally in the longitudinal
axs This resists transverse forces Reslst

ance to forces in other planes is supplied by
the integrated cancellous bone

Cancrrrous BoNe

Cancellous bone {s continuous with the
inner surface of cortlcal bone and exists as
a three-dimensional Iattice of bone trabecu
lae In the case of long bones the spaces
within this lattice are continuous with the
medullary cavity In other bones the can
cellous lattice Is the principal Internal struc
ture The spaces between the lattice pro-
jections are simply compartmented marrow
cavity The contiguity of this bone to blood
and marrow spaces obwiates the nesd for
haverslan systems 10 the cancellous bone

MrouLrary Bone
Actually this is largely the marrow cay
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ity which Is continuous with the inner sur
faces of the cancellous bone It 1s simply a
nontrabeculated expansion of the central
area of tubular bones It Is filled with mar
row and reticulum cells as well as blood and
lymph vessels

PrziosTrult aAND ENDOSTEUM

There is no such thing as naked bone.
Bone Is covered on both the cutside and the
wmaide with specialized connective tasue
acrording to its location called either perfos-
teum or endosteum The periosteum 1s the
outer suriace covering generally consisting
of two layers The cuter layer is fibrous and
relatively acellular and is termed the
fibrous layer The inner layer which is
called the cambfum layer is densely cellu
lar These layers of connective tissue have
cellular elements present In varying forms
of differentiation Under proper conditions
the primitive cells of these structures de-
velop into bome cells The endosteum is a
single layer of connective tissue that is cel
lular It Is therefore similar in form and
function to the lnner layer of the perlos-
teum.

CmcuraTory SysTes

Since all cellular elements of bone are
hiving they require a circulation to take
care of thelr needs In regard to nutrition
and the removal of waste products

Blood reaches all bones through the peri
osteal vessels The long bones are each sup-
plied in addition by the nutrlent artery
The nutrient artery shich runs in the nu
trient canal originally penctrates the cortex
of the midshaft at right angles With growth
its direction becomes oblique, This is be
cause In the lower extremity growth of long
bones is greater at the knee whereas in
the upper extremity 1t {s greater at the
shoulder and the wrist The nutrient artery
pierces the shaft to reach the medullary
canal where it branches into ascending and
descending branches These branches ter
minate in sinusoldal capillaries The nautri
ent artery on {ts way through the bone con

nects with the blood vessels of the haversian
systems

Since bone is & rigid structure, a network
of tunnels 18 required for circulation. These
haversian and Volkmann s canals are located
in a three-dimensfonal lattice (Fig 6) The
former run longitudinally the latter run
transversely They all interconnect with
each other and with the vessels of the pert
osteum the epfphyseal areas and the mar
row sinusoids The tunnels that run in the
cortex In a longitudinal direction are the
haversian canals Those running in other
planes are Volkmanns canals These are
the Interconnecting tubes

Havers:an canels start as troughs on the
surface of cortical bone (Fig 6) As cortical
bone develops In layers by lamellar appos:
tion these troughs become roofed over and
are transposed Into tubes which contain
central vessels lymphatics and a little fatty
tissue

Volkmann s canals are intercommunicat
ing or penetrating tubes. These are not sur
rounded by lamellar layers but run in the
Interstitial arens between the haversian sys-
tems (Fig 6) In this way they Intercon
nect the haversian systems

The fundamental purpese for this dr
culation fs to supply the osteocyte This lies
in Its lacunae and its cellular processes ex
tend Into the canallcull (Fig §) The cana
liculf jnterconnect with those of adjacent
asteocytes,

Thia osteocyte and its processes mn the
branching canaliculi are bathed by inter
stitial fluid This fluld In turn exchanges
by duffusion with adfacent caplllaries and
lymphatics of the baversian systems

Nexves

Certaln areas of bone notably the perl
osteum and the endostenum, carry somatic
afferent fibers * Bone also responds to the
autonomlc system. Becauso of {ts relative
indestructibility In relation to other struc

The pacichan seosory bodies sre found In the

perfostenm. Little b known sbout nerve endiop n
the bape itself or {n the marrow



tures at times the responte may appeal
parndovical Nevertheless 1t does respons!
and this presumes autonomic fibers possibly
carned In the vessel walls

Broop-Foruixo ELruexts

In discusaing zoft tissue elements of bone
one cannot ignore the hematopoletic and the
reticuloendothelial systems contained pri
marily in the marrow Affections of these
produce changes in the bome structure
Examples are the changes seen in Mediter
ranean anemia Hand Schiiller-Christian dis
caze Letterer Siwe disense and the like

Under normal conditions the marrow
shifts {rom a hematopoietic to a fatty type
after 6 years of age in many locatlons Tt
may shift {urther to a fibrous marrow seen
in certamn discase states as in Paget s dis-
case

In the first 6 years of life the marrow
is pearly totally red and cellular Retween
the ages of 5 and 7 a slow transposition
to fatty marrow occurs The pattern is the
appearance of fat cells which gradually re-
place the red cellular marrow The replace-
ment starts at the distal portions of the
skeleton and proceeds toward the trunk.

By the age of approximately 18 years
active hematopoletic marrow remawns only
in the following areas (1) vertebrae (2)
ribs (3) sternum, (4) skull (5) pelvis (6)
proximal epiphyses of femur and humerus

It is interesting that research! indicates
that temperature plays a role in this re
placement When the temperature of the
extremitses [n expernimental animals was
raised the hematopoietic tlssue increased Tt
18 felt, therefore that the normal relative
cooling of the distal portions of the tkeleton
accounts for the transition to fatty marrow
in these locations.

DEVELOPMENT OF BO\E

Embrydlogically bone may arise by endo-
chondral membranous or mixed formation.
The muitipotentfal primitlve connectlve
tizsue cefl {s embryologically significant ln

Development of Bone 0

the development of the preassenus cartilag
tnous mold Tt will be diccucted in detail
later

Expocitoxpar oy Forumarios

In the scale of evolutlon the elasmo-
Iranchil (sharky dogfish and the like) are
the highest forms which have sheletons
entirely of cariflage For such creatures
which are aquatic, weight bearing is not a
problem But in higher vertebrates canti
lage Is not sturdy enough for a skeletal
structure Calcified cartilage is not <atis
factory either because calafication of car
tilage matrix interferes with diffusion of na
trients to the cells \When cartilage calcifies
the chondrocytes die and the intercellular
substance produced by thowe chondrocytes
melts away

Nature therefore bas devised a most in
genious method of developing an adequate
sleleton It evolves a mold of cartilage
whith is in the form but not the size of the
ultimate adult bone structure. This holds
true for all bone except the vault of the
skull the clavicle and the mandible Thls
cartilage anlage of future bony structure L
a temporary skeleton. It forms and then 12
replaced by a duplicate in bone (Fig 7)
This method is referred to as endochondral
bone formation

Progressne calcification of the original
cartilage mold precedes absorption of the
calafied cartflage by chondroclasts (Fig 7)
Simultaneously with the absorption of the
calcdlfied cartflage connective tssue cells
capable of differentiating into osteocytes
infiltrate this mold (Fig 7) These colls
originate from an enveloplng primitive con
nective tissue sheath called the perichondrad
splint.

The cortilaginous pattern of the final
bone farm 13 therely converted into bone
This is the method of formatlon of the
diaphyms of all bones formed by the endo-
chondral method This process begins in
utero and continues until full conversion to
bone oecurs,

Cartdagnous areas remain at the ends



PERICHONDRIUM

HYPERTROPHIED
CARTILAGE
SECRETING PHOSPHATASE

PERICHONDRAL SPLNT
OF NEW BONE
WITH QSTEDBLASTS

PERICHONDRIUM

CALOFIED CARTILAGE

PERICHONDRIUM

}-—PERICHONDRAL SPLINT

ALOOD VESSELS AND OSTEOBLASTS
REPLACING BROKEN DOWN

Fro 7 Development of disphys of a long bone showing perichondral splmt (1)
cartilage anluge (2) cartila hypertrophy mth secretion of alkaline phospbatase
by mature ch mdrocvtes, (3) initial transformation of perichondrium Into osteoblastic
tlasue at peripheny of diaphysis, (4) caldficatson of cartilage cells accompanied by their
necrosis, (5) the linal stage of osteoblastic and capillary invasion of the centrally placed
dead and dvin  (haadrocvies originates fram the peripheral perichondral splint.



of long bones througrout the growth perlod
of the individunl These are the areas in
which longltudinal growth takes ploce
These are the cpiphyscal centers and the
eplphyseal plates (Figs 8 9)

\ear the middle of an epiphy<eal center
at o time appropriate for each particular
locatlon cartilage calcificntion occurs This
Is closely followed by capillary invasion and
bore replacement The source of this capil
lary invasion of an epiphyweal center with
subsequent o<sification is not understood
clearly

The epiphyseal plate remains as cartilage
throughout the growth period Indeed were
[t mot for the ever present proliferating car
tllagecell zone here longmtudinal growth
could not progress

To repeat bone in itself can grow only
by apposition If increase in length occurs
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it can come only from proliferation of car
tilage cells at the epiphyseal plate and the
replacement of these cartilage columns by
bone (Figs. 8 9)

In endochondral bone formation chondro-
cytes hypertrophy and produce phosphatase
Increase In glycogzen in the cytoplasm of the
chondrocy te then occurs Shortly thereafter
calcification of the cartilage matrix takes
place At this moment the increased glyco-
ren disappears

It has Leen recognized for many years
that alknline phosphatnse catalyzes the hib-
eration of organic phosphorus This makes
this element available for matrix calafica
tlon More recently, the source of the or
ganlc phosphorus has been shown to be a
phosphory lative glycogenolysis which re-
quires the enzyme phasphorylase This proc
ess appears to be related to the hypertrophy
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! the chondrocyte and the increase of {ts
lycogen that occurs just before matrix cal
ification Under the control of the enzyme
hosphorylase it is thought that hexose
hosphoric esters are formed in the process
f glycogen breakdown These organlc phos-
horus combinations in turn serve as sub-
trates for the liberation of phosphorus by
lkaline phbosphatase which acts only on
rganic phosphorus compounds, It is also In
eeping with this theory that the glycogen

hysiso[nluugbonc.Cmmadumucuonmd
rones of resting J)roli.(mﬂng and aulcified car

Lﬂgﬂl;ryloopsanduﬂeobluulnvn dﬂ curtﬂngetufcrm
lze. The central trabecular capillaries
concentric bony lamellae and thus haversian systems are formed.

content of the cartilage cells disappears as
matrix calcification occurs at the beginning
of endochondral bone formation This mech
anism has been termed the “local factor’ In
calctfication *

When calcification of the intercellular
gubstance has occurred nutrient materials,
previonsly able to diffuse through the
matnx In the form of crystalloids and gases
no longer can penetrate the calcified matrix.
As a result the chondrocyte dies and then
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ZONE OF OLD BONE ABSORPTION

Fia. 10 Intramembranous bone formation in the fetal skull. Direct osteoid forma
tian s brought about by osteoblasts in the proliferating stage Simultaneous modeling
of the bone trabeculae ocrurs in the presence of asteoclasts.

{ts matnx melts away but the mineral mate
nal is available to the ingrowing osteold

During this stage capillaries grow into
the alafied cartilage structure bringing
osteoblasts with them. The osteoblasts pro-
duce bone matrix and diflerentiate into nest
Tr_fj osteocytes The primitive connective
tissue about this structure further differen
tiates to form additional osteoblasts which
are bone formers osteoclasts which are bone
modelers and osteocytes which are an in
tegral part of formed bone

IntraxtEMBRANOUS BovE Foruation

In intramembrancus formation the mim
ature of adult bone 13 in the form of a
fibrous mold—e.g., the cranial vault In this
type of formation there i1 a dlrect transt
tion of primitive tissue to bone through
differentiation  (Fig  10) Longitudinal
growth occurs in a continuous primitive
tissue edge

In muxed formation such as in the clav
cles and in the distal phalanges of the fin
gers both types of differentlation occur
simultaneously

Dneralization occurs when mioute cal
careous areas appear in and among the oste-
ogenlc fibers as a result of alkaline phaspha
tase deposition Indeed the presence of
alkaline phosphatase appears to precede eal
dﬁmuon ? These arens fose to form spicules
of bone In which osteocytes are entrapped
The underlying chemlcal relationships in
matrix formation and mineralization are
similar in membrancus and in endochondral
bone formation *

Crrrurar Coxrovexts or Bove

Cellular components of bone are the osteo-
blasts the osteoclasts, the lymphocytes and
the final adult bone cells the osteocytes
(Fig 10) \umerous histologists are of the
opinlon that one cell may differentiate Into
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another All the cells arise from primitive
connective tissue

The osteocyte Is the final adult bome-cell
form. It has a life of many months It s
located In a shallow depression 1n the inter
cellular substance which 13 called 4 lacuna
(Fig 5} It interconnects with other asteo-
cytes by processes which extend through
tiny channels that are termed the canalicult
(Fig 5) These cells are so highly differ
entiated that they have no reproductive
ability

The lymphocyte has a function in bone
metabolism YWhether 1t serves to transport
matenal to or away from bonme areas is
debatable

The osteoblast 1s a form of connective
tissue cell which may differentlate into
either an osteoclast or an asteocyte It has
the capacity to produce intercellular sub-
stance or osteold tissue It is found in the
periphery of new and old bone forms Osteo-
blasts appear to be present universally when
bone 18 belng formed rapldly

The osteoclast {s vital in the shaping the
modeling and the clean up of bone It has
the capacity to break up bone osteoclasis

Up to this point the authors have pre
sented facts abont bone and cartilage that
are basic and long understood The follow
ing pages contain a summatlon of much
new work on the submicroscopic structure
and the formation of booe and cartilage
representing largely investigative material
Some 13 quite clear and accepted some 18
speculative some will undoubtedly suggest
new rescarch pathways

Cellalar Function in Bone Formation and
Destruction. An osteoblast takes 10 days to
produce the amount of bone that can be
destroyed by an osteoclast in 8 hours As
& matter of fact an osteoclast can undo the
work of several osteoblasts qunckly The
Iife of an osteoclast appears to be about 96
hours whereas the hfe of an osteoblast
appears to be many months It also appears
at times that both o-teoclasts and osteo-
blasts may form and m xlel bone However

since these conclusions are from microscopi.
sectians of [nvestigative material one can
not be certain of the double actions of these
two cells The mere presence of an osteo-
clast where there is new bone does not
necessarfly mean that the osteoclast 13 par
tiapating In the bone formation The mere
presence of an osteoblast where there is bone
being dissolved or eroded may mean simply
that it js there to produce activity and
reaction toward bone formation Although it
is possible that osteoblasts and osteoclasts
can both form and destroy bone 1t Is still
a reasonable working hypothesis to consider
that the osteoblast Is primarlly for bone
formation and the osteoclast 1s pnimarily
for bone absorption

Formation and destruction of bone are
concerned with the same cells §n different
functional states. When bane 13 developing
in marrow the reticular cells are able to
turn Into esteoblasts and these, In turn 1nto
asteocytes When it 1s being destroyed
either by parathyrold kermopne in mammals
or by the atimulus preducing rapld changes
during the egg laying cycle in birds the
liberated osteocytes and esteoblasts form
osteoclasts ® These 1n turn can go back to
osteoblasts or can settle down as reticular
cells. Bloom® reached this conclusfon on the
basis of study of rapid cellular transforms
tion In birds in egg laying cycle and after
massive toxic injections of parathyroid hor
mone in anrmals

The mechanlsm by which the osteoclast
and in some instances the ostecblast de
stroy osteold and mature bone is complex.
It has been long known that parathyroid
hormone may cause bone destruction pos
sibly directly by stimulation of osteoclast
formation It has also been postulated that
normal body fluids tend to wash out bone
salts and that this Is prevented by the
presence ~ontiguous to the bone surfaces of
alkaline It has further been
thought that If acldibcation 13 sufficlently
high bome substances will be washed away
and eroded In the past, the Idea of halls-
teresis has been considered—that {s a wash



ing out of inarganic material alone Then
came the swing-over to the thought that
decakafication could only mean simultane
ous disolution of organmic and inorganic
bone ubstance N\ow Hendricks beautiful
work on entallography indicates that cer
tain orgame materials are not in the Lttice
of bone but outride upon the crystal sur
face ¥ This leads one to believe that a com
bination of both bone absorption and
halistere<is may occur either together or
angly

The nature of calcified osteod  cantilage
and mature bone 18 such that it is pessible
to postulate their destruction on the basis
of tuch a dual enzymatic action

Slzer has <hown that stresses increase
ensymatic dipestion of tendon It is possible
therefore that stresses and stramn in bone
may also affect the envmatic activity *

The possible role of collagen-splitting en
zymes and depolymenazing enzymes on bone
destruction certainly may be studied further
In part the role of such enrymes ma) be
an explanation for the changes occurnng
during the egg laying cycle in birds and in
ascociation with the parathyroid glands
action directly upon bome It hos been dem
onstrated clearly that sections of parathy
rold placed in contact with bone under its
fibrous covering will cause direct dissolution
of bone substance. This dusolution of bone
starts at the poles of the parathyrold graft.
o cellular osteodlast activity need occur to
produce this absorption of bone *

The condusion in regard 1o the role of
cells in bone formation and destruction is
that conpective-tissue cells appear to be in
terchangeable, Only the osteocyte may be
an end siage Cellular interchange Is requi
site in bone formation and bone destrnc

uun;l: The modus operandi is not understood
fully

CARTILAGE AND BONE MATRIN
A trusm frequently stated s that “the

teveellufar submance characterizes connec
tivt tissue ™ So bone s characterized by its

Cartilage and Bone \atrix 15

organic calafied matritx The ba is of the
matnx fs o collagen fiber produced by the
mteoblast Inorganic «alts combine with thic
material Integration of inorganic with thie
organic material changes the characten ties
of the matrix Vo<t important this com
binatien changes an unalafied osteod a
structure difticult to reabeorb into a caled
fied ooteofd o structure easy to reabeorb

This unfon is of such a nature that usually
the inorganic material cannot be washed out
10 leave orpanic structure If reabeorption
occurs then {t usually is of both morpanic
and organic material

Lying between the cells of a paraffin sec
ton of cartilape oae sees a2 homozenecous
area which is bluish-staming with hema
toxylin (Fig 3) In this area are <een cer
tain faintly stmning fibers especially around
mature cartilage cells These are collagen
fibers and can be demonstrated further by
specialized techmies with enzymatic diges-
tion (usually using saliva) followed by im
pregnation of the matenal with silver These
fibers are also demonstrated commonly v
palarized light

Electron microscope studies reveal these
collagen fibers 10 have a banded appearance
(Fig 14) By means of a wide-angle x-ray
diffraction the fibers observed in the elec
tron microscope can be shown to be nggre
gates of polypeptide chamns® The similar
amino-acid content of collagens denved
from slin, bone cartilage etc, would indi
cate that these structures are clowely re
lated if pot identica)l Amino-acid pattern
n collagen fiber protein Is unique for the
following reasons (1) there Is an extremelt
high (25 per cent) glveine cootent (2) pro-
Yine and hy droxyproline are found (approx:
mately 30 per cent) and (3) hydroxyIymine
1s found only in collagen. Collagen lacks
cystne and tryptophane and it has tiny
amounts of tyrosine and methionine

These facts are important jp producing
specific canfigurations of the collagen poly
Ppeptide chain. For Instance the amino-acd
resldue length of 3 4 angstrom umits will be
reduced to 2.86 angstrom units when the
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Fig 11 The effect of fmino acids on
the fiber-axis spacing of a polypeptide
chaln The proline<contalning polypep-
tide chain has the fiber axls spacing re-
duced t0 286 A. A conventiona! xmmo-
acid pol ide chain has a fiber-ams
spacing of 3 4 A, (From Astbury W T
and Bell ¥ O Molecular structure of
the collagen fibers Nature 145 421)

Imino acids proline and hydraxyproline are
present (Fig 1t)

Pauling™ has formulated a structure for
the collagen fibril He theorires that it 15
comprised of 3 polypeptide chains bound
together by hydrogen bonds Each of these
chains is coded into a helix so that a cylin
drical moleculs is formed These molecnies
are arranged as hexagons and form a fiber
of tendon or of connective tissue Tt is well
caneeded by workers 1o the field that the
structure of the collagen fiber Is oot yet
estahlished Each of the proposed structural
configurations hay been modified by subse-
quent work 1™

The other component of matrix besides &
specific collagen hber is the interfibrillary
material or the ground substance. This
ground substance in cartilage Is chondroitin
sulfuric acld It (s a longchain polysaccia
ride composed of residues of glucuronic acld
and acetyl-galactose-amne-sulfuric add It
18 this polysaccharide which is considered
respansible for the metachromatic proper
ties of cartilage (‘fetachromasia s the
taking on by a substance of a color different
from that of the dye with which said sub-
stance Is treated ) When they are stained
with toluidine blue sulfated mucopalysac
charides show a reddlsh color

Many structural formulas for chondroltin
sulfuric acld have been postulated but to
this date no specific structure has been
praved. Thete Is undoubtedly 2 bood umt
ing the collagen fibril protein to the paly
saccharide ground or binding sabstance.
However vhile the precise nature of this
bond s not known, the hope is that even
tually 1t will be clarified

Like cartilage the organic component of
bone which is called osteold Is made up of
collagen fibers which show a typlcal peri
‘odicity of sppronmately 640 angstrom
units Thls means that each ok in the
collagen fiber chaln Is composed of a band
The length of & band 19 640 angstrom units.
The aminc-acld pattern of bone fs eimiler
to that described above for cartilage and
collagen in general

Since it has been observed that cartilage
may directly calcify interceflular substance
eventually and form bone material it hos
been assumed that the underlying chemical
problems are allkke The work indicated
above in regard to the collagen-fiber struc
ture and the polysaccharides has, of course
been done upon cartllage What s true for
cartlage has been inferred for bone

The pol e component of bone
has not been stodied extenaively It Is not
known for certain whether ot pot there is
chondraltin sulfuric acid in boue The ques-
tlon of the composition of bone matrix bas
been retarded tremendously by the presence



of lime «alts Tt can be postulated however
that there is a bauc collagen fiber <tructure
and poly~accharide ground substance that Is
amilar to that of cartilage IC1s of {nterest
however that the sulfate content of bone
i« lower than that of cartilage *

It s considered that the mucopoly<accha
nde substance s found first in the osteo-
genle fibers It then <preads throughout the
osteold tiseue am] becomes Included in the
cement substance of the matrix ¢ This means
1hat mucopolvraccharide as determined by
the Hotchkles method is only a part of the
cement <ubstance This cement substance
f« between the collagen fibers and seemingly
tolds them together it may be compared
with the complex glue which binds sheets
of wood topether to form plvwood The
sheets of wood may be hikened to collagen
fibrils

The mechanism whereby the cortilage cell
induces the formation of matrix Is at this
time obscure Considerable work has been
done upon this subject and is still in prog
Tess

Certaln data are available on bone-matrix
formation Ribase nuclele acid 1o the osteo-
blast 13 associated with proten synthesis
and 1 additfon phosphatase appears to be
assoctated with elaberation of fibrous pro-
tein. However it 18 also possible that cyto-
chrome oxldase and/or glycogen are related
to the production of the fibrous protein the
so-called matrix.*

Glycogen is distributed at first throughout
the undifferentiated mesenchymal tissue
When osteoblasts differentiate {rom the
arase these cells tempotarily lose their gly
cogen. Just pror to mineralization both
osteohlasts and oateocytes contaln abundant
glycogen and malntain this content through
out the stages of development and caleifica
tront

Calclum and phosphorus combinations
enter [nto calafication of both cartilage and
bone Thus material is ingested and nbsorbed
through the fntestinal wall into the blood
stream Thence it passes out through the
endothelial walls of the capillaries to bathe
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the tiesues cuch n« cartilage and bone From
here it diffuses through the intercellular
wuimtance to the cells If the cells produce
the proper enzymes to favor release of phos
photus from bound forms as pho<phorus and
«upar compounds or phosphoric esters these
chemicals deposit as calclum phosphorus
complexes in the intercellular structure

The gel of cartilage and fntercellular sub-
stance of bone may well have a physical or
a chemlcal afimity or both which predm
tates calclum salts

Bengt Sylvén believes that lo<s of chon
droitin sulfuric acid by cartilage allows for
the calafying action of alkaline photpha
tose 1f acid Is preeent it inhibits alkaline
phasphatase actfon ¥

NMODELING OF BONE

This process has been known and identi
fied since the beautiful madder experiments
of John Hunter However recentlv many
experimental data related in particular to
bone reabsorption and 1ts underlving mech-
anisms have been collected ‘Here agamn
work has been directed toward how this
comes about rather than toward simply ob-
=erving a progressive <eries of events

Boues grow but malatain relatrve propor
tion through modebng Io this way the
general relationship of the medullary cavity
to the entire bone dinmeter remams falrly
constant In infant or adult (Fig 12) Fur
thermore by this process the onginal shape
of each speaific bone is maintalned throngh
out the individuals development and life

The process of modeling means the shap-
mng of both the externior and the interior of
bone This is done by & constant {nterplay
of bone absorption and bone formation (Fig
12) Derangement in modeling processes
may be observed in osteopetrosis (marble
bones) and In Pagets drscase (osteitis de
formans) Physiologic remodellng of boge in
excessive degree occurs In the callus of
bealing fractures

From the bemnning of bone formation
modeling occurs Tt will shape cartilage—



18  Bome and Its Structure
—

resorbed %

here lunnels
here
Grounng
shaft 19

rermodelled by
bone
being

e
————

k2
regorbed
There

Eplpi\;slﬂ_ enlarges
b

growth of cartilage
and

replacermnent by
bone

cartilage
grows here
and is
replaced by
bone here

Fio 12 Modeling at the end of a long bone. The Interplay of bope deposition and

reabsorption is shown, (From Ham A. W
o cakih

Some histophysiological problems peculiar

ed tissues | Bone & Joint Swg 34A 711 1952)

i.e the early cartilage mold of endochondral
bone formation (Fig 7) It will shape young
bone when the perichondral splint forms and
the cartilage matrix Is invaded by capillaries
at the junctron of the cartilage plate and the
<haft (Figr 8 9} This cartllage matrix

becomes calcified and replaced by bone. It
will also model bone itself (Fig 12) It must
be confessed that the basic organizer mech
anism” is not understood It Is this factor
for example which makes a fetal femur a
muniature of the adult fermur



REABSORPTION OF BON\F

Reabsorption of bone occurs after phys
keal injury 1o bone and after x my irradia
tion It occurs umder areas of localized
pressure It takes place around metastases
to bone and In certaln ditcases such as
osteomalacia and Taget s disen<e

Realorption of bone is olrerved in newly
formed callus in the healing of fractures

and 1n mfections of bone and after large
amounts of parathyroid hormone derived
either from injection or from glandular hy
perplasia or adenomata

Reabeorption of bone occurs normally in
the remodeling which takes place during
growth. [t occurs in the accessory trabecula
located in the marrow of epg laying birds
in connection with aalcification of the egg
shell * On n very high calaum and phas-
phorus intake growlng rats develop greater
spangiosa formation than do rats on a nor
mal calcium and phosphorus intake This
Indicates that the process of bone reabsorp-
tlon does not heep pace with the excess bone
formation engendered by the excessively
high phesphorus-calcium intake ¢ Reabsorp-
tion of bone will occur also under grafts of
parathyrold tissue seemingly without celiu
lar reaction or effect.®

Heller ' applying Hotchklss stain tech-
nics applicable only In frozen dried bone
attempted to correlate the reabsorption and
the formation of bone with the content of
glycogen and glycoproteins The deep color
indicated that these substances were less
polymerized in bone being rapidly laid down
and realsorbed than in completely formed
bone where the color was pale and Indicated
a higher degree of polymerimtion of the
glycogen and the glycoproteins,

Bloom* cbserved marked change in the
ground substance of bone around the bone
cells after the admmistration of large
amounts of parathyrold hormone Libera
tion of osteocytes made possible by dissolu
tion of the bone matrix could be followed
easlly Heller'? used the silver method *for
staining bone salt By this method when it
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was obeerved that there was Intense black
ening of matrix in the zone of reabeorption
it was [nterpreted as a greater solubility of
Lone salt and therefore a greater reactlvity
with the silver nitrate

CRYSTAI CHEFMISTRY OF BONF

Rasic hone salt gencrally has been consid
cred to be a hydroxyapatite This Is a com
plex salt composed of tnealclum phosphate
and calcium hyvroxide in a proportion of
3 1 The formula is |Cay(1'0,)]5Ca(OH)s
This would infer a ealcium phosphorus ratio
of 214 This formula dates from the work
of Hoppe in 1862 who compared the com
position of the mineral fraction of bone
with apatite salts and found the atomic
raties to be similar DeJong in 1926
through examination of bone by xray dif
fraction concluded that bone salt was an
apatite

Three points of view on the crystalline
structure of bone none fully substantiated
are currently advenced Dallemagne! says
it Is a tricalclum phosphate Cay(P'O,): The
Ca(OH): he considers to be adsorbed but
not a part of the crystalline lattice In ad
dition calclum magnesium sodium and po-
tassium carbonates are also considered to
be ndsorbed and not a part of the lattice
McConnell' considers that bope is a car
bonate apatite and thus the carbon dioxde
as carbonate groups occurs within the crys-
talline Iattice of dentin dental enamel and
bone He feels that all these are similar to
the mineral francolite Hendricks? has indi
cated that bone has the characteristics of a
hydroxyapatite yet since the calcium-to-
phosphorus ratio is 194 it has the compo-
sition of a tricalqum phosphate

It is reasonable therefore to consider this
effect as due to a hydroxyapatite with excess
phosphate upon the surface The exact na
ture of this excess phosphate is not yet
Identified clearly Hendricks indicates that
bone forms in a system of Mg(OH)+ and
(HPO,)~~ in the presence of carbonate
As the bone crystal grows In the form of a

7
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hydroxyapatite it adsorbs carbonate mag
neslum and sodium 1ons These materials
then completely seal the crystal surface
thereby stopping its growth Such a mech
anfsm Dimits the size of the crystal. New
surfaces may form and cover the old one
as occurs in enamel New surfaces may oc
cur a8 independent crystals which is the
case 1n bone.

Obviously there Is still much disagree-
ment about the precise crystal chepustry of
the inorgamic minerals yet enough has been
demonstrated to cause much provocative
thought.

It does appear that there is a basic crystal
lattice and that this lattice has minerals
upon lts surface. If this be true then the
old idea of halistereals may not be altogether
wrong Boue absorption may occur in two
scparate or concomitant processes One may
be by hallsteresus through an absorption of
surface minerals such as magnesium or
phosphate the other by a breakdown of the
crystal (calclum and phosphate combina
tions)

It 1s suggested that the inorganic lattice
first precipitates into osteold tissue and
Iater evolves Into a more complex structure
by progresaive adsorption of the other lons.
This Is not solely a process of simple pre
cipitation This complex of fons mav induce
5 fundamental! change in the matrix, & de
naturization of the protem ground sub-
stance or other factors may produce such
a denaturimtion of the protein ground sub-
stance thereby making combination with
the iworganic material pomible

One of the enigmas of bone chemustry is
the fact that though the product of calclum
and phosphorus 1on copcentration exceeds

the solubllity constant for Cas (PO, )y, there
u normally ooly selective deposition in cer
tain areas

CONCLUSIONS

An attempt bas been made to Indicate
what 1s defimtely known about the structure

and the development of cartilage and bane.
Histology and gross anatomy have been re-
viewed in areas where information 1s falrly
conclusive such as the conventional studies
on hyaline cartilage elastic cartilage and
fibrocartilage and on the familiar subdivi
sion of cortical cancellous and medullary
bone

Considerable interesting provocative but
unfortunately as yet untinished investiga
tive information on the matrix of bone and
cartilage has been presented The tentative
structures of the protein fiber and the poly
saccharide interfibrillary substance have
been indicated as far as they are known

Similar material on the as yet unsolved
crystal chemistry of the calafied bone ma
trix also has been discussed An understand
ing of these data, known and speculative,
is important for both the chical and the
research worker

The basic problem of how and why bone
and also caftilage form and grow cannot
be answered definitely at this writing Cer
taln prohlems all suitable for further re-
search work and ultimately of tremendous
practical jmportance to clinical medicipe,
are suggested Since the osteocyte cannot
dnide bone in itself caonot grow Obvi
ously bone does grow in both diameter and
length.

The primitive anlage of bone of either
endochondral, membranous or mixed type
is formed from cellnlar structure which haj
the capacity to divide. Once mature bone
has formed its keystone Is the “osteone” of
LaCrolx.?® This consists of an Inner osteo-
cyte whose processes extend outward in
canaliculi The canaliculf are Jocated i the
matrix or the connective tissue. The “pate-
opes” are closely adjacent to Volkmanns
canals and the haversian system which carry
the nutritive materials to these end areas

The osteocyte In the mature “osteone’
does ot have the capacity to divide. When
It dfes it must be replaced as indeed the
entire “osteane” must be replaced by differ
entlating primitlve connective tasue cells



For when the o~teoavte dies it matric dic
wlves anay

We fiml therefore that reticulum cells
from the endecteum and the marcow areas
and fibrobla t< from the penocteum or the
paro<teal aren may differentiate into o<teo
bla te otenclaste and esteocstes The life
of the a<teocla t i¢ hortest The ovteoclast
can detroy the hone matrix formed Ly
many osteablasts 1n a fraction of the time
required to produce it

Much speculation about sulntances that
may induce bone formation ha< gone on
LaCroix hughlighta the thought that there is
an active principle that produces bone for
mation He ha« called it “o~teogenin It i«
a provocative thought aml one is led to
concider the po<<ibility of <ome such active
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timulant agent when the mode of bone
formation and dedtruction i< noted

Why does connective tissue differentiate
to form bone? Why does an osteocyte ap-
parently die and have to be replaced? Does
wme material form when an  osteone ” a4
LaCroix terms it dics amd ls aleorbed ? Are
other materinls necesary to activate any
inductor enzyme or hormone that [s re
leased ? Ribose nucleic ackd appears to con
tribute to such an effect Alkaline phospha
tase alo appears to be important in this
phase of bone production

It is in this field that more basic work
must be done TPerhaps the contents of n
sytinge containing a proper bone stimulant
may prove to be more osteogenetic than a
mass of fresh bone
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CHAPTER TWO

Inorganic (Mineral) Metabolism
of Bone

INTRODUCTION

The phymology and the pathology of the
skeletal system, In which pothing 1s 30 con
stant as change, cannot he understood with
out a tharouyh hnowledge of the constituent
minerals From 4 to 5 per cent of the body
weight Is mineral matter It exists in all
flulds and tissues but especially in bone
teeth and cartilage. It 1s present principally
as the varfous ¢ ds of phasphocus

e s
Cobalt, copper fodine manganese silicon

and ninc are found as traces. From the

authors’ viewpolnt the more important elec
tropositive minerals or_cations include cal

clum, magnesium sodium and potassium

the more smportant glectronegative minerals
or anions are phosphorus sulfur and chlo-
riae When there Is an excess of positive
minerals 1n the food intake the diet is des-
_gmttd as alkaline-ash, Conversely a_pre

calclum magnesiom sodium  potassium
iron and chlorine

About 99 per cent of the calcium 80 per
cent of the phosphorus and the magnesium
and smaller amounts of the sulfur the
sodium and the chlorine are present 1in hane
where the orgamc matrix s impregnated
with mumnerals Large quantities of phos-
phorus potassium and sulfur are associated
with nitrogen in the formation and the
functioung of muscular glandular renal
and epithelial fissues. The large proportion
of mnerals in the iptracellular and the
extracellular fluid compartments are in ef
fect mineral reserves In a person welghing
148 pounds the proportion of the chemical
elements is as follows

Pogune
Ovy e 914
Carbon 36
Hydrogen 146
\itrogen 45
Caloam k2 3
Phasphoras 14
Potamem 034
Sulfu o
Chlorine 012
Sodium 012
AMagnabmm oo+
Flu row oa2
Iron om

i ¢ of negative minerals in the food
Tntake 13 called an _acid-ash diet
Retention of both positive and pegative
mineral elements is essential to growth.
Under normal conditions the body requlires
 slight excess of positive minerals Pomtive
mineral retention is mdicative of & trend

_toward sleletal growth or mineral storage
In the skeletal system. Loas of positive min
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eral ndicates breakdown or defiaent forma
tion of bone

PHOSPHORUS

Introduction. Phosphorus a nonmetallic
element, does not ocour free in nature It
is found in the form of complex minerals
such as chlorapatite fluorapatite vivianite
evanlite and phosphate rock or phosphorite

The pure element can be isolated chem-
ically in two forms, white and red The
powsonous white or yellow phospharus fs
oxidized readily in air 1s ignited ensily and
glows in the dark. It has the tsste and the
odor of garlic. Red phosphorus is an allo-
tropic form of the element, produced by
heating yellow phosphorus i the absence
of alr It {s noanvolatile insoluble nomab-
sorbabie and therefore nontoxic,

1 ellow phosphorus, which fs

1n



water is soluble in fats and Dile and there
foce can be aleotbed from the Intestinal
tract as well n« from the subcutaneous
tissues. This Is true particularly if It i
administered In a fincly divided form This
element {s toaic in relatively amall amounts
when Injected in pure form Vanifestations
of phosphorus polsoning in people who made
vellow phosphorus matches were oleerved
frequently —osteomy elitits and periostitis of
the mandible ensued ! Some cases also were
reported in which changes in the whole bony
akeleton were observed Because of its tax
ity this type of match la no longer manu
factured

Forms Found In the Body The impor
tance of phosphorus 1s indicated by ts
widesprend presence in the orpanism and its
many physiologic utes. In the blood serum
it occurs as & completely jomzed inorganic
phosphate It is found In orgamc form in
the blood cells,

About 80 per cent of phosphorus is found
in the skeleton where it is combined with
_caldum as complex apatite or triple phos-
phate salts. With the use of rndioactive
_phosphorus (P™) Hevesy and others ana
lyzed the deposition of phosphate In bone *
The work of these and of gther investiga
_tors? led to the condluslon that bone con
talns two_vadetles of phosphate a Jabile
Jraction ip continuous exchange with the
phosphate fons of the blood and a stable
Jractiom which remains fixed in the sheleton
The arculating phosphate appears to enter
the skelcton either by exchange a process
of little sigmficance in bone growth or by
precipitagon n definite areas with the for
mation of new bone

Phosphors  Requirements.  Sherman*
found the mimmum phosphorus require
ment for the normal adult to be about 0.88
Gm per day The sugrested intake {s about
125 Gm per day in adults For growing
children the average requirement is about
13 Gm per day A somewhat larger amount

1s needed by women during the periods of
_pregnancy amd lactation and following lac
Jation 1o make up lor the loases which have
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occurred from the body, particularly from
the hones

I'ood Sources of Phosphonrs The phos
phorus content of the dict is maintalned at
a proper level most readlly through the Jib-
eral use of milk a quart of mitk contains
038 Cm of phosphorus_ Other excellent
sources of dietary phosphorus are meat
(average content of phosphorus 015 mg
per 100 Gm ) egss (018 my ) cheese (0.68
mg) nuts (040 mg) and whole cereals
«uch as whole wheat (042 mg) White
flour and polished rice are much lower in
phosphorus content

Phosphorus  occurs jn food as  phos-
phatides or phospholipids phesphorus<con
falning nucleoproteins and inorganic phos
phorus  Research indicates that animals
apparently can mantain phesphorus equi
librium on either inorgamc pr organic phos-
phorus alone * but that probably a combina
tion of these elements s prefernble.®

Absorption of Phosphorus Absorption of
phosphorus {n the small intestine occurs in
the form of soluble Inorganic phosphate
Complex ingested organic nucleoproteins
must be broken down enzymatically by the
pancreatic juices and the succus entericus
The component phasphoric aaid s hydro-
lyzed presumably by the phosphatase found
in abundance In the intestinal wall It is
transported across the cell membrane 1n
combination with calaum +

Absorption of phosphorus is dependent
upon vitamin D This effect is presumably
pnmary upon the calaum with only a sec
_ondary effect upon the phosphorus? since
the calerum and the phosphorus usually are
combined In a single molecule Similarly
other factors in phosphorus absorption are
related to caldum A large excess of dietary
calclum {n proportion to phosphorus will
Interfere with absorption of both elements
Thls occurs because the excess calcdum in
the intestinal tract will combine with most
of the phosphorus and discharge in the stool
Furthermore some additional surplus cal
clum will cross the intestinal wall in the
form of carbonates chlorides or hvdroxides

v
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If the excess calclum mtake above phaspho-
rus is maintained the bone will become
depleted of phosphorus because the un
requited calclum in the blood stream will
withdraw phosphorus from the bone struc
ture

Conversely if inadequate calcium ntake
occurs, there is an excess of phospharus
This too will result in excess output of both
In the stool for the transport of both cal
clum and phosphorus across the intestinal
wall s dependent upon a reasonably bal
anced Intake of both elements and is alded
further by the effect of an acd medium
(from the gastric julce) to increase solubil
ity and vitamin D to increase absorption

Transport of Phosphorus. Transport of
phosphorus is o function of the blood
Blood-serum phosphorus [s completely fon
rred morganic phosphate. In infants, serum
morganic phosphorus fs 5 to 6 mg per
100 cc. This gradually diminishes with age
until the adult value of 3 to 4 mg per
100 cc ls reached

The amount of phospborus in the blood
cells is sbout five times that 1n the serum
Total phosphorus values in whole blood
therefore, are higher than the serum inor
ganic phosphorus and represent the addi

nucleotide system which plays a part in
oxldation-reduction reactions and thiamine
pyrophosphate which is important in the
decarboxylation of pyruvic acd

3 In the phosphorylation reactlons, In
termediate compounds are formed which
apon hydrolysis yield large amounts of
energy

Phospholipids are formed in significant
amounts in many body tissues Their con-
centration {s greater in organs of young in
dividuals Tt has been suggested that this
phospholipld content is an index of the
extent and the variety of the organ s physi
ologic functions. Pbaspholipids form col
loidal suspensions in water and can thus
cross cell membmnes

S § b of impor
taoce o the hurnau'nre (I) cht_hln which
Is compased of glycerol and tvo fatty acids
the third acld belng replaced by the phos-
phode acld-nitrogenous base known as
cholne and (2) cephalin, where the nitrog
enous base is ammno-ethanol Lecithins and
cephalins vary among themselves in the
fatty acids they contain

Sphi hn is a d shos-
pbolipld m which ane portion of the trl
glyccr{dehmbcmreplaccdbythcbase

Talint.

tional cellular organic phoaph esters

hi and the other by the same phos-

1iprd phosphorus and phosphorus nucleopro-
teins

Metabolism. In addition to the role in the
ossification of bones phosphorus partici
pates in many other phases of metabolism
which can only be indicated rather than
drscussed fully

The breakdown of carbohydrates to alco-
hol lactic acad and sometimes eventually to
carbon dloxide and ester depends on certain
important phosphorus-cantaining compounds
and enzvmes It has been shown that

1 Hexosephosphate esters are Intermedi
ate substances 1n a series of important step-
reactions in carbohydrate metabolism.

2 Three co-enzyme systems of great im
portance contain phosphorus These are the
adenylic acid swetem which 18 involved In
phosphorylation reactions  the pyridine-

phorlc acid-choline complex as in lecithln
’1'bc£erebrmldes do not contain phospho-
ris but consist of sphingosine combined
wth galactose and a specific fatty acld In
phrenosin this is phrenosinic actd Ca,HaO,
and in kerasin lgnoceric acid CnHCQOH
This mformation may throw some light
on certain disease states® * For instance
Gaucher s dlsease is a rare familial reticulo-
endothslial deposition of the cerebroside
herasin Tiz osseous manifestations are sec
ondary to the kerasin lald down in the
reticulum cells of the bone marrow
Nlemann Picks disease affects princd
pally Infants especially those of Jewish
extraciton and comists of generalired
reticuloendotheltal deposation of the diam
{no-monophospholipid  sphingomyelin. Tt s
nonhereditary and runs an acute rapidly



fatal couree \t one time cerebromacular
degeneration or the amaurotic family fdiocy
of Tay Sachs wns considered to be identical
but excess aniounts of sphingomyelin have
not been found consistently In the central
nervous sy<tem '

Some indiniduals may consider that
Hand Schiiller Chnstian disease is related
to the above conditions and that this is also
a lipld storage disease It appears however
that this condition as well as eosinophilic
granuloma and Letterer Sime disease, are
granulomatous processes In the Hand
Schiiller-Christian syndrome it is felt that
vanous amounts of cholesterol have been
accumulated <econdanly

Eacretion of Phosphonn. Phosphorus s
excreted 1n the urine principally as mono-
sodium (acid) and disodium (alkaline)
phosphates  \aH,PQ, and \a;HPO, rte
spectively  \ lesser amount s combined
with potassium to form mmilar salts of this
metal The remaning 25 per cent of the
Inorganic unnary phosphorus 1s found as
ammonium, calddum and magnesium salts
The fnorgamc phosphates comprise 90 per
cent of the total phosphorus excreted 1n the
urine The remaining 10 per cent are found
as organic phosphates namely glycerophos-
phates hexosephosphates and nucleotides

The relative proportions of monobasic
(ackd) and dibasic (alkaline) phosphates
_help determine the pH of the urine Rela
tive increase of the monobasic phosphate
conserves not only fixed base largely so-
dium but also potassium magnestum and
calclum

Urinary excretion of inorganic phosphorus
fs affected by several factors which influence
various components of the excretory mech
ansm. Increased phosphorus Intale as 1o
a high-protein diet ncreased protein catab-
olism, as in severe starvation or vigorous
muscplar activity and gout—all are accom
panied by an incrense in total urinary phos
phorus ocutput

Phosphorus is filtered through the glo-
merull in direct proportlon to the serum
level Low-phosphorus rickets and osteo-
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malacia result in decreased urinary phos-
phorus output Renal glomerular diseate
wreh as congenital cystic hidneys obstruc
tive lesions and chronle glomerulonephritls
is accompanied by faflure of filtration
and consequent riee In serum inorganic
phosphorus  (hyperphosphatemia)  Phov-
phorus is filtered by the glomeruli and re
atmorbed through the tubules (Fig 16) The
latter is clearly controlled by the action of
parathyrold hormone (Fig 16 Section C) *?

Parathyroid hormone administration_in_
hibits phesphorus tubular reabsorption and
hence results in hyperphosphaturia. Para
thyrofd hormone 1n adequate quantities may
totally inhibft tubular reabsorption (Fig
16 Section C III and IV) However other
factors may also affect tubular reabsorption
of phosphorus but to lesser degree A low
ered alkall reserve 1n the blood will decrease
the reabsorption of phosphorus 1o the tu
bules. The pituitary or hypothalamic reglon
of the brain may play some role In preg
nancy urinary phosphorus s also reduced
possibly on the basis of increased tubular
reabsorption.

CALCIUM

Introduction. Calaium one of the alkaline
earth metals is a silvery white metal found
in nature principally as caloum carbonste
(limestone marble chalk and iceland spar)
It occurs also as dolomite fluonite gypsum
wollastonite and phasphorite The pure
metal has no commerical value but 1ts com
pounds are used widely

Forms Found in the Body Caldum is &
Sonstituent of all animal fluids and tissues
Its presence Is Indispensable to life It con
stltutes about 2 per cent of the weight of the
adult body about 99 per cent of the body
calcium {s found in the skeleton ! It occurs

dom} ion with phes-

pr ly In combi
phate carbonates and hydroxides

Unlike phasphorus it is pot found In
available protective amounts in most foods
Only milk which contains 12 Gm. of cal
clum per quart and milk products such a«
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cheese (900 mg of caldum per 100 Gm)
are completely satisfactory dietary sources
of calclum. Breads contain phytic acld,
whch impedes caldum and magreaum ab-
sorption and  therefore, makes the 30 to
40 mg of calclum for 100 Gm of foodstuff
fargely unavailable Certnin green vege
tables such as spinach, while high in cal
clum content, are not adequate sources
because of the oxallc ackd which forms
insofuble compounds with calaum so that
it is not utitized by the body *

Calcium Requirerents. Sherman glves
the daily calclum requirement for a 70 kg
adult as 065 Gm The National Research
Council figure 18 0.80 Gm For children of
from 3 to 14 years the mimmam dretary
calcium should be 1 0 Gm daily In preg
nancy during which 20 to 30 Gm of the
mineral are deposited in the fetus, at least
this much calcium must be included in the
ciet most conveniently on the basis of a
daily quart of mlk Over 60 per cent of the
feta} skeletal calcium Is Jaid down i the last
trimester 3

Lactation requires & simflar amount of
dietary calcium. The breast fed infant is
mamtained by abont 45 mg of caldlum par
Lilogram the formula fed Infant by about
150 mg per Lilogram This dlscrepancy re
sults from the fact that 50 to 70 per cent of
the calcdum in human milk Is retained as
compared with about 30 to 35 per cent of
that in cow 5 milk *

Absorption of Calcum Calclum i3 pres-
ent in both organc and sonorganic forms (n
food  Conversion to the Inorganic form
probably must occur in the upper alimen
tary tract before absorption.

Absorption 18 favored by the acid reaction
of the upper small intesune and ths is
where maost of the calciura seits cross the
mtestmal wall The most important factor
mawntaining  the proper small intestine
hydrogen 10n Loncentration for calaum-salt
solubslity 1 the 1cxd ~ecretion of the stom
ach Interference with calclum absorption
has been noted with achlorhydria Sugars
espeenlly lactost ux) amino aclds also

provide a proper acld medium for calcfam
salubillty and_adsorption 1

Vitamin D causes increased calclum re-
tentfon in Infants with rickets with & por
mal ecreased fecal exeretion and a negli
gible Increase in the unne In normal aduoits
large doses of vitamun D initially decrease
the proportron of calctum fn the ucine. After
a few days this actlon is reversed and the
main effect fs to mcrease significantly the
proportion of calcium excreted in the urine
without altering the total excretion 4

This above worh of Bauer, etal appeared
to show that vitamin D had little or no
_effect in physiologic doses on the ultimate
_absorplion or retention of caldlum i non
deficient Individuals

Recent use of very large doses of steroid
vitamin D preparatiom in the possible
therapy of arthritis resulted in metastatic
_solt issue calcifications most often renal
but alsa occurring elsewhere It s felt cur
rently that here there was overretention of
calaum secondary to the ergosteral Other
possible explanations are an exaggeration of
the normal vitamin D calcifyiog action or
else & soft tissue infury secondary to toxde
levels of the sterold erith secondary dys-
trophic calcification in the affected areas

Work conducted at Peiping Union Med
1cal School? and by Agnes Scott* in India
fndicated that true vitamu-D lack with
resultant osteomalaciz is seen 1n adults who
are not expased to sunlight foc social rea
sons and who ingest msufficfent ergosterol
The defect les in the lack of sbsorption of
calaum from the intestinal tract Oral ea
clum ix meffective and iy merely lost 1 the
feces Iatravenous caldum even without
vitamin-D sdministration or exposure to
sunlight reverses the negative caldum bal
ance and produces calclfication of skeletal
osteqrd

It 13 thos clear that vitamin D is neces
sary in both adults and children for the
absorptian of calcium across the intestioal
wall Tiis calaum in turn increases ab-
sorption as & result af the formation of in
soluble calcium soapy  Similarly eprue



«teatorrhea and celiac states interfere with
calaum nbeorption because of the focrensed
fatty -acad content of the feces as well as the
reduction of vitamin D abeorptlon in thee
entlties

As noted umler phosphorus the calclum
phosphorus ratie of ingested food is more
jmportant than the absolute amaounts pro-
vided minimal requirements are exceeded T
Excess phosphorus in the diet will interfere
with calcfum abeorption by forming rela
tively insoluble caldum phosphate  Con
versely on low phosphorus intake not only
does extess calaium interfere with adequate
phosphorus utllization but alse other cations
which {orm lnsoluble phosphates con tause
expenmental low phosphorus rickets. These
include Leryllium  strontium magnesium
won lead and thalliam ®

Caleium in the Bloods Tromsport and
\fetabolism. Calawum exats in the blood in
two forms nondiffusible and diffusible ® In
Wife calaum 18 praciicaily all found in the
plasma since the red blood corpuscles con
tan only trace amounts Fallowing clotting
it is found 1n the serum and {t is this serum
calaum which Is determined by the usual
taborstary methods

The usual adult valoe for serum caleium
in adults 13 @ Jo 11.5 mg. per 100 cc. In
infancy it 1s slightly higher

It Is tmportant to note that the serum
contalns about three times as much calclum
#s can be held n inorganic solution at the
same pH This results from the presence of
both nondiffusible and diffusible eslclum in
the serum The breakdown of calclum frac
tions in the serum Is approximately as fol

lows 3*

Ma. rre 100 cc,

Nendufeflde 40 SO

Dtffeeible 5065
Tonlred 475678
Un Sondzed 018

Diffusitality of calclum 15 deterpuned by
compensation dlalyzis ultrafiltration technlc
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and vividiffusion For al) practical purpoees
aaadiffusible calelum Is protein bound al
though minimal amounts gleo are found as
collofdal complexes of calclum phosphate
The<e colloidal complexes usually are pres
ent In the serum only in minute quantities
or not at all They are formed when elther
cakcfum or phesphorus is given in slzable
quantities or following parathyrofd hor
mone or vitamin D administration This
fraction disappears rapldly from the bloed
stream may be taken up by the reticulo-
endothelial cells and may not be avaflable
for bonexalt formation

Coxrelation of the varlous functions of the
plasma-protem pool in respect to affinity for
laum has not been worked out. It 1s
Lnown that practically protein free body
fluid like cerebrospinal fluld contains al
most only diffusible calcium in a concentra
tion approximately the same as that of the
plasma  However if one believes that the
cerebraspinal fluid is secreted mather than
filtered by the chorold plexus even thls
point is not valid from a guanutative

aspect

Of the diffusible calcium almost all is in
fonuzed form Direct measurersent of the
fonic fraction was carned out by \cLean
and Hastings (n 1934 using a hiclogic
method By measuring the amplitude of
contraction of perfused frog heart ventric
ular muscle they were able to compare
unbnown solutions with calcium-chloride
standards It was determined that in pro-
teln-contalning human fluids (i e, serum
ascltic fluid or edema fluld) the foruzation
of ealdum followed the law of mass action.
The spenific equation for calclum s shown
at the bottom of this page

Thus if the calclum and the total protein
concentrations in human serum of other pro-
teln-contalning fluid are hnown the jonic
calclum concentration can be ealculated It
should be noted that the calculations must
be carrled out in millimols per fiter not in

(Cat ) (Proteln——)
(Ca Proteinate)

= Kk = 10-3nxee
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milhgrams per 100 cc. The nomogram of
McLean and Hastings summarizes the cal
culations (Fig 13) It can be seen from this
that the serum protein is the principal de
terminant of fonized caljum Ca++

Hvypercarcrana, Prolonged elevation of
serum-calcium levels above 10.5 or 11 0 mg
per 100 cc. is almost pathognomoric of
hyperparathyroidism Experimental admin
1stration of parathyroid hormone will pro-
duce a similar biochemucal sequence. This
will include hypercalcenua, hypophospha
temia hypercalcuna and hyperphospha
tuna’? This sequence and the theones of
parathyrord hormone modus operandf are
discussed in the section on the parathyroid
gland

Cakium mtt?mwllaich'

Hyrocarcrama. \euromuscular irritabll
Ity has been known for many years to be
controlled by ionic concentration and pH 12
The classic relationship is as follows *

(Nat) 4 (K+)
(Catt) 4 (MgHt) 4 (HT)

All clinical forms of tetany in man result
from relation to dimunished total or jonized
serum calclum or to alkalosis 14

Hypocalcemic tetany is not merely de-
pendent on the total serum calaium  jt also
reflects the degree of ionization This in
turn  depends on the serum proteln.
Furthermore the rate of fall. is important.
For example postparathyroldectomy tetan)
following the surgical procedure may occur

Irritabflity «
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at kerum concentrations of total and diffus
ible calclum which are oedinarily considered
a< above the tetame level

In general scrum-calaum levels in man
fall to ot below 7 mg per 100 cc. in hypo-
calcemic tetame states  the fomzed calclum
{s lews than 40 mg per 100 cc. by the
McLean Hastings nomogram ¥ \euromus
cular hyperexcitability as evidenced by
jerking movements or occasfonally by gen
eralized convulsions is the outstanding
finding

Latent tetany Js noted when the serum
jonized caleium remains yust above the criti
cal level Three well known methods are
used to detect this conditlon They are
(1) Chrastek 5 sugn—tapplog over the facial
nerve in front of the ear results in twitching
of the facial muscles (2) Trousscan s sign
—obstruction of the brachial artery above
the elbaw by a blood-pressure cufl or digital
pressure results in carpal spasm with the
wrist ond the metacarpophalangeal jomnts
held in flexion the Interphalangenl joints
beld in extension and the thumb adducted
Into the palm and (3) Erbs sign—in
creased exdtability of muscles to galvanic
current.

Clinlcally hypocalcemic tetany Is assoc
ated with decreased calcium intake or ab-
sorption elevated serum phosphorus and
increased urinary excretion of calcium, pos-
sibly because of a lowered _.renal thres-
bold > 1#

The nutntional causes of hypocalcera
incdlude wvitamin D defidency in children
(rickets) and adults (osteomalacia) and
gastro-intestinal disturbances like the celiac
syndrome id{opathic steatorthea sprue and
oxalate polsoning

Elevation of serum phosphorus may de
press the serum caldum below the actual
tetame feved Combined renal tubular and
glomerular discase is the commonest canse
of hyperphosphatemic tetany Here the glo-
reerular filtration of phosphorus is lowered
and adequate tubular excretion cannot oc
cur There may be an nssociated fnability
aof the tubules to conserve caldum.

Calcium 29

Cltrate injections will cause tetany 37 The
total <erum calclum is normal but cltrate
forms a comple< with [onized serum calcium.

Parathyroldectomy will result in tetany
because of elevated serum phosphorus and
lowered serum calclum The mechanism in
volved may be primanly on the basis of
phasphorus control  calclum conteol or 2
combination of both At an) rate sympioms
abate with the uwe of high calaum Intake
oral or intravenous parathyrord extract
AT 10 and vitamin D

Allaline tetany occurs in relation to the
various shifts of the bicarbonate-carbon di
oxide ratios of the serum. Elevation of the
<etum bicarbonate may be relative or actual

Relative or respiratory alkalasis occurs
with hyperpnea where carbon dioxide lost
through the alveoli makes for a temporan
relative excess of plasma bicarbonate and
consequent tetany

Actual or metabolic alkalasis may follow
excess sodivm-bicarbonate wgestion or loss
of gnstric chlonde 10ns In persistent vormt
ing as in pyloric obstruction Adequate fixed
base s available to balance the actunl in
crease of plasma bicarbonate which ensues
Tetany may result from the metabolic
alkalosls.

Excretion'* of Calcium. About 65 to 75
per cent of normal calaum loss occurs 1n
the feces This constitutes about 04 to 0.8
Gm. daily for the average adult on an ordi
nary dlet This largely represents calanm
excreted continuously through the wall of
the large bowe! although a small proportion
1s made up of the unabsorbed ingested cal
clum as noted above

About 150 to 250 mg of calcium are lost
dafly in the urine, This mechaplsm Is under
the control of the parathyrold gland prob-
ably in response to the serum-calcium level

Only lonlzed serum calaum passes the
glomerular barrier, sinee the protein-bound
fraction which is equal to about 55 per cent
of the total serum caldlum is too large a
molecule to be filtered through \lost of
this glomerular filtrate fonuzed calcium it
reabsorbed in the renal tubes
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Parathyrold hormone acts to increase the
amount of tabular resbsorption of calclum
and thus decrease urinary calclum excretfon
{Fig 16) Slnce tbe level of parathyroid
hormone activity may be considered to be
in inverse ratio to the serum-calaum level
the kidney thus acts to mailotain homeo-
stasis in respect to this lewel!* ® (Fig 16
Section D)

In secondary hyperparathyroldism such
as {s seen in renal disease so-called renal
rickets the elevated serum phosphorus re
sults 1n & reciprocal serum-calcium fall
Parathyrmd byperplasia attempts to con
serve calcfum further by restncting renal
excretion through the aforementioned mech
anfsm of incrensing tubular reabsorption’®
(Fig 16 Section D TH)

1o primary hyperparathyrodism fo
creased serum calcium results from the os-
teoclastic effects of the hormone The renat
glamerutar filtrate Jevel of calcium is high
because of the elevated serum level The
homeaoatatic property of the hormane on the
tubules is not enough to comserve caldum
from bemng lost jn excess amounts in the
urme in advanced cases It is pomsible to
conceive of an early case where increased
tubular calcium reabsorption might balance
the excess glomerular filtrate level for a
short tume.

Tubular disease of the Fancom and the
Alboight Butler types Is accompanied by a
defect of the calcom reabsorption mecha
msm i the renal tubules ** This may be
aggravated by an additional defect in am
mondn production further {ntensifying the
loss of fixed base including calchum, Tdio-
pathic hypercalciuria is characterized by an
solated failure to reabsorb caldum®

The estimation of urinary calcium by the
Sulkowitch test 1s 2 useful indicatlon of the
level of unnary caloum excretion and sec
ondarilv of bluod serum-cakcium levels

Esticanion or Uminaxy Carcoum

Principle: Precipitation of calcium as cal
clum oxalate
Tnstructions to patients A prescribed low

calcfum diet is foliowed for 3 days On the
third day beginning in the morning, a 24-
hour specimen of urine it collected A 4-
ounce sample of this specimen is brought to
the office

The low-caldlum diet formalated by
Albright and Reifenstein*® and reproduced
with permisston is as follows

Breakfast

Orange jufce—{ small glass

Cooked Farina or fee—35 cup after cooking
4 Uneeda biscuits

Oleomarparine

3 strips of crisp bacon

Coffee or tes

Salt and sugar

Noon

Lean meat—mediom slaed serving
Potato—1 medium sired

White com—Y% cup

4 Uneeda biscuits

o)

leomargarine
Applesauce—bs cup—or 1 medfum-sized
Tea st and pepper, rogar

Night

Chicken—1 medium serving
Macaroni—3%5 cup (cooked)

Yote Use oleomarganne and sugar gener
oualy to keep up weight. Ahsolutely no butter
milk, cheese, or cream This diet contains
appraximately 0.137 Gm of caldum. Caution
must be to avold cereals and oleo-
margarine which have been fortified with
additional calcium.

Reagent: Sulkowitch solution

Onllc scid 1.5 Gm
Ammoalura aralate 2.5 Gm
Glacial acetx acid S0ce
Distilled water gs 1500 cc.

*From The Parcbyreid Glaxds exd Aleisdolic
Boxe Disrese p 75 Baltimore, Wiliams and Withine,
1943



Procedure:

1 Aportion of the urine if tubid {s cen
trifuged and supernatant fluld used for
the 1e4

3 cc. of reagent 18 added <lowly 103 cc.
of urine am} mixed

After 2 minutes the degree of turbidity
of the precipitate is read in a graded
«ale of 0to 4 plus (flocculent precipl
tate)

Interpretations The tenal threshok! of
<erum caldum Is 75 mg per 100 cc. of
erum. A zeto test [ndicates hypocnicemia
2 3 to 4 plus test suggests hypercalcemia
(more than 10.5 mg per 100 cc.) as In
hyperparathyroidism

~

[N

MAGNESIUNM

Magnesium is a solid element which is
found sbundantly in nature The most com
mon form s dolomite which is a double
carbonate of magnesium and calcium Tt is
also found as magnesite as carnallite and as
varions silicates It is present in many nat
ural spring waters as epsom salt AMgSO,
7H,O In pure state it is a silvery white
metal light in weight, with conslderable
structurnl strength It tarnishes in alr as the
result of the formation of a magnesium-car
bonate film which makes it self protecting

Davy in 1808 first obtained magnesium
in metallfc form by electrolysis of a mixture
of magnesium and mercunic oxides This
element {s one of the most common In the
crust of the earth (about 2 1 per cent)

Forms Found in the Body \lagnesium {s
found o the animal in comparatively large
amounts The total for a 70-kg aduit is 21
Gm. It occurs chiefly In the bones and the
muscles—In fact it {s in greater concentra
tion In the muscles than Is calcium Approxl
mately 7t per cent of magnesium contalned
In the body is found in the skeleton

Magnesium Requirements, Very little Is
known of the bodily requirement for mag
nesfum. Wendt! suggests as a standard 0 01
Gm per kilogram of body welght. This
amounts 10 0 70 Grn. per day for the average

Magnesfum 31

adult Tibbetts and Aub? showed a small
positive balance on a magnesium intake of
022 Gm per day An intake between these
twao figures therefore would be a reasonable
one

T'ood Sources of Magnesium The main
natural source of magnesium Is chlorophy 1l
hence it Is (ound maoatly in green vepetables
and In milk since the cow feeds primarily
upon green plant life

Absarption and Excretion of Magnesfum
Tn man, the absorption and the excretion of
magnesium parallel those of calcium * Like
calcium It hy ingesied in inorganic and or
ganic forms The latter represent chloro-
phy)l combinations which are broken up in
the stomach and the intestines. Magnesium
is not absorbed well because of 2 dehydrat
ing action.

On normal magnesium intakes 60 per
cent of total excreted magneaium fs fecal 2
the remainder is urinary Higher intakes of
magnesium Increase the fecal-output pro-
portion Sioece little magnesiam is retained
and fairly gencrous amounts are excreted in
both feces and urine magnesium thus acts
as both a cathartic and a diuretic. Aad in
gestion shifts the proportion of excretion
from the feces to the urine

Actual retention of magnesium is small
It is greater in [nfants than in adults for
the healthy adult approximates equilibrium
wherens the growing child is in positive
mineral balance

When magnesium intake is deficient, the
skeleton will still absorb it and bope will
show 1ncreased calclum and phosphorus
deposition ? ¢ Tt is possible that this occurs
because magneslum Is absorbed upon the
bone crystals thereby limiting its growth®
and encouraging the formation of additional
crystals

High-caleum intake intensifies magne
slum-deficlency effects and raiscs magne-
slum requirement ¢ High magnestum ratake
will produce rickets In growing animals par
ticularly {f phosphorus and calcium {ntake
are low presumably because of the forma
tlon of [nsoluble magnesfum phosphates
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Blood Levels. Serum magnesium levels
are | to 3 mg per 100 cc. The red blood cells
contaln much larger amounts of magnesium
than does the serim The level here may
reach § to 8 mg per 100 cc.

Eighty per cent of the serum magnesium
Is ultrafiltrable a higher proportion than
that for diffusible calclum. The rest of the
magnesium 1is largely m the form of a
proteinate.

Serum-magnesium levels have not been
observed to vary widely either in ordinary
arcumatquees or 1 pathalogic conditions
At times jt has been ohserved to be low in
rickets but it s not diagnostic of the
condition ¥

Levels of serum magnenum mav vary as
a result of the effect of other mnerals hor
mones and vitamins

1 Injection of parathyrold hormone pro-
duces an elevation of serum magnesinm
which is again dissipated even before the
Induced calcium rise becomes maximatl #

7 Vitamin D may ralse the sevom mag
nesium shghtly

3 Injection of calaum salts causes the
serum magnesium to rise peak levels beng
reached 10 about 2 bours

4 Injection of phosphate decreases mag
nesium levels before it affects calcrum levels

No matter how low the intake level is in
the normal individual Httle effect upon the
serum results If however relatively small
doses of soluble magnestum salts are given
in the presence of severe kidpey disense
tomc effects and even death may result®
because the serum magnesium level reaches
a high concentration

BMild sedative or hypnatic effects from
magnesium may occur when the serum level
reaches 5 mpg per 100 cc When 18 to 21
mg per 100 cc 13 reached profound coma
and death result ¥

Magnesium tetany associated with Jow
ered blood serum levels occurs in cattle and
is termed grass tetany ' Tt may also occur
in calves reared on whole milk The condi
tion is due to very low magnewum intake 12
Low magnesium tetany has not been ob-

McCollum showed that magnesium intake
of 018 to 030 mg per 100 Gm of dict was
100 low to support }ife.!* Rata on such an
intake developed convulsions and dled.
Electrical reactrons™® demonstrated that this
was a low magnesium tetany In splte of
low intake magnesium still deposited In
bones but to one half the nnrmal amount
Furthermore in the pressoce of deficlent
magnesium intake the bones become un
usually heavy with calcfum and phosphorus
exceas. 1f the calcium in the diet is ralsed
the amount of magnesrum for normal e
quirement i3 Increased

Metnbolism. Magnesium is important in
relation to neuromuscular irritability When
decreased in the hlood tetany may result.
When increased sedation and narcosds may
occur It fs an antispramaodic and will reduce
bload pressure ' 16 1t {5 a cathartic and 2
duretic.

‘Magnesium appears to become adsorbed
upon the surface crystal lattice i bone in
the form of MgOH, and to coninbute to
sealing and preventing the continned growth
of the crystal® It is related io factors of
local calcification® and appears to affect the
deposition of caloium and phosphorus. It
may inhibit local calafication but 1n a role
as a synergst associated with strontum

Studies' ou rochitic bone sections pro-
duced by low-phosphorus and high-calcium
or high-strontlum intakes revealed that
magnesium enhanced the inhibitory effect
of strontium on in vitro calafication. This
occurred in strontiom rickets but not in
calcium nckets A similar synergism for
calctom rachitic sections occurred when cy3
nide or fluoride and magnesium were added
to tbe calofyng bath. If magnesium was
not present, cyamde or fluordde did pot
inhibit ealcification

¢ ars  therefore _ lum
( jocal calcifica or and
t also similar
a different toeal
- ~chantsm,
‘s in ne
¢ been



lanation of smooth muscle This reaction
did not occur when calcium or other eations
were wsed 17

\fany balance Mudieat demonsirnte defi
nite alrorption of magneslum when It s
riven [n increased amounts particularly as
the chlordde or carbonate This is obeerved
through increace of urinary excretion of
magnesium as well as by actual retention
When magnesium was administered in doses
approvimating 4 Gm dafly phosphorus re-
tention was definitely reduced

1t appears furthermore that magneslum
has a beneficial effect upon Paget s disease
This will be commented upon in detail
under treatment of Paget « disease

STRONTIUM

Strontium fs an alkaline earth element
It is closely allied to mognesium calcium
and barium as is evident on study of the
penodc table While its most commeon nat
ural forms are the carbonate and the sulfate,
other forms such as the lactate can be made

Thls cation is not in abundant supply and
plays Jittle or no role In normal animal
metaholism.

Since it is fn the same group as calcium
similar compounds to those formed with
claum could be presumed Biolegically
aw these compounds might bave similar
or shghtly varied effects. Work has been
done with this element on heart muscle!
and In bone This latter field 15 of Intense
Interest and Is currently the subject of much
nvestigation

Alwens and Grossheim? used atrontium as
early as 1921 and determined no toxicity {n
the human even with the ndministration of
2 total of 360 Gm of strontium lactate This
was given In dosages of 3 Gm dally

Strontium is not in sufficlent concentra
tion in foodstuffs so Its normal intake for
all practical purposes is nil For an effect
It must be ingested In the form of one of
its salts. The best tolerated and seemingly
the best absorbed is the lactate?

On the basls of administration of stron
tum to experimental anfmals Lehnerdt!

Strontium a3

concluded that there was a twofold effect—
one aon Increxse in  osteogenetic tissue
and the other an induced sclerosis of this
samw tissue In hight of present knowledge
we can Interpret this as increasing esteoid
production and increasing the mineraliza
tion of this asteold Sulmequent work® con
firmed the olrervation of osteold prolifer
ation 1t was hypotheslzed that the effect
was related to a high phosphorus low-cal
cium richets

Shorr? reported studies upon strontium in
cases of postmenopausal osteoporosis. In
these studies he evaluated strontlum in 1ts
relationship to the mineralization of osteoid

In 1833 strontium carbonate was ndmin
Istered to children with rachitic deformities
even though the active rickets had been con
trolled It was used with the thought of
removing phosphorus and producing an
osteomalacic state  When achieved this
could and did permut manual correction of
deformities such as severe genu varum or
valgum ¢ The method was to eliminate vita
min D {rom the diet and to keep these
patients upon a low-calcium and low phos-
phorus dlet. Strontium carbonate was then
given Spectroscopic studies of strontium
levels in the blood reached as much as
50000 times the usual level, When the
bones were softened adequately and deform
ities cortected a Wigh-calaum  high-phos-
phorus vitamin D diet was given and heal
ing ensued

The trouble with this method is the mey
itable production of generalized osteoma
lacia to allow correction in limited areas.

A strong specificity of strontlum for phos-
phate may be Titesumed here This would
result In increas?d fecal strontium phos-
phate excretion as probably the primary
mechanism in producing the osteomalacia

Dramatic healing in ‘hunger osteopathy
was reported? whh strontium adminlstration
in 1921 This was not controlled work and
s can be inferred from the above must
have been used with reasonable levels of
phosphorus and ealcdum and vitamin D to
have produced a healing effect else csteo-
malacla would have Incrensed
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Blood Levels. Serum magnestum levels
are 1 to 3 my per 100 cc. The red blood cells
contain much larger amounts of magnesium
than does the serum. The level here may
reach 5 to 8 mg per 100 cc.

Eighty per cent of the serum magnesium
is ultrafiltrable a higher proportion than
that for diffusible calcium The rest of the
magoesum 18 largely In the form of a
proteinate

Serum magnesium levels bave not been
oboerved to vary widely elither in ordipary
circumstgnees or in patbologic conditions
At times it has been observed to be low in
rickets but 1t 18 pot d ic ol the

MeCollum showed that magnesium intake
of 018 to 0.30 mg. per 100 Gm of diet was
oo low to support life 13 Rats on such an
Intake developed convulsions and died.
Electrical reactions'® demonstrated that this
was a low.magoesium tetany In spite of
low intake magnesium still deposited in
bores but to ome half the normal amouwnt
Furthermore, in the presence of deficdent
magnesium ntake, the bones become un
usually heavy wath catcium and phosphorus
excess If the calcium in the diet is raised
the amount of magnesium for normal re
quirement Is inereased

Metabolism. i ts 1mportant in

condition.’

Levels of serum magnesium mav vary as
a resnit of the effect of other minerals bor
motes and vitamins

1 Injection of parathyrold bormone pro-
duces an elevation of serum magnesium
which is again dissipated even before the
indoced calcjum rise becomes maximal ®

2 Vitamin D may raise the serum mag
nesium slightly

3 Injection of calcium salts causes the
serum magnesium to rise peak levels being
renched in about 2 hours.

4 lnjection of phosphate decreases mag
nesium levels before it affects calaom leyels,

o matter how low the mizke level is in
the normal mdivideal little effect upon the
serum results, If however relatively small
doses of soluble magnesium salty are given
in the presence of severe kidney disease
1oxic eofiecls and even death may resulr*
becawse the serum magnesium level reaches
a high concentration

Ml sedatne or hypnotic effects from
agnesium may ocour when the serum fevel
reaches 5 mg per 100 c¢ When 18 to 21
mg per 100 cc 1s reached profound coma
and death result 16

Magnenwm tetany associated with low
ered blovd-werum levels occurs in cattle and
18 termed grass tetany 't It may olso occor
in cafves reared on whole milk The cond:
tion is due to very Inw magnesium intake 2
Low-magnesium tetany has not been ob-
served in human subiects

relatlon to neuromuscular writablity When
decreased in the blood tetany may result.
TWhen increased, sedation and narcosis may
occur It Is an antispasmodic and will reduce
blood pressure.td '* It is a cathartic and a
diaretic.

Magnestum appears to become adsorbed
upon the surface crystal lattice ln bone in
the form of MgOHa: and to contribute to
seahing and preventing the continued growth
of the crystal® It is related to factors of
Tocal calafication™ and appears to affect the
depasition of calclum and phospborus It
may mhibit local calafieation bot in a role
as & synergist associated with strontlom.

Studies'® on rschitic bone sections pro-
duced by low phosphorus and Ingh-calcium
or high-strontinm  intakes revealed that
magnesium enhanced the inhibitory eflect
of strontium on in vitro calcification. This
ocourred o stropium nckets but not in
calefom rickets A similar synergism for
calaum-rachitic sections occurred when cys
nide or fluonde and magnesium were ndded
1o the calafying bath If magnestum was
not present, cysnide or fluoride did not
inhibit calafication

1t appears therefore that magnestum
may be & local calclfication inhibitor and
that strontium also may have a sdmiflar
effect but in a different part of the local
calaification mechamsm

Maguestum salts fn normal serum fonic
concentration have been used 1n a modified
Dale appanatus and bave demonstrated re-



lawation of smooth muscle This reaction
did not occur when calclum or otlier entlons
were used ¥

Many balance studies! demonsirate defi
nite atrorption of magnesium when 1t is
given in increased amounts particularly as
the chlonde of carbonate This §s observed
through increate of urinary excretion of
magresfum as well ns by actual retentinn
When magnesium was administered In does
approdmating 4 Gm daily phosphorus re
tention was definitely reduced

1t appears furthermore that magnesium
has o benefiqal effect upon Paget « diseace
This will be commented upon in detail
under treatment of Paget s disense

STRONTIUM

Stroatium 18 an alkaline earth element

Strontfum 33

concluded that there was o twofold effect—
one an increase In  osteogenctic tissue
and the other an induced scleronis of this
same tisue In Hght of present knowledge
we can interpret this as increasing osteold
production anil increasing the minernluza
tion of this osteoid Sulmequent work? con
firmed the obeervation of osteold prolifer
atlon 1t was hypothesized that the effect
was relited to a gh phosphorus low-eal
clum rickets

Shorr reported studies upon strontium in
cntes of postmenopausal asteoporosis In
these studies he evaluated strontium in its
relationship to the mineralization of osteoid

In 1633 strontium carbonate was admin
Istered to children with machitlc deformitics
even though the active rickets had been con
trolled It was used with the thought of
removing phosphorus and producing an

It 18 closely allied to caldum

Incic state When achfeved 1his

and barfurs as {s evident on study of the
periodic table While its most common nat
ural forms are the carbonate and the sulfate,
other forms such as the lactate can be made

This cation is not {n abundant supply and
plays little or no role In normal animal
metabolism.

Since it s in the same group as caldum
umular compounds to those formed with
caldum could be presumed Biologically
also these compounds might have similar
or slightly varied effects. Work has been
done with this element on heart muscle!
ond {n bone This latter field is of Intense
interest and {s currently the subject of much
investigation

Alwens and Grassheim? used strontium as
early as 1921 and determined po toxdty in
the human even with the administration of
a total of 360 Gm. of strontium lactate Thls
was mven 1n dosages of 3 Gm daily

Strontlum s not In sufficlent concentra
tion in foodstuffs so its normal Intake for
all practical purposes 1s ol For an efect
it must be ingested In the form of one of
its malts. The best tolerated and seemungly
the best absorbed is the lactate 2

On the basls of administration of stron
tlum to experimental animals Lehnerdtt

could and did permut manual correction of
deformities such as severe genu varum or
valgum ¢ The method was to eliminate vita
min D from the diect and to Leep these
patients upon 2 low-calcdlum gnd low phos-
phorus diet Strontium carbonate was then
glven Spectroscopic studies of strontium
levels in the Llood reached as much as
50000 times the wsual level When the
bones were softened adequately and deform
ities corrected a high-calaum  high phos-
phorus vitarmin T) diet was given and heal
Ing ensued

The trouble with this method {s the ine
itable production of generalized osteomna
lacla to allow correctlon in limited areas

A strong specificity of strontivm for phos-
phate may be Wresumed hére This would
result in Increaséd feécal strontium-phes-
phate excretion as probably the primany
mechanism in producing the osteomalacin

Dramatic healing in ¢ hunger osteopathy
was reported? whh strontfum admimstration
in 1921 This was pot controlled work and
a3 can be Inferred from the above must
have been used with reasonable levels of
phatphors and calewum and vitamin D to
have produced o healing effect else osteo-
malacla would hayp Incrensed
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Strontium in the form of the lactate was
reported to be absorbed best even to greater
degree than caloum when administered in
equivalent amounts? Furthermore it ap-
peared that strontium lactate caused an
increase 1n calctum storage. When strontium
was discontinued the increased caldum re
tentfon continued for as long as 10 days.

Further long term balance studies™ {n a
patient snffering from postmenopausal oste
oporosts seermed to indicate that the sym of
strontium and calcium retafned with a fixed
phosphorus intale was greater than the
maximum retention of calcium when 1t was
given alone.

Androgens estrogens and vitamin D in
creased the storage of both strontium and
calcium. Furthermore it appeared that the
strontlum was retalned n the form of stron
tium phosphate

Studies upon radloactive strontium® indi
cated that the material was distributed
similarly to radicactive calcflum but to a
lesser extent.

In vitro caldfication studies® with ra
chitic skeletal sections showed deposition of
strontium in the epiphyseal areas when Sr
was substituted for Ca

It sppears that strontium 1s clearly uti
lired as a strontium phosphate Therefore
when phosphorus fntake fs low {t must com-
pete mth calaum and proteln for phos-
phorus {n order to be deposited in bone
Testosterone because of protein anabolism
may prevent strontium absorption becaw.e
phosphorus 1s tled up 1n nitrogen atorage
if phosphorus intake s low However If
phosphotus intake is great enough to satisfy
both protein and calctum requirements then
1t will be available for strontium absorption
and deposition. Under these clrcumstances
strontium will then be able to maintain Its
seeming ability to enhance calcium absorp-
tion

It 14 reasonable on the sbove hypothesis
to consider that strontium may well act as
an additive nuneralizing agent, although it
1s oot proved that it enters the bone Iattice
in the same way that calaum does.

However It may be presumed to be active
and absorbed with calaium and nitrogen §f
the phosphorus intake 18 sufficently high
So not zlone is an adequate calclum-phos
phorus-protein intake of value but also
increased phosphorus in the form of
strontiunr-phosphate zalts may be highly
desirable.

S0DIVM

Sodrum is n member of the alkali metal
group It is very active chemically with only
one electron In the outer ring It does not
occur free in nature but is found principally
as the chloride and the nitrate and as
cryolite

It s a soft silvery metal which tarnishes
when exposed to air and decompases water
at room temperature It decomposes water
to form sodium hydroxide and releases hy
drogen

Forms Found in the Body The usual
compounds of sodium are water soluble In
the animal organism sodium Is the largest
fraction of the total fixed base It is alrmost
completely lonlzed in the body even I the
sodium proteinate form It is assoclated
most commonly In esmotic equilibnum with
the chloride and the bicarbonate

The sodim content in the adult 3 60 to
65 Gm It ocaurs principally in the extra
cellular fluid—that fs the plasma and the
interstitial compartments.

It {s not found in the red blood cells Most
of the sodlum unaccounted for in interstitial
fluids 18 in the skeletal ssues with cartilage
n particular having a particularly high
content !

sodiion Requirements. The normal Intake
for an adult human is 4 Gm of sodium or
10 Gm of sodium chloride per day The
maximum intake without accumulating
edema flud 1s 35 to 40 Gm of sodiom
chloride per day

The blood level is 160 mg per 100 cc.
whole blood 340 mg per 100 cc. for plasma
These can be converted to milliequivalents
per liter by multiplying by 10 and dividing



v the molecular weight of 23 The figure
would therefore be 147.8 milliequivalents
per Yter of plasma,

Sodium ix abrotbed through the gastro-
intestinal tract  kurthermore there is n
tremendous turnover of rodwm in the in
teatinal trict since much sodium is con
tained in the <ecrctory juices and has to be
reatrearbed

Excretion of Sodwm. The Lidney s the
principal organ for the excretion of water
wodium potassium  chloride and sulfate
Under most orrumstances  sodium and
chlaride occur 1n the urine in approximately
equal amounts. Abnormal lasses of either
wdium or chlondes must be Lalanced by
the fudney For example if chloride 1s lost
by vomiting then bicarbonate substitutes
for 1t In the urine

When no rodium or chioride i3 fngested
or in fasting states practically none of
either {s found in the urine. Similarly if
sodiam or chloride Is lost by excessive
sweating or Iy way of the bowel uninary
excretion fs diminished Usually the feces
contain only small amounts of sodium

Metabolism. Desoxycorticosterone is par
ticolarly active as an agent to enhance
sodium storage The mechanism involves
diminution of renal excretion of sodium
and substitution of potassium for sodlum
In the urine Cortisone and hydrocortisone
have similar effects. Tndeed In using these
hormones care to avord edema from excess
sadium retention must be talen Further
more potassium loss must be anticipated
and provided for with increased potasslum
intake

These hormones act by Increasmng the

tubular reabsorption of glomerular filtrate
sodum and decreasing tbe tubular resh-

torption of potassium. It is of interest that

a similar mechanism although much smaller

in degree occurs in the sweat3

Excess of adrenal hormones affecting so-
dwum and potasslum results in sodlom re
tention and loss of potassium. This causes
lowered serum potassium and depletion of
wtracellular potassiim The Increased so-
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dium chuses an clevation of serum sodium
and edema ns well as hypertension since the
water volume I8 exceasive Furthermore
sodium in theee circumstances will migrate
inta cells and displace potassium Sodizm
reacts to water intake Soif water is with
held, plasma «odium concentration increases
Water has already been drawn from the
extracellular compartment for renal excre
tion The increased sodium in the plasma
then draws out intracellular flulds wth
potassium The potassium and the water
are then excreted through the kidney

In Addisons disease or simllar states
sodfum conservation cannot occur Extra
cellular water and sodium are excreted rap-
idly by the Lidneys The plasma-sodium
concentration falls Vynter migrates inter
cellularly and the serum potassium level
will {ncrense As o result the untreated Ad
disonian is susceptible to deprivation of
sodium and water

Location and Metabolsm of Sodfum in
the Bone. Studies utilizing tracer substances
cannot work in boue as In other tissues The
usual division is to consider on organism
compased of intracellular interstitial and
plasma fluld compartments. Bone 18 com
posed largely of extracellular solids and
these are not freely permeable to all traces®
There is considerable sodium and water in
bone ! including marrow as well as marrix
sohds. Approximately 30 per cent of body
sodium and 8 per cent of body water is
located 1 bone. Conmstent figires of 220
milliequ:valents per kilogram of dry fat free
bone have been established !

Tissue sodlum i3 freely exchangeable with
serum sodium  the maximal exchange {s
established at about 50 per cent.? These
conclusions were established by studies of
sodium exchange in dogs on a rice salt-poor
milk and sugar diet Sodium® wath o 3 year
half life wos used rather than sodium™ with
& 15-hour half life In this way studies for
an entire month with relatively constant
tracer concentration were possible

Sodium i3 on the suriace of the apatite
crystal lattice 4 and there is o larger amount
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of exchangeable sodlum than calaum?® It
has also been considered that sodium and
calelum are the same molecular sire gl
though they differ 1o charge. For this reason
they may be {nterchangeable to fit upon the
surface of the bone crystal *

POTASSIUM

Potassium Is a soft, silvery white alkall
metal It tarnishes on exposure to alr and
becomes brittle at low temperatures It is
ont of the most active metals and reacts
vigorously with oxygen the halogens and
water It stands just below sodium on the
periodic tahle

Forms Fornd 1n the Body Its compounds
are water soluble Its role in man and the
primates fs primarily that of an intercellular
substance and as such it occurs In rather
large concentration especially In the
muscles For example fresh muscle contains
365 mg of potassium per 100 Gm.

In the human body ss a whole there are
150 Gm of potassium This compares with
63 Gm. of sodium and 1,160 Gm of cal
aum? The skeleton contains 64 Gm of
potassium and the muscle mass 109 Gm In
relation to the total potassium in the body
therefore the amount found in bone is
quantitatively Insigmificant.

Potssstum Requirements. Lile sodium
potassium 14 essentlal to life The normal
daily intake for an adult human is 2 to
3 Gm. This 15 obtained easily in any diet
adequate for other needs Ingestion of
amounts above 20 Gm. is apt to cause
edema !

The blood level is § milliequivalents per
liter in the plasma This represents 19 5 mg
per 100 cc of plasma

The potassium content of the red cell is
170 milliequivalents per liter which is ap-
proximately 34 times that of the plasma.
Intact red cells have walls that prevent
egress of potassjum and entrance of sodium
A similar phenomenon occurs in intact
ruscle cells in regard to the surrounding
Interstitial fluid 2 This is important in that

blood potasstum levels may appear at nor
mal levels or rise when tissue hreakdown
is occurring 2 Here the total amount of body
potassium by radioactive studies is low even
when hyperkalemla may be present 2

Potassium depletion occurs in gastro-
intestinal disorders, including faulty ab-
sorption and Increased loss as a result of
diarrhea and vomiting Potassium depletion
also occars in malnutrition states It devel
ops in chronic congestive heart failure where
diuretics are nsed or when fon-exchange
resins are administered Marked loss of
potassium through the kidney with sodlum
retention occurs as a result of excess dosages
of cortisone, hydrocortisone or adrenal cor
ticotropic hormone This Is something to be
particularly careful about because of stress
states and the common usage of the above
hormones.

When a patient 1s on intravenous feed
ings over a period of time it Is important
to maintain potassium levels Blood-plasma
studies may be deceiving as a result of tissue
breakdown as discussed above 3o when
ntravenous feeding is carried out potassium
also must be used up to 2 Gm dally with
a check of blood plasma and jf necessary,
uninary excretion In this way adequate
amounts will be given and the bad effects
of hyperkalemia will not occur

The principal regulation of potassium is
in the kidoey Normally amall elevations
of serum-potassium level are reflected by
marked increnses in urfnary excretion?

When the serum-potassium level falls
urinary excretion s reduced. The reduction
takes place slowly so that serfous loss of
potassium may occur The reason this occurs
is that patients have concurrent sodium
retaining stimulating mechanisms. These
stimuli are from the pitnitary or the adreng!
and mazy cause 1on exchange of potassium
for sodlum in the distal tubular segments of
the kidney 4

When potasstum depletion is chronic the
kidney mechanisms come into play and the
kidneys may excrete less than I milliequv
alent of potassium per day *



\ssocdated with potassium lots from tis
sue catabolism is nitrogen loss from tumors
infection diabetes starvation and post
streas states such as operations and trauma
For every gram of nitrogen that is Tost
2 + milliequivalents of potassiom are also
Tost®

Hypolkalemua 15 manifested by a clinical
picture of weakness of the extremities some
times progressing to actual flaccld muscle
paralysis This may Involve even the mus
cles of respiration

Delirium and actoal tetany «econdary to
Inpokalemic alkalosts may occur the ex
planation for which s postulated by Dar
Tow T

Hypoknlemic alkalosis repretents a rela
tive increate of plasma bicarbonate which
follows the shift of sodium into the intra
cellular compartment This occurs as re-
placement of the potassium loss This may
be obsenved indirectly by a fall in blood
chlorides—a hypochloremic alkalosis This
however can occur in either sodium or
potassium depletion So when tetany occurs
and potassium depletion is suspected it 1s
well to check the plasma bicarbonate the
sodium and the potassium, as well as the
EKG

Elevation of bicarbonate and normal so-
drum with low potassium wiil indicate an
acute hypokalemic alkalosis The EKG pat
tern is typlcal for hypokalemia

Hyperkalemia is observed when the nor
mal kidney excretory mechansm is im
paired It will occur on excess potassum
release as in trauma, fn renal disease In ad
renal insufficlency as in Addson s disease
and in diabetic coma when protein is brolen
down.

The symptoms of hyperkalenua are men
tal confusion weakness ascending paralysis
numbnesy and tingling of the extremities
thickness of speech, difficulty in walling
loss of tendon reflexes and bradycardia
Death can ocour from cardiac arrest.

EKG changes begin at the 6 5 milliequiv
alent per liter levels. They progress on to
auricular standstlli ventricular conduction
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difficulties arrhythmias and finally cardiac
arrest

From the point of view of the chniclan
hypokalemic aml hyperhalemic states can
be corrected 1€ Lidneys are working and
proper amounts of potassium can be taken
orally there is no problem of replacement
or maintenance

Tnteresting research work on experimental
animals has clearly delineated a relationship
between potassium acd nitrogen storage

Animals that were given potassium chlo-
ride in addition to the basal ration which
was deficient In potassium grew at a greater
rate than the controls which did not re
celve the {norganic supplement. Animals
that received the potassiom had better ap-
petites and consequently consumed greater
amounts of food Two groups of animals
on cqual calonc levels of energy intake
showed less growth in the potasslum-defi
cient animals Animals that received amino-
acld preparations orally plus additional
amounts of potassium showed increased
growth as compared with those animals on
a similar dlet, lacking potassium ¢

This fact appeary significant in relation
to patient care if amino acids and carbo-
hydrates are administered parenterally po-
tassium also should be given. This will favor
proper utilization of the pitrogen. From the
practical viewpolnt maintenance of electro-
1y tic requirements of potassium will be ade-
quate for metabolic needs.

FLUORINE

Fluorine i3 2 member of the halogen
family Chemically it 1s the most active
element known in regard to 1its reaction
with metals and many nonmetals, It is a
yellowish gas in fts full state. It {s found
usually as fluorite and cryolite and as a
fluoroapatite. On ingestion either by mouth
of by wnhalation this element is absorbed
by the body flulds Half of that absorbed
will be taken up by the bone and the testh
and balf excreted by the urine

Normal fluoride concentration in blood
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body fulds muscle and other soft tissues Is
quite low The amount 13 & few micrograms
per 100 Gm Increased ingestion of fluoride
will not be reflected in the blood except for
possibly very short intervals for the excess
is excreted rapidly in the urine and depos-
ited in the skeleton

When the intake 18 approximately one
part per million as is used In fluondation
of water apparently no particular {ll-effect
occurs If the amount Is greater as has been
reporied in one case (12 parts per million
over a long period of time) severe toxicity
and changes result The toxic phase! may be
referred to as crippling fluorosis

A diagram iBustrating the Intake the
absorptian the cffects and the excretion of
fluorine has been published by Hodge® and
is shown at the bottom of this page

Deposition of fluonide in the skeleton will
occur continuously as long as any fluoride
18 ingested whether large or minute in
amount.** No equilibnum stage Is reached
and bone stores of fluorine will not decrezase
as long as any level of intake is continued
The deposition of fluonde in bone would in
{act, continue to increase

The deposition of flueride 1n bone occurs
n two ways—one as an adsorption reaction
upon the surface of the bone crystal ® This
occurs as a competitive exchange between
fluoride and bicarbonate or hydraxyl ions
The second way is more complex and a

much slower process involving the mcor
poration of fluonde within the bone lattice ®
This may be described as recrystallization
following osteoclasis

Reabsorption of fluoride follomng cessa
tion of ingestion of this material follows the
same pattern as the deposition A mapid
urinary excretion occurs in the first month
This is the result of the loss of flucride 10ns
from the crystal surface and their replace
ment by hydroxyl and bicarbonate jons

Interpretation of this phenomenon makes
1t clear that consistent adounistration of
fluonde in therapeutic doses s necessary to
control canes, This assumes that fluoride
adsorption protects agalnst canes

After the surface exchange occurs with
resultant fluonde loss, following cessation
of fluorfde Ingestion the slower loss of this
material occurs by a process of recrystal
lization. This rate of loss in the human fis
of the order of a half time constant of
2 years—In other words 50 per cent will be
lost in 2 years. In the pext 2 years, 50 per
cent of the remainder will be lost and s0 on
ad {ofinitum *

It appears that the skeleton, for fluorine
as for other taxic metals acts as a detaxd
fication mechanism In that way 1t takes up
half of the ingested fluorine the other half
being excreted via the urlne If the amount
of fluorine is small no fll effect occurs. If
Iarge m amount, an effect upon the amelo-
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blaste resulting In mottled enamel occurs
Furthermore an effect upon osteoblasts
must be presumed

Jobnson® has summed up the abnormal
matrix and <keletal findings in a single cae
rewlting from large amounts of fluorine as
follows

The gross observation of the massive In
creace in weight and «pecific gravity which
is expressed as osteosclerons the microscople
pictare of abnormal Haversian patterns fail
ure of the Haversian systems to adbere to-
pether layin down of a matrix material that
you wonld cal) osteold but does not have the
pormal/visual texture being granular and
tumpy The reticulum collagen and polysac
charide components do pot staln cleatly as in
pormal booe. At times it Jooks as though the
two protens collagen and hemogenous poly
saccharide protein  are Independently de
posited without being welded into a single
new substance, osteold. Sometimes the in-
wolved trabeculae look parboiled in disorgani
zation.

Roholm!* reported upon chronic fluoride
intexication among cryolite (alumnum fla
oride) workers in Denmark and Greenland
\-ray findings were of widespread calcifica
tion of tendons muscle sheaths marked
asteogenesis and extensive arthritic changes
in the spine prodoang ngidity The bones
showed marked osteosclerosis resembling
Paget s diseaze

There is a question as to whether hetero-
tonmic migration of Auorine Into the crystal
lattice can occur in living bone ™ There 18
not much doubt that fluornde may be ad
sorbed upon the crystal or even be present
in the organic matrix. But it is not clear as
to whether or not 1t may go actually into
the crystal lattice

BERYLLIUM

Beryllium {s an allaline earth metal Tt
was discovered by Vauquelin In 1797 in
the mneral beryl and n emeralds Tt was
isolated as a metal independently by W Ghler
and Bussy 1n 1828 In pure form it is ether
a gray pomder or crystalline with the luster
and the hardness of steel actually it is
hard enough to «cratch glass It is soluble
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in dilute ncids and in alkall hydrovides It
is found as beryllium afuminum silicates

‘The chemicnl reactions of beryllium re
«emble those of magnesium Commerclally
it Is used In light alloys It has good elec
trical conductivity and tensile strength fn
the alloy form especially when combined
with aluminum and copper It 1s not a not
mal component in ammal diet nor {s it
usual for most individuals to come n con
tact wath it either by touch or by inhalation
In recent times however it has become an
Industrial hazard for it Is used in fluores-
cent lights and also as o material entering
mnto the formation of alloys particularly
with copper

Toxuclty The toxic eflects from bery llium
are manifested in two ways first, by local
contact with the skin and the eyes in par
ticular Here 1t produces contact dermatatls
chermucal conjunctivitls corneal burns non
healufg ulceration at the site of njury and
subcutaneous nodules Second by inkalation
it may cause an acute pneumonitis which
may be fatal A chronie granulomatous dis-
ease may appear from 3 months to 6 years
after exposure This may follow exposure
of short duration or of low concentration

It appears that incredibly small concen
trations, of its salts and even of the element
itself can produce these changes even to
the pomt of causing death. It has long been
Lnown that beryllium can produce rickets
which state oriminally was considered to he
due to phosphorus precipitation by bery1
lum In the intestinal tract

Recent studles by Grier et al.? and by
110 et al? clearly demomnstrate that this
element has a blocking effect on bone and
other tissue alkaline phosphatases

Further in vitro studies have indicated
that beryllium will retard the Iiberation of
phosphorus {rom certain orgame phosphornic
esters by blocking the effect of alkalme
phosphatase In this way 1t interferes with
calcification of tissue slicas However jt
does not interfere with calcification 1n solu
tions containlng inorganic pbosphorus Tt
merely interferes with dephosphorylation of
organic esters by alkaline phosphatace,
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Beryllium acts upon the following or
ganic esters beta-glycerophesphate, phenyl
phosphate creatine phosphate® glucose-1
phosphate* and hexcse diphosphate Mag
nesfum appears to overcome this beryllium
inhibiting effect upon alkaline phosphatase !
The renson Is that apparently berylllum
competes with magnesium contained in the
alkaline phosphatase molecule This same
observation applies also to manganese. It is
of interest, also that serum alkaline phos-
phatase is lowered in beryllilum rickets **

CADMIUBI

Cadmium is & member of the zinc family
of elements These elements are brvalent
and less active than the members of the
alkah and the alkaline earth families. Cad
mium was discovered by Stromeyer and
Hermann, m 1818 It is a sflver white blue
tinged lustrous metal Water and carbon
dioxide react slowly upon the surface of the
metal to form a basic carbonate which pre
vents further corrosion 1t is found in small
quantities associnted with zinc ores sulfides
oxides and carbonates.

Cadmium is not normally ingested in
foods Tt has a high degree of toxiclty Inges
tion of tbe metal or its compounds causes
increased salivation choking vomiting ab-
dominal paln diarrhea and tenseness In
halation of cadmium dust or fumes causes
throat dryness cough headache vomiting
chest pain extreme restlessness and Irrita
bility pneumonitis and possibly broncho-
pneumonia.

In experimental work it has a strong
affinity for phosphorus and as a result may
deplete phasphorus stores thereby produc
ing rachitic or osteomalacic states.

It is not clear however that cadmfum
has additional blocking eflect upon local
calcification as does berylllum.

COMPLENING OR CHELATING
AGENTS
These agents of which Versene or Se
questrene are examples have interesting ef
fects upon the chermistry of the body

The chemical name is ethylenediamine
tetraacetic acld (For simplicity in refer
nog to this compound from here on it will
be referred to as EDTA.) This compound
forms a serles of monosodlum, disodium,
trisodium and tetrasodlum or potassium
salts which Increase in water solubllity with
ncreasing degrees of neutralization

From the medical point of view the im-
portant function of this compound is its
ability to form unusually stable complexes
with the alkaline earths and the heavy
metals

The combination of this compound with
catfons is referred to as chelation Once the
complex is formed the cation is bound se-
curely and cannot be precipitated by com
mon precipitating agents It also loses its
chemical 1onfc identity

The equation that illustrates the chelat
g or complexing reaction with calcium as
an example s

K — . (CaEDTA)
T (Cat+) (EDTA)

k. defines the ratio of calcium which oc
curs as the chelated complex to the calclum
in the fonfzed state. This can be referred to
as a stability constant When K {s large the
1onic concentration of the given metal will
be low and the more stable will be the
chelated complex

EDTA will combine with practreally any
catlon. The affinity of EDTA for a cation is
in relation to the pH of the solution and the
poaition of the metal In the penodic table

In general the more alkaline the solution
the greater the affinity the higher the va
lence the greater the affinity

This compound with its numerous salts
and cation combinations, is & most interest
ing one from the point of view of indus-
trial chemistry There has been wider ap-
plication 1n this field than In the field of
medicine However as can be deduced from
its general propertles and characteristics
listed above certaln applications in relation
to the skelrton system are suggested as
follows

1 Metal detaxification application of



thus chelating apent to the trcatment of
heavy metal poisoning Work has been done
with a calclum LDTA complex that seem
ingly allows for cxchange of calclum for
lead t Application of this principle {or other
heavy metals may also prove retonable

2 Cation exchange in the blood and the
tissue fluids This is exemplified by the use
of 2 magnesium EDTA complex to take up
fonic calclum from the blood and to release
tonic magnesium in exchange This has Leen
done 1 climical studies on hypertension
Since the magnesium released produces
marked vasodilatation and hypotension?
other substances might also be considered
for lonic exchange including radicactive
ones

3 Since 1t will combmne with lonic cal
cium and can even produce tetany if given
rapidly enough and In sufficlent quantity it
may have some value as an anticoagulant*
It has been used with this in mind

4 Since it may decaicify at a pH of 5 to
10.3 it should be of grent value in preparing
bone sections for alkaline phosphatase
stains

Caldum Venenate, The administration
of the pre formed ealdlum Versene complex
has been shown to be without significant
toxidty In animals the minimum lethal
dose 50 for this compound Is around 4,000
mg per kilogram by the ntraperitoneal
route as compared with lonic calcjum salts
which show the same toxiclty at dase levels
ranging around 40 mg per Lilogram of cal
aum fons It has bheen administered to ha
mans clinically {n dosages as high as 100
Gm. over a 20-day perfod without evidence
of significant toxicity

Magnesium Versenate, The magnesium
salt of \ ersene exhibits very much the same
toxicity as the chelating agent itself Ths
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has been shawn to be the consequence of the
exchange of the magnesium In this complex
for calcium of the body ond the physicloglc
conditions of pIl and salt concentrations
The pharmacologic effects usually attribut
able to magnesium fon become evident to
an enhanced degree under these conditions
due to the concomltant removal of some of
the calclum inhibition of magnesium fons
Predominant among these pharmacolegic
actions of magnesium jon are its marked
vasodilatation  with concomitant fall in
blood pressure This summation ol action
has been used clinically In hypertension !
Chronic toxicity of this chelating agent does
not appear to be evident.

Toxicity The primary evidence of Ver
sene toricity is that of a hypocalcemic tet
any Rapid administration of this solution
will produce denth when the physialogically
available calaum levels have dropped to a
tetnny level In general, this will occur at a
dose level of aroimd 100 mg per kilogram
either intravenously or intraperitogeally In
maost ammals 3 If the solution is given more
tlowly so that the ammal 13 able to replace
the complex calclum from its calaum stores
death will not occur from the hypocalcemia,

In slow fashion therefore Versene has
been given to bumans in dosages up to §
Gm. over a period ranging up to 8 hours
The effect on clrculating calclum Ievels
ogain appeared to be a function of the rapid
ity of the administratlon of the complexing
agent.

It iIs possible that further study of these
compounds may develop many more usas in
medicine both {rom the experimental view
point in the atudy of trace metals {n biologic
gystems and from the clinlcal viewpoint as
In the treatment of urinary calculi * hyper
tensive states and for anticoagulant effect
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CHAPTER THREE

Organic (Protein) Metabolism
of Bone

Enormous amounts of work have been
done upon the {norganic structure of bone
It was only more recently that bone became
recognized as a living substance and that it
s not simply a structure to accept inorgamc
material Protemn s a vital portion of all
living tissue and bome 15 no exception
Therefore o review of general protemn me-
tabolism is desirable since optimum intake
and absorption must favor sheletal develop-
ment

Occurrence, All living things plant and
animal life contain proteins The fundamen
tal difference between animals and plants
rests In the ability of plants to synthesize
protelns. These are formed from the nitro-
gen and the sulfur of the soil and from the
carbon, the oxygen and the hydrogen of the
atmosphere Animals must ingest proteins
which then are broken down and rearranged
to form the particular tissue proteins
required

Protein The prevailing
opinion is that 1 Gm of protemn is required
for each Lilogram of body weight In nor
mal adults but that states of pregnancy
growth and lactation require greater
amounts. Requirements must take into con
sideration the digestibility of proteins. Milk
and eggs have a digestibility of 100 per cent.
Meats run from 95 to 100 per cent
Legumes and potatoes have a value around
80 per cent Wheat proteins have a value of
90 to 100 per cent

Proteins contain component amino acids.
ot all of these are considered to be essen
tial to hife and growth The essential amino
actds are 11 in number

46

1 Arginine 7 Norleuclne

2 Histidine 8 Phenylalanine
3 Isoleucine 9 Threonine

4 Leucine 10 Tryptophane
5 Lysine 11 Valine

6 Vethionine

Nitrogen-balance studies equate the nitro-
gen of the diet against that of the urine and
the feces. Since proteins contain about 16
per cent nitrogen percentage nitrogen can
be converted into percentage protein by
multiplying by 6 25 The percentage of ni
trogen retamed in the body and not lost in
the urine is the so-called biologic value of
a protemn.!

Digestion and Absorption of Protemns.
The gastric proteolytic enryme pepsin hy
drolyzes the protein molecule to protecses
and peptones. In the intestine the pancreatic
enzyme trypsin liberates free amuno acds
from protelns. Also a carboxypolypeptidase
from the pancreas with the enzymes from
the intestinal secretions, acts upon the poly
peptides to yleld amino acids. Once the
amino acids are formed they easily cross
the intestinal wall There is also evidence to
indicate that polypeptides may be absorbed
through the intestinal wall * Proteins given
in other form directly into the blood stream
are apt to be toxic.

After absorption through the Intestinal
walls, amino acds go to the hiver via the
portal vein Some continue via the systemlic
circulation and enter the tissues throughout
the body Within the liver some of the
amioo acids undergo deamination resulting
in the formatlon of ammonia and a carbo-
hydrate residue Further deemination goes
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on 1n the kidney and probably in lesser de
gree in other tissues.

1t has been known for a long time that
protein will be broken down for energy if
adequate carbohydrate is not avallable For
nitrogen economy 50 ta 60 per cent of dally
caloric intake must be supplied by earbo-
byvdrate ?

Protein ingestion stimulates the metabo-
lism 30 per cent beyond its caloric value
This is referred to as the specific dynamle
action of proteins. The figures for fats and
carbohydrates are 4 and 6 per cent respec
tively

Work on proten catabolism has been
studied extensively by many workers utiliz
ing many technics. 1t appears that the great
est proportion of nitrogen released by
amino-acid breakdown in man appears as
ures.

mino ackis not required to supply tissue
proteln oc not required for hormone elab-
oration are deaminated The amino group is
combined with carbon dioxide to form urea
The resfdunl fatty acid residue 1s either ox1
dized Into carbon dioxide and water or
tramsmuted into gincose

4 separate metabolic cycle occurs in man
m relation 1o the formation of uric add
This represents the special end product of
the catabolisin of nucleoproteins contal
2 punne base i their nucleic acld.

The sequence of events in the metabolism
of nucleoprotelns to uric acld 1s as follows

\ucleoprateins split {nto protein and nu
clein by the action of pepun

Nuckein is hydrolyzed i protein and
nucleic acid by the action of trypsin \u
cleic acld consists of 4 mononucleotides
Each of these Is composed of the following
pbosphoric acld a pentase and a nitroge
:SCUS)ETWP {erther a parine or a pyrimidine

In ammal nucleic acd compased of the
four mononuclectides 2 contaln a purine
base and 2 contain a pyrimidine base. The
sugar is 1 the form of desovyribose The 2
parines are adenine and guanine the 2 pyn
midines are thymine and cytosine

“auclele acid is hydrolyzed into the four
nucleotides by enzymes termed nucleases
These are found in the Intestinal wall ana
juices The nucleotides are hydrolyzed by
nucleotidates also originating in the intes
tinal wall This results in the formation of
phosphoric ackd and the corresponding
adenosine snd guanesine nucleoside Each
nucleomde Is broken down into a pentose
and a purine by nucleosidases which occur
fn the intestinal wall and tissues The
purines in turn breal down into the urinary
end product of uric acd

A summary of the above appears on the
following pape *

In animals other than primates and the
dalmatian coach hound 80 to 98 per cent of
the urne acld s further oxidized by uricase
to nllantoin and CO, Allantoin 13 250 times
as soluble as uric acid and therefore Is
excreted easily

Purine synthesis occurs in mammals for
they may be Lept upon an almost punne
free diet, yet excrete uric acid Furthermore
they apparently make nuclele acid for cell
pucler

Hisudine is the chief precursor of purines
and a diet rlch in this amine aad will in
crease urle acd excretion by over 30 per
cent

Urle acld {n man originates from two
sources exogenous or food and endogenous
or body protelns It appears that there is
a relstionship between gout and purine
metabolism There i3 & general but not a
quantitative relationship between purine in
take gout and serum-uric acid levels

Ansbolim of Protelm. Comparatlvely
lttle is known of the processes by which
Ingested amino ackds are combined to form
body proteins  Following amino-acld al-
sorption via the portal system the blood
level of these aclds nises Soon thereafter
the level falls as these acids are talen up
by the body tissnes® especially the liver

Build-up of protein from amino acids 1s
particularly active during growth preg
nancy and lactation The anterior pltuitary
especially through the growth hormone (s
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tein Is in a state of dynamic equilibrium
In other words, there persists & constant
flux of tissue breakdown and tlssue forma
tion. This process has been observed through
studles with amino acids contalning isotoplc
heavy nitrogen ¥ Much work m this field is
continulng throagh the sunpler method of
using radloactive Isotopes

In addrtion to amino-acid interchanges
which are a part of dynamic equilibrium,
increased protein catabolism occurs in stress
states Proteln brezhdown is increased by
adrenal cortical hormones. Selye Indicates
that this endocrine gland becomes hyper
active {n stress ( alarm reaction”) ® Injury

Necleoprotetn
Papsin
Nucleln
lTrpuh
Nuchlc Acid
[Portoe Bas)
Neclease Noslease
Adenlne Granine
Nuslectide Nuclestide
Nucleotidae Naclostidare
Adencd Guancelne
Hypsanthouna €5 Lot Nodossids >
Neclecsidare Necleseidase
Adenles Guasine
Adenire [T
Hypeuanthine = axthie Xanthioe
Hydrolysis of nuclelc acid Into nocleotides by Xarthine Oxidase
nucheases
Urke Actd [Man,
Dalmatlan
an Important factor here* Even wthout Ceach Deg,
these effects the adult metabolism of pro- Urkcasn i

and fever cause additional protem break
down Uleers, burns and wounds excrete
much peotein through thelr transudates
Protein intake therefore in such conditions
must be increased to achieve dynamic equl
librium.

Plasma Proteins. These are largely a prod
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Taner 1 1 ATHOLOGIC CONDITIONS ASSOCTATFD WITH ALTTRED
Sraun VroT1iN ConcENTRATION®

Throrsoriast g

NrrrareoTrvram

Rclow 66 Cm per 100 cce.
Matnutrithon

Dietary
(a) Frtemle arel rpomdic
(b} Awodlated wlth chronk lalec
tioa, peltagra, e

(2) Dharrbes
(b) Intcetinal fidulae feortomy

;
&
:

emorthage
Werplng wounds
Shock
6 Heart altury
HyperthyToldhm
Chronle palsoning
Benrene war gases
9 Towmlas of pregnancy

8

Abgve 80 Gm per 100 e¢

1 Dehydration
Inaatickent jotake
Fhadd low
{2} Intestinal olrdruction and
Bstalae
(b) IMarthes, epecially of Infants

(e) \omiiing
(1) Burns
(x) Hent evhamibn
(h) Fulmizant Infect om
(1) Addison s discase
1 Disegses [nvoh ing bone marmox

4 Liver disenses
Clrrhosts

Cuncer primary or metastatic

1943

uct of the liver They reflect two compo-
nents albumin and globulin The precse
mechamsm of therr formation Is as yet
unknown These compounds may be subd
vided by two different methods

Tlasma proteins are active In facllitating
flud notrient and protein exchange. The
gamma-globulln component In addition fs
most important in the organisms defense
agunst bactertal {nvasion

However it has been demonstrated that
by plasmapheresis® and low protein diets ¢
animals can be made hypoproteinemic.

Plasma proteins are found to be high in
multiple myeloma hypothyroldism syphilis
other chronic Infections (as tuberculosls)
and hemoconcentration

Gamma globulin Is Increased In acute

Moi6ed {rom Kagan B M The chinical sgnificance of the serum protelna, South. Med. J 36 236 237

infections or suppurative processes It is
also increased i1n prmary hepatocellular
disease kala-axar leprosy lymphogranu
Joms § le granul i fe Stiils
disease and multiple myeloma In the latter
Bence Jones protein is [ncreased

Plasma fibrinogen nses in acute infec
tions inflammatory conditions trauma
hepatitis  lymphogranuloma inguinale
granuloma Inguinale nephrotic syndrome
multiple myeloma sarcoidosss  menstrua
tlon pregnancy and after radlotherapy

Evglobulin {s incrensed in malarla kala
azar and sarcoldosts and ofttimes in multi
ple myeloma.

Hypoproteinemia may result from exces-
slve Joss failure to ingest adequate amounts
of protelns and faflure to synthesize serum
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protelns 1o the liver !* Hypoprotelnemia in
fers that albumin is diminished

Excess loss of protein occurs in nephritis
the nephrotic syndrome fever hyperthy
roidism burns and hemorrhage. In lipord
nephrosis in addition to the albumin the
gamma globulin is decreased and the beta
globulin s mcreased

Faflure to ingest adequate amounts of
proteins occurs {n malnutnition states dia
betes mellitus improperly treated malig
nancy and excessive vomiting

In normal pregnancy plasma protemn will
decrease to 6 Gm per 100 cc. duoe to the
transference of protern from mother to fetus

Decreased production of plasma proteins
occurs in liver disease Fibrinogen is also
markedly decreased in liver disease When
serum albumin fs less than 25 Gm per
100 cc., edema occurs

Plasma-protein fractions commonly have
been determined 1mn two ways The older
technic is the Howe method—one of pre
apitation wnth ammonium or sodium sul
fate of the vanous compoments of the
plasma The results are as follows

1 Abumn 4 to $ Gm per 100 ¢t of haman playms
2 Preudoglobulin 1T 03 to 0.5

? ‘l’rf’l;i'; b Prewdoglobalin 1 09 to 19
°%71e Eutlobulin 021006
3 Fibdnogen
0lto0d

\ormal albumin-globulin ratio is between
15to2

JMore recently fractionation of plasma
proteins has been done by electrophoresis
in the Tiselius apparatus By this method
normal plasma ylelds the following

Alburmin 16t 54 Gm per 100 ¢t
Globahn

Alpha

Beta 15¢t0 33

Gamma
Fibnoogen 0124 to 04

It eppears from this work that In its
native state serum globulin is apparently
homomolecular The differentiation into
pseudoglobulins and euglobulin by the older

salting-out technic is essentially an artuficial
one

Hormone Synthests. Amino acids are the
precursors of many body hormones Thase
considered are thyroglobulln  thyroxine
eplpephrine pitultary hormones and insulin

Bone Proteln. The organic partion of bone
comprises over one half of 1ts weight and
two thirds of its volume Gils et al. re
ported in 1901 and 1902 upon fractionation
studies of denatured bone protein Their
method was first to deminernlize bone by
acid then to treat the organic residue with
alkal! This resulted In an alkaline extract
aggregating 0.5 per cent of bone protein It
was termed oid The r d
was soluble in water and was termed ossein
JMost of the ossein yiedded gelatin when
dissolved in hot water 1 small residue
amounting to 0.3 per cent was termed osseo-
albuminoid

As stated in the chapter on “Bone and Its
Structure ” actual investigative work on the
precise nature of bone proten has been
difficult because of the mineral content.

A demineralization technic denatures the
proteln mechanical methods tend to pro-
duce too much heat and resalt in changes in
the nature of protein As a result, precise
compoaition of bone protein 1s not under
stood clearly because no direct analytical
chemical method could be u.ed ‘Many of
the data have been demed by nference
from work on softer tissues such as tendon
skin and cartilage.

Robinson?® used the electron microscope
to study bone structure and thereby was
able to determune certan facts in relation
to the inorganic and the organic portions
of bone. He observed that bone matrix con
sists of & protein collagen fibril with 2 muco-
polysacchande cement substance The col
lagen fibrfl of bone by electron microscopy
appears similar to that of the collagen of
connective tissue

It s well to recall that collagen has a
specific amino-acid patternt There is a
high glycine content approximating 25 per
cent Two imino acids proline and hydroxy
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R LT o S It e g
. -t ot .
g IRATTANC I RIS, b (L DI
F1o 14 Decalafied human femur seen by electron mhmﬁy The major doublet
bands of the collagen are spaced by 560 A The doublet bands are seen to continue
across severa) fibers at nght angles to the fiber direction, (From Robinson R A, and
Watson M L. Collagen-crystal relationships {n bone as seen In the electron micro-
scope Anat. Rec. 114 399 1952)

proline ¥ constitute approximately 30 per small amounts of tyrosine and methionine
cent. Collagen alone is said to contain hy  are present * It must again be emphasized
droxylysine 18 THowever collagen is sald to  that these are all soft tissue studies,

contain no cystine or tryptophzme Only Another approach in bone-structure anal
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TapLE 2 CHREMICAL AND ANATOMIC COMPOSITION OF Bonr*

Laxorz
Youwa Boxz Estasimuen Bowr Estasinynen
War VoL Srrc.| Wor Vo Sesc | WoT Voo
Coxpoxzwrs  Paxruar Divimos (Ga) (o) Guav [(Gur) (cc)} Guav [ (Gu) (o)
Inorgankc  Ash wedght of 100 Gm 4 143 30 5117 30 550 a3
of fresh bone
Organke Ormanic werght 23 142 162 27 166 163 m4 ar7
Omank welght 4 ash [ 285 232 b 36 2132 84 380
welght = dry-bone
weight
Water M M 10 2 2 10 166 166
Total 100 Gm. of freab, by 100 625 146 100 555 18 100 525
dreted bonbe without
mrow
Constant ~ Ash weight 43 st 59
Dry weight To'"“‘z =5 vkl

From R A. Robimon, LD

ysls xray diffraction study confirms the
existence of polypeptide chains in the form
of collagen fibers 17

Collagen fibers are comsidered to be the
crystalline part of the orgaruc matrix

The gelatin mtrogen of bone represents
the protein in collagen fibers and constitutes
50 to 65 per cent of the total nitrogen !*

The nongelatin nitrogen represents the
protein in the cement suhstance and cells.

The cement substance 1s formed by a
pumber of bexose proteln compounds. These
wnclude mucopolysaccharides and glycopro-
teins The former 13 similar to chondroitin
sulfate

Calafication of matrix will not occur until
collagen appears ™ \.ray diffraction studies
confirmed the appearance of the collagen
before inorganic crystals appeared 3

By electron microscopy ¥ collagen fibers
in bone form a three-dimensional metwork
(Fig 14) These films are about 800 ang
strom units In thickpes und show a double

banding which may be seen as links
chain each 400 to 500 angstrom units ¢
Each band may also linh adjacent pa
collagen fibrlls, The inorganic crystal
fold and parallel these fibrils At 640
strom-umif (ntervals these crystals rin
fibrils.

The interfibrillar spaces show no
sistent parallelism to the fibers but do
2 tendency to form a laminated struc

A provocative thought about protein
protein substances in bone 15 the possil
that the collagen fiber In itself ma
an inducer to bone formation and calc
tion

Flexible cancellous and immature
contams more organic and less inoq
material than mature cortical bone T1
venified by electron microscopy ™ w
shows 2 looser arrangement of the coll
fibers and the crystals, This may Ind
the Importance of collagen as & stimula
bone formation.
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CHAPTER FOUR

Enzymes as Related to Bone

ALKALINE PHOSPHATASE AND
PHOSPHORYLASE

Alkaline phosphatase has been known for
some time to be widely distributed 1n the
body both in the tissues which osstfy and
in those which do not ossify This has been
termed the “bone enzyme " It appears {n os-
sifying zones comncident with the beginning
of this process and is more abundant in
these zones than elsewhere It is found in
relatively bigh concentration in intestinal
mucosa liver kidnevs ossifying cartilage,
bone leukocytes and blood serum N\on
osslfying cartilage (e g, trachea) shows no
phosphatase activity In generalized bone
diseases (e.g osteitis deformans, hyperpara
thyroldism osteomalacia and active rick
ets) the alkalime phosphatase rises This
Indicates that 1t must have an important
role in the mineralization of the sheleton

Robison evolved an interesting hypothesis
n regard to role of this enxyme 1n relation
to bone and cartilage ! a3 follows the osteo-
blasts and the bypertrophic cartilage cells
secrete an active alkaline phosphatase
which, by hydrolyzing the phosphoric esters
of the blood brings about a local increase
in the concentration of phosphate 1ons. The
solubflity product of calaum phosphate
thereby is exceeded and depomtion of this
salt occurs in the ossifying zone The evi
dence 1n favor of this hypothesis was indi
cated to be as follows

1 Phosphatase 1s present in growing bone
and teeth in the greatest amount in those
areas i which deposition of caldum phos-
phate is proceeding most rapldly

2 It can be demonstrated 1n vitro that
& growing bone plit longitudinally will
allow deposition of calaum phosphate from
a solution of a <oluble calcium-phosphonc

ester «alt such as calaum hexosemonophos-
phate Furthermore deposition would occur
mainly in the cells in the zone of provisions
calaification

3 Alkaline phosphatase appears in cart!
lage simultaneously with the appearance of
centers of ossification

4 There {s no phosphatase 1n cartilage
which is not ossifying—i.e., Mechels cart!
lage of the mandible does pot develop
phosphatase whereas the membranous por
tion does

5 In certain generalized diseases of booe
the serum alkaline phosphatase is elevated
It 13 not elevated n other conditions except
for obstructive lver disease

This 1s & most ingenious and reasonahle
hypothesis for calafication and ossification
Unfortunately it does not completely ex
plain the mechanism of calafication. Certam
objections may be raised to this hypothens

1 It does not take into consideration all
possible actions of this enzryme Consider
able concentrations of alkaline phosphatase
are observed in many tissues in which cald
fication or cssification does not occur

2 Alkaline phosphatase acts to Liberate
inorganic phosphate from organic phosphate
substrates. This actlon presumably occurs
at the point of calcification or ossification
Yet practically 100 per cent of blood-serum
phosphate 15 in the form of jonizable inor
ganic phosphorus Jorcover the asteoid
tissue that 13 to be calcified has no organlc
phasphorus for hydrolysis by tlus enzyme
It is troe that there is organic phospborus
In the blood cells but there is no evidence
that phosphorus is liberated from this sub-
strate

So a second mechanism must be operz
tive This has been advanced by Harrls? and
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more recently by Gutman? The latter con
«iders that o complex series of enzymatic
reactions that are a part of phosphory lative
gycogenolysis play a role in in vitro cala
fication of cartilage when pho<phorus is pro-
vided as inorganic photphate The cvele goes
to phosphopyTuvate formation

Alkaline phosphatase dephosphory lates
phasphoric esters after phosphopyruvate
formation !

Studies on the role of alkaline phospha
tase are aided by using berylhum <alts
which are n <pecific inhibitor of alkaline
pbosphatase in 1te role in i vitro calafica
tion of cartilage ®

On studies on rat cartilage berylhum in
hibited alkaline pbosphatase activity ¢ This
blocked 1n vitro calcdfication of cartilage
when phesphorus was supplied as beta
glycerophosphate but had no inhibitery
effect on cartilage calcifieation when inor
ganic phosphate was used

The conclusion® 18 that aikaline phospha
tase is essential for invitro caldfication
of cartilage when phoesphorus s {n the form
of phosphoric esters  Alkaline phosphatase
is not necessary when phosphorus 1s sup-
phied as inorganic phosphate This may be
evident in endochondral aalaification in
vivo

One can fit this nicely with the following
olservations {t has been abserved that the
glycogen present In the osteoblasts and the
osteocytes is high until shortly before aal
cification or ossification occurs then the
cells lose their glycogen Shortly after the
calcification and ossification effect occurs
the glycogen fs agafn observed in the cells 7
Furthermore 1t has been observed that
phosphorylase which is found in growing
cartilage and bone tissue appears to have
an effect upon glycogen ™ * ¢ It 13 quite rea
sonable to presume that its efiect is a con
versfon of glycogen to glucose-1 phosphate
and then to other phosphorus compounds,
This materfal produced by phosphory lase
could then be an ommanic substrate upon
which pbosphatase could act Then the
pbosphorus would be liberated from such

a compound thereby allowing the deposi
tion of a calcflum phosphate complex as
bone «alt

Further studies® of alkaline phosphatase
fave been done by tissue-staining technic
and by the incubation of freeze-dned mate
ria) Magneslum was substituted for calcium
In the Incubation medium These techmies
demonstrated that considerable concentra
tions of alkaline photphatase were prewent
in reglons about to undergo caldfication
Furthermore alafication processes in mem
branous bone were found to resemble that
observed in the endochondral type The
structures fourd to be nch in phosphatase
were perlasteurn osteoblasts osteocytes and
organic matriz®

Tt is evident therefore that alkaline phos-
phatase Is in significant concentration n
tissues about to be calafied or i tissues
undergoing assification As the calcification
proceeds the allaline phesphatase dimm
ishes 10 a polnt where it can be demon
strated ©o longer

CLinicAL SiGNrPICANCE OF
ALKALINE PHOSPIATASE

This enzyme acts at an optimum pH of
9 to 10 Ms level in the blood serum s
usually determined by the Bodamky or the
Ring Armstrong method

Method. 1 cc. of setum s 1

cubated for 1 hr at 37 C. with 10 cc. of 2
mixture containg 05 per cent of sodjum
beta-glycerophosphate and 0 424 per cent of
V eronal Sodwim buffer at a pH of 8 75 The
units of phosphatase activity are defined as
milligrams of fnorganic phosphorus liber
ated by 100 cc. of serum The normal range
is 1.5 t0 4 umits 1n adalts and 3 to 13 umts
mn children from 2 to 15 years of age

King Armstrong Method. 0.5 cc. of serum
18 incubated at 37.5 C. at pH 89 t0 91
with a mixture of 0005 M dissdiam phenyl
phosphate in 005 VM \eronal Sodium The
anits of phosphatase actiaty are expressed
as the milligrams of phenol Iiberated by 100
. of serum The normal range 18 from 3 7
to 13 1 with the nverageat 97 Again higher
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levels are expected in children between 2
and 15 than in adults

Elevation of serum alkaline phosphatase
Is indicative of Increased osteoblastic activ
1ty 1o the absence of hver disease or obstruc
tive jaundice Tt is of interest that this
enzyme 15 formed outside the Irver but Is
excreted by the Iiver cell into the bile canal
jculi Therefore anything prohibiting its
excretion Into the bile may result In a
backing up of this substance in the blood.

Low normal to absence of alkahine phos-
phatase occurs jn bone lesions due to mesen
chymal defect Rathbun's case of such se
vere defect reported absence of alkaline
phosphatase as the most significant find
Ing1* Clinical conditions (together with
representative Bodansky umits) in which
alkaline phosphatase is consistently m
creased are as follows

1 Acthve rickets (20 to 40 units)

2 Polyostotic form of Paget s disease (15
to 125 units)

3 Hyperparathyroidism (20 to 40 units)

4 Osteomalacia fn hesling phase (20 to
40 units)

5 \letastatic osteoblastic cancer involv
ing bane particularly carcinoma of the pros-
tate (S to 15 units)

6 Renal osteitls fibrosa generalisata or
secondary hyperparathyroldism group (15
to 40 units)

7 Obstructive and hepatocellular varle-
tles of jaundice (9 to 60 umits)

8 Osteogenesis mperfecta (6 to 30
anits) 1

9 Osteogenic sarcoma (15 to 30 units—
sometimes elevated)

10. Muluple eosinophilic granuloma (16
to 22 King Armstrong units) 1

Conditions 1n which alkaline phosphatase
18 lowered in Bodansky units are as follows

1 Scurvy

2 Nlesenchymal defects (acalcification
state) Rathbun'

ACID PHOSPHATASE

In 1925'* an enxyme capable of hydro-
lyzaing hevosediphosphate at a pH of § was

discovered It was approximately 10 years
later* when the source of this enzyme was
found It was found in large concentrations
in the prostate and Io appreciable amounts
in the testes the emdidymls the senunal
vesicles and the spermatic duct. Shortly
thereafter Gutman et al, pointed out the
clinical significance of high levels of thrs
enzyme in the blood serum ** They reported
elevation of blood-serum scid phosphatase
m metastatic lesions of prostate to bone.
These workers had previously indicated ele-
vations of alkaline phosphatase in oseto-
blastic lesions ¢

1t Is well known that prostatic carcinoms
metastatic to bone is often very difficult to
differentizte from the osteoblastic phase of
Paget s disease. Both alkaline and acid phas-
phatase are high in the metastatic prostate
condition but only the alkaline phosphatase
is high in the osteoblastic phase of Pagets
disease Therefore this observation has
proved of great help mn differentiating these
two conditfons 17

Later It became apparent that acid phos-
phatase would appear in excess amounts in
the blood serum In metastatic carcnoma of
the prostate before x-ray evidence of bone
involvement.! 1t is not yet clear as to the
exact mechanism responsible for the increase

“"In blood levels of this enzyme fn cancer of

the prostate

MEeTIIODE OF DETERAINATION

The methods used to determine aad-phos-
phatase levels in blood serum differ from
those described above for alkaline phospha
tase only a3 to the substrate and the buffer
It must be remembered that human red
blood cells contaln o high acid phosphatase
concentration and hemolyzed blood canpot
be used

The Gutman and the King Armstrong
metbods are similar They employ pheny!
phosphate ns a substrate and Veronal
Sodium as a buffer The normal values are
06 to 2 units per 100 ce. of scrum for Gut
man 1 to § unts for King Armstrong

The Bodansky method employs sodium
beta glycerophosphate as a substrate and



hydrochloric or acetic acid as a buffer The
normal valuea are 01 to 04 unit per 100 cc.
_of blood rerum.
PHOSPHATASE 1IN 1FUROCYTES

Striking differences in levels of phespha
tase activity are found in health leukocy

1

"
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losis and chronic myelocytic leukemia In
quantltative studles ol Tsolated leuhocytes
Valentine and Neck find in general, high

alkaline-normal

acld phosphatase  levels

with leukocytosis and low alkaline-normal
to high acid phosphatase levels with chronic
myelocytic leukemia !*
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CHAPTER FIVE

Hormones as Related to Bone

INTRODUCTION

The endocrine glands elaborate sub-
stances  usunlly stimulating called hor
mones These glands have no ducts and
their secretions are fed directly into the
bloed stream, The endocrines are referred to
therefore as ductless glands. These glands
are part of an interacting system—one
gland may affect one or all of the others.
Furthermore the active substance secreted
by one gland may affect a chain of glands
resulting 1n the elaboration by another
gland of a bormone that suppresses the
oniginal secretion responsible for the entire
chain reaction

Hormones are essential to life They affect
growth male and female characterstics and
the metabolism of carbohydrates proteins
fats and minerals. Types of people may well
reflect a particular bormone balance Fur
thermore 1t 18 posxible that a particular
hormone pattern may be inherited

Keen observers laid the foundation for
endocrine study by observing a symptom
complex that could be correlated by post
mortem study with changes in an endocrine
gland For example Addison recognized cer
tain symptoms and signs during [ife that
could be correlated with changes in the
adrenals ob=erved at necropsy

A second general method in endocrine re
search has been the surgical removal of &
gland or 1ts loss by diseare with observation
of the resulting changes

A third approach has been the study and
the chemical analyms of the glands and their
secretions 1n an effort to 1solate active pnin
ciples elaborated by them. Active extracts

were thus obtained These extracts were at
first crude and muved mith many other sub-

stances With time technics improved and
58

purer forms of the hormones were obtained

Finally the active prninciples of glands
were Identified and svnthesized in part or
in whole The effectiveness of a hormone
could of course be proved in two ways
(1) by {ts admunistration to a patient who
showed a sy mptom-complex indicating de-
ficiency of a particular hormone ap example
being the effect of cortisone In the control
of Addison s disease (2) by the administra
tion of the matenal to an animal whose
gland had previously Leen extirpated Re
moval of the gland produced the symptom-
complex treatment with the active prin-
aple controlled the symptom-complex. So
the cause-and-effect relationshlp was estab-
lished In general loss of a gland produces
a symptom-complex If the hormone of the
gland controls the symptoms we have both
demonstrated an active effective extract
and secondly proved tbe function of the
gland in the orgamsm

THE ADREMNAL

History In 1855! with brilliant clanty
Thomas Addison described a climcal syn
drome embodylng a bronzing of the skin
feeble heart action irritable stomach gen
eral languor debility and severe anemis. He
observed that this was assocated with dis-
ease of the adrenal (suprarenal) glands
Browp-Séquard? showed that the removal of
the adrenal glands from experimental ani-
mals was always fatal Other workers
gradually differentiated the cortex from the
medulla and showed that it was the cortex
which was essentlal to life

Embryology The cortex is developed
from mesodermal tissue the medulla from
ectoderm The medullary part arlses from
the sympathetic nervous system which s



derived from the epiblast In this the cells
are arranged 1n an irregular manner around
the intercommunicating blood sinuses and
the sinnsolds with which it 1s richly sup-
plied A rich lymphatic network is also pres-
ent. The cells in the medullary part vary in
shape and contain granules Because of this
reaction theee cells are referred to as
chromophil cells. The stammng s due to
epinephrine which is the active principle of
the medulla
The cortical part of the gland is developed
from the meoblast In this the epithelial
celly are arranged o different zones named
(from without inward) the rzona glomeru
losa the rona fasciculata and the zoma
reticulata
\ervous control of the gland 15 sympa
thetic for the medulla vhich functions as
a modified sympathetic gland and para
sympathetic for the cortex. The fact that
the parasympathetic nerve hbers have only
vascular connections none directly with the
gland, suggests that any nervous control of
the adrenal cortical secretion probably is
exercised through the blood vessels.
\MacFarland® demonstrated that cortical
actmity is not under direct neural control
whereas the medulla Is innervated by
secretmg fibers His method was a trans
plantation of normal denervated adrenals
into 95 mature albino rats
Reaction to Environmental Ef ecty, Stress
sod Strain, Heat and Cold, Physical Exer
clse. It has long been observed that an enor
mous amount of blood passes through the
adrenal gland Addison® recognized this s
a sign of the great ymportance of this organ
As knowledge of the endocrines has in
creased adrenal cortical function has be
come recognized as extremely complex. Its
secretions have opened the door upou a vista
of great therapeutic potential
Addison s! observation of the effect of
total destruction of the adrenal by tuberen
lous disease was o great contribution from
the clinical viewpolnt and has left nothing
1o be added 10 thus dry Tt was much later
bowever Defore the adrenal causation of
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Cushing s symdrome a condition nearly the
antithesis of Addiwons divease was recog
nized* Even then the entity had been ob-
served for years although falsely attributed
1o the pituitary gland *

With passing time and expenience the
adrepal pland was demonstrated to be
closely related to many other glands and to
be affected Ly them and by the environment

ExvizoNuENT AND TeumpERATURE. In
1937 Selyet and in 1940 Emery and
Schwabe* observed intrease 1n the size of
the adrenal upon prolonged exposure to
cold Bumstemn’ oheerved that the lpoid
content of the adrenal inereased 1n summer
and decreased In winter This inferred
greater activity of the gland in the winter
Further work led to the observation that
the structure allowed humans as well as
animals to withstand acute environmental
stresses  Other stimuli producing adrenal
cortical enlargement are oxygen deficlency
thiamine deficiency and tomc substances
Atrophy of the cortex occurs 1 chronic
inanition

Relationsblp to Other Glands. Tne Tuy
xom In 1910 Hoskins® observed that the
thytold was one of the most active stimu
lanta of the adrenal cortex, Enlargement of
the cortex follows the admimstration of
thytold whereas thyraidectomn produces
cortical atrophy Of course 1t may be that
the thyroid acts becanse of the adrenal and
not jee versa, but = relationshup Is clear
Thyroid-adrenal relationship® has been
pointed out in coincidence of hyperthyroid
lsm and Addison s disense

Tz Prouiraer It appears that a mest
fnteresting crossreaction and stimulus of
one part of the adrenal by another also
occurs In this way the piturtary gland is
brought n as a stimulating factor for the
adrepal. Increase in epinephrine a product
of the medulla seemingly stimulates the
bypothalamus which in turn affects the
pltuitary The effect upon the pitwtary re-
sults [n increased ACTH output which stim
ulates the cortex ta produce cortisone

Adrenocorticotropic hormone regulates the
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structure and the function of the cortex If
the pituitary is removed the cortex atro-
phies. If ACTH is glven the adrenal pro-
duces cortisone in increased quantity

KNowN SccrETIONs AND MrTHODS
OF STIMULATION

Medulla

Abel'* proposed the name cpinephrine
for the vasoconstricting principle of the
medulla In 1894 Oliver and Schiifer'! first
prepared an active extract of the medullary
tissue Stoltz'? and Dakin'? were the first to
synthesize this substance

Epmephrine s Inactivated by enzymes
such as tyrosine and catechol oxidase Its
effect on the various tissues s similar to
that obtalned by stimulation of the sym
pathetic nervous system Elliott!* observed
that an infection of eplnephrine into an
animal produced a response in the animal s
glands or muscles precisely like that of
stimulation of sympathetic fibers He con
cluded that nerve endings In the muscles or
the glands therefore would produce a sub-
stance simular to that of eplnephrine when
they were stimulated

Dale"® demonstrated that stimulation of
the parasympathetic system caused produc
tion of acetylcholine at the postganglonic
endings. The lower thoracic sympathetic
chains form an adrenalinlike substance at
the postganglionic endings. It is closely re
lated to adrenalin and fs called sympathin ¢

Cannon and Rosenblueth'® showed that
such a substance was formed at the endings
of sympathetic nerves when the nerves were
stimulated It was not precisely epinephrine
but similar 1o action and was termed sym
pathun. There were two forms The first

form was sympathin E which stimulates
nerve endings that cause muscles to con
tract The other sympathin T stimulates
nerve endings that cause muscles to relax

Later what was considered to be pure
adrenal medulla extract was found to be
composed of two materials epinephrine and
norepinephrine ! It is possible that the

latter hormone is & precursor of epinephrine.
For practical purposes their actions are so
much alike that the adrenal medullary hor
mone can be considered to be epinephrine

Corlex

Functfons. It has long been apparent that
the cortex has been the storehouse of
adrenal secretions capable of producing the
most widespread effects The sterolds are
the most important factors elaborated by
the adrenal and more than 25 of them hare
been isolated fin chemically pure state
Among these are estrone progesterone and
at least 6 sterolds effective in the replace-
ment of cortical function Physlologlcally
and chemically these latter adrenal cortieal
sterofds may be divided into two groups
(1) the one affecting sodium and potassiem
levels in the body is represented by 11
desaxycorticosterone and (2) the “§ of
sugar hormone group 17 hydroxy 11-dehy
drocorticosterone (compound E or cortf
sone) and 17 hvdroxycorticosterone (com-
pound F or hydrocortisone)

The chemical structure of all steroids B
the sterol nucleus, which is the basic com-
ponent of many biologically active sub-
stances such as bile salts cardiac glycosides,
vitamin ) cholesterol sex hormones etc.
Highly complicated chemical Investigations
of adrenal cortical steroids Indicate that
there are at least 28 such compounds !’

The suprarenal cortex Is found to produce
three major effects through the various stet
oids that It produces.

1 Tire ContROL oF Sopruar Vimsus Fo-
TASSIUM IN THE Dooy The hormone desaxy
corticosterone affects the renal tubules 30
that water sodium and chloride are cof-
served and potassium excreted This s op-
poslte to the observation that, in Addlsoc'y
disease sodlum Is excreted In the urine and
potassium Is retained In the blood

2 Tur “S” om Sucar Horone Gmoo?
AFrECTS PROTEIN AND CARBORYDRATE ME
TABOLISM This group has a diabetogenic
effect even enough to raise the blood sugsf
and can break down proteln and convert it



into carbohydrates This results in negative
nitrogen balance This group appears to in
crease pglaconcogenests thereby increasing
deposition of glycogen in the Hiver The uti
lzation of carbohydrates is decreased and
the renal glucose threshold is lowered

This group of hormones of which cortl
sone and hydrocortisone apper to be the
tnajor and Important factors has much In
fluence upon the connective tlssue They
control much of the cells reactions It ap-
pears that the effect of cortisone upon Then
matord arthritis & one primarily to prevent
cell reaction to a toxic substance That ac
tion appears also in its usage to combat
allergic response

1t is theee hormones that respond in the
alarm reaction after injury beat or cold or
stresa. They will delay titsue healing and
eventually result in possible side-effects
even resulting in n complete Cushing s syn
drome characterized by (1) buffalo form
of obesity confined to face neck and trusk
(2) hirsutism  (3) hypertension  (4) dusky
cyanotic facles  (S) purplsh strine distrib-
ated on breast and abdomen  (6) weakneas
(7} decreased tolerance for sugar (8) hy
perproteipemia  (9) hyperchloremia  (10)
polycythemla (11} erythrocytoms  (12)
sexual disturbances

Roentgenographic Features of Cushing's
Syadrome or Cortisone Overdosage (1)
Generalized osteoporosls often occurs  this
is particularly true of the spine  (2) verte-
bral ankylosis  (3) kyphosls (4) shortened
stature  (5) rounding of the shoulders
(6) shull changes of osteoporoals seen most
often on the frontal and the parietal areas
resembling malignancy and (1) spontane
ous fractures

Diagnosis The diagnostlc palnts to be
borne In mind aside from the suggestive
rocntgen data are as follows (1) character
Istic lnese strophicae (2) cbesity Alstrib-
uted mainly on the shoulder girdle the want
and the abdomen  (3) apple-cheeked colora
tlon of the face with bulglng (4) sexual
impotence  (5) petechial hemorthages and
ecchymoses in the skin  (6) Incrensed ays-

The Adrenal 61

tolic and increased diastolic blood pressure

3 Toe ApkeNat Granps Awr, As Iy
Wrie hxonn A Sousce or LstrocFNIC
AxD Annrocenic Horuones Witicnr Havr
A Stiuratine Errrer Uron Proteis Me-
TanoLisys This group also affects sex varia
tlon as clearly observed in adrenal tumors
of the secreting type which may develop in
the femnale and produce severe masculinizing
effects As a matter of fact they may have
a marked eflect upon even the genitalia, so
that a condition termed pseudohermaphro-
ditism may result the difference from true
hermaphroditism being that such patlents
do not have the complete components of
both sexes

Secreting tumors may also develop in the
male and have severe feminizing effects
17 Retosterold levels in the urine are mainly
{rom the adrenal

A relntionship between the adrenal cortex
and the sex gonads has long been suspected
Indeed as given above they arlse from a
comman embryologlc structure. Some of the
relationships have been determined recently
to be on the basis of adrenal production of
androgens and estrogens This is assoclated
with pseudohermaphroditism, wirilism and
sexual precocity

Hypertrophy of the adrenal cortex occurs
during pregnancy (guirea pigs 1n estrus
ovulation in pigeons and after castration In
rats) Bllateral adrenalectomy causes seri
ous interference mth sexual functions,

Adrenal Cortical Hyperfunction (Hyper
cortlcallem) Effects 1n the malo are (1)
sexual—androgenic or estrogenic, (2) di
abetie—gluconeogenic and assodated meta
bolic disorder and (3) salt water metabo-
lsm.

The effects of clinical hypercorticaliem
are related to age and sex. They are divisible
Into (1) pseudohermaphroditiam (2) sex
unl precocity In childhood (3) adrenogen!
tal syndrome—after puberty (4) Cushing s
syndrome—after puberty (S) virlllsm and
(6) feminization of the male after puberty

Adrenal Cortical This con
cerns us primarily as it affects metabolism
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of sodium potassium and chlorine through
the renal regulation of these fons This may
be Likened in 2 himited way to the para
thytoid glands and phosphorus

Large doses of salt and of sodium bicar
bonate have long been known to keep
adrenalectomized animals m fairly good
condition '* Atrophy of the cortex occurs
when there 13 lack of vitamuns especially
mcotinic actd and in chronfc pulmonary
tuberculosis  hypothyroidism and Sim
monds discase,

ACTH, Cortbone and Hydrocortisone
Cortisone was first Isolated from beef
adrenal glands 1n 1935 In 1946 its synthesis
was accorplished by using the bile acid
desoxycholic aad as a staruing pomnt. In
1949 Kendall and Hench!® reported that
cortisone often gave remarkable relief in
rheumatoid arthntis and subsequently its
effectiveness in a wide vanety of conditions
has been reported

The concentration of cortisone and hydro-
cortisone in the body fluids is maintalned by
the action of adrensl corticotroplc hormone
(ACTH) A measure of its activity may be
wnferred by the rate of delivery of lympho-
cytes to the circulation. The lymphopenic
effect of adrenal cortical steroid 15 a reflec
tion of lymphocytic dissolution {n lymphoid
organs Further relationship to the produc
tion of corticone by adrenal corticotropic
hormone Is inferred by the observation that
in pormal human beings ACTH induces an
increase in neutrophils a decrease i lym-
pbocytes and a decrease mn comnophils
Similar treatment for patients with Add:
son s disease Is accompamed by only shght
1ncregse in neutrophils without a significant
change in lymphocytes or eosinophils. This
tndicated ACTH effect anly through cort}
sone production In the Addisons disease
state no cortisome prodoction occurs from
ACTH stimulus for no adrenal capaaty is
present.

Conn™ reported that the administration
of ACTH to acute gouty arthntis caused a
complete remission of symptoms for a num-
ber of days Thus effect is through cortisone
production triggered by the ACTH If

ACTH or cortisone Is stopped after the
symptoms of gout are controlled rapid re-
tarn of acute symptoms will follow So col
chicine or other modalities such as aspirn,
phenylbutazone or Benemid® must be con
tinued

Cortisone of hydrocortisone favorably
alter clinfcal histelogic, serologic and syn-
ovial manifestations of rheumatald arthritis
The repression of many of these changes
may persist so long as the hormone s given
in adequate dosage.

\etasoric Errrcrs or CorTSONE AND
Hyprocowrso~e. Cortisone and hydrocortt
sone affect proteln and carbohydrate me-
tabolism promoting gluconeogenests hyper
glycemia glycosuriz and negative mitrogen
balance They mhibit the activity of the
lymophatsc system

The regative nitrogen balance Induced by
high-dosage cortisane therapy may delay
bone and wournd healing

Cortisone or hydrocortisone cannot re-
build bone noc will they undo the deform-
ties which occur In long standing arthritis.

The effect of cortisone in Addisons dis-
ease has been reported frequently Appar
ently symptoms can be controlled by 12.5
to 25 mg of cortisone daily and \aCl, al
though oral administration of cortisone In
conjunction with the use of conventional
dosages of desaxycorticosterone acetate in
place of salt 1s effective for patients with
chronic adrenal cortrcal insuffidency

Cortisone and hydrocortisone  suppress
the activity of the adrenal cortex, and, if
thelr adounistration s long-continned,
atrophy of the adrenal cortex occurs The
action is reversible bowever

When cortisone or hydrocortisone is ad
mimstered i the human bemng over €X
tended periods it mav cause widespread
phyzlologic and metabalic effects resembling
those seen In Cushing s syndrome.

Routres or ApuNistratrron ACTH 182
protein and requires parenteral administra
tion. Cortisone is available in its original
parenteral form for intramuscular use and
in oral tablets Hydrocortisone appears to
be a metabolic derfvative of cortisone and



1 used 1n lower dosages by mouth, thus
reducing toxicity and side effects Hydro-
cortlsone 18 also used intra-articularly aml
locally At present wntlng 1t bas become
avalable for intravenous wee {n emergency
cases

Curxicat  Swe Frricts Provucrn by
ACTH Cormieone oz HyprocowTisoNr
(1) Moon facies (2) receswion of the tem
poral hairline (3) acne (4) hypertension
(5) decreased tolerance to glucose (6) hur
sutlsm  (7) clinleal hypopotasserma  (8)
edema with =odium retention and pigmenta
tion and (9) psychiatne disturbances.
These efiects are usually revensible with
cessation of therapy

Following are precautions and tests that
are helpiul before and during therapy
in guding the physician as to which hor
mone and what dosage to use (1) eosino-
phil test with epinephrine or ACTH before
therapy (2) eosinophil counts during ther
apy  (3) serum chlorides in similar manner
{(4) daily weights (5) daily blood-pressure
readings  (6) NP\ (7) blood sugar (8)
CO; comblning power (9) sodiom and po-
tassium  and (10) ECG

ACTH cortisone and hydrocortisone are
of benefit 1n

Panhypopltuitansm (ACTH)

2 Addisons disease (cortisone or hydro-
cortisone)

3 Rheumatold arthritis (all)

4 Acute alcobolism (afl)

5 Alcoholic psychosis (all)

6 Allergic states (all)

7 Status asthmaticus (all)

8 Perlarteritis nodosa (all)

9 Rheumatold spondylitls (all}

10 Stills disease {all)

11 Lupas erythematosus (all)

12 Acute rheumatic fever (all)

13 Pmllectmn against postoperative shock
()

14 Severe burns (all)

15 Psoriatic arthrltis (al})

16 Pemphigus (all)

17 Penarthritis of the shoulder (all)®

18 Tennis elbow (local hydrocortisone)®
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ACTH! cortisone and hydrocortivone are

contra Indicated in

1 Tuberculosls

2 Peptic ulcer

3 Cardiovascular discase

4 Diabetes mellitus

5 Cushing s syndrome

6 Osteoporols

Infections. Response to ACTH cortisone
amnd hydrocortisone in infections ls similar
They tend to suppress aliergic inflammatory
response This reduces the formation of new
Llood channels and thus decreases blood
flow which could carry more immune bodies
and macrephages Furthermore it {s pos-
sible that they reduce serum gamma globu
lin®™

The hormones do not affect {nfectious
agents. They do decrease the wnhibitors to
infection When these inhibitors to nfection
are not transported to the site of infection
n adequate amount the infection can well
run rampant ¥

Progressions of lesfons in tuberculosmis
have been reported

In regard to bacterial infections ACTH
cortlsone and hydrocortisone enhance ms
ceptibihity of tissues to the primary effect
of bacterial toxins. Thomas and Mogabgab™
found marked enhancement in rablnts fol
lowing injection of cortisone

Summary Cortisone hydrocortisone and
ACTH may afiect bone The metabolic ef
fect is primarily one of osteoporosis Thers
1s dlstinct reduction of osteoblastic activity
These hormones also cause proten break
down with {ncreased nitrogen excretion

Other possible relationships of these sub-
stances to osteoparosfs may be in the hyper
glycemua and the glycosuria so frequently
observed as resulting from their action

These hormones are unique in reducing
tissue response elther on allergic or inflam
matory basis This is the usual basis for
many of the clinical applcations for cortl
sone hydrocortisone and ACTH In nddi
tion the value of cartlsone and hydrocorti
sone for replacement thernpy in adrenal
deficiencies must be noted

-
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TabLE 3*
Aot SexvaL CaseTnTics | Statrs or Hoescore Proovenax
31 ImfamiRs Very small amounts of estrogens and 17-ket
rokds in urine
Adolescence
[3 Ovarlan follides disphy more advanced de Urinary excretlon of estrogens and 17-ketoster
velopment. Uterus beglns to grow berirs to bncrease
10-11  Budding of breasts Estrogen exoretion greatly acceherated
Adrensrche (appenrance of pubdc halr)
11~12  Remodeling of bony pelvia, \sginal changes, G become ble In the u
breasts advaoce to primaty mamma Hage Estroxen extretion further aupmented, becc
Growth of external and Interpal genjtaia cythe in character
greatly
13-14  Appearance of adiary balr Memarche (first
menstrual perlod, average age 13.3)
14-15  Puberty (eatiiest pormal cies) Pre diol appears in the urlne durlng the bt
phase
16-17  End of aleleta) growth

* From Talot, et ] Functional Endocrivology p
THE GONADS

Estrogens and androgens are present in
both sexes with androgen values in the fe
male of child-bearing age approaching thase
{n the male?

The important function of the gonads
whether of the androgenic or the estrogenic
variety In relation to hiving bone 1s in rela
tion to thelr elaboration of hormones Such
hormones are eflactive in the development
and the mainterance of accessory genital
organs and secondary sex characteristics

Tre OvAries

In the ferale, the important hormanes
are estrogen, produced by the follicle and
progesterone, produced by the corpus
luteum The fnitiation and the regulation of
the vatied avarian functions are dependent
upon hormones secreted by the anterior labe
of the pituitary gland An excellent table
correlating hormone production and sexual
differentiation 15 glven by Talbot, et al *
and is reproduced herein

In childhood the ovaries elaborate very
little estrogen At approximately the age of
11 the pitultary relesse of gonadotropic

308 Cambridge, Mas, Harvard Unlv Pren, 1952

hormone increnses markedly stumulat
the ovarles to Increased estrogen product!
thereby stimulating genltal developm
The pituitary secretion of gonadotropit
cyclic thereby producing cyclic variat
In estrogen production. Eventually #
the level Is sufficiently high menstroat
occurs
Ovanan disturbances (1) Fibrocy:
disease (2) primary hypothalamic inf
tillsm  (3) destructive lesfon—Froehlk
syndrome  and (4) congemtal defec
Laurence-Aloon Bied] syndrome.
Estrogen affects bone. Postmenopat
osteoporosis so well described by Albng)
is a clearcut entity It is an osteopart
state clearly associated with a deficiency
estrogen In the postmenopausal period
Estrogen stimulated endosteal bone f
mation and inlubited bone reabsorpt!
when glven in toxic doses In mice * A gim!
reaction was not chserved in rata bere thy
was only decreased destruction.® Prolong
admunistration of estrogens produced pl
nomena similar to those of osteitls fibros
In 1945 {n experiments on wild dut
and pigeons 1t was found that the local {
plantatfon of female sex hormone in eitt
ofly or erystalline form, into a long bo



iced localized medullary ossification at
site of the deposit. The authors con
Jed that this resulted from direct local
on of folliculin upon skeletal structure
ex bormones apparently induce epiphys-
closure nssocinted with sex maturity
ymtudinal grovth, although partlally
nulated by the gonads can occur when
< hormones are absent, So open epiphy
at the time of sexual maturity may indl
e true hypogonadism and this pattern
1 be considered to be pathognomome of
mary hypogonadism However in the
pogonad glant of true type it is obvious
it overgrowth occurs because of excess
ne to grow not because of an excessively
ud rate of growth. The delay In epiphy
al closure means that growth continues if
her stimulating factors for growth are
esent This is in contrast with the pitul
ry giant, 1n whom the growth rate is ex
ssively rapid In hypogonadism unclosed
iphyseal plates with active growth may
: demonstrated as late as 25 to 30 years of
e
\-ray studies of primary prepuberal hy
gonadism show (1) 2 tendency to long
me growth (2) delayed epiphyseal clo-
e (3) subcalcification, (4) thinning of
1e cortical layer (5) thin walled normal
zed trabeculation and (6) rooghening of
1¢ metaphyseal margin of growing bone.
Estrogen and growth hormone both ac
dlerate skeletal aging in growing animals
ut they accomplish this effect In different
ays The pitultary growth principle stimu
ites growth and hastens epiphyseo-diaphy
eal union by inducing premature regression
nd reabsorption of the epiphyseal cartilage.
strogen intubits resbsorption of bone and
romotes hyalinfzation of marrow Since
hese hormones modify each other and to a
legree oppose each other In cartilage growth
fects they have been used with some suc
*s8 10 arresting pitultary gigantism.T

TrE TrsTER

These glands are responsible for the for
nation of <perm and the maintenance of
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the secondary sex character(stics Flormones
from this gland furthermore have a wide
spread effect upon the whole body Sperm
are produced by the testicular tubules and
the mascullnlzing hormone is produced by
the Interstitial cells of Leydig

Embryologically, the testes and the adre
nal cortices arise from adjacent structures
near the mesonephros in the genltal ridge
Therefore [t is reasonable to assume what
is a fact—that hormones produced hy the
interstitinl cells of the testicle may have
physiologic actions similar to those of hor
mones produced by certain adrenocortical
cells. The testicle asis the ovary s depend
ent upon gonad stimulating hormones from
the anterior pitultary for both development
and {unction

Human testicular androgen is metabolized
and secreted in the urine as neutral 17
ketosteroids This is & similar siteation in
regard to the bull from whose testes testos
terone has been 1solated * Testosterone en
hances nitrogen anabollsm and s effect
occurs upon muscles skeleton and other
structures as well as sex organs * Testoster
one also causes retention of sodium potas-
sium chlorine and nitrogen Such an effect
upon nitrogen obviously contributes to its
anabolic effect upon protein. This protein
storing effect is s0 marked that when excess
testosterone 8 present, only carbohydrate
and fats will be brolen down for the energy
requurements of the body \ormally with
out excess testosterone protemn is metabo-
Lized ® At times the serum-potassium level
may fall on testosterone the presumption
being that jt stimulates cells to store potas-
sium, and such storage has been observed

Because of anabolic proteln effect, andro-
gen produces an appreciable Increase In
musculature Sheletal growth promoting ef
fect 1s related also to protein anabolic effect
Androgens accelerate epiphyseal calclfica
tion and closure ' Accelerated maturation
may occur on relatrvely small doses of tes-
tosterone but experience with children on
androgen [ndicates that evidence on bone
x ray may lag 6 to 12 months 13

V4
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Testosterone production Is of course en
hanced by the pitultary through LH or
luteinizing  hormone whereas the FSH
(follicle stimulating hormone) stimulates
the ovary to develop graafian follicles and
estrogens The latter in the male stimulate
spermatic tubule development and sperma
togenesis but not andregen production In
the male therefore LH is referred to as
the interstitielcell-stimulating  hormone
(ICSH)

Choriontc gonadotropin has action simular
to that of ICSH and may be used as a sub-
stitute stimulant. Testosterone suppresses
urnary 17 ketosteroids and 11 17-oxycer
ticosteroids apparently by Inhibiting adre
nocorticotropic kormone secretion !*

Summary Important factors m relatron
to bone testosterone obviously accelerates
not only bone grow th but also skeletal matu
rattion When testosterone was given to
dwarfed children ft was observed that §
mg of methyliestosterone daily was as ef
fecthve as up to 30 mg dafly The effect was
evident within 3 months after onset of
treatment

Accelerated skeletal maturation became
evident within 6 to 12 months Comparison
of heights of testosterone fed children with
the normal for that age group indicated that
i two thirds of the cases testosterone
caused a relatively greater increase In the
rate of skeletal maturation than in Linear
growth ' This infers of course that an
early spurt of growth may be expected with
this hormone but the long range effect is to
accelerate skeletal maturation with fuston
of epipby»ls and cessation of linear growth,
so that ultimately there may be less stat
ure 13

Testosterone causes anzbolism of proteln
even in debility and in the presence of o
adequate caloric intake This may conserve
protein at the expense of carbohydrate and
fats

It is argued that 1t is better not to use
this hormone in debilitated states but to
raise the caloric and the general nutritional
intake rather than to use this modality Tt
s the authors belief however that in de

bilitated old age states and in certaln severe
post traumatic or postoperative states it m
wise to use testosterone for its anabolic ef
fect—indeed 1n numbers of the authors
cases it has proved to be lifesaving

THE PANCREAS

In relation to living bone pancreatic func
tion Is indirect The relationship is on the
baws of the effect of the pancreatic “furces
and the secretions of the islet tissue. The
pancreatic enzymes affect protemn digestion
and affect the ultimate absorption of these
vital ingredients so necessary to booe
structure

The fslet tissue fs associated with proper
utilization of glucose and hexosephosphates
are most Important as a source of phos-
phorus for calcification of bone matnx.

THE PARATHYROIDS

Introduction. The parathyroid glands are
so named because they are located about
the thyrofd gland They are appraximately
4 1n number in man although more have
been observed! The superior parathyrold
glands with the thyrold evolve from the
pharyngeal pouches of the fourth branchial
cleft They may vary In location therefore
between the superior border of the laryns
and the inferlor pole of the thyraid

The fnfenor parathyroid glands evolve
with the thymus from the third branchil
cleft. Therefore these glands may be found
even deep in the mediastinum

Parathyroid glands vary in size the large-
est normal® has been observed at 1§ mm
long the greatest width at 8 5 mm and bt
greatest thickness at 3.5 mm. Ordinarily
they do not exceed 10 mm by § mm In size
However the fact that normal glands of in
creased size do occur means cautlon In In
terpretation of pathologic state. The glands
are flattened and ovold I shape. Whep
fresh they are yellow brown in color They
are covered with a thin capsule which pent
trates the gland although 1t does ot divide
it into lobulations.



In 1830 the superior parathyroids were
deseribed® and differentiated histologically
from thyroid tiasue This author Sandstrfm
also credited description of these glands to
Remak in 1858 and \ frchow in 1860

In 1895 the inferfor parathyroids were
described * It was considered for a long
while that hyperplasia® of the parathyroids
was the result of osteomalacic processes
This thought was gradually discarded how
ever starting particularly with MacCallum
i 19084 who described a rapld drop
serum calaium after parathyroldectomy and
tetany whenever the serum caleum fell
below a critical value Further development
of the modern concept of parathytoid action
followed with the fsolation of parathyreld
bormene (parathormone)

Parathyrold bormone ns now used wus
1sclated by Collip 1n 19257 In 1926 * Mandl
removed a patathyromd adenoma with 1m
provement in hyperparathyroidism  then
hoown as von Recklinghausens disease
From then on the concept of the function
of the parathyroids and of calcium metabo-
lism became clearer

Histology There has been much discus
110n about the type of secretory cell and
whether or not more than ome hormonal
wbstance may be elaborated by this gland

Part of the confusion results because of
different staining characteristics of the cells
and the posaible existence of various stages
in the differentiation of the principal or
chief cell

Up ta about the age of approximately 10!
there is apparently only one uniform type
of cell which1s therefore termed the prin
cipal cell. These principal or chief cells have
no granules in thelr cytoplasm and may
vary from nearly clear to dark staining cells

Some are spoken of therefore, as dark chief
cells rome a light, and some as clear chlef
cells A reasomable hypothesis® is that the
vanation 1n staining characteristics may be
simply different stages in a secretory cycle.

As the child approaches puberty other
cells are found in the gland There appenr
1o be transitions from cbief cells These
cells are larger occur in clumps and contaln
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granules in their cytoplasm These cells are
acid-ataining and are referred 1o as oxyphilic
cells Theee are nearly unique in man and
no particular secretion has yet been related
to them

Physiology The parathyrold gland se
cretes a protein or a protein Yinked hor
mone There may be two actlve forms since
ultracentrifuge studies indicate two differ
ent molecules one of a molecular weight of
20000 the other appraximately 500,000

Only one clearly active hormone has been
identified from the parathyroid et the pos-
sibility that two hormones may be elabo-
rated is present The arguments in {avor of
this are the two distinct types of cells and
the reaction of these cells to varied stimuli

This hormone has functions, many of
which have been clarified bast some of which
are still controversial and some of which
may well be unknown,

1 It maintains the blood-calcium level
Stated another way its withdrawal is asso-
ciated with a hlood-calcium fall When 1t i
in excess it causes a blood-calaum eleva
tion \ormal parathyrod function prevents
tetany

2 It lowers the blood phosphorus level.

3 It increases diuresss of both phospho-
rus and calaum fist of phosphones and
later of calclum This s accomplished by
the inhibitlon of reabsorption of phosphorus
from the glomerular fltrate by the kidne
tubules (Fig 16 Sectlon C)

4 Tt produces osteoclasis of bone by stim
ulating osteoclast formation and osteoclast
activity

5 Tt will produce bone absorptlon by
direct contact of gland to bone even with-
out evidence of Induced cateoclast activity 1
Shortly after the injection of taxic amounts
of parathyrold hormone into rats there is
obterved a breakdown of bone particularly
of the spongioss of the metaphyyis The
very first stage of this before the § to 12
bour stage appears to be a humeral reaction
becante esteoclasts are not mobilized until
afite 9 to 12 hours and of course then are
prominently observed in the areas of bone
destruction '* Thls work indicates clearly
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that the parathyroid produces reabsorption
of bone by direct action aside from any in
duced cellular effect.

6 It inhibits the calcifymng effect of vita
min D

7 According to Shelling 1 it Increases the
solubility of phosphorus and calclum so as
to mantain these substances in fon form
beyond their expected solubilities as deter
mined from the solubflity constant. Body
fluds are approximately saturated in rela
tion to calclum and phesphorus salts So if
the pH remalns constant, a nse in calclum
sons will result in a fall of phosphorus 10ns
and vice versa

MecLean showed that rachitic cartilage
when placed mn serum of an animal made
hyperparathyroid by injections of the hor
mone took up bone salts more readfly than
when placed in serum from a normal animal
The conclusion {s that parathyroid hormone
leads to supersaturation of blood with re
spect to calclum and phosphorus 4 This
varles from the thesis that the primary effect
of parathyroid hormone 13 phosphorus diu
resis which leads to undersaturation 1

There has been much work in regard to
the tie up of parathyroid bormone to cal
cium. MacCallum s* orlginal classic research
clearly indicated critical calcium levels
When the calcdlum dropped below this in
parathyroldectomized organisms there was
tetany Through countless researches since
that time it has been shown that if the cal
clum level Is not maintained death ensues

However there is a correlation in values
of calcium and phosphorus that 1s relatively
constant \When total serum calcdum to
serum phosphorus 1s expremsed in mg /100
cC., thelr product remains constant. In nor
mal states the proportion Is roughly 4 of
phosphotus to 10 of calcium. If the caldum
8 low the phosphorus 1s usually high. If
the product of both calclum and phospborus
is 30 or above for adults and 40 to 55 for
growing children calcification of matrix will
proceed {f below 1t will not occur '* and
if In children rickets will be evident if in
adults osteomalacla Bone inorganic matter

is formed of crystals. These are the resutt
of precipitation by calaum phosphorus,
carbonate'? and other jons

Much argument as to whether phosphocus
or calcium is primarily related to parathy
rold hormone has been advanced There is
no argument about the fact that the lonlzed
fornms of calcaum and of phosphorus are the
only ones related to the parathyroid

Hyperphosphatemic Effect of Parathy
roid Hormone. Albrght!* has been 2 peo-
ponent of the relationship between the
parathyrold glands and phosphorus that
elevation of serum phosphorus produces
hyperparathyroidism and that excess para
thyroid hormone causes phosphorus loss be
cause the hormone prevents reabsorption of
phosphorus from the Lidney tubules. With
lugh blood phosphorus and low blood calk-
cutm  parathyrold excess occurs The first
effect of Injection of parathyroid hormone
1s Increase of urinary phosphorus excretion
and lowered blood phosphorus Inter the cal
clum effect occurs with hypercalcemua and
then hyperealcuria

Parathyrold horntone influences phos-
phorus through control of reebsorption of
glomerular filtrate phosphorus (Fig 16 Sec
tdon C) When parathyroid hormoae s
minimal or after parathyroldectomy prac
tically all phosphorus 1s reabsorbed by the
kidney tubules When hyperparathyroidism
occurs as by extract admmistration the
ratlo of reabsorbed renal tubular phasphorus
to glomerular filtrate phosphorus consist
ently falls.

When parathyroid action s maximal re-
absorption of phaaphorus through renal
tubules is completely Inhibited and the
phosphorus in urine equals that filtered by
the glomerull (Fig 16 Section C III and
V)

These relations hold regardless of rela
tively large changes n serum p
concentration and in absolute values for
filtered and reabsorbed phosphorus

So parathyroid hormone increases when
serum phosphorus concentration rises. When
serum phosphorus falls parathyrosd hoc



mone decreases. When phosphorus Intake
increases hyperparathyroldism occurs Con
trol is at the hidney tubules When dietary
phosphorus is below 300 mg per 100 Ibs.
of body weight per day bypophosphatemia
may occur When it Is above 6000 mg per
100 lbs of Lody weight per day hyper
phesphaterma may develop

Whenever a condition Is present in which
the blood-phosphorus level becomes ele
vated, there = at once a stimulus to in
creased parathytold hormone secretion. The
same eflect 1s never true with regard to
calaum. This conditicn is exemplified in
two forms of rickets Simple infantile rickets
wth high-calaum, low-phosphorus levels in
the serum is never associated with parathy
rold hypertrophy Low-calclum high phos-
phorus rickets s always assoclated with
parathyroid hypertrophy and hypersecre
tion. In these states there 1 actual increase
in parathyroid bormone In blood above the
normal concentration This the authors have
demonstrated by the Bengt Hamilton!® tech
nc. The authors also have observed it in
mookeys 1 which high-phosphorus low
calaum and low vitamio D intake was car
nied out.

The logical conclusion from this would be
that parathyreld botmone acts primarly
upon phosphorus and that the lowering ot
serum phosphorus causes a relative Increase
of calaum by some still not fully under
stood distarbance of their relationship

Hypocalcernic Efect of Parathyroid Hor
mone. Others have concluded that its effect
1 primarily upon calcfum and that hypo-
calcemta {3 the pefmary stimulos for the
gland It ix alsa stated that, when level
of both clcum and phosphorus are high
in the blood no hyperparathyreidism oc
curs  that parathyrold hormone {ncreases
calcium level {n blood and stimulates blood
to take up caldum and that then the
reciprocal relationship to phesphorus occurs

The mechansm by which parathyroid
bormone nfluences serum ealdum is st
coatroversial. One theory halds that {nfec
tion of this hormone directly stlmulates
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destruction of bone The calcium thus re
leased enters the blood siream to maintaln
or restore the serum-calcium Jevel™

The recond idea is that the parathyroid
hormone directly causes afiunity of the blond
for calcium Osteoclastic activity is a sec
ondary effect destroying bone to yleld cal
clum for the mineral hungry serum. Evi
dence for this thought has been adduced by
Ham and Scholl ! who found retardation of
dentin cnlcificatfon in the incisors of grow
ing rats without asteoclastic proliferation in
the presence of elevated blood-calcium levels
following parathytoid hormone administra
tion

The third consideration is a kidney mech
anism in which hypocalcernin {s supposed
to induce incrensed renal tubular reabsorp-
tion of calclum and thus conserve the mun
eral' (Fig 16 Section D)

Summary of Parathyroid Hormone Ac-
tion. It must be remembered that when the
calcium is lowered the phosphorus is rela
tively elevated, Whetber the primary effect
is associated with an elevation of calclum or
lowering of phosphorus 1s not really too 1m
portant A concept of parathyrold hormone
effect that fits normal and abnormal states
will work on either side. Ye know that
elevation of blood phosphorms increases
parathyrod secretion that relatlyve lowerlng
of blood caldum produces parathyrold
hypersccretion  that parathyroid hormene
Increases osteoclnst formation and osteo-
class and that parathyroid gland simply
by contact with living bone will produce
absorption of bone without the presence
of asteoclasts, The elaboration of parathy
rold hormone cap be explamed as a re-
sponse elther to lowered bloodserum con-
centration of {onired calclum or to dlevated
serum concentration of soluble phosphorus

Parathyrold hormone also produces direct
effects upon calaum and phosphorus as in
primary secreting adenoma,

Ve may consider the parathyroxds as a
part of a closed system. That system is Iike
the four comers of a square first the para
thyrold second the kidney third calcinm
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Fio 15 Duagram of a sagittal section
of the hypophysis cerebrd showing the
relation of the pars tuberalis to the
menloges. Lines brain floor and pars
nervosa  fime stipple pars anterior
coarse stipple pars tuberalls  solld
black pars intermedia SPH <phenold
bone 1 pla mater D dura mater DS
diaphragma  sellae AR, amc.hnol&
spaces (From Atwell W J Am ]
Anat. 37 174)

fourth phosphorus Each of these compo-
nents affects and is affected by any or all
of the others

Tubule rensl calcium reabsorption falls
as the phosphdrus rises. Yet when parathy
rold excess oceurs as a result of ncreased
phasphorus 1ntake the tubular reabsorption
of phosphorus 1s reduced so phosphorus Is
lost Yet in this Instance the tubular cal
cium reabsorption changes little This sug
gests therefore possibly two active para
thyroid hormone factors one regulating
tubular calcrum reabsorption and the otber
tubular phosphorus reabsorption. If this is
80 these prmaples of parathvroid hormone
must be secreted at varying independent
rates according to need

1f calclum intake 1s vaned high to low
with phosphorus constant serum aldum
falls only slightly and urinary calcium ex
cretion drops to very low levels Parathyrod
glands of these amimals show vanatlon in
gland size inversely related to calcium in
take®*

After parathyroidectomy calaum In se
trum will drop when the calcium intake is

restricted Parathytord hormone will boost
the lowered calcium 1 serum toward noc
mal, by decreasing calejum tubular excre-
tron ** All this indicates that either hypo-
calcemiz or hyperphosphatemia prompts in-
creased parnthyroid secretion

So to repeat elther postulate—(1) that
the parathyrolds primarily maintain blood
calcium level or (2) that the parathyroids
primarily control blood phosphorus level—
is tenable That there are two not necss-
sarily interrelated parathyrold hormone {ac
tors is possible The thought that one Is
primarily a calcfum mechanism the other
a phosphorus mechanism could explain their
seeming confusion.

Relationship of the Parnthyroids to Other
Endocrines. Other glands may affect the
parathytoids but do so in indirect fashion,
as pituitary through growth factor thyrod
through stimulation of metabolism.

Parathyroidgland enlargement Is ob-
served regularly in pregnancy ! 1o acro-
megaly ® and in eosinophilic ndenomas of
the pituitary =

The parathyroids are quiescent umless
stimulated by high phosphorus or low-cal
clum fntske If a high-calaum and low
phosphorus diet Is given to parathyrowd
ectomized ammals they may survive for
long pertods.

The primary effect physiologically to -
crense parathyrold activity s hyperphos-
phaterma or hypocalcemia. \o convintng
evidence of the effect of other glands has
been presented ¥ 2 Parathyroid hyperplasia
has been Induced experimentally by admin
istration of anterior pltultary extracts,®
and involution has occurred 1n experimental
hypophysectomy

THE PITUITARY

The prtultary or hypophysis cerebi B
located on the upper surface of the sphenold
bone and lles just under the braln to the
base of which it is attached by the pituitary
stalk ! It mensures 1 § cm. in the transvers®
plane 1 em tn the sagittal plane and from
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Reproduced by permbcon (rom Sentth, et al
Wimm & Willlng, 1950

0510075 cm Jn thickness 2 1t js enveloped
by the dura mater and 13 <0 well protected
that Cushing likened it to the nugget in the
fnnermost of a reres of Chinese boxes and
sumrested that this mdicated it was of great
importance

The pituitary 1s separated into two main
sections (Fig 15) The first Ia that part that
is antenor to the cleft fn a child or to &
row of follicks which replaces the cleft 1n
an adult and 18 referved to as the pars
anterior The area behind this is called the
pars postenior Between these two are the
pars intermedia and the pars tuberalis

Embryology Tbe pars anterfor the pars
tuberalis and the pars intermedia develop
from an epithelial surface as do endocrine
glands in general and on mucroscoplc ex
amunation show a rather typrcal endacrine
gland charactenstic. The pars nervesa or
pars posterfor develops from the base of
the brain It fita into o concavity in the
pars anterior separated from the latter by
the pars Intermedis. The pary anterior forms
from Rathkes pouch which 1s an ectoder
mal bulge extending from the roof of the
oral fossa. This ectoderm prollferates and
extends toward the anterior surface of the
floor of the brain An additional upward
extension becomes the pars tuberalis. The
posterioc wail becomes the pars intermedia
This pars intermedia joins with the pars
nervosl ta form the posterior lobe A resid
uum of cells like those of the pars anterjor
may remain in the pharynx from which the
anterior lobe develops When it |s present
1t s called the pharyngeal bypophyxis.

Histology The glandular cells of the pars

Ralley 3 Text Book of Ilkology p 631 ed 10 Bahimore

antenor are of two types chromophkobes
and chromophds These are present mn ap-
prommately squal numbers Theee cells ap-
pear to be of common origin but In different
stages of transition

t The chromopholes takhe up stan
poorly the chromophily take up statn well

2 The chromophobes are smaller than the
chromophils and tend to show as a nesting
or a grouping

3 75 pet cent of the chromophils are act
dophllic and are therefore called acidophils
About 25 per cent of these cells are baso-
philic.

4 Thke routine hematoxyhin and egsin
stalns distingulsh the acdophils from the
basophils hecause the former are pinhush
and the latter are from purple red to blulsh.
Furthermore the basophuls are in greater
numbers at the periphery of the gland

5 It appears that cells can transmute
from chromophls to chromophobes or vice
versa although there are some who are of
the opimnion that there may be two types of
chromophobes—one which may become nn
acrdophil and one which may become a
basophil 2

The nuclei of these cells vary considerably
m their ability to take up stain Thus may
mfer different stages in  the secretors,
cycle®3 Severinghaus thinks the cells ac
cumulate grnules and become darker
thereby They then duscharge the granyles
and become lighter Thus the llghf: cells
are probably beginning to accumulate gran
ules and the darker ones are beginning to
discharge them,

Apparently more than a single hormone
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arises from the pars anterior because there
are numerous effects from the material from
thus portion of the pltultary gland At least
four pure hormones have been isolated and
others may be found In the future The hor
mones apparently are secreted by the acl
dophils and the basophils? No hormonal
Imbalance occurs in conditions in which
chromophobe cells are greatly increased
Severe hormone-balance disturbance does
occur when there Is overgrowth of acldophils
ot basophils

Collip * some years ago noted that certain
fractions of the crude extract produced sev
eral different effects He thought therefore
that the gland produced only three baslc
hormones which had different effects be-
cause of changes 1o their final chermeal
structure when they were secreted

The three important factors elaborated by
the anterfor pltuitary are (1) growth hor
mone (2) lactogenic hormone and (3) tropic
hormones subdivided into (a) thyrotropin
(b) adrenocorticotropmn, (¢} gonadotropin
and (d) some Indirect effect upon parathy
rold and pancreas

GrowtH Homutone

Removal of the pitultary gland stops
growth which is resurned if extracts of pars
anterior are given Extracts of the pars an
terfor affect growth of the body as a whole
but the greatest effect is upon the cartilage
cells in the epiphyseal plate of the long
bones These cells continue to divide when
anterior-plituitary activity is present they
stop dividing when it is absent So in the
absence of this growth factor this zone of
maturation of bone does not continue to
incrense in thickness, Calafication of the
plate however will continue. The epiphys-
eal plate becomes markedly thin and growth
will stop ®

Conversely If there Is a growmng indl
vidual whose epiphyseal plates have not yet
been replaced by bone and active growth
hormone is given growth will continue as
long as this growth hormone is available
Indeed in individuals In whom abnormal
growth of acidophlls or an acidophil.c tumor

occurs the state of glgantlem can result.
This of course means that growth can con-
tinue until 20 or 30 years of age.

The longitudinal growth continues be-
cause cartilage cells continue to proliferate
in the epiphyseal plates If the epiphyseal
plates have been replaced by bone then the
longitudinal growth no longer can occur If
an acdophilic tumor develops it does not
materially affect the longitudinal growth.
1t will affect nreas of membranous bone for
mation, such as the terminal phalanges of
the fingers and the toes, which will show
tufting  the mandible which becomes
markedly enlarged (prognathrsm) the vault
of the skull which enlarges cons!derably
It is of interest too that there Is & hmited
reactivation of endochondral bone growth
and periosteal proliferative renction at the
vertebral bodies and the costochondral junc
tures of the ribs This condition is referred
to as acromegaly

Hypopituitartsm. This Is associated with
excesstvely rapid calafication of the epl
physeal plate This results because cartilage-
cell proliferation is reduced when hormone
output is reduced These patients show
gnomelike round facles striated obese
growth, index fingers longer than the third
fingers drsturbance of the epiphyseal lines
of the hones

Lacrocenic HoruoNe

This is also called prolactin. White® pre
pared it in crystalline form It causes the
mammary glands of the female to grow and
develop so that they may secrete adequate
supplies of milk Tt also produces a maternal
attitude even In males Furthermore, this
gland increases epithelial proliferation of
the lining of the crop gland in the fowl
since they feed thelr young in part with
this materia] This effect provides an sccu
rate method for a biologic masay of this
hormone

Troric HomstoNEs

These hormones stimulate the growth and
the function of other endocrine glands and
for that reason are referred to as troplc



hormones The four troplc hormones 2o
named because of the particular gland that
they affect are (1) thyrotropin which af
fects the thyroid (2) adrenocort!cotropin
which affects the adrenal gland (3) ponad
otropin which affects the gonads (4) the
pars intermedia which affects the pancreas
and passibly the parathyroid alwo Tt s pos
«ible that the pars intermedia action may
occur {ndirectly through other hormones
nvelving or affecting other glands. For ex
ample the effect upon parathyrold occurs
possibly through the effect of the growth
bormaone

The reaction and the interaction of one
endocrine upon another s exemplified best
by the pitwitary which appears to be the
controlling  gland The pitultary  works
through trople hormones which stimulate
other glands to function The hormones se-
creted by these other plande in turn reduce
the qutput of the original tropic hormanes
by the pitultary For instance If the thyrold
gland 1s producing too little thyroxin thy
rotropin is secreted in extra amounts, The
thyTofd gland therefore increases its outpat
of thyroxin. If the blood level of thyroxin
becomes excessive then it will reduce the
output of pituitary thyrotropic hormone
The reduced amount of thyrotropic hormone
will then reduce the secretion of thyroxin
by the thyrod gland.

It would appear that the pitnitary is con
stantly running a quantitative analysls of
the blood levels of the varlous hormones
whose productlon it controls via the tropic

It works by releasing stimulating
hormones when the level of a particular hor
mone drops below the required level

This 15 summed up as the “push pull
theoty " The theory in genera! terms fs that
& troplc hormone fs secreted by the pars
anterior {f the level of a hormone elaborated
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by another gland falls below normal If thiy
gland secretes to above normal then the
tropic hormone production of the pitultary
is suppressed

Although the growth hormone is not basi
calfy a trople hormone fts concentration is
related to sex hormones A high concentra
tion of female rex hormones will suppress
the secretion of the growth hormone as well
as of the lactogenic hormone

The relationship of the sex hormones 1o
the ponadotropic onts 1s exemplified by a
high level of female sex hormone which wil}
suppress gonadotropic hormone secretion 1§
the sex glands are extirpated and the sex
hormone blood level becomes reduced then
contlnual increase in gonadotropic bormone
by the pars anterlor occurs This level may
become quite high for in this condition
no sex hormone is elaborated to suppresy
the gonadotropic one So eventually the
pitnitary cells responsible for genadotropin
become exhausted or develop vacuoles in
the cytoplasm, which can be referred to ay
castratlon cells

The pans tuberalis appears to be an exten
wion of the pars intermedia, but if 1t pro.
duces 2 hormone as yet it is not clearly
defined 1t is better developed mn animaly
than in man, and In certain species it pro.
duces a bormone called intermedin which
causes the pigment-contnimng cells of some
animals to expand This permits a change
in the color scheme of the organism to blend
with {ts surroundings

The pars pervosa hay been known for
years to produce a substance which on in
jectlon would cause smooth mumscles of the
body to contract ¥ hamm?® 1solated two ex
tremely active fractions from the crude ex
tracts (I} exytocin and (2) pitocin. Having
no specific bone effect they will not be dis
cussed here
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CHAPTER S§IX

Vitamins as Related to Bone

VITAMIN A

Vitarmin A docs not exi<t as such in plants
Here it is a provitamin carotenold plant
substance which is converted into vitamin A
I the animal organism® 1t appears to be
<ored m various organs but eeclally in
the hiver There are a number of vitarun A
forms. \ ftamin \, has been synthesized and
Is fornd in the liver of salt water fish?
Vitamin A, has been found in the eyes the
liver and the intestines of fresh-water fish?
The concentration of pure vitamin A in the
Iivers of certain animals notably the polar
bear is o great that 1t has long been con
sidered toxic by Arctic explorers.

Vitamin A is found most commonly in
ammal and fish ifver egg yolk butter and
cream, It 5 found as provitamin A in vege
tables with yellow or green coloring such
15 arrots yellow comn spinach string
beans, green peas and the Lke Colorless
vepetables contain very little carotene or
none at all

1t appears that vitamip A is the form
chuefly utilized by the human organism. The
unit of vitamin A actiwity is the interna
tooal unit (1L ) which Is the same a5 the
USP unit The biologle method of unit
determination Is by measurement of rat
growth. The physical methods are efther by
Toeasurement of ultraviolet absorption at
328 mu and the physical-chemical method
of measuring about 620 ma the biue color
following reaction with antimony trichlo-
]-He_l

The potency of vitamin A is plotted
2guost a standard solution which may
Vary as much as 25 per cent because of
Impurities which would interfere with the
1bove methods of standardiztion As a re
sult batches of crystalline vitamin A may

vary from 3000000 to 4500000 TU per

gram This of course refers only to syn
\he(lc vitamin A Natural vitamin A stand
ardization is complicated further inasmuch
as jt occurs In free and esterified forms.

\bsorption of vitamin A Is dependent
upon fat absorption. Furthermore it parul
lels fat absorption. Therefore an indirect
bt accurate test for fat absorption is meas-
ured by noting the plasma vitamin A curve
after ingestlon of a standard dose of an
olly preparation of vitamin A After a dose
of 5,000 units of vitamin A per kg of body
weight normal adults show a rise In plasma
concentration which reaches a maximum of
about 1,000 to 3000 TU per 100 cc. of
plasma. On the other hand the increase in
the concentration of plasma vitamin A after
this dose in patients wth disease of fat ab-
sorption is negligible and a relatively flat
curve is obtained However when vitamin A
is given in aqueous medium by means of
solubilizers the vitamin A absorption 1s
approximately the same in people with dis-
cases of fat absorption as in the normal

Conversely, conditions in which fat ab-
torption 18 decreased are accompanied by
decreased levels of plasma vitamin A. Such
condftions Include idiopathic steatorrhea
cystic fibrosis of the pancreas congenital
obatruction of the bile duct cellac disease
infectious hepatitis and carclnoma of the
head of the pancreas Of course it must be
remembered that disease of the lLiver may
affect vitamin A levels from two points of
view first, provitamin carotene Is converted
into vitamin A in the liver second Miver
disease affects fat absorption if bile produc
tlon or excretion Is affected

Serum Levels of Vitamin A. The concen
tration of vitamin A in the blood has been

investigated in considerable detail and fs ~
by s

P
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dive Indication for dignosis of ita
1 \ deficiency The plasma is used for
Jdeterminaton since there is praciically
vitamin \ in the red cells The normal
ues for vitamin \ content of plasma
e from the level determined by VMurrill
l 3 of 33.2 micrograms per 100 cc., which
nkl be equivalent 1o 149 1 U per 100 cc
men and 29 micrograms per 100 cc for
men which is equivalent to 131 1U per
) ce. for women up to levels of 207 1U
100 cc reportedd by Popper and Stelg
nn ¢
Excretion. On normal food intake with
t supplementary vitamin A this vitamin
not excreted as such [n the unne or in the
ol Total dafly excretion on a well bal
ced diet js about 12 mg of carotene and
» mg of xanthophy lls and no vitamin A7
When vitamin A is given in ofl * the ex
tion may be as much as 7 per cent of the
ected vitamin A However the plasma
ncentration [s much higher when aqueous
eparations of vitamin A are used in rats
inea plgs and infants {t appears falrly
finite therefore that aqueous prepara
s of vitamin A are absorbed more effec
vely than the oily forms. (By “aqueocus
tparation is meant vitamin A dispersed
- means of a “wetting agent in a water
opy lene glycol nuxture )
of Vitamin A. Lack of vita
In A in the diet of animals prevents growth
d leads to atrophy of epithellal cells
roughout the body In addition disturb-
xes of bone growth and of the central
Tvous system may occur Vitamin A Is
Bential to the formation of visual purple
! the retina and is necessary for vision in
(m light.
The chief evidences of vitamin A defi
ency In man are Impared ability to see
1 the dark and the consequences of epl
%elial-cell atrophy Dark adaptation for
stance n an individual on too low vita
lin A i3 quickly corrected by large doses
f vitamin A to supplant it. If the total
lores of the body have not reached normal
a recurrence of symptoms or a relapse

Vitamin C ™

will occur mpldly If the supplementary vita
min Is stopped too soon Several studies
show that the concentration of plasma vita
min A Is a more sensitive cnterfon of
vitamin A deficlency than dark adaptation®

In regard to epithelial changes the spe
clfic pathologic findings of vitamin \ defi
clency are found in many epithelial struc
tures and show atrophy of epithelium
reparative proliferation of basal cells and
differentiation of the new product into strat
ified heratinizing eplthelum This means
that essentially all mucous membrane be
comes converted into epidermis by this
keratinizing metaplasia

Clinlcally two shin conditions are found
In which there is evidence of vitamin A
deficfency Darlers discase and pityriasis
rubra pilaris These diseases are both char
acterired by hyperkeratosis of the hair and
the sebaceous follicles In Darfer s disease
serum vitamin A is normal and dark adapta
tion i3 commonly below normal 1*

Hypervitaminosis A. It has been shown
that the adminstration of large doses of
vitamin A to young growing rats leads to
skeletal fractures and intramuscular hemor
rhages and that adult rats may die suddenly
from massive hemorrhages in the viscera

Cases of hypervitaminosis A in children
have been reported 1t 14 A case of any one
of these will {llustrate the chief clinweal fea
tures =s they are all simllar and suniflar to
those features determined in studies on
animals.

Important findings are shown on roent
genograms of long bones which show frag
mentation of the distal fibular epiphyses and
pronounced periosteal thickening Hepato-
megaly sparse coarse har and incrensed
levels of vitamin A In the serum are found

When excessive intake is discontioued
the clinlcal and the radiographic findings
regress

VITAMIN C

Vitamin C or ascorbic acid tsa relatively
simple chemical carbohydrate substance first
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1solated by Szent Gyorgyr in 1928 It was
first crystallized in 1932 by Waugh and
Ring? and synthesized in 1933 by Hirst.2 It
is found in aitrus fruits, cabbages berries

turnips tomatoes spinach and both green
and red peppers Animal foods are poor
sources of this vitamin However it is found
an humen milk in amounts several times
that of cow s milk {f the mother Is on ade

quate vitamin C.

Vitamin C can be synthesized by plants
and by animals such as the rat and the dog
It cannot be synthesized by the guinea plg
the monkey or man It {s water-soluble
Heat sunlight and axidation processes easfly
destroy it _Copper catalyzes the oxidation
of this compound and 1f food containing
vitamin C Is cooked in a copper container
vitamin C is destroyed stlll more rapldly

Man cannot store or synthesize vitamin C
He will absorb this vitarmun until tissue
saturation is reached When this occurs the
plasma level will reflect this by & level of
approximately 1 mg per 100 cc._

Varlous tissues have different levels of
saturation. The adrensls for instance may
contain 39 to 58 mg of ascorbic acld per
100 Gm. of tissue* The red blood ceils
maintain a level similar to that of plasma
The white blood cells contain a concentra
tlon of from 6 to S8 mg per 100 Gm of
white blood cells * After the saturation level
of plasma and tissues has been reached all
excess Intake s reflected in excretion
through the kidney since vitarmin C is =
threshold substance

Varlous tolerance tests to measure levels
of tissue saturation have been devised These
are based upon the fact that the percentage
of an oral dose that is excreted i the urine
is a measure of the degree of general timue
saturation. All these tests of course 1mply
normal kidney function.

Requirements. Intake levels which yleld
maximum plasma concentration of ascorbic
acid are abont 15 to 2 mg per kg A satls-
factory intake is that recommended by the
Food and Nautrition Board of the National
Resenrch Council 10 1953 They recommend

for a 65kg man 75_mg per day, for a
woman of 55 kg., 70 mg per day for women
in the latter half of pregnancy 100 mg per
day and In lactation 150 mg per day for
children under 1 year 30 mg per day foc
children aged 1 to 12 35 to 75 mg per day
for teen-age groups approximately 80 to
100 mg per day

If vitamin-C Intmke Is restdcted the
_plasma Jevel may be maintained while the
tissues are being depleted Obviously then,
single determunations of vitamin-C Jevels in
plasma and urine are not valid but serhl
studies are necessary *

Tlssues may become depleted through in
adequate intake or excess metabolism of
vitamun C. The body uses vitamin C in ex
cessive amount under conditions of stress
and in fevers, _

There appears to be no such thing as
overdosage of vitamin C No toxdcity from
this vitamin has been reported

Excretion. This is a threshold substance
and is excreted primarily through the uripe.
The most important factor determining the
amount excreted through the urine is the
degree of tissue saturation. So {f intake
level is normal even slight Increases in In
take above normal will be excreted If level
has been subnormal and tissues umdersatn
rated a slmple large dose may be largely
retained

Method of Actron. It is interesting that,
despite a great deal of research work upod
vitamin C In man and in experimental an!
mals the modus operand: bas not
bern determined Inferences as to the effects
of ascorblc aad may be drawn (rom obsernvt
tions on clinlcal and experimentally {nduced
scurvy with particular comment upoa the
changes in bone and cartilage that may be
observed In vitamin-C deficlencles.

When vitamin C is deficent fibroblasts,
osteoblasts and odontoblasts are unable (0
manufacture their respective intercellular
substances Therefore there will be a defi
clency of collagen osteold and dentin. Bon¢
reflects this effect through absence of matrit
formation. Osteoblasts will be present and



even have the capacity to reproduce _They
will do no work and form no o<teoid

A measure of this cellular inactislty I a<
follows T * (1) the abeence of alkaline phos
phatase as determined on the glycerol
phophate incubation technie  (2) the ab
«oce of metachromatie fibers by silver
stains  (3) decreased or atrent cytochrome
oridaee activits  (4) decreace of glycogen
in the outeoblast cyteplasm and (5) de
crexse of ribose nucleic acid

Cartilage growth and even calcification of
artilace will continue in rcurvy

It appears that in genera) the action of
vitamin C may be to further the normal
development of intercellular ground sub-
stance In borie and other connective tissues
All signs and symptoms of vitamin.C defi
tency are associated with the disturbances
In theee areas

VITAMIN D

Vitamin D is primarily a fat-soluble vita
min. There are 10 substances which have
murachitic activity The two most impor
tamt are (1) vitamin D viosterol or cal
dferol which Is the product of lrradiated
ergosterol and (2) vitamin D, which is the
KWL of irradation of 7-debydro-choles
ero)

The strength of these substances s meas-
wed In international unfts—1 U is the
biologic actlvity of 0025 microgram of
pure crystalline vitamin D, in | mg of ollve
ofl The biologlc activity of vitamin D 1
measured by its capaaty to cause calcficn
Uon of rachitic rats under standard con
ditlom

The natural sources of vitamin D are
fh-hiver oils and the products of ultraviclet
Irradiation of the cholesterol contained in
the mtradermal tissue It is of Interest that
;“Cﬂfﬂh has shown that unit for unit cod
iver ol concentrates are more effective In
antirachitic property than fs viosterol.!

Tn 1953 the Natlonal Research Council
Food and Nutrltion Board listed the daily
requirement of vitamin D as 400 U for

Vitamin D 81

infants children and adolewcents up to 20
A similar amount is recommended for preg
nant and lactating women It is felt that
adults who normally arc exposed to sun
light need no additional vitamin 1D

Function of Vitamin D When calcium
Intake is increated without the addition of
vitamin D fecal calddum and then fecal
phosphorus increase This Is due to the for
mation of insoluble calcium phosphates in
the gut which are then excreted* * Con
versely when phosphorus intake Is increased
without the addition of vitamln D, fecal
phosphorus and alcfum increase Agaln
there is precipitation of insoluble calclum
phosphates in the gut3-3

\itamin D decreases fecal excretion of
calcium and phosphorus

Tt appears that the important effect of
vitamin D is to increase the absorption of
claum from the gut This is indicated by
the work of Albright upon a patient with
idiopathic hypoparathyroldism.* This pa
tient showed no appreciable increase in fecal
caldum excretion on 540 mg of alaum
Intravenously When the same amount was
given by mouth there was a marked in
crease in fecal calcium excretion. When vita
min D was added and increased oral calcfum
continued fecal calaum excretion dimin
ished.

This finding agrees with work on osteo-
malacia?® in adult Chinese in which calaum
chlorrde was retained when gven intrave
nously Therefore the high feeal excretion
of caldum in this condition was the result of
lack of absorption not of re-excretion into
the bowel. It 15 reasonable to consider that
phosphorus  too  without vitamin D will
increase calcium and phosphorus fecal out
put. Albright in studies on vitaoun D re
sistant rickets indicated that increased oral
or intravenous phosphorus did not ncrease
fecal phosphorus and calclum excretion®
This is not in agreement with others® or
with the authors own work upon osteo-
malacic monkeys.’

In any event slnce ninal dlets malntain
reasonable proportions of caleium and phos-
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phorus it 15 not important to be unduly
concerned with solitary calcaum or solitary
phosphorus effect All that need be consid
ered 13 Albright s primary contention that
vitamin D {ncreases calcium absorption
through the gut that calclum and phos
phorus will then be absorbed and that cal
clum and phosphorus fecal excretion will be
reduced

In order therefore as they progreasively
occur the effects of vitam{n D may be listed
as follows

1 Increased calclum and phosphorus ab-
sorption through the gut

2 Decreased fecal calelum and phospho-
rus excretion.

3 Increased serum calcium.

4 Decreased parathyrold function as 2
result of rise of serum calaum. With de
creased parathyrold function serum phos-
phorus will rise becnuse the repal tubules
reabsorb more phosphorus

5 As vitamun D 1s increased to toxic
levels the effect upon calaium Is enhanced
20 that incrense n urinary calcium excretion
occurs This will continue if vitamin D effect
1s great enough until more calcium is lost
from the urine than is saved by decreased
fecal excretion Therefore the patient will
go into negative calagum balance In such
Instances the urinary phosphorus excretion
nses more than the fecal phosphorus ex
cretion falls. Therefore the serum phos.
phorus level will fall So Albright postulates

that large doses of vitamin D will affect
phosphorus metabollsm much like parathy
roid hormone He does this by the observa
tlon that serum phosphorus falls and urnary
phosphorus increases on high wvitamin-D
intake {n parathyroldless individunls

These cases have no parnthyrolds to be
depressed by an elevated serum cakfum
from increased calcium absorption from the
gut

This has led to an interesting correlation
of the action of vitamin D dibydrotachy
sterol (AT 10) and parathyrord bormone
on calcium absorption via the gut and un-
nary phasphorus excretion. This is snmma
rized in Albright » table-$

Drinary
Celcinm Phesphorss
Absorptien  Excretien
Vitamin D ++++ ++
AT 10 ++ +++
Parathy rodd hormone + +4+++

It 1s interesting that AT 10 which Is an
intermediate irradintion product of erges-
terol has an action between that of vitamin
D and parathyroid hormone. It bas been
used therapeutically therefore to raise the
blood calelum and to Increase phosphorus
urinary excretion in parathyrold tetany

Thus when vitamin D increases absop-
tion of calelum and phosphorus thereby
making these avallable for calerficatien of
osteoid calclfication of the skeleton will
proceed as an end-effect of this vitamin.
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CHAPTER SEVEN

Kidney Function as Related
to Bone

We are interested 1n the kidneys prmarily
from the viewpomt of their relationship to
phosphorns and  caked: for  obviousty
what happens to phosphorus and calcium
will affect bone

The kidneys affect phosphorus and ca!
clum by the mechanism of glomerular fil
tration and tubular reabsorption \ormal
glomerul: filter the blood plasma of non-pro-
teln bound electrolytes. Protein-bound elec
trolytes are such large molecules that they
cannot filter through the glomeruli The
glomerular filtrate will maintain the same
concentration as the diffusible serum cal
cium and the mnorganic serum phosphorts
which 1s all diffusible- 2 (Fig 13)

Large amounts of phosphorus and calcjum
filter through the glomerull. \ormally they
are not lost to the body because the tubules
reabsorb them. Tubular reabsorption of
pbosphorus and calclum is regulated by
parathyrold hormones* (Fig 16)

Tubular reabsorption of phosphorus is
decreased by parathyrold hormone. It 18
triggered by an elevation of serum phos-
phonus. Conversely lowered serum-diffusible
calanm induces an increase in parathyroid

secretion This increases tubular reabsorp-
tion of calcium

Tt ols 2pp that the hypambenk
temic or hypocalcemlc stimulating effects
may occur simultaneously or scparately It
is this latter that leads some to consider
that parathyroid hormone has two active
fractions.

As far as concerns orus and cal
cium the concentration in the glomerular
filtrate 15 the same as in the serum. These
are not threshold substances like glocose.
Theoretically i no endocrine activiy B
present the tubular reabsorption of pbos-
phorus will equal the glomeralar filtrate and
no phosphorus will appear in the urine (Fig.
16 Sec. C I) Under these circumstances,
the total glamerular filtrate of calamm
would appear in the urine (Fig 16 Stc. D)

Conversely 1f maximum parathyrord 2c
trity Is present nome of the glomerular
filtered phosphorus will be reabsorbed by
the tubules and all of the filtered phosphor®
will appear 1n the urine (Flg 16 Section G,
11T and IV) The calclum will be reabsorbed
end its excretion In the unne will be re
duced (Fig 16 Section D IIT)
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PART TWO

L1v1ng Bone 1n Disease






CHAPTLER TIGHT

Developmental Faults

OSTEOGE \ESIS IMPFRFECTA

(St \rolik s disease ! idiopathic osteo-
pathyrous  Lobstein s disease  osteopo-
rosis congenita  malacia  myvcloplastica
ostefus  parenchymatota chronica  dys-
trophia periostalis  penosteal dyrplasia
fetal rickets annular rickets fragilitas
ossium (Klebs and Hochsinger) brittle
bones blue «clerne and otosclerosis (Ed
dowes or van der Hoeve s syndrome) os
teopsathyTosis perfoeteal dy<crasia chronic
parenchymatous osteltis (Schmidt) peri
osteal aplasia (Kfebs) myeloplastic bome
splasia  (Rardamatis)  osteomalacia con
peta (Jlirgens) Durante s disease )

Definition. Ostecgenesis imperfecta s the
term presently accepted for a rare disease
starting fn early or even embryomc life
charactenzed by deficient matnix formation
and aboormal fragility of bones One form
treviously referred to as fragilitas osslum [s
familtal and is charactenized by blue sclerac
and aboormally relaxed ligaments wmth o
tendency toward dislocation and frequently
&5 associated with deafnfss

The larger number of cases are not fa
milal Clinjcally all of the cases may be
considered as parts of one syndrome. For
simplifieation a listing of the sallent find
Ings 1n this broad group is as follows

L Bnttle bones with pathologic fractures

Z Relaxed ligaments and tendencies for
dislocatlon

3 Blue sclerae in some cases

4 Olosclerasis in some cases

S Oateoporosis and dwarfism due to de
formity after fractures

In the Hterature appear many descriptions
of cases that obviously are a part of this
froup There has been much discussion

a1

about those cases obzerved at birth, obvi
ouely beginning in intra uterine life and
those cases starting postnatally

Actually these cases are In general all
alike It simply appears that the earher
the case becomes manifest the more severe
is the mesenchymal defect. Therefore the
prenatal cnees are more serious than the
postnatal ones Often they are stillborn

1t frequently has been observed that these
cnses spontancously regress with puberty
“Much speculation has resulted about this.
The probable explanation is either the 1m-
portance of estrogens 1n bone-matrix forma
tion or simply the fact that most of growth
has occurred by then and there s adequate
bone for function, without rapld growth On
rare occasions the disease has been reported
as occurring 1n sets of twins, concordant
and discordant.

Historical Notes. There {s no mentron of
bone fragiity by either Hippocrates or
Galen According to Dry? Armand and
France (1716) were the first to diagnose the
condition of a patient with osteogenesis 1m
perfecta. By the middle of the eighteenth
century about 30 such cases had heen re-
ported So emrly as 1788 O J Ekmann?®
submitted a thesis to the faculyy of the
Univensity of Upsala on the subject of
osteomalacin. He described the occurrence
of multiple fractures and bodily deformity
in a family Including two brothers a son of
one of the brothers and two grandchildren

Lobsteln (1825) deteribed the condition
as a dusturbance of oaseous formation char
acterized mainly by fragility of bone In
1833 he termed the condition “cateopsathy
rosis 7 (Lobstein s syndrome today is termed
osteogenens Imperfectn tarda {n contradis
tinctlon to the syndrome described by ¥ ro-
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F1o 17 Osteogeness imperfecta fetal
type. Stillborn. Note fractures with heal
ing and resaltant deformlties. The shafts
of the lang bones are widened and osteo-
porotic.

lik The latter condition at present is re
ferred to as the early or congenital form
However, jt is the authors opinion that even
the delayed form is the result of a basic
mesodermal defect which also probably has
its origin {n embryonic life )

Gescheidt! was among the first to describe
the dlsease Vrolik! named the disease osteo-
genesls imperfecta. Henschel® described the
occurrence of blue sclerotics. Cornaz® noted
the association between the fragility of boae
and the presence of blue sclerae

Spurway’ first called attention to blae
sclerotics associated with fragllity of boaes
in osteogenesis imperfecta. Eddowes® ob-
served the dual ocarrence of abnormal
blueness of the sclerme and bnttle bones.
He wrote

The transparency of the sclerotics indicates
a want of the quality or quantity of the
fibrous tiasue forrn.lr;% the i of the
various organs of the body and probably
explains the want of spring or toughness in
the bones of these pecullar individuals.

Kienbock® wrote that the condition was
of endocrine origin. Deafness as a feature of
the syndrome was described by Adair
Dighton ° In 1916 de Kleyn'! was able to
polnt out that a variety of deafness simflar

Fie 18 Osteogenesis imper.

fectn, infantile type. The skull shows mesaic of the
wormun bones The limb bones are widened osteoporothc and deformed as a result of
pathol mic Iractures.



to ortcorcleronts was found frequently in
aweation with the other two conditions
Bronson'? and van der Hoeve and de Klevn"
added further data on deafnese to the syn
drome Raver™ and Weber!® «treeeed the
congenital factors in the development of
mesenchymal tiscwe hey!* referred to the
syodrome  as “hereditary  hvpoplasia of
the me<enchyme™ and clled attention to
the hypotonicity of lizaments with hyper
mobile jolnts

Incidence The discase nffects both <exes
equally The mo<t common aze'’ for {rac
tures s the prerchool ace up to the reventh
year There are few examples up to the
fifteenth year They are uncommon in adult
life but beyor] middle age they azain be
come more frequent

In the familial form the disease appears

Osteogenesis Tmperfecta 93

1o be transmitted through both males and
females provided that one of the parents
posecstes the characteristics

Bicke! Ghormley and Camp'® studied 40
patients with osteogenesis imperfecta 11 of
theee were of the hereditary variety In one
patient  the dicease was traceable through
4 gencrations nll the afflicted members of
which showed brittle bones Dblue sclerne
and deafness (The average age was 15.2
years—21 males and 19 females All 40 pa
tients suffered from subpenosteal fractures
caueed by nsignificant traume.)

Blue sclerae are present in 90 to 100 per
cent of perwns afflicted

Etwology The cause is unknown It ap-
pears to be a mesenchymal defect and the
famllial form has a dominant mendelian
factor '* VMany of the infants are stillborn

to 22

service of Dr A Bruce Gill ) Normal blood chemistries.

F1a 19 Osteogenesis Imperfecta tarda type. Whate female 15 years old. (Figs, 19

Balance studies on

caldum, phasphorus and magnesium normal Furtber studles after admintstration of

thymus extract,
Lateral view of skull Chanpes are onl
and the outer tables. There are no

Roantree type revealed no blochemical

changes or clinical effect.

those of osteoporasis and thinning of the inner
armities.
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Fio 20 (Top left) Ostcogrntslsi.m
ecta tarda type (Same t as
Fig 19 ) Rib cage splne pel Antu-o-
posterior view The delicate thin con-
figuration of the ribs and the clavicles
s demonstrated. Stmilar changes are
seen m the humer] the vertebrae and
the pelvis,

Fio 21 (Top right) Osteogenesisim
tards type. (Same patient as

of the long bones are bowed and osteo-
porotic. Pelvic deformity especially in
volving the acetabula, is present. These
deformities are the result of simple
bending of the porotic bone as well a3
pathologic fractures. There Is consider
able metaphyaeal flanng at the knee.

Fro 22 (Bottom) Osteogenesis 1m
perfecta, tarda type (Same patient as
Fig 19) Left leg Anteroposterlor and
lateral views. Characteristic fragile bone
structure s present with very thin corti-
cal structure in the tihia the fibala and
the tarsal bones. Note the obligulty of
the proximal tiblal epiphysenl plate



Fre. 23
tarda type. White male, 50 years old,
who has survived despate frequent patho-
loglc fractures associated with his condi-
tion. Anteroposterior view of skull. The
suture lines are still open, hte in life.

Osteogenesls imperfecta,

The characteristic tria shape s
shown supgestively with bilateral balg
197 in the temporal regions. The tables
are very thin.

owing to damage to the unprotected brain
during chfldbirth, the skull often consisting
of a membronous bag with a few 1solated
plates of bone

Vaneties. The varieties of osteogenesls
fmperfecta may be grouped as follows (=)
fetal (b} infantile and (c) tarda.

Frrac. In the fetal varlety the changes
occttt during development 11 sdero and
prevalently result in death before birth The
extremities are deformed owing to unhealed
fractures (Figs 17 and 18) There are indi
cations of delayed ossification in the skull
and the face. The bones of the extremities
are usually thickened and deformed but

Osteogenesls Imperfecta

Fic 24 Osteogenesis imperfecta,
tarda type. {Same patient as Fig. 23 )
Lateral view of skull The extremely
delicate structure of the diplo€ and the
inner and the outer tables {x seen, giving

the effect of a marked ost with-
out any ground-glass sppearance as Is
seen In byperparath The open

suture lines are stri

Fio 25 imperfecta,
tarda type. (Same patient as Fig. 23)
Pelvis and upper femora Anteroposte
rior view There have been hilateral
multiple subtrochanteric femoral frac

tures with malmnion and
excess callus {ormation,

considerable
only of mild degree, b

95
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become long thin and fragile if the case
survives more than a few months The cortex
15 thinned and somewhat cancellous The
marrow 18 efther fatty gelatinous or fibrous.
VMany of these infants are stillborn because
of damage to the unprotected brain dunng
childbirth. The skull here is practically a
“membranous bag of bones ™%

Inranrize. This form 1s less severe than
the infantile form (Figs 19 to 28) The
cases survive even to adult life although
this is rare, These cases sustain many frac
tures and resoltant deformuties The cra
njum ossfies better than the fetal variety
but the ossification does not become com
plete.

Tawoa. This type is still more benign than
the fnfantile form (Figs 19 to 28) The
child may appear to be normal at birth
Duning childhood fractures occur from rela
tively small trauma This often Is the first
sign of the disease When adolescence is
reached the susceptibllity to [ractures Is
redoced Many thoughts to explmin thls
phenomenon have been advanced Gonadal
function may play a part in stimulation of
matrix formation The fact that ngid growth
is reduced and stimulus from stress contin

ture to explain 1t This probably Is due to
numerous successive small fractures.

Except in very muld forms the patients
are dwarfed deformed or both This is in
part attributable to deformuty from mal
union of fractures also probably to retarda
tion of growth at the epiphyseal lines The
deformuties are greater in the extremities
than 1n the trunk (The farmation of carti
lage and 1ts calcification proceeds normaily )

In the severe infantile varfety the pe
culiar shape of the skull is characteristic.
It resembles an inverted triangle with the
base of the triangle representing the top of
the skull The forehead Is broad and bulges
forward and the panetal bones bulge over
the external guditory meati pushing the
ears downward and outward. The thoraclc
cage appears deformed Palpation reveals
evidence of nubbins on the ribs or the loog
bones Owing to fresh fractures there may
be crepitus and preternatural mobility In the
extremiues the davides or the riba. The
infants readily succumb to intercurrent In-
fection.

Physical development is extremely slow
with Intellectual development not affected
sppreciably The deciduous teeth appear

ues may also contribute to the remissl

This last group of cases is often of the
famfhial type with blue sclerae deafness of
otosclerotic type and ligament relaxation

Clinieal Features: PHY§IcAL—SIoNS AND
Svarroms The prenatal type are usually
stillborn or die soon after birth. In the
milder or delayed forms the occurrence of
frequent fractures may be the major ind:
cation of abnormality

Signs and symptoms are confined entirely
to the bomes which are extremely fragile.
The subsequent deformities are due to the
fractures which unite normally and pain
lessly although frequently in severe malpo-
ation The callus formaton is normal and
at times may be excessive. This may give
the bone« an irregular beaded character
observable in the roentgenograms Further
mare, bending  bowing of involved bones
appears without single demonstrable frac

rather transl because of poor caldf
cation. The permanent teeth appear to be
more normal however there is a gradual
narrowing of the pulp sreas and the canals.™
The musculature is extremely fechle in all
bat the milder examples. The hypotoarcity
is of course related to fractures and de
formities and long-standng disuse.

Deafness appears only after the brittle
ness subsides It is rarely present until after
20 years of age. Improvement as concerns
reduction of the inadence of fractures pro-
gresses with increasing age

Caraticar axp V[ezaporic Dara. The ash
content of the bone is low—sometimes as
low as 24 per cent (Normal 60 per cent.)
Repeated analyses for serum calcrum and
norganic phosphorus fail to show any mate-
rial changes The allaline phosphatase ac
tivity of the plasma falls clearly in the
normal range.



Fia 26 (Ta) left) Osteogenesis jm
ecta, tarda type  (Same patient as
. 23) Both legs. Anteroposaterior
view N\ote the slender cortical bone
structure with metaphyseal flaring at the
upper tildas, On the right side the
healed fracture of the leg bones can be
sern, with residual lateral bowng

Fic 27 (Top right) Osteogenesis jm
perfecta tarda type (Same patlent as
Fix. 23 ) Both legs. Lateral view The
deformity of the right leg can be seen
to be an anterior as well as a lateral bow
with resultant shortening A milder frac

ture of the left tibla has healed without
deformity

Fic 28 (Botiom) Osteogenesis im

ecta tarda type (Same patient as

ig 23 ) Both feet Anteroposterior

view Deformities of the varlous meta

tarsal shafts have resulted from mal

mion of multiple fractures The cortical
bone structure s somewhat thin.

Osteogenesls Imperfecta
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Inadequate retention of calcium and phos-
phorus occurs—the retention is about one
third to one half that of normal children
However repeated balance studies done by
the authors have demonstrated no negative
balance The reason for the inadequate re
tention therefore is the fact that there is
not so much skeleton to calafy as i a
normal person

There is a high thrombocytic count—
about 500,000

Delcourt® always found the sedimenta
1100 rate mcrensed 1 osteogenesis imper
fecta but this has not been the authors
expenience The bone marrow findings were
characterized by moderate plasmocytosls
and hyperplasia of the red marrow

Rornrarnosearnic DiaoNosis  General
Considerations The roentgenographic fea
tures obviously differ according to the va
riety of the disease ¥ To be noted are (1)
osteoporosts (2) great thinning of the cor
tex (3) dimunution in thickness of the shaft
m the muddle with some flaring toward the
diaphysis (4) coarse trabeculations (5)
normal epiphyseal metaphyseal relationships
and (6) multiple fractures

Prenatal Vartety The most common pro-
nounced feature Is muitiple fractures in
osteoporotic bone (Figs. 17 and 18) 1Most
charactermstic are the varlous stages of callus
formation especially in the nbs

In the young {nfant the skull 18 composed
of islands of ossification forming a mosaic
of wornuan bones (Fig 18) Distortion of
the skull owing to posture effects is seen
Iater

The separate long bones tend to be slen
der with thinning of the cortex and ap-
parent widening of the marrow space 1o spite
of the slender appearance (Figs 20 to 22,26
and 27) The cortex may be so thin that the
periosteum seems incomplete.

The extreme decalafication is diffuse and
the trabeculation is rather fine.

\.-ray pictures show that outlines of the
vertebral bodies are defined clearly They
are Iittle more than half the depth of the
normal badies ind hew slight indentation

in the midline on both the superior and the
inferfor aspects and biconcavity similar to
the codfish tafl vertebra of Albright in osteo-
porosis The laminae are closely approxi
mated 1n the dorsolumbar area, but above
and below this there is an ever mdening gap
between them.

Bornebusch® studied the vertebrae of
some patients with Lobstelns disease He
found that in children the size of the os-
seous nuclel of the vertebrae commonly
appears normel The width of the spinal
canal s unaffected however trabeculae are
thin and smell. He found kyphosis and
~collosls to occur as a resalt of compression
of the fragile osseous tissue. Other deform
ities of the vertebrae, such as flattening are
sometimes present

The clavicles give a nbbon effect The
scapulae are {rregular and wsually creased
The nbs are also creased with & ribbon
effect (Fig 20) The humerf are shorter and
thicker than pormal creased irregular and
granular there fs retarded epipbysen! osst
fication The appearance of the radif and the
ulnze is similar to that of the humerf.

(The Iower ends of the radli and the
ulnae are affected notably in persons wth
generalized disturbance of skeletal growth
The ulna usually is affected more than the
racius particularly n the direction of re
ductlon fn length. The fibula s much less
invalved.)

The metacarpals and the phalanges are
similar to other long bones but less defined.
The pelvls is Irregular and greatly decreased
dimensicnally The femora are short,
stumpy creased devold of all normal fea
tures the lower epiphyxfs is visible. The
tibiae and the fibulae are short stumpy and
frregular The metatarsals and the phalanges
are similar to corresponding bomes of the
hands.

The same roentgenographic findings that
are seen 1n the more severe prenatal type
are to be observed In the tarda varlety (Figs
19 to 28) Obviously this latter varfety Is
much less severe than the former Therefore
the degree of deformity will be leas marked



and the development of the oswous skeleton
will be better and a more normal type Frac
tares and deformities of course do occur

Three Intere<ting phase< of ostcogenesis
imperfecta have been added to the group
that the authors usually olmerve and it Is
of interest 10 refer to Falrbank and others
for descptions of the  thick bone variety 2!
(Fie 17) the  hyperplastic  cailus”
groap™ “* and a form that is predominantly
oystic in type ¥ in which there i« pro-
nounced honeycombing of bone

Pathalogy The essential pathology is de-
fective formation and defective calclfication
of bone trabeculae The bone is di<continu
ous and fragmentan

Gross Aprearance. Flenbility brittleness
and deformity are preent as the character
istic features of the asteoporotic bones
which are soft Changes in the long bones
are proncunced In separate bones there is
great variation in the appearance from thin
shafts with rormal curvature to severe de-
formities with fractures and callus formation
(Figs 17 18 21 22 25to0 28)

On cut section the shaft appears slender
and the cortex extremely thin and n ad
vanced stages even of eggshell thinness. The
periasteum fs frregular and sometimes ap-
pears incomplete. The epiphyseal and the
metaphysenl relationships are normal but
may be impaired by deformities of the
softened bones (Figs 21 and 22) The dia
Physeal ends are flated and appear relatively
enlarged There may be extreme angulations
(Figs 21 and 25) In severe conditions
Pscudojolnts may be seen where stress and
#lrtin and continuous movement have mter
fered with fracture healing

The skull is bizarre in appearance and on
Paipation (Figs 23 and 24) The centers of
ossification tend to reman separated pro-
dwelng a mosafc pattern made by many
wparate islands of small bones (Fig 18)
Single vertebral bodies also may be flattened
nd thinned with consequent expansion of
the intervertebral disks

Miczoscoric ArrEamancr. To get a pic
ture of this procesa one must visualize endo-

Osteogenesis Imperfecta 09

chondral bone formation in fts microscopic
form Normaily, cartilage columns appear
ot the metaphyscal side of the epiphyseal
plate They calcify Then capillary loops
come in bearing osteoblasts and & breal up
of the calclfied cartllnge with re formation
into hone occurs In this condition a defect
in the asteoblast cycle appears to be present
The ateorption of caleified cartilage with
comersion into bone occurs not in a uniform
and normal manner but In a spotty hap-
hazard fashion

So as an end-picture we see a defiaency
of metaphyseal and therefore eventually
of diaphy<eal bone trabeculae. Cartilage
Islands remain marooned and appear to
change in places into bone by direct meta
plasia

In addition to the metaphyseal defect
there Is a deficiency of osteoblasts in the
periosteum The fibrous layer of the struc
ture is thickened and the cambium layer is
largely acellular thinned and frregular

Duagnosis. The diagnosis of the prenatal
type Is usually easy No other syndrome in
the newborn Is observed with numerous frac
tores and characteristic roentgenographic
appearance. There may be blue sclerae and
family history and jomt laxity in addition.
These latter are not necessary for the diag
nasis however

Differential Diagnosis. In general it is
best to bear in mind that the following con
ditions lead to fragility of bones (1) all
forms of rickets and osteomnlacia, (2)
scurvy (3} hyperparathyroldism  (4)
Paget s disease and (5) osteoporasis

Achondroplasia may present superficial
resemblance to osteogenesls imperfecta. The
differentiation 15 made by radicgraphic ex
amination which will show thick strong
bones with 2 normal trunk (Figs 73 to 76)

The congenital variety of osteogenesis
imperfecta may be confused with syphilis
Sometimes differentiation must be made
from byperparathyroidism (Figs. 117 1o
133) In osteogenesls imperfecta, the blood
calcdum phosphotus and alkaline phospha
tase are normal while n osteitls fibrosa



100  Developmental Faults

cystica, the blood caldum is elevated the
phosphorus 1s depressed and the alkaline
phosphatase 1s usually increased

Complications, Varlous leslons of the
skeleton are sometimes concurrent. Thus
Bromer® reported a case of osteogenesis
imperfecta In a 3 month-old mnfant with
rickets and scurvy Braflsford® referred to
a comphication which he described as a con
dition suggesting scurvy, in which subpen
osteal hemorrhages were more predominant
than fractures

Treatment. There is no specific medical
treatment. The patient should be protected
against injury and fractures Whenever frac
ture occurs the fracture may be expected to
heal well and early Proper measures to
reduce the fracture and hold it in good pos:
tion to obviate deformity are Indicated.

On theoretical grounds judicious use of
estrogen with small doses of androgen s
mdicated Vitamin D and a high caldum
phosphorus and protein diet would also 2p-
pear to be of value Effort to keep the child
active to stimulate bone formation should
also be made. This in turn will improve
muscle tone

Prognosis. In the prenatal group the
infants are usually stillborn or die early
In the tarda varlety there may be great
varjation 1n severity of involvement which
would infer a difference In prognosis The
more severely affected children ultimately
are greatly deformed

FIBROUS DYSPLASIA OF BONE

PoLvostoric Frerous DysrLasiA

(Syn  Albright s syndrome palyostotic
fibrous dysplasia  polyostotic csteitls fi
brosa osteodystrophia fibrosa fibrocystic
disease of bone regional fibrocystic disease
~—Pheruster  osteofibrosis deformans juve-
nilis fibrosa unilateralis  polyostotic skele
tal cystofibromatoals and osteitis fibrosa
with cartilage formation osteitls fibrosz
disseminata unilateral fibrosa cystica gen
eralisuta )

Definition. Fibrous dysplasia of bone is

2 disease of bone characterized by regreasive
changes—thinning of the cortex and replace
ment of the marrow by fibrous tissue con
taining abnormal fibrous bony spicules

Dolyestotic fibrous dysplasia (Jaffe Lich
tensten)? * consists mamnly of interference
with skeletal development. There is exces-
sive replacement of bone marrow by dense
fibrous connective tissue. The most frequent
sites of involvement are the diaphyses and
the metaphyses of the long bones and the
adjacent parts of the shoulder and the pelvic
girdles The assocatfon of lesions In bone
skin and endocrines Is usnally termed Al
bright s syndrome.® There Is now wide ac
ceptance of the term fibrous dysplasia of
bone. When there are also nonskeletal mam
festations the term Albright's syndrome 1s
widely used. The term ostertls fibrosa dis-
seminata is used to differentiate the con
ditfon from osteitis fibrosa generalisata
(hyperparathyroidism) and osteftis fibrosa
localisata (unicameral bone cyst)

Historical Notes. Bone disorders of &
fibrocystic nature have long been known.
Obviously, 1n light of present knowledge,
it 13 easy to understand the confusfon that
existed before careful clinical roentgeno-
loglc and laboratory work was carried out.

First to describe this disease group In
detail was von Recklinghausen* althongh
even be appeared to be confused with regard
to at least two of us cases. These two were
examples of fibrous dysplasia and not of
osteltis fibrosa generalisata.

This confusfon of course continued until
the classic worh of 3land!® n 1926 when
the etlalogy of osteitls fibrosa generalisata
was correlated with a parathyrold adenoma.
From then on the separation of this form
of cystic disease was assured Furthermore,
reports predating Mandl now clearly indf
cate the observatlon of fibrous dysplasis.

The first report of what apparently was
an example of filrous dyxplasie of bone was
by Wieland.® Well” first described the syn
drome of precoclous puberty fibrocystic
bone disease and pigmentation of the sidn.
Von Recklinghausen Ifsted a number of on



related diccases which had a< n common
characteristic the presence of fibrocystic like
bone chanzes Some of thow he dewcribed
may have been in the category of poly ostotic
fitrowe dveplasia In Fngland * Telford re
ported one case of osteftis fibroa with for
mation of hvaline cartilage which was prob
by an example of filrous dvsplasia of bone
Goklhammer* recomnized a discace which
he characterized as anteadv<trophia fibroa
milateralic with pulertas praccox In the
ame year, Borak and Doll'® deecribed what
ther called unilateral Rechlinghausen « chis
ease of booe with pubertas praccox
In 1937 Albright et al? described the
culous chinical syndrome characterized by
(2) bone le<tons which have a notable tend
ency to be unilateral amd w hich <how gateitis
Bbroa on  histologic examination ()
brown nonelevated pigmented areas of the
skin, which tend to be on the same side ns
the boae letions and (c) an endocrine dys
function which in females is a<<oclated with
precocious puberty
Lichtenstein and Jaffe! 2 coined the term
polyostotic fibrous dy<plasia They endeav
ored to show that in all examples of the
discase the nucleus of the disorder appeared
to localize 1n the bony lesions which when
*idespread were assoclated at times with
oo¢ or more of the other manifestations of
Albright s syndrome They wrote
The name polyostotic fibrous dysplasia Is
belng used 1o designate a skeletal develop-
Dental anomaly affecting several or many
with predominantly unilateral involve
ment, The involved bones show filling of their
Dedy centers gritty graybh-white
contal trabeculae of newly
tormed primitive bone.
Fibrous dysplasia of bone is an
utommon disorder It usually begins In
and censes spontaneously after
Daberty The disease Is more common In the
female than in the male 1
Many suggestions have been
mide a3 to the cause of polyostotle fibrous
but none has been accepted gen
erally In the past It was assumed that the
disense way

I ibrotts Dysplasia of Bono 101

1 An atypical variety of von Reckling
hau<en s neurofibromatosis

2 \n uncomnion class of xanthomatosis

3\ dis~ase of the hypothalamic area of
the brain

4 Disturbance in storage and utilizatlon
of vitamins in the liver resulting in a dis-
turbance of bone growth,

5 Precocity caused by pressure on the
hypothalamus secondary to overgrowth of
the bone at the Lase of the shull

6 An unusual varicty of Olller s disease
or multiple enchondromatesls.

7 Abnormality of bone-forming mesea
chyme sometimes In nssociation with other
developmental defects. Stauffer et al 12 re-
ported 2 case with multiple arteriovenous
fistulae

8 A primary neurclogic defect

9 Intro-osseous hemorrhages in fibrous
tissue 1n the bone marrow perhaps with
secondary formation of cysts (Pommer)

The nrost reasonable suggestion to ac
count for the disense Is a developmental
defect in bone-forming mesenchyme A pri
mary hormonal imbalance has been postu
Jated in those examples i which sexual
aberrations were especially distinguishable

Varieties. In the main two forms of
fibrous dysplasia of bone are now recog
nized—the diffuse or polyostotic and the
monastotic  The diffuse is muoch more
common

In the polyostotic form the disease 1s a
congemtal anomaly usually with unilateral
involvement of multiple bones. Bilateral
disturbance does occur The patient ordl
narily comes under scrutiny in childhood or
early adolescence

Albright* and his associates have empha
sized the extrasheletal features that may
occur in this disense Conversely Kurzrokl
has described a case of extraskeletal findings
with no bone changes These extrasheletal
manifestations include pigmentation of the
skin and early sexual precocity Later, there
Is premature closure of the eplphyses and
endocrine dysfunction in the form of sexual
precocity In females “No consistent abnor



102 Developmental Faults

F1c 29 Polyostotic fibrous dvsplasia.
Healed iracture of the mid-shait of the
Teft bumerus with expansile involvement
of most of the shaft

mality in gonadal function has been elicited
in the male patients @ Concurrent hyper
thyroidism is occasiopally recorded 14
Clinical Features: SIGNS AND SyspTOLSE
The onset 1s usually insidious Attention
may be directed to an Involved bone by a
variety of incidence such as fracture ap-
pearance of deformity owling either to bend
ing or local enlargements of a bome or the
development of asymmetry of the face and
the skull A common finding is pigmenta
tion composed of small to large melanotic
spots glving the typlcal café au luit” ap-
pearance These xpots have {rregular edges
which differentiate them from the smooth
edges of spots in neurofibromatoss
According to Lichtensteln ?

This abnormality appears in childhood or
in early adult Life und evolves alowly pursuing
a protracted clinical course characterired by
paln deformity and by the tendency to patho-
logic fracture

F1c 30 Polyostotic fibrous dysplasia

Progreanve deformuity and shortenmg of
a limb may be seen subsequently Rarely
1s an involved bone seen to be shorter than
its counterpart. When there are changes In
the face and the skull or in the jaw
exophthalmos and even severe displacement
of an eye may develop graduaily

Paln as a rule 13 not severe

Usually before the age of 4 the disease
has become apparent by the appearance of
the aforesaid facial asymmetry or unilateral
bowing with enlargement of one or more
of the long bomes. Precocious paberty is
rarely the first sign. The bones more com
monly affected are femur (Figs 31 33 37to
39) pelvis (Figs 33 and 37) skull scapula
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Fra 31 Polyostotic fibrous dysplasia.
(Figs. 31 32 from Dr M MM Pomeranz)
Jarked involvement of the entlre upper
femur with defornity of the femoral
head and neck.

and tibia (Figs 30 and 32) humerus (Figs
29 35and 36) metacarpals and metatarsals
In consequence there 15 disturbance of galt
and often spontaneous fractures occur

Mild varleties of the disease may be
asymptomatic at first but are discoverable
oa roentgenographic examination for other
ames In guls in the Albright varety
sexual maturation may start as early as the
second year and cease In early childbood

In the rare progressive condition with in
volvement of almost the entire skeleton
there may be invalidism and incapacity dur
g childhood or subsequently with fatal
termination,
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Fic 32 Polyostotic ibrous dysplania
(Same patient as Fig 31) Cystlike in
volvement of the Ieft tibia.

Crexticat Dara  Laboratory Data B
opsy is necessary for final dlagnosis

The results of chemical analyses of blood
urine and feces are usually as follows
values for serum calcium and serum phos-
phorus are vanable but ordInarily are within
normal limits as are other constituents of
the blood. Serum alkaline phosphatase occa
sionally is increased Studies of calcdium
balance in the drsease have varied but in
general show normal values High values
for serum cholesterol have been reported
and when so have resulted In the mistaken
diagnosis of xanthoma of bone

Albnight reports premature secretfon of
FSH pitultary follicle-stimulating hormone
moderately elevated BMR which ought to
be checked by protein boumd iodine and
{iodine uptake studies

RoenTorNoorarHIC FraTUREs The roent
genographic data are vanable and are de
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Fic 33 Polyostotic fibrous dysplasia.
White female 16 years old Involvemnent
of the upper nght femur and the pelvis.

Café au lmt” spots on the upper back,
Chemucal studies mncludmg serum cal
clum phosphorus and alkaline phospha
tase and urine calaum and phasphorus
excretion were normal. The patient has
had no specific treatment. She is now in
her late 20 s, is marred and has had a
normal pregnancy does her own house-
work has had no fractures.

pendent upon the stage of the disease The
site of predilection anpears to be the meta
physts of the long bones, although some
tunes the lesion may appear In the muddle
of the shaft. It also has been found in all
bones

The roentgenologic manifestations are
usually central (though sometimes penos-
teal) cysthke areas of translucency and
as arole contain coarse trabeculae (Figs 32
and 38) In general the following features
are present (a) broademing or expansion
of bone (Fig 29) (b) thinning of the
cortex (Figs. 30 and 31) (c) rarefied and
apparently trabeculated and cystic appear
ance (Figs 35 and 36) (cysts actually are
radiolucent fibrous or uncalafied osteoid
areas) and (d) secondary deform:ties (typl
cal is shepherd s crook In the upper femur)
(Figs 33 and 39)

In pols ~totic fibrous dysplasia, the entire
sheleton «ne half of 1t or 1solated bones of

F16. 34 Polyostotic fibrous dysplasia.
{From the service of Dr A Bruce Gill,
followed and treated by the semsor an-
thor) White male 14 years old. Cystic
lesons of numerous ribs and cystic le-
slon of left humerus, after unsu
bonegraft operation.

any part of the osseous system may show
proliferation of fibrous trssue within an ossl
fied shell which reveals expanslon compared
with the adjacent normal bone. The expan
sions are regular all cancellous strocture
having been absorbed There is a demsity
which Is a little less than that of normal
bone

The solitary lesions most often cause diffi-
culty in diagnosis When there is extensive
skeletal involvement, the leslons are often
bilateral, most of the lesions being on one
side. The lower extremities are Involved
more frequently than the upper ones. Nor
mal bone 1s present between the arems of
abnormal boze.

The flat bones—e g., clavicle riba, pelvis
and cranml vault—on  roentgenographic
examination show characteristic fibrocystic
osseous change with variable severe tumes-



Fic. 35 Polyostotic fibrons dysplasia
(Same patient as Fig. 34 now 16 years
old.) Left humerus, 2 years later Cystic

of the mid-shaft of the left
bumerus with further marked invasion
and destruction of bone substance

cence and coarse loculation resembling a
boneyromb

Cyatlike areas consist of fibrous-tissue de-
Posits which cause replacement of the nor
mal trabecular structure and give 2 homo-
geneous granular appearance devold of bony
achitecture As they enlarge they cause
prassure on the surrounding cortical hone
If the aren of involvement 1s nearer the
medullary aspect this pressure s effective
In the direction of least resistance—toward
the medullary canal—forming a crescentle
tnner border 1f leas resistance is offered by
the cortical luyer localirzed expansion 1s
obvlously outward. Extremely superficial
lexdons frequently Induce rounded “blisters
on the surface of the bone
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Fro 36 Polyostotic fibrous dysplasia.
(Same patient as Fig 34 now 16 years
old) Left humerns 4 months later
Puostoperative result following Implanta
tion of tibial bone grafts. At surgery
some fluid and smooth cyst wall sumflar
to unicameral cyst vwere observed.

As these rounded areas become larger
they may encroach upon each other giving
the appearance of pseudoexpansion. The
bony outline may then assume a knobby
appearance Shell like thinning of the cortex
may follow causing weakness of the bone
and eventual spontaneous fractures

No evidence of periosteal elevation is
seen unless fn consequence of fracture Oste-
oporous does not occur

Pathology: Gross AppEAraNCE. The gross
appearance of the lesion is that of & sym
metric fusiform or almost spherical swelling
ranging up to 6 cm. mn dizmeter The sur
face conslats of thin but intact cortical bone
On longitudinal section the cancellous bone
and marrow are replaced by a firm yellow
white tissue coatalnlng occasional small
cysts usually filled with amber flutd

Widening and elongation of the bone oc
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F16 37 Polyostotic fibrous dysplasu.
(Same patient as Fig 34 14 years old )
NMaultiple cystic leslons of both sides of
the pelvis and bilaterally m the upper
femora.

cur as a result of the hyperplastic process
within the medullary canal and the imter
stitlal spaces. The epiphyseal centers appear
to be unafiected the end of the metaphysis
and the eplphyseal cartilage may be in
volved.

The disease may involve both membra
nous and endochondral bone The interlor
of the bone is replaced by grayish yellowish
fibrous tissue which may reveal islands of
cartilage calclfication ossification or minute
cyst formation These cysts are usually the
result of degeneration \ ascular areas occa
sionally are noted The cortex is thin and
the bone shaft may be increased 1o width
Bowing deformity of extremities Is evident
and in the femur the bowing s often so
extreme as to produce the typical “shep-
herd s crook  Pathologic fractures are com
mon.

In the Albright variety there are signs

Fic 38 Polyostotic fibrous dyzplasia.
(Same patlent as Fig 34 14 years old )
VMultiple cystlike lestons in both femora.
Healed fractures in the mid shaft of the
right fenur

and symptoms of precocious puberty m fe-
males \one 13 noted in males? There are
alse plgmentation of skin  café au lait

<pots and a marked tendency toward unilat

eral akeletal involvement.

The bone lesions are disserminated but ap-
pear to have & predflection for the occpat
the metatarsals and the metacarpals the
phalanges the upper end of the femora and
the tibiae,

In 67 cases of monostotic bone lesions
Schlumberger!® found the distrfbution to be
as follows ribs 29 femur 9 tia 8 maxlla
7 calvanum 5 mandible 2 humerus 2 ulna
2 vertebra 1 pelvis 1 fibula 1 The small
bones of the hands and the feet were not
affected in this serles of manostotic cases.

V1ceoscoric  ArprARance. Microscopl
cally the outstanding feature .s the peolif
eration of connective tiasue which is com-
posed of rather immature spindle celis



either Jooely or tichtly packed The pindle
shaped fibroblaste haw g tendency to lay
down e<teoid tls ue or bone by direct meta
plasa. Thie bone I« of an abnormal fiber
type

Trabeculae and cartilape fland may vany
In size and number The cortex <hows thin
mng from pres ure of the internal expand
ing fibrous mace Cy<tic arers obeerved on
the roentgenogram are actually radiolucent
areas of filrous 1< ue or uncalcificd o<teold

Since immature uncalcified asteold Is difn
coll 10 realeor) the tendency for expansion
and deformuty of this maes continues

Disgnoses. In pemeral  the diagnostic
paints to bear in mind are  (a) early age
(b) conpicuous bone deformity particu
larly of the skull am! the long bones (c)
predominantly unilateral skeletal involve
ment, (d) pigmentation of the skin cor
responding to the area of the bone lesion
or lesions (e) precocious puberty 1n females
(not observed in males) and ([) essentially
cormal blochemieal data.

Drlerential Dungnosis, There are a num
ber of affections of the skeletal system in
which fibrasis forms a part of the pathologic
changes

Tt may be said in genernl that polyostotic
fibrous dysplasia Is easily differentiated from
other vanetles of bone Involvement if the
exiraskeletal lesions abnormal skin pigmen
tation and sexual precocity in the female
are present (See Table 8 p 469 )

Hyrexpamaraveommsy The first condl
Uon 1o be differentiated and cleared is hy
perparathyroidism The differentiation here
n be done quite easily on the hasis of
blood chemistries and if neceswary Dalance
studies The blood chemistries ns indleate]
dbove m the discussion of polyemtotic
fibeotic dysplusia are relatively normal as s
the urine In hyperparathyrokdlsm the uri
pary calcium excretlon s high inlance
studies show a loss of ealclum and plwos
phorus from the body The «rum calehim
':J&T“Ed the phosphorus Is lawered 1w

ne phosphatase fs uniformly leynied

Biopsy of course proves again # diffrien
uatlon because the histology «f 1he # twi

Fibrous Dysplasia of Bone

Fio 39 Polyostotic fibrous dysplasta
(Top) White female 20 years old Typi
cal shepherd s-crook.  deformity of the
keft upper femur The right u femur
also Is fnvolved with expansile reaction
{Bottom) The photomicrograph shows
partlz] reabsorption of bone and new
formation of osteold tiwsue Hematoxy
lin-eosin. (X 36) | hotomlicrograph pre-
parerd by Dr Willlam Ehrich




108 Developmental Faults

conditions Is very definitely different The
characteristic pathologic finding in hyper
parathyroldrsm 18 osteoclastic 1nvasion of
trabeculae The phenomenon observed in the
polyostotic fibroars dysplasia is fibrous tissue
with bany metaplasia but no osteoclastic
reaction

Pacer s Diseast, Paget s disease of bone
in certain instances also may show patterns
similar to those seen at least roentgenologn
cally in polyostotic fibrous dysplasia (Figs
290 to 291) Balance studies here in the
osteoblastic phase will thow a retention of
phosphorus and calcium and a loss of sulfur
Chemzcal findings are uniformly an increase
in sedimentation rate and a high alkaline
phasphatase where the chemistries In poly
ostotic fibrous dysplasia are normal The
bone characteristics 1 Paget s discase are
usually those of an osteolytic wedge forma
tion which occurs as the primary factor of
the discase This Is closely followed by an
osteoblastic reaction This, of course results
in a distortion of the gross bone structure
It has been described often as low-grade
bone absorption low-grade bone formation
with scattered cysts and islands of hyper
calcification Desplte severe changes in
bone structure the roentgen shadows and
the apatomic form of cortical cancellous
and medullary bone will remain apparent.

Vide trabeculations are common
Paget s disease The cystic forms tend to
be of a type different In appearance from
that of the translucent type seen in poly
ostotic fibrous dysplasia. Rarely does the
degree of deformity occur in Pagets dis-
ease that 15 observed in the polyostotic
fibrous dysplasia, at least as concerns the
thigh and hip area Finally of course the
age is a strong differentiating point

Histologically the appearance of Pagets
Is charactenzed by the mosaic bone struc
ture which is of course quute different
from that seen in polyostotic fibrous dys-
plasia.

Nrxowrormroiratoss (voN RECKLINGHAU
sev s Diseast) Thus s particularly diff
cult to differentiate from polyostotic fibrous

dysplasia, and at least one author Thann
hauser, thinls that they are the same
disease.!®

It is well to recall that the following fea
tures are characteristic of multiple neuro-
hbromatosls (a) heredofamilial affection
(b) café au lat” pigmentation (c) sessile
or pedunculated tumors on the akin (d)
bone cysts at the ends of long bones—femur
or upper end of tibla may be bilateral
sharply circumseribed areas of destructien
with little, if any evidence of bone forma
tion (e} endocrine disturbance eg, dy+
pituitarism (f) mesenteric ganglioneuromas
and (g) intracranial or spinal turnors

Von Recklingt ‘s neurofibr 83
with its characteristic plgmentation of the
skin also may be associated with osseous
leslons and thus complicate the problem of
differential dlagnosis. The presence of neuro-
fibromas along the course of cutaneous
nerves provides an important clue The diag
nosis con be settled by biopsy (Fig 91)
Neurofibromas do not occur in Albright’s
syndrome.

The basic cause of the bone changes i
the development of a neurofibroma in ooe
of the periosteal nerves As the tumoc en-
larges pressure 1s exerted on the bone cor
tex causing erosion and pit formation. These
depressions are filled with nenrofibromatous
tissues In the roentgenograms, they some-
times mimic cysts and at times a thm shell
of cortex covers the fibrous tissue Blopswes
are of afd if nerve stains are dome

Whenever bane is mvolved in neurofibro-
matosis it appears to be a direct nvasioo
of bone by these nodules The skeletal
changes therefore are not so widespread as
they are fn polyostotic fibrous dysplasia.

In polyostotic fibrous dysplasia, the char
acter of the pigmentation of the skin differs
from that of neurofibromatesis. In the
former (namely polyostotic fibroas dys-
plasia) the plgmentation is irregular aboat
1ts edges and not so smooth as it is {n neuro-
fibromatosis.

Orrre's Diszase. Alultiple enchondroma
tosts may be considered to include the Ollier




varant which is sometimes alluded 1o as a
dy<chondroplasta Thee caces are not usu
ally awoclated with pigmentation changes
in the shin Mthough cy<tic arens may be
obeerved in the metacarpals or the metatar
sale a blopsy will show the differentiatlon
with the elements repre<enting primarily
artilaginous matenal (Fige 53 and 54)
Furthermore in thi< phace of multiple en
chondromatenie  the epread {nto the long
bones or in the flat bones does not tend to
be 50 widepread a« 1< oberved in the poly
astotic fibrous dyxplasia and deformities are
not 50 likely 10 occur (Fige 55 to 59) This
condition aleo Is not commonly as<ociated
with fractures but Is awociated to very
marked degree with involvement and dis-
turhance of the epiphy<es

Rencutoexpomin tioers  In particular
Hand Schilller-Christlan dicease may also
be confused with fibrous dy<plasia The
most common <ltes are the shuil and the
Peivis whereas the long bones are <ckdom
fvolved (Figs 247 to 256) The bony de
fects are usually maplike The disense
waally occurs n early life

Hand Schfiller-Chnstian disease often is
famd a3 2 tnad  exophthalmes geographic
shofl and diabetes Insipldus Plgmentation
and sexual preeoclty are not found in lipold
disease

The meore recent consideration mn regard
to the etiology of this disease Is that it is
* granuloma with secondary lipoldification

Liromoses  Cauchers and  Nlemann
Prck 3 disenses may bear a superficial resem
blance in the radiographic appearances of
the bones to polyostotic fibrous dysplasia
but each of these disenses has sufficient
other clinical characteristics apart from the
blstologic aspects of the bone biopsy to
dustinguish them readily (Figs 257 to 261)

Thete i+ however what some have con
sidered ta be an atyplcal Hand Schifller
Christian dusense namely xanthomatosis
;F{llu'llimm osslum in which involvement

the long bones and the jomnts occars The

cholesterol may be elevated here In
emamples unless the dlagnosls is sus
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pecterd the biopsy tissue may be go fixed
that the storage cells cannot be seen or
stalnexl suitably

Hriancioyas or Bonr. In sites other
than the vertebrnl bodies hemanglomas of
bone may have certaln features In common
with polyostotic fibrous dysplasia A biopsy
will serve to differentiate the two conditions
The gross appearance of the two leslons is
also entirely different

Saxcom Sarcold bone leslons usually are
timited to or arc most notable in the hands
(Figs 322 to 326) The elevation of total
plasma proteins frequently the reversal of
albumin globulin ratio the presence of a
globulin In excess in the blood and the char
acteristic shin lung and eye lesions differ
entiate the condition

Aprexar Tustors Adrenal tumors may be
recognized by the fact that those producing
precocious puberty (cortical) rarely metas
tasize to bone and those metastasizing to
bone (medullary) do not produce preco-
cious puberty

Sveuiris In congemtal syphills the form
that {s maost likely to be cystic is the osteo-
myelitic. The lesions usually are multiple
The changes usually are found in the long
bones and the tibla Is the most frequent site.

In skeletal syphilis the lesions are of two
main varfetues penostitic and osteochon
dritic. As a rule both forms are present

The roentgenograms show characteristic
changes—periostitls for example with one
or more shadows parallel to the cortex
There is excessive and mpid subperiosteal
bone overgrowth. The original cortex is
ordinarily thin and Irregular In the con
genital variety there is a variable csteo-
chondritis periostitis and arthropathy Sero-
logic tests are obviously

Lyarrnouwa anp Lvarriiosrasroua This
condition may produce cystic destructive le
sions of bone (and Infrequently bone con
densation) usually in the spine In sequence
of incidence the bones ordinarlly aflected
are spine sternum, pelvis femur ribs skull
humerus scapula clavicle and tibia (Figa.
378 to 380) The Involvement has n dis
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tribution wiuch parallels that of metastatic
cancer

The alkaline serum phosphatase may be
elevated

Leuxeaia. There are signs of moderate

bone destruction Infiltration and expansion
of the marrow cavity atrophy of the cortex,
deminernlization and new bone formation
parallel with the shaft 1 several long bones
(Figs 376 to 377) The presence of a high
percentage of myeloblasts or lymphoblasts
in the blood and the bone marrow s char
acteristic. Sternal puncture is especially of
value in aleukemic persons

The following four varieties of bone le
sjons are seen 1n leukemia (a) trensverse
bands of decreased density at the ends of the
shaft of the long bones (b) destructive (c)
clerotic (rare) and (d) subperiosteal for
mation of new osseous tissue

In chronlc myelogencus and lymphatic
lenkemia there is a progression ordinarily
of the hypochromic variety

Curoxoua. This is a variant of myelogen
ous leukemin with formation of pale green
tumors (when freah) Tumors may form In
the skin or in the bones of the skull The
masses are found contiguous to the peri
osteum of the bones of the face the ribs the
sternam or the vertebrae and less commonly
in the viscera On microscopic examunation
the tumors are found to be composed of
myeloblastic cells. Sternal puncture helps in
the differentiation from polyostotic fibrous
dysplasin.

Ecmrrococcus Cyst or Bone. This is an
extremely rare disease found in the Unfted
States and elsewhere in \orth America The
vertebrae appesr to be the site of predilec
tion The lesions are multilocular polycystic
and without productive reaction or calcifica
tion The surrounding bone Is thin and ex
panded The intradermal Cason! or Culbert
son and Rose tests are positve

LeonTiasis Ossea. This condition rarely
needs differentiation because it is hardly a
disease per se but rather a roentgenographic
pattern of the Kull which may be found in
a varlety of dise 1w~ such as Paget s disease
even Induding pcly ~totic fibrous dysplasia.

In leontinsls ossea there are symmetric
byperostoses of the faclal bones and the
skull which encroach upon the cranial cav
ity (Fig 290)

ACHONDROFLASIA. Achondroplasia is 2
rare congenital condition fn infancy [lead
ing to dwarfism and generalized deformity
There is a generallzed symmetric abbrevia
tion of the diaphyses with great thickenng
of the epiphyses causing enlargement of the
articulations which are attributable to hy
perplasta of the cartilaginous ends of the
bones, The trunk is of normal dimensions.
The cranium is large and the face contrast
ingly small There are dinunished density
hypoplasta thinning and wedging of the
vertebrae The unton of the epiphyses of the
long bones may be premature normal or late
(Figs 73 to 76)

Achondroplasia seldom causes doubt if the
charactenstic shortening of both arms and
legs the facies and the trident hand are kept
in mind. The roentgenographic features are
also diagnostic.

Ostrocentsts [uperrecra. This condition
often presents bloe sclerae and sometimes
certain other hereditary evidences which ap-
pear to be significant in differential dlag
nosis  however blue sclerae oceaslonally
have been reported in association with poly
astotic fibrous dysplasia.!”

On roentgenographic examunation many
healed fractures and angulations are scen.
The compacta is osteoporotic and thinned
trabeculations appear to be missing (Flgs-
19 to 22) The osteocartilaginous margins
reveal a provisional zone of calarfication

Monostoric Fmzous Dyserasia. The
sites of predilection for monostotlc forms of
fibrous dysplasia are the prommal meta
physls of the femur the ribs, the Jaw bones
and the tibise. As a rule the first indication
of the disease I3 a loca] swelling particularly
if the affected bone Is superficial There is
local tenderness sometimes assoclated with
the tumor and sometimes the pain is of an
arthritrc nature

In contrast with the reported cases of
Albright s disease one of the patients shows
abnormal pigmentation or evidence of pre-



coctous pubetts  The lesion grows insidi
oa 1y or remaine stationany \o congenital
almormalities are foumd

Compheations.  Fractures are common
bat unite readilv \onunion may be noted
with «vere cona vara

Acromegalic features and <evere fallure of
vmon have been reported There have been
a number of reports of bone xarcoma super
rening on ledons in Alinght s disease Thev
are usmally non bone forming pleomorphic
pindle and glant<cell <arcomas

Bamatter' from the Fanconi Clinle re
ported the case of an 11 year-old girl suf
fenng from polyostotic fibrous dy<plasia
complicated by purpura In diccusung this
report Fancom stated his bellef that there
w3 a close correlation between bone mar
rox and fibrinogen formation

Congenital arteriovenous aneurysm was
tited by Stauffer'® as s complication of poly
ototic fibrous dy<plasa.

Treatment, The onlv known effective
teatment of fibrous dveplasia s surgeny
(Figs 34 10 36) It may be Indicated where
Ooe or more of three conditions s present
(2} continued pain in the area of a locallzed
boae lesion (L) fracture through a lesion or
(¢} severe bowing as a result of spontaneow.
fracture,

Surgery also s difficult here and subject
to complications For instance osteotomy of
the shepherd s-crook deformity may be done
ind healing fn corrected position occur
Then a subsequent deformity will develop
Cysts may be filled in with bone chips and
then these bone chips found to be reab-
sorbed suleequently A safer technic is re-
#ection of the involved area intramedullary
fixation and use of much bone to replace the
Trerected portion

Hemiresection with mtramedullary nafl
Ing of the fnvohed long bone to maintain
kength and alinement and prevent fracture
ka3 been done by DePalma.!®

Bone chips are wsed to replace the re-
tected half of the involved area. Later when
coasalidation of the new bone has occurred
:ltdiun of the remaining portion of the

01 13 carred out with chip replacement
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Prognosis In young pereons polyostotic
fibrous dy<plasia may be progressive Later
{nlifc it tends to remain stationary Deform
ities of the chest with compression of the
lungs or the heart may place the patients

Iife in jeopardy

SOLITARY (UNICAMERAL)
BONF C\ST

1listorical Notes. The first example of
umcameral bone cyst was reported by \ir
chow ! in 1876 as an accidental postmortem
firding For many years solitary bone cysts
were Included in the group of fibrocystic dis-
cases of bone Reviews of this subject by
Bloodgood * in 1910 and by Elmslle?® in
1914 were authoritative at the time they
were written Helneke! (nitlally descrnibed
the roentgen features of thus entlty

Today the various fibrocystic lesions of
bone have been delineated carefully The
well known entities of hyperparathyroidism
(osteltls fibrosa cystica generalisata)
fibrous dysplasia and giant-cell tumor are
among the principal entities that have been
diferentiated Therefore as 2 result of both
the separation of these other entities and
<pectfic investigations on solitary bone cyst
ftself a definite entity has emerged

Clinjeal Features. A solitary esteolytic
leslon is found near the epiphyseal plate in
the metaphysis of a long bone in a child of
3 to 15 yenrs of age Pain resulting from a
patbologic fracture in the area of the bone
lesfon 13 the usual presenting symptom
(Figs 41 and 43) This In turn furmshes
the impetus for radiographic examination,
Occasionally the bone cyst may be found
incldentally 1o the humerus on a chest radio-
gram

ParnogeNesis. \o defimte conclusions as
yet have been reached as to the etiology of
his leston Tt 13 not frequent in incidence
but occurs often enough to have caused most
workers to give some thought to {ts origin
Vost authonties aceept the close proximity
of the solitary bone cyat to the eplphyseal
plate of the young child Later growth re
sults 1n the migration of the cystic lesion
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Fioc 40 Typial umcameral cyst in

metaphyseal  or

humerus

active pomtion fin

from the metaphysis to the mid-shaft Yet
one of the authors® has been able to report
the existence of a solitary bone cyst in the
mid-shaft of a humerus in a child aged 5

years.

Some of the various theories of ongin of
this lesion are as follows

Pommer® advanced the view that solitary
bone cyst resulted from ntramedullary
bemorrhage It was his thought that the
traumatic hematoma caused localized bone
reabsorption It 1s possible that some of his
cases were those of hyperparathyroidism
Modern-day workers have found very few
osteaclasts in a bone cyst. Bloreover these
are usually the result of hemorrhage second
ary to pathologic fracture It 1s also note-
worthy that true bone cysts are not seen in
hemophilia.

Phemster and Gordon” sought to estab-
lish an infections etiology of this lesion
They clted two cases in which anaerobic
Streptococcus virdans was [solated Subse-
quent workers have not been able to confirm
thelr findings

Bone Infarction has been suggested as the
etiologic basis for unlcameral cyst. However

Fio 41

Unlcameral cyst in latent
posltion in the humeral shaft. Wiate
male 9ywsold.Lefthmnems.There
is a fracture with deformity through the
cyst with some healing reaction

nucrescopic examimnation of the Jesions of
calsson disease or Gaucher’s disease com-
plicated by bone mfarctlon, reveal these ie-
slons to be entirely different hustologically
from unicameral bane cyst

Geschickter and Copeland® favor the the-
ory of progessive osteoclastic proliferation
at the metaphyseal-epiphyseal junction &
the etiologic basls for solitary bone cyst and
glant-cell tumor They note that sbout 75
percemoft_beucascsofbouccysiahowl
predilection for the upper end of the bu
merus the femur or the tibla. They also note
that with advancing age the cyst will mi
grate from its metaphyseal position Into the
so-called latent area of the mid-shaft.



Fic. 42 Unrameral bape cy<t in the
upper metaphyseal region of the femur
Balance studies revealed no Joss of cal
cium or phosphorus. A calclfying regi
ren had no eflect on the leslon The
only therapeutic approach Is surgical

Jaffe and Lichtensteln® have revived
Mikulicz theory of the bone cyst being &
localized osseous dystrophy They do not
gree that the causative cell is the osteoclast
13 advocated by Geschickter and Copeland
but feel that it iy a cell called Into action
oaly as a result of the origmnal osteolytlc
manifestation of the lesion “Moreover
further osteoclasts are found as a result of
the hemorrhage accompanying the patho-
logle fracture so frequently seen In this
entlty

Ramiocmarstic Fixoinos A typleal leslon
s found fu the metaphysis particularly of
the upper humerus (Fig 40) the upper fe

13
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Fto 43 Unlcameral bone cyst. White
male whose difficulty began at age 7 in
1944 Right femur Anteropostenor and
lateral views made in December 19044
1 month after pathologic fracture
through the proximal portion of a bone
¢yt at the distal metaphysis of the right
femur The multiloculations represent
cortlcal ridging not true septa. There Is
evidence of healing in to the
fracture. Bropsy immedmtely after these
films was compatible with the diagnosls
of solitary bone cyst. Treatment of the
fracture by another surgeon was by

laster and later by Thomas caliper
Ernc: immobihzation

mur (Figs. 42 and 43) or the upper tibia.
There 13 an area of localized bone destruc
tion in the metaphyais There Is frequently
a fuslform expansion of the cortex at the site
of the defect The corticnl bone is somewhat
thinned

The cyst may appear to be truly umeam
eral (Flg 40) or there may be trabecull vis
ualized in the x ray plcture (Figs 42 and
43) As noted above these do not represent
septa through the lemon but merely ndging
of the cortex as a result of the expansion of
the cystic defect
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Fio 44 Unicameral bone cyst. (Same
patlent as Fig 43 ) Right lower femur

N ray pictures in May 1948, revesl
some filling in of the cyst by healing
reaction but the distal end of the lesion
looks susplaously active No curette-
ment had been carried oat.

There 15 an open epiphyseal piate found
close to the lesion in those cases found in
childhood and adolescence (Figs 40 42 43)
If the lealon is found as an incidental radio-
graphic discovery there may be no evidence
of pathologic fracture In the more typical
case however actual fracture or more rarely
minute mfraction of the cortex on oue side
of the cystic area is present

W ith advancing age the cyst will migrate
away from its so-called active position in the
metaphyseal region to a latent position in
the middiaphysis® (Flgs. 41 and 47)

Pathology The bone overlying the cystic
ares may be enlarged in arcumference as 2
result of the expansion of the cyst. However
the cortex itself may be thinner than nor
mal Tt may be lightly ridged by the smooth
connective tiveur membrane of the cyst

Fic 45 Unicameral bone cyst. (Same
patient a3 Fig. 43 ) By August, 1946
xray pictures of the Involved right
femur show definite reactivation of
growth in the cyst. Skeletal roentgeno-

graphlc  surv Blood
chemical  studies Lumna taldum
phosphorus, and alkaline phospha

were normal.

This lining may or may not be complete
throughout the entire circumference of the
leslon The cyst will contain a clear yellow
flud but It may be blood-stained In the pres-
ence of recent fracture

In the surrounding bone there may be
evidence of & healing reaction (Figs. 41 and
43) There may be periosteal llftlng with
new bone formation particularly if there
has been a fracture

The surprising finding is the mnimal
amount of connective-tissue elements ob-
tamed by curettage



F1c. 46 Unkameral bone cyst (Same
patient as Fig 43 ) In December 1946
operative curettement and filling in of
the cavity with pelvic bone chips was
arried out. The cyst was still {n the
actve position and care had to be taken
to spare the epiphvzeal plate \ ray pic
tares of the lower right femur In March
1947 demonstrate the healing reaction
follom ing defimtive surgery

There are no <epta Any loculation visual
Izzd on the xray plcture is actually the
Presence of cortical ndging rather than any
compartmentation of the leslon itself (Figs.
42 and 43)

Miczoscoric Fratures lcroscopic fen
tures include the thin connective tissue
membrane In dts wall ate found the osteo-
2:“ glving rise to some new bone forma

'

The controversial cell In this lesion is the
#lant cell found 1n some number in histo-
logic sections of various unicameral bome
Nits Geschickter and Copeland® feel that
the glant cell represents a definlte causative
Islonal-cell entity They belleve it is related
te asteoclastoma or giant-cell tumor which
% seen in a later age after closure of the
Piphyseal line They belleve that the giant
<ells found are primary in the tissue of the
bove cynt
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Fic 47 Unicamemnl bone cyst. (Same
patient as Fig 43 ) Lower right femur
\ ray plctures in October 1952 reveal
satisfactory evidence of complete heal
ing The sclerotic area has migrated
away from the metaphyseal area to a
latent position in the diaphysis.

On the contrary Jaffe and Lichtenstein®
feel that the osteoclasts or gant cells are
present merely as a response to bone de
struction 1 association with the lesion. In
addition 2 further osteoclastic response is
called out as a resnlt of bone pathologic
fracture Furthermore phagocytic cells are
found because of blood elements found mm
the tissues following cortical infraction
They {eel that the giant cell of this lesion {s
entirely different from the tumor giant cell
of the osteoclastona or giant-cell tumor

Treatment. This is a benign lesion with
out any tendency to local spread or distant
metastasis. The treatment of cholce 1s opera
tive curettage bone graft and bone-chip
implantation (Figs 46 and 47) The use of
escharotic agents such as concentrated dnc
chlorlde solution following curettement, is
favored by some surgeons

Some workers!® 1! have noted a tendency



Enchondroma of the first
metacarpal in an adolescent patient
Differentlal diuagnosis for this type of
leslon 1ncludes bone cyst glant-cell
tumor tuberculosis syphills and osteoid
osteoma

Fio 51

chondromas 1s the interior of the phalanges
and the metacarpals of the hand (Fig 51)
They also occur as single tumors inside the
metaphysls or even the diaphysis of long
bones (Figs 49 and 50) Here they may
grow enormously

Occasionally they may Involve the endo-
chondral bones of the pelvis and the scapula,
Whenever the pelvis and the scapula are in
volved malignant vanation must be sus-

It has been thought that the nibs and the
vertebrae also may be mvolved by this
tumor! (Fig 48) However some feel that
this never occurs® The involvement of a rib

Fic 52 Osteoid osteoma simulating
metacarpal enchondroma. (From Dr
M M Pomeranz)

has been demonstrated in some cases to be
the superimposition of an asteochoodroma
(Fig 62) The vertebeal type is probably a
Schmorl nodule of herniated Intervertebral
disk tissue.

Climeal Features: SIGNs AND SYMproMS.
Patients afficted with chondroma may
notice an unusual Jocalized swelling tender
ness or pulsation. They may have localixed
discomfort paln or dwsability Spontancous
fracture may occur particularly in enchon
droma of the hands or the feet. It is uncom
mon In mmvolvement of long bones except
when malignancy has occurred but then
severe pain and rapid cortical erosion and
extension of the tumor pccur

The symptoms induced in the benign form
ere attrdbutable to displacement of con
tiguous tissues and to disability from the
slze of the tumor

Simple chondromas may be symptomless.
Pain when present Is usually Inconstant
and mild Sometimes the diagnoss may be
made simply by random roentgenographic
study

Craxmicar Dara. Chondromas do not show



characlerhtic chemical changes in the blood
cerum or the urine Malignant degeneration
is not reflecied consistently in elevation of
alkaline phosphatase

Rorntornocmariiic Disonesis  In the
smali bones of the hands and the feet the
tumor will appear as an ovold expansile
osteolytic lesion (Figs 51 and 52) The ap-
pearance in the limb bones is similar except
that the lesion is larger The cortex may
become thinned bulging or infracted The
rarefaction is due not to an empty <pace in
bone sulitance but te radiolucent cartilage
islands which displace normal bone struc
ture. Septac therefore are not apparent on
the roentgenogram However stippled or
blotchy calafication may be present and Is
diagnostic when present (Fig 50}

Pathologyt Gross Arprarance. Gross ex
amination shows a cartilage mass with some
times myxoid portions. In geperal, enchon
droma appears largely as a bluish white
lobulated  cartilaginous mawm. Scattered
through it may be formd yellow gntty tissue
which is calcified and ossified cartilage

dMickoscoric  Arpramance, This shows
sheets of hyaline cartilage. There is con
siderable cellularity with mitosis In some
areas, It has been aptly sald™* that tumors
in long bores look benign and are apt to be
come malignant whereas tumors in small
bones appear malignant microscopically and
ustally are benign \evertheless malignant
degeneration is clearly demonstrated by
cellular pleomorphism n contrast with the
uniformly small chondrocytes of the benugn
variety

The tumor is composed of hyaline car
thage calcified in a few scattered areas In
Intersecting strands of fibrous tissue fetal
cartilage cells are pre<ent in a myzomatous
background

Differentlal Dingnosks. \ost important
things to differentiate in amall bapea are 1n
flammatory process  osteold  osteomas
solitary cysts of glant-cell tumors (Fig 52)
\ tolitary is the most com
mon single tumor of the small bones of the
hands and the feet (Fig $1)
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In the long Lone~ an uncalclfied enchon
droma may be confused with glantcell
tumor  monostotic fibrous dysplasia and
unicameral bone cyst (Figs 42 and 49)

Biopsy of course is the ideal dingnostic
methed 1f the tumor has expanded to in
volve much of the bone shaft and to
produce {racture or indicate 1mpending
fracture surgery and therefore biopsy is
fmperative

Complications. Mallgnant cartilaginous
tumors may arise from an enchondroma

\lahgnant changes occurring In a chon
droma frequently are preceded by a perlod
of quieecence that may extend for 20 to 30
years or even longer

Chondrosarcoma may be grouped as fol
lows (a) the primary chondroblastic
sarcoma that is noted in children and young
adults and that resembles osteogenic sar
coma dinleally and roentgenographcally
and (b) the secomlary chondrosarcoma
{chondromyxosarcoma) The latter tumors
arlse 1n an area that is the site of either 2
pre-existent enchondroma or an osteochon
droma. Usually they develop in middle or
late adult life

The progresa of either form of chondro-
sarcomn {3 charactenstically slower than
that of osteogenlc sarcoma, and metastases
coeur late in the disense Secondary nodules
usually appear first in the lung and rarely
fo other organs In some examples autopsy
disclases & continuous intravascular growth
from the tumor

Treatment. These lesfons are not radio-
sentitive. The best treatment Is through
curettage and replacement with packed bone
chips or with a fashioned solid bone graft In
certaln instances where it has extended or
where malignant degeneration is evident re
section or ablatfon may be required

NMurnrie knsocuonproyatosis
Definitlon. This is a developmental error
which is characterized by maltiple cartilagl
nous tumors In the Jopg bones which may
vary from a few bones to all of the long
bones which may be widespread and bi
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lateral or whica may be predominantly uni
lateral (Figs 53 to 59)

Historical Notes. The predominantly um
lateral form has been described by Olller
and s termed Ollier s disease. It is distinctly
questionable, however that cases are dis-
tinctly unilateral even one of Ollier s origi
nal cases had bilateral manifestations *

Ollier also described earlier several cases

of hereditary multiple exostoses and his
name has been given to this entlty also®
The ruthors prefer the descriptive terms for
toth entitles and avold the confusion epo-
nymic designation Moreover the term dys-
chondroplasia is also nonspecific and seems
less useful than the designation multiple
enchondromatosis which clearly {ndicates
the pathologic origin

from Dr M M Pome

Fic 53 Multiple enchondromatosia. (Figs S
ranz) Both hands, showing the multiple knobby
left side.

3::1

es predominating on the



Incidence This discase apparently s not
hereditary but s a developmental defect
Either «ex may be affected the male «lightly
more than the female The discite begins
i Infancy but may not be detected untll
much later unless <evere multiple deformi
tles are manifested 1t i rarer than the
solitary form

Clinical Features. The degree of involve
ment varies from a casc with only a few
bodies involved to one n which many even
all of the limb bones are involved (Fig
53) The epiphvses are more apt to be af
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fected In this condition so that It may be
characterized by growth disturbances

Patlologyy Gross  Arprarance.  This
shows lobulated cartllaginous masses within
the metaphysis and the diaphyses. They ap-
pear to arlse at the metaphyseal side of the
epiphysenl plate N\o bone trabeculations are
evident Dbut ossified and cakified cartilage
is present

Microscoric  ArPraraNcE. Microscople
findings are hyaline cartilage masses with
some vanation in the uniformity of cell size.
\itosis may be present There is greater

Fio $4 (Left) \Iulll-p]c mc}wndnmalndn (Same patient as Fig. 53 ) Left hand.

\-ray plcture confirms |

fc evidence of L

bbing shown In Figure 53 Wide-

spread mﬂmrﬁl and phal.m,cml cartilaginous lesions without calclfication. Histologic

pleomotphism

sonal mallgnant supervention difficult.
Fio 55 (Right)

#nt in the lower humerus and the radius

4

Multiple enchondromatasis
(Olller s disease) (Figs. 55 56 from Dr 3 N
Pomeranz) Right upper extremity lesfons are pres-

these lesions is at variance with
the usual benfgnity and makes the detection of occa
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profuseness of cells than in the solitary
form. Mahgnant degeneration 1s more apt
to occur In this type.

Treatment. Treatment involves attention
to all of the involved areas with steps taken
for each as changes in the single form indi
cate The multiplicity of the condition
means inability defimtively to bandle this
conditfon as the solitary form can be
handled

Prognosts. Chondrotarcomatous degener
ation of these tumors 15 much more likely
than in the solitary type This may occur
even at multiple sites

NMarrucct s SyNproaE

Defimition, This is multiple enchondroma
tosis or dyschondroplasia with multiple soft
tissue hemangiomas

Hutorcal Notes. This condition was first
reported by VMaffueed T Of the two compo-

neats of the syndrome, the dyschondroplasia
s sumilar to Ollier s disease® and the vascu
lar abnormalities i the forms of caverncus
hemangiomas and phlebectasia appear to be
colncidental

Incidence. The condition {s nearly three
times as frequent in males as In females
and usually 18 not recognized untfl late
childhood

Clinical Features. During the yegrs before
puberty a hard nodule appears unilaterally
or asymmetrically most commonly on a
finger or toe This is soon followed by others
involving the extremities and the limbs,

Dilated velns and soft bluish tumors ap-
pear on the mvolved limbs and the trunk
Fractures of one or more bones may fol
low alight injury Union is slow It may be
noted that development Is uneven on the
two sides of the body One whole side of
the child may reman dwarfed and de

F16 56 Multiple enchondromatesis (Olier’s disease) (Same patfent as Flg. 55)
Widespread mvolvement of both hands with more advanced changes on the right side



formed. The curved uneven bones Induce
secondany deformities such as genu valgum
pes planus etc. Throughout the period of
development  the deformities Increare in
degree

In <evere examples of the syndrome the
hands and the feet become almaat unrecog
nizable and are changed into large masses
of tumer growth 1in which only the protru
sion of a nail <hows the presence of a diglt

Pathology The bone le<ions are enchon
dromatous rather than osteochondromatous
and are charactenzed by irregular expansion
of the cortex and widening of the shaft

The hemangiomas may occur {n the sub-
cutaneous tissue but have alw been noted in
the lips the palate and the mesocolon They
form blue or reddish blue tumors which are
2oft and compre<sible and <ometimes tender
on pressure

Thromb] may form and occasionally be-
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come calclfied as phleboliths they produce
a pronounced radiographic pattern in the
<oft tlssues

Phlebectasia Is common and may affect
large groups of veins or be confined to a
few areas in a vein causing beadllke swell
ings

Groxs Arrearancr. The small bones of
the hands and the feet (but not the carpals
and the tarsals) are the site of muiltiple
small cystic areas (enchondromas) with
irregular expansion of the cortex and widen
ing of the shaft The bones are thus quite
Irregular in outhine Similar areas may be
seen in the long bones and occasionally In
the ribs the scupulae and the vertebrne

\licroscoric  Aprramance  Microscople
examination Indicates that the dyschondro
plasia results from faflure of absorption
of the cartilaginous growth plate of the
epiphysis

Fio 57 JMultiple enchandromatosis
to 59 from Dr M M Po

(Ollier 5 discase) (Figy. 57
Pelvis, A

Bilateral upper femoral lesfons with additional lesion In the-lllculr o
Note the spina bifida of the first sacral segment. t Do,
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OSTEOCARTILAGINOUS EXNOSTOSES

Definition. Osteocartilaginous exostoses
are cartilagecovered cancellous extrusions
of bone found most often at the metaphysis
of long bones but also found on flat bones

The disease may occur i solitary or
multiple forms The solitary form Is usually
termed an osteochondroma 1t represents
the most common benign tumor of bone
(Figs 60 to 64) The multple form s usu
ally hereditary and Is more apt to develop
mahgnant degeneration or deformity The
latter has many synonyms Ehrenfried’s

Fic 58 (Left) Multiple enchondro-
matosis (Olleer s disease) (Same patient
as Fig 57) Both lower extremities.
-\ntempostcﬁur view Bilateral Involve-
ment with [:n edominant changes on the
night. The ons appear to be concen
trated at the metaphyses.

Fic 59 (Bottom) Multiple enchon
dromatosis. (Olliers disease.) (Same
patent as Fig 57 ) Bilateral foot in-
volvement with slight predominance of
nght sided lestons, The x-ray pictures
are
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Fio 60 Osteocartilaginous exostosls. White male 13 years old. Right knee. Antero-

posterior and luteral views. The sesslle type of osteochan

droma of the lateral aspect of

the upper tibia is visible In the anteroposterfor view In the lateral view the leson sim

ulates an en

disesse ! hereditary multiple exostosls
multiple hereditary osteochondromatesis
metaphysenl aclasis  diaphysenl  aclasis
(Keath, 1920) * dyschondroplasia ? hereds
tary deforming chondrodysplasia  exostotic
dysplasia exostosl osteogenetische ecchon
drous osuficans  multiple osteomatosis
chondral osteoma exostosis disease

Although the solitary form is the most
comman type of bone tumor it may be con
sldered to be a single umit of the hereditary
multiple form. Therefore the discussion for
the multiple form will suffice to describe a
solitary lesion except as otherwise noted

Historical Notes Kienbock® made the
first thorough differentiation of multiple
cartilaginous exostoses.

Sir Arthur heith? wrote

The name I pi one suggested to me
by Mr Morley m is dusphyseal aclasis

e the main incldence of the disturbance
{alls upon the modellng or pruning of the

ytes or shafts of the booe It will be
scen that the supposition that there is an arrest
of development In the periosteal rng of the
diaphyseal growth disk explains the appear

Fio 61 Osteocartllaginous exostosis.
White male 12 years old Left knee.
Anteropasterfor view Pedunculated type
of osteochondroma arsing from the
medial aspect of the proximal tibial
metaphysis Contrast with Figure 60
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Fio 62 Osteocartilaginous exostous
or osteochondroma White male, 87
years old The lesion arises from the
proximal portion of the nght twelfth rib
Note erosion of the eleventh nb There
is calafication of the cartilagmous por
tion of this loog standing tumor which
has remained unchanged in uze and ap-
pearance for many years,

ot

FIo 63 O<teochondroma. Aloderate
aldfic suppling Is present in the lesion
arfang fron the {liac wing

Fic 64 Osteochondroma. Advanced
calcification Is present In an epormous
leslon originating from the scapula.

ance presented by the shaits of long bones in
diaphysenl aclasis.

‘The arrest in the extension of the petfostenl
ring permits the cartilage of the dlaphyseal
disk to become exposed o the surface of the
shaft and thus leaves it uncovered and free
to glve rise to irregular outgrowths or exos-
toses. A covering of periosteal bene maintains
s restrictive infitence on endochondral bane.

In 1930 Miller denled the Importance of
the epiphyseal plate in this disease which
he considered took ongin mn a constitutional
anomaly of the perlchondrium or the perl
osteum,

Incidence. Blales are afiected about three
times as often as females. The upper meta
physis of the tibia and the lower metaphysls
of the femur are affected most commonly
the lower end of the tibia and the fibula
next. This {s true for both the solitary and
the multiple types (Figs 60 61 end 71)
The exostoses are bony hard and fracture of
an excstosts occasionally occurs
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Etiology The etlologic factors are still a
matter of divergent opinfon A reasonable
hypothesis was advanced by Relth? in indi
caung failure in the modeling process of
bone The authors consider this 1o be part
of the explanation

Lxostoses are peculiarly related to areas
in which endochondral tone formation oc
curs. Replacement of the cartilage mold by
bone is the function of the perichondral
splint (Fig 7) \ defect at a superior or an
inferfor metaphyseal edge of this splint
would mean incomplete replacement of car
tilage by bone at that point Modeling of
booe will occur throughout the rest of that
bone but will be interfered with at the site
of the cartilage excrescence The cartflagl

Fio 65 Chondrosarcoma arising {rom
pre-existing acteocartilaginous exostosis
of the tibla. (From Dr M M Pome-
ranz) The malignant supervention oc
curs in the cartilage cap of the osteo-
chondroma.

F10. 66 Hereditary multiple exastoses or diaphysesl aclasis. (Flgr. 66 to 72 fr
B; Harold ] Tsard and Dr § § Mintz) White male 20 yun(old_ Both nnum:f-i
u‘;ﬂ'ﬂponnim views. \Multiple osteocartilaghrous exostos=s of the proximal humeri

the scapulae The scapular lesions are heavily calcified at the cartilage cap The
Hlght humerus Is {nvolved more severely than the Jef-
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Fic 67 Hereditary multiple exostoses

or diaphyseal aclasis. (Same patient as
Fig. 66 ) Left scapula in profile to dem-
onstrate osteochondroma arising from
just above the inferior angle Such a
lesion can be misconstrued as an en
chondroma :f not scen in oblque wview

nous excrescence maintains some of the
growth potentiality of the epiphyseal plate
therefore bone will lay down in a part of
this excrescence (Figs. 62 to 64)

Clmical Features. Sicns aNp Svarrrous
or taE MurreLe Foryt The multiple form
of the disease 18 hereditary It develops in
sidiously during childhood afflicting males
more often than females.

Hereditary multiple exostoses are char
actenzed clinically by the slow evolution
and growth of many protuberances on dif
ferent bones the number In some reported
examples hus reached 2 few hundred The
most frequent site s the metaphyseal area
at the Lnee< the anlles, the shoulders the
scapulae the pelvic bones the ribs the ver
tebrae tht metacarpals and the metatarsals
(Flgs. 66 t ) The bones of the skull are
iovolved r e 1n

Fio 68 Hereditary maltiple exostoses
or dmphyseal aclams. (Same patlent as
Fig 66 ) Both forearms. Anteroposte-
rior view The left radius and the ulma

are bowed. There are sessile eoatoses
in the diaphysis of the left ulna, with
shortenmg,

The exostoses are symmetric, as a rule.
Unflateral  develop is

Growth of the excstoses parallels akeletal
growth. In severe examples of the maltiple
form the growth of the skeleton especially
the long bones Is affected so that deform:
ties develop Common growth disturbances
are relative shortness of the nlna and the
fibula (Figs. 68 69 and 72)

These tumors seldom give rise to symp-
toms owng to their slow growth Sometimes
they interfere with free tendon action, re
sulting in snapping tendons. At times 2
bursa develops over their apex and becoutes
inflamed (Fig 71)

Valignant degeneration® may occur In the
multiple form less commonly in the soll
tary form Pain and rapid growth suggest
malignancy (Fig 65)

Crrxrstay The chemical constituents of
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Hereditary multiple exostoses or diaphyseal aclasis (Same patient

69
as Flg 66 ) Both wrists. Anteroposterior view The shortened and deformed
distal Jeft ulna is shown, There are a pedunculated exostosts of the distal nght
ulna and a sesslle lesion of the distal right radius with little deformity In this
instance the hands are spared but severe examples may have outgrowths on

both metacarpals and phalanges.

the blood serum and of the urine remain un
changed as a rule

RoexroexocrapHIC APPrARANCE. Cartr
laginoas exastoses consist externally of com
pact, and internally of a spongy structore.
The latter in the shaft of involved bone 13
continous with that of the exostosts The
appearance of the cartilage cap varies in size
and degree of calafication (Figs 63 64 66
and 67)

The base of the offshoot may be narrow
or broad The offshoot is seen either at a
right angle to the shaft or inclining toward
the diaphysis (Figs 60 61 and 71) Large
exostoses sometimes displace adjacent bones
or produce erasion by pressure (Fig 62)

The salient feature of the roentgenogram
1 the bony projection from the metaphysis
The apex of the projection as previously
stated always points awny from the nearest

Fic 70 Hereditary multiple exostoses
or chaphysenl aclasis (Same patlent as
Fig 66 ) Pelvis and upper femora. An
teropostertfor view  Pedunculated bony
outgrowths are found arising from the

right ihac wing and both prodmal
femora,
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F1o 71 Hereditary multiple exostoses
or diaphyseal aclasis (Same patient as
Fig 66) Both knees. Anteroposterior
view Here involvement is severest.
There 1s lacL of proper modeling bilat

erally more on the left Note the
clubbed shape of the femora and the ab-
normal fibulse. Multiple exostoses ses-
sle and pedunculated originate from
the femoral the tiblal and the fibular
metaphyses. Bursae may develop over
these larger lesions.

epiphysis The terminal segments of the af
fected shafts particularly In the hereditary
form are larger than normal thereby mak
1ng an apparently long metaphysis, Deform
ities may be seen in the forearm or leg 1n the
multiple hereditary type (Figs 68 and 72)
In some examples there may be longitudinal
striations in the metaphysis similar to thos~
in osteopathia striata In others agaln there
may be punctuated shadows of imcreased
demsity presumably of the same character
as those ~een in osteopolkilosls

Pathology  \lacmoscoric  ApPraRaNcE.
The growib~ are pearl blue or yellow and

R L

Fic 72 Hereditary multiple exostoses
or dmmphyseal aclasls, (Same patient as
Fig 66) Both legs. Anteropostenor
view Severe bilateral developmental ab-
normalities can be seen involving both
the tibuae and the fibulae \ost of these
exostoses are sessile In configuration.

show a rubberlfke consistency The shape
of the exostosls may be sessile (against the
bone) or stalked The exostosis may vary in
size

Alicroscoric Apprarance, The histologic
characteristics are those of an ossifying ec
chondroma or exostosis which breaks the
normal osseous contour The superimposed
pointed cap Is compased of undifferentiated
cartilage The base of the exostosis fs cov
ered by perlosteum As time progresses the
cartllage cap thins reactivation of the cap
is suggestive of malignant degeperation
(chondrosarcoma) The cap projects in a
slanting direction away from the adjacent
Joint



Diagnasls. There is little difficults when
the offstoots are large enough to be palpa
ble Sometimes they are discernible only by
radiographic examination If <olitary or
«mal)

Complications. Some of the complications
which may be dlecovered are (a) Interfer
ence with faint function (L) pressure on
nerves and blood vessels (c) local Inflam
matton (d) fracture of pedicle of the ex
ostosls and (¢) chondrosarcomatous change

Treatment. Surgical excision 13 indlcated
when an exostorls interferes with move
ments of & joint or the action of tendons or
when it 1mpinges upon a nerve When ma
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lignant degeneration occurs wlide resection
or ablation is Indicated

I xostoses commonly cease to
grow with skeletal maturation On rare oc
caslons there are malignant changes within
the cap of the exostosis. This Is more com
mon in the hereditary multiple variety than
in the solitary example

ACHON\DROPLASIA

(Svn  Chondrlystrophia foetalis mi
cromelia )
Definition. Achondroplasia is a develop-

mental error resulting In disturbed endo-

droplastic dwar{ The

F1o 73 Achondroplasia. (Figs. 73 to 76 from Dr M M Pomeranz) Typlcal achon
oreshortened Limbs

thow moderate brachycephaly f

phs
{n relation to the trunk increased lumbar lordesis and bowing of the extrnn]-;ﬁeg
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The hand is a trident hand because the
mmddle finger s the same length as the index
and the ning fingers

The middle phalanx of all the fingers is
shorter than normal in relation to the other
phalanges. The upper arm is short in propor
tlon to the forearm. Doth upper and lower
extremities are considerably shorter and
thicker than normal

Limitation of jaint movernent Is a com
mon phenomenon. The upper lmbs do not
fall completely to the side and with their
shortening this tends to make the arms
stand away from the side 1n this strange
fixed stiffened way Elbow extension is usu
ally limited The lower extremities show
bowing of the legs often due to curvature of
the tibias There Is calf bow There 18 some
times hyperextension of the knee The head
of the fibula is placed abnormally high. The
bowing of the lower extremities ghes a sug
gestion that coxa vara may be present in the
hips but this is not so

Pathology The pnincipal sites of patho-
logic disturbance are at the epiphyseal
plates of the long bones at the base of the
skull and at the epiphyseal plates of the
nibe

The primary problem occurs at the zone
of provisional calctfication of the epiphvseal
plate This may vary from simple retardz
tion to practically complete aplasia The
cartilage columns 1n the zone of provisional
calcification do not proliferate and line up
in ap orderly fashion Calclfication occurs in
2 spotty way in these irregulsr cartilaginous
masses which are then not properly sh-
sorbed and replaced by bone

The principal defect 1s thus the Jack of
normal chondrocyte growth and develop-
ment at the proliferative zone of the epi
physeal plate It is this area which normally
g@ves rise to cartilage columrs which later
become calatied thereby making them more
eauly reabsorbed and available for bone re-
placement

Since these (hondrocytes are not devel
oped In adequate numbers or quality the
process of | ne development is retarded or
ceases at thi pomnt

When growth stops the epiphysea.
may remain in situ or may be oblitt

Base of the Skull There occurs prer
fusfon of the sphenofd and the oc
bones to form a shortened skull base
result, the foramen magnum is redy
dlameter to as much as one half of ]
it usually attafns in the normal Indny
It is rather an interesting problem tl
the skull premature fuslon occurs, a1
in this condltien it Is not uncommon 1
epiphyseal plates that persist indefinit
the [fmb bones

This appears to be a finding which
fully explamned It {s true of course th
long bone and the rib epiphyseal plate
close in achondroplasia in early chilé
but it 1s not the rule At the base ¢
skull, premature fusion is the rule A
droplastics appear to have a mild deg
hydrocephalus *

Simular pathologic changes occur |
vertebral column and in the ribs bt
changes are less marked than in the
bones and the base of the skull so tha
marily the dwarfing is of the long bone
the base of the skull

RozxnrcxNoararHiC Finnmnes The
of the extremities are broadened at the
but relatively normal in dlameter at th
ter They are shortened in length.
shortering appears to be proportion
greater proximally than distally whf
contrary to that found In pituitary d
Ism. For instance In achondroplasia
femor is relatively shorter than the tibli
the fibula (Figs 75 and 76)

The muscular ridges of the bones ar
aggerated The tbia 13 shorter than th
ula and that Is why the fibular head
prominent in achondroplasia (Figs. 75
76) The radius may be shorter than
ulna, which would cause a peculiar
deviation to the hand (Fig 74) Usu
however it s the other way around so
the ulna is shorter than the radius
discrepancy produces a bowing effect o
upper extremities.

Epiphyseal Changes by \-ravs The
physeal centers appear enlarged but art



tnally not abnormal in size 1t is the flared
metaphveeal end that makes them appear
larger than normal This Is particularly evi
dent in the metaphyseal end around the
lower femur and the upper tibia where they
may be almost \ -shaped and appear to prac
tically enclote the epiphyzeal center (Figs
74 to 76)

The epiphyes of the long bones appear
at the normal time or somewhat early They
may fuse or clote early normally or late.

The sternum 1s short broad and thick
The ribs ate shortened to less than half their
wual length. The scapulae are deformed
The glenold does not appear to be large
enough for the humeral head and this ac
counts for some of the fixed abduction con
traction The lower border of the scapuln
Is quared off as if the lower portion has
been at the side

The pelvis is small over all this probably
is associated wth early fusion of epiphyseal
lines.

The hip sockets are placed more poste
riorly thau 1 normal so that the sacrosciatic
notch is closely contiguous to the acetabu
lum The sacrum tends to protrude consider
ably posteniorly but this 1s probably a part
of the excess lumbar lordosis.

Base of the Skull This shows premature
fusion of the presphenold the pastsphenord
and the basispbenold nuclei to form the os
tnbasilare which is abnormauly short.

The mandible {s essentially normal in
size but because the bose of the shull 1
shortened it appears prognathic In type.

Spme The vertebral bodies are not par
ticularly aboormal in size but there is a
little tendency toward a smooth dorsal
kyphos sometimes associated wath wedglng
and an increase in Jumbar lordesis

Differential Diagnosts. The deformities
can be determined prenataily by x my pic
ture The findings then will be a large head
and the small thickened extremities with
shart bones which are widened at their ends

The coodition must be differentfated from
the pitultary type of dwarfism which of
course shows symmetrical changes and not
the disproportion as far as the head and the
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fimbs in relation to the trunk are concerned
The pituitary dwar( shows deficlent sexual
development or hypogonadism This is not
true in the case of the achondroplastic.

1t must be dilferentiated from the primor
dinl dwarls who are simply small normally
proportioned and developed people Ex
amples of these cases are the pygmues of
Afnca

The condition must also be distinguished
from chondro-osteodystrophy or JMorqulo-
Brailstord disease and Hurlers syndrome
or gargoylism (Flg 96)

The epiphyseal centers, particularly radio-
graphically in Morquios drsease are deh
mitely at varance {Figs 99 to 108) The
vertebral changes show the shpper tongue
changes with kyphosis (Fig 98) There 15
an increase in anteropostenior diameter of
the chest, in contrast with that seen in
achondroplastics

In Hurler's duisease there is mental defi
clency liver enlargement and corneal opac
ity dMoreover the last two chondro-esteo-
dystrophic types are born normally and
develop between the fit and the fourth
years whereas achondroplastics may be evi
dent even while stll fetuses and certainly
are well-defined at birth.

Treatment. This is a developmental defect
and no specific treatment has been devel
oped for this. As a matter of fact, the
changes are {rreversible when they are ob-
served and evident.

Prognosts. The fusion of epiphyses some
times may be dedayed even until the fifth
or the sixth decade in some individuals, The
adults will be markedly shorter in helght
than the normal human bemng As stated
previously a considerable number of achon
droplastics are stillborn or die within the
first year—as many as 80 per cent or more

Those who survive however have a good
life expectancy They can propagate but in
the women the pelvic outlets are severely
mpaired and probably will require cesar
can section. It must be borme {n mind alsa
that where at least one of the parents is
achondroplastic, up 1o 50 per cent of the
oflspning may develop a similar deformlty

-
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Fic 77 Osteopetrosls. (Figs. 77 to 79 from Dr M M Pomeranz) (Top right)
Right upper extremity The bones are denser than nocmal. Zones of increased density

alternate with lighter areas, (Top left) Leit u-pper extremity Findings are similar to
those on the right side. (Bostom) Both bands. Anteroposterror view An frregular
reticutum of dense trabeculations i3 sesn In the carpas, the metacarpals and the
phalanges bilaterally The metaphyses of the metacarpals and the phalanges are af
fected more than the diaphyses which appear as relatively radiolucent patches.

OSTEOPETROSIS ita diffuse morbo marmoreo marme

Lnockenkrankheit maladie des os marm

(Svn  Albers-Schinberg disease (1904)  reens chalky bones (Pine) hyperoste

osteoscleroais with anemua marble bones  gsjeopathy  osteosclerosis dissemlnata |

congenital osteosclerosis  osteosclerosis  miliaris marboskelett osteopetrosis fi
fragilis generalisata ostcosclerosls congen  gills  streifenfBrmige osteopolkilie)
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Fio 78 Osteopetrosis (Same patient as Fig 77) (Left) Rib cage and thorack

ne. Anteroposterior view The vertebral bodi
Endo[lnmseddcnsitymnmmdluglcmtnldn:me.mﬁhueth

es have an inferior and a r
ened

and present stresks of increased denmty (Right) Lumbar spine pelvis and hips.

Anteropasterior view \ ertebeal-body Involvement is agaln well

shown there is = light
bone

central zone surrounded by two bands of increased density formed by abnormal
The pelwis is also typical. The ilisc wings have clear zones alternating with parallel
curved bands of dense bone The acetabular areas and the upper femora are affected

also.

Defiution. Osteopetros:s is a rare disease
beglnning in infancy and even # stero of
genetic and familial occurrence character
jzed essentially by an {ncrease In the radio-
graphic density of the bones and with vary
ing change In structural contour Usunlly
the long bones tend to be shortened and
clubbed at the ends with complete oblitera
tion of the marrow cavities The term
marble bones 15 & misnomer The bones are
in fact, chalklike osteocretosls or osteo-
petrosis is perhaps & better term

Historical Notes. The first case of bnttle
bones recorded in medical literature appears
to be that of Bordenave In 1763 In 1788
Eckmann (Upaslz) described the familial
inadence and Strack (1807) described the
condition

Albers-Schnberg! demonstrated general
ized osteoscleresis in a living person by

means of roentgen rays He called the dis-
ense marmorknockenkrenkheit,

Reich? further analyzed the
plcture

Laurell and Wallgren? Introduced the
name osteosclerosis fragilis generalisata.

Davis* described 7 cases from the foreign
lterature and added 1

Karshner® introduced the term osteope-
trosis in 1926

Incidence. By 1947 % 148 cases had been
reported Osteopetrosis has been found in
the fetus” and may be present at birth or
become manifest during childbood or even
be observed In later life. The usual age at
which it is identified is between 12 and 20
years,

Both sexes may be affected but the dis-
ease is more common in males.

Etiology The etlology is unknown how

clinfcal

Ve
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Fia 79 Osteopetroals. (Same patient a3 Fig 77 ) (Le/i) Rxgh! side of pelvis and

femur Anteroposterfor view The

bones are denser than
mthernhminawﬂdfuhimuoccurshthcmum

but fnvolvement fs
Lateral

patchy examples.
femoral bowing is conspicuous. Compare mth Figures 207 and 208 (Cemter) Left
side of pelvis md femur Anteroposterior view The findings are similar to those of
the opposte side In severe cases, there Is often clubbung of the distal femur (Rigkt)
Both legs, Lateral view Bilatzral antetior tibial bowmg is present. Irregular transverse
lines of mcreased density are seen in the medullary cavity of both tiblae,

ever it is a true developmental disease
Many theories have been offered to explain
the fundamental nature of the disease but
none 1s completely satisfactory

The various theorjes regarding the etl
ology of asteopetrosis Include those of pare
thyroid dysfunction, polyglandular dysfunc
tion chronic bone infections disturhance of
calaum metabolism and porsoning with
phosphorus or fluorie. The disea ¢ is be
Ueved to be caused by faulty reabsorption of
cartilaginous ground substance and of newly
formed bone ® 1 Direct Inheritance from an
affected parent either from the mother'® or
from the fatber !* has been described

Kelley and Lawlah* reported 4 examples
of the disease in a third generation of a
family they presented

Variations. There are variations in the
manifestations of this disease However on
analyns the differences appear to be only
in degree—a part or all of the skeleton may
be involved Furthermore the involved por
tions may vary In the amount of change

Some workers believe the disease 13 always
present at birth Is generalized and affects
all bones equally 14

Clinfcal Features. These may be divided
Into two phases The first has to do with
the appearance of the patient The second
deals with the specific changes in the skele
ton with {ts secondary complications.

These patients demonstrate delayed de-
velopment—even dwarfism. Other dinical
findings are observed that result from elther
bany change or blood disturbances

1 Impingement on the cranial foramina
because of failure of modeling of the skull
may result fn (2) optic atrophy (b) deaf
ness  (c) hydrocephalus (d) nystagmus
(e) ocular palsy and (f) facal palsy

2 Fractures, usually of transverse patho-
logrc type because of poor bone trabecula
tion and abnormal matrix modellng

3 Deformity even of long bones mith
shortened shafts and widened ends result
ing from faolty modeling

4 Osteomyeiitis particularly in the jaw



re-ulting from teeth that are olten late in
erupting. Thee teeth are defective In
quality and they decay Dental caries com
ired wath compression of the nutrient
foramma of the jaw results in mandibular
necrous and spread of infection

5 “lyelophthisic anemia which occurs
from bony oblhiteration of the marrow cay
ity including the hematopoietic areas of the
flat bones. This will result in the tyvpleal
picture of a secondary anemfa which will
not respond to any hematopoietic stimulant
There {s extramedullany hematopolesls with
enlargement of the iver the spleen and the
lymph nodes.

Lapowratory Data. Metabolic studies have
shown pormal levels i the blood for cal
aum phosphorus magnesium and phas-
phatase

Detailed hematologlc examination may
provide suggestive data Progressive anemia
with a faling white blood-cell count and
decline of platelets Indicates that death Is
imminent In the early condition the color
{odex §s low

{Puncture of the bones to examune the
marrow is rather difficolt because of the
density of the cortex.)

There are slgns of extramedullary blood
formation such as splenic and hepatic en
largement and immature cell forms in the
penpheral blood

Van den Bergh test Is sometimes Indirect
positive

Chemlcal analysis of bone ash showy the
ame calaam-phasphorus content as in nor
mal bones. The calclum fin the separate
haversian o3teones is not increased In fact
a lime-structure examination revealy that
there is exactly the same amount of calcium
i marble bones as in normal bones lud
down as bydroxyl apatite (Bodansky )

RoExtoexocRAPIIC  APPEARANCE. The
only feature common to all of the reparted
cases i3 the roentgenographic observation of
Increxsed density with loss of detail of al
most all skeleta) bopes 24 18

Prenatal Rocmtgenograpkic Features The
prenatal roentgenographic featares are (a)
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Increased and generallzed density of the
Lones (b) widening amd fine motthing of all
the Jong bones especially the tibiae and the
ulnae (c) narrowed medullary cavity, (d)
thickening of the cortex (e) absence of
periosteal thickening (f) base of the skull
exceedingly dense (g) sella turcica flat (h)
increased striae In parietal frontal and oc
cipital bones (1) calcification of Lidneys
and (J) no pericsseous thickening

All the bores of the skeletal system are
involved The vertebrae the pelvic bones
the base of the shull and the ends of tne
long bones are affected most extensively
The base of the skull is frequently the site
of the lesion and the foramna of exit {or the
cranial nerves are narrowed In conse
quence there {3 pressure on the cranial
nerves mith sequelae e, faclal paralysis
or palsy speech defects deafness and optic
atrophy

The hard cortical bone 18 more than twice
the usual thickness and condensation and
broadening of the osseous trabeculae are
present The spongicsa and the marrow ele-
ments may be largely obllterated by the en
croaching compacta and replaced by fibrous
tlssue The hyperplastic bone growth Is en
dasteat in jts entlrets

The ossification centers as previously
stated appear at the normal time

Postnatal Roentgenographic Features In
children the lesions are first noted at the
ends of the long bones particularly in the
lower end of the femur and the upper end of
the humerus or in the periphery of the
partly cssified tarsals and carpals the verte
bral bodies and the pelvic bones.

Complete marbling of the bones does rot
occur until after puberty

The condition siarts at the ends of the
diaphyses and passes toward the mud-area
of the shalt In the early stages it appears
as & dense band similar to that seen in lead
polsoning

The afocesald changes are generallzed as
a rule although often the humer! and the
bones of the Jower arm and the mandible
are less affected than thowe of other sheletal
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parts. The greatest increase In density is
found in the shull the vertebral bodies the
pelvis, the upper thurd of the femora and
the lower third of the tibize and the fibulae
(Arens of osteoporosls have been reported )

The concurrence of osteomyelitis is not
uncommon especially in the mandible the
maxillae the femora and the scapulae.
Sometimes rickets is an associated disease

Fractures are found especially indica
tions of old ones Obviously, vanable
degrees of deformity may be seen in
consequence of the fractures

Pathologyi't Gross Arrrazance. The os-
seous changes are notable in the gross ap-
pearance and the physical properties of the
bone The bones are heavy thick and hard
to touch. There is a tendency to fracture
rather than to bend The long bones in the
well-developed condition are clubbed or
hourglass-shaped with the most extensive
clubblag at the ends Clubbing s usually
symmetric and equal The cut aspect reveals
2 thickened compacta and a spongiosa of
finely meshed trabecular composition with
little or no observable marrow cavity

The membranous bones (eg., the vault of
the skull) reveal densely arranged trabec
ulae of spongy bone which Is devoid of
diplofc structure. There may be fibrous
aplasia of the hematopoietic timues fn bone
liver spleen and kidneys

ALicroscoric  ArprArANce. The patho-
logic changes in congenital marble bones
consist primarily of a disturbance of ossifi
cation—an increase in the cortical bone to
perhaps towice 1its npormal density The
growth takes place entirely from the endos-
teum with as aforesaid a crowding of the
marrow cavity (often with complete obliter
ation) and of the spongiosa or with replace
ment by fibrous tissue

Various osseous alterations are constant
while others depend mainly on the degree
of development or the rate of progress of
the disease Growth in length and diameter
is slightly retarded Expansion and clubbing
of the ends of the long bones (especially of
the femora) are characteristic. But, with

few exceptlons there is no perh
volvement Centers of ossificatio
about the normal time and e
unlons are but little delaved.

The increased density advances
diaphyses and becomes homogeneo
for the bands and the stristions w
allel the eprphyseal lines These &l
bands of increased awd decreaset
are pathogmomonic of osteopetrost

The line of fracture is characte
at right angles to the shait and col
to the transverse bands of lessenec

Cranual changes are more exter
pronounced in the basal part Os
of the sutures Is retarded and hydn
changes bave been reported. A
sella furcica may encroach on the
gland and result in disturbances o
Pressure on the optic nerves cause
rowing of the optic foramina, &
leads to primary optic atrophy

Concurrent bone sarcoma oct
has been reported

Diagnosis. The signs of the disea
characteristic that there 13 no diff
making the diagnoals The disease
may be assoclated with others as i
of Hodgkins disease reported by
and Steln™

The condition most commonly
covered accldentally when patlents
amined because of a large head 1
apparent rickets necroms of jaw b
vere anernia or failing sight Retarc
growth s common and ks more pro
in those examples in which the di
fully established early in life

The diagnosis rests on the radic
appesrance of osseous sclerosls W
denser symmetric and more wid
than In any other skeletal condition.

The contour of the long bones ma!
panded bat nevertheless remain
Where the osseous sclerosis makes
pearance first at the ends of the lom;
and progresses toward the mid sec
the shaft, the disgnosls is clear bu'
the site Is unusaal roentgenographic.



ances may be confused with that of osteo-
enis imperfecta tanda
m()n account of the {requent association of
hydrocephalus and striking bossing of the
skull bones the head assumes a character
istic appearance The veins in the scalp are
dilated The closing of the anterior fontanel
is usually much delaved
The teeth are often late n erupting and
defective in quality and they decay early
Drferential Diagnosis, The fully devel
oped syndrome consisting of pathologic
bones retarded development optic atrophy
anemis and enlargement of lymphad tis-
sues is not confused easily with any other
disease
In attempts to arrive at a final diagneals
it 18 well to keep other osseous lesions in
muipd where there is increased denmaity of
bone For example (f) Iines of arrested
growth (2) osteitis deformans (3) inflam
matory sclerosis (4) fibrous dysplasia of
bone (5) melorheostoss or Lén varlety of
marble bones, (6) osteopoikilosis (7) leon
tiasrs ossium (8) neurofibromatesis (9)
osteogenic sarcoma (10) increased denmity
taused by prolonged ingestion of fluorides
and (11) metastatic infiltration secondary
to prostatic cancer
Differentiate osteopetrosls from
Myxioscrexosis. This occurs later in life
there are no spootaneous fractures and no
characteristic  roentgenographic  appear
ances
Conorxsie Ostear (Stcaxn) This Is
characterized clinically by localired lurmbo-
crural sciatic pain It sometimes is asyoc!
ated with a peuntfc varfety of muscular
atrophy Roentgenographically there is an
increased density of bones of the lumbar
part of the spine and the pelvis withoat con
toural alteration of the involved parts. The
condensation may appear in foci which are
separate or contiguoas and which fade grad
ually 1n the contiguons normal bone. Con
stitutional and hemorrhagic changes are
absent
Exvasucce Osrems (Purm) This Is
chamacterized by the fvorylike demsity of &
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single bone usually in an extremity There
Is some predilection for the area of the nu
trient artery \o constitutional disturbances
are found

Ivows \ERTEBRAE. These may be found 1n
Pagets discase or metastatic prostatic
cancer

Meoxutzostosts (LEw)  Roentgeno-
graphically melorheostosis shows incrensed
density and contoural distortion of one or
more bones in an extremity When the dis-
ense Involves more than one bone it invades
the joints between producing characteristic
changes therein Roentgenograms of the
bones simulate the appearance of opaque
wax heated to the melting point and flowlong
down the side of the bone (Figs 83 to 90)
1t Is not 2 generalized disense from a roent
genographic viewpoint

Crovic Meracuic Posoxina. Pousoning
with lead or phosphorus may cause indea
sion regarding the diagnosis The history
the chemical analysis and the examination
of the red blood cells are obviously of great
slgmficance  Osteopetrosis presents no pe
npheral neurclogic features in contradis-
tinction to chronic lead porsoning

Chronic  fuorine pofsoning presents
changes which may be mistaken for osteo-
petrasis. The history 1s of great importance
In fluerine polsoming, the osseotts pattern
remafns unaltered and calcium fluvonde ays-
tals are Identifiable in the haverslan canals
The adjacent soft tiasues show osteophyte
formatlon with calafication of the Inter
vertebral ligaments and the periosscous
depasits.

Crrotrre Dust Poisoving There 15 533
temic {nvolvement because of fnorine which
converts the boue crystal te a Auorapatite
The pathologic process consists in a diffuse
osteosclerosis where the pathologic forma
tion of boue starts in both the periostenm
and the endosteum. The compacta {ncrezses
In density The medullary cavity decreases
in duameter There Is extraordinan, new
bone formation from the periosteum. Liga
ments that noemally do not clafy or only
in advanced age undergo a great degree of
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calclfication Signs of Lone destruction are
absent.

Vrrauiw D PorsoNiNe Dense bands are
formed across the metaphyzses.

Levkraia In leukemia, there develops
diffuse osseous sclerosis such as was first
described by Hueck™ and others. The leu
kemuc changes are primerily mfltrative and
therefore destructive It usually 1involves the
perlosteum. Sclerosis when present, 18 not
so generalized Roentgenographic shadows
are less opaque than in osteopetrosis and the
characteristic epiphyseal stratification with
obliteration of the bone structure {s absent
(Figs 376 and 377)

OsteocENESIS InrprrrecTa. When multi
ple fractures take place the differential di
agnosis between osteopetrosis and osteo-
genesis imperfecta is frequently mot a
sumple matter In the latter condition how
ever the density of the bones Is decreased
rather than increased and trabecnlae are
present In addition pronounced deform:

ties and bowing of the bones caused by soft
ening are seen (Figs. 19 to 28)

Pacers Doszase or Bone This disease
also may present a difficult diagnostic prob-
lem in older patients. The changes in the
skull the pelvis and the long bones of the
extremities are however, usually character
{stic. The bones are not homogeneous and
the trabeculae instead of being absent, are
prominent and thickened (Figs. 262 to 320)

CoNGENTTAL Syparuis This s often a
confusing diagnostic problem. There are not
only great periosteal thickening and sclero-
sis of the bone proper but also tracts of de
struction 1n the metaphyseal area. The
bones of the base of the skull usually in
volved {n osteopetrosis are rarely so In
syphilis Serologlc studies are of conrse of
importance in the differential dlagnosis.

Caruratt Exorruany Diszase. A varl
able degree of homogeneity is noted i the
roentgenograms. There is usually fusiform
thickening of the cortical layer of the long

Fio 80 Os
changes in the upper {emom and in the
rami, Multiple bone {slands are actua
cancellous structure

flosis (From Dr M 3 Pomeran) Pelvis. Diffuse
! pelvis especially the pubic and ischial
1 zones of compact bone within the



Frc. 81 Osteopolklloms. (From Dr

M M TPomeranz) Shoulder Bone
wlands are seen In the glenold and in the
neck of the scapula as well as in the
head and the neck of the humerus.

—and sometimes of the short—tubular
booes without clear structural mutation
Thbe periosteum appears to be unaffected
The marrow cavity remains patent but s
slightly narrowed by the widening com
pacta The epiphyses and the metaphyses
remain ninvolved
Treatment, Osteopetrous is incurable
The prognesis s favorable
except that the early infantile examples of
the condition termlnate in death from
memin.

OSTEOPOIKILOSIS

(Syn  Osteopathia condensans dissem
Inata  osteopecilia  Albers-Schdnberg dis-
s famullal disseminated osteoscleross
spotted banes (Gr) osteitis condensans
disseminata )

Defintthon. Osteopolklosls is an uncom
mon aflection 1n which maltiple islands of
compact cancellous osseous tissue are found
cspecially In the pelvls and the long bones
(Figs 80 to 82)
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Fio 82 Osteopolkilosls. (From Dr
N\l M Pomeranz) Forearm and wrist
Changes are evident in the distal radius
and ulna the carpal bones the meta
carpals, and to a lesser degree in the
phalanges,

istorical Notes. The first description was
by Stieda.! A more complete account was
glven mm 1915 by Albers-Schonberg? Al
though osteopofkilosts bears no obvious re
latlonship to osteopetrosis sometimes it 1s
erroneously termed Albers-Schinberg dis-
ease The term osteopolkiloals {s derived
from the word 1osteopoecilie first used by
Ledoux, Chabanaix and Dessane? Osteo-
pathia condensans disseminata was sug
gested by Wachtel 4

Incidence. The condition is congenital
and may be familial and hereditary Most of
the reported cases were discovered during
adulthood 1n both sexes

Etiology The etiology of the disease is
unknown It has been noted in three
tions (Buschke® Henson®) \lales are af
fected more than twice as commonly as
females. All ages from fetal life to the sixth
decade have been reported as affected
Some clinicians believe the condition to be
always congenital.

Clinfcal Features: PriysicAL—Sians axp
Syurrous The lesion is asymptomatic, It
is usually discovered accldentally v



Fio 83 (Lsft) Melorbeostosis. (Fign. 83 to 87
from Dr 3. M Pomeranz) White female 27 years
old Lower pelvis and left femar Anteroposterior
view Showmg the general distribution of the flow

F1a 84 (Right) Blelotheostosls, (Same patient as
tibla. Anteroposterior

are seen within the
shafts but are present also upon the surface of the

Fig 83 ) Lower femur and
view Alarked hyperostotic

bones.

tlents are exammned roentgenographically
for some other conditlon (Fligs. 80 to 82)
There are no spontaneous fractures

Concurrent skin lesions termed dermato-
fibrosis lenticularis disseminats have been
described with or without kelold formation

Crrsmacar Data. Blood examinations are
negative There are no disturbances of min
eral metabolism.

RorNTorNoouAPHEIc EXAMINATION Roent
genographically round or oval areas of
condensation are seen scattered throughout
the spongiosa of the involved bomes and
linear streaking along the shaft. The spots
vary In sizxe between 2 and 10 mm.

At the eprphyseal and the metaphyseal

ing hyperostosis,

portions of the long bones the areas are
roughly circular but, where they extend
into the diaphysis the opacities become oval
or striate In the short bones of the hands
and the fest, shafts and eplphyses are
spotted (Fig 82)

In the ilurm, the spots usually are found
near the acetabulum, the sacro-fliac jomnt
and the crest leaving the central part of
the bone unaffected (Fig 80)

Clavicular involvement is mild and at the
outer third in the scapula, the acromlion is
the common site All bones may be Involved.
but In the usual case the ribs the skull and
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Fia. 85 Melotheostosls  (Same patient as Fig
83) Lower femur and upper tibla Lateral view
Showing simflar flowing hyperostotic changes

the vertebral column are involved only
slightly

Pathologyr Gross Areraraxer. Multiple
focd of compact or den<e canccllous bone
with Irregular and sometimes notched bor
ders are found in the middle of the normal
ancellous bone The ends of the long bones
are ¢ 1y involved Congl ation s
actually an overlapming of small leslons to
form a single large fsland

Microscoric Arrearaxce The predomi
natiog picture is that of condensed cancel
lous bone not cortical bone The dense spots
sattered through the bone are found to
consist of many regularly arranged trabecu
lae These are of different thickness but are
usmlly denser than normal Generally they
are arranged in the axis of the bone At the

Fic 86 Melorhe
ostosls  (Same pa
tient ag Flg. 83)
Lower tibiae and
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periphery the spots merge into the carcum
jacent cancellous bone They have no con
nection with epiphyseal cartilage There Is
no sign of fibrosis of marrow In advanced
conditions the foct are of great density and
commonly occur at the areas where traction
and pressure lines cross. The surrounding
spongiosa often appears atrophic. The spots
mvolve the spongiesa and spare the cortex.

Diagnosis and Differential Diagnosts. The
advanced condition Is easily differentiated
roentgenographically from other diseases of
the sheletal system

“MerorHEOsTOSIS The lesions mn long bone
ends are more vaned In shape and size and
are in & sense blotches rather than accu
mulations of small Islands of bone (Figs

83 86 88 to 90) The candlewaxlike bands
of dense bone in the shafts of the Jong bones
clinch the dirguosis (Figs 84 to 86) In
melorheostosis a short bone may contain a
large single patch of dense bone further
more in the Léri type dense spots may be
seen in the soft tissues, & condition xever
found in osteopoikilesis (Fig 87)
MurreLe Excronorosyatosis Although
calafication and essification may be found
1n the cartllage masses seen 1n this disorder
the lesions can be easily differentiated. In
osteopaihilosis the bomes are “peppered”
with compact osseous spots whereas in
dyschondroplasia, the basic cartilage archi
tecture will be recognizable (Figs. 53 to 59)
SexaMoms AND Accessory Bones These

Fic 87 \lelorheostosnis. (Same patlent as Fig. 83 ) Both feet.
Obhqueﬂmsbnmngth-tcbtuaumprtd t
talus.



alw must be borne in mind in the differen
tial diagnosis.

Omex  Swrrrtat  Cowprrions  The
spotted appearance of osteapoihilosis mahes
it easy to differentlate from the osscous
denuty of localized osteoeclerosls caused by
tuberculosls syphilla osteomyeliti osteo-
plastic carcinoma etc. In marble bones and
1n Paget s disense of bone the osteosclerosis
1s more diffuse

Treatment The condition does not re
quire medical or surgical treatment

MELORHFOSTOSIS

(S Lén vorletv of osteopetrosis
csteos: eburnizzente monomelica—Duttl
osteitis eburnosa  monomelicn  asteosis
ebarnisans monomelien  osteopathia hyper
astotice  flowing hyperostosis.)
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Definition, As a rule melorheostosis Is a
bizarre Irregular flowing hyperplastic de
posit upon and in the bones of one extrem
ity By definition it means “member flow "

Historical Notes. Léri and Joanny' pub-
lished a report regarding the first case in
which an arm wns affected They sugpested
the descriptive title melorheostosis which
is now widely used The distribution of
dense arens suggested to them the flow of
tallow along the sides of a burning candle

Incidence. Both sexes are uffected the
[ncldence being higher in males The dis-
ease Is not hereditary It has been reported
from childhood to past middle life

Etology The cause of the disease is un
koown. It Is probably a mesenchymal de
fect? It usually {ovolves a single limb 2
so-called monomehic distnbution (Figs. 83
to 87) The lower extremities are !nvolved

Melorheostoshy

{emora. Ants

.
Fic. 88 Melorheostosls. White female 13 years old. Pelvis nd upper
eroposterfor view Note the creeping substitution and !le fowing

hyperostosis in the left fllum and the left proxmal femur
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periphery the spots merge into the circum
Jacent cancellous bene They have no con
nection with epiphyseal cartilage There is
no sign of fibrosis of marrow In advanced
conditions the foci are of great density and
commonly occur at the areas where traction
and pressure lines cross The surrounding
sponglosa often appears atrophic. The spots
Invalve the spongicsa and spare the cortex

Diagnosis and Drferential Diagnosis. The
advanced condltion is easily dlfferentiated
roentgenographically from other diseases of
the skeletal system

MerrorueosToss The lesions in long bone
ends are more varied in shape and size and
are [n a sense blotches rather than accu
mulations of small Islands of bone (Figs

83 86 88 to 50) The candlewaxlike bands
of dense bone in the shafts of the long bones
clinch the diagnosis (Figs 84 to 86) In
melorheostosis a short bone may contain a
large single patch of dense bone further
more In the Lérl type dense spots may be
seen 1n the soft tissues a condition wever
found in osteopolkilosis (Fig 87)
MoLrreLx ExcHonNDROMATOSIS. Although
celcification and ocssification may be found
1n the cartilage masses seen 1n this disorder
the lesions can be easily differentisted In
osteopolkilosls the bones are “peppered”
with compact osscous spots whereas in
dyschondroplasia the basic cartilage archi
tecture will be recognizable (Figs 53 to 59)
Sesamorns aNp AccEssory Bones, These

Fia 87 \elorheostosls, (Same patlent as Fig 83 )

Both feet.

Oblique views. Showing that changes are predominant In the left
tilus



abo must be borne in mind in the differen
tial diagnosis.

Ornre  SkeLetar  Coxoimions  The
spotted appearance of osteopolkilosts makes
it easy to differentiate from the osseous
denuity of localized asteosclerosls caused by
tuberculosis, syphilis osteomyelitis osteo-
plastic cardinoma ete. In marble bones and
1n Paget s disease of bone the osteosclerosis
{s more diffuse

Treatment The condition does not re
quire medical or surgleal treatment

MELORHEOSTOSIS

(S Lén variety of osteopetrosis
osteos:  eburnizzente monomelica—Putt:
osteitis  eburnosa  monomelica  osteosls
ehurnisans monomelicn  osteopatia hyper
ostotica  flowing hyperostosis )

Fio 88 DJlelorheostosis. White fi
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Definition As a rule melorheostosis is a
bizarre {rregular flowing hyperplastic de
posit upon and Ino the bones of one extrem-
ity By definition 1t means member flow ”

istorical Notes. Léri and Joanny' pub-
lished a report regarding the first case in
which an arm was affected They suggested
the descriptive title melorheostosis which
is now widely used The distribution of
dense areas sugrested to them the flow of
tallow along the sides of a burning candle

Incidence Both sexes are affected the
incidence being higher in males The dus-
case s not hereditary It has been reported
from childhood to past middle life.

Etiology The cause of the disease 15 un
Lknown It Is probably a mesenchymal de
fect * It usually tnvolves a single limb a
so-called monomelic duwstribution (Figs 83
to 87) The lower extremuties are {nvolved

F.
emale 13 years obd. Pelvis and upper
femora. Anteroposterior view Note the creep hati fowin

hyperostosts in the left ibum and the left pml fe;nut:m 10d the
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contiguous to the left leaser trochanter as

Fio 89 Melorheostosis, (Same patient as Fig 88 ) The frog leg lateral pasition of
immediately

the femora shows ossification
well as the other findings of Figure 88

Fic. 90 Melorheostosls. (Same pa
tlent as Fig 88 ) Left knee. Antero-
posterior  view Condensmation is seen
within the lateral femoral condyle Note
the growth disturbance producing genu
valgum.

more commonly than the upper Fairbank
has reported cases in which the liimb in
volvement is multiple

Clinical Characteristics, From analysis of
the disease, it can be deduced that the
clinical picture could be correlated with the
charactenistic pathologic findings.

Pain can and does occur 1n association
with progremive new bone formatfon
Paresthenia, hypoesthesia and actual atro-
phy may occur as a result of nerve pressure

Growth disturbances such as bowleg
knock Lnee or even shortening may occur
because of epiphyseal blocking on one side
or total epiphyseal arrest (Fig 90) Find
ings associated with overgrowth and de-
formity from bone thickening have also
been noted Since this process crosses joints
and Involves penarticular soft tisszes hm!
tation of jolnt motion may occur Also »
plicture similar to that of acleroderma with
fibrosis of muscles has been described.*



Other dinlcal fevures may be swelling
of the limb edema and induration by
thema of the skin over the aflected parts of
a hand has been reported Nadular indura
twon of the tiscues may be present Occa
slogally there is irregular thichening of a
bone which may be felt easily particularly
when the phalanges are afiected Dimin
Bhed rensibility and tingling have been
noted

The outhine of a limb 1 finally distorted
Shortening of the limb has been a feature
in some patients while less frequently the
affected ooe has been longer than its fellow

Deformitres caused by bone thickening
nsociated with limited movement of one or
more diglts of the hand s not uncommon
when the upper limb 15 involved

Atrophy from disuse or nerve pressure
may be present

Pes valgus genu valgum curvature of a
booe and eplargement of a hnee have all
been reported (Fig. 90)

Cuxicar Data Blood examination re
veals nothing of importance.

Rorsrernocrarniic  Fratures  Roent
renogrmphically  melorheostosis is charac
terized by long broad streaks of calcific
denslty which extend lengthwise along the
affected bone (Figs 83 10 90) Asarule the
streaks are seen in the axis of the home
bowever they may reach the compacta
tlong the inner or the outer aspect

Pathology: Gross Arpraraxce. There are
D0 reported postmortem studies Therefore
lh'mmlnppexnnceofthclxme itself
an only be postulated from x-ray studies

Microscoric Exaxnation Most reports
Indscate that dense areas are the seat of
wlerosis  with compact overcrowding of
lamellae arranged in a curioss manner
there Is an interlacing pattern of immature
nd adult bone Concentric perivascular os-
sification 13 sometimes mentloned.

The pathologic examunation of the af
fected area discl e bony sub .
which as previously mentioned resembles
compacta. This 1 cauwsed by greatly in
creased formation of osteoblasts and dimun

149

Jshed lormation of osteoclasts In conse
quence the haversian and the \olkmann
canals become walled up There are no signs
of inflammation

Diagnosis. Asa rule the dlagnosts 18 made
casily The only charactenstic feature is the
bizarre appearance of the bone exemplified
by irregular dense deposits of bone extend
ing lengthwite usually along one side of the
bLone The outline of the bone is roughened

Dufferential Diagnosts. Some of the osse
ous diseases which may requre differentia
tion {rom melorheostosis are

Cuxonic Procesic Osreouyrumis In
this condition the history and the presence
of sequestrum related to the involucrum
make the diagnosis

Pacers Disrase. In this condion the
involvement s usually in later years and
may be multiple The skull and the <pine
commonly are involved. The entire bone
not only a side shows enlargement (Figs
262 to 310)

Luenic Ostrams Acquired syphilis may
take the form of a chronie diffuse or local
ized penostitis or a diffuse or gummatous
(localized) osteltis It is recognimble by the
characteristic nocturnal pains in the limbs.
There is usually a positive Kahn or Was-
sermann test. Hereditary syphilis may re
veal the same lesions In infancy amde from
the usual stigmas as a rule chronic non
suppurative osteochondritis (chronfc meta
physitis) is present. The physiognomy is
characteristic the bosses on the frontal and
the parietal bones Parrot s nodes the sad
dle nose and Hutchinson s teeth,

OsteoreTROSIS In generalized osteope
trosis every bone 1s affected to some extent
and the dustribution of the density In sepa
rate bones differs greatly from that seen In
melorhesstosis (Figs 77 to 79)

OsteororcrLosts.  From osteopoililesis,
the differentiation Is also easy provided that
the whole roentgenographic picture is closely
scanned and that undue attention is not paid
to the appearance of one or two epiphyses
(Figs. 80 10 82) Osteoporkilosis is a general
affection of the skeleton and It is not con

Melotheostasis
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Neurilemmona  of {lium.
(From Dr M M Pomeranz) A mul
tiloculated ares is present in the wing of
the illum Biopsy inducated neurllem-
moma

Fro 91

fined to one Hmb as melorheostosis usually
Is moreover it Is never awmsomated with
opacities in the soft tissues

Porvostoric Fomous Drysprasia. This
disease may simulate melorheostosis par
ticularly when it is unilateral The shaft of
a bone 1 Albright s syndrome occasionally
may show marked density and no cystle
change

However in this condition numerous
bones are involved and some will inevitably
show the characteristic cystic lesions (Flgs.
29 to 39) Furthermore there may be other
chemical findings such as sexual precocity
and shin lesions which occur in the Al
bright syndrome

OsteoBLASTIC CANCER \[iTAsTASES The
primary focus is usually discoverable par
ticularly cancer of the prostate This usu

Fie 92 Neurofibromatons (From
Dr M M Pomeranz) Severe rotatory
lateral curvature of the dorsal spine as-
sociated with neuarofibromatests. No
neurofibromata have been found in the
vertebrae of these cases.

ally is amociated with changes in the spine
as well s in the pelvis and other areas
(Figs. 363 to 365) As in the case of most
metastatic bone lesions usually it does not
g0 below the knees or the elbows Phospha
tase alkaline and acld are also elevated

Carcrnosis. The deposdtion of lime salts
usually is not connected with the bone It is
less dense and usually s deposited sec
ondardly

Treatment. As a rule
necessary

Prognosis. Melorheostoss is a slow pro-
gressive disease with no tendency to malig
nancy There may be an increased weakness
from secondary disturbances of the nerves
and increased dwsabllity If there is inter
ference with jolnt function.

no treatment 1s

\EUROFIBROIATOSIS

(Syx  Fibroma molluscum neunpoma
tosts  von Rechlinghausens disease
multiple neurofibromatoses )

Definitfon. Neurofibromatosis 13 a con
genital dysplasia manifested by develop-
mental changes in the nervous system



cutaneous spots and fibromas and multiple
neurofibromas of the cranial and the pe
ripheral nerves Some cases show bone and
joint changes (Figs 92 to 95)

Historicnl N\otes. In 1849 Smith! de
cribed the diease in detail but failed to
recognize the nerve <heath origin of the mul
tiple tumors According to Ewang 2 Kolliker
in 1860 was the first to describe neuro-
hbromatosis Thomson? described its heredi
tan nature The hereditary nature of

Fic 93 \eurofibromatosis, \epro
male 14 years old Dorsolumbar spine
Anteroposterior view Right dorsal left
tumbar scohosis assoclated wath “café au
1ait” spots Note the wedgng of
the concave aspect of the es of the
fourth and the fifth thoracic vertebrae.
The pculur shape of the lumbar trans-
\Usempmcuses 15 shown better m Fig
ore
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Ncurcfibromatosis

Fio 94 \eurofibromatosis. (Same patlent 23 Fig. 93 ) Lumbar spine Anteroposte-

nior and lateral views. \ote the concave Indentations
upper three lumbar vertebral bodies in the lateral x n

on the antetior aspect of the

verse lumbar processes on the nght stde are thrown into profile by the rotatory

deformity



152 Deovelopmental Faults

neurofibromatosis wus established conclu
sively by Preiser and Davenport.*

In 1921 Welas® first described the high
incidence of scoliosis in neurofibromatoais
Stahnke* was the first to suggest that the
condition was a systemic one Brooks and
Lehman® were the first to emphasize the
abnormalities of growth and to note sub-
periosteal bone cysts which were felt to
result from tumor tissue growth

The French clinicians Marle Bernard and
Chauffard called attention to the cutaneous
pigmentary anomalies In neurofibromatosis
while the visceral and the bone changes were
early reported in the German? the English
and the American literature

In 1882 von Recklinghausen® published
his classic monograph. This clearly defined
neurofibromatosis and correlated the skin

and the subcutaneous nodules with the
course of peripheral nerves He considered
that these nodules arose because of some
derangement of the peripheral nerve end
mwgs. His name has since become {dentified
with this conditlon, It should be emphasized
that neurofibromatosts 18 a different entity
from the other disorder that bears his name
which is hyperparathyroidism or osteitls
fibrasa generallsata.

In 1937 Ducroquet!® reported the occur
rence of congenital pseudarthross of the
tibia in neurofibromatosts Barber™ con
firmed this finding

In 1941, Moore!? described hypertrophy
underdevelopment growth distortions in the
vertebrae and pacudarthrosms after fracture
of the tibia in this entity He found periph
eral neurofibromas in these cases He con

Fio 95 Neurofibromatosis, (Same patient a3 Fig. 93 16 years old.) Left ankle,

lateral view left calcaneus axial view Left-shded spastic

flatfoot was poted 2 years

hterln!hllpaumLTn}oalcnntnlUpplnxhlemlnthchtcﬂ]u_n)dexmy}icim
calcaneus

The special axial view of the

demonstrates the bony bar partially obliterat

lugthehmcrupectorthcjuimbctwecnthemmnﬂwnmdmetam



duded therefore that there was a relation
ship Letween neurofibromatosis and the
aforementioned skeletal changes

Green and Rudo™ reported a case in
which they had found an intra-oseeous
neurafibroma.

McCarroll' pointed out and confirmed
the presence of pathologle findings of neuro-
fibromatosis ot the same sites us soft tissue
hypertrophy lymphatic mvolvernent and
vascular changes Cases of pseudarthrosis of
the tibla and scolioms had neurofibromas
elsewhere but not at the slte of the osseows
distuthance To the sheletal changes asso-
cated with this entity JlcCarroll also
added spondylolisthesis and melotheostosis
Almost all of his cases presented café au
1ait™ spots

Aegerter’ was not satlsfied that a neu
dlemmoma of the tibia could cause the
classical picture of congenital psendarthro-
tis He felt that it was hard to explain a
bone defect on the basls of a lesion of
peuro-epithelial ongin  Moreover in his
cases the pathalogic findings at the site of
the pseudarthross of the tina were not con-
sistent with neurdl He concluded
that both the neurofibromatosis and the
pseudarthrosis were on the hasty of an an
derlying combined ectodermal and mesen
chymal defect.

Incidence. The disease has been eatimated
s occurring n sbout one out of two thou
sand persons according to Prefser and Dav
enport.! Castelfino™ wrote that “the disense
assumes 2 familial character and may be
transmitted to the fist second or third
generations.” Gardner and Turner’? de
scribed the abnormality In six generations
Garland™ wrote of four brotbers who
showed signs of the disease

The disease is seen in all ages, especislly
among males.

Etiology 1t Is widely agreed that hereduty
Plays an essential part in the development
of neurofibromatosls Turner and Gardnet'®
believed that chere was involement of all
the sheaths and enveloplng membranes of
the pervous system.

Neurofibromatosls

The actual cause is unknown

Clinkcal Charncteristics: Prrysicat. There
are four types of skin lesions

{ “Caft nu lalt spots with smooth
rounded margins This is primarily & pig
mentation and not a tumor formation 1t
has Deen described by Albright as “coast
of Californla type” in contrast with the
irregular margins of the skin lesions of
Albright s syndrome {n fibrous dysplasia.
This latter he terms “coast of Valne”
These spots vary o size from 2 mm to as
much as 5 am In dlameter This pigmenta
tion may be present at birth or develop
Iater

2 A verrucous or villous type of skin
hypertrophy described onglinally by W efss *
Ths type is associated with extrermity hy
pertrophy due to increase in size of both the
2oft tissue and the bony structures

3 The so-called neurofibroma or fibroma
molluscum is the form originally described
by von Recklinghnusen. This is & tumor
posaibly originaung from the Schwann cell
For that reason it s referred to by some as
& neurilemmorma. Other workers however
believe the origin to be fibroblastic bence
the term neurofibroma or fibroma

The histology of these leslons has been
very difficolt and the question of mesoder
mal versus ectodermal origin i3 not yet
settied '* Tt is possible that tissue culture
may belp to solve this problem

These nodules vary in number slze ang
shape They may ocour Literally by the
hundreds to cover the entire body con
versdly they may be few in number The
size may vary from s tenth of an mch 10
diameter to several inthes In diameter They
may be sesslle or pedunculated,

4 Marked general hypertropby of the
skin and the subcutaneous tissues is an
elephantiasulike manifestation of this syn
drome Thus process may involve only a part
of an extremity as a finger or It may in
volve an entire extremity There Iy generally
an assocated skeletal hypertrophy in asso-
clation with this skin manifestation

There are several major phases of skele
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tal manifestations The first is scoliosis This
has been referred to in earlier literature ®
The scoliosis is frequently a Lyphoscoliosis
Its most common location 18 the lower dorsal
region It may occur elsewhere The clasai
cal case presents o sharp angular curve
with vertebral wedging and atypical com
pensatory curves that actually do not
compensate {(Fig 92)

These curves are noted for rapid progres
sion and the complication of paraplegia
which is rare 1 the idiopathic type

Other bone changes include bowing of the
tibia, aptly termed congenlital Lyphoscolio-
sis of the tibia by Badgley ® Fracture 18
quite common in thts anteromedal type of
bow and pseudarthrosis a frequent sequel
to the fracture.

In addition, there may be retardation or
increased rate of bone growth This may
mvolie a single bone or an entire extrem
1ty Overgrowth of soft tissue accompanies
bone hypertrophy

The subpericsteal cysts of course are not
apt to be found on clmical examination.

Asymmetry of the skeleton is a part of
the hypertrophy or retardation of bone de
velopment, but there also may be actual
absence of portions of the skeleton.

Of interest are two additional skeletal
abnormalities reported by McCarroll '
These are spondylolisthesis and melorhe-
astosis

Nerve turnors have been found to involve
the brain the cranial nerves the spinal cord
and the peripheral nerves These may give
symptoms related to their location varying
from tenderness of a superficial nodule to
paralysis resulting from a central or cord
lesion

Endocrine changes occasionally are asso-
cisted with multiple neurofibromatesis
menstrual abnormalities acromegaly cre
tinlsm delayed or mcomplete sexual devel
opment myxedema tetany Addisons dis-
ense hyperparathyroidism and a diabetic

blood-augar curve ¥
CraeMmicar Foooies No diagnostic labo-
ratory changes are found mn this condition

\ rav Fratures. Changes include specific
findings secondary to nvasion by or pres-
sure from neurofibromatous trssues.

There may be bone cysts located supe
riosteally centrally fn the cortex and rarely
in the endosteum (Fig 91)

Sometimes these cystic changes are asso
cinted with sclerosis. This sclerosis may b
of the periphery of & cyst ot appear inde
pendently contiguous to a soft tissue neuro-
fibroma.

In the hyperplastic group there may b
local gigantism especially of the acral por
tions.

Disorders of bone growth In the order of
hypoplasia and hyperplasia may be noted
In the instance of hyperplasa and occa
sionally of hypoplasia also there is msso-
clated skin and other soft tissue chang

The bones of the shull often are mvolved.
Eroston of circumscribed areas odd vascu
lar designs and enlargement of the sella, the
orbit and the optic canal have been noted
Gross asymmetries absences of portions of
the skull and areas of increased density
bave been noted

Erosion of the petrows portion of the
temporal bone often Is ohserved fn associa
tion with a neuroma of the eighth cranial
nerve.

The splne frequently shows a kyphoscolt
osas. This deformity is sharply ontlined and
rapid 1 development. It does not tend to
strihe a balance 1n alinement through ade
quate compensatmg curves, as frequently is
the case in Idiopathic acolicsfs The wedging
of the vertebra at the apex of the curve 15
severe in neurofibroma. At times, this may
lead to the erromeous diagnosis of hem!
vertebra In neurofibromatesis seral films
will show progression of the curve thereby
demonstrating progressive wedglng of the
apical vertebra (Figs 92 to 94)

Bowing deformities of the tibia are usu
ally at the junction of the middle and the
lower thirds. They are usually antenior or
anterolateral Frequently they are asso-
ciated with an equinovanrs deformity of the
foot. A less common type is the postero-



medial type of bow assoclated with a cal
caneus or calcaneovalgus foot deformity

Badgley™ has emphasized a characterlstic
dense bony mass found toentgenogmaphi
clly on the concave side of the curve This
frequently Is ascomiated with obliteration of
the marrow cavity \Moreover the bone
trabeculations in this dense mass radiate
from the apex of the cune rather than re
maln in the longitudinal axts

Serial radiograms have confirmed the fact
that the posteromedial and the posterlor
types frequently correct spontancously It
s true hawever that these cases of poste-
nor and posteromedial bow had “café au
1ait” spots in some instances, but were not
necessarily true cases of neurofibromatosis

\loore™ has used the term prepseud
arthrosis to mdicate the stage when roent
genographic findings Include severe bowing
narrowing of the booe at the apex of the
curve and obliteration of the marrow cavity

This stage is followed by pathologic frac
ture and the development usually of a {rach
pscudarthrosis.

Pathology: Gmoss Arreamance  These
soft tissue lesions of the skin and subcu
taneous lesions are self-evident from the
chnrcal description noted above. Their color
may be that of the overlying skin or it may
Le piok or blee They may be extensions of
the small cutoneous nerves

\eurofibromas alss are {ound n various
places {n the nervous system—this may in
clude the parenchyma of the brain the
brain stem or the spinal cord They are alsa
found along the course of the cranml and
the spinal nerves where they constitute
nodular thickenings of vanous sides.

The hyperirophied extremities so-calied

eclephantiasiy usually show lymphatic ob-
struction fibrosis and occasionally plext
form meuromas  These latter represent
wormltke collections of overgrown nerve
tissue Sometimes they may be palpated as
they lie just beneath the skin

Hone changes may be grouped into those
due ta direct pressure from neurofibromas
and thowe of structural type
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The former include pressure erosfons
These result from perlosteal or endosteal
neurofibromas or rare {ntra-osseous lesions.
They cause thinnlng of bone adjacent to the
leslons. Frequently asymmetry may re
sult especially in the calvarium bhecnuse
these tumors usually occur unilaternlly

Other skeletnl changes appear to be re
lated to a mesenchymal defect and usually
show no evldence of actual neurofibroma
tous tissue (Figs. 92 to 95)

Hypertrophy and overgrowth of bones of
an extremity {requently are observed in
atsociation with soft tissue lesions such as
clephantiasis and plexiform neuromas

Atrophy of an extremity s a rarer defect
but this too 13 associated with soft tissue
rather than bone change Occasionally here
too subperiosteal bone cysts may be found

hyphoscoliosls or congenltal bowing of
the tibla bas been reported to contaln an
interosseous neurofibromat? Most workers
have not found interosseous nvasion by
neurofibromas {n tibial pseudarthroas. They
find only = gradually progressive bowing
with a frequent sequel of patholegic frac
ture and pseudarthrosis The tibial ends
develop 2 pecnliar pointed configuration
with obliteration of the marrow cavity as
the bowing progresses to fracture and pseud
arthrosis.

The kyphoscoliosis involving the spins 18
sharp and angular with tecondary vertebral
wedging severe enough to be confused at
times with congenital hemivertebra (Fig
92) To the authors knowledge no cases of
{ntra-ossecas 1nvolvement of the splne by
neurofibromas have been reported

It would be of Interest to learn whether
involvement of nerves contlguous to the
deformuty is present Furthermore bas there
been muscle imbalance due 1o varnation in
innervation to produce an asymmetric pull
to cause the curve Moreover this curve
ramdly advances at times sugges
paralytlc carve ting 2

Microtcoric APPEAMANCE. Nerve Involve
ment is attributable largely to the dominant
tissue of a nerve sheath—the neuro-ecto-
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tal manifestations The first 18 scoliosis. This
has been referred to in earlier Iiterature®
The scollosis is frequently a Lyphoscoliosis
Its most common location 1s the lower dorsal
region It may occur elsewhere The classi
cal case presents a sharp angular curve
with vertebral wedging and atypical com
pensatory curves that actually do not
compensate (Fig 92)

These curves are noted for rapld progres
sion and the complication of paraplega
which is rare In the 1diopathic type.

Other bone changes Include bowling of the
tibia, aptly termed congenital hyphoscolio-
sis of the tibra by Badgley ® Fracture 1s
quite common 1 this anteromedial type of
bow and pscudarthroms a frequent sequel
to the fracture

In addition there may be retardation or
increased rate of bone growth This may
Involve a single bone or an entire extrem
ity Overgrowth of soft tissue accompanies
boue hypertrophy

The subperiosteal cysts of course are not
apt te be found on clinical examination,

Asymmetry of the skeleton is a part of
the hypertrophy or retardation of bone de
velopment but there also may be actual
absence of portions of the skeleton

Of interest are two additional sleletal
abnormalities reported by McCarroll
These are spondylolisthests and melorhe-
ostosis

Nerve tumors have been found to invelve
the brain, the cranial nerves the spinal cord
and the peripheral nerves These may give
symptoms related to therr location varying
from tenderness of a superficazl nodule to
paralyais resulting from a central or cord
leson

Endocrine changes occasionally are asso-
ciated with moltiple neurofibromatoss
menstrual abnormalities acromegaly cre-

tinlsm, delayed or incomplete sexual devel
opment myxedema tetany Addisons dis-
ense hyperparathyroidism and a dlabetic
blood-sugar curve 3

CueumicaL Finpines \o disgnostic isbo-
ratory changes are found in this condition

\ may Frarures Changes include speafic
findings secondary to invasion by o pres-
sure from neurofibromatous tissues.

There may be bone cysts located supe
niesteally centrally In the cortex and rarely
1n the endosteurn (Fig 91)

Sometimes these cystic changes are asso
clated with sclerosfs. This sclerosis may b
of the peripbery of a cyst or appear Inde-
pendently contiguous to a soft tissue neuro-
fibroma.

In the hyperplastic group there may b
local glgantlsm espectally of the acral por
tions.

Disorders of bone growth in the order of
hypoplasiz and hyperplasia may be poted
In the mstance of hyperplasia and ocea
sionally of hypoplasia also there is asso-
aated skin and other soft tissue change

The bones of the shull often are mnvolved
Erosion of circumscribed areas odd vasca
lar designs and enlargement of the sella the
orbit and the optic canal have been noted
Gross asymmetries absences of portions of
the skull and areas of increased density
have been noted

Eroslon of the petrous portion of th~
temporal bone often Is observed in assoca
tion with a neuroma of the eighth cramal
nerve

The spine frequently shows a kyphoscoh
osis, This deformity is sharply outlined and
rapld in development. It does not tend to
strike & balance in alinement through ade
quate compensating curves, as frequently fs
the case in idiopatblc scoliosis The wedging
of the vertebra at the apex of the curve is
severe in neurofibroma. At times, this may
lead to the erroneous diagnosis of hemi
vertebra. In neurofibromatesis serial films
will show progression of the curve thereby
demnonstrating progressive wedging of the
aplcal vertehra (Figs 92 to 94)

Bowing deformities of the tihna are usy
ally at the junction of the middle and the
lower thirds. They are wsually anterlor or
anterolateral Frequently they are asso-
ciated with an equinovarus deformity of the
foot. A less common type Is the postero-



medual type of bow associated with a cal
cancus or calcancovalgus foot deformity

Badgley™ has emphasized a characterlstic
demse bony mass found roentgenographl
callv on the concave side of the curve This
frequently 18 associated with obliteration of
the marrow cavity Moreover the bone
trabeculations 1 thuis dense mass radiate
from the apex of the curve rather than re
mam in tbe longitudinal axis

Serial radiograms have confirmed the fact
that the posteromedial and the posterior
types frequently correct <pontaneocusly It
18 true however that these cases of poste-
ror and posteromedial bow had “café au
lait spots in some Instances but were not
necessarily true cases of neurofibromatoams

Noore— has used the term prepseud
arthrosis to indicate the stage when roent
genographuc findings include severe bowing
narrowing of the bone at the apex of the
curve and obliteration of the marrow cavity

Ttus stage is followed by pathologic frac
ture and the development usually of a frank
psendarthrosis.

Pathology: Guoss Appearance. These
toft tissue {esions of the skin and subcu
tansous lesions are self-evident from the
clinical description noted above Their coloe
may be that of the overlying skin or it may
be pink or blue. They may be extensions of
the small catanecas nerves.

Newrofibromas also are found In various
places In the nervous system—this may in
clude the parenchyma of the bramn the
brain stem or the spinal cord They are also
found along tbe course of the cramal and
the spinal nerves where they constitute
nodular thickenings of various sides

The hypertrophied ertremities so-called

elephantiasis  usually show lymphatic ob-
struction  fibrosls and oceasionally plex
form neuromas These latter represent
wormlike collections of overgrown nerve
tssne Sometimes they may be palpated as
they lie just beneath the skin

Bone changes may be grouped into thase
due to direct pressure from neurofibromas
and thowe of structurnl type

Neurofibromatosls

The former Include pressure erosions
These result from periosteal or endosteal
neurofibromas or rare intra-osseous lesions
They cause thinning of bone adjacent to the
lesions Frequently asymmetry may re
sult especially in the calvarium because
these tumors usually occur unilaterally

Other skeletal changes appear to be re
lated to a mesenchymal defect and usually
show no evidence of actual neurofibroma
tous tissue (Figs 92 to 95)

Hypertrophy and overgrowth of bones of
an extremity frequently are observed in
association with soft tissue lestons such as
elephantiasts and plexiform neuromas.

Atrophy of an extremity 18 a rarer defect
but this too 1s assoclated with soft tissue
rather than bone chapge. Occaslonally here
too subperiosteal bone cysts may be found

Kyphoscoliosis or congenital bowing of
the tibla hay been reported to contain an
interosseous neurofibroma’® Vost workers
have not found interosseous invasion by
neurofibromas 1 tibial pseudarthross They
find ouly 2 gradually progressmve bowing
with a frequent sequel of pathologic frac
ture and pseudarthrosts The ubial ends
develop a pecullar pointed configuration
with obliteration of the marrow cavity as
the bowing progresses to fracture and psend
arthroms.
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The kypboscollosis Invelving the spine is
sharp and angnlar with recondary vertebral
wedging severe enough to be confused at
times with congemtal hemivertebra (Fig
92) To the authors knowledge no cases of
intra-osseous wnvolvement of the spine by
neurofibromas have been reported

It would be of interest 1o learn whether
involvement of nerves contiguous to the
deformuty Is present Furthermore has there
been muscle imbalance due to vanation
Innervation to produce an asymmetric pull
to %\xx the curve Moreover this curve
rapldly advances at times s
paralytic curve neRenE 2

JMicroscoric APPEARANCE. Nerve Involve
ment is attributable largely to the dominant
tissue of A nerve sheath—the neurp-ectc






Fro. 97 Chondro osteodystrophy
(Morquio-Braflsford) (Same patient as
Fig. 96) Cervical spine base of
skull. Lateral view The vertebral bodies
appear compressed and deformed The
atlzs and the axis are invaginated into
the base of the skull. This s an onusual
cause of platy basia or convexobasia.

The neurofibromas of peripheral and cra
nial nerves and those of the parenchyma of
the spinal cord and the brain show a larger
proportion of trasue believed to be of
Schwann cell origin

The subperiosteal bone leslons present
peurofibromatous changes as do lesions
eroding the limb bones and the skull

The fibrons-tissue components of some of
these lestons will show secondary hyaline
degeneration cyst formation and hemor
thage

Complications and Their Treatment.
These may be Iisted as

1 Pressure phenomena related to the neu
rofibromas, both centrally and peripherally

? Sarcomatous degeneration of neuro-
fibromas occurs ot infrequently (5.58 to
12 per cent) ¢ Tf poasible block dissection
or ablation ts indicated

3 Paraplegia secondary to scoliosis, This
Is alarmingly more frequent In this condi
tion than In paralytic or idiopathic seollosts.
Cobb® has polnted out the necesslty for
careful observation of these cases with early
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Fiec 98 Chondro hy
{(Morquio-Braflsford) (Same patient as

osteod,

Fig. 96) Dorsolumbar spine. Laternl
view Dorsal kyphosis and Jumbar lor
dosls are increased. Growth deformity is
evident with ch.lrtct:rhucb':gj)per" ap-
pearance of the vertebral es. How
ever one of two vertebrae show a
tongue appearance which usually is
considered to be more typlaal of gargoyl
ism or Hurler’s syndrome

spine fusion where rapid progression s
noted

Moreover laminectomy in Instances of
paraplegia in the hopes of finding an intra
spinal neurofibroma has resulted In further
progression of the curve with no Improve
ment of the paraplegia®* Correction and
spine fusion is the treatment of cholce
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Fro 99 Chondro osteodystrophy
(Morquio-Brailsford) (Same patient as
Fig. 96 ) Rught shoulder girdle and up-
per humerus. There are metaphyseal
sclerosls and associated fragmentation
of the epiphyseal plate and the ept
physeal center of the humeral head.

4 Pecudarthrosis of the tibla particularly
when it 15 an antertor or an anterolateral
bow “Manipulation of the bowed tiba is to
be avolded Prepseudarthrosis or defimte
pseudarthresis should be treated by early
bone grafting The most consistently good
results reported are those of Moore™
Farmer™ presented a very Interesting ap-
proach to this problem with success i 3

VY
\

/

Fra 100 Choodro-osteodys-
trophy  (Morqufo  Brailsford)
(Same patient as Fig 96 ) Right
elbow Anteroposterior view Co-
Intas varus or reversal of the car
rying angle has resulted from
fragmentation and condensation of
the trochlear or the medial con-
dviar epiphysis in partrcular

Fio. 101 Chon-

posterior view
There are fragmen-

and tend to be
pownted.



Fic 102 Chondro-osteodystrophy (Morquio-Braflsford) (Same
{utlml as Fig. 96 ) Pelvis including hips and upper femora There
« marked deformation of the capltal femoral epiphyses. It is Impor
1ant to appreciate that the sclerotic area proximal to the epiphyseal
plate is condensed bone formung the base of the femoral capital epl
physis. Considerable deformity of uncalciiied epiphyseal cartilage
must be inferred from the abnormal shape of the rest of the hip Jont
including the acetabular roof

Fio 103 Chondro-osteodystrophy (Morquio-Brallsford) (From
Dr 3 3 Pomeranz) Pelvis and hip jolnts, Youny adult. Severe
deformity of both hip foints is evidenced by scleroals, severe Jolnt
narrowing and femoral d flattening
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cases. This Involves the use of a composite
bone and skin pedicle grait

Prognosts. This disease is a neuro-
ectodermaal defect which at times appears to
occur concomitantly with mesodermal
anomalles (Figs. 94 and 95) The relation
ship to the longevity and the well being of
the patient depends upan the location and
the extent of these lesfons It 1s not a re-
versible condition

CHONDRO-OSTEODYSTROPHY

Chondro-osteodystrophy ‘orquio-Brails-
ford type 1s a term coined by Brailsford
in 1928 and refers to a severe affliction of
the entire skeleton The defect appears to
be an abnormality in skeletal cssification

Historical Notes Brailsford presented the
radlographic anatomy of this condition in
1928 The first publication on this subject
was in 1929! Vorquo summanted the
dinical features and reported upon 1t in
19291

Incidence. This Is a rare deformity and
although 1t may be familial it does not ap-
pear to be truly hereditary Both sexes are
affected, males slightly more than females.

Ettology The etlology Is not known.
Brailsford advances the hypothesis of a
“lethal factor’ in the parents imntroducing
a state of incompatibility

After evaluation of the material Fairbank
concludes that the etiology must still be
classified as unknown *

Varleties. The umque thing about this

Fio 104 Chondro-osteodystrophy (Morqulo-Brallsford) (Frem

Dr M )M Pomeranz) Knee join

ts. Anteroposterfor view The upper

tibial the upper fibular and the lower femora] epiphyseal ropes are
broadened transversely and thinned longlitudinally Cupplng deform-
1ty of the tiblal condyles Is beginmng.



particular condition is that there appears to
be no varlation all cates follow a <pecific
pattern

Clinical Characteristics: Pirysicar, Brails
ford states” that this is a dicorder that mani
fests ltself within the first 3 years of life
Falrbank {ndicates that he has not obeerved
1t commanly elow the age of 4 Usunlly it
is manifested clinically below the age of 10

The clinical «<Igns and <ymptoms are on
the basis of groas disturbance aseociated
with multiple cpiphy<eal involvement
(Flg. 96) That is characteristic of this dis-
ease state They may be listed as follows

1 Dorsolumbar hyphosis (Fig 98) This
Is due to the anterior wedging of the verte-
bral bodies.

2 Settling of the cervical spine shortens
the neck (Fig 97) This 1s again assoclated
with vertebral body wedging

3 There may be o scollosls associated

Chondro-osteodystrophy 161

with the hyphosis As a result of the verte
bral collapse in the dorsal region there is
an Incrense in the anterior posterior diam
eter of the chest and even a thrusting for
ward of the sternum

4 Multiple epiphyseal deformities of the
long bones and the Joints will result in such
changes as genu valgum coxa vara and pes
planus The over afl gross picture is one in
which the individual tends to remain seri
ously dwarfed in size (Figs. 99 to 108)

5 There i progressive flacaidity of the
muscles and marked relaxation of the liga
ments In association with these and a de-
formity such as coxst vara dislocations of
the hips may occur

6 Dislocation of the patella Is also seen

7 The hands are deformed in that the fin
gers appear broadened with swellings of the
interphalangeal Jolnts (Figs 101 and 108)

8 The skull appears relatively normal

Fio 108 C]'nmdro—ostcodywﬁ:.]‘:

Dr M M TPomeranz) hnee
adult To be noted in pasticular are
deformity of the lateral condyle of

y (Morquio-Braflsford) (From
ts Anteroposterior view oung

fragmentation, thon
the tibla and
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F1c
(Mnrqu}o—]}mﬂsfnrd) (From Dr M
I Pomeranz) Knee folnt, Lateral view
\oung adult. This view shows fragmen
tation, condensation and deformation to
be present in the femoral condyles and
the patella as well

106 Chondro osteodystrophy

but faclal features may be unattractive
(Fig 96) Intelligence appears to be un
impaired

ROENTGENOGRAPHIC APPEARANCE. Brafls-
ford divides this into early and late mani
festations 3 In the early stage major changes
are found 1n the vertebral bodies and the
epiphyseal ends of long bones. The outlines
of the vertebrae show platyspondyly The
tonguelike prolangation of the middle por
tion of the anterior part of the vertebral
body 13 supposed to be diagnostic (Fig 98)
This of course results from the faflure of
the formation of the upper and the lower
epiphyseal plates of the vertebral bodies
A slipper-shaped projection on the fnferior
surface of some vertebral bodies may be
observed in association with the moce char
acteristic central or tonguellke projection

Fio 107 Chondro osteod

ystrophy
(Morquio-Brailsford) (From Dr M
M Pomeranz) Lower extremitres. Lat
eral views. Child \ery severe typral
changes with enlargement, cuppink,
fragmentation sclerosis and abnormal
shape of the epiphyseal centers and the

metaphyses. The shafts of the long
bones are broadened and foreshortened
The tarsal bones are also affected

on other vertebrae This slipper-shaped pro-
jection s more apt to be assoclated with
gargoyhsm although it can be present also
in Vlorqufo-Braflsford's disturbance

At the cervicotboracic and the thoraco-
lumbar areas where the carves reverse there
may be an excesaive kyphasis There may
also be a scollests particularly If the growth
disturbance 1s greater on one side than on
the other In association with the deformity
mn the lower dorsal reglon the sternum
pushes or actually buckles forward. The
intervertebral disk spaces show considers
bly Increased sire in relation to both the
wedged bones and the normal disk.

The ends of the long bones present In
volvement of the epiphyseal regions by mul



uple irregular arcas of owdfication There
are widened joint paces Since growth in
tetference may e asymmetrical this varia
tion in growth plus weight bearing strecses
will add to the deformits at a piven joint
The epiphy=eal conters In the tarsal and the
amal areac are delayed {n making their
sppearance and when they do come In are
aboormal in shape (Figs 99 to 108)

The later changes haw the areas of in
volvement continulng to deterorate with
charees that might be foreseen becoming
very severe In the hip< for Instance de
formity progresses and what had been well
formed areas of eseification at the start first
become malformed fragment then disap-
pear and finally will show no epiphy<eal
re-gssifieation

With the relaxation of muscle tone amd
the marked relaxation of lgaments there
is 2 tendency for dislocations to occur par
tkenlarly since the joints nre not well
formed. \ ot alone do the femoral necks and
beads show abnormalities but so also do
the acetabala A hip will show marhed dis-
mtegration and deformity from apparently
%0 points of view (a) poor apposition of
0 abnormally shaped head agalnst the
#cetabulum and (b) actual growth disturb-
ince in the acetabulum itself (Figs 107
and 103)

Of course with these markedly abnormal
Jounts such as in the hip and relaxation of
muscles and ligaments  dislocation easily
ocams, In the knees fragmentation and
growth disturbance cause severe deformity
lth severe knock knee as a rule (Figs 104
nd 105) In the forearm the same sort of
Stuation occurs In both the ulna and the
"adhus with considerable bowing usually on
the radial side with foreshortening of the
Wna (Flg 108) There may be severe de
formity of the ankle joint involving both
the tbia and the fibula with fbular
shortenlog (Fig. 107)

P'ﬂm’-t'.'gy A blopsy specimen was re
Ported wpon by ) H Shelling in Brenne
mannt Pediatrics® He disclosed that the

Chondro-ostcodystrophy 163

biopsy of the <haft <howed normal bone
Section of the epiphysis showed an {rregular
defective lne of endochordral ossification
with cartilage nests within the bony tra
beculae The metaphy<eal trabeculze were
parotic.

Fio. 108

Chondro  osteodystroph:
(Morquio-Brallsford) (From Dr \Iy
M Pomeranz) Upg‘cr extremity Child

Advanced changes mvolve the elbow and
the wrist growth centers. Marked short
ening thickening and defermity of hu
merus, radius ulna metacarpals and
phalanges are present.
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No autopsy specimen has been reported
upon to date

Carumrey  There have been no reported
abnormalities in chemistry

Differential Dragnosis This must be dif
ferentiated from achondroplaaia, gargoy!
ism, spinal tuberculosis rickets hypothy
roidism and osteochondritis, particularly of
the Calvé type

THE AcrionprorLAsTICS These are strong
dwarfs not feeble. They have if anything
a severe lordosts The trunk in an achondro-
plastic {s basically normal. The limbs are
relatively short. There are no gross epi
physeal or articular deformties (Figa. 73
to 76)

Gargovrmne, The features are grotesque.
There is mental defidency which is not
present in Morquio’s. The corneas are
clouded The spinal changes may be similar
particularly with the slipper extensions an
teriorly of the vertebral bodies but these do
not usually occur n assocration with tongue
projections from the centers of the bodles
This condition 13 also assocfated with de-
fects 1n other body organs such as disturb-
ance with the nervous system the endocrine
system the urogenital system and the all
mentary system There is also enlargement
of the Liver and the spleen in gargoylism.

Ricxers. Although the kyphosis may be
present, we do not have the tonguing or
slipper formation The extremities of the
epiphyseal areas will show the typical cup-
png in a severe type A history of vitr
min-D deficiency can be obtained If it be
oa the basis of deficlency as far as mineral
absorption Is concerned, this also will be
evident \Where there has been vitamin D
resistant nckets dwarfism and even deform
ity may be present. Radiograms wiil not
show the Morquio pattern in the spine and
the epiphyseal centers of the long bones
There will be metaphyseal cupping with
osteomalacia of these areas of the eprphys-
eal centers in severe cases of the diaphysis
also \o fragmentation is seen In the
epiphyses (Figs 186 10 200) Certain chemi
cal changes may be evident, particularly 2

tendency for elevation of the alkaline phos-
phatase,

Hrrotuyromwisit There have been dis-
cussions of cases in which presumably bony
changes occur Certainly a delay in growth
occurs and delay in the epiphyseal centers is
distinctly so (Figs 152 to 159) But here cue
may suspect it because of the facial charac
teristics the blood-cholesteral changes, as
well as the studies that can be obtained by
protein bound fodine and fodine uptake
studies Basal metabolic rates are important
but are not as diagnestic as the above tests.
Finally of course, response to thyroid hor
mone Is helpful

Cavvi s Disxase or miie Seine. There is
an epiphyseal imnvolvement in the young
child in which there tends to be a platy
spondyly In this mtuation the primary os-
sification centers of the vertebral bodies
appear to be affected more than the supenor
and the inferfor eplphyseal plates. There-
fore the wedging phenomenon would be
less likely to occur the platyspondyly would
be more common and the deformity there-
fore would be simply that primarily of a
fiat vertebra

Tusrkcurovs Sronpyirrm, It 18 of
course, Important not to confuse these cases
with tuberculesis of the spine. It is rare,
however for tuberculosis of the spme to
occur at the age of 3 Secondly when it does
occur the changes are prmarily of the
eplphyseal plates with secondary involve
ment of vertebral bodies. Third there Is
evidence of constitutional disease There Is
a tendency for fever elevated sedimentatfon
rate and posmitive tuberculin test.

VOORHOEVE’S DISEASE
(OSTEOPATHIA STRIATA}

Definition. Osteopathia striata is a devel
opmental abnormality characterired by
striation of the skeleton, especlly of the
metaphyses of the long bones.!

Incidence. The disesse Is rare

Clinfcal Features: ROENTGENOGRAPHIC
Arrearance, The main features are long!



tudinal strlation in all the long bones (alter
nating with parallel lines of normal denslty
in the metaphy~es) and irregular fanlike
stnation of the illum and a great increase
m the density of the shull and the ribs.

Pathology There is linear or strinted
osteopetrosis The Jamellar structure fs Jost
owing to obliteration of the canaliculi and
the isolated lacunae appear small and evac
nated

Differential Diagnosis. The diagnosis of
osteopathia striata is based entirely on the
radiographic appearance The physical ex
amination and biochemical data are nega
tive The striation is characteristic and

!

F1o 109 Myualtis ossificans progressiva in idem.ﬁ::l twins, (From Dr

acob L
\u};ine. These cases [Flgs. 109 to 114] were published originally in A-zrluu{ Jourmal
of Roentgenology and Radium Therapy 59 204212 1948 and certaln flustrations

are reproduced with

Myositls Ossificans Progressiva 105

appears In bones that are normal in other
regards

Treatment. Treatment conalsts In the sur
gical relief of any existent deformities
where possible Usually no trentment is
needed

Prognosis. The prognosts is usually good

N OSITIS OSSIFICANS
PROGRESSIVA

(Syn Fibrostis ossificans progressiva

(Grelg) ! hyperplasia faclalis ossificans
progressiva ? fibrocellulitls ossificans pro-
gressiva 3)

) Identicel twins C 3L ard M 1M, white femnales

first seen at the age of 10 years tn 1933 and followed until the present time (1955)

Both cases

thelr difficalty with pain and stifiness jo the cervical

on, The

bar.luqubetmnsshuwthepuup{nﬂmfl-thmeosnﬁcxﬁmswithuprmsmenmtn

3 M who is not ambulatery
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Definition. \[yosttis ossificans progressiva
18 & rare congenttal disorder which develops
mto progressive crippling due to aberrant
but true bope formation throughout all
muscle coverings of voluntary muscles. It
Is associated with such anomalies as short
great toes and/or thumbs (Fig 114) This
true bone formatlon involves the muscle
sheaths of practically all the voluntary
musclest (Figs, 109 and 110)

[ovsch
praes

Hustorical Notes. This condition
scribed originally by Guy Patint
and subsequently reported upon -
ferich,* who pointed out the short a
great toes of infants otherwise n¢
birth. In 1868, von Dusch® named {
dition myostis ossificans progressi:

The disease hag been reviewed ¢
by Rosenstim? Nutt? Malr* an
bank ¥ the last in 1951

77
Pl

Flo. 110 Myoaitls cssificans progressiva In identical twina, (Same patlents
a3 Fig lm)}Skeletnldhgﬂm!lndicatethedM{bm}Ou of the soft tissue
owifications. The widespread changes about the hips of M 3 prevent her
from walking. C I is ambulatory
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Fio 111 Myositis ossificans progressiva in {dentical twins. (Same patlents as Fig
109 ) \ ray pictures of the left hemithoraces and the shoulder girdles of the twins
indicate the pattern of soft tlssue ossification. The major bony bands are outlined for
emphasis.

Shoulder

Etiology The cause of this extrmordinary
bone formation is unknown However the
congenital microdactyha in 75 per cent of
casesh ! suggests a fund 1 hy
mal defect It must be emmphasized that this
disease is different from the usual traumatic
myositis casificans

Clinical Manifestatiors, There 13 little
evidence that this disease is consistently
bereditary or familial Tbere are Iisolated
reported cases occurring in familles and
even In twins® (Fig 109)

There i3 2 sex predomunance in favor of
males,

At birth In at least 75 per cent of cases
the stigmata of the disease (notably micro-
dactylia and short abducted great toes and
ofttimes thumbs) are present* (Fig 114)
Actlve evidence of the disease process may
not make an appearance for some time
In rare instances, however muscle changes
have been observed also at birth*

elevation is markedly restricted 1n both subjects

The general pattern for the appearance
of thus disease in active form is a latent
period extending from the time of birth to
as late as the thirty fourth year Sixteen
per cent of cases show symptoms within the
first year of life? Seventy five per cent of
cases occur before the sixth year of 1lfest

This extraordinary couditlon eventuates
in rather complete bone formation through
out all voluntary muscle planes (Figs 109
and 110) Tt begins as an inflammatory re
actlon In the fascial planes. Tt usually starts
In the posterlor neck but may begin in any
location Trauma plays a role In some cases
It is not an etiologic agent but it can and
does imtlate the mmflammatory reaction
which eventuates in bone

There {s a distinct pattern in the develop-
ment of this aberrant but true bone It starts
as a painful tender hot blulsh and deughy
mass. The muscle or muscles Involved are
swollen and indurated The subcutaneous
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Fie 112 )Iﬁynsms osuficans progressiva In fdentical twins. (Same patients as Fig

109 ) Similar

ndlngs are noted fn the roentgemograms of the right hemithomces and

the shoulder girdlex, The prmts are reversed

tissue is edematous The skin may be nor
mal or reddened This Is often accompanied
by systemic reaction such as fever up to
101 F

After a few days the swelling decreases
but the muscle remains indurated This in
duration is relatively painless foliowing the
subsidence of the acute stage Recurrent
acute attacks simulating a rheumatic proc
eas Involve ever widening areas

Once a muscles coverings have been in
volved by the initial inflammatory process,
there is & varying Interval during which
quiescence recurrent acute inflammatory
attacks or progressive ossification are pres-
ent. This interval may vary from weeks to
months before 1t will be reactivated or
progress to ossification. It is doubtful
whether a muscular fascial plane, once in
volved will escape eventual ossihcation

Ossification will occur within weels to
months of the start of the inflammatory
process with the average time about 2
months Eventually, this conditloo pro-
gresses to nfiltration and bone formation in
the coverings of almost all of the voluntary
muscles of the body including those of the
jaw The muscles of the eye the facial ex
pression the act of swallowing the tongue
the diaphragm the beart, the perinenm the
genitalin and the sphincters are said to re-
maln uninvolved ¢

A typical advanced case fs a most m
bappy but striking sight. One sces a slender
mdividual with large ridges of bonc scat
tered throughout the trunk and the extremi
tles (Fig 109) A frequent slte of large booe
masses s the back. The rhomboid muscles
may be so Involved that a veritable handle
18 formed transversely across the back. One
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16 113 (Top) Dlyositis ossificans progressiva in Identical twins. (Same patients
uli;}: 109 )(Iz{t)hlp&y‘;i;]tﬂopasttﬂo‘r view There is only a mild change in the hip of
C. )M whereas a complete ischiofemoral bony bridge is seen in the hip of 3 M

Fic 114 (Bottom) Dyusitis ossificans ngraslva. in identical twins. (Same patients
as Fig. 109 ) Both feet. Anteroposterior views Similar deformities are seen In the great
toes of both the twins which present n:\lcmd.aa(:it interphalangesal joint fusion, hat
Jux valgus and abpormalities ulptbe distal ends o first metatarsals, Similar findings
may be observed in the hands of patlents afficted with myositis omificans progressiva.

can actually 1ift the unfortunate victim by
these bone cutgrowths

The spine and the joints of the extremlties
may become fixed rigidly by bone bridges.

Teeth often must be removed to allow
room for feeding

The skin overlylng the distal extremitles
and extending from the toes to above the
ankles (like a sock for instance)} varies in
appearance and texture from the skin of the
rest of the body The Involved zone of skin
gives an appearance of decreased thickness
and pigmentation loss like a vitiligo

The great toes are abducted and shorter
than the second toes The interphalangeal
joint may be ankyloged (Fig 114) The
thumbs assume an appearance similar to
that of the great toes

The involvement of the muscles about the
chest affects respiratory excurslons so that




Fio 115 Alyositls ossficans progres-
siva. (Same patient as Fig 109 ) C Al
1954 now aged 30 years, Dorsal and
tumbar spine Anteroposterior view The
extensrve shoulder-girdle and the back
foft tissue  ossifications  are  shown
clearly

intercurrent infections of the lungs are
common (Fig 115)

CreMicar Foipinas All chemical studies
are grossly normal Includmg the alkaline
phosphatase. Balance studies do not disclose
a marked retention of phosphorus and cal
clum.* Strangely the alkaline phosphatase
repeatedly ™ performed in two cases when
very intense bone formation was in progress
was normal

This finding 1s inexplicable on the basls of
the present concept of the relationship of
alkaline phasphatase to the ossification of
bone. A poasible explanation may be that
this bone formation 13 by direct metaplasia

Alkaline  phospk infers lafied
osteold
X ray Frnorves The normal skeletal

components are unaffected except for osteo-
parosis and the congenital anamalies of the

Fio 116 \lyositls canficens progres-
siva. (Same patient as Fig 109 ) C. AL

new bone around the nght hip ares.

hands and the feet. These anomalies are a
reduced length of phalanges of the great
toes and the thumbs Occasiomally the
proximal phalanx may be so tiny as to be
only a small wedge of bone. Sometimes the
proximal phalanx is fused to the metacar
pals or at the Interpbalangeal jolnt*
Furthermore there is an abduction deform
ity of the great toe, a hallux valgus (Fig
114)

Throughout the trunk and the extremities
will be observed large plaques of bone
(Figs. 115 and 116) There may be large
tidges or sheets of boge on the trunk or
parsllel with the shafts of the long bones.
There may be bridges acroas the Joints
which represent ossificatlon of llgaments



and tendons as well as of fascial planes
(Figs 111 to 113)

Finally, there are exostoses in relation to
bony prominences such as the heels and the
fschinl tuberosities the supra-orbital ridges
and the maxillae

Pathology The primary change is of the
connective  tissue In the intermuscular
planes, and not of the muscle fibers them
selves The senior author has observed the
uninvolved muscle to lie in an operative bed
after careful dissection of the bone from
the shenth.

The earliest changes are those of inflam
matory swelling and connective-tissue infil
tration of the intermuscular sheaths. Tmma
ture connectrve tissue and fibroblasts are
«een mucroscopically to infiltrate the fascial
plances between the muscle fibers and arcund
the blood vessels.

The muscle fibers show a reactive swell
ing progreasing to various types of atrophy
and degeneration

Floally the connective tissue In the septa
forms new bone by direct metaplasia with
or without an intervemng cartilaglnous
stage. This bone 1s mdistinguishable grossly
and microscopically from compact bone

(Figs. 111 to 113 115 and 116)

Treatment, There is to date, no known
efficacious treatment. Exciuon of bone

References 171

bridges and plaques results in rapid recur
rence Avoldance of injury may retard the
development of new sites of ossification

Large doses of magnesium to nullify phos-
phorus with low calcium and phesphorus
and vitamin D intakes were {neflective !
Actually balance studies were unchanged
on this regimen in the presence of continued
osslfication In other words even though
cnlcifying materials were restricted osmifi
cation continued \o negative balance was
evident so alafying material apparently
was drawn from the sheleton

Beryllium'™ was also used with similar
rationale io regard to phosphorus Tt too
was of no avail

Prognoss. The condition is chronic and
progressive There are perfods of remission
The eventual result is a widespread involve-
ment and crippling resulting from fmmo-
bilization of the joints of the extreruty and
of the torso Finally because of immobility
and bone exostoses the patients suffer from
decubiti They soffer lung infection because
of the lack of respiratory excursion. They
soffer from severe inanition because of their
inability to ingest and masticate solid
food

Death occurs usually in late childhood or
in early adult hie An occasional case may
survive longer
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CHAPTER NINE

Endocrine Disturbances

PRIMARY
HYPERPARATHYROIDIS)M
(PARATHY ROID)

(Syn  Parathyrodism fibrocystic dis-
case  metaplastic malecla—von Reckling
hausen hemorrhagic osteomyelitis—Barre
generalized osteitls fibrosa cystica )
Definition. Generalized ostertls fibrosa
cystica is a metabolic disorder of adult life
due to excessive secretion of parathyrold
bormone that results in an elevated serum
calefum a lowered serum phosphorus a
negative phosphorus and caldum balance
and progressive generalized osteoclasls of
bone It is associated frequently with giant
celled tumors and cysts osteoclastic
nature (Figs, 117 to 133)
Historical Notes. The history of this fn
teresting condition 1s associated with the
story of the parathyrold glands for after
all the bone change 18 & reflection of changes
in the parathytold gland
1700 The first recorded example of hyvper
perathyroudism appears to have been
made by Courtial

1858 Remal described the
glands.
1864 Engel referred to cystic bone disense
and disturbance of parathyroids
1876 Virchow reported the occurrence of
cysts 1n long bones

1877 Langendoef referred to the concur
rence of cystic hone disease and para
thyrord disease

1879 Sandstrém® described the two superior
parathyroid glands He indicated that
Remal in 1858 and Virchow in
1860 had described these glands

1884 Davies-Colles* reported the case of a
young girl with generalized skeletal
disetse & tumor of the jaw renal

parathyrold

stones and fincreased renal excretion
of calaum

Rendfleisch  reported cysts in long
bones

1889 Hirschberg first described generalized
variety of bone cysts In osteomalacia
Von Rechlinghausen gave the first
accurate description of the condition
and suggested the name osteltis fi
brosa cystica® He discnssed 2 blrarre
disease of bone characterized by de
struction and repair striking woften-
ing of the skeleton and the presence
of cysts He was unaware that any en-
docrine disorder might be associated
with bony changes in question?

It {s of interest that Jung® reinvesti-
gated* autopsy reports on two of the
cases that von Recklipghaisen had re
ported upon, one case n 1891 and
ane in 1910 * In both cases von Reck
Iinghausen had found what was ap-
parently a parathyrold adenoma, but
had mistalen 1t for a lymph gland. It
must be considered that, in 1891 3 von
Recllinghausen differentiated this case
Jung refers to from esteltls deformans,
osteomalacis and osteolytic cancer In
the 1910 monograph#* von Reckling
hausen difierentiated this case from
rickets and osteomalacia  Albright
cearly pornts out that case 5 and prob-
ably case 6 described by ven Reck
lingbausen in 1891 as osteitis fibroaa
generalisats, in reality was polyostotic
fibrous dysplasia
Gley rediscovered the superior para
thyroid glands.

1806 hobn® for the first time described the
inferior parathyrolds

1896 Vamsale and Generall” were among the
first to recoguize the function of the

1886

1891

1891
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parathyrolds They showed that tetany
was the result of exclsion of the para
thytotd glands

1897 Welsh* described the  morphologic
features in the normal parathyrold
plands. He called attentlon peafically
to the oxyphil cell in contradstinction
to the chief cell. He believed that the
least «pecialized cell was the water
clear one (wasserhelle) which was
tramsformed In time into the chief

cell

1904 Askanary® first supgested that there
might be an association between von
Recklinghausen s disease and hyper
parathytoidism  He gave a dimeal
description of a patient with gener
alized bone disease multiple fractures
and & tumor of the parathyrad gland

1605 MacCallum'® reported & case of
chronic glomerulenephnitls as 2 mamt
festation of activity of a parathyroid
adenoma. It is of Interest hawever
that the probable explonation was
hyperparathyroldism secondary to the

tls

nepbril

1906 Erdheim!! believed that parathyrod
enlargement was secondary He was
probably the fint to recogmze more
than 2 causal relationship between
the body changes and the hyperplasia
of the parathyrold glands 1n cases of
osteoralacia. His observation was cor
rect  his conclusion of gland hyper
plasia secondary to bone changes was
{n errar according to modern com
cepts.

1909 MacCallum and Yoegtlin'? ghowed
that parathyroidectomy led to a fall
in serum calaum, although later
studies (ndicated that the primary
action was a rise In seram phosphorus
owing to its decrensed urinary excre-
tion.

1915 Schlagenhaufer'® suggested the re
moval of the diseased parathyroid as
a cure for malacic osseous disorders
but because of Erdhelms hypathesis
they were afraid to attempt this Fven
Mandl transplanted parathyroids and

177

fourd the condition worsened before
he removed the gland for this disease
1925 Mandl'* extirpated a parathyrold tu
mor In a case of hyperparathytoldism
with dramatic relief of pain in { month
am regression of condition
1926 The work of Collip'® clearly delineated
proof of the relatfonship between para
thyroid activity and the metabolism
of phosphorus and calaum His dis-
covery of the parathyrold hormone
led at once to study of its effects in
norma! persons. This hormone is still
used climcally and experimentally It
must be given parenterally Soom ex
amples of bone disease associated with
hyperfunction of a parathyroid tumor
became known—as in the generalixed
ostettis fibrosa of von Recklinghaunsen
Barr and Bulger'® stressed the met
abollc and the skeletal changes in
hyperparathyroldism.
1930 Jaffe Bodansky and Blalr'? injected
parathyroid hormone 1 animals and
produced the characteristic hone le
sloos of fibrocystic diseaze
Camp and Ochsner'® first described
subperiosteal reabsorption of bone In
pnmary hyperparathyroidism
Albright!® ¢f a] wrote of renal caleuli
in association with parathyrod ade-
nomas or hyperplasia with or without
decalcification of the skeletal struc
tores They called attention to the
fact that renal calculi are sometimes
the first chinical manifestation of the
disease

1930

1931

1937

Incidence Pnimary hyperparathyroldism
fs fairly uncommon In the last 10 years
for example among 109 000 admlssions at
Lambeth Hospital (London) there have
been only 2 afflicted persons Tt is possible
however that the disense is not diagnosed
correctly as frequently as it might be par
teularly in its early phases,

Osteitis fibrosa cystica s twice as com
mon in women as in men Tt occurs at all
ages but usually in middle life In chikdcen
the incidence 18 equal



Fro 117

Primary hvperparathyrold
ism. (From Dr M M Pomeranz) Pel

vis, Ante or view Cystic areas
1n the fliac bones and the right femur
represent  osteoclastomas  filled with
fibrous tissue, The generalized osteo-
clasis is very mild in this instance.

Fic 118 Primary hyperparathyroidism (From Dr M
view

A Pomeranz) Elbow and forearm Ant
‘The dramatic finding is the cystlike ost

distal humerus, The more {mportant diagnostxc feature is
the osteltis fibrosa of the forearm bones as evidenced by
coarsened trabeculations and cortical
The demarcation between the cortex and the
medullary cavity is less distinct. Blood chemucal and ur
nary stucies help distingunsh primary hyperparathyrold

medullary widemng

15m from renal osteitis fibrosa

Etiology The etiology of this condition
has been indicated in the historical notes
There appears to be no doubt that primary
ostertis fibrosa generalisata is due to hyper
secretion of the parathyroid gland or glands
This can be due to hyperplasia of the para
thyrold or to a secreting adenoma

The adenoma 1s more apt to be located fn
the inferfor glands 84 per cent to 16 per
cent in the superior glands ®

This diseass is charactenized by changes
in the parathyroid glands In bone and in
soft tissues particularly the kidneys Pri
mary hyperparathyroldism has been related
to a pnmary adenoma a primary caranoma
of a single gland an adenoma of more than
one gland or hyperplama of all the glands
Although cases of hyperparathyroldism as
socated with hyperplasia of all the glands

T
oms in the

have been reported 1t is the authors oplnlon
that primary hyperparathyroidism or osteitls
fibrosa generalisata will result only from an
adenoma or A carcmoma of a single gland
If hyperplasia of all of the glands occurs
1t would be more reasonable to presume that
this represents a case of secondary hyper
parathyroidism from one of the many causes
that can produce secondary hyperparathy
roldism, which is discussed under that head
in

%t appears that the important cell In the
parathyroid adenoma of secreting type Is
the chief or principal cell Two other cells
are observed—a waterclear or wamerhelle
cell and the axyphilic cell It appears that
the active cell is the chief cell The chuef
cell represents the secretory phase of the
cellular cydle of the gland the water cell i
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Fro. 119 Primary hyperthyroidism.
(Case originally studied on the service
of Dr A. Broce Gill by the senfor au-
thor From ] Bone & Jolnt Surg 18
942-947 1936) White female 31 years
old. Lower femora and tibise. Antero-
pasterlor view Genperalized osteoclasls
with localized e oateocl
These so-called “brown twmors” of ven
Recklinghausen simulate cysts roentgen
ographically

simply a transitory stage in the development
of a chief cell The oxyphil cell on the other
hand appears to be & resung cell without
any clear-cut action 3o far as has been
demonstrated

Clinleal Features, Albright and Reifen
stein™ list the clinical findings under three
headings (2) mmvolvement of the skeleton
(1) urinary tract changes and (c) changes
secondary to hypercalcemia. It has been
considered that true primary hyperpara
thyroldism must demonstrate all of these
factors. Analysis of cases however Indl
cates that hyperparathyrordism may present
only one of these findlngs On the other
hand it may combine two or all three
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Fio 120 Priman hyperparathyroid
ism, (Same patient as Fig. 119) (GUl
A. B, and Steln L ] Bone & Joint
18 943 1936) Tiblae. Lateral
view Sixteen months following removal
of two normal thyrold glnds and
the utilization of a consistently high-cal
caum high-phosphorus and high vitamin
D intake, The averaxe dafly intake was
phosphorus 30 Gm. calcium 20 Gm
vitamin D 10000 units. Average daily
retention was §ho@horu5 15 Gm,, aal-
aum 1.0 Gm. Marked healing of asteo-
clastlc bone and osteoclastomas Is evi
dent. The cysthike spaces are now dense
and solid Ope true cyst in the tibial
mid shaft has not healed.

It Is of particular Interest to point out
that skeletal manifestations are less fre
quent than renal ones this despite the origi
nal clasnfication of this disease as skeletal

1 INVOLVEMENT or SkELETON The skele
tal changes are (a) decalcification which
ranges from minimal absorption of bone to
practically complete erasure of the slele
ton—in this latter phase the shadow cast
by the bones upon x ray film may be hardly
denser than the surrounding soft tissues.
(Contrast Figures 117 118 132 and 133



Fro 121 Primary b, thvrold-
ism (Same ]Snumtu ig 119) (Giil
A B, and Stein I ] Bone & Jolnt

Surg. 18 945 1936) Left femur Antero-
posterior view Giant-cell osteoclastoma
ocoupying most of the left femur In ad
ditton, expansgion of the upper femoral
shaft is noted The bone appears hazy
and is 30 porotic that its shadow is
barely denser than the surrounding soft
tissze (The print s reversed )

with the advanced changes of Figures 119 to
131) (b) Deformties of bone due to ex
cesstve decaldfication of the skeleton which
therefore bends and twists. Further de
formities may result from pathologic frac
ture.

Finally true cysts and osteoclastomas
(pseudocysts) may be found The osteo-
clastoma often is manifested as & glant-cell
cpulis 1n the jaw Therefore the demtist
ofttimes may discover a case of hyperpara
thyroidism

The deformities may vary as does the
degree of bone absorption A patlent may
show Little or no deformity or may become
50 deformed that he lies helplessly a mass
of twisted nodular limbs with a collapsed

Fia 122 Primary hyperparathyrold-
ism. (Same patient as Fig. 119) Left
femur Anteropasterior view Grant-cell
osteoclastoma of the left femur 16
months later followlng the regimen out
lned In Figure 120 Note the dense
trabeculations throughout the bealed
osteoclastoma  BHope Is pow so denﬁ
that x ray exposure t epough to o
literate soft tistme dows still shows
bone in sharp contrast. Contrast with
Figure 121 and Iater with Figure 131

sternum and rib cage and shortened curved
spme

Early cases may present only bone pain.
Late or advanced cases have pain too bat
show changes from minimal to complete
obvicas invelvement.

It has been observed numeroas times that
ingestion of large quantitles of milk may
prevent absorption of the skeleton® The
reason of course Is that a quart or more
daily of milk replaces the calcium and the
phosphorus lost from the skeleton. It must
be remembered that, in hyperparathyrold
ism, excess calcium and phosphorus excre-
tlon through the Lidneys must occur Stmple
replacement of the calclum and the phos-
phorus will merely halance caldlum and
phosphorus loss it will not reduce the
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Fic 123 Primarv hyperparathyroid
fsm, (Same patient as Fig. 119) (Gill
A B, and Steln, I ] Bone & Jolnt
Surg. 18 943 1936) Right femur An-
teropasterior view on admission is on the
right of the [Tlastration and shows exten-
sive osteoclans with a large defect in the
Iateral portion of the mid-shaft. Sixteen
months later healing reaction is ob-
served fn the left hand roentgenogram,
F;r treatment, see the caption of Figure
120

“load” upon the kidneys nor the danger of
predisposing to kidney involvement and dis-
ease (Flgs 122 123)

? Rexaw Ixvorvewext This is second
ary to the enormous excretion of calcium
and phosphorus 1n the unne At least 50 per
cent of hyperparathyroid cases present some
form of urinary tract pathologic changes.

In a nation such as the United States
where good nutrition and widespread use of
dawry products prevail kidney involvement
will often precede bone change There are
primarily tno types of kidney involvement

1 That due to deposition of calcium and
phosphorus stooes in the kidney the renal
pehas or the ureters These stones may
range from tiny coes to large staghorm
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Fro 124 Primary hyperpara
fsm. (Same patient as Fig 119 ) Chest

thytod

and dorsolumbar spine on admission.
Desplte very low x ray expasure, Very
little bone detail can be observed. The
rib cage has become deformed and col
Lapsed. Cysts can be seen in a few ribs.

calculi filling and cbstructing the renal
pelvis,

2 That due to deposition of calaum and
phosphorus in metastatic forms in the kid
ney parenchyma with special emphasis upon
the kidney tubules This 1s called nephro-
calcingsis. The interstitial tissue may be
involved also by metastatic calcification

In the normal acid urine the stones will
be caldum phosphate or calaum oxalate
1f infection transpires the pH of the unone
may rise Then the stone may have addi
tional coatings of other electrolytes rela
tively insoluble in an alkaline medium—
magneslum and ammoniym in combination
with phosphate Staghorn calcul: are usually
phosphate or cystine stones

JMechanical blocking of urine output may
lead to considerable kidney destruction and
infection.



t1o 125 Primary hyperparathyroid
ism (Same patient as Fig. 119 ) Pelvis
amd lumbar spine on 2dmission Antero-
pasterior view A severe degree of osteo-
clastic change and deformity is present.

\ephrocalcinesis may produce severe kid
ney destruction Early it may be mani
fested by polyuria and polydipsia with a
secretion of a urine of fixed specific gravity
Later migns of azotemia (mtrogen reten
tion) with phosphate retention occur At
this stage blood chemistry may be confus-
ing for now an increased blood phosphorus
rather than a decreased one would be found
However the blood calclum may also show
elevated levels here but tend to approach
normal or subnormal values as phospharus
rises

Symptoms and blood and urine findings
wmil be related to the type and the degree
of kidney involvement.

For 1stance when nephrolithiasis or
ureterolithiasts s the predominant factor
acute renal colic infection and hematuna
are cardinal frndings which bring this pa
tlent the attention of the urologist. Intensmive
work up of such patients has resulted in the
frequent diagnesis of hyperparathyrosdism.
Attention then must be directed to the en
docrine cause

In nephrocalcinesis the kudney dissase

Fio 126 Primary h
izm. (Same patient as

rathyrold-
18. 119 ) Left
forearm on admssdion Anteropostersor
view Characteristic asteoclastic reaction
In all bones and osteoclastoma forma
tlon with expansfon m ulna. There is a

small cyst in the radlus and & loss of
definition between the medullary cavity
and the cortex in the radius and the

may also present findings essoclated with
tubular disease, These may be summed up a3
follows lows of base econamy fallure to
reabsorb amino acids and selective faflure
of calaum reabsorption

3 Hypercarcemia Symptoms of hyper
calcemia found in hyperparathyroidism may
be listed as follows hypotonia and de
creased excitabllity of muscles, This refers
to skeletal, smooth and cardiac muscles. It
has been suggested that it is this lack of
tone which gives rise to constipation
anorexia or poor appetite and Jassitude
Intermuttent nausea with progressive loss
of weight, and vomiting which s often in
tractable also are ascribed to hypercalcemia.
Patients frequently complain of abdominal
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pamns and cramps 80 that there are clear-cut
signs and svmptoms suggesting gastric ulcer
oc appendicitis. \umerous cases have actu
ally undergone surgery for ulcer due to
thess symptoms.

Calerum depnsits may occur in the deep
conjunctiva of the palpebral fissure and
there is also a band keratiths @

Cumuostay The primary factor in the
byperparathyrold state is the increase in
phosphorus outpouring through the kidney
with resultant lower blood phosphorus This
then becomes as.ocated with ncrease in
calaum excretion through the kidoey with
resultant elevation of blood calcium.

The alkaline phosphatase s usually ele
vated since bone-productive efforts are con
stantly going on and cannot be completed in
view of the fact that the decalafication is
a predominant picture

When renal complications occur certain
additional and sometimes confusing blood
chemical changes may be ohserved as Indi
cated n the preceding section on kidney in
volvement in this disease

Balance study Indicatmg the amount of
measared intake of caldum and phosphorus
and the measured output shows & loss of
calaum and phospborus from the body with
an locreased cutput through the feces but
markedly increased and even reversed out
put of calcium and pbosphorus through the
urine Normally approximately 8O per cent
of caldium and phosphorus excretion through

the body s fecal. In hyperparathyroidism,
this may be reversed

A summiary of the chemical findings 1n hy
perparathyroldism reveals a lowered blood
phosphocus, an elevated blood calaum an
elevated alkaline pbosphatase and an in
creased output of ealcium and phosphorus
from feces snd pnne with reversal of urine—
fecal outpat ratio

Normally fecal calaum is 3 to 5 times
that of unnany aldum en a low aldum
diet (See page 30) Absolute values In the
normal individual per day are 100 to 150
mg of calaum in the unne 300 to 400 mg
in the feces.
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Tn hyperparathyroldism on a low calclum
dlet urinary calcium nises above the critical
level of 150 mg per 24 hours and may reach
levels as high as 500 to 600 mg per day
Fecal calclum is also elevated but lags
behind the urinary excretion unless second
ary renal changes interfere with calaum
excretion

RocnTtoenoowapniic Finoincs We may
consider x ray features as a shadowgram of
the gross pathology of the bLone lesion
Roentgen examination nevertheless does
have hmitations These can be overcome to
some degree by understanding the under
Iving goss pathology

Radiographlc findings in hyperparathy
roldism vary from no appreciable change 1n
bone structure to practically complete dis-
solution of the skeleton in a widespread
fashion

When the intake of calcium has been In
adequate to maintain balance and the con
dition has been progressive long enough
considerable bone 2bsorption occurs. In this
Instance we would find generalized
creased radlolucency of the skeleton In this
condition the loss of bone substance is pr1
marlly that of a generalized decalcification
which may be associated with some increased
fibrosis of the bone structure At this stage
the trabeculae are present but they become
thinned with assoclated widening of the
haversian canals (Figs. 117 118 132 and
133) This is in distinct contrast with true
osteoporosis in which there is a fallure of
bone matrix production Osteoclasis 18 actual
reabsorption of bone matrix In this cond:
tion trobeculae are absorbed not merely
thinned End stages of both conditions can
be confused radiographically However
other vanations 1n bone involvement as wel)
as the clinical pictures and the chemistries
will ald in differentiation

We may consmder that the csteoclastic
process of hyperparathyroidism Is primarily
one of decalcification and that it may van
In degree \s the osteoclasts of the skeleton
progresses  the roentgen shadow becoines
mare and more radiolucent Eventually the
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F1a. 127 Primary hyperparathyroidism. White fe-
male (same patient as Fig 119 now 41 years old)
Right femur 10 years after removal of two normal
parathyrolds and institution of high-calaum, high
phosphorus and high vitamin D diet which was maln
talned for 3 years. See Figure 123 It is quite prob-
able that the secreting adenoma continued to func
tion and may well have been in th~ mediastinum. At
any rate the patient presented signs of kidney damage
10 years after parathyrold excision. At this time the
osteoclastic reaction appears to have recurred. Al
though some dense trabecular detall appears in hnes of
stress, the over all pattern of bone is poor Her chem-
ical studies at this time showed calaum 12 mg. per
100 cc. phasphorus 30 mg  alkallne phosphatase of
18 Bodansky units. These may be compared with find
ings of calctum 14 0 mg. 100 cc. phosphorus 3.2
mg phosphatase of 20 BocE:rsky unlts Eefore parathy
rofdectomy A less Intense reactivated hyperparathy
rold state appears to be present.

bone may show little contrast with the sur
rounding soft tissues (Fig 121) This bone
absorption and fibrous tissue replacement
may progress to a final stage In which it Is
difficult to determine the shadow of the bone
structure 1n relation to the surrounding
shadow of soft tissues (Figs 124 and 125)
This may be the only radiographic finding
in thyrotoxicosis

Iﬁdﬂn to the picture of generalized
bone decalcification three additional skele-
tal lesions are often observed

I Small cysts usually subcoctical which
are lined with a fibrous membrane (Fig

Fro 128 Primary hyperparathyrold
Ism (Same patient as Fig. 119 pow 41
years old See Fig 127 ) Ten years after
parathyroldectomy Both tiblae Coo-
trast recurrent p:::ﬁrmdvt osteoclasis
wmth Figure 120 ich shows the kg
bones while the patient was on a cald
fying diet.
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Fic 129 Primary hyperparathyreld-
{sm (Same patient as Fig. 119 now 41
years old. See Fig. 127 ) Dorsolumbar
spine. Lateral view Severe generalized
osteoclasly with dense tmabeculae at
stress points. N\ote longitudmal stria
tions resembling osteolytic Pagets dus-
ease.

126) These will not fill in in the healing
stage of the disease (Fig 123)

2 Scattered small (and often large) cysts
which are expansile in nature They may be
30 big as to often appear to distend the
entire cortex in a uniform crcumferential
way The appearance 18 much like & balloon
which Is blown up and expands evenly in all
directions These lesions are not cysts they
are not empty spaces In bone as they appear
to be on x 3y films. They are osteoclasto-
mas and are filled largely with gant-cell
(osteoclast) stroma. These structures also
contain some ostecblasts and reticulam cells.
o the heallng stage these “cysts” rapldly
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Fio. 130 Pnmary hyperparatbyrold-
jam. (Same patient as Fig 119 now 41
years old. See Flg 127) Skull. Antero-
posteror vlew Diffuse changes of osteo-
clastic type assoclated with over-all en-
largement of the calvaris. This 1s a severe
degree of osteltis fibrosa generalisata fol

lowing longstanding excess parathyrod
bormone action on the skeleton

condense and recaldfy (Figs 119 to 122
128 ard 131)

3 Voderate vanations of these osteo-
clastomas are the “giant-cell brown tumors
of vou Recklinghausen ” which also are os-
teoclastomas but contain moderate amounts
of abortively calafied bone

These osteoclastomas of both type 2 and
type 3 frequently are observed in the cal
vanum, the maxilla the mandible and the
zygoma (Fig 130) Therefore frequently
the dentist may identify this disease esther
by the appearance of these osteoclastomas
on dental roentgenograms or by identifica
tion of mant-cell epulis either roentgeno-
graphically or clinically In addition a den
tal finding nearly pathognomonic of this
discase is the absence of the lamina dura.

The general appearance of the skull aside
from the osteoclastomas is that of 2 ground



F1c 131 Pnmary hyperparathyroid
1sm. (Same patfent as Fig 119 now 41
years old. Recurrence after parathyroid

ectomy See Fig 126) Left femur
Anteropasterfor view ve osteo-
clasis and bowling with dense trabeculs

tions in response to stress ines. Compare
with Figures 121 and 122 The large
osteoclastoma Is undergoing active de-
structive changes agaln.

glass texture (Fig 132) This 1s due to pro-
gressive decalcification  with generalized
thinning of trabeculae and infiltration of
fibrous tissue

The osteoclass involving the entire skele-
ton results in frequent bending and twisting
of long snft bones These may be the site of
multiple minute compressions and fractures
which form deformity They may also de
velop complete patholomc fractures. Such
fractures often deform because they heal by
malanion.

The vertebrae are so softened that the

yperparathyrosd
{gm, (From Dr 31 M Pomeranz) Skull
Lateral view In contrast with Figure
130 only changes of osteoclasis are seen,
These changes are often called osteo-

Fio 132 Pnmany b

porotic. Actually the roentgenogram
cannot distinguish between osteoclass,
osteoporosis and osteomalacia. This is a
typlcal ground-glass appearance with
trabecular coarsening and loss of con-
trast between the diplof and the tables.

tense nucleus pulposus compresses contigy
ous vertebral bodies in a biconcave or cod
fish vertebra fashion (Fig 129)

Summary of Roentgen Features

1 Osteoclasis and generalired progressive
decalcification. This bone ercsion shows as
a worm-eaten appearance The generalized
decalcification s manifested further by &
relative widening of the medulla and can
cellous areas with a relative thinning of the
cortex. There is diminished contrast between
coctex and cancellous and medullary zones
as well as between bone and surrounding
soft tlasue.

2 Small usually subcortical cysts.

3 Osteoclastomas either empty appear
ing spaces or trabeculated expansile tumor
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4 Gilant-cell epu]l? 4

§ Absence of lamina dura.

6 Frequent deformities assoclated with
bending and twisting of bones and with
pathologle fracture and nonunion

7 Biconcave (codfish vertebrae) com
pression of vertebral bodies due to pressure
of disk upon softened contiguous bone

Pathology The primary lesion 13 the para
thyroid tumor which has been described
fully under etiology The entire skeleton is
involved but may show variations from
minimal changes to nearly complete bone
absorption

The following salient gross and micro-
scopic findings are characteristic of thus
bone disease

1 Generalized skeletal osteoclasis results
In bone that is softened and may cut easily
The cortex and cancellous and medullary
zones become less distinct. Deformities such
&s bending twisting fractures, malunions
vertebral compressions srd sternal and rib
collapse occur (Figs. 119 to 131) These
findmgs may not be observed grossly in mild
or early cases (Figs. 117 118 132 and 133)
However the microscopic findings will be
edent 1 all stages

Microscopically the primary osteoclass
Dbemns in the Howship s lacunse The exact
mechansm of bone reabsorption s still not
solved fully As described In Part One 1t has
been observed that comtact of parathyrold
gland to bone alone will cause bone absorp-
tion without osteoclast proliferation This
however cannot be the only mode of action.

Marked proliferation of osteoclasts and
osteoclastic activity 18 a definite part of the
micrarcopic findings In clinical hyperpara
thyroldism. The trabeculae are dissolved
through expanding ahsorption radiating
from the lacunae. Progressive decaldifica
tion followed by marrow fibrosis results In
2 worm-eaten appearance of the bone The
haversian canals become involved with
marked and progressive dilatation of their
lumina This continues until cortical bone
becomes cancellous Lone and until only
thin cortical shell remains The pattern of
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Fio. 133 Primary hyperparathyrold-
1sm (From Dr 3L )M Pomeranz) Right
hand and wnist. Anteropostenor view

Roentgenograms of the hand are oot
often studied in this entity “ote the so-

of density in all the bones. The osteo-
clasis of hyperparathyroldism Is always
generalized.

haversian canals 1o cortical bone becomes
irregular and disorganized Thereby this
pattern simulates porotic cancellous bone

2 Nlarrow fibrosis. Colncident with gen
eralized osteociasts 1s the wsnally overlooked
process of marrow fibrosis It is overlooked
as & rule because the cliniclan cannot ob-
serve it {n the roentgenogram and blopsies
are not obtmned as frequently ar as easily
as radfographs

The fidings in marrow fibrosits may be
listed as (a) increased marrow vascularity
(b) prollferation of granulation tissue to
fill the fatty marrow spaces with fibrous
tissue  (c) this proliferating granulation
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tlssue not only Invades the medullary cavity
and the intertrabecular spaces but also dis-
serunates throughout the cortex (d) the
granulation tissue gives rise to abortive bane
formation of fiber or woven type This ls
in coptrast with normal lamellar bone

3 Osteoclastomas which occur frequently
in this disease as it progresses. This Is the
typical brown tumor of von Recklinghausen
and must be differentiated from true giant
cell tumors (Figs 119 to 123 126 to 128 and
131)

This leslon of hyperparatbyroldism s
brown in color shows gross hemorrhage and
is gelatinous {n structure It may contain
bone trabeculae in varying amounts or none
at all When present these trabeculae bave
a gritty consistency When bone trnbeculae
are present these will show In the xray
plcture. Both the trabeculated and the non
trabeculated lesions are the same. However
x ray picture discloses that the trabeculated
ones have been considered erroneously to be
glant-cell tumors in contrast with the non
trabeculated which often have been con
sidered to be cysts. Tt 1s well to bear the
pathalogy of these lesions in mind and not
to make an interpretation upon x ray find
ngs alone

Mijcroscopically these osteoclastomas are
composed of masses of osteoclasts These
may frequently coalesce to form glant cells
These tumors should mot be confused with
giantcell tumor The best differentiation
between the two 15 that {n the parathyrold
lesion the predomunant structure s glant
cells which are collections of osteoclasts with
associated hemarrhage and necrosis. What
ever stroma s present here is of mature
fibroblast type with bone trabeculae

In guantcell tumor paradomically the
pathognomontc cell s not the glant cell but
the stromal cell This is a large mononuclear
cell with cytoplasmic processes whase ongin
is not necessarily established Geschickter™
halds the origin in an abnormal manifesta
tion of csteoclast« Lichtensteln® considered
their ongin to be from nonosteogenetic sup-
portive tissue of the marrow In any event

1t s the stroma here not the gant cell
which Is important

The osteoclastoma heals when the para
thyroid tumor is removed as opposed to the
cystic lesion which s next described, from
which it Is often Indistingulshable in the
roentgenogram

4 Cysts. These may be unflocular or mul
tilocular They may or may not contain
fluld or fibnn and usually are found sub-
perfostenlly in the cortex (Fig. 126) The
walls of these cysts contain a fibrous lining
of near]y avascular fibrous tissue. Consider
ghle collections of osteoclasts may surround
these cysts The origin of these cysts s un
known They remain unchanged when heal
ing in this disease occurs.

Since we know that parathyroid hormone
in itself can produce a considerable amount
of bone absorption by direct action, it Is
poasible that these cysts represent direct
effect of concentrations of parathyrold hor
mone. We hnow also that parathyrord bor
mone tends to stimulate osteoclasls and
possibly asteoclast formation #nd for that
reason we may expect numerous cells of
this type in the walls and since all booe-
structure detnfl has been erased In these
cysts, when healing occurs in this disease
they will not fill in in contrast with the
osteoclastomas which do

S Abortive healing is observed as npa
ture s effort to form new bane It {s observed
in denser staining trabeculse with formation
of fiber osteold bone This type of fiber
osteold represents an attempted healing,
particularly 1n stress areas This occurs be-
cause stress adds another stimulus to bone
formation. Areas in which this type of bone
trabeculae occurs include the concave side
of bending deformities and areas of fracture.

Differential Disgnosis. This condition
mast be differentiated from osteomalacia
\ ery important In this differentiation is the
fact that the decalclfication of bone is pres-
ent here too but cysts and osteoclastomas
are not found (See Table 8 p 468 )

Rickets, of course must be dlfferentiated
from juvenile forms of hyperparathyrold
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TABLE 5

Ertorooy CrintCaL
e
“W«dwmﬁhm- Hyperphasla or by persecretion of Nephrolitblash
pekmary para Nephrocakinots
Skedeta] almorption and deformity
Hypercalcemic symptoms
Tiyperparathyrohdism, Kidney dbexse producing second .«H::v:-lndbttuuunb\e from
rathyroldiam al
sccondsry ary hyperpal c _ .
rickets and dwarfsm
Ostetths deformam Urknown Bote deformbty
Skull en
Owteolytlc change In bone fol
kowed by osteoblestlc resction
Kidney rtones
Osteomalaca Defect In vitamin D mmpply  Skeletal deaakiBeation, fracture
xnd/or caldum and phrosphores and tendency to deformity
Intake in sduhts
Rickets Defect of vitamhh D and/er  Disturbance of normal bose
aldum and phosphorns in growth, skeletal decaldfication
ckdldren and deformity Abo If mncon
trolled, dwarfam
Flbrous dysplasia Mesenchymal defert

Café nulalt wpots Tendency to
onfteral involvement. De
formlty expechlly of hip

Pathologh: fexcture

pmnlmd...-nanl

Bone abteorption — chiefly of
matri.  Observed in older
people epeclally women, Patn
n back, often girdle mdhathon
vertebral changes

Mudtiple mytloma

Lack of gooadal aad adrensl
secretions — Joms of protein
matry

Flarmacefl neoplamm

Generalired paln. Teight lom,
mahibe anemby

Patbologic fractares, no pre
ceding deformity

May ocadonally have some
hyperaltemkc symptoms bat
Dot wwnlly

Xeoplum metartaddzing to bone

Rapid deterforation of patient
Webght Yom

chght
History of primany foeus
Porble hypercalcembe sy mptoms

-
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TAbLE § (Contimued)

CHEMICAL

RoENTOXNOGRAPHIC

Low scrim phosphoras, high serum aldum

Marked hyperaticuria and hyperpbosphaturiy

Elevated alkaline phosphatase

Balance studies show Degative balance of caldum
and phosphorus with greater Jom through urine

Sleketal decaldfcation
Scl!.lerrd small cysts
with and without cicfed
lnbtculu
Ground-glass appesrance of skull
Patbologic fractures, deformities
Saft-tiesue caldfications

High serum phosphorus, Nonmal or moderstely
lowered serum cakdom Atctemba

Balance studies show negutive balance of aalcfum
and phosphors with greater Jom through stool

Flevated slaline phosphatase

Albuminnrh, low CO. Low serum
sodrum, High chloride

acidotls,
semm

Same #s above

Elevated alkaling

Tendency cspecially on fiation or bed rest, for
devated serum aldum with hyperakurla
Balance stodies show retention of cakfum and

Osteolytic advencing wedge folowed by osteo-
bh.uk reaction. Deme trabeculse Diffuse in

F.nh.rg:mentofinvnhdhonu
ures cavsing pain end de-

phosphorm. Lo of milfor and

formlty Pathologhe (ractures of traosverse type

Skeletal decakclfication, patbologc fracture, B0

Kmbhinzl!tbtfplphynlcnd.volbonﬂﬂh
increased width and Jength of the epiphyseal
plate mones. Metaphyseal cpping
Dccruzddunﬂyolmwlpbynlmnmoccm?
and o | ton ©

bone may be seen

No aboormal chemistry

Usually unilaters] Invohvement

Some brosdening of Invotved bone with ysta. Mo
srmndon of cortex by large cysts

Shepherd's crook deformlty of hip

Lowmered urinary estrogens. Other studles nep
tive, except begattre abdum and phosphonm
balance

Semle form may show lowered urinary 17 keto-
sterolds, due to decressed adrenzl sndrogm
{umttion

Blood ceflular changes Elevated cakium
Revernl A G o bigh plasma peotelz, Bence
Jonex proteinaria

phosphatase are cjevated

Marked abeorption of bone structure changes
most marked o spioe, “codbsh  verteboae
Bloocave compremions fn  kembar reghor
usually with Battening of the jumbar armm snd
wedge compresdon m the dorml, Marked thin-
ning of commmct layer of bones, Poor booe
trabecuhe

Picture varks from no change in bone to maktiple
panched-out arces involving ult bones. No re-
actiop about marxing of letons

Pathologic fracture pot mcommon
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fem Both present a picture of decalcifica
tlon and lack of bone formation The latter
18 due to Inadequate calcification of the pro-
visional zone of the epiphy=eal plates

In addition to differentlation on a Lasis
of osteoclastomas in parathyroldism and not
in rickets or osteomalacia distinct differen
tiatlon can be made by chemicsl studies

Other conditions that must be separated
from hyperparathvroidism are metastatic
carcinoma  multiple  myeloma  glant-cell
tumor unicameral bone cyst polyostatic
fibrous dysplasia Paget s disense and osteo-
porosis—either postmenopawsal or senile.

The clinkeal plcture of all these conditions
will help In differentiation the chemucal
characteristics and the pathologle picture
will complete the delineation (See Table 8
p 468)

Treatment. It may be noted from what
has been stated above that even severe hy
perparathyrold states of primary type could
be controlled by an adequate intake of cal
clum phosphorus and vitamin D This how
ever would require enormous imakes of
calcdlum and phosphorus with tremendous
excretion of calaum and phosphorus through
the urlne The danger of such » sitnatlon s
quite great in regard to the possibillty of
nephrolithiasis, nephrocalcinasis and calal
fication of metastatic type involving the
kidney parenchyma and other soft tlssues,

The best appraach from the over all point
of view with the greatest amount of safety
for the {uture of the patient, is in the ident}
fication and the removal of the parathyroid
adenoma. It must be borpe in mind that a
speafic physiologic pattern 13 present In &
patient who suffers from primary hyperpara
thyroidiam particularly if 1t is to a severe
degree The primary eflect of excess para
thyrold secretlon is upon the kidneys and
bone The findings Included in this pattern
are (a) hypercalcemia (b) hypophospha
temia (c) negative calclum and phosphorus
balance (d) severe osteoclasls and (e)
high allaline phosphatase indfcating large
amoants of uncakified osteold tisue which
is hungry for calcification,
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To cortoborate this we may observe cven
in active hyperparathyroldlsm an abortive
process of calcificntion concurrent with the
severe pnmary osteoclasis which is a part
of this condition

Treatment requires removal of the parn
thyroid adenoma plus care to sidestep com
plieations  Complications are less Iikely
where no bone involvement has eccurred
Therefore emphasis herein is Jald primarily
on treatment of the more severe form—
hyperparathytoidism  with bone involve
ment

The moment the responsible secreting
adenoma is removed wmarked chemical and
physiologlc sequelae will at once come into
effect The kidney function will tend to re
turn to the normal type so that the blood
phosphorus will rise the calclum fall The
skeleton previously a site of osteoclasis at
once begins to henl and consumes every bit
of calcdium and phosphorus available This
produces a severe drop In blood-caldum
levels Severe tetany will quickly ensue un
less steps 10 avoid this complication are
taken promptly Actually the need 18 to
anticipate complications not to wait for
them to develop in full blown form for then
complications are much harder to handle

The major problem is the excess affinity
of the hungry bones for calcium {n particu
lar The alkaline phosphatase level will re
maln elevated as long ms there s amy
appreciable amount of uncalcified matrix.

With cessation of osteoclasls the hungry
bones rapidly absorb all available calcium
and phospbonns to develop calclfied msteold
Thus marks the start of a healing process in
bone which Is contrasted with the previow
osteoclasis, The immediate effect therefore
Is & further lowering of the blood phos.
phorus and a precipitous drop of the ele-
vated blood calcdlum. This drop goes to sub-
normal levels The kidneys respond  and
resume their previously normal type of func
tlon—they again reabsorh glomerular fil
trate phosphotus through thefr tubules

Despite this now normal kidney mecha
nism the bones are so bungry for calelum



192 Endocrine Drsturhances

and phosphorus that they draw into them
selves nearly all of the phosphorus and the
calcum avallable in the serum. We then
find & condition In which practically no url
nary excretion of calclum and phosphorus
occurs.  Blood-phosphorus levels will be
below those of hyperparathyrofdism and
blood-calcium levels will be below normal

Alkaline-phosphatase levels will remain
elevated or even rise to ugher levels The
alkaline-phosphatase levels will remain ele
vated as long as the bones are hungry for
mneral

Parathyroid hormone causes the kidney
to excrete phosphorus by suppression of
tubular reabsorption When the secreting
adenoma is removed all availahle glomeru
lar filtrate of phosphorus 13 reabsorbed by
the tubules However the call for this mate-
rlal by uncaleified osteold ia so great that
for days the serum phosphorus level will be
even below that of the hyperparathyrold
state

Calcium will be excreted normally in
urine with decrease in parathyrofd hormone
After parathyroldectomy the hungry oste-
old draws £0 much of this element that the
serum-calcium Jevel falls Excretion through
the kidnevs is reduced because the glomeru
lar filtrate level 1 reduced

Phosphorus in blood s all {onfzed Cal
cum is not ail 1omred Only the ionfzed
form of the materials is available for matrix
mineralization. The critical substance in the
postoperative state is caldum If the cal
cium level 1n blood drops to low Ilevels
tetany results Calcium absorption is not so
much of a problem. It occurs by food and
mineral ingestion and is aided by the effect
of vitamun D or dihydrotachysteral The
critical area is the blood the level of cal
cium here must be mamntained This may be
accomplished by four methods (a) increase
ingestion of ealcdum, (b) decrense ingestion
of phosphorus (c) increase absorption of
calcium, (d) administer calclum intrave-
noasly

It s advisable to use all of these methods
in cases of fivperparathyroidism with severe

bone involvement following parathyraidec
tomy The method of carrying out the above
requrements is as follows

1 Caldum rich foods, mostly milk and
cheese, may be glven. These foods akwo will
supply important proteins and are high in
phosphorus The excess phospborus may be
reduced by the simultaneous adminmstration
of magnestum carbonate strontium Iactate
and alummim ged

Calclum n the form of calcdum lactate,
calclum gluconate or calcdlum chloride shonld
be used not dicalclum phosphate

This regimen therefore would be (a)
milk 1 quart dafly (b) cheese preferahly
cottage chesse 2 to 4 ounces daily Other
foods especially fruit juices as tolerated
(c) caldum mtake is fortified by 2 Gm. of
calaum chloride 3 times dafly for the aver
age adult Beware of acidosis dehydration
and indigestion Neutral calclum com-
paunds although lexs effectfve, may be pref
erable They are the lactate and the ght
conate, The dose is 4 Gm. 3 to 4 times dally

2 To reduce tbe phosphorus avaflable
with the dletary sources of caldum, com-
bine it with other matenals. For this oce
may use magnesium carbonate, 4 to 6 Gm.
daily in divided doses strontium lactate
1to2 Gm 3 to 4 times dafly or sluminum
hydraxide gel 10 to 30 cc. per 100 tha. of
body weight per day roughly 20 to 80 cc.
per adult per day If it Is tolerated more
than one of the above may be used.

3 Vitamin D or dfhydrotachysterot must
be administered Vitamin D is related to
dihydrotachysterol* as 20000 units {o 0.1
mg The purpose of ths fs to increase sb-
sorption of calclum from the gut and pos-
sibly to favor and mamtain its deposition
in bone.

Advised dosages are Initfally 200,000 units
of vitamin D which is subsequently reduced
to 10000 units per day The reduction iy
determned by following the alkaline phos-
phatase. When it atarts to drop the vitz

. marketed s Hytakerol
( mydm&yﬂ)m:: l:n ofly slution In which
1cc = 125 mg 3 capsules »= 1 cT.



min D intake may be reduced to 50000
units per day 1f the phosphatase rises, the
vitamin D level will have to be raleed 1§ Jt
contlnues to drop further cut is made until
finally the 10,000 units per day level is
reached

For 2 weeks at least the very high level
of vitamin 1) ought to be maintained After
this time blood-calelum levels must nlso Le
dooe 1f hypercaleemla intervenes the vita
min D intake will have to be reduced

4 Admunister calcium intravenously This
{s given as the gluconate or lactate {n a 10
per cent solution. One hupdred cc of 10 per
cent solution o 1000 ec, of § per cent glo
cose daily is used for severe tetany as a
slow ddp

If ncute tetany occurs rapid admlinistra
tion of the 10 per cent solution {n amounts
of 10 to 20 cc. may be given The rate of
administration is 05 to 1 cc. per minute
Faster admunistration mav produce brachy
cardia or cardfac standstill Following this
the slow intravenous drip may then be sub-
stituted

Carefal dafly check-up of blood calaum
phosphorus and phosphatase 15 required in
the first 2 weeks

After this weekly studies of the above
must be done for another month

Monthly x-ray studies of the akeleton
should be carried cut to observe filling in
of bone True cysts will not fili in osteo-
clastomas will fill in

When the atkahine phosphatase reaches
normal simple normal intake of food with
normal vitamin D {ngestioa of 1,000 to 2 000
units per day will be adequate

HYTOPARATHYROIDISM
{PARATHYROID)

Definttion. Hypoparatbyroidism is a con
dition caused by Inadequate parathyrond
secretfon It results in lowered serum cal
clum a tendency for condensation of bone
and tetany

Etiology This conditfon may occur as a

ypoparathyroldism (Parathyrold)

result of any damage to or remaval of
thyrold tissue or from actual fack of «
opment of or hvpofumction of the par
roudd gland

The mnjor cause js nech surgery
parathyrold glandular tissue is elthe
moved or damaged In cases where the
nge s not permanent in type the com
is transitory

Cases of hypofunction of the glands
been reported as occurring idiopathic
m association with monilinsie® and ir
yunction with Addison s disease * Pathe
findings! showed replacement of par
roid secretory celis by fatty t{ssue

Tetany of the newborn Is a trm
hypoparathyrold state It is due to
function of the parathyroid glands at
The reason for the hypofunctioning ¢
is that those of the mother are ade
for both and as a resnlt the glands ¢
fetus remain dormant.

At birth excess phosphorus feedin
resalt i maintalned elevatlon of 1
phosphorus levels When a child iy ¢
upon a cow’s milk formula the svm)
are more severe than when he 1s breas
because there Is relatively more phosp
than calcdum in cows milk as com
with human milk. This tecondary fetal
thyroid depression will be more mark
offspring of hyperparathyrold mothers
in offspring of normal onea.

Clinical Picture, This may be di
Into these symptoms and signs res
from (a) hypocaleemtn, such as ing
neuromuscular irritability and catn
and {b) aberrant calcification

The most prominent features o
comdition are those symptoms due to
calcemia which, in order of frequenc

! Tingling and numbness of the e
the extremities

2 Twitchings of the musclrs that n
painful

3 Epileptiform se1zures.

4 Laryngeal stridor

5 Gastro-intestinal-tract sy mpton
cluding nausea vomiting and diarrhe
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6 Blurred vision probably associated
with irritation of eye muscles

Signs of hypocaleemic tetany are

1 Chvostek s sign which 1s a tetanic hy
peractive respomse to tapping over the polnt
of exit of the facial nerve just anteror to
the tragus

2 Trousseaus sign which is = tetanic
contraction of the forearm muscles follow
ing temporary occlusion of the blood supply
by a tourmiquet or a blood-pressure cuff
Thls carpopedal spasm may occur spontane
ously in severe cases It fs characterized by
flexion of the wrist flexion of the metacarpo-
phalangeal joints and extenslon of the inter
phalangeel Jolnts. A similar though not so
clear-cut, contracture occurs in the feet.

3 Erbs sign which Is increased excita
bility of the motor nerves to galvamic cur
rent Spedfically it is incrensed sensitivity
to cathodal opening current. It differs from
normal in that the threshold is below 6 milll
amperes

4 Depression of the Q T interval In the
electrocardlogram

5 Laryngo<copic examination may revenl
spasm of vocal cords.

6 All deep tendon reflexes are hypenrri
table

7 Electro-encephalographic tracings may
reveal diffuse slow wave activity similar to
that seen in certain forms of idiopathic
epllepsy

Cataract formation 1s seen in association
with hypocalcemla and tetany In this end in
other conditions such as sprue +

Aberrant calcification is observed in the
basal gangha and 1n the cerebral heml
apheres

\ ray picture reveals that the skeleton
is denser than normal Greater depasition of
calcium and phosphorus in bone is the cause
This occurs because there s decreased excre
tion of calctum and phasphorus as well as
a decrease in asteoclastic activity

Hypoplasin of the teeth especizlly of the
roots of the molars has been reported * *
A clear<cut explanation of this finding re
mains obscure Reduced calcification in new

forming bone aress because of reduced satu-
ratton of calaium and phosphorus from lack
of parathyrold hormone may be inferred.

Lasoratory DaTa, There is a lowered
serum calcium both total and fonised, and
an Increased serum phosphorus. Calcium ex
cretion In the urine is reduced Phosphorus
excretion may deviate little from norma)
Allaline-phosphatase levels are relatively
normal In contradistinction to tetany asso-
clated with alkalosis the phosphorus of the
blood Is normal In tetany due to alkalosls
from hyperventilation phosphorus Is ele
vated and CO, combining power is reduced.
In metabolic alkalesis such as that follow
ing ingestion of alkall the CO; combining
power Is elevated and the phosphorus also
is elevated

\ zay Finpincs Thickening of cortical
bone and metastatre calcification of soft tis-
sues are present

Treatment. Refer to the section on psen
dohyperparathyrofdism, page 195 Although
hypoparathyroid cases will respond to para
thyroid hormone and the pseudohypopara
thyrold cases will not respond treatment
with the hormone alone is Impractical. First
there is danger of overdosage and hyper
calcenuc intoxieation second constant in
Jection would be required third the extract
becomes progressively less effective with
continuous use This may be on the basis
of the production of an antihormone or oo
an fmmune reactfon

Treatment with vitamins and chemicals
as listed under pseudohyperparathyrosdmm,
will control the symptoms.

Transplantation of fetal parathyroid
glands bas been done ® but what the long
range eflect may be cannot be determined
with any degree of certainty

Prognosis. This vanies with the cause and
extent. If temporary as in the newborn and
In certain postoperative cases the condltion
will resolve If of the permanent type as in
event of complete extirpation of the glands
or irreversible damage to them treatment
with careful control will be required in
definitely



I‘sc\ulohypopnrnlhyroldkm (Parathyroid)

PSEUDOHY POPARATHY ROIDISM
(PARATHYROID)

(S¥n  Seabtight Bantam syndrome )

Historical Notes. This unusual conditlon
was carefully deseribed by Albeight in
19421 At that time he reported upon 3
cases and subsequently in 1949 added 2
more cases Other authors also have re-
ported cases of this interesting disorder 4

Clinicnl Features. This disease is charac
terized bn unusual faces These people bave
round moonlike faces strabismus short
peck, short squat build and brachydactyly

Symptoms and signs in addition to the
unusual physical characteristics listed above
are (a) hypocalcemia, dating from the neo-
natal period * (b) aalcification of subcutane
ous tissue and of tendons (c) tetany (d)
laryngeal spasm and (e) mental retardation
not uncommonly  this is considered due {n
part to cerebral edema resulting from hypo-
calcermat

RoextcENoorarhic Frpines (a) Coarse
prominent bone trabeculae (b) dense corti
cal shadows and (c) premature closure of
epiphyses especially of the metacarpals
(this accounts for the brachydactyly)

Parrocewesis. The parathyrold glands
were found to be normal! or hyperplastic?
Albright indscates that Cope found ooe case
to have normal parathyrolds, a second one to
show expected hyperplastic parathyrods

The glands obviously are not deficient in
fact tbey may be hyperactive In response
1o lowered serum calclum and probable ele
vated serum phasphorus, It appears that the
difficulty 1s in the kidneys and the bones
They do pot respond to parathyrold hoc
mone either endogenous or exogenous ag
would be expected in the normal or true
hypoparathyroid. Why the end organs the
kidneys and the bones do not respond is
unknown

Curmisray  Blood-serum ealcium levels
are reduced blood-phosphorus levels may be
elevated Urnary aaldum and pbospharus
excretion Is reduced

Diagnosis, Clinienl features pius chemical
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findings clearly indicate the disorder Accu
rate further testing i« done by the Elisworth
Howard® test with parathyrold hermone
Followlng an overnight fast n moderate
diuresls s fnduced by giving 500 cc. of
watet per square meter of body surface
A large urine volume is maintained by sub-
sequent administration of 200 cc. of water
per cublc meter every hour during the test
The bladder is emptled and then six speci
mens of urine are taken at hourly intervals
The urinary phosphorus content of each
specimen s measured After three hours and
three specimens 200 units of parathyroid
bormone intravenously are given to the
adult and SO units per square meter for a
child

The phosphorus content of the next three
hourly specimen is measured Serum phes-
phorus may be done concomitantly if it is
desired to express thelr results of the test
m terms of phosphorus clearance ¥ Thus is
not necessary however

In true hypoparathyroldism or in the
normal child or adult, the kidneys will react
to the parathyroid hormone by reducing
tubular phosphorus reabsorption This will
result in definite Increase in urinary phos-
phorus excretion in decrease of blood phos-
phorus and in increase i serum calclum.,

In pseudchypoparathyroldism, no In
creased phosphorus  diuresis will occur
Similarly the blood-phesphorus level will
not be reduced nor will the serum-calelom
level be increased

Treatment, Obvicusly parathyrold bor
mone will have no effect upon this disorder
AT 10 (dihydrotachysterol) ot vitamin D
in large dotes will produce some increase In
serum calaum by Jncreasing absorption via
the gut Vitamun D in doses of 100,000 to
200,000 units dally is relatively inexpensive
and less difficult to use than AT (0 A cor
relatfon between vitamin D and AT 10 18
20000 units of vitamin D te Q1 mg of
ATI10

Diet should be high in calefum and Jow
in phosphorus. Accent therefore 1s upon
milk and cheese 23 against seafood snd
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meat. Strontrum and/or magneslum may
rlso be used to combat phosphorus Stron
tium lactate, 1 to 2 Gm dally, or magnestum
carbonate, 3 to 6 Gm. daily, for the average
adult of approximately 150 pounds is indi
cated Two thirds of this amount would be
satisfactory for a 100-pound person one half
for a 75-pound patient This rough formula
should suffice to start. Magnesium or stron
tlum combines with phosphorus and is ex
creted in the stool

Talbot* and Albright® suggest reduction
of phosphorus-containing foods, like milk
and cheese, unless one 1s to use aluminum
hydroude in formulas For a child Talbot
recommends aluminum hydroxde gel 30 cc.
per 100 lbs of body weight per day and
calcium lactate 6 Gm. per 100 lbs. of body
weight per day This would allow the nor
mal amount of milk per day—better than
1 pint per day The alumunum hydronde
combines with phosphorus in the foodstuff
to form an fnsoluble complex excreted 1n the
stool

The above are reasomable doses of the
various therapeutic agents presented here
to act a3 a guide They may be used singly
or together depending on the case For a
brief review the agents of value are mag
nesium  strontium, aluminum  hydroxide
calctum lactate or glucopate, or calcium
chioride and vitamin D

Accurate control is desired however This
is achleved by daily Sulkowitch tests until
the proper calclum-excretion level s
reached This 1s approximately a two plus
value., Doses of the varlous therapeutic
apents with the patient upon a conswstent
diet and vitamin D intake of 100000 to
200 000 units per day must be varfed until
the proper Sulkowitch value is obtained

Care to double check by routine serum
caldum deternunations Is important, for
hypercalcemia represents an undesirable and
dangerous complication

INTRODUCTION TO
OSTEOPOROSIS
Osteoporosis Is a deficency of bope sub-
stance It results from absorption of bone
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matrix with poor replacement, from inade
quate production of bone matrix or from
destruction of bone matrix. Bore matrix
represents the organic polypeptide intercel
lular connectlve-tissue fibers which are the
product of the osteoblast This appears to
be incorporated with a mucopolysaccharide
ground substance.

Many factors favor production of the
bone matrix fncluding its stimulation by
androgens estrogens and stress Adequate
protemn and probably vitamin C are peces-
sary

This disease must be differentiated from
two other conditlons that also ghe soft
bones osteomalacia and hyperparathyroid
ism Osteomalacia, which ncidentally in
cludes rickets its childhood form has been
defined as a defect In nuneralization of bone.
Conversely it can also be the result of de-
minerallsation of bone Usually however, it
is considered to be a faflore of mineralic
tion for there is some question a3 to whether
or not demineralization can occur withoat
bone absorption Hyperparathyroidism may
be defined as csteoclass or destruction of
bone This is a combination of matrix ab-
sorption and demineralization.

So frequently ome s attention Is drawn to
an obviously softened bone om the x-fay
film. It is a serious error not to coosider
the underlying mechanisms that can produce
such a bone change. An x ray film is only &
shadowgraph which shows the relative den
sltles of structures through which the roent
gen rays have passed

In bone, the mafor densities are due to
the mineral elements These clements show
the nature and the configuration of the
organic matrx o which they are deposited
and become a part

If reabsorption of matrix occurs, so too
will reabsorption of mineral which Is =
part of it, occur This 1s called osteoporosis.
Conversely if deminershaatlon occurs, the
resldual erganic matrix casts no shadow and
a picture simflar to that of osteoporosis
occurs. Yet this condition is obvioualy osteo-
malacis,

Finally if osteoclasis and bone destroc
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ton occur without osteoclastomas, the loss
of densitics upon the roentgenogram is again
evident So now hyperparathyroidism has
taken on the appearance of osteomalacia
or oateoporcsis

Tosumup postmenopausalar senfle gsteo~
porosis may resemble the bone destructlon
of hyperparathyroidism or the mineral de
ficlency present n osteomalacia Obviously
therefore any one of these three conditions
may at times appear alike on the roentgeno-
gram (See Table 8 p 469)

\e cannot differentiate one soft bone
condition from another without taking other
factors 1nto consideratfon. These may be
summed up as follows

1 Age and sex of the patient.

2 s the lesion localized or generalized?

3 Hutory of the present condition in
cluding personal and family history

4 Climeal examination

5 Chemical studies including bleod
urine balapce studies and hormone assays

6 Biopsy when required and at times full
autopsy examination will be the only way
finally to determine the condition

7 Roentgenographic skeletal survey may
uncover findings In some areas that are char
acteristic of a disease This would be ex
emphfied by osteoclastornas in hyperpara
thyroidism, for instance

When we conslder that osteoporosis is the
expression of a defident bone matrix many
conditions producing this state in bone may
be presumed

Estrogens androgens vitamin C stress
and adequate protein intake are the factors
Lmown to be operative in favoring the for
mation of bone matrix. Any condition pro-
dudng failure of one or all of these factors
will result in osteoporasis

So we have osteoporesis from the follow
g causes

1 Postmenopausal gonadal defickency

1 Senfle gonadal and adrenal defizency

l 3 Stmple disuse ari post traumatic hxa
tion

4 Destruction (a) roentgen ray apd (b)
supertonic.

§ Neurogenle,
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6 Adrenal cortreal hypertrophy and hy
persecretion (Cushing s syndrome)

7 Malnutrition

% Excess protein catabolism (hyperthy
roidism)

9 Deficiency in proten utilization (pan
creatic and/or gastro-intestinal disease)

10 Congenltal and hereditary defect n
matrlx formation (osteogenesis imperfecta)
(Figs 19 to 22)

11 Scurvy (vitamin-C defiaency) (Flgs
239 to 243)

12 Acromegaly (hypogonadal)

Whatever the cause the end effect of de-
ficlent matrix {s the same in the bone area
involved.

It is true that {n many {nstances osteo-
porosis may be generalized—for example
the postmenopamsal form and Cushing's
syndrome In other instances it is Jocalized
as in Sudechs atrophy and x T2y oslen-
porosls

11 I
porosis: Pos

POSTMENOPAUSAL OSTEQPOROSIS
{(GONADAL} AND SENILE OSTEO-
POROSIS (GONADAL AND
ADRENAT)

Credit for the modern {dentification ang
the handling of thls entity Is due largely to
Albright * While it is true that many clim
clans had observed this rather common form
of soft bones no true understanding of this
condition came about until Albright clearly
defined 1t and thereby inltiated modern
methods of handling the disense

This condition occurs primarly In women
(Figs 134 to 139 and 144 to 146) It s true
that on rare occasions 1t has been found in
men In the Instance of fts occurrence in
men 1t has resulted from total loss of testlc
ular function (Figs. 140 to 143) For it must
be remembered that physical actinty 1s
much greater In men  therefore thewr bone
is not so susceptible to absorption as the
bone of women Furthermore there i3 no
specific relatively sudden meénopause in men
Thcw—cnllcddxmadcrkptdudinmmhn
slow gradual long-drawn-out process,

Etlology Matrix formation is # function
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Fic 134 (Top) Postmenopausal
osteoporosis. White female 60 years old.
Skull Lateral view Note the prominent
diploc at the expense of normal width of
the tables. All bore iy involved in this
genenalized process. The o
teoporosis {s more prominent In cancel
ITous areas. As the process continues the
compact bone becomes thinned

Fio. 135 (Bottom) Postmenopausal
{Same patent as Fig. 134 )
Doraal spine. La vlew Note the low

vembrul bodies is barely denser than
the soft tissues. Wedge compreasion 1s
E“Eﬂ:t in the lower thorack vertebral

of the osteoblast Therefore defiaent num
bers of osteoblasts will mean too little
matrix production. The cause of osteoporo-
sis is either too few osteoblasts or too little
osteoblastic actlvity In matrix formation
even when normal numbers of osteoblasts
are present,
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\fatrix 18 pelmarily a protein polypeptide
fiber in a mucopoly=<accharide cement sub~
stance 4ny deficiency of proteln excess
breakdown of protern or poor utillzmtlon of
protein may result i mattix deficlency even
m the presence of adequate numbers of
osteoblasts.

In the postmenopausa) vanety the de-
ficlency s of estrogen production As a
result the osteoblasts do not differentinte

Fic 136 (Top) Postmenopausal os-
teoporoms. (Same patient as Fig 134)
Lumbar «pine. Lateral view \ote brcon-
cave compressions of the lumbar ver
tebral es due to the pressure of ex
panuon of the nucleus puﬁ;osm into the
Jess resistant softented vertebral body

Fio 137 (Bottom) Tostmencpausal

(Same patient as Fig. 134)

Pelvis. Anteroposterior view arked

generalized loss of bone mineral content

is 1o be noted. \ote the denseness of the

soft tissues, with whxch the asteoporotic
bene contrasts pootly



Fi6 138 Postmenopausal osteoporo-
sis. (Same patient as Fig 134 ) Both
lower arms forearms and wrists show
ing marked esteoporusis with thinning of

the cortex. In addition the porotic
changes In the lower humerns contrast
all the more wth sharply demarcated
remdual bone trabeculae

into thelr normal numbers nor do they
function fully in producing bone matric

The condition 18 more apt to occur in
women who have had sudden artificually
{nduced menopause

enopausal osteoporo-
sta. (Same patlent as Fig. 134) Both

Fie 139 Postm

tiblae. Ant terior view JMarked os-
teoporosls with considerable thinnmg of
the cortex 18 observed. In addltion trans-
verse Infraction lines due to strain are
present In the upper third of both tiblae.

Whea menopause occurs slowly In the
normal manner estrogen production does
not stop suddenly and it will take up to
20 years to develop osteoporosis under these
conditions This is In sharp contrast with
the condition of those suffering from artl
ficially induced menopause 1n whom osteo-
porosls may develop to severe degree within
a few years

Clinical Characteristics The clinical find
ings may be divided Into subjective and
objectrve ones The disease s found partiar
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Fio 130 Postorchiectomy osteoporo-
sis. White make, 51 years old At age 26
(1923) nght orchiectomy had been per
formed for taberculosts, followed 1 year
Izter by left orchiectomy By 1935 the
patient had back difficolty which was in
termuttent. This had become Increasingly
severe with girdle madiatlons by 1947
when these original x ray pictures were
u.k:n Serum cakcium 102 mg per 100

serum phosphorus 33 mg. 1o 1948

Dorsal :pim-, Lateral view Severe osteo-

Is of all the dorgal vertebral bodies

noted The fourth and the eighth ver

tcbrzl bodses are severely wedged. Com

e with similar postmenopausal find
m in a female [n Figure 13§

larly in women between the ages of 40 and
60. It [s more apt to occur earber in those
in whom artificial menopause has been in
duced by surgery or radiotherapy

Pain particulsrly in the back is the most
consistent complaint. It may be eftber mild
In onset with gradwal incremse tn severdty
or sudden in onset accompanied by the col

Fic 141 Postorchiectomy osteoporo-
ns. (Same patient as Fig. 140) Lumbar
spine Lateral view Biconcave vestebral-
body compreasion (codfish vertebrae of
:\lbrlg‘hl) s present as 2 result of nu-

Iposts compresson of the soft
ened Eue. Note the similarity to the
postmencpausal gsteoporosis shown in
Figure 136 In both instances, subchon
dral bone detail In the vertebral bodies is
Jost. There ks almost no contrast between
bones and soft tissue.

lapse of one or more vertebral bodlies. Pain
eventually becomes girdlehke {n distnbu
tion. Oiten it Is felt 1n recurrent waves of
painfol spasms mvolving the sacrospinal
muscles

Gradual Joss of stature and spinal deform
ity with increased dorsal kyphosis occur
(Figs 144 and 145) This may result even
tually in a severe stooped position. Symp-
toms may not come on until considerahle
deformity has occurred but then pain may
be quite severe,



Fio 142 Postorchiectomy osteoporo-
sis. (Same patient as Fig 140} The
;;tlent was placed on a high protein

b-calcjum high phosphorus and high
vltam!n D intake in 1948 with combined

estrogen androgen therapy as indicated
in text. Dorsal spine. Latersl view
(1954) “ote the crisp outline of the
vertebral bodies as contrasted with thelr
washed-out appearance in Figure 140
The subchondral bone s the first to be
come restored in density The patient 18
improved symptomatically and bas dis-
carded the Knight Taylor brace erdered
1n 1948

Pam particularly on standing, on chang
g position from situng to standlng or
even on simply rolling over in bed may
become 50 severe as to completely fncapaci
tate the patient These patients may be
severe agony of constant duration and may
not become comfortable even In bed yet
they may become bedfast for such a state
represents the position of greatest relative
comfort. Of course once a person with
severe ostegporosis becomes bedfast the
condition 15 aggravated severely because

Fro. 143 Postorchiectomy oste
sls. (Same patlent as Fig 140.) &
ure 142 for therapeutic program.
bar spine, Latetal wiew (1953)
bone trabecular detall Is much sha
the vertebral bodles and the sacr

compared with the pretreatment
genographic study of Figure 141
thesapeutic program of dist vitu
2nd extrogen-androgen therapy m
continged Indefinitely

the removal of stress favors furt}
absorption.

The approximate wejght of minei
skeleton of normal size Is 6 pou
severs osteoporcals Dy the Hme v
collapse becomes evident the loss
stance may be as great a3 3 or more
of the original 6 Obviously thert
will take months to years to re-estat
bone substance.

Crmaustey Since this disease is
in tissue formation, not of calclficat
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Fro 144 Postmenopausal ot

sts, White female, 53 years old. Dornl
spine Lateral view roentgeno-
gram taken in March 1950 Note the
severe osteoporosis This is an underex
posed fitm with little contrast between
bope and 3ot tissues. Compare with Fig
ures 145 and 146

serum calclum and phosphorus are not ab-
normal, but the phosphorus is usually high
normal The alkaline pho<phatase 1s normal
far there is no hungry excess matrix to take
up mireral

The balance study will show 2 shght loss
or negative balance of caldum or phos-
pborus fn both feces and unine The loss
occurs because there is not enough matrix to
allow deposit of enough mneral to produce
& pasitive balance

The kidneys usually are not affected, so
urea is normal 17 Ketosteraids in the post
menopausal tvpe tend 1o be within normal

Fig. 145 Postmenopausal ost
sis. (Same patlent as Fig. 144 now 55
years old.) Dorsal spine Lateral view
Films taken in June, 1952 Patient has
now sustained wedge compressions of the
seventh and the ninth thoracic vertebral
bodles. She is troubled writh severe back
ache with girdle rachation. \o bormonal
and dletary treatment has been grven

Basehne chemical studses in May
1952 revealed the following normal find-
ings serum calclum 9.8 mg per 100 cc.

serum phospharys 3.6 mg., alkaline phos-
phatase 47 Bodansky units and scdi—
mentation rate (W estergren) 2 mm. fall
{n 1 hour Urdnary excretion studies on
Albright Reifenstein  low-calcium  diet
were 220 mg of caldum per 24 hours
and 350 mg of phosphorus per 24 hours.
‘This represents Increased urinary loss of
both elements.

levels since the adrenals are still secreting

nearly normal complements of hormone

Estrogen levels however are reduced
RoextceNoorarmic Featurrs The area
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F1o 146 Postmenopausal os

teoporo-
s1s. (Same patient as Fig 144 now 57
years old.) has been under treatment
for 2 years with the therapeutic ap-
ch outlined in the text. High-protein,
clum hig] orus and high-
vitamin D intake have supplied the pro-
tein and the munerals necessary to re-
build the skeleton. Combined androgen
estrogen therapy has been used for its
anabollc and osteoblastic effect.

Dorral spine. Lateral view Roentgen
ogram taken in lMarch, 1954 This is a
less dense film, yet note the crisp outline
of the bones. The subchondmal bone now
sharply delineates the vertebral bodies
Symptomatic relief has accompanied the
healing stage The patient s actlvity has
increased and now provides additional
osteoblastic stimulus. Urinary -excretion
studies have fallen to nearly normal
levels in a test peniod on low-calclum
diet 140 mg. of calddum per 24 hours
and 80O mg of phosphorus per 24 hours.

showing maximum change Is the axial skele
ton in particular the vertebral bodies and
the pelvis Severely advanced cases will
show changes Involving the total skeleton,
but this is mach more rare (Figs. 134
to 139)

A definite reduction In contrast of bone
shadow with surrounding soft tissue Is ob-
served The bone trabeculae in the pelvis
and the spine appear fraglle and thinner
than normal The over-all impression Is as
if the lime content of the skeleton has been
washed out

The spine shows typlcal changes in both
the lumbar and the dorsal areas In the
lumbar areas the softened vertebral bodles
allow compression of their superior and 1n
ferlor surfaces from the nucleus pulposus
which is under pressure W e have therefore,
herniation of the nucleus pulposus into the
surfaces of the Lodles of the vertebrae This
produces an appearance of biconcave com
pression of vertebral bodles with narrowing
of the vertebral bodies and with mdeniog of
the intervertebral spaces (Figs 136 141
and 143)

Occasfopally wedge compression frac
tures of the antenor portions of the lumbar
vertebra occur in the sudden vertebral col
lapse type. Often there is a progresive
settling of the vertebrae or a sudden set
thing wthout wedge compression This rep-
resents a flat tvpe of collapse or so-called
platyspondyly

The dorsal region unfformly shows wedge
compression Since the nuclens pulposus is
small there no biconcave compression oc
curs (Figs 135 140 142 and 144 to 146)

Pathology: Gross Arpramance The
changes are most severe in the spine. The
vertebra may be wedge compressed as B
usual in the dorsal sptne or crushed as may
occur anywhere in the spine (Figs 135 140
142 and 144 to 146) In the lumbar area the
usual picture is one of two deformities
(a) herniation of the nucleus pulposm
through the end plates of the vertebral
bodies to cause a Schmorl nodule This is
a cupping usually 1 exther the upper or the
lower postenior portion of the vertebrae
(b) Pressure upon the end plates on either
side of the vertebral body to form a bicon
cave compresslon This is what Albright
considers to duplicate in ce the ver
tebra of a codfish (Figs. 136 141 and 143)
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Section of inmvolved bome demonstrates
bone relatively easy to cut with thin rela
tively widely spaced trabeculations

\licroscoric Fxammiarion This shows
cither a paucity of osteoblasts with little
matnx formatlon or normal numbers of
osteoblasts  amain with little matrix. The
picture shows httle new bone but by stain
ing characteristics primarily old bone

Treatment. Reifenstern and Albnght ? in
1947 concluded from studies on § cases of
postmenopausal osteoporosis and 1 case of
senfle osteoporcels that estrogens reduced
calddlum and phosphorus excretion both
fecal and urinary

Some effect occurred within 6 days and
persisted for 30 or more days after cessation
of treatment. They used both synthetic and
natural forms of estrogen and found them
oot too different in effect

Serum-phasphorus levels became reduced
from high normals and alkaline-phosphatase
levels remained unchanged 17 Ketosterolds
were reduced.

These authars also nsed androgens 1n the
treatment of these same cases The conclu
slons were that mmilar effects occurred as
“‘mh estrogens with the following excep-

ons -

1 The decrease In calaum loss required
a longer time on androgen therapy to be-
come effective and lnsted a longer time than
the estrogen effect after 1t was discontinued

2 Androgens exerted a marked anabolic
effect, indicated by decrease of unnary
nitrogen excretion This was not so with
etrogens.

The conclusions were that a comblination
of androgens and estrogens would be more
effective than eitber one alone. The authars
own clinleal experience confirms this and
they consider that the combination allows
larger doses of both androgens and estro-
rens with less undesirable side effects. The

undesirable side effects are chiefly mascu
linization 1 the female and feminization
in the male

Huggins and Clark 3 in 1940 polnted out
that &strogens reduced the carcinogenic ef

o
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fect of androgens upon the prostate In males

It has been the authors practice for
(lagnoatic purpases to place these patlents
upon a diet such ns that recommended by
Bauer and Aub* # or by Albnight and Reif
emstein ¢ low In calcium and phosphorus sa
that the narmal excretlon of calclum would
be expected to be approdmately 100 mg
per day After 10 days on this diet total
urine is collected for o 3-dav period Creati
nines are done to ensure that all urine has
been collected each day Then the calclum
and phosphorus cutput 15 measured These
resuits have indicated uniform excess excre
tion of both In patients suffering from esteo-
porosis of severe degree with cllnical symp-
toms

A high proteln high caldum and phos-
phorus diet with moderate doses of vitamin
D plus androgens and estrogens is given
The regimen 18 approximately as follows

1 One quart of skim milk daily to which
20 to 30 drops of Drisdol are added This
bottle of milk must be finished each day

2 AMeat or senfood generous quantitfes at
least twice daily

3 Cheese preferably cottage cheese 2 to
3 ounces dafly

4 Fggs 1ot 2 as desired

5 At least 1 green vegetable dally

6 Fruit juice 6 to 8 ounces any Lind
daily

Any other foods 1f the patient desires
them

% P

MrDICATIONS

1 A standard preparation of vitamin D
like Drisdol without vitamin A {Winthrop-
Stearns) 20 to 30 drops in milk daily

2 Nlultivitamin capsule 1 daily

3 Aqueous testosterone by injection 50
mg daily for 3 days thrice weekly for 1
week twlce weekly for 1 week. Then 25 mg
3 tUmes weekly thereafter \aintenance an
drogen dose does not usually exceed 300 mg
per month. This may be given by Infection
The authors prefer to give this ag testas-
terone 10 mg per day transmuccsally or
in combination with estrogens (see below)

4 Conjugated estrogens {Premarin—
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Ayerst McKenna and Harrson) 1.25 mg
tid far the first 28 days. Estradiol US P
same dosage. Since ethiny! estracdiol has 25
to 50 times the potency of the above the
dose 15 only 00S mg 3 times daily

The primary estrogens estradiol estrone
and estriol are marnly destroyed when taken
by mouth apparently by the stomach and
the liver they must be taken transmuco-
sally or given parenterally

Confugated estrogens and ethinyl estra
diol are not affected appreciably when taken
arally

It is the authors policy to use the major
concentrations of androgens and estrogens
within the first month. This is done in order
to more rapidly combat the symptoms pre
sented by the patient Furthermore within
the first month undesired vinllzring or femi
nizng effects are not so likely despite the
large quantities of hormones given

After 28 days the more acute symptoms
are usually relieved materfally

5 Therea{ter administration of hormones
is as follows Ethinyl estradiol 005 to 0.1
mg daily (oral) Testosterone 10 mg daily
(transmucosal)

One may substitute Premarin 125 mg
(oral) or estradfel 10 mg (transmucosal)
once to twice dafly for the ethinyl estradiol

Prognosis, Although this discese {s pri
marily a lack of organic matrix its degree
i1s reflected in the mineral picture. These
cases may demonstrate a loss of one half to
two thirds of the total body munerals

Replacement of the minerals will require
a very long time To replace them infers
first manufacture of matrix and later its cal
cification

It is reasonable to presume that protein
13 necessary for matrix formation just as
stress and gonadal hormones are necessary
to stimulate the manufacture of matnx. Se
too are calaum phosphorus and vitamin D
required to have material to enter mto cal
cified matrix formation Finally every pos-
wble physical activity must be urged to
stimulate bone formation

On an 1deal high protein calcium phos

phorus vitamin and gonadal intmke the
maximum retention will not exceed 2 Gm.
of caldum per day Therefore to replace
2 or more pounds will require 1000 days
(Figs 140 to 146)

Patients with this disease must under
stand that they have to be patient and that
they must follow directions implicitly They
must be warned of untoward side-effects, If
these occur the hormone at fault must be
reduced When a patient Is bedfast and
treatment Iy instituted every possible effoct
must be made to increase physical activity
and large amounts of flulds must be wed
to obviate kidney-stone formation

With care excellent results will be ob-
tained The instial test diet should be msed
as 8 basebine study before inftiating trest
ment. The serum phosphorus and calcium
and urnary ercretions of these minerals
should be checked periodically during treat
ment. Many bedfast pain racked persons
have very quickly become ambulatery rela
tively pain free and able to work agaln.

Since this condition s expected fnevitably
to develop in women possibly the best treat
ment is prevention So exercise a good dict
bigh in protein munerals and vitamins phes
small doses of hormones might be started
at the outset of the menopause.

CUSHING’S SYNDROME
(ADRENAL)

History The eponymuc title of this dis-
ease entity 15 related to the original concept
of ita belng bmsed upon & primary pituftary
basophflism.! The byaline changes in the
basaphile cells of the anterior pitwtary”
today are considered to be secondary In 3
ture to a primary hyperadrenocorticlsm

About one third of the cases reported
appesr to result from 2 unilateral adrent-
cortical carcinoma. Most of the remaining
cases manifest bateral adrenocortical by
perplasia, Some cases on explorntion present
narreal biopsy material of the adrenal cor
tex. Almost all cases of Cuahing s syndrome
will manifest the aforementioned hyaline



Fio 147 Cushings syndrome (Figs.
147 to 151 from Dr Eugene P Pender
grass) Large adrenal adenoma found and
resected. Patlent died of acute adrenal
insufficiency Rib cage and dorsolumbar

Anteroposterfor view There Is

te osteoporous with loss of bone

trabecular details. Note the munimal

amount of contrast between the soft tis-
sues and the bones.

hanges 1n the basophile cells of the anterior
xtultary as described by Crooke ?

Just under half of the cases with adreno-
ortieal hyperplasia will however present
 basophile adenoma of the pltultary The
nterrelationship of the pituitary gland to
the adrenal cortex in these cases Is pot defi
itely clear The syndrome does occur in
primary  adrenalcortical carclnoma cases
®ith only hyaline Crookes changes but
without pituitary adenoma This would indi
ate that the adrenal cortex in many of the
c2%es i3 the primary cause However the
sytdrome can and probably does result from
pitwitary adenoma

Clinical Symptoms Cushings syndrome
presents a typical type of physical habltus

¢ s a peculiar type of obesity mani
fested by large amounts of fat deposited in
the trunk mooning of the face a “bufialo
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Fio 148 Cushing s syndrome (Same
patient as Fig 147 ) Lumbar spine and
pelvis Anteroposterior view Bone

cancellous trabeculae are almost com-
letely ‘washed out Some subchondral
ﬁawbsccnntntresspotnullketbc
acetabular roof the femoral calcar and
the linea terminalis of the pelvis

hump” at the base of the neck and rather
thin upper and lower extremities. There Is
a marked plethora of the face and also a
dusky tinge to the skin of the rest of the
body The skin Is also subject to easy bruis-
ing and the formation of striae There is
hirsutism without any other mamifestation
of virflism. Vuscular weakness {s very ex
treme and occurs 1n 9 out of 10 cases Hyper
tenslon 18 severe and affects both the systolic
and the diastollc components of the blood
pressure

In adolescent and adult females amenor
rhea Is very common Impotence is seen in
males afflicted with this syndrome A de
rangement of carbohydrate metabolism Is
present, with hyperglycemin, glycosuria and
acetonurriz being found This diabetic state
Is resistant to Insulin therapy

The adrenal-cortical carcinoma in those



Fre 149 Cushing’s syndrome. (Same
patient as Fig 147) Dorsal spme.
Lateral view This {3 a very light film
with minimal contrast between booe and
soft tissues. Note the poor trabecular de
tail of the vertebral bodies Wedge com-
pression of the body of the elghth
thoracic vertebra is seen.

cases where it is the cause of the syndrome
may of course cause symptoms of local
expansion and metastasls with fatal termi
nation.

Qur primary concern with this peculiar
disense state lies in its bone changes In the
adult these are represented by a severe
osteoporosis (Figs 147 to 151) In children
there may be osteoporosis and premature
ceasation of eplphyseal growth

Parrorocic PrysioLosy It will be re
called that two separate types of bormonal
secretions originate 1o the adremal cortex.
In terms of the steroid nucleus the basic
difference is that the socalled sodium
potassium hormonal component has an oxy
gen at carbon 11 and is called 11-desoxy

e. (Same
147) Lumbar spme.
Lateral view Sevtrcosteoﬁl:sbhprm—

Fio 150 Cuoshings

ent. Compression of the bar bodies
has occurred. Biconcave Intervertebral
disk expansion fnto the softened booe
has occurred.

corticosterone This harmone is relatively
unimportant In the pathogenesis of Cush
ings syndrome which has oaly minimal
electrolyte disturbances.

The second adrenocortical hormone type
is the S-FN (or sugar fat nitrogen) hor
mone group These are sometimes designated
as 11 17-oxycorticosterods because of the
presence of axygen at the 11 and 17 carbont
atoms 1n the sterold mucleus. Albeight be
lieves that the mechanism of this S-F N
gmu-pofhormonuinthcbodyisnduﬂl

ope?
The N hormone is considered to be an



Fig. 151 Cushing s svndrome (Same patlent as Fig
147) Forearm and hand Anteroposterlor view Similar
but less marked osteoporotic changes have affected even
the lmb bones. The coarzening of trabecular structure
hic appearance of
vroldism The con
trast betnoen the medullary cavity and the cortex is well
preserved in this eample of ostenporosis. Contrast with

almast resembles the roentgenogrs|
asterths fibrosa cystica in hyperparat

Flgure 113

anabolic one stimulating csteogenesls and
causng rapld growth early n life It also
cruses premature closure of the epiphysis
2s 15 seen in the adrenogenital syndrome

The “S" bormone I3 considered to be antt
anabolic rather than catabolic. There s thus
1 fandamental antaponism between the “S
and the “\™ hormones

The mechanism particularly of osteoporo-
sis 8 explained on the action of excess “s8”
hormone on an ant] anabolic basis The diffi
culty is felt to e retardation of osteoblastic
fimction with a reduction in the quantity of
matrix formed The purely catabolic re
action would be an osteoclastic one such as
i ceen in hyperparathyroidism.*

Lasomatom: Fixoinos There is a fall in
the total and the relative amounts of eosino-
philic leukocvtes in the blood About a third
of the cases have polycythemia Diagnostic
urinary steroid studies reveal abnormally
elevated quantities of 11 17-oxycorticoster
onds, while unnan, 17 ketosteroids  are
within normal limits or only slightly ele-
vated If there be any marked component
of the adrenocortical masculinizing symp-
toms the 17 ketosteroids will be elevated
Some cases have a mild disturbance of elec
trolyte findings There is a tendency to
I:I)ldwmmm elevated plasma bicarbonate

an associated h emin and b
. ypokal ypo-

A mild negative nitrogen balance 1s pres
ent which wili not respond to excess food
mtake Patients show an incressed excre
tion of calaum and phosphorus in the urine
bat the serum calclum and phosphorus
values are normal Alkaline phosphatase 18
oormal but will become elevated during the
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stage of healing as the calaum balance be-
comes positive

Raprorootc Frvomes. Diagnosis of the
adrenal neoplasm may of course be aided
considerably by perirenal air insufflation.
Renal pyelography usually retrograde may
be of further assistance In additlon the
usual radiographic studies for metastatic
neoplasm may be indicated in certain cases

The particular finding of interest ts the
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presence of osteoporosis of characteristic
type In the spme (Figs 147 to 150) There s
definite biconcavity of the end plates of the
adjacent vertebrae in the lurbar spine, evi
dence of collapse may be seen in the thoraac
spine Nuclear extrusions of the Schmdrl
type mny be seen Collapse may be so ex
treme that Intervertebral foramen narrow
ing with impingement on nerve roots may be
correlated with clinfeal symptoms of girdle
pain.

The radiographic evidence of heallng is
evidenced by the deposition of bone mn the
thoracic and the lambar regions of the spine
In children with this entlty the deposition
of cortlcal bone at the end plates of the
vertebrar is particularly marked when heal
ing occurs

Roentgenographic studies of the Lidneys
may reveal nephrocaleinosis or nephrolithia
sis secondary to the excess calefum and
phesphorus excretion

Treatment. This depends partly on the
success In determining the primary adrepal
cawsation 1t may be produced by a bemign
adrenal tumor Those patients with Cush
ing’s syndrome resulting from adrenal
cartlcal carcinoma may dle of metastases
because resection has been unavailing

In those cases where bijlateral adrenal
hyperplasin 18 found subtotal adrenal re
section® has been carried out. Unfortunately
the after effects of this type of surgery in
Cushing » syndrome have been assoclated
in the experience of those who followed
these cases with an acute hypo-adrenocorti
clsm.

Piturtary {rradiation was used orginally
before the adrenal-cortical etiology was
thoroughly worked cut Dossge was 2 000
to 3 000 roentgen units It }s now reserved
for cases where no adrenal-cortical card
noma has been found on exploratim or
where bilateral subtotal adrepalectomy has
farled to relieve symptoms or to prevent
their recurrence after a remission

In cases of the hyperplastic rather than
the malfgnant type symptoms may still per
sist despite resection and even radiotherapy

Some cases remut and then recur followng
these therapeutic measures

The best therapy available at present
writing for the resstant or recurrent type
of case Is the use of testosterons which ks
considered to be an ‘N hormone and,
therefore antagonistic to the action of the
oversecreted ' S hormone Testosterone may
also have some value n retarding the prui-
tary secretion of adrenocorticotropin.

Tiith testosterone therapy negative nliro-
gen calclum and phosphorus balances are
reversed There 1 an elevation of alkaline
phosphatase n response to the bealing of
the osteoporatic condition Estrogen ther
apy may also be used for its specific effect
in complementing testosterone and avolding
secondary mascalinizing effects Estrogen, it
is to be remembered has a specific effect
on retention of calcium by stimulating bone
deposftion

Prognosis. The prognosis In thia syndrome
13 poor Cases resulting from adrenal-cortex
malignancy have in addition to the secret
ing tumor the prognosis of the carcinoma
itself which is poor because of faflure of
early recognition and tendency to spread
Those with metabollc disturbances only
from adrenal-cortical hyperpimsiz or perhaps
the postulated prtwtary adenoma eticlogy
have severe sequelae particalarly in refa
tion to hypertension with its effect oa the
peripheral vascular and cardlac systems.

HIPERTHYROIDISM (THYROID)

It i{s not certain that hyperthyroidism per
se produces apprecsable bone changes. How
ever Aub! reported Increased calcimm excre-
tlon In feces and urine in hyperthyroldism
and decreased excretion of calclum in Myx
edemn,

A leas of protein probably due to excess
catabohsm is associated with this disease
\dnunlstration of testosterone increases the
nitrogen balance and decreases urinary cal
cium excretion 2 Osteoporosis has been re
ported and may occur in association With
the protein and calcium loss.



The wsual clinleal manife<tations of this
drcase are well known  they are not dis
cussed 1n detall here

In growing individuats or children a toxic
thyrord state can interfere with growth be
cauce of the marhed protein depletion in
xssociation with the lows of caleium

The chemical findings may be summed up
s follows

1 Normal or lowered cholesterol

2 Basal metabolic rate usually [ncreased
although normal metabolic rates have been
reported in hyperthyroid people

3 Increate in PBI  (protein bound
sodine)

4 Increase in thyroid uptake of jodine 13

5 Increase in calaum exeretion through
the urine

6 Increase in nitrogen excretion through
the unne

7 Creatine values in the urine increased
to above normal levels

8 Increase in proteln bound serum mag
Destum

The cholesterol is primarily of value in
following response to therapy in hyperthy
roidism This means that adequate therapy
*Il result In an increase in the blood cho-
lesterol above the level maintained prior to
treatment. At times prior to treatment the
chlesterol level may be normal and a
Proper to treatment will result in
2 higher cholesterol level

PBI or protein-bound 1odine has a normal

valne of 4 to 6 micrograms per cent In
hyperthyroldism it Is above 6 When the
lvel 15 below 4 one may presume the
condition to be hypothyroid The PBI dif
ferentiates hypermetabolism from hyper
thyroldism. We may place under hyper
metabolism such conditions as leukemia
Polycythemia Hodgkin s disease and infec
tleus conditions

Tracer studies Involve administration of

between 40 and 100 microcuries of radio-
active jodine The urinary excretlon is de
termined In 24 to 48 hours. The urlbary
excretion of radicactive lodine is reduced
fo the hyperthyroid state because the hyper
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active thyrold takes up more radioactive
iodine than the normal one The extra radio-
active lodine therefore would show in the
thyroid gland and less radicactive lodine
would appear in the urine

\ Gelger counter is used to measure the
radlicactivity of the thyrold When 10 to 35
per cent of the ingested dose Is observed
over the thyrold in 24 hours after admin
stration that is considered to be normal
Above that amount would Indicate the pres-
ence of hyperthyroldism.

In the urine the measurement would be
Indicated by 20 per cent or less as consistent
with hyperthyrordism 21 to 35 per cent
would be considered borderline 35 per cent
definitely in the normal range

Creatine is not usually found In the urine
In males it 1s found in some {emales nor
mally In adults 1t is either absent from the
urine or s present in amounts of less than
40 mg In & 24-hour specimen. \\ omen have
it during menstruation gestation and lacta
tion and both sexes show it in starvation
or following very high proteln diets

Creatinine is a degradation product of
creatine and is found in the urine between
12 and 17 Gm. per day It is quite con
sistent in individuals and fs used to check
the volume of 24 hour urine speaimens.

Ruichardson and Shorr?® in 1935 devel
oped a creatine tolerance test When an
individual is on a creatine-iree diet and then
is given a fixed amount of creatine a great
deal was put out 1o the urine In hyperthy
rold individuals The crentine storage ca
paaty of the muscles 1s impaired in hy
perthyroldism  Spontaneous creatinuria is
seen 1n muscular dystrophies and muscular
atrophies.

Magnesium Partition Studies. In hyper
thyroldism there is a considerable increase
in the percentage of protein-bound mag
nesfum in the serum* In the normal the
percentage is 10 to 20 and in hyperthyrold
ism 18 above 25 This is not associated with
change in total serum magnesium concen-
tratlon After Lugol's solution is given, this
serum bound magnesium returns to lower



Fio 156 Hypothyroidism (Same patient as Fig 154 ) Both hands and
wrists. An erior view The bones are broad and short. The distal tufts
are very small Note the residual epiphyseal cartilage plates In radius ulna,
metacarpals and phalanges bihtmﬂ)
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qu 157 Hypot.hymidbm. (Same patient as Fig 154) Pelvis

view Bilateral coxa vara. The deformuty Is secondary

\o mt_cocbmdﬂtls with fragmentation of the femoral hends and
short thick fermoral necks,



Fio 158 Hypothyroidism (Same pa
tient as Fig 154 ) Both feet and ankles.
view The opposing talotiblal
articular surfaces are flattened A similar
aboormal configuration can be seen at
the posterfor talocalcaneal articular facet
Note the transverse lines of arrested
growth in the distal tibla Similar lLines
were present around the knee joint

Teeth are susceptible to carles and de
aduoas dentition is delayed if hypothyroid
occurs early In life The position and
the shape of teeth when they do erupt are
irregular
Looser! described retardation in the trans
formation of cartilage nto bone at the
epiphyses
Duagnosts. Hypothyroidism In infancy
may be suspected on the clinical basis if the
following findings are evident the patient
may be somewhat heavy although appar
eotly of average slze He wlll feed poorly
and 13 ratber slow in movement His head
appeans large with wide-open anterior fon
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Fio 159 Hypothyroldism (Same pa
tient as Fig 154 ) Both leet. Anteropos-
terior view The bones are shortened and
delicate for an adult male As in the
hands the distal phalanzeal tufts are
greatly reduced in size



Fra 160 Glgantlsm. (Figs. 160 to 162
from Dr Eugene P Pendergrass) White
male 13 years old Heght 65 (7
growth In last 8§ months) Weight 150
Tbs. Undescended testes with normal
secondary sex characteristic. No acro-
megalic characteristics, Tyork up nega
tive for pituitary eesmnophilic adenoma,
In this case, gigantism is probably phys-
fologic but possibly hypogonadal in
etiology Pelvis  Anteropostenor view
Bones tremendously ed in sixe but
well proportioned Caplital femoral epl
physes overdeveloped for patient s age

tanels and frontal sutures His skin m
appear dry and scaly His eyelids are thic
ened so that the palpebral fissure appea
narrow but the fissures will be horuzont
rather than obligue as occurs in mongo
ism. His sbdomen will be protuberant h
tongue thick and enlarged and there Is r
tardation of dentition and welght gatn ar
in general growth in length.
LaporaToRY Ams X ray picture will n
veal that the lower end of the femoral an
the upper end of the tibial eprphyses whx
should be present at birth are absent. Tt
wrist at 6 months of age should show tt
capitate and the hamate and st 1 year tt
distal epiphysls of the radius 1s present 1
at least 90 per cent of normal childre
(Figs. 152 153) Following this the carpe
bones appear appronmately 1 per year
OTHER LasoratorY Finomias. Chalesterc
is clevated although at times it may b
within normal ranges No matter what th
level when the test of thyrold administra
tlon is carrled out the serum cholestert
<hows & distinct fall of at least 100 mg




The protein bourd fodine level is lowered
and 18 usually less than 2 mlcrograms per
100 cc., rarely exceeding 4 micrograms per
100 cc. of blood Thyrold uptake s reduced

The radicactive iodine uptake by the thy
rold gland is not so ratisfactory as PBI
determination but wall show an aleence of
wmptake or a marked decrease of Iy, Con
versely the urine will show an increase in
the 24- to 48 hour excretlon of radioactive
fodine

Basal metabolic rates are too difucult and
fmpractrcal 1n infants

Creatine excretion is below normal himits
bat following the administration of thyrold
bormone creatinuria will occur to normal
kevels. When there is no thyroid gland pres-
ent, then thyrotropic hormone will produce
mo creatinuria for there would be no thyroid
gland to activate ®

The serum alkaline phosphatase is often
decreased.” The serum alkaline phosphatase
faless than 4.5 to 5 Bodansky umts This is
evidence of pathology of eplphyseal changes
The serum carotene level Is often Increased
la bypothyrodism.® This is presumed to
occar because of the inability of the liver to
convert carotene to vitamin A Hypercaro-
tenemia is also found in other liver diseases
In Cushing » syndrome and after eating food

large amounts of carotene Hj
peelipemia s another conmistent finding In
childhood hypothyroldism

DIABETES MELLITUS
(PANCREAS)

Osteoporosts has been observed not in
frequently in advanced cases of disbetes
mellites A precise correlation Is not proved
Tt may be as Albright! suggests that it
results simply from prolonged use of pro-
teln for and that excess perotein
Sxabolism then depletes the protein needed
for beoe matrix formation.

It Is abo to be borne in mind that many
&3 of osteoporosls in this disease are
Probably of postmenopausal or senile type
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Therefore the osteoporosis would simply be
coincidental to the diabetes

It is of interest also that osteoporosis of
the bones of the hands and the {eet 1s noted
with Incipient or actual arteriosclerotic gan
grene ? This type frequently accompanies
diabetes Here the mechanism is clearly
circulatory

Generalized osteoporosis  however al
though observed as indicated above cannot
be related clearly or consistently to diabetes
mellitus.

GIGANTISN (PITUITARY)

Definitior. Gigantism Is a condition in
which there is excessive skeletal growth in
a symmetric manner far in excess of the
avernge for persons of that same race and
which 18 due to excess secretion of piturtary
growth hormone (Figs. 160 to 162) Further
more thls condition must have Its onset in
hypersecretion of pituitary growth hormone
priar to the closure of the epiphyseal plates
Once the epiphyseal plates have closed nor
mal hinear growth no longer can occur and
then excess growth resulting from too much
growth hormone will be manifested in the
flat bones the digits with tufting of the
fingers and the other characteristics that are
typleal of acromegaly (Figs. 171 to 174)
Pltuitary glants are well proportioned

It must be borne in mund that individuals
of large stature can also occur from another
condition strongly approximating some of
the characteristis of prnimary pitwtary
gigantism This 18 primary eunucholdism
which refers to the condition of those indi
viduals who have no gomadal secretion be-
cause of removal of the gonads by surgery
thelr destruction by trauma or disease or
gonadal atrophy such as accompanies crypt
orchidism Theoretically the female could
also be an Individual suffering from primary
eunuchold mgantism except for the fact that
ber gonads are less susceptible to Injury
The ovarles function within the abdomnal
cavity and do not undergo a syndrome com
parable with that of male eryptorchidism.
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In eunuchoid gigantlsm therefore growth
of symmetric type occurs if the gonads have
been destroyed before sealing has occurred
and then of course the growth is excessive
due to the fact that the epiphyseal plates
persist for an nordinntely long time Growth
of individuals suffering from eunuchold
ggantism may be qulte great, approximat
ing that of the smaller primary hypophyseal
glants

Primary eunuchord gigantism {s charac
terlzed on laboratory findings by an excess
excretion of pituitary gonadotropins. The
reason 1s that smce the gonads are not
functioning the pituitary puts out an ever
increasing amount of gonadotropins which
stull do not produce gonadal function This
continues until the pituitary becomes ex
hausted with the development of foam or
castration cells.

Pitwitary giants usually have low gonado-
tropins This is probably due to encroach

Fio 162 Guan-

growth of the rest of

is caleification

above it.

ment upon the rest of the gland by the
tumor

Historical Notes, This discase is not 2
common one yet it has occurred throagh
out human history As a result in the early
as well as the later writings of every cout
try one finds accounts of people of glgantic
T ons
P mﬂmk mythology from the blood of
Uranus wounded by his son the Titan
Cronus there sprang a race of gianis
According to Homer there was a race of
glgantic and savage men dwelling In the
island of Triacria. Orestes sccording (0
the Greeks was nearly 10 feet tall. The
belief in giants was part of the everyday
life of the anclent Greeks and Romans. They
even represented them in thelr pottery
Homer told in the Odyssey bow U]::::
blinded the tic Polyphemus even
familiar is tiiegn]-}nfble story of David and the
9 foot Philistine Goliath.



Pliny hekl that in the beginnlng man was
meantic

Glants are mentioned half a dozen time<
in the Old Testament notably in Genesis
Deuterontomy  Joshua  N\umbers  Samuel
and Chronicles, In the Bible there are many
references to men of enormous stature Such
men are first wntten of in Genesls VI 4
under the name of \ephilim as follows
There were guants {n carth i thowe
days ™ In Numbers 13.33 “And there
we saw the glants the sons of Anak which
come of the mants and we were 1n our own
sght 28 grasshoppers and s0 we were 1n
their sight "

The next race of glants mentioned in the
Bible are the Rephaim of whom the earhiest
record 18 in Genesis 14 § where we are told
that Chedorlaomer and some allled kings
defeated them at the Ashterath harnaim
Gollath the famous glant of Gath the
champion of the Philistines whom David
tlew was 1n helght (according to 1 Samuel
17 4) 6 cubits and a epan Assumung the
cublt to be the cublt of a man this would
make him 9 feet 9 inches tall and if a cubit
w23 21 inches 1t would make him about 11
feet, 5 inches tall Josephus however gives
bls beight as four cubits and a span and
describes him as a truly enormous man

John Bunyan In his immortal work tells
of the pilgrim s progress and how Christian
meets Glant Pagan and Giant Despalr

Modern scientific description of hyperpi
tuitarsm begins with Plerre Mane! (1886)
who reported 2 cases which he termed acro-
mepaly Minkowski® (1887) related glgan
tsm and acromegaly as diseases of the pi
tultary gland. Brissaud and Velge® (1895)
believed that gigantism fs rcromegaly dur
1o the period of growth and that acromegaly
B glgantism In the adult According to Cush
fog (1910} * acromegaly was caused by an
averproduction of qualitatively normal se
cretion of the eosinophile cells of the ante-
Tor part of the pituitary gland

In 1921 Evansand Long® produced ggan
thm 1 the rat Ly injection of anterfor
Pitultary extract.

Cigantism (Pitultary) 219

Incidence. Gigantism Is n relatively rare
condition One of the tallest giants recorded
in liternture outside of folklore or mythol
oy was John Mliddleton the Rentucky or
Maotter glant® described in a report con
cerning 31 true mants ranging in height
from 7 feet 6 Inches to J M  who was 9
feet 3 inches.

In general pitultary pigantism Is not
familial Humberd” doubted that any giants
were much over 8 feet 3 inches He cited
the Alton glant as actually measuring 8 feet
314 Inches at the age of 18

Etology Pituitary gigantism is due sim
ply to excess growth hormone production by
the pltultary Selye® refers to thls hormone
as somatotrophin This condition usually is
associnted with a tumor of eosinophilic cells
of the antertor hypophysis It also may be
due mumply to hyperplasia of the anterior
hypophysis or to carclnoma involving the
pitntary gland With increased growth or
the increased size of the anterlor pituitary
enlargement of the sella turclea occurs In
addition encroachment upon other portions
of the pituitary gland by the adenomatous
or the hyperplastic anterior pitultary may
well result in reduction in the elaboration
of hormones by the rest of the gland There-
fore 1t is not uncommon to find redaction
in gonadotropins for {nstance In this type
of pgantism.

Excess anterior pituitary growth hormone
will then with the reduction of gonado-
tropins in particular cause continued and
extra rapid growth {o all epiphyseal areas
and this growth will continue to a time far
beyond the normal time for sealing of the
epiphyseal plates It has been not uncom
mon to find epiphyseal plates open at the
age of 25 years or more Obviously as the
centers are not sealed and there is a longer
time for growth to occur and a stimulation
for growth continues the amount of growth
is also Increased markedly

With the excess amount of growth hor
mone elaborated there also appears to be a
greater amount of growth per unit of time
Tt is primarlly this factor that leads to the



220  Endocripe Disturbances

major gigantism Mlost pituitary giants have
attained nearly complete growth by the age
of 18

Clinrcal Features: SioNs aNp Syarpross
The signs are those of a general symmetric
overgrowth of the body The length of the
body and the size of the viscera exceed aver
age measurements A person may attain a
height varylng from 6 feet 8 inches to above
8 feet

Rapidity of growth fs usually noted in
childhood but may be mest conspicuous dur
ing adolescence Acromegalic manifestations
occur in some gants—those ip whom the
hyperfunction of the pitultary contlnued
after eprphyseal unton

Sexual development and hbido may be
normal or even supernormal at first, but
after some vears impotence and lack of pn1
mary and secondary characteristics usually
develop Visceral enlargement occurs but is
proportionate to body size In acromegaly
the enlargement of the viscera fs excessive
in relation to body s1ze

These individoals usually have visual dif
ficulties manifested by bitemporal kenuan
opsi2. They are described usually as belng
physically strong and mentally alert As in
acromegaly but not 8o often sometimes the
complicatfon of hyperthyroidism and dia
betes mellitus is present There are fre
quently {ntracranial symptoms of headache.
Round shoulders are quite commeon

Trophic changes may be apparent in the
feet of glants usually manifested as ulcers
and a tendency toward infection This may
be explained by thbe fact that there could be
exceas stretching of either vessels or nerves
because of excess body growth The hands
are particularly diagnostic in that they are
very large and bony ‘Muscular development
is not usually increased to the same degree
as skeletal growth Later In the disense
these people are weaker than thelr size
woukd 1ndicate

The delayed epsphyseal closure ususlly is
associated with decrease in gonadotropic
hormone and probably would {ndicate an in
vasive type of prtuitary tumor

The pitutary may burn out here as 1t

may in acromegaly so that there r
transition to hypopltuitarism and
ency toward cachexia and senile ¢
excessive senility for the age. Tr
ported Irregular ossfication and ep
necrosis
LasoraTory Data There Is ofte
tlon of pituitary gonadotropins.
ketosteroid unnary excretfon is m
slightly reduced. Occasionally diabx
Irtus and hyperthyroidism may oo
confirmatory laboratory data
RoxNTGENOGRAPHIC FraTURES
and symmetric enlargement of the
system is found (Figs 160 to 162)
of the sella turcica may be noted 4
delay of fusion of epiphysis occn
cially when gonadotropin s deficfer
ologic appearance of oesification
epiphyseal plates may be very late i
ring sometrmes past the age of 2
rule however epiphyseal closure w.
at approximately the normal time,
When the acromegalic phase ocx
following are apparent (1) prog
(2) enlargement of the frontal sinu
tufting of the distal phalanges (4) b
Ing of the metacarpals (5) enlarge
ital protuberances and (6) hypertr
the soft trssues
Pathalogy: Gross ArPraRANCE.
scopically the pitnitary gland may
to be eltber normal or enlarged 1
there fs an increase in the sire of
terlor prtuitary The enlargement 1
great enough to erode the sella
Except for size the skeleton itself
pathaloglc in structure
\Mrcroscoric  Aprzamance. Mia
cally tiny or large adenomas may
dent There is usually a preponden
ecsinophile cells. There mey alw
mixedcell adenoma which combine
eoslnophils and basophils.
Dhfferential Disgnosis. Pituitery
tism must be differentiated from eur
gigantism and primordial constit
giganttsm. This latter 13 the famill
and these people are normal
Treatment. Hurxthal®® believed th



glcal treatment is 1 order with removal of
the pituitary adenomas Roentgen therapy,
at times appears 1o slow the process by
reducing eounophile cell secretion
Testosterone may be uwd In an effort to
camse early epiphvreal closure It may cause
an imtial increase in growth but this should
be folloned v realing of the epiphy<en!
plates and consequent cessation or retarda
tlon of growth. It «hould be remembered
that while this may halt linear growth
acromegalic type overgrowth may still occur

Fic 163 Pituitary dwarfism (From Dr Eugene I
) Note the small stature as compared with
the yardstkk the patrent is holding There Is fairly
rood muscle development in this case. (Botfom left)
Lower arm, forearm and hand leg Anteroposterior
viewy, The long bones are reduced in length There are
defimite growth abnormalitfes in the distal radius the
ulna, the tibla and the fibula The progressive acral
shortening of the phalinges suggests a hypothyreld
compenent in this entlty Compare with Figure 156
(Bottom right) Lumbar spine and pelvis, Anteropos-
terior view \ote the small delicate skeletal structures.
The hip joints show acetabular shallowness and de
formity of the femoral heads and necks. The latter is
mare marked on the nght than on the left. Compare
with the hypothyroid pelvis of Figure 157
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secondary to the hypophyseal somatotropic
oversecretion The dosage recommended!! is
50 mg of testosterone administered intra
muscularly 3 times 2 week for 4 weeks The
course is repeated at Intervals of 4 to 6
weeks untll epiphyseal closore has taken
place.

In a female afflicted with this disease it
may be more appropriate to use estrogens to
fnduce epiphysenl closure The datly oral use
of 5 10 10 mg of diethylstilbestrol for 20
comsecutive days out of every month has
been employed 12

It should of course be recalled that pitud
tary gigantism is much more common fn
males than females and that consequently
this latter therapy Is rarely indicated Asin
the instance of testosterone the female sex
bormone will merely produce epiphyseal
union and will not affect the acromegalic
overgrowth of the pituitary growth hormone

The prognosls for life {s poor
These Individuals tend to be susceptible to
and succumb to infection. Ouly & few go on
to middle life

DWARFISM (PITUITARY)

Definition. A dwarf 13 a person whose
physical dimensions are markedly less than
those characteristic of his age sex group
and race. The usual dwarf sside from the
primordial one is of the hypopiturtary
type (Fig 163)

Varution in stature does occur in cre-
tinlsm In osteogenesls imperfecta and in
rickets of the gastro-intestinal the pan
creatic, the renal and the vitamin D resist
ant types It 18 ohserved also in ovarizn
agenesss (Turner s syndrome) However the
prime concern here 13 dwarfism related to
plturtary dysfunction

Historical Notes. Legends concerning a
race of people of abnormally small stature
bave been common n all parts of the world
from an early period of history Homer re
ferred to pygmies who were believed to be
found in Thrace and Herodotus wrote of &
people of extremely small stature who dwelt

in the Libyan deserts It is noteworthy that
the Bible which makes such frequent men
tion of giants names a dwarf only once—In
Levitlcus 21.20 where it {s commanded that
no dwarf shall make the offering at the altar
This was ant edict true for all mutilated
persons,

The custom of having dwarfs and de
formed men in the suites of grand person-
ages was common {n the East from time
immemonial Dwarfs were popular with
wealthy Romans who kept them for diver
sion. Most of these dwarfs came from Egypt
and Syna

In 1871 Loram and de la Cour? described
a group of tuberculous persons in whom
they noted arrested slheletal and genital de
velopment They termed the conditien in
fantilism, \[istakenly a misquoted version
of thelr paper was included in the lteratare
as ‘dwarfism and “mnfantillsm” aod Lo-
rain’s name was identified with a syndrome
which was not exactly the condition be and
his pupfl had described It was widely be
lieved that the Loram dwarf kmd the body
proportions of an adult In minfature. In
effect, what these men really wrote was that
their tuberculous patlents were juvenile in
appearance and persistently Infantile in so-
matic and sexual development, desplte ad
vancing years. It Is quite possible that the
arrested development in these cases were
simply the result of malnutrition and chronk:
tuberculosls It was not until 1908 that Lévi
described true primary hypopltuitary dwarf
fsm with hypogonadism. Nevertheless, the
term Lorain Lévi Is given to this type of
dwrarf

Simmonds® described hypophyseal a
chexs in 1914 Although he referred pr
manly to that state following postpartum
bemorrhage * 1t Is scen in males and female
patients suffering from a varlety of otber
causes. These include pitoitary tumors, 12
berculoals, luetic gummate and trauma with
hemorrhage about the pltultary Further
more If hypophyseal destruction occurs in
childhood dwarfism will result

Incidence., Dwarfism 1s uncommor. The



primoctdial type or the pygmy is not an
endocnine dwarf Pygmics are fourd e<pe
call In central \Mricr and In the Amazon
forests

Etwlogy Hvpopltuitary dwarfiem is the
result of destruction of the anterior lobe of
the hvpophyaic The causes may be many
the principal one being a tumor usually a
craniopharyngioma or a chromophobe ade
noma Thewe tumors secrele no hormones
but destroy tiasues that normally do =ecrete
hormones.

Hypopituitarism may occur with tumors
of the hvpothalamus as [n the form aseo-
ciated with Frochlichs syndrome (dys
trophla adipo<ogenitalis) \lest Froehlich
cases do not present a full hypopituitarism
but only a deficdency of gonadotropin. Thus
they may be normal or excess in size

Decreased pituitary <ecretion resulting in
drarfism al.o occurs as a result of a non
specific atrophy of the gland or because
of destruction by tuberculosis or syphilis
Trauma with hemorrhage about the gland
m2y cause early pituitary destruction but
ks more common in the late or Simmonds
type of anterior lobe disease

Clmical Features. Hypophyseal dwarfism
Is symmetric and well proportioned There
s a proportionate dimlnutlon in the size of
the trunk and the extremitles The hands
aod the feet are small and delicate The
bexd Is extremely small and the features are
childuh. With increasing nge the facial skin
tends to become atrophic and wrinkled at a
relatively early age (Fig 163)

The Intellect of the hypophyseal dwarf is
£0od but there 18 great emotional jnstability
This may be due to a large degree to hypo-
genltalism and sexual indifference The pa
tient may manifest symptoms of an intra
cranial neoplasm or cyst such as headaches
impairment of vision or encroachment of the
visual fields,

Itis of interest that the well proportioned
midgets are uswally hypophyseal dwarfs.
Therr effort to emulate normal adult soclety
rexults in midget intermarringes and the so-
@led Lillipatian villages. Since they are
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usually hypopituitary there Is the asso
clated hypogenital plcture so even when
married these individuals rarely hase off
mpring

Laporatory Data The Inboratory data in
pltuitary dwarfism are those which are usu
ally collected in hypopitultarism and are
imdicative of impalrment of many endocrine
functions

The basal metabolic rate s commonly
low It varies as a rule from minus 15 to
minus 35 per cent The fasting blood sugar
level may be reduced The serum sodium Is
sometimes low There is usually elther a
total absence of or a definite reduction in
the urinary excretion of the neutral 17
ketosterolds and the pituitary gonadotro-
pins In the case of pnmary ovarian insuffi
ciency there is no significant deviation from
the normal average response to the adminis-
tration of glucose or msulin the unpary
content of follicle stimulating hormone is
greatly elevated as a rule and the 17 keto-
sterold excretion is only slightly increased

RoentoENoGRAPHIC DATA.  Roentgeno-
grams of the skull of the hypophysenl dwarf
disclose signs of adenohypophyseal somato-
tropic insufficlency The face 13 small in
relation to the cranium, which thus remains
largely infantile {n variety The brow retains
the verticality of infancy The diploic layer
of the calvarium is hypoplastic. The frontal
sinuses are poorly developed The body of
the sphenoid usually remains cancellous
bone

The sella turcica 18 infantile and the antra
are pootly developed The alveolar processes
are hypoplastic and crowding of the teeth is
pronounced If deczduous teeth are retained
when the permanent set appear

There is delzy in the appearance of the
epiphyseal centers. Closure of the epiphyses
in all the bones is delayed Permanent non
union of the epiphyseal centers to the shafts
of the long bones may persist.

The skeletal system and viscera are small
and delicate but essentially well propor
tioned

Differential Diaguosis. Primary hypopl
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Fro 164 Werners syndrome (Figs.
164 to 170 from Pomeranz Al A
Radiology 51 521-524 1948 abstr In
1949 Y earboak of Orthopedics and Trau
matic Surgery pp 443446 Chicago
Year Book, 1950) White female 3%
years old. The patient shows premature
aging with a “birdiike facfes.

tuitarrsm must be differentiated from other
causes of dwarfism These include

1 Srconpary Hyrorrrurtazisu  This
condition will result from anything pro-
ducing secondary atrophic changes in the
anterior hypophysis such as

A. Malwstrition This may result from
conditions such as the celiac syndrome
which includes idiopathic steatorrhea cystic
fibrosis of the pancreas and nontroplcal
sprue

B Congemtal or Acquired Cardiac Dis
cases These appear to produce their effects
on the basis of anaxia and 1panition

C Remal Disease This of course refers
primarily to renal dwarfism of rachitic type
(Figs 223 t0 227) Thus can result from dls-
exse {nvolving either glomerular or tabular
portions of both The azotemic effect here
may produce secondary hypopitultarism

Fro 165 Werner s syndrome (Same
patient as Fig. 164 ) Foot and lower leg
showing latera) malleolar ulcer Trophxc
ulcers are typical findmgs in Werner's
syndrome and this one caused the pa
tient to seek medical care

The high phosphorus retention of the glo-
merular variety versus the excess caleiom
loas in the tubular type has been discossed
under kidney dysfunctions related to booe.
Secondary hyperparathyroidism Is slso 2
consideration here producing deformities.

2 Crerivisat or Hyporuveomoy It is
possible that this may produce secondary
hypopituitansm through lack of stimulation
of the prfuitary by thyroxine. However the
more likely relationship is sumply poor for
matson of the epiphyses and defictent growth
of bone and all tissues In general becanse of
thyroxine deficiency (Figs 152 to 159)

3 IptopatrIC Prrurmary Distuzeance
RePrrsENTED BY Procemta. The term pro-
get1a means “prematuorely old” and describes
8 form of infantilism sssociated paradoxd
cally with premature and rapldly developing
senility ® This 18 not clearly a pituitary ke
sion. It Is & rare disease found in children
that ts characterized by dwarfism and pee-
mature senility The senility is evident by
the appearance of pronounced cachexie.
Artenosclerotic changes are found through-
out the body at a very early age In the
teens these Individuals may suffer occlusion
of coronary vessels undergo myocardial in-
farctions and die of such discases

The climeal signs may be observed 23
early as 1 year of age and noted by fallure
to galn weight very slow growth and loss of



hair and subcutancous tissue The epiphy<es
tmite prematurely and the bones <how osten.
porosie*

Theee patients <how a stnhing similarity
in appearance (Fig 164) Both sexes are
almost completels bald There are great loss
of subcutaneous tiseue beakno<e and chin
retraction The eves appear cxtremely large
and prominent The skin over the whole
body is very thin and atrophic and quite
adherent seemingly becanse of the lack of
subcutaneous tissue The chest is narrow
the abdomen protuberant The skin 1s
blotchy and vellowish brown The joints of
the extremities are prominent since there
Is so [itthe muscle mass they are promunent
rdatively but they also appear to be thick
ened and stiffer than usual It s quite
probable that this Is due to the severe de
velopment of premature hypertrophic osteo-
arthritls

In corroboration of this we note also that
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these markings show quite prominent joints
of fingers and toe< \ estel markings are very
prominent again because of the thin skin
and the atrophy of subcutaneous tissue The
renitalia do not appear to be abnormal for
the particular age of the patient Trophic
ulcers are <cen in the feet and the legs
(Fig 165)

\ rav Stndies These cases of progeria
show normal <ella turcica and early usion
of the epiphy<es of the extremities Osteo-
porosis is common There are peripheral
vascular caleification and metastatic soft
tussue calcificntion (Figs 166 to 170)

Laboratory Studies These are normal for
basal metabolic rate serum sodium potas-
siums ond chlorides Laboratory studies
show no spedfic diagnestic factors as far
as the authors can ascertain except that
which may be expected in an aged indivnid
ual This condition may be regarded as n
markedly accelerated process of normal

Fic 166 Werner s syndrome (Same patient as Fig 164 ) Foot and ankle. Antero-

mdtmr mls lateral views showming pronounced osteoporosis and cakification of the
vesse
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Fro. 167 Wemer's syndrome. (Same
patient as Fig. 164 ) Both feet Antero-
pasterior view Note advanced osteopo-
rosis, The right foot Is deformed as a
result of poliomyelitls at 9 months of
age. Vessel calcification as well a3 meta
static calcification 1s observed

aging with a very poor prognosis. An ind!
vidual may complete his whole cycle of life
well before the middle teens.

4 OvariAN AGENTD oR HYPOFUNCTION
(TusnEr s SyNpeoumE?) These cases show
the definite chemical finding of high urinary
gonadotropic titers and this can easily be
compared with the absence of gonadotropins
in true hypopitwitarism. Furthermore, these
cases are characterized by the following
findings complete lack of breast develop-
ment small or only moderate amounts of
axillary or pubic hair short stature web-
bing of the neck cubitus valgus late union
of epiphyses osteoporosis decrease of 17
ketosteroids and even coarctation of the
aorta.

5 PmmdoroiaL Dwarrmsy or Pyoxysu
Primordial dwarfs or pygmies are com

Fic 168 Werner's syndrome. (Same
patient as Fig 164 ) Elbow Laterzl
view showing gen
with pathologic calclfication in the tri-
ceps tendon ares,

pletely normal people from the endocrmo-
logic point of view This 1s merely a famillal
phenomenon and on # purely hereditary
basls as for example the pygmy tribes of
central Africa. These people who are of
good mtelligence are born abnormally small
Growth continues in a slow manner They
mature sexually at the proper time and their
epiphyses unite at a normal time

Chemical studles in these patients are
entirely normal. They are capable of nor
mal reproduction usually transmitting the
dwarfism to thelr children In-breeding will
perpetuate the condition and conversely It
may be bred out as well

6 AcionDROPLASTA in which there i
dwarftsm of the extremlities in particulsr
Achondroplastic dwarfs present dispropof
tion In relation to the trunk and the bead



Fic 169 Werner s syndrome (Same

patient 25 Fig 164 ) Hand Antero-
posterfor view Observe the severe cal
afication and the vascular sclerosls.

These are relatively normal In relation to
the upper and the lomer extremities which
ure the dwarfed portlons (Figs 73 to 76)
The process occurs because of abnormality
of the epiphyseal plates and cartilages espe
clally in the long bones. (See Achondro-
plasla, page 131 )

7 Ostrocenesis TupemrecTa (see Osteo-
5:;;‘)5 Imperfecta page 91 and Figs. 17

Treatment. To this date specific and
ellective treatment of this condition is not
*mallable It is true that growth principle
from the anterior putuitary would be rea
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Fic 170 Werner's syndrome. (Same
tient as Fig. 164 ) Lumbar spine
Etem] view showing mild osteoporosls
of the vertebral bodies with the presence

of subchondral bone. The abdominal
aorta Is calcified. Limb osteoporosis is
moch more severe In this Instance than
the spine changes.

sonably effective 1f it were available {n an
effective preparation It is true that such
growth hormone {s available for use in am
mals but to the knowledge of the authors
an effective type for humans has not yet
been obtained When as and if this occurs
it would be quite effectlve in these cases if
instrtuted early enough. Obviously after the
epiphyseal plates have fused it could pot
be effective The use of gonadotroplins thy
rold extract testosterone and a high pro-
tein  high caldum high phosphorus diet
with ample vitamins is not unreasonable.
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Estrogens also of course would be desirable
n the female. Surgrcal excsion of the pltuf
tary adenoma tumor or the cramopharyngi
oms have been reported but favorable effect
upon growth has usually not resulted since
pitultary destruction has proceeded too far
Surgical exclsion of the fesjon may be of
value in reducing ocular manifestations.

Prognosis. This {s good unless the tumor
involved is of a malignant type. Generelly
these tumors that do cause destruction of
the anterfor pitultary are benign in type
and do not affect longevity These patients
therefore will live cut a nermal gpan of hife
with no particular problem

ACROMEGALY (PITUITARY)

(Svs Manes malady pachyncria
megalacria  dystrophia autogenetica.)

Definition. Acromegaly {s a chronlc dis
order occurring after epiphyseal closure and
skeletal maturation are completed It results
from revivification of growth of the bony
skeleton, It 18 due to excessive productivity
of the anterior portion of the hypophyms

Hbstorical Notes. The first authentic de
scription was glven by Saucerotte and
Noelt In 1886 Pierre Mane? published hus
well known paper and gave the name dcro-
megely to the disease from akrom (end) and
mega (large) He described 2 cases and
quoted 5 from the literature with smilar
features and belleved that the cause was
hypofunction or dysfunction of the prtultary
gland

Von Recklinghausen suggested the name
pachyactie because thickness of the ®x
tremities 18 8 constant feature Fritsche and
Klebs? demonstrated the role of the hypoph
ysis in producing acromegaly The following
year O Jlinkowskit ascribed the syndrome
to hypophvrenl disense

In 1888 Alare published a book in Eng
lish and drew particular attention to the
eplargement of the hypophyws and the ex
pensjon of the sells turcica and also to the
presence of gigantism with acromegaly

Oppenheimer® was the first to recognize

enlargement of the sella turcica durfog Lfe
by means of roentgenograms. Benda® showed
definitely that the pituitary lesion associated
with acromegaly was an adenoma conausting
of cells containing evalnophille granule,
that these granule-bearing cells were sumilar
to those which are present fn large numbers
duripg the growth period 10 normal persons
and that acromegaly was fn all probability
a result of overactivity of the pitwtary
gland

Tn 1909 Gramegna reported the first ex
ample of a pituitary tumor treated by roent
gen rays He obtalned gratifying results,
Cushing” demonstrated experimentzily in
the same year that pituitary extirpation
retarded skeletal development and thm
came {o the conclusion that acromegaly and
the related condition giganbam were at
tributable to hypertrophy of the gland.

In 1921 H M Evans® was able to pro-
duce gigantism in rats by repeated injectiom
of extracts from the anterior lobes of beel
pituftaries Putnam in 1928 experimentally
produced acromegaly in dogs by similar
methods

Incidence. Acromegaly 13 & rare disease.
1t occurs in all parts of the world and in all
races the intidence among Jews and Swedes
being relatively high. VIales and females are
affected in equal numbers

Obvioualy all cases of gigantism have
characteristics of acromegaly Therefore one
can understand Fairbank® and other gutbors
who describe cases as childhood and adotes-
cent acromegaly The anthors of the present
volume prefer to classify cases as acronreg
aly when these cases develop in Individuah
who have reached complete skeletal matura
tion under normal conditions Then when s
pitwutary hypersecretion occurs growth re-
activation with typlcal changes oceurs. The
earlier in life the pituitary byperfunction
occurs, the closer the case will be to £
gantism.?® The later pitaitary hyperfunction
occurs, the more 1t will be scromegalic

Sometimes a general infection appears to
be a precursor for example, of measles and

typhoid fever



In a series of 2023 Intracranizl tumors
Cushing? found 360 (178 per cent) to be
bhypophyteal adenomas Of theee 360 ade
nomas, one fifth were chromophile

Etiology The cause of the development
of eosinophile hvperplania or adenoma is un
known. There {2 a hereditary factor Some
cases have been observed to be familial Tt
is well to keep 1n mind the following facts
relative to the growmth hormone They are
as follows

1 \lthough clinical and expennmental exi
dence has previously indicnted that sheletal
growth depends upon the pituitary gland It
was not untll 1921 that Evans and Long
demomstrated that a saline emulston made
from the anterior pituitary lobe of fresh
glands of cattle contained a growth hor
mone This emulsion when Injected dnily
(J4to 1 cc.) intrapentoneally into young
rats, accelerated their skeletal growth rate
compared with control animals and con
tinved this growth for 200 days or more
after that perfod in the life of an untreated
nt when growth normally stops—I ¢., about
the one hundred fiftieth day of life
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Fio 171 Acromegaly Skull. Lateral
view Note the progunathic overgrown
mandible the enlarged sella turcica, the
large frontal sinuses and the thickening
of the calvaria,

F1c 172 (Bottom) Acromegaly Both
hands. Anteroposterior view Observe
the secondary bony overgrowth of the
phalanges and the metacarpals. The
tufts and the distal phalanges are partic
ularly hypertrophied




F1o 173 Acromegaly (Figs. 173, 174 from Dr Eugene P Pender
grass) White male 36 years old Skull Lateral view An excellent
example of overgrowth of the supraorbital ridge. The sella turda
13 considerably enlarged The mandible also is overgrown.

Fic 174 Acromegaly (Same patient as Fig 173 ) Both bands. Antero-
posterior view Note the spadelike configuration with the large size of all the
bones. There is some overgrowth of the distal phalanges! tufts



Evams termed his normal rats injected
with  pluitary  emulslons  hypophysls
pants” and stated that “they were twice
xs heavy as the larpest ones Lnown to us
from our own and published records for this
ammal species.”

2 The increasc in body growth of rats
prodoced by the hormone is attributable to
2 direct action on the tissues and is inde
pendent of any increased secretion by other
endocrine glands.

3 The muscles aml the viscera grow as
apdly as the skeleton and the body us a
whole.

4 After hypophysectomy in rats ft has
been postulated that a “calerum barrier or
“closing membrane” appears which ends
sarmal activity at the epiphyseal lines The
growth consequently ends. When growth
hormone 13 injected into hypophysectomized
s, the dosing membrane disappears. Car
tilage cells at the epiphyseal line begin to
pedliferate and differentlate again into bone
Bone growth will resume Thus 1t can be
st that rats will malotaln an acrested
epiphyseal line This {s 1n contrast with the
troe abliteration of the epiphyseal line in
the human. A rat therefore develops gigan
thm, pot true acromegaly on the experi
mental infection of growth hormone.

5 Membrane bones (for example those
of the cranlum) are unafiected by hypoph
ywctomy Osseous tissue that has already
been lald down also undergoes no change

The expeniments on animals are interest
Ing, particularly since &n active growth hor
Moue works In them. Conclusions from anl
mal work cannot be fully applied to humans
Libido fn ammals for instance may be in
freased by pituitary hormone This conclu
#0n {3 not necessarily true In the human

The anterfor hypophysis and the thyrold
are the glands mast closely related to osteo-
fenesis becsuse suppresslon of one or the
oher supends growth and consequently
skeletal development The first because of
' growth effects, Interveres In osteogenes:s

b3 tcceleration of the proliferation 1n the

@rtilage of the eplphyseal disk an effect
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which appears to e the ptincipal one and
for which reason it has been mentioned as
“chondrotrophic factor 11 also stimulates
the normal processes of osteogenesis in
diaphysc-epiphyseal union

It is obvious that growth presupposes
mtrogen retention for the synthesis of the
new proteins and it is known that the ante-
rior hypophysls stimulates growth not only
of the skeleton but nlso of all tissues

Skeletal hypertrophy is manifest in cndo-
chondral and periosteal new bone formatfon

In o pronounced condition there is enor
maus subperiostenl thickening on the front
and the sides of the vertebral bodies 30 that
they Lecome much wider horizontally than
thick vertically This change is most pro-
nounced 1n the lower thoracle area

Charactenistic endochondral bone forma
tion however 18 scen at the costochondral
junctions where an frregular cartilaginous
hyperplasia causes the acromegalic ‘ rosary’
and with advancing ossification produces
lengthening of the ribs and a consequent
expanded chest.

Relss Fernandes and Golla™ found that
the admunistration of 50 mg dafly of testos-
terone proplonate cruses regression of the
cartflaginous overgrowth of ribs in an acro-
megalic patient within 10 days.

Every bone may show great vascularity
espeainlly those of the cranial vault and
least of all the mandible Every bone may
be abnormal In shape and appearance and
all the bones concerned in the formation of
a jolnt may show signs of rheumatold ar
thritls. Very rough muscular tuberosities
are common

Clinlcal Characteristics. In general signs
and symptoms are (1) those which are
brought about by disturbance of the internal
secretory mechanism of the hypophysis and
(2) those caused by pressure of a tumor
upon surrounding cerebral structures. The
mitlal symptom is often headache between
the temples

Dullness becomes progressive to somno-
lence and lassitude Fhtigue and depresalon
are frequent accompaniments,
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The face becomes coarsenred owing to a
thickening of the nose and the 1ips

The skin becomes darker and thicker de-
veloping folds, and an increasing amount of
hair appears.

The hands and the feet gradually increase
in suxe This enlargement first 13 of the soft
parts but later the width 18 increased owlng
to osseous hypertrophy There is great
widening of terminal phalanges producing
the characteristic spadelihe hand

Other changes noted are the early appear
ance of amenorrhea In men increased sex
potency 13 followed gradually by declining
sexual power
Spedfic changes by system are as follows

1 Tke Skull The skull may be higher
on one side than the other It 1s consider
ably thickened The ridges are extremely
promment and the external occipital pro-
tuberance enlarged The cranial sutures may
be obliterated The changes In the facial
bones are characteristic. There are thicken
ing and enlargement of the rygomatic arches
and of the malar bones, and especially of
the Jower jaw which becomes prognathic
owing to overgrowth and alse to changes in
the temporomandibular jolnt.

The teeth are spaced and wide apart be-
cause of the mcreased jaw width

The foramen magnum is preternaturally
anterior because of atrophy of the basilar
process of the occipital bone.

The occipital condyles are reduced In size
and their axes altered The head s conse
quently carried in a more extended position
The condyles also press upward into the
skull

Apposition of bone may occur from the
nasal spine to the alveolsr process with a
relatively small ethmold The temporal
forsae are very deep

2 The Lower Jow The hypertrophy of
the loner jaw with that of the bones of the
apper jaw and the face (ncreases the length
of the face and gives the characteristic oval
face of the acromegalic person

3 Thelertebral Colusmn This commonly
shows n pronounced cervicodorsal hyphosls

with a compensatory lumbar lordoas Seals.
osis 13 also frequently present. The anterrr
surfaces of the vertebrae are grestly rough.
ened and exostoses may be seen In some
examples the bodles are ankylosed and the
disLs absorbed The transverse processes of
the vertebrae are frequently enlarged and
the nccessory processes enormous. The inter
vertebral foramipa are narrowed and the
vascular foramina enlarged There Is atrophy
as well as hypertrophy and this grves rist
to the kyphosis.

4 The Clavicles The cavides are rough
and thickened Both ends are very thick and
pitted

5 The Thorax The anteroposterior dlam-
eter 18 greatly increased and the sternum
may protrude as well as the ensiform carth
lage hence the double bossas.™

6 The Ribs The anterior ends of the ribs
are very broad The subcostal groove fs deep.
Irregular flanges of bone may be present oo
some of the ribs which are much thickened
at the sites of muscular attachment aod
greatly roughened The cartllages of the ribs
may be ossifled

7 The Scapeloe The bones are broad and
rough and strong processes of botte may pro-
fect from the ventral aspect of the supero-
medial and the inferior angles The spine,
the acromion and the coracold processes art
rough and greatly increased in size.

8 The Humerns The humerus Is much
thickened and rough the tuberomties and
the condyles are much enlarged. The deltold
mpression Is partieularly well marked

9 The Redins amd the Ulna These ast
enlarged They are often deeply excavated

10 The Hasd The articular surfaces of
the hands are extremely expanded aod
strong The shafts of the metscarpals and
the phalanges may be slender The bones
of the carpus are large and thelr processs
strong The separate bones tend to coalesce
Osteopliytes may be found oo the carpat
bopes the metacarpals and the phalaoges.

The more obvious changes occar in the
bands and the feet especially in the carpal
and the tarsal bones. The beads of the



phalanges may ahow outgrowths or taft
tng” on radiegraphic examination (Figs 172
and 174) The great and progressive in
creaces in the <lze of the hamds and the feet
which s owing to the thickening of the soft
trssue as well as to skeletal changes results
fn the charactenstic need for an outsize in
shoes and gloves The fingers are thickened
somewhat square in thelr termination ghing
the appearance of a spadelike hand The
long bones of the upper and the lower limbs
may show considerable periosteal thicken
ing and deformity or may appear normal

11 The Pelvis The peliis is very broad
and the sacrum wide The crest of the ihum
is thick and rough, ns well as the attach
ments of the muscles

12 The Sacrum The sacrum may be ro-
tated with the longitudinal axis horizontal
The spine of the axis [s large and thick and
the articular processes and surfaces of n
aeased sire.

13 The Femur The femur often shows a
third trochanter and the condyles are much
Increased in mze and roughened The attach
ments of the muscles are much ncreased

4 The Patella. The patella is thick and
very rough and may show osteophytes.

15 The Tibia and the Fibula These are
frequently ossified together and both bones
Ut rugged, deeply excavated and crested
The tarsd are much thickened and the tuber
osithes (especlally of the os calas) much
strengtbened. Often flatfoot ia present.

16 Thke Jormts Arthritis may follow
changes at the articular surfaces of the bones
ind bany exostoses in the neighborhood of
the jonts may imit movement greatly A
Part of the skeleton such as one big toe
2t times appears to be more susceptible to
the growth hormone and may become en
larged quite out of proportlon to the rest of

skeleton

1 The Muscular Systes Hypertrophy
of the muscular system, associated with ab-
nocmal muscular strength, may occur in the
::g;‘;ygﬂmhm early strength may be suc

uscular atrophy and atony

8 The Soft Tissues The toague Is

Acromegaly (Pitultary) 233

greatly enlarged and the papillae prominent
It may be unable to find room wlthin the
mouth and may interfere with articulation
and tend to obstruct the air passages in the
recumbent position The lips hecome thick
ened protuberant and negroid in appear
ance The<e changes In the lips and also in
the nose may occasionally precede the shele
tal changes

The skin and the subcutaneous tissue are
thick the pores enlarged and sebaceous and
sudoriferous glands hypertrophied Fibro-
mata molluscn may be seen Excessive
sweating on the whole body may be trouble
some and Intractable together with the
greasiness of the skin resulting in persistent
malodor

The hair on the trunk in both sexes may
become abundant and coarse the thick
greasy hary skin contrasting with the fine
dry halr free (or covered with delicate halr)
skin of the hypopltuitary state

19 The Resprratory Svystem In both
sexes the volce becomes deep and resonant,
owing to the enlargement of the larynx and
the 1ncreased width and reasonance of the
air sinuses though the mucous membrane
may be so thickened that respiratory ob-
struction may on rare occasions require
tracheotomy The lungs are enlarged pro-
portionately with the thotax,

20 Cardiovascwlar Chanrges The heart
may be enormously hypertrophied and also
all the coats of the peripheral blood vessels,
Hypertension 13 followed by hypotension in
the later stages Actocyanosis and Ray
naud's phenomena sometimes occur in acro-
megaly Varicose velns are not uncommon
and superficial phlebitis or bemorrhoids
may be superd;

21 The Aervous System The sense of
smell may be impatred owing to hyper
troply of the nasal turbinal bones T ressire
on the optic chinsm leads to optic atrophy
bltemporal hermanopsia and later to com
plete blindness of one or both eyes Ocular
palsies may result from pressure on the
third the fourth or the sixth nerves Involve
ment of the filth nerve may cause pain and
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hyperesthesia over one or more of its divi
sions

Deafness may be due to involvement of
the auditory nerve or the middle ear

Headache may be very severe and burst
Ing In character It is occasionally migrain
ous and assoctated with vomiting The
severe headaches are often mtractable

Paresthesias of the hands and the legs
may be early symptoms But true neuritis
follows when somatic nerves are caught
obliterated Intervertebral foramina

Areas of sclerosis may arise in the spinal
cord with resulting ataxia and pseudotabes
True acromegaly may also be associated
with syringomyelia.

Speech may be sluggish and slow memory
often being impaired and the general be
havior characterized by apathy and lack of
initiative Depression {rritability, negatlv
fem, melancholia mania and delusional in
sanity may be additional symptoms (In the
early stages or 1n relatively mild examples
however there may be great alertness
energy and drive.)

The cerebrospinal pressure may be great
headackes being relieved temporarily by
withdrawlog some 30 cc. of cerebrospinal
fluid

22 The Sexwal Systess An initial mn
crease in libido may occur rarely in both
sexes. More commonly amenorrhea and
impotence are early features and almost in
versbly are present in the later stages.
Nevertheless interference with sex function
may not be obvious for 10 or more years
though skeletal and other manifestations are
progressive Normal menstraation, preg
nancy and parturition occasionally take
place when the scromegalic process is well
advanced In acromegulics also jmpotence
and amenorrhea are often associated with
atrophy of the genitals

In both sexes there may be an extensive
growth of coarse oily hair over the trunk, In
the female abnormal bairiness sometimes
develops on the face and the extremities

and the hair of the head falls out 43 in pn
mary adrenal vinhsm.

Adrensl cortex hyperfunction may be a
factor in acromegalic diabetes

In the later phases of acromegaly adrenal
cortex hyperfunction may be followed by
hypofunction

Tawrorr Dysruncrion  Althoagh the
basal metabalic rate is increased i about
50 per cent of acromegalic persons, a clinfeal
plcture of thyrotaxicosls #s found only m
approximately 5 per cent. In these, as well
s in other examples of acromegaly histo-
logic section shows a collold goiter

A C Davis'? studied 271 cases at the
Mayo Clinic and came to the conciusion that
thyroldectomy In the presence of acromegaly
is always associated with a high surgics!
risk

LapoxaTory Dara. Some 20 per cent of
patients affected by acromegaly have gly
cosuria and elevated blood sugar In abont
half of these the carbohydrate tolerance
curves are indistingwshable from those
discoverable in dizbetes. A smail percentage
act as such their tolerance progresuvely de-
creasing Complications such as boils, catz
ract and gangrene appear Even death m
coma may result

An adequate and normal response may
often be obttined with the use of insulm.
Vost conditions run & benign course. The
severity of the diabetes tends to parallel
that of acromegaly diminfshing or disap-
pearing in remisslons. Removal of & pita!
tary eosinophile tumor may {mmediately
abohsh the disbetes, while fncomplete re-
moval msy accelerate tho respanst to
insulin.

Hyperglycemia may be followed by hype-
glycemin and Increased tolecance {f hyper
pituitarism fs followed by hypopituitarn.
Polyuria and polyphagia may occur with
or without diabetes.

Coggeshall and Root!* found that the
average interval between the onset of acro-
megaly and that of diabetes was 9.2 yean-

Tho basal metabolle rate is elevated esrly
in the discase but commonly is subparmal
1n the late stages

According to Cushing? the presence of



prolan in the utine {s noted in active acro-
megzly and ‘has been found to furni<h an
index of the actlvity of the chromophile
adenoma ™ The calclum excretion usually
is devated but Is largely dependent upon
the amount of calcium Intake

The excretion of creatine and creatinine
In the unne i« greatly increased in acromeg
aly daning the active phase and apparently
bs dee to the anterior pltultary hvperfunc
thon.

Roextoexocraritic  Data. The early
stages are not recognizable roentgenograph
feally Tt is necessany that the process <hall
bove progressed to macrescople dimensions
to be discoverable. It must be hept in mind
that the roentren slgns arc based upon the
dissppearance of osseous or of caldific sub-
stance or of new bone formation and depo-
sition of calafied material

The bones of the skull as we have <en
ue especlally distorted by the growth
process.

The frontal sinuses become large and
Projecting The calvarium is heavy The
base of the skull shows less thickening but
the mandible becomes large and widened
¥ith, as aforesald spacing of the tecth and
12 fncreasing prognathism of the lower Jaw
(Figs. 171 and 173)

The changes in the sella turcica are the
most important Tt may be enlarged along
¥ith the remainder of the skull

Roentgenographic changes of the bone in
ad about the sella depend for the most
Part on the direction in which the expand
2% tumor exerts fts pressure

When an adenoma develops the measure-
ments of the sella turcica increase beyond
the 10 10 12 mm. normal anteroposterfor
distance The floor may be eroded with ex
@vation beneath the anterior clinokds The
Posterior clinolds may also be eroded and
Pushed backward and sometimes destroyed

is & broadening of the phalanges

nd booding and tufting of the terminal

00 This 1 pathognomonic (Figs 172
and 174)

Hyperastosis of bones along the vertebrae
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Is likewlee a frequent sign Tt Is productive
of a rigld hyphosis and the characteristic
posture of the discase Overgrowth of the
vertebral hodies rings of bone that form
complete margins added to the original
vertebra body is observed

Pronounced arthritic changes are noted in
the jolnts and exostoses are found In many
places in the advanced stage of the disease

A diffuse generalized skeletal sclerosis
which includes the shull complicates these
primary changes so that there Is massive
thickening of the cranium and other parts
of the skeleton

Osteophytes may extend into tendons and
ligaments

Pathelogy The pathology of acromegaly
was descnibed by Fritsche and Klebs ? sev
eral years before Varie 3 The essential fea
ture is the continued oversecretion of growth
hormone producing skeletal and wisceral
changes comparable with those of experi
mental acromegaly The pathology Is re
lated to an increased activity and hyper
function of the eosinophile (chromophile)
cells of the pituitary gland These usually
multiply and form an adenoma of a berugn
variety The end result is hypertrophy of the
gland and pressure upon the surrounding
sella turciea and usually upon such nearby
brain structures as the optic chizsm

The changes In the other endocrine
glands are multifarious For example there
may be increased and later decreased pro-
duction of adrenocorticotropic hormone by
the eomnophile cells There may be faflure
of secretion of other tropic hormones for
example gonadotropic, and there may be
encroachment of the eosinophilic cells upon
the basophilic cells The pathologic changes
depend to some degree upon the phase of
the disense Overactivity may be followed
by exhaustion of pituitary cells and under
activity

The cortex of both adrenals 15 usually
hyperplastic and multiple adenomas fre
quently are present The thyroid 1s enlarged
In some 50 per cent of patients change usu
ally Leing an increase in vesicular collold
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The parathyrolds may be enlarged and ade-
nomas therein have been recorded. Enlarge-
ment of the thymus and diffuse lymphoid
hyperplasis which alse occurs both with
Addison s disease and with adrenal cortical
adenoma or hyperplasia are common

The pancreas may be normal or atrophic
or may show hyperplasia with perhaps
adenomas of the Islets of Langerhana. This
Is attributable to the fact that in some
specles pitnitary diabetogenic hormone pro-
duces hyperplasia of the {slets before they
degenerate

The ovaries and the testes are usually
atrophic, There is not much evidence re-
lating to the histologlc changes in the
ovaries, although amenorrhea is common
but they may be cystic and degenerated,
free from folicles but rich in corpora
atretica, small and fibrous or multilocularly
cystic. The testes are often soft and flabby
the seminal vesicles disorganized and the
interstitinl cells degenerated Imp e fs

osteoarthropathy The late stage of the dis-
ease offers no problem

Complications, Same of the complicatiom
of acromegaly are (1) increased intm
cranial pressure (2) diabetes mellitm (3)
byperthyroidism (4) arterioscleross, (5}
hypotension (6) myocarditis (7) asthenh,
(8) blindoess and (9) osteoporosis

Trestment. The chiectives of treatment
are (1) rellef of pressure from an expand-
ing tumor both on the pitultary tissue jiself
and on surrounding structores and (2) re-
lef of hyperhormonal effects.

Early dlagnosls Is essentlal If treatment s
to be adequate. It 13 advisable to carry oat
roentgen therapy or exploration as early u
possible

Schnetker, Balley and Vaughan!! found
that the sinnsoidal varfety of adenoma (eg
where the relations between cells and vas-
cular supply of the normal anterlor part of
the gland is unaffected) were as 2 rule,
more rad tive than the diffuse kind.

common 1m late atages of this disease

The heart, the lungs the liver the spleen
and the kidneys are greatly enlarged the
stomach Is often double its normal capacty
and both the small and the large mtestine
are increased comsiderably in Iength and in
circumference.

There is massfveness of all bones of the
skeleton the long bones being considerably
thickened and the bodles of the vertebra
enormously enlarged Extreme thickening
of the bones of the skull fs an almest con
stant feature (Figs 171 and 173)

Disgnosis. The diagnosis as a rule 1
made easily It is hased on progressive
changes In the skull the face and the ex
tremities and on the roentgenographic fen
tures and laboratory data. There are (1)
large extremities (2) awkward movements
(3) thickening facial features (4) drooping
of the shoulders with the hands falling near
the knees 1n advanced examples giving the
appearance of simian man.

Differential Diagnosis, The early stages
of acromegaly frequently may be confused
with rheumatoid arthritis or pulmonary

The easinophilic pituitary adenomas take
arigin from the anterfor lobe of the by
pophysis. As they grow they compress and
destroy the residual mormal tisswe They
distend the dural casement which lines the
sella. This envelope may rupture, permit
ting the extrusfon of the tumer into the
intracranial cavity Here it may comprss
the hypothalamus and abso extend laterally
into the tempocal lobe The tumor esodes
the sella walls producing the characteristic
«hallooned ella” which may be seen in the
roentgenogram  As the tumor grows, it dit-
tends Its dural capsule upward and com-
presses the optle chiasm prodecing ooe of
jts most characteristic manifestatlom—
namely failing vision and bitemporal heml
anopsia

Successful therapy may result In regres
sion of soft tissve Jesions, improvement 1o
visual-feld defects decrease m size of the
sella turcica relief of headaches and re
establishment of menstrustion.

Where there is involvement of crapiai
nerves especially of the optic nerve sorg!
cal removal of the pltultary tumor s indi-
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ated Improvement takes place in about 75
per cent of patlents

Roentgen treatment of the phuliany i«
often curative

Some cliniciane (Goldberz and 1lewer'®)
believe that beneficial reults are obtalnalile
from the admuni<tration of extrogens and
mdrozens They are consdderad to inhibit
Increased pituitary function Large do<es
kave to be adminictered over a prolonged
period.

Stodles on the output of crcatine and
aeatinfoe in acromegalic perenns have fur
nshed convineing evidence of the Inhibitory
effect of large do<es of estrogen and andro-
£en on the anterior pltuitary lobes

Prognotis. Acromegaly s usually a chronlc
progressive diceace The changer may Le
sufficdently slow to last a Lifetime without
gre dlability  however many are com
Petely Incapacitated within a few jears
Perlods of remis<don and exacerbation take
place In the protracted vaneties A non
Progressive phase may last many years The
more active the disease obviously the worse
the prognosis.

OSTEOPOROSIS ASSOCIATED WITH
ACROMFGALY (PITUITARY)

A negative balance of calcium represents
A very Interesting finding associated with
icomegaly ! This was established by de
termining excess excretion of calcium in the
urne but not in the feces There was also
found & concomitant negative balance of
wtrogen Correlation between hypercalcuria
and negative nltrogen balance was clearly
indicated by study of one case In which
there was the greatest negative nitrogen
balance. In this case there was also the
Kreatest amount of calcium excreted 1n the
urme In another case n which there was
t posltive nitrogen halance there was no
€xcens calejum excreted in the urine

Albright? reported upon two cases of this
dtsorder These cnses were placed upon high
ntrogen  intakes Deapite this regimen
hich produced a positive balance of pro-
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tein they <till maintained negative calcium
balances However when estrogen was ad
ministered  the caldjum loss was reduced
This would indicate that estrogen stimulus
I greater upon bone formation than upon
nitrogen retention Albright found in these
atudies that the serum calcium amd phos-
phatace values were within normal limits
the serum phosphorus levels were on the
high sidle of normal These findings are typ:
cal of pestmenopausal osteoporosis

Many explanations for the osteoporosis
associated wath acromegaly have been ad
vanced DPassibly the most reasonable one
1s the fact that the osteoporosis can be re
lated to hypogonadism which, of course
occurs commonly in most cases of advanced
acromegaly Under these cirenmstances the
condition would be simply a postmeno-
pausal osteoporotic condition.

Such an explanation was dramatically
bomne out by metabolic studies done by
Albright® on two cases to study the effects
of estrogens Io each case the negative cal
caum balance became a positive calaum
balance and the serum-phesphorus level was
lowered In one case the serum phosphatase
level became elevated This could be inter
preted as a stimulating effect upon osteold
and an excessive amount of osteoid tissue
formation

Of course certain fine points not clearly
understood a3 yet might occur in these con
ditions for Albright s* cnse 18 which had
pormal follicle-stimulating hormone excre
tion and normal findings on testicular
biopsy bad o markedly negative caldum
balance Furthermore estrogens made this
strongly positive Certaln interesting theo-
retical questions on bone-matrix formation
are rased by these studies The relative
importance of estrogens and androgens Is
not yet clear In any event the argument
of hypogonadal effect in acromegaly s a
good one

The treatment therefore ought to be ad
ministration of androgens estrogens pro-
tems vitamins and minerals, as listed under
postnrenopausal osteoporosis
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Fio 176 QOst of disuse,
Whte female 50 years old. A fall an the
outstretched hand resulted In & com
midl}utcd fracture of the distal end of the
radfus and fracture of the stylold process
of the ulna. (7op) Right wrist. An-
teroposterior and lateral views (July 22
1949) Roentgenogram several da
after injury shows the early zome of 2
sorption in the distal radius at the frac
tore site. (Cemter) Right wrist, An-
teropasterior and lateral views (August
22 1949 =iter one month in plaster)
Roentgenogram taken 1n process of
change of plaster shows advanced spoity

bones. The radius distal to the fracture
slte and the distal ulna are so osteo-
mﬂc that only thin shells of cortical
are seen. These changes occurred
despite the fact that the patlent had ac
tively used her right hand in plaster

for a total of 8 weeke. Then Intensive
phyzical therapy and sctive function
were Inatltuted Right wrist, Anteropos-
terfor and lateral views (January II
1950) The fractured radius fs fully
healed the ulna styloid tip is nounited
Marked fmprovement of bone strocture
and detail with repalr of the osteoporo-
sis have occurred,

Treatment. The therapeutic program
should include

1 Minimizing complete bed rest to a3
short a time as possible

2 Maintafning muscle contractions and,
where possible foint motion during fixation
of & lumb in plaster or traction

3 Resumptlon of active function withoat
«plintage as soon as bone and soft tissue

rmits.

he:u’.}gﬂd};;om wse of phymcal therapy in
cluding active movement during and upon
the discontinuance of local fmmeobilization
of a

- pT‘;:nnabol(c effect of :Ztila;:;ﬂ:;
be used to conserve prote
complete bed rest. If not contraindicated
by systemic disease 25 mg 2 to 3 times
weekly may be used.



6 The relnlding of matrix and its recal
abatlon bn the uee of large amounta of
edrogen  testosterone  high protein and
hizh caldum phosphorus intakes with vita
mm D) must await the ambulation of the
patkent. During complete bed re<t the dan
gers of hvpercalcemia with nephrolithiasis
and nephrocalcinesi« contratndicate the in
tenarve hormonal and dietary treatment of
osteoporosls

TPOST TRAUMATIC PAINFLL
OSTFOPOROSIS

(Svm Reflex sympathetic dystrophy
Sodeck s atrophy  acute bone atrophy  pe
mpheral trophoneurosis  causalpia  reflex
sympathetic dystrophy mottled atrophy
traumatic osteoporosis )

Definftion. This s a condition character
Imd by decaldification of bone pain and

Post-traumatic Painful Osteoporosis 245

<ometinws sy mpathetic phenomena such as
color and temperature changes In the shin
of the affected extremity (Figs 177 178)
It is a rapldly progressive osteoporosis usu
ally evident in the bones distal to the injured
arca

Ilistorical “otes. Cauwlgias following
nerve injuries were deecribed by Werr
Mitchell t

Schiff* and Rasumonshy® made extensive
re<earches into the problem of bone atrophy

Sudeckt believed that the condition was
acute bone atrophy associated with irflam
matory joint leslons and olserved the pres-
ence of this osteoporosis In the x ray picture

In 1918 and 10 1923 from a study of gun
shot wounds Hilgenreiner® carne to the con
clusion that the phenomena of acute bone
atrophy were attributable to injury

Leriche* advocated sympathectomy for
this condition and referred to it as post

Fio 177 DPost tragmatsc painful osteoporosis (Sudeck s atrophy) White male 49
years old. Sudden onset of palin in the metatarsal area of the right foot following violent

setting.up exercises. Progressively severe paln
months In the right forefoot with inability to stand or walk properly

and swelling supervened for the next 3
There were di

minlshed oscllloretric readings and skin temperature on the right side Antetoposteriar
and lateral views of both feet (December 1953) There ts prooounced spotty atrophy

of all the

bones of the right foot as compared with the left side The mottling prin

;Eiy involves the cancellous portions of the .arms the metstarals and the phalanges.
e

is also some cortical thinning
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traumatic ascending neuralgia He felt that
a predisposition on the part of the patlent
was more sigmificant than the inltiating
wjury

Incidence, Reflex sympatbetic dystrophy
most commonly follows old fractures
spralns lacerations or gunshot injury to
nerve trunks and blood vessels.

An odd characteristic about this vanety
of atrophy 1s that it may be extremely
severe following a tnvial Injury eg a
spraln or a contuslon and also that it may
take place in hmbs which have no! been
immobtilized (Figs 177 178)

The condition is not uncommon

Etiology Post traumatic palnful osteo-
porosis or reflex sympathetic dystrophy is
& vasomotor and trophic syndrome induced
by sympathetic reactions to an external
fnjury

Tnjuries to major nerves and artenies pre
dispose an individual fo this condition A
prolonged serles of pain impulses sets up
a viclous circle of reflexes spreading through

a pool of many neuron connections upward,
dovnward and even across the spinal cord
and reaching perhaps as high as the
thalamus

Clinical Features. Post traumatic, persst
ent painfol osteoporosis is characterized by
mcomplete loss of function of the affected
part  varying degrees of vasomoter and
trophic changes and spotty demineraliztion
of the skeleton 1n the ares of the tramma
(Figs. 177 178)

Pain the most comsistent symptom, does
pot follow specific nerve pathways In some
examples of the condition pain even spreads
to the opposite extremity ( contralateral
phenomencn }

Distinctive sympatbetic changes appear
The most frequent is vasoconstriction which
induces whrteness or blueness in the affected
area. Some cases may present a ploture of
vasodflatation with redness of the extremity
This Is the so-called erythromelalgm of Weir
Mitchell 1

Clinically, the picture s swelling of the

Same patkent &3
F1a 178 Post traumatic painful osteoporosis {Sudeck » atrophy) ped -
Fig 177 LTmtmem consisted of caudal sympathetic blocks mﬁ;ﬁaﬁc vmﬁUy

with excellent response

for 3 weel
and

Proper metatarsal arch
ent of continued fapction with full wel

! Autaqﬂl:ﬂﬂ‘
uvant methods of therspy The patfent made a full rrcuvﬁ (slied
Lud lateral views of both feet (June, 1954) The wottled zones in cancellous
have diminiahed In size and intenaity Ther

t bearing were used a3 ad

ehﬂﬂlrﬁ!dullcmﬁcllbcmcnuuphy



affected area with coldness, sweatiness and
patlor or cyanosis As the conditlon pro-
gresses the joints of the extremity become
enlarged and stiff The skin thins hecomes
«mooth and wninkles disappear The even
tual appearance s severe shin atrophy which
also I observed in the intninsic musculature
Fingernalls and toenails develop ndges 7

The pain is deep boring diifuse and diff
cult for the patient to locallze It Is some
times described a8 burning ™ One or more
tngger areas are present sometimes widely
wparated. A chief trigger zone Is usually
found pear the orimnal injury Pressure on
a trigger point usually causes a diffuse
spread of the pain over a wide area most
charactenstically up the hmb

Roextcexocrarniic Features In the
acute stage of the disease a cloudy and
patchy appearance of the bone is seen. There
are smafl nesthke rarefactions. When the
process reaches a sabacute or chronic stage
there are many reduced rarefied trabeculae
with the appearance of generalized or mot
tled or spotty osteoporosls. The cortex 1s of
diminished density (Figs 177 178)

The hands and the {eet are the most com
mon sites of Imolvemnent The mottling es-
pecially affects the carpals and the tarsals
and the heads of the metacarpals and the
metatarsals The porosity which occurs
volves all the bones of the affected extremity
but the changes are greatest in the peri
articular parts of the bones

Pothology The pain and the sympatbetic
changes may be present without reflections
in bone Bome changes wsnally occur if the
fwocess lasts long enough.

There is porosity of bone of the affected
part or parts The degree of bome change
is not related to the severity of the [njury
that initiates the process It is considered
to be the expression of a rapid remodeling
of bone,

It has been postulated that there 13 a
nutritional difference between the haversian
systems and the interstitial lamellze The
haversian systems are better nourished than
the interstitial lamellae contequently In
the former area there is a greater chance of
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possible circulatory disturbances with re
sulting physicochemlcal changes than occurs
in the latter These changes are behieved to
be the cause of acute atrophy of bone

Tt is felt therefore that a differental
decaldification of bone Is possible The
hetter nourished haversian systems are in
fluenced {remodeled or decalcified) sooner
and to a greater degree than the relatively
1l nourished interstitial lamellae. 1t ts obvi
ous therefore that the latter by virtue of
thelr higher calafic density will be differ
entiated {rom zones that have an ample
blood supply espetially the zones of the
haversian systems The hone mught be ex
pected to show contiguous zones of differ
ential calcific density These zones however
are of such minuteness that they cannot be
projected separately on the relatively
coarse-grained roentgen film.

The totality of these zones of varylng
calcific density together with the 1nability
of the roentgenogram to reflect the changes
separately may be a plausible explanation
of tbe roentgenographic appearance of
cloudiness and osteoporosis

Diagnoas. The diagnosis is made on the
basis of history of injury even slight It has
been reported even after such a trivial insult
as 8 hypodermic needle punctare.

Followlng the injury severe Intractable
pain sweatiness and trophic changes In the
skin occur

A therapeutic test* is relief of symptoms
even though [t may be only temporany fo
lowing appropnate sympathetic block In
the Tpper extrenuty 1his would be a stellate
block. In the loner caudal epidural or para
vertebral sympathetic blocks are used

Injection of a trigger point does not as a
rule produce any effect even a temporary
one

Differential Diagnosis. Sudecl. s atrophy
repeatediy has been mustaken for tubercy
losls of bone or any acute or subacute in
flammatory process in the bone or surround
Ing soft tisxues

Treatment. 'reventlon is easler than cure
Injunes—even alight ones—when accom
panied by pain that appears to be eut f



Fro 179 (Left) Osteoporosts due to x ray [rradiation. Colored female 53 years old.
Flirst scen 1n 1946 with complaint of in the left knse Past hustory revealed that
the patient had had heavy radium [m, tatlon and cross-fire frradiation for an adeno-
carcinoma of the cervix uterf The total dosage was 4 626 r grven through 4 anterior
and postertor portals and 9,280 r given intravaginally The orfginal roen
which have cdisappeared showed an undisplaced fissure fracture of the left f
neck. A fibula bone graft was inserted In March, 1949 across the fracture Into the
femoral head with the hope that this would ensure healing of the fracture and blood

ly to the femoral head. Anteroposterior view of ldﬂ (May 1950) The fibular
grait appears to be Incorporated Into the head and the of the femur \o fracture
Ime is evid nt. The contour of the femoral bead and neck appears good. The hip folnt
Is pormal Osteoporoms is indicated by the prominent and sharply etched trabeculae of
the entire proximal femur

Fro 180 (Righ?) Osteoporosms due to X ray frradmtion (Same patient as Fig. 179
now 54 years old } Now complains of pain in the left hip and Iim

Left hip Anteroposterior view (May 1951) The fibular graft ix further incor
porated. A large zone of aseptic necrosis Is ohserved In the superror third of the femoral

head The hip joint is narrowed

proportion to the injury should be suspect
When this 1s accompamed by early signs of
sympathetic hyperactivity such as sweati
ness blanching or blueness and coldness of
the skin such a case should be considered
for vigorous active treatment

Treatment should include local injections
of procalne with early activity and use of
the part Proper splintage should not be
neglected 1f indicated Sympatbetic blochs

may also be required and are effective early
Tetraethylammonium chlonde may be
used early for sympathetic effect also It Is
& potent ganglionfc blocking agent and its
parasympatholytic side effects should not be
overlooked Cortisons and ACTH are #lso of
value and have been reported upon® fo the
treatment of & form of reflex sympathetic
dystrophy Also local use of hydrocortsone
should be helpful
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Fio 181 Ost

acrylic

249

copoross due to x-ray frradiation. (Same patient as Fig. 179 now 56
vears old.) This is 18 months after the necrotic head was replaced with a Judet type

function 1 excellent. Patient walks painlessly without a cane

Anteroposterior and lateral views of left hip (November 1952) Note the shortening

of the neck at the cakar femorale.

This occurred

because the brittle bone crumbled

away dunng the insertion of the prosthens. The position and the stabllity of the bip
prosthesls is good.

An effective treatment conssts of pro-
caine blocking of the stellate ganghon af
the condition fs in the upper extremity or
of lumbar sympathetic block if it is in the
lower extremity \ “positive block (one
that relieves pain and produces drymess and
increased warmth of the extremity) s of
significance becaase it establishes the diag
nosis of reflex sympathetic dystrophy Tt
may permanently relieve a mild condition
and usually & severe condition. It may have
to be repeated a number of umes if lasting
effect does not occur even on frequent block.
But if good temporary effect results from
block surmeal sympathectomy may be
required

1f svmpathectomy 1s done it appears that
the preganglionic varety is the desired type.
Thu is of particular importance tn the upper
extremity where removal of the stellate gan-
glion alone is unsatisfactory If it is stellate
removal alone the patient is more labile to
epwnephrine ¢

OSTEOPOROSIS DUE TO
N RAY TRRADIATION

\ ray irradiation as well as that resulting
from radicactive materials may affect bone
The result is a form of osteoporosis due not
alone to disturbance of bone nutrition but
also to direct damage to the osteoblasts?
The normal relationship between new bone
formation and old bone absorption s thereby
disturbed

Ostecblasts are affected only temporarily
by small doses of irradiation Therefore
bone change in the hip area for instance
resnlting In fracture may still beal (Figs
179 and 185) 1f the radintion has been too
intense regeneration of ostecblasts and
healing will not occur

The reaction of bone to frradation {s sum
marized by Warren? as lowering of vitality
that In some cases progresses to necrosis
(Fig 180) The injury may be followed by
excessive reabsorption or overgrowth of bone
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Fio 182 Osteoporosis due to x ray
iradition. (Same patlent ss Fig 179
now 57 years old ) Patients hip func
tion still good Ante) erior view of
left hip (April 1953) A 2 year follow
up r am {odicates T {
collapse of the calcar femorale with shift
of the prostbess toward a varus posi
tion. Several areas of the neck appear
condensed and ragged, resembling se
questra.

as an attempt at repalr Normal balance of
old bone absorption and new bone formation
1s disturbed

Late changes are atrophy and condensa
tion of bone This sort of change reduces
the normal bone vitahity so that {t becomes
more susceptible to trauma and infection.

Specific effects upan osteocytes osteo-
blasts and osteoclasts are still being investi
gated Changes in chondroblasts have been
studfed carefully * These cells have been
shown to be markedly sensitive to radiation
1t appears furthermore that sdult bone is
more sensitive to irradiation than erther skin
or mucous membranes

It appears that the predominant clinseal
damage to bome following frradiation i
osteoporosls

In the past 20 years numbers of cases of
pelvic carcinomas treated by irradiation
(either radium implants or crossfire x-ray)
have developed bone changes (Figs. 179 to
185) Four cases were reported in which
femoral neck fracture occurred in one half
to 1345 years following irradiation. Booe
healing occurred in the four fractures after
4 long peniod of time It 18 of Interest that,
several months before fracture occwrred?
two of these patients complained of mod-
erate pain in areas submsequently iractured

Twelve more cases of fracture of the
femoral nech secondary to pelvic irmadiation
were reportedt {n which the pathogenesls
was consldered to be vascular absorption
and osteoclastic activity increase Damage
to the periosteum, the blood vessels and the
bone cells was listed as a subordinate cansi

Blopsies* made an three of 12 patieni
who had fractures showed thin fragil
“shell ITke” qualities of bone Microscop
cally the outstanding feature was oxtec
porosis The trabeculae were very thin an
bone cells were scarce

These are reports of an iterssting an
not infrequent sequel to pelvic radlotherapy
There is a time lag of from 6 montls t
several years following the radiotherapy be
fore paln and achiness begin in the bip ©
the knee

\-ray studies after omset of sympiom
will disclose an undisplaced or even s
placed fracture of the fnvolved femoral nedd
(Fig 185)

The authors treated a cse (A D) Ir
which pain of this type and distributlor
occurred with the development of progre
sive limp over the course of a year The
majoc accent of complaint had been in tht
region of the knee It was only after a ye&t
that hip roentgenograms were taken. BY
then these showed an undisplaced femoral
neck fracture with stll remackably lttle
pain and disability for such a fracture



Fio. 183 Osteoporosis
years odd )

Patient fell to the ground 23 she was
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due to x ray irradiation. (Same patient as Fig 174 now 57

walking. Examination disclosed

external rotation and shortenung of the left lower extremity with {nabilitv to bear
welght or to ruse the heel from the bed with the knee extended. Anteropostertor and
Lateral views of left hip (May 1953) There 1s a fracture of the prosthesls

Figures 179 to 184 show the subsequent
course

The usual pattern in these postirradiation
femoral neck fractures #s a mild degree of
pain in the lup and/or the knee which gradu
ally and progressively increases in severity
Fracture usually appears first as a molecu
lar fracture or fissuring of the bone This
progresively enlarges until separation and
displacement have occurred (Fig 185)
Healing Is expected to be delayed due to
the scarcity of bone-formung elements.

Furthermore  on  theoretical grounds
aseptic necrosls would appear to be a com-
mon late complication (Fig 180)

ULTRASONICS
Historical Notes. Curle! discovered that,
when subjected to pressure or tension, many

crystals developed electric charges on defi
nite crystal surfaces—the plezoelectric ef

fect Electrical energy can be converted into
sound energy by means of crystals that show
the piezoelectric phenomenon Sound waves
of very high frequency —far above the andt
ble range—can be obtained in this way

At present the most widely used method
for producing ultrasonic vibrations is that
which utilizes a plezoelectric crystal

Ultrasonrcs as a saence is only 35 years
old but Interest in it occurred considerably
earlier Galton? designed a Lind of whutle
that produced ultrasonic waves with a fre
quency of 25000 cycles per second Konlg?
carrled out a serles of experiments with
tuning forks only a few millimeters in
length, which emitted ultrasonic vibrations
Perhaps the earliest investigator to set the
upper Limit of frequency for audible sound
at Its correct value of 20000 cps was
Schulze ¢

An ultrazonic wave ts entlrely similar to



Fio 184 Osteoporosis due to x ray irradiation (Same patlent as Fig 157 now 57
years ¢ld.) Arthroplasty of the left hip was performed In October 1953 The frag
mented prosthesls was removed. The base of the neck was carefully remodeled An
F R vitalum prosthesis was inserted The present result {1 one of excel
lent stebility and function. Anteroposterior and lateral views of left hip The F R.
Thompsen prosthesis s n posttion

F16 185 Osteoporosis due to x ray irradiation. White female, 68 years old.

Both
d the
hips Anteraposterior view There is marked osteoporosis Involving the pelvis an
upper femora The reaidual trabeculae are very prominent, Bllaters! subcapital femoral
{ractures are present



a sound wave except that its frequency is
greater than 20000 cps. There is no fixed
upper limut but, at the present time the
highest ultrasonic frequencies obtained are
about 1000000 c.ps The wavelengths at
this extreme pitch approach those of visible
light
[gScund is nothing but a wave motion in
matter—usunlly air—of a purely mechani
al vanety The term “sound” applies to
any and all elastic waves in matter
Tremendous forces are developed during
the propagation of ultrasomic waves. Con
siderable heating may occur m any medium
exposed to ultrasonic radiation deperding
upon the amount of emergy absorbed
Chemical and blologic Investigations uti
lizing supersonic waves require ultrasound
of very hugh intensities Tissues of different
texture give different ultrasonograms. Tis-
sues of abrormal texture can be detected
by ultrasonography

Ultrasonoscopy 1s the term used to indi
cate the application of ultrasonics to diag
nosls—discovery of tumors for example A
narrow beam of very high frequency Is
directed at a glven site in the body and the
reflection of this beam by the vanous tissues
is detected with appropriate ultrasound re-
cervers. The character of the reflected beams
depends on the nature of the tissues causing
the reflection.

Freldlich SGllner and Rogowski® studied
the effects of ultrasonics on bone marrow
Tbey found that it could be strongly beated
by ultrasenic radiation and that such energy
could be transmitted across a joint

All energy Is dissipated in the form of
heat and ultrasenic energy is no exception
When a medium absorbs ultrasonic energy
It becomes warm This thermal efiect of
ultrasonics can be controlled and used ad
vantageously

Freadlich Sallner and Rogowsh® sug
gested the use of ultrasonics in diathermy
as long ago as 1932

In the lower frequencies the whoke body
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Is affected with high frequencies a particu
lar small area may be involved as the ear
with the higher frequencles there occurs a
disruption of specific cells and the effect
may even be specific for large molecules

In reviewing the Literature Bergmann®
has cited some 2 000 references to the physl
cal nspects of ultrasonics

Gregg! outlined the physical and the bio-
logic action of ultrasonic vibrations as
follows

Vbration of this sort is characterized by
extremely high pressures and large accelera
thons of the particles of liquid In the field.
The<e in tumn produce cavitation and If dis-
solved gas is present intense local agitation,
high Jocal temperatures and possibly electrical
potentuals, The net result s an exhibition of
lethal and sterilizring effects, strong dispersive
power degassing processes, thermal and ox-
diring effects, and coagulation.

Red blood corpuscles In physiologic saline
solution can be destroyed by ultrasonic radl
ation Some physicians in Europe have been
using ultrasonles in therapy eg m the
treatment of certain neuralgias and malig
nant lesions Use of this modality has begun
to attain wrdespread use in this country also
Low energy outputs between 01 and 3 watts
per square centimeter appear to be safe

Tke first observations on the lethal effects
of ultrasonics were made by Wood and
Loomis who noted that fish frogs and other
smaller amimals were killed or lamed by
these hugh frequency waves

1t was found that the main reason for the
destructive action of ultrasound s formation
of gas bubbles by cavitation (Cavitation is
the presence of hollows or cavitles in the
Liquid formed by the tremendous pressure
difference existing between the crest and the
trough of the sound wave }

Furthermore as regards bone It appears
that the cavitation effect can prodoce actual
destruction of bone substance Concentrated
ultrasonic radiation may well produce osteo-
porosis of the destructive type that is sim
Jar to that resulting from calsson disease
except that it Is much more diffuse fn type



254  Physical Foctors

REFERENCES

Osteoporosis of Disuse
Howard, ] E etal JADBLA 129 152
1946

Deltrick J E, Whedon G D and
Shorr E  Effects of immobihmtion upon
varfous metabollc and physkologic func
tions of normal men Am J AMed 43
1948

Post traumatic Painful Osteoporoshs

Blitchell S Welr Morehouse G R, and
Keen W W Gumshot Wounds and
Other Injuries of Nerves. Philadelphia

Lipplncott, 1864
chfﬂ M Compt. repd. Acad. d sc.

1 1052 1345

Rasumonsky Inaug Dissert, St. Peters-
burg 1884

Sudeck, P Ueber die acute entxlndliche
Knochenatrophie, Arch, { klin. Chir
62 147 1900

Higenremmer H Die Knochenatrophie
nach Schussfraktaren der Extremitaten
knchen und fhre disgnostische prog
nostische und funktionelle Bedeutung
Beltr z. klin. Chir 112 473 1918
Leriche R. The Surgery of Pain Trans-
lated and Edited by Archibald Young
Baltimore Wiliams & Wilkins 1930
Toumey J W Occurrence and manage-
ment of reflex sympathetic dystrophy
{causalgia of the extremities) ] Bone &
Joint Surg 30A 883 1948

Evans J A. Reflex sympathetic dys-
trophy Surg Gypec. & Obat. 82 36
946

1

Steinbrocher Otto Neustadt D and
Lapin L  Shoulder hand syndrome
sympathetic block compared with cortico-

1

[P N

gr;&m and cortisone JAM.A. 153 788,
Smithwick R. H. Modified dorsal sym
pathectomy for vascular spesm (Ray
naud s disense) of the upper extremity-
A prelminary report Amm  Surg. 104
339 1938

Osteoporosis Due to X-ray Irradiation

Zoellper F QOsteoporose und tan-
frakturen nach Rocutgmbdlrm::]m@n
durch Elektive Schidigupg der Osteo-
blasten. Strahlentheraple 70 537 1941
Warren § Edffect of radution en poc
mal tlssues Effects on

and teeth Arch. Path. 35 323 1943
Kulseng Hansen K Fracture of the
femoral peck following roentgen irradia
ton for cancer of the uterus, Acte.
Radial. 27 431 1946

Stampell W P, and Kerr, H D Frac
tures of the femoral neck following pelvic
irradiation, Am. J Roentgenol 47 71

1947
Ultrasonicy

Curfe Acad. Soi  Paris 91 294 1880
Galton  Francls Hydrogen
Nature 27 491 1883
Komg Ann 69 626 1899
Schulze Ann Phys. 24 785 1907
Fretidlich H S3llner K., and R
F Klin. W chnschr 11 (512 1932
Bergmann L Der Ultraschall und selne
Anwendung in Whsenschaft und Tech-
nik, ed- 5 Zurich, S Hirzel Verlag 1949
Gregg E C, Jr Ultrasonic Vibratons,
loph; Research Methods, pp
328-319 edited by F M Uber New
York, Intersclence 1950



CHAPTER ELEVEN

Defects in Matrix Calcification

OSTEQMALACIA AND RICRETS

Introduction. There are frequent refer
ences in the literature to both rickets and
esteomalacia 1L would appear that they are
two different diseases actually this Is not
true. They are the same disense process as it
occurs at different ages

The basic process is an amineraliztion
of a demineralization. When the epiphyseal
plates are still open the greatest changes
¥ill be at there locations for here i the
most active bone growth The whole akele
ton 13 affected but when the preponderant
change fs at the epiphyseal ends the process
is termed rickets (Figs. 185 to 192)

In the adult when the centers are {used
the whole skeleton is affected. It will re-
quire much longer to manifest an effect But
the diseate is precasely the same and there
fore while the nuthors discuss rickets in this
chapter the reader must keep m mind that
the whole problem is the same for osteo-
malacla.

Any cause Usted here for nickets can in
the same way produce csteomalacia, Any
treatment effective for one is effective for
the other

Historieal Notes. [t 18 of interest to dis-
cus the orimn of the term rickets and
primarily of the term Infantile nckets the

form which was of course described by the
earlier medical men

‘The term rickets appears to have origi
nated from the word ruckef m the Dorset
dialect Skeets, however conmidered that it
originated from an old English word wrick

meaning “to twist ¥ and soroe have felt that
it came from the old Anglo-Saxon rieg
signifylng a protuberance, Whatever the in
terpretation {t (s apparent that the word

oririnatad fram Freheh cmeee . Troon.

the term richets was accepted by G
and #o it has continued In the English!
ture Its English orgin is indicated fi
by the German term Die Englische h
heit” (the Enplish disease)

It is evident that because of the
nature of this disease description of
would pot be found in the ancient tr
or subtropical worlds. Sunlight th
strong and the people are exposed
uniformly from birth on Converse
northern latitudes there may not
quate sunlight. Furthermore more co
1 worn which cuta off still more rad
Therefore in these arcas the disea
curred was recognized and was desc

The Egyptian and the early Greek s
apparently did pot describe this com
Findlay! searched in medical papyr
the archeologlc records of Ebers
Brugsch and still found no clear-a1
scnption G Elliott Smith has gone
as to say that clear unmistakable ev
of rickets has not been found in !
bones in any cemetery of Egypt or N

Hippocrates wrote what was coma
by many to be a clear-cut descript
rickets 1n lus chapter on joints in a
lation in the Loeb Classical Librar
description 1s clearly that of the defi
of the spine and the cheat which beut
tuberculoss of bone

The Romans mppear to have foun
dence of thiy disease long before i
discovery in England. Soranus of Ep
an obstetnician and pediatriclan whe
ticed mediane fo Rome between th
and the second centurles A D, {3 o
by Hews? with & clear-cut descriptior
tachitc state It {s referred to In 2 ¢
entitled “How Must One Teach Child
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When a child attempts to sit or stand, ane
must ald its movements. If it sits too early or
too long it will tend to become defor
the vertebral column bends due to the softness
of the booes, If it stands or walks too early
the legs (especaally the thighs) will become
crooked.

Galen referred to nckets in his work
De Morborum Causis For many centuries

Fio 186 Infantile

teroposterior
view Untreated rickets
shows osteomalacia of
the lower ends of the

thereafter there were no further 1mportant
medical wntings on this disease In the slx
teenth century Theodosius of Balogna de
scribed a pale infant aged 17 months, who
could not move or alt who could not bold
his head erect and also showed a lower
dorsal gibbus and 2 marked lateral curva
ture this could well have been rickets.

Frc 187 Infantlle
rickets. (Same patient
23 Fig 176 but now 00
antirachitic therapy )

broadening of the meta
phyms is cv‘l:denL The

nunx{n.ll.uthemph'
yoes  the
ofthequhmlphm

and the

tours of the c'pipbyﬂl
centers indicate bealing
reaction.



Fro 185 Infantile
nckets Both handsand
wrists. Anteroposterior
view Active untreated
tickets Is present Se-
vere ostcomalacia 1s ob-
served throeghoat the
wrists and the hands.
There are widened os-
teold zones at the epi-
phyreal plates. The epl
physeal centers are
practically invisible

Then 1n 1609 Guillameau 1o a treatise
on “Diseases of Infants and Children ™ de-
scribed rachitic deformities

It must be considered at this polnt that
much confusion must have existed in early
times because of the concurrent presence of
both rickets and scurvy Since these often
occurred in the same patient with similar
seasonal variations, they were not easily
differentiated by the cliniclans of those early
days.

Fic. 189 Infantile
ricketa, (Same patient
as Fig. 188 pow heal
ing; oo antirachithe ther

) Both hands and
Ants ettor
view Note that osteo-
malacla 1s ved In
the shafts of the radius,
tbe ulma the metacar
pals and the phalanges.
The epiphyseal plates
are narrowed to
proach normal The

the formerly cupped
areas
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The first complete report and clear-cut
description of this disease was published 1n
Erngland by Whistler® In 1645 In 1650
however the best and most thorough report
of scientific value was published 1n Latin
by Glisson ¥ Glisson Delieved that this was
a new disense which had become apparent
only for the past 30 years in the counties of
Dorset and Somerset 1n England. Following
thus time 1t was related to other places—
to London to Oxford to Cambridge and to
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Fio 190 Infantile rickets. Knee. An
teroposterfor view There {3 marked ir
regularity of the ostecid zome of the
epiphyseal plates with copping of the
metaphyses, There are rregularity hazl-
ness and osteomalacia of the epiphyseal
centers,

almost ell the southern and the western
parts of the kingdom

Desplte earlier medical description of this
disease it is certain that the scholarly and
complete description of nickets started with
Francis Ghisson and as is seen s0 com
monly his clear report was but the begin
ning of many subsequent reports on this

F1c 191 Infantile rickets. (Same pa
tient as Fig 190 ) Knee Anteroposte-
rior view This slightly different view
shows marked cupping of the upper
fibula metaphysis,

condition His clinical descriptions of de-
formities and the changes typical of this
disease were most clear Glisson also differ
entlated infantile dclets from infantlle
scurvy Unfortunately like his contempo-
rarles he was not & modern physiologist
Glisson 23 other medical men of hus time,
was dominated by the old humeral concept
and in this way he indicated his theory of
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192 (T Infantile rickets. (Same patient as Fig
IQEl)GKuce (A;t'c)mmneﬂur view Alter antirachitic ther
apy the changes <een in Figures 190 and 191 have
regressed.

Fio 193 (Bottom) Cellac disease (Figs. 193 to 195
from Dr E(u;:ene P Pendergrass) White female, 16
months old. Right upper extremity and right leg. Antero-
postenior view (Jupe 26 1941) The bones of the upper
and the lower extremities show marked demineralization
with associated soft tissue atrophy The absence of severe
rachitic stlgmata which might be expected in the presence
oflomuchg:uumtdootmuhda[nugmﬂngfn!ml

possibllity of an assoclated protein defi
ciency One may assume therefore that there may be a

the etiology of the disease Hesald Richets
15 2 cold distemper that is moust and con
sists m a penory paucity and stupefaction
of spirits.” So we find only an excellent and
detafled clinteal description of the disease
and pass on,

Dunng the eighteenth century medical
literature simply accepted Glisson s views of
etiology aloeng with his more accurate de
cription of the clinical course of the dis-
caze However 1n this perlod increasing
mterest and numerous medical theses on
this condition appeared In the early efght
eenth century  Boerhaave thought that this
disorder was related to some venereal pot
son and the French strongly held to thus
theory as thev have In regard to o many
drease states through recent times

Iruring the eighteenth century more light

lasge osteoporotic component in this case

on this subject came about chiefly through
more detailed dinical and necropsy findings
such 23 areas of softening in the cranial
bones of infants “cranial tabes” as de
scribed by the German Elsacsser

Kassowitz, of Vienna, drew attention to
the characteristic seasonal incrdence of the
disorder This of course is significant in
light of 1ts etiology

In 1885 Pommer® described the essential
pathologic lesion as excessive osteoid trssue
It is of interest that the effect was con
sidered by him to be the cause for we under
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Fra 195 Cellac disense. (Same pa
tient as Fig. 193 now 19 months Dld )

Both knees and Anteroposterioc
view (Sept 13 1941) The post treat
ment bands of increased ciaphyseal den-
sity are noted in the long bones of the
lower extremitles.

Fio 194 Celiac dis-
ease, (Same patient as
Fig 193 now 19
months old ) Treat
ment consisted of high-
protein and
cium intake Both
upper extremities. An-
teropo:terlur view

Sch 13 1941) Gen-

enal demineralization of

stand now that the excess osteold is present
only because the rachitic process prevents
the calcification of osteold But the benefit
from this error was the foundation of histo-
logic studies of this disease.

Pommer also described rickets and osteo-
malacia as identical pathologic processes.*
This work was confirmed by Schmocl® in
1509 and later again by Looser 7

Only in the twentleth century of course
has true understanding of this disease proc
ess come about. Knowledge of organic and
organic chemistry of hormones and vita
mins has clanfied the thinking and the
methods of analyzing this disorder

It Is to be expected that earlier medical
authorities could omly have been able to
discern very advanced forms of this disease.
It would have been impossible for them to
have differentiated the very mild phases
without the x-ray pictores and the biochem!
cal studies avaflable to the physiclan of
today Fortunately better methods of diag



Flo. 196 Rickets associated with con
penital atresa of the biliary tract. (Figs
186 to 200 {rom Dr Paul Moms and
Dr Richard ] Chodoff ) Colored male
infant. Congenital icterus. Studres re
vealed obstructive jaundice with signs of
liver damare In Jamuary 1952 esplom
tory laparotomy was carried out. Anas-
tamosis of the jejunum and the bepatic
duct stump was performed. Anteroposte-
rior view of lower extremitles (March
1952 at 7 months) Evidence of flond
rickets with demineralization of all the
bones is seen. The knee and the hip epl
physeal centers are barely visible

nosts and understanding of the etfology of
this process have produced eficient meth
ods of prophylaxis and treatment So now
the modern phymiclan rarely aces this con
ditlon except In a very mild state or
aberrant form wsually aseociated with kid
ney disease gastro-intestinal disturbances
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Fic 197 Rickets associated with con-
gerital atrena of the biliary tract. (Same
patient as Fig. 196 ) Parenteral vitamin
D as well as an oral preparation was
gven. The liver damage began to reverse
on blochemical studfes. Blle flow was
successfully re-established following sur
gery Both knees and legs (July 1952
at 11 months) The bones show better
puneralization. Metaphyseal sclerosis is
present, indicatmyg bealing of the rickets,
The epiphyveal centers are shown mare
clearly than in Figure 196

of the celiac type and liver or biltary tract
disease (Figs 193 to 200) (See Table 8
p 469)

Pathogenesis. Rickets 18 a metabolic dis-
turbance on a defiaency basis which affects
the skeleton Clinically it Is a generalized
condition with characteristic changes in
bone structure manifest by enlargement of
the epiphvieal junctions. Later in the dis
ease <oftening and bending of bones stunted
arowth, abnormal proliferation of epiphy seal
cartflage and formation of osteold tlssue
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occur The physiologic growth of long bones
18 replaced by a disordered growth, in which
there Is disruption of normal boundarles be-
tween the usual orderly rones. In place of
lamellated bone there occurs an unlamel
lated tissue or so-called osteoid tissue that
1s uncalcified.

Modeling of bone does not occur because
of the difficulty of reabsorption of uncal
crfied matrix or osteord The medullary cavi
ties show highly vascularized connective
tissue containing lymphocytes and no fat
cells

Pathology The pathology of rickets may
be summed up as follows

There 1s continued proliferation of the
epiphysenl cartilage which however, Is
slightly less active than the normal state
This prohferating cartflage grows in col-
umns many times the normal length. As

the disease continues and these 1
continue to grow in this fashion dk
zation occurs and the column pattert
with the cells forming whorls,

The deficlency rests i the faflun
cartilage to calcify in the provision
For it must be remembered that th
afied cartilage islands sre a nidus {
formation in the normal pattern Int
ease however these islands of ¢
persist as uncaicified cartilage Thev
surrounded by & sea of ingrowing
tissue which Is uncalafied and osti

Similar osteold zones become de
around 8ll pre-existing bome tral
These osteord seams are not cald!
they widen they accentuate the sef
of the old bone trabeculae which alre
thinned by the disease process.

Osteald is laid down in like patter

Same

Fic 198 Rickets assocuated with congenital atresia of the bﬂ[arg tract.

patient as Fig 196 ) Anteroposterior view of both forearms

( an
(May 1952 at 9 months) Actlve rickets ls present, as evidenced by demin-
eraliration by meuphyra]cuppmgmdfnytngmdbytbeubamceofepl

physeal centers in the wrist.



walls of the haversian systems It Is also
laid down both subperiosteally and endos-
teally so that widening of the transverse
diameter of bone involved occurs.

Cupping s evident at the epiphyseal ends
because the changes {n these locations are
greater than they are In the shalts Endo-
chondral essification is slowed in these areas
In relation to that which occurs in the
diaphyses

In chrome long standing rickets the
entire bone may become involved by this
porotic demineralization process. In the
adult when growth 1s finished the picture
is called osteomalacia. Widespread soften
g of the entire bony structure occurs In
this {nstance. With bone structare softening
there 13 susceptibility of the iovolved bone

Osteomalacia and Rickets 263

to deformity through weight-beanng and to
some extent through muscle pull

The skull shows some changes because jt
develops by membranous bone {ormation
and the lack of calafication of osteold
allows for considerable overgrowth Even
tually when healing occurs we have the
prominences that are evident In this discase

Etiology The classleal type of rickets is
the infantile form secondary to vitamln D
defidency There 18 2lso that group of
rachitic conditions assoclated with kidney
dysfunction the acldotic or Albright Butler
group In this instance there is a loss of
calaum as additional fixed base in the
urine There Is not enough ammonia avail
able and the body Is forced to use calcium
to combat the acidosis. Fanconi rickets {s

Fia 199 Rickets assoclated with conpenital atresla of the

tract. (Same patient as
arms and hands ()
23 lower extremity fi

minimal residual cupping

Flg. 196 ) Anteropostenoc vi
1952 at 11 months) This l?tg:ﬁ‘l?u:e

shown in
mmnmmmmhf,“’“"“” Heallng reaction has

eased metaphyseal density and



264  Defects in Matrix Calcification

the result of a defect In kidney function
which results in glycosuria, cystinuria and
excessive phasphorus excretion These renal
tubular forms of rickets and osteomalacia
are discussed ip greater detail in Chbapter 12
(Figs 223 to 229)

W e aleo have so-called hepatic rickets as-
sociated with liver dysfunction as well as
rachitic changes assoclated with idiopathic
steatorrher or other parts of the celiac
syndrome

There {s also vitamln D resistant richets
due most probably to a hereditary inability
to utilize vitarmun D This 15 covered In
detail on page 270

It thould be emphasized that the patho-
logic changes 1n all rachitlc or esteomalacic
processes are much alike no matter what
the cause of that particular rickets or csteo-
malacia However as time has gone oo nu

merous types of rickets have been described
espeaally more recently where the patiern
bas not always been defined clearly At this
pomnt a pattern should be defined. The term
rickets is peimarily of histonical interest /t
xo longer describes a presumed specific con
dition but rather a picture of rvray and
kistologlc changes m bone due o derenge
ment of the normal biockemical processes
afleching the mineralisation of the skeletox

This definition s necessary since modern
termnology includes in the family of
rickets diseases which are not due to avita
mmosls D Such conditions nonetheless,
may show a characteristic elinrcal histologic
and roentgenographic picture

N\ormal bone 18 10 a state of constant
flux 1t dies jt reabsorbs and new tissue re
forms. Growing bone undergoes precisely
the same processes as the adult form except

Same

Flo 200 Rxckets associated with congenital atresie of the biliary tract. (
tient as Fig 196 ) Following full re-establishment of bile flow and regression of

ﬁ.rer damage the child no longer required parenteral vitamin D Oral maintenance

dasage of 1 000 units daily was adequate

Anteropostenor view of both foremrms and

hands (September 1952 2t 13 manths) Complete healing of the rachitic process has

occurred These are now two sbarply detned carpal

centers. Bone density Is normal.



for the fact that the grawing portions show
markedly concentrated bone formation Dis-
ease therefore will be more apparent in the
epiphyteal areas. Osteold tissue s a prod
uct of the osteoblast and this tissue does not
enter Into normal bone structure unless It
becomes calcified Tt 15 the only bone com
ponent which does become calafied Cald
fird osteold gnes strength to bone and be
cause It is easily reabsorbed allows for bone
modeling That means 1t allowns for shaping
of bone to normal configuration and <o that
there is a normal relationship of cortical
cancellous and medullary bone. Derange-
meent of calcification of osteold in growing
bone resnlts in a rachitic state.

So anything that laterferes with or pre-
vents calafiation of osteod results in
rickets, This condition may be a fault {n
supply of minerals to osteold or a fault In
utilization of any single or combined essen
tlal osteold calelfying material

There are at least three essentinl sub-
stances for normal ossification of bone
There may be more but these suhstances
singly and {n combination must be present
in adequate amount for normal bone devel
opment to continue The intake and the
absomption of these substances must be ade
quate Furthermore even after absorption
they must be transported to the bone and
properly utilized by the uncalafied oatecid
These substances are calaium phosphorus
ard vitamin D

\anous types of nckets have been de
wenbed but on analyms they simply repre
sent soroething that bas gone wrong In get
ting the required matenal or matenials to
the osteold Such a breakdown in supply of
essential substances may occur at any point
whether in the fntake (o the absorption or
in the utlluation of the material by the
osteold. Such a concept of course allows us
to fit varous forms of rickets nto a clear
cut pattern In the final event a tvpe of
rickets occurs because events Jead to a par
ucular deficient state Low-caldum rickets
18 associated with the following

1 Lack of caldum ntnke
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2 Lack of vitamin D to ncrease absorp-
tion of calefum through the gut

3 Lack of calcdum absorption such as
oceurs in

. Excess of phosphorus intake which
results in nullificntion of calcium by pro-
duction of insoluble calcium phosphates.

B Abnormal liver functlon with re
sultant excess fatty acids and saponification
of calclum by these fatty acds Elimina
tion therefore of the calcium from the
bowel 1n the form of soaps

C Excess oxalate intake which precipl
tates calaum fn the gut.

4 Renal acidoses of the Albnght Butler
type where calcium 1s utilized In place of
ammonia for base This loss of calaium may
be reflected 1n parathyrofd hypertrophy and
secondary hyperparathyrold symptoms

S Primary hereditary renal tubular drs-
ease causipg Fancon! richets may be
considered here as occurriog on 2 hypophos-
phatemic hasts not assoclated with hyper
calcemia. We mean that the basic problem
is hypophosphatemia probably assoclated
with increased loss of phosphorus n urine

The chargcteristic actdosls of the Fancom
type Is the result of incrensed urinary loxs
of fixed base. This 15 secondary to the in
creased excretlon of organic acids such as
amino acids lactic acd and beta hydroxy
butyric aad Calcium is lost as part of fixed
base required to compensate for excess or
gnnic acids excreted in the urine, The excess
caldum excretion in this syndrome may
Cause some secondary hyperparathyroid
ism Thes will further aggravate the hyper
phasphaturia and accentuate the hypophas-
phatema

There Is also an associated loss of glucose
and cystine in the urine secondany to
tubular distarbance

Low phosphorus rickets or so-called in
fantile nckets, Is the usual form of the
disease and occurs in assoclation with the
{cllawing

I A lack of adequate phosphorus intake

2 An excess phytin fotabe which nullifres
phosphorus and neutralizes {t
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the result of a defect in kidney function
which results 1n glycosuria, cystinuna and
excess{ve phosphorus excretion These renal
tubular forms of rickets and osteomalacla
are discussed 1n greater detail in Chapter 12
(Figs 213 to 229)

We also have socalled hepatic rickets as-
soclated with lfver dysfunction as well as
rachitic changes associated with idiopathic
steatorrhea, or other parts of the celiac
syndrome

There is also vitamin D resistant rickets
due most probably to a hereditary inability
to utilize vitamin D This s covered in
detail on page 270

It should be emphasized that the patho-
logic changes 1 all mchitic or osteomalaclc
processes are much allke no matter what
the cause of that particular rickets or osteo-
malacin. However as time has gone on nu

merous types of rickets have been described
especially more recently where the pattern
has not always been defined clearly At this
point & pattern should be defined The term
rickets 1s primarily of historical interest /¢
no longer describes a presumed specific con
dition but rather o picture of 1ray and
kistologic changes in bone due to derange
ment of the normal brockemical processes
affecting the mineralization of the skeleton

This definition is necessary since modern
terminology includes in the family of
rickets, disenses which are not due to avita
minosis 1D Such conditions ponetheless
may show a charactenstic clinical histologic
and roentgenograpbic picture

Normal bone is in a state of constant
flux it dies it reabsorbs and new tissue re-
forms. Growing bone undergoes preasely
the same processes as the adult form, except

Fio 200 Rickets associated with congenital atresa of the biliary tract. (Same
Eutu:nt as Fig 196 ) Following foll re-establishment of bil~ flow and regression of
v

ver damage the child no longer required parentera
dosage of 1,000 units daily was adequate. Anteroposterior

] vitamin D Omal maintenance
view of both forearms and

bas
hands tember 1952 at 13 months) Complete healing of the rachitic process
ocv:unt(dseg'hcse are now two sharply defined carpal centers. Bone density is normal.



for the fact that the growing portions show
matkedly concentrated bone formation Dis-
ense therefore will be more apparent in the
epiphyseal arens Osteoid tissue is 2 prod
et of the asteoblast and this tissue does not
enter into normal bone structure unless it
becomes calcified 1t 1s the only bore com
ponent which does become calafied Cald
fied asteord gives strength to bone and be
cause it 18 easily reabsorbed allows for bone
modeling That means It allows for shaping
of bore to normal configuration and so that
there 1s a normal relationship of cortical
cancellous and medullary bone. Derange-
ment of calcification of osteoid in growing
bone results in a rachitic state
So anything that nterferes with or pre-
vents calcification of osteold results in
rickets. This conditlon may be a fault in
supply of minerals to osteold or a fault in
utflization of any single or combined essen
tial osteoid calcifying matenal
There are at least three essential sub-
stances for normal ossification of bone.
There may be more but these substances
singly and In combinatlon must be present
in adequate amount for pormal bone devel-
opment to comuinue The intake and the
absorption of these substances must be ade
quate Furthermore even after absorption
they muat be tansported to the booe and
properly utllized by the umcalcified asteold
These substances are caklum phosphorus
and vitamin D
Varfous types of rickets have been de
scribed but on analysis they stroply repre
sent something that has gone wrong 1 get
ting the required material or materials to
the osteoid. Such a breakdown in supply of
essential sbsiances may occur at any polnt,
whether in the intake in the abworpiion or
in the utllimtion of the material by the
osteodd Such a concept of course allows us
to fit various forms of rickets into a dear
cut pattern. In the final event a type of
nekets occurs betaure events lead to a par
ticular deficlent state Low-calefum rickets
is assocrated with the following

1 Lack of calcium intake
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2 Lack of vitamin D to increase absorp-
tlon of calcium through the gut

3 Lack of calcium absorption such as
oceurs in

A Excess of phosphorus intake which
results fn pullincation of caloum by pro-
duction of insoluble calclum phosphates.

B Abnormal liver function with re
sultant excess fatty acids and saponification
of ealcdum by these {atty aclds Elimina
tion therefore of the calcium from the
bowel In the form of soaps

C Excess oxalate intahe which precipl
tates calcum in the gut.

4 Renal acdoses of the Albright Butler
type where calefum is utifized in place of
ammonia for base This loss of calcium may
be reflected in parathyrod hypertrophy and
secondary hyperparathyrold symptoms

§ Prnimary hereditary renal tubular dis
ense causing Fancom rickets may be
consldered here as occurnng on a hypophos-
phatermc basis not assoclated with hyper
calcemia, Ve menn that the basic problem
15 hypophosphatemia  probably associated
with increased loss of phosphorus in urine.

The charactenstic acidosis of the Fanconi
type 18 the result of increased urinary lass
of fixed base This §s secondary to the in
crensed excretion of organic aclds such as
amino acids lactic acld and beta hydroxy
butyric acid Calcium is lost as part of fixed
base required to compensate for excess or
gunic atads excreted in the urine The excess
calclum excretion in this syndrome may
cause some secondary hyperparathyroid
ism This will further aggrayate the hyper
phosphatuna and accentuate the hypophos-
phatemin.

There 1 also an associated loss of glucose
and cystine o the urlne secondary to
tubular disturbance

Low-phosphorus nckets or socalled in
fantile rickets Is the usual form of the
disease and octurs fn mssociation with the
following

1 Alack of adequate phosphorus Intake

2 An exemss phytin intake which millifies
phosphocus and neutralizes 1t
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3 A lack of phosphorus absorption

4 An excess of calaum so that phos-
phorus is nullified.

5 Alack of vitamin D to increase absorp-
tion of munera} through the gut.

6 An excess of any of the following ele
ments which will mullify dietary phos-
phorus magnesium, berylhum, strontium
alyminum, cadmium thiocyanate and gal
ljum.

To repeat we have seen therefore that
rickets is a derangement of growing bane
It becomes mamfest predominantly in the
epiphyseal or growing membranous portions
of bone due to & Jack of vitamin D from
either sunlight or diet It also occurs if there
is no calcrum or phosphorus for deposition
1n the bone matrix.

The conditions affecting the supply of
these jmportant materials to produce calel
fied osteold may therefore be very serious
For practical reasons we have indicated the
broad groups above Other groups can also
be postulated when one considers the under
lying mechanism as simply falure of caled
fication of osteofd There 13 no doubt also
that further types of rickets will be de
scribed in the future

From the point of view of therapy differ
entlation is important because as an ex
ample, we may have what appears to be
typrcal vitamin D deficiency nickets yet it
may be due to excess phytin intake It may
also be assocuated with some other noxious
elements that may prevent the absorptron
of phosphorus There may be an Inadequate
vitamin D intake or there may be simply a
hereditary inability to utilize vitamin D All
of these processes must be considered Dif
ferentiation as to cause is essential for
effective treatment.

One must be alert to the posuble simul
tancous ocawTtence of both active nckets
and active scurvy When this occurs the
signs of scurvy may predominate The
vitamun-C deficiency prevents osteold for
mation in scurvy which in tarn is not re
flected by an eevation of alkaline phos-

phatase Elevation of alkaline phost
13 usually observed in classical in
rickets

The roentgenographlc picture of
may also predominate However, cup)
the epiphyseal ends of bones and othe
of rickets will be present although ni
dominant. Combined trestment wo
indicated

Treatment. It 18 of interest that e
treatment for the vitamin D defid
infantile type of this disexse was ot
more than 100 years ago

Vlozolowsky* indicated that T A
an English physiclan first directed
tion to the curative effect of sunlig
rickets in 1890 He also pointed ou
rickets was prevalent In geographic
where there was little sunlight and !
was unhnown or comparatively rare
sunshine was abundant

However the Polish physician
kechi*® in his book on A Physical 1
tion of Childrem written In 1822 says
chapter on “English Disease” that
if the parents financial status permits
beat to take the children out into the o
and keep them as much as possible in th
open and pure air 1f not at jeast, they :
be carried about in the open alr espech
the sun the direct actlon of which o
bodles must be regarded as one of the
efficient methods for the prevention an
of this disense.

Cod liver oil was recognized to be cu:
but was often given in Germsny wit
mentary phosphorus and the efiects »
uted to phosphoris even until the year
On the bass of work in experimenta
mals, Mellanby!! and MCollum'? desc
rickets as a defictency dmease In 191¢
first jmportant demonstration of the
tive action of ultraviolet lamp rays w1
tablished 1* In 1921 roentgen eviden
healing in rickets following the use of
liver ofl was reported upon ' The effe
ultraviolet raduation vpon fat-conta
foods™ 14 followed Huldschinsky’s ref
upon cure of rickets by ultraviolet radi



plus the knowledge that cod-liver ofl was
also effective

Ip 1917 Hess and Windaus'® and Rosen
beim and Webster'* discovered that the
active factor in the ultraviolet irradiated
preparation was {rradiated ergosterol which
18 now known as calelferol

PrrstnT RECIMEN rom TREATMEXNT oF
\rraum D Derrciext Rickers Treatment
must be consdered from two polnts of view
first, the underlying fault second any de
formities that may have ansen as a resait
of this disease process.

The primary problem usually is due to a
fault in supply of vitamin D It may result
from lack of sunhight or lack of vitamin D
mn food or both.

The vitamin-D intake must be rased to
or above the full normal requirement The
normal requrement for children Is 400 to
800 units of vitasun D per day For treat
ment of active rickets 8 000 to 10 000 units
per day is Indicated This should be con
tinued until complete bealing of the nckets
has occurred. Then the dose may be dropped
10 400 units daily {or infants and up to 800
units for older ages (up to 20)

The precise number of vitamin-I) capsules
or drops of vitamin D concentrates requred
cannot be stated uniformly Consider 10 000
units s the top desired therapeutic dose
The answer s obtained by simple computa
tion baced on study of the vitamin D com
tent of the preparation It 13 well to make
certaln that the therapeutic dose required m
treatment of actlve rickets pot the recom
mended prophy lactic do<e 1s glven

Da not overdese for harm{ul effects may
result Overdesage of vitamin D wll not
ensure a quicker cure.

Do not underdose for too little vitamin D
n active rickets will depress the parathy
rold without increasing calaum absorption
viathe gat 1t will not be enough to increase
renal phosphorus excretion So small doses
of vitamin 1 by diet or sunlight In active
vickets may camse tetany with hyperphos-
phatemia and hypocalcem!a with continued
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clevation of alhaline phosphatase This
tetanic picture wos guite common when
rickets was more prevalent and the above
mechanism not understood

It is important to remember that dispro-
portfons of calcfum and phosphorus in 1n
take will be minimized in the presence of
high Intakes of vitamm D

Tn addition to the therapeutic 10000
units of vitamin D per day the remmen
should include adequate amounts of other
vitamins particularly vitamin C. This I
casily accomplished with present multivita
min preparations. A mmple formula 15 pure
vitarmin D concentrate 9 000 units per day
and o multivitamin capsule or drop dosage
of 1,000 units of vitammn D daily which will
also contain generous prophylactic doses of
vitamin C and other vitamins

VMixed dimical scurvy and rickets will re
quire additional ascorbic acid so that 500
mg daily Is gaven until healing has resulted

The diet should be adequate for proteln
carbohydrates calcium and phesphorus (see
Table on p 78) Minimum requirement of
protem for malntenance is 3.5 Gm. per hg
for infants down to 1.0 Gm per kg for
adults Therapeutic dexages should be
higher Total caldom intnke must be above
the malntenance level which is 06 to 10
Gm. daily in the first year of life and there-
after Phospborus requirements are higher
than calaum Foods containirg calerum in
adequate amounts usually yield proper
phosphorus intake \loreover ndequate ani
mal protein will also Include substantial
amounts of phasphorus

Meat seafood and dairy products are the
major food sources of required phosphorus
caleiam and proten

For beallng of nckets additional ealcium
may be mven A recommended form fs cal
clum lactate or calaum gluconate 0.5 10 3.0
Gm. three times daily

A mmilar dose of Ca,HPO, dicalaum
phosphate s also useful and may be utilized
10 place of the calefum lactate or gluconate

In addition substances that may interfere
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with calcification elther by affecting absorp-
tion ot by preventing utilization of the cal
cum, the phospharus or the vitamin D
should be reduced or elimuinated

For example Mineral oil prevents vita

min D absorption

Phytins decrease calcdum
avaflable for absorption.

Oxalic acid nullifies cal
caum for use even after
absorption.

Aluminum hydroxide gel
prevents phosphorus ab-
sorption

CormrecTive Arasurrs ror Derorarries.
Bulbous bony enlargements may partially
or occasionally totally recede under ade
quate therapy particularly if the therapy is
started early

Spinal kyphos partially resolves com
plete resolution cannot be obtalned easily
Any surgery required would be more radical
than the deformity fustifies

Once formed, pelvic distortion will not
correct and agaln surgery to jmprove the
outlet 1n women is not justified Rather
cesarean section should be done if measure
ments indicate the desirabllity of thus pro-
cedure Deformity of the pelvis does not
produce other disability as a rule bat can
be asaclated with rotrusion of the sce-
tabulum (Otto pelvis) and coxa vara de-
formities

These Iatter deformities may require com-
plex orthopedic surgical care Otto pelvis
may be treated by arthroplasty of the hip
with bonechip placement to reduce the
depth of the acetabulum.

Subtrochanteric osteotomy with appro-
priate metallic fixation so that the upper
fragrment can be brought away from the side
of the pelvis is desirable 1n severe rachitic
coxa vara deformity One should not abduct
the shaft to Lne up with the femoral head
and the trochanters The reason is that this
latter maneuver will not permit proper ad
duction of the proxxmal fragment In relation
to the hip jount In fact if the shaft has

bealed to the proximal fragment i ma
abduction and thus Is alined with
proximal fragment which Is itself In
marked abduction as to be o part of
original coxa vara deformty then atter
at adduction will only cause a shift of
bowing force to the osteotomy area. *
plastic zone will itself becorne the poft
deformity with recurrence of the coxa v
If the head and the neck are brought a
from the pelvis this viclous sequence
be avoided.

Bowlng of the lower extremitles or ko
Lnee deformitles may be treated as follc

Before age 4 and up to 2 inches of
formity (the distance between the mal
when the knees touch 1n knock knee
distance between the femora when the t
leolf touch in bowlegs) cases progreas '
under antirachitic therapy and with !
shoes Inner beel and sole wedges for kn
knee outer heel and sole wedges for b
leg

Before age 4 and above 2 inches of
formity we use antirachitic measures |
braces. Long leg braces with pressure p
and no jolnts at the knee are preferred.

After age 4 and above 2 Incbes of defo!
fty the following can be done

1 Bonesoftening dlet with strontit
carhonate low vitamin D and phospho
intake (Nachlas and Shelling) Then &2
and manipulative correctlon of deford
softened bone Then antirachitic regin
to follow This method was used at Jo!
Hopkins Hospital with fair success 1n
carly 1930s The time required for the
sult the persistent concentration of stn
tium io the blood and the generall
osteoporosis with bead deformity ¢
make surgery more desirable and definit
(o these cnses

2 Surgery and antirachitlc regimen. T
would Include proper osteotomies. Su
asteotomies must be done close to the 3
of marimum deformity Osteotomles i
angolar deformities fall Into 3 gross ca
gorles



A, A collapsing osteotomy In this type
a proper-uzed wedge is removed from the
convex side When this «pace is closed the
deformity is corrected This resalts in some
shortening of the bone

B An opening osteotomny In this type
the cut in the bone 13 made 1n the concave
side When this is opened the deformity is
corvected Tthis results {n some lengthening
of the bone Bone chlps or blocks plus pos-
sible additional skeletal firatlon must be
used to mamtain the opened wedge

C. Curved plane osteotomy In this n
stance a semicircle s cut at 90 to the
plane of deformity When the cut {s come
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pleted with drill holes and the use of a thin
osteotome  the deformed bone 18 straight
ened This results in no change in length.

Rickere or Ostrouaracia Dux 1o FauLlty
ArsoxrrioN This group is now classified as
steatorrhea becayse of the foul fatty frothy
stocls Thus Is the same group as the hitherto
described celiac syndrome  so-named be
cause of the obvious enlargement of the
belly The recent clasmification has been on
the basis of etiology Subgroups include

1 Fat intolerance of the prematare in
fant
7 ldlopathic steatorrhea of the young

TABLE ¢ DrrFEyExTIAL Diagxoms or TuE CELWAC SYXDRoie®

STamcx

Paxcumatc Tranmx
Carine Dmaxase IxToLEmAXCE Drhermxer SrraToRam
Are of omet 10 mos, 10 5 3 3 1o 12 mox Birth to 3 mos Birth 1o 6 mox.
Fat and crbohy  Starch Fat and
P i a starch Fat
Rexpinatory Upper respiratory Repeated upper et~ Chroedc bronchith U
pper reaplrato;
Infectlons infection prutory nfec bronchiectash Infecthons ~
thons  bromcho-
Poeumonia
Growth Retarded or pormal  Usmlhy normal Retarded Normal or retarded
Abdomen Latpe Moderately barpe or  Larpe Norml or mader
normal atety large
Watery darba With erisar Oceasionally o Y
Hdrolabifity AY:Y Na No a
\Ahrnh Yo la e ?
omithag Druring ol Ocavioeally Unowal Occaslomlly
Tatestiml Alatkadly aboormal  Ahaormal in moat Abnormal 14
wotibty as
Stooh Larpe greasy foul  Large, frothy foul  Larpe formwd, foul  Walery pale
Stool fat High Normal High High
Stool starch Normal or
s sizhth,  High Hgh Normal
Dn::::l" Normal m Low amyhee Absent Normal derensed
"“"nzm g:tu delrydrn
Serem Ipich Low
iy “ormal Low Low
Ghacoe toler Lo
o ' or fat Normal or low Normal or Jow ?
t:n: proten  Normal or lew Normal Nermal ?
amin A
. s ' Fat-soluble vitaming 7

From Abderen and
“a wn Hodres Prectic of Pedsatrics (J Brennerman, Ed ) vol 1 chap 19 Hagersiown



£70  Defects in Matnx Calcification

child (sometimes referred to as cellac dis-
ease) (Figs 193 to 195)

3 Sprue, both tropical and nontropical in
adults Actunlly these appear to be allke
and are differently termed only becauss of
geographic location.

4 Cystic fibrosfs of the pancreas in the
infant and the young child

$ Chronic pancreatitis and pancreatic
duct stones producing obstruction fn the
adult

6 Obstructrve lesions of the billary tract
(Figs. 196 to 200)

7 Miscellaneous group

A TInfestation with Glardia lamblia

B Partial gastrectomy

C. Lymphosarcoma.

D Intestinal tuberculosis and Hodg
kin s disease affecting the mesenteric lymph
nodes

E Intestinal lipodystrophy

The mechanism of all these conditions as
related to nickets or osteomalacia is the
same These diseases from the authors
viewpomt have the common denominatar
of faulty fat absorption

‘Two mechanisms may work in these con
ditions to interfere with calcium absorption
First faulty fat absorption infers poor ab-
sorption of fat soluble vitamins especially
vitamin D Second fatty acids combine with
calctum to form insoluble soaps which are
lost in the feces Therefore, the skeleton
will be deprived of both caldum and vita
min D and this will result i rickets or
osteomalacia the same as occurs when sup-
ply of these materials is inadequate

Diagnosis is important, for treatment ls
most effective with proper appreciation of
the underlying disease

All of these dseases are characterired by
An increase in total fat in the stool a flat
vitamin A tolerance curve with olly prepa
rations and skeletal manifestatfons of
rickets and asteomalacia. These diseases do
vary in some respects and therefore can
be differentiated from each other

Treatment of Rickets amd Osteomalacia

from Faulty Absorption This requires ade
quate absorption of vitamin D and calamm
and correction of the primary disorder if
possible

1 Vitamin D may be given in aqueoos
form with wetting agents parenterally or
by ultraviclet irradiation The dose shoald
be about 10000 unfts dafly with amounts
depending upon the preparation used

2 Adequate amounts of calclum and phos-
phorus should be adounistered Skim milk
up to 1 quart a day cottage cheese 2 to 6
ounces daily (Ca,HPO,) dicaldlum phos-
phate wafers caldum lactate or calclum
gluconate 0.5 to 3 Gm. three times daily

3 Treatment of the imderlying cause

A Cystic fibrosts of the pancreas and
chronfc pancreatitis—pancreatin, high pro-
tein rich in lean meat, high carbohydrate
fat free diets Bananas sre exceilent as part
of the regimen Special high-proteln milk
formules are used in infants, Antiblotics are
used for the pulmonary infections.

B In idiopathic steatorthea in chil
dren and In sprue in the gdult, a diet similar
to that above without pancreatin s pre-
scribed In those cases in which there fs 2
macrocytic anemia vitamin Bys and/or
folic actd as well as crude liver extract, 2 ¢t
1M each 2 days are required Thbose with
associated hypochromic anemia require fron
in addition Thase with decreased pro-
thrombin time require vitamin K. In all
tbese cases but particularly for formula
fed infants high-protein mik is valuable.

C Disturbances inferring blockage of
the pancreatic or the bile ducts ought to
have sppropriate surgical treatment.

D Condiftions due to giardiasis may be
treated with arsenic and lodine compounds
alio with Atabrine and chloroquine. The
arsenic compounds include carbarsone and
Stovarsol

VITAMIN D RESISTANT RICKETS

{(Svs  Refractory rickeis.)
Definfton. This is a rickets characterized
by blocheoucal and clinfeal findings simflar



to those of infantfie nckets. Tt differs {rom
ordmary vitamin D deficlency rickets In
that it develops in individuals receiving the
usual prophylactic doses of vitamin D

It does not respond to standard oral or
parenteral therapeutic fntakes of this vita
min.,

Its control requires & high vitamin D level
by esther parenteral or oral administration
The doses required may be enormous from
50,000 to 500,000 1U daily or more

Historieal Notes. In 1937 a case of late
rickets due to @ resistance to the actfon of
vitamin D was reported This patient had
had nckets throughout hus Hie despite wita
mm D prophylactic levels normally con
sidered adequate.

The chemlcal findings were mmilar to
those of the usual forms of vitamin D
deficlency rickets These included normal
serum calciam, fow serum phosphorus and
high serum phosphatase and Increased fecal
outpat of calaum and phosphorus. 450,000
10 of vitamin D daily corrected the chemi
cal aberrations. Smafler doses had no ap-
preciable effect. The primary guide was the
effect upon fecal calclum excretion. The
above level of vitamin D proved to be neces-
sary to bring about absorption of caldum
via the gut. This thereby reduced the cal
Qum excreted in the feces

These authors concladed that thete was a
resfstance in this patient to the action of
vitamun D wherever this primary action
ocrurs.

Since this Initlal presentation other re.
views and case reports bave appeared \one
bas shed much light on the etfology all
have emphasized the high oral deses of vita
min D required to control the process from
50000 to 500,000 1 U daily #

4 most complete treatise on both the bio-
chemueal and the otthopedic management of
this disease emphusizes the familial inci
dence and the chronicity of the aflment with
prodoction of dwarfism. Furthermote de
formities on an osteomalacic basls wese
found to recur in adult lifes

Etiology  Explanations for thls disease
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(all into 3 gross categorles The first and
simplest Is lack of absorption of orally ad
ministered vitamm 1 Albright et al® very
eatly appear to have shed doubt upen this
explanation They reported the need for
large doses of vitamun D to produce a remis-
sfon Thu did not appear to vary whether
the oral or the parenteral route was used

A second explanation and one favored by
Albright 18 that the defect lles at the point
of the primary action of vitamin D Tt is
postulated that an elevnted threshold exists
for response to vitamin D When this level
18 exceeded, a normal action of vitamin D
will result. To reach this threshold enor
mous doses of vitamin D are required JMore
over once the threshold Is passed there s
only a relatively short step to taxicity
therefore, care 1n control of dose Is required

A third view* is that the defect lies in the
renal tubule This infers a faulty reabsorp-
ton of phosphorus via the tubules The data
upon which this view rests Is the relatively
creased urinary phosphorus excretion in
relation 1o a lowered serum-phosphorus
level.

‘This is not fully reasonable in view of the
fact that long-standing rickets of this type
shows hyperparathyroidism The Increased
arine phasphorus excretion and the lowered
serum phosphorus are expected findings in
hyperparathyroidism,

Furthermore this conclusion postulates a
very special type of tubular disturbance Tt
imphes a sort of forme fruste of Fanconiy
syndrorne which Is helped by vitamin D in
massive dases. True Fanconis syndrome
does not appear to be affected by vitamin D
m any dosage.

The true euology therefore in the authors
opinfon 13 still unknewn.

Lotll the paper of Pedersen 2ad McCar
roll,? the disease was considered very rare
with only about 30 cases reported These
authors list 25 cases and the Inference is
that many cases are available for metabolic
siody in erippled chikdren s homes

Clinical Characterfstics. These casey are
stmilar m clineal signs to Infantlle rickety
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F1o 201 Vitemin D resistant rickets. Colored female, 11 years old This child was
first seen at the age of 3 years with what appeared to be & severe bilateral congenital
or infantile coxe vara The vitamin D resistant rachitic state way not lmcd st
this time Bllateral subtrochanteric osteotomies were performed, Heavy Ste pins
were used to contral the upper frmgment of each femar in order to pull it downward
and away from the pelvis Simple distal fragment abduction will not suffice to correct
cervical com vara text on Page 268

Following healing of these osteotomies this patient was lost to follow up untfl the
age of 10 years at which time she presented dwarfism and multiple deformities par
ticularly of the lower extremuties. The possibility of vitamin D resistant rickets was
now entertained and confirmed by hiochemical studies as well as respanse to treatment
with large doses of vitamin D Imitial blochemical studies revealed pormal serum cal
clum diminished serum phosphorus and elevated atkaline p tase, The urinary
Sulkowitch reaction was negative Note the dwarfism and the deformities of the lower
axtg;nhlm’rbe right thigh Is badly bowed and twisted Torsianal changes are present
n



201)
Fic 202 Vitamin D resistant rickets. (Same patient us Fig.

th:;l view of skull (July 1954) The booe is excesuively granular
with prominent trabeculae The inner and the outer tables are thin

and contrast poorly with the diplo®

F1c. 203 Vitamin D resistant rickets.
(Same patient as Fig 201 ) Both upper
extremities. Anteroposterbor view {Apri)
1954) The bone trabeculae are coaree
and mongy in appearance The radial
head epiphvees are condensed bilateraily
No long bomdeformnluueptuent.

Fro 204 Vitamin D resistant rickets,
(Same patlent as Fig 201 ) Anteroposte.
ot view of both hands and wrists \ay
1954) Before treatment. There is pro-
pounced demineralization with proml
nent U_Igaeculu p:lt:“em and cortical thin

i distal metaphysesl areas
show cupping. Coatrast with Figure 205
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Fro 205 Vitamin D resistant rickets.
(Same pattent as Fig 201 ) The patient
was placed on large doses of oral wita
min D The initial dose was 50,000 anits.
This was increased biwcek]{ by 50,000-

u

unit Increments with careful check of
serum calcfum  serum phosphorus and
urlnary calcium excretion Stabilization
occurred at 500 000 units which is being
continued as a maintsnance dosage. At
this point the unnary Sulkowitch test Is
shightly positlve and the serum calclum
s normal The serum pbosphorus re
turned to normal on this regimen. A rise
of serum phosphosus (ollowed by a tise
of serum calclum would be an indication
for the reduction of vitamua D dosage to
a lower maintenance Jevel. See text for
fuller discussion of this delicate halance
between maintenance and todc levels of
vitamun D Anteroposterfor view of both
hands end wrists (September 1954)
After treatment. C with Figure
204 Distal ulna cupping has regremed
Bone mineralization is improved but is
not yet normal after only a short period
of treatment.

except that they represent a more long
standing and florld type There is a famflial
background of dwarfsm and deformity 1o
moat cases Stoular heceditary dwarfism has
been observed in achondroplasia as well as
{n multiple enchandromatons (dyschondro-

Fro 206 Vitamin D resistant rickets
(Same patient as Fig. 201 ) Dorsolum-

bar spine, Anteroposterior view (Ala
1954) The vertebral bodles are ly

plasia) (Figs 73 to 76 and 53 to 59) Tt ismot
surprising therefore that many dwarfs due
to the more recently delineated vitamin D
resistant rickets have been misdiagnosed a8
the other forms

These cases show short stature based upon
retarded epiphyseal growth particalarly in
adolescents and adults (Fig 201) The
epiphyses are enlarged and prominent with
knobbing of the wrists and the kness, and
rachftfc rosary Other features include
Harrison s groove of the chest, prominent
frontal bones dorsal splnal kypbosis, coxa
varn, knoch knee or bowleg deformities
(Figs. 202 to 210)

Laporatorr Finpmvos These are similar
to those of Infantile rickets. They Include
normal serum calcium diminished serwm
phosphorus and elevated alkaline phospha
tase, Fecal calcium is Increased mrinary
calcium is lowered



Fio 207 Vitamin D resistant rickets.
(Same patlent as Fig. 201 ) Anteroposte-
noc view of pelvis and hips (April
1954) Before treatment. The trabeculae
are granular and coarse, Active nckets is
indicated by a zome of poorly caldfied
osteord at ximal femoral metaph-
y3es and at lesser trochanters bl
iaterally The right femur is markedly
bowed Contrast with Figure 208

RorntcENoompnic FinoNes. These are
similar to those of severe rickets. There Is
widening of the epiphyseal lines with foza!
ness at the metaphyseal end of the epl
physeal plate (Figs. 204 205 207 to 210)

Tn late cases the architecture of the en
tire skeleton is changed to show coarsened
trabeculae thinned compact bone and in
creased diameter of all bones Furthermore
roentgenograms show evidence of all the
clinical deformities noted above (Fips 202
to 210}

Bony ridges at the site of muscle attach-
ments are increased {n size This results from
muscle pull on incompletely calcified oateold
The tissue rauses as a result and when
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Fic 208. Vitamin D resstant rickets,
(Same patient as Fig 201 )} Anteroposte-
ior view of pelvis and hips (September
1954) After treatment. Compare with
Figure 207 The booe mineralization has
fmproved as Indicated by the over all
decrease 1n trabecular granularity Par
ticularly to be noted 13 the calafication
of the upper and the lower femoral
metaphyses and the lesser trochanteric
a| yses The rachitic pattern Is now

on massive vitamin D dosage.

finally calcified s observed to be of In
creased size

Pathology This 1s similar to that of in
fantile rickets In view of the fact that no
one has demonstrated the speafic defect,
the changes found will be pnimarily those
of the skeleton These are basically faflure
of caldfication of osteold and this Is par
ticularly so In the epiphyses of growing
subjects. In adults the uncalcified osteold
will be widespread

Treatment. This must be approached
from two points of view First the attack
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upon the rachitic process second the at
tack upon the deformuties

The rachitic process may be controlled
by mamtaining adequate levels of vitamun
D Simply to give large doses 13 not the
answer Dosage must be correlated with
control of chemlcal disturbances. The rea
son is that the therapeutic level Is very dose
to the toxic level The toxic effect of vita
min D is pnmarily hypercalcemia and its
sideeffects Including nausea vomiting ab-
dominal pain drowsiness and even fatality
Hypercalciuria and metastatic pathologic
calcification occur

The most direct method of obtaning accu
rate control 18 to evaluate the fecal calcium
output. When the vitamin D level 15 ade
quate the fecal calclum excretion will be
come reduced from that level determined
before the administration of vitamin D This
method carefully followed over three-day
periods with gradually increasing doses of
vitamln D will give the required dose for

optimal effect However it s 2 difscult
method to follow s0 a more practical one Is
to study the urine by the Sulkowitch test.
The rationale here fs the indirect meas-
urement of vitarun D action on intestinal
absorption of calaum by checking urmary
calcium, Fecal-calclum evaluation measures
calcium absorption directly As caldum 1
absorbed through the gut, the calaum in the
feces becomes redoced by that amount.
However once calcfum has become ab-
sorbed through the gut, it will go into the
blood stream to be taken to bone and kid
ney Increased absorption of calcium result
Ing from proper dosages of vitamin D will,
therefore be reflected mdirectly in the
urine The urine will show Increased calanm
content. Therefore a gross but simple test
like the Sulkowitch test will indicate, by
means of relative increases in calcium excre
tion through the urine Increnses in calamm
absorption through the gut A very strangly
positive  Sulkowitch reaction will infer

Fio 209 Vitamin D resistant nckets. (Same patient as Fix. 201 ) Lateral vews of
right knee Before and after treatment. The pretreatment film on the left shows the
diagnosti. metaphyseal rchitic band of demmerllzation. This is aalcified on the later

fitm The

bone trabecular pattern Is less granular after treatment.
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Fio 210 Vitamin D resistant rickets. (Same patient a3 Fig. 201 ) Ant

and lateral views of both legs (April 1954}
increased

torstonal The left side also shows

eropasterior
Deformuty in the leg booes {s principally
cbliquity of the proximal tiblal epiphysis.

Some Increased antetior bow is present in both tiblae. Widened demineralized metaph-
yﬂmpmllltmhkntdmdmklu.Onthehmﬂnmof!.hemklu par
ticularly on the left, can be seen bands of increased density which are indicative of

abort!ve healing reaction,

hypercalcemia with levels above 12 mg per
100 cc. of serum.
A dose r dation and re: bl

Anorexria nausea and polyurin make it
mandatory for the patient to report im

regimen for outpatients s as follows?

3000001 U of vitamin D daily with doses
raised or lowered in relation to maintenance
of the Sulkowitch test between + and 4+
Some workers have indicated doses up to
1,000000 I U daily to obtain healing®

Thereafter the dose may be downgraded
for maintenance The level of maintenance
is stil determined by Sulkowitch test and
still is many times the normal requirement

Additional checks of blood-serum phos-
phorus should maintain the level between
2§ to 3 mg per 100 cc.! I{ the phosphorus
level rises above 4 mg per 100 cc., hyper
calcemia and hypercalcuria with chnbeal evi
dences of toxicity soon follow

diately for blood studies

Radiographic chechups are important
but it must be remembered that these lag
several weeks behind blochemical evidences
of osteoid calcification

Vitamin D can be obtained in 50000 TU
capsules as Ertron (Whittier) and Drisdol?®
(Winthrop-Stearns) and in similar dosages
by other leading firms. This conditlon is in
the authors opimon the only one in which
enormous doses of vitanun D are indicated

These patients do not have remissions
and must take the indicated dose of vitamin
D in controlled degree indefinitely Thelr
maintenance might be likened to that of a
diabetic or Addisonian

OwtHOPEDIC MANAGEMENT When a child
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who receives a good dict and prophylactic
vitamin supplements shows rachitic de-
formities this syndrome must be suspected
Proper blood urine and roentgenographic
studies as indicated above should be done
Under the headings asteomalacia and rickets
the broad group of deformitfes and their
Indicated trestment are delineated

Orthopedic management in this group can
fallow a simflar pattern In the authors
opiuon there s also no contraindication to
surgery such s osteotomy However great
care to avold complications following surg-
ery 13 wmperative in this syndrome. Ve
must remember that fmmobilization of the
total patient in bed or of parts of a pa
tient In plaster or splints leads in itself to
massive release of bone salts from the
skeleton

Since a patient with vitamin D resistant

rickets will first be placed upon & dose of
vitamin D adequate to heal the leslons, be
will be in a state bordering upon hyper
calcemnia

When osteotomy and immobiluzation are
done the extra release of calcium from the
skeleton will probably throw the patient
Iuto 8 state of hypercalcemia, hyperphos-
phaternla and hypercalcuria. This could be
severe enough to be serious.

It should be gnarded against by reducing
the calcinm and vitamio D intake at the
time of surgery and also by increasing the
flnd intake. Furthermore, as early ambula
tion as possible should be encouraged In
some chosen fnstances 1n adults in partcu
Iar there may be indication for intramedal
lary fixation

Prognosis. There 13 no hnown cure Con-
trol must be continoed throughout hfe.
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CHAPTER TWELVE

Defects 1n Kidneys Affecting the
Parathyroids and the Skeleton

(Syn  Secondary hyperparathyroidism
renal osteitls fibrosa generalisata renal
rickets, osteomalacia }

INTRODUCTION

Before discussing the present concepts of
the relationship of kidrey function to the
parathyrofd gland and to bone it would be
well to review some of the older thoughts
on this subject It has long been known on
a pathologic and a radiographic bass that
bone changes of primary and secondary hy
perparathyroidism are 1n many cases fndis-
tinguishable (compare Figs 119 to 131
with Figs 230 to 238) Pathologic sections
in both types reveal evidences of osteocla
sls cysts and osteoclastomas

Blood chemical studies reveal that in pri
mary hyperparathyroidism blood caleium is
elevated and blood phosphorus is Iowered
In secondary hyperparathyroldism resulting
{rom kidney disease there {s an elevation of
blood phoesphorus concomitant with the
nitrogen retention associated with the pri
mary renzl pathology Blood calaum in
these cases 18 lowered

Rena! disease responsible for ths hyper
phosphatemic  hypocalcemic secondary hy
perparathyroidism 15 usually a2 combined
plomerular and tubular lesion (Figs 211 to
215) The phosphorus retention always has
been clearly understood on the basis of
diminished glomerular filtration The lower
g of the calclum was considered to be on
the baus of the elevated phosphorus but
recent studies indicate that there is a large
compopent of hypercalauria as a result of

tubular failure that i3 responsible for the
hypocalcemia,

Many of these combined glomerular and
tubular diseases are found in children with
congemtal renal anomalies or advanced
chronic glomerular nephritis The picture
becomes confused by the influence of the
disease state on the epiphyseal areas Here
wide osteold seams and cupplng similar to
those of classical vitamin D deficlent rickets
are noted (Figs 216 to 220)

The osseons changes mn these cases were
termed renal richets This term has become
part of medical nomenclature. It represents
a condition in which renal glomerular and
tubular dmease a socalled pannephritls,
produces a secondary hyperparathyroldism
as a result of phosphorus retention This
excess parathyroid hormone produces bone
changes which are dearly osteltls fibrosa
generalisata with osteoclasis  cysts and
osteoclastomas (Figs 230 to 238) In chil
dren however the epiphyzeal zones show
the widened osteold bends and the meta
physeal cupping which led to the term renal
rickets (Figs. 216 to 220) Even adults will
have widened osteold seams around the
bony trabeculae

The secondary hyperparathyroidism on
the basis of glomerular phosphate re entton
produces pnmarily bone changes commen
surate with the diagnostic criteria of oste-
itis fibrosa cystica generalisate. There i3,
however some tubular faflure in these cases.
Calcium is lost in the urine as fired base to
make up for the defidency of ammoniz
production. A hypocalcsemin will result.
However the amineralization or the de

280
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mineralization of true rickets or its adult
form, osteomalacia 13 not «cen to any great
degree 1f it does occur it will be found usu
ally at the eplphyseal zones of maximal
growth. This is because even in the pres-
ence of the lowered <erum calcfum, the
elevation of the phosphorus secondary to
glomerular disease allows the solubility
product to be above the critical level for
osteold caldification in most instances (Figs
221 to 222)

Actually these concepts have been slow
to evalve and even now are changing con
stantly A major step in the understanding
of the relationship between the bones the
parathytords and the kidneys was the de-
scription of primary renal tubular disease
Here the glomeruli are normal \ow for the
first time the tubular component of kidney
disease hypocalcermia with its manifesta
tions of nchets or osteomalacia can be
studled independently (Figs. 223 to 229)
In these cases the glomerular phosphate re
tentlon with its usual picture of renal aste-
itis fibrosa and marked <econdary hypo-
parathyroldism is not present.

Two major types have been differentiated
the Fancont and the Albnght Butler groups
Tubalar dysfunction with a loss of calaum
1 found In the Albright Butler group Inthe
Fancom group there is combined loss of cal
clum and phosphorus because of renal tubu
lar Imuficdency In the Albright Butler
variety phosphorus is also lest 1n the urine
as a result of increased parathyrold-hormone
secretion <econdary to the hypocaleemia,
Even at this date the studies of the exact
biochemical changes and the mechanisms of
these vanous syndromes have not been com
pleted fully Their Importance lies in the
fact that for the first time a large group of

of the tongue organs
Ef;l}]a)dcn of cd.lhc)tlﬂdﬁdmhnm u::d'-h’n hyold bone are e\'iv.'-eu.!.nq'h:'-ht — arterles
b uldﬁp:nthmmd calcifica Is also observed to outline three of the four



Fi1o. 212 Severe pannephntis with
fibrosz generalisal

secondary hyperpara
ta. (Same patient os Fig 211} genogram of postio
#pecimen of the heart shows widespread ectopic alcifiation involving the valves, the

lhyro{d.hm and renal osteitls

f the rtem

Roent

heart muscle and the coronery blood vascular tree.

xldney diseases which presented only tu
bular dysfunction with pormal glomerular
unction have been delmeated

In these diseases pathologic and radio-
rraphic findings are those of nckets in the
young and csteornalacia 1n the adult (Figs.
223 to 229) Demuneralization with lowered
blood calcium and phosphorus and excess
irinary excretion of calcium and phosphorus
re present.

In both of these major groups of tubular
cidney disease with increased loss of cal
fum and phosphorus in the urine there is

often an assoctated hypocalcerma This hy
pocalcemia {s not marked but does represent
2 mild stimuolus toward secondsry hyper
parathyroidism. Some'of these cases do ap-
pear to show some radiographic evidences
of hyperparathyrokdism such as joss of the
lamina dura (Figs. 228 to 229) However
histologic sections reveal principally wide
osteold borders of the trabeculse and no
evidence of major csteoclasis or osteoclas-
toma or cyst formation.

The term renal rickets therefore becomes
espentially & misnomer The well known



%

Fro 213 Severe pammephritls with eec
ondary hyperparathyroldism ard renal
osteitrs fibrom generalisata. (Same pa
trent as Fig 211) An erfor view
of pelvis and }wmbnrm:?‘;:z‘ Note the

severe lized loss of

Introduction

Fic. 214 Severe pannephritls with sec
ondary h thyroidism and renal
osteitis generalisata  (Same pa
tlent as Fig. 211 ) Chest plate. Observe
the t lung markings and the

of dense lines, especially in the
hitem. Much aldfication of vessels was
present in these areas at postmoriem

The apparently has not been
sufficiently long standing to  prodomce
cysifke” osteoclastomas,

clinical entity of renal rickets long known
to the medical world really represents es
sentlally a secondary hyperparathyroldism
with findings of osteitls fibrosa generalisata,
The cupplng and the epiphyseal changes
scen in joung subjects with this disease
represent actuaily the tubular component of
2 pannephritis (Figs. 216 to 220) Loss of
calcium in the urine as fixed base because
of deficlent ammwonia production by the kid
ney prevents alcification of the osteold at
the epiphyzeal areas. In the adult where no
such osteoid proliferation is taking place at
the epiphy<eal plate only the findings of
osteitis fibrosa generalisata could be noted
(Figs 111 to 215 and 230 to 238)

Only the newer pure tubular diseases pro-
duce findings essentlally of demineraliza
tion—1.¢e, rickets or osteomalacia depending
on the age of the subject (Figs 223 to 229)

For purposes of classification on the basis
of cause rather than effect, and to allow a
clear program of treatment to be enunclated
wherever possible it is the authors practice
to divide kidney disenses as related to bone
and the parathyrold glands as follows

1 Glomerular disease with Lttle or no
tubular wvolverent This is primarily an
acute glomerulonephritls and usually wil}
present Little or no effect upon the bones or
the parathyroid glands unless the disease
goes on into group 3 as a pannephritis,

2 Tubalar disease with little or no glo-
merular involvement. This i3 primarily an
effect upon booes of calcium and phos-
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phorus loss i the unne and cousequent
demmeraliation The picture is primarily
rachitic or esteomalacic (Figs 223 to 229)
Parathyro:d glands are involved only alightly
on the basis of hypocaleenuc stimulation

3 The third group representing a pan
nephritis with mixed glomerular and tubular
changes results in secondary hyperparathy
roldism primarily on & hyperphosphatemic
basis In the growing subject the tubular
lesion and the elevated serum phosphorus
on the basis of retention may also produce
enough hypocalcemia to prevent mineraliza
tion of the matrix. This, In the growing sub-
ject will then produce rachutic manifesta

tlons at the eplphyseal junction (Figs 216
to 220) Although osteold seams may be
observed to be widened radiographically
and pathologically the primary lesion here
18 very definitely an osteltis fibrosa generali
sata (Figs 211 to 215 221 to 222 and 230
to 238)

RIDNEY DISEASES AS RELATED
TO BONE AND THE
PARATHYROIDS

Discases of the kidneys for purposes of
effect upon the skeleton may be divided into
3 types (1) glomeralar disease with little

Fio 215 Severe pamnephritls with secondary hyperpara

roidism and renal osteltis fibrosa gemeralisata. (Same }n
Fig 211) Anteroposterior lateral and oblique views o

thy
thent as
forearm

There are fractures of both the radial and the ulnar shafts, Severe
bone absorption is evident. This absorption is a combination of
osteoclasis from glomerular disesse and osteomalacia from tubular

disexse In this particular exam|
present. N\ote the simflanty to
roldism shown in Figure 118

oma resction s not
of primary hyperparathy






Fro 217 Scm:ll’:z' hyperpamathyroidism amociated with renal
disense producing ostestis fibrosa generalisata, (Same patient as
Fig. 216 ) Anteropasterior view of pelvis. The bones are demineral
Ired and are coarsely granular The upper femoral metaphyses are
sclerotsc. The epiphvaeal plates are somewhat broad although
less 3o than in Figure 216 Thete may be great variation in the single
case in the appearance of the varfous eprphyseal plates as regards
the width of the osteold zones and their degree of cakificaton.

Fio 218 Secondary hyperparathyroldsm
assocuated with renal disesse producing remal
asteltis fibrosa generalisata. (Same patient &
Fig 216 ) Anteroposterior view of both knees.
Diffuse radiolucency and widened ostecid

require brochemical studles of the blood and

the unne for full evnluado:t:beu ﬁt roent

genogram cannot distinguish radiotucency

of osteoclasis and the demineralization of
eomalacis,

reabsorption will not suffice and & hyper
phosphatemia will result.

This disease therefore may camse %
secondary hyperparathyroldism Since the
stimalus for Increased parathyrold secretion
1s initiated by excess phosphorus in the
serum there may not be osteoclasis for the
calcium-phosphorus  product may remain
above 30 (See Table 8 p 468)

280




Fic 219 Secondary hypetparathyroidism
assocated with renal disease ucing renal
osteitis fibrosa generalisata. (: patient as
Fig 216 ) Anteropastertor view of both ankles
Widened ostemd areas at the dustal tibial and
the fibnlar eplphyseal plates are present. Asso-
clated trabecular coarsening of the rest of the
banes is to be noted.

Fio. 220 Renal disease and secondary bone
changes, (From Dr 31 M Pomeranz) Antero-

renat

rachitic changes in the epiphyseal ropes in
children is shown here The frayed metaphyses
and the broadened uncaldified osteold zones
of the epiphyseal plates of the distal radius
and ulna indicate the need for biochemical
evaluation of the patient. There is little or
no increase of radiolucency \ev

seTum rus was clevated Indwating
glomerular {nsufficiency There was an asso-
clated lowered serum calcium  possibly on
the basis of an a<sociated tubular lesron, but
this also may be secondary to the elevated

“crum phosphorus. ar can-
pot be considered diagnestic of the particular
type of disturbance aflecting the bone.
ompare with Figures 228 and 229 which
show a Fanconi nickets of renal tubular otlgin
only Apparently the rachitic changes [n grow
inz bones are the result principally of the renal
acidasis whatever its exact mechanlsm




F1c 221 Renal osteitis fibrosa generalisata with secondary hyperparathy
roldlsm. (Figs. 221 and 222 from Dr M 31 Pomeranz) Anteroposterior view
of both hands There are soft tissue caldfications bilaterally the left band and
wnist being affected more markedly Decalafication of the finger tofts is
present In mild degree.

Fio 222 Renal osteltis fibrosa generalisatu with secondary hyper
Pﬂn'-hﬁdjm (Same patient as Fig 221 ) Anteroposterior view of
right der Enormous soft timue calcfication fs scen around the
nght shoulder joint area
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Fic. 223 Osteomalacia on the basis of renal acidosis (Albnght Butler type) (Figs.
223 to 227 from Dr Eugene P Pendergrass) White female 46 years old. Chemical
findings in this case included normal ures nitrogen diminished CO combinng
pawer bow normal serum caldum definitely diminiahed serum phosphorus and mark
edly elevated serum alkaline phosphatase. The latter finding indlcates nnrequited
osteoid tissue awaitung cakdfication Renal disease 1s considered to be tubular in pature
with loss of fixed base including calcium Secondarv hyperparathyroidism occurs as &
result of the resulting hypocalcemia, and this In turn produces phosphorus diuresis
and hypopbospl A 1 for view of right shoulder gir (Prnts are
reversed

)

(Lefty Ap<dl 17 1941 A pseudofracture (Locser line) is seen at the base of the
acromion process wheve It Jolns the main portion of the scapular spine Such a line
represents a zone of uncalclfisd osteold. These cases bave also been described as Mk
mans syndrome following his early description of ostcomalacia accompanied by
paeudofracture lines on the r (Right) N ber 17 1941 The patient
m&aﬁhﬁm" hégl;-al&dmx;h:cndfhxglgﬁp}nmm I"J-gtrus diet with 10 000 umits of

oiracture 0O SCu| T .Bp‘ e
with calfication of the esteid. pule Fas Elled n

Hypocalcemia results because no osteoc
laus occurs with tbe calclum-phosphorus
product above 30 The excess phosphorus in
serum results 1 caloum phesphate forma
tion and its excretion through the bowel

No acidoss results because the tubules
are conserving fixed base by adequate for
mation of ammonia The urea clearance is
diminished becaute of faulty glomerular
filtration

Treatment, Lower the phosphorus intake
by diet Such a dret reduces or elimlnates
milk meat cheese fish and eggs Further
reduce phosphorus absorption by adminis-
tering calclum lactate and aluminum hy
droxide (Dose Aluminum bydroxide gel
SO cc. per day for average adult. Calcium
lactate 12 Gm. per day )}

Prognosis. If kidney damage is not exten
sive or progressive the prognosis is good



F1o, 224 Osteomalacia on the basis of renal acidosis (Albright Butler type) (Same
patlent as Fig 223 ) Today the authors prefer to use maintemance therapy of sodiam
l.:;il})otasnum atrate to provide fixed base in the extracellular fluid compartment for
r tubular excretion This spares skeletal calcium and minimizes the danger of
nephrocalcinosis and ithissis. The high-caldum high-ph and vita
min-D intake 1s stopped after sheleta] demineralfzation is co and pseudofrac
tures have filled 1 Anteroposterior view of left shoulder girdle. (Printa are reversed.)
(Left) April 17 1941 There Is a pseudofracture zone present at the base of ﬁﬂ?t
regmnen  the

acromion process. (Right) \ovember 17 1941 Following a caldifying

zone of osteold has calcifted and s no longer visible 1n the roentgenograms.

TupuLAR Disease wrra Lirrir ox
No GrLourruLAr Discase
(ALpriont BuTLER VaRrETy )

This phase of Lidney disease results from
loss of base economy with selective failure
of calcium reabsorption.

The kidney tubules accomplish conserva
tion of base economy 1n two ways by secre
tion of urine that Is acad fu relation to blood
plasma and by elsboration of ammonia

The ammonia combines with the excess
acld radicals and thereby conserves fixed
basss such as sodium. potasstum calcaum
and magnesium W hen appreciable tubular
disease Is evident large amounts of fixed
base combine with acid radicals and are iost
in the urine This depletes the body stores

of those bases. Acidosis with lowered serum
CO; and & tendency to elevated serum chlo-
ride is present.

Calcium 1s the only element in sufficlent
supply so eventually it will be palled from
the blood! As the serum-calchim level B
reduced the parathyroid output is incrensed
This lowers the calaum and phosphons
product and osteoclasis results.

In addition increased phosphorus excre
tion through the urine results in a lowered
serum phosphorus. Unleas the tubular dis-
ease Is very marked the stimulus to excess
parathyrold secretion will not be as great as
in total kidney disease with both glomerular
and tubular involvement.

Actually ths form may be belped by



Fic 225 Osteomalacia on the basis
of renal acidosis (Albright Butler type)
(Same patient as Fig. 223 ) Anteropos-
terfor view of pelvis (Drints are re
versed.) (Top) Aprll 17 1941 Pseudo-
fracture lines are present in both superior
pubis ram{ with some seerming displace-
ment oo the right. SimOar looser lines
are seen at both ischiopubic junctions
and in the femoral shafts at the level of
the lesser trochanters bilaterally (Bof
tom) \ovember 17 1941 Seven months
after the institution of a calcifying regi-
men, complete healing of all pssudofrac
ture areas has occurred.

providing extra base This type of kidoey
disease favors nephrolithinsls and nephro-
calcinosis because of the excess secretion of
calaum and phosphorus in the urine
Diagnosls. Symptoms may be anorema
polyuna polydipsia, renal calculi weakness
ard lassitode Vitiligo 1s often observed.

Fia, 226 Osteomalacia on the basls
of renal acidoszs (Albright Butler type)
(Same patient as Fig 223 ) Lateral view
of skull A large decalcified area is seen
at the top of the skull vault Roentgeno-
graphically this resembles a zone of
osteoporosts circumseripta in Paget s dis-
ease but is composed of uncalafied
osteold tissue

Fic 227 Osteomalacia on the basis
of remal acidens (Albright Butler type)
(Same patieat as Fig 223) Lateral
view of lumbar spine. Osteomalacia has

altowed blconcave f the

:;:ly of the fourth lumE;: vmcgm by
on of the disk

I :}”mil material Into
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Fro 228 Rickets on the basis of renal
tubular disturbance (Fanconl type)
{From Dr 3 M TPomeranz) Antero-
posterfor view of shoulder A very wide
band of uncalcified cateold is present at

the capital epiphy=is into the varus posi
tion. The bones are markedly demin-
eralized Such a roentgenogram
be distinguished from glomerular renal
boozechmgu. Compare with Figures 216
to 219

Deformities of the skeleton and fractures
resulting from the osteoclasis may occur

X-ray Picture. This demonstrates osteo-
malacia or rickets depending upon the age
of the subject. Looser lines (pseudofrac
ture) may also be seen These lines are
multiple and symmetnical and occur in such
places as upper femora sides of pelvis
shoulder girdles and clavicles. These are
actually not fractures but simply stress
lines of osteold that are uncalcified (Figs
223 to 227)

Urne. There 13 an increased urinary

Fio 229 Rickets ou the basis of remal

tubular disturbance (Fanconl type)
(From Dr ) A Pomerans) Latenl
view of ankle, A markedly broadened
uncakified epiphyseal plate Is present in
the distal tibla. The bones are so de-
calelfied as to resemble a renal ostetis
fibross  generaliata, The differential
diagnosls of these renal bome lesions

th secondary hyperparathyrakdisn b
on the basis of blochemlcal studies.

calcium excretion and a fixed specific gravity
at approximately 1 010 with 2 nearly peutral
pH There is o lowered total urmary am-
monfum and a lowered titratable acldity

Treatment. This provides the we of
alkah for the body to substitute for fored
base such as calaum. Such substances are
sodium and potassiurm atrate and sodium
bicarbonate.

Potassium is not good alone for 1t may
produce undesirable cardiec effects. A very
efficient regimen was advised originally by
A. T Shohl® to provide appraximately L
mEq of free base per 100 Ibs of body
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Fio 230 Renal cstettis fibrosa gen-

eralisata and hyperparathy
roidism.  (Figs. 230 to 238 from the
service of Dr A. Bruce Gill, studied and
follomed by the senvor author with
chemical studies by Dr E. P Corson-
White) White female, 20 years old.
Chemical studies indlcated some renal

of combined glomerular and
tobular types with arotemia and sec
ondary anemla. Serum phosphorus was
clevated with lowered serum calclum.
Anteroposterior  view of dorsolumbar
ine and ribs. \ote the marked loss of
bone substance on the basis of asteo-
dasis, Deformities of the rib cage and
scoliosis are severe The ribs show widen
ing and cystic These roent
genographic findings are similar to those
of hyperparathyroidism Com
pare with Figures 119 to 131

weight per day This mixture and method
of administration are as follows

140 Dustolved in I hter of

Gm. of citric water (dose 50 to 100

98 Gm of sodium cc. daily to amount
citrate r.\;‘tcml‘r)y to

F1g. 231 Renal osteitis fibrosa gen-

eralisata and secondary hyperparathy
rofdism. (Same patient as Fig 230)
Lateral view of dorsolumbar spine.
Severe osteoclasis is evident throughout.
The sternum is widened, cystrc and
deformed.

‘Modification of this regimen as advocated
by Talbot? Is as follows

15 cc. of this mixture con
tains 25 mEq of cal
cum and
S0mEq of calefum and
phosphotus are peeded
for each 100 Ihs, of
body welght per day in
the average case D
vided dases are given
with meals.

Talbots use of potassium with sodfum

atrate prevents further depletion of
sium and sodium s o potas-

Increased calcium and vitamin D inta),
helps to replace the ealcium loss. Vitamin I;
1 given In the therapeutic desage of 10 000

Sodium citrate 68
Gm

Water to 350 cc.



Fic 232 Renal osteitis fibrosa

the shafts and thinning of the cortices. Cystlc changes

generalisata and secondary hyperparathytoidism.
tlent as Fig 230 ) Anteropasterior view of botk humer] induding shoulder
Joints. (Prints are reversed.) There is marked loss of bone density with expansion of

are widespread Step shadows
absorption.

are of {vory wedges used as a densitometer to grade the degree of bone

units dally until skeletal recalcification has
occurred Adequate calcium should be given
in the form of milk dairy products or cal
cium lactate or gluconate

Healing of skeletal lesions will
occur in a few weeks by x ray check up
Calciam phosphorus COy and chloride con
centration 1 the blood will return to nor
mal? Treatment must be continued as long
a3 the disease is evident. When bones are
fully recalcified large doses of vitamin D and
calclum are no Jonger necessary Only main
tenance levels are then required Interrup-
ted treatment may result In prompt relapse

Faxcont Synprowret

This rare hereditary and sometimes fa
milial disorder results from disease of the

kidney tubules These cases show no gros
abnormality of serum glucose amino ack
or organic actd values Yet, the urine con-
talns excess amounts of amino acds organic
acids glycogen and acetone. Obviously
since the serum levels of these materals
are not abnormal, thelr excess concentr
tlon In the urine must infer a fault In tube-
lar reabsorption of these substances.

Urinary calaum and phosphorus excre
tion are increased Serum phospborus B
low Serum calcium {s normal or low Serum
CO, Is Jowered The average urine pH i
around 5.5 The titratable urinary acidity
is thus increased

Symptoms. (1) These patients show
rickets by clinfcal and x-ray examination
(Figs 228 to 229) (2) positive Sulkomtch
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Fio 233 Renal osteitis fibrosa gen-
eralisata and secondary hyperparathy

roidism (Same patient as Fig 230)
Anteroposterior and lateral views of
ripht forearm Bere there is loss of bone
density and some cystic change but not
to the degree observed elsewhere in this
patient The cystic change distinguishes
this from an osteomalacia

test even though calaum and vitamin D are
adequate  (3) cataracts and congenital glau
coma amd (4) mental retardation.

Treatment. Give base vitamin D and
caloum similar to treatment outlined above
for regular tubular disease

TumLar Disease Arrrermne Catctuy
Reamsorrriox (IbioratHIc
HyPrreALCIURIA)

Thn condition is reported in adults Mot

F1o 234 Renal osteltis fibrom gen
eralisata and secondary hyperparathy
roudlsm (Same patient as Fig, 230)
Anteroposterior and lateral views of left
forearm, There s severe loss of bone
density associated with osteoclasis fram
secon! hyperparathyroidism  Mild
cystic changes are present The healed
malunited {ractures were present when
the patient was first obterved

cases gre a result of kidney stone forma
tion.! Base conservation Is reported to be
normal The etlology Is as yet undeter
mined ! Treatment as for the above two
forms of tubular disease will be Inefiectual

Caloum and vitamin D would fncrease
urinary calaum and increase the danger of



F1o 235 Renal osteitls fibrosa generalisata and secondary h thyroidism.
(Same patient as Fig 230 ) Anteroposterior view of both hands. re 13 pronomnced
radiolucency from generalized osteoclasly, Cystic areas are present, especlally In the
proximal phalanges. The distal tufts are mocf?rntr_ly demineralized.

Fio 236 Renal ustelus fibrosa gen-
eralisata and secondary hyperparathy
rordlsm (Same patient as Fig. 230)
Anteroposterior view of pelvls and
femora. (Prnt is reversed.) The
structure here shows marked deformities

observed

mahunited fractures. The bone stricture
is indistinguishable from that of ad-
vanced primary hyperparathyrofdisn
(osteitls fibrasa cystica generalitats)
Differentiation of these cases must be
biochemical, not radiologic.

kidney stones These cases have normat o
low serum caldum and Increased caldom
excretion through urine

The four metabolic dlsorders resulting o
increased urinary calclum excretfon are by
perparathyroidism, osteoporosis renal tubt
lar disease (Albright Butler or Fanconl)
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Fio 23 Renal osteitls fibrosa gen-
erallsata and secondary hyperparathy
tent as Fig. 230)
Legs and knee ts. Anteroposterior
view (Print {s reversed ) These struc
tures show demineralization deformity
of both ublae and fibulae and cyst
formation.

and idiopathic hypercalauria. It s the last
form which Albright considers to be the
mest common.

\r<ep \rerarrms with Bora Tusorar
AxD CLOMERULAR INVOLVEMENT

When reduction of glomeralar filtratzon
and tubular reabsorption occurs hyperphos-
phatemia and hypocalcemia result. On both
counts this produces marked parathyrold
stimulation hyperplasia and hypersecretion
There then results skeletal catabolism and
2 definite secondary hyperparathyroid state
Sheletal lesions in this condition are those
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Fig 238. Renal osteitis fibrosa gen
eralisata and secondary hyperparathy
rofdism (Same patient as Fig. 230)
Lateral view of both feet, Severe osteo-
clasis and cyst formation are present.
Thuc cysts are of course osteoclas-

omas contalning fibrous tlssue which
ha.lﬁl]cdluthzurmsofemslmlnthe
bone

of renal osteltis fibrosa generalisata (Figs
211 to 215 and Figs. 230 to 238)

When such disease occurs systemic acl
dosis must result for there is no tubular
adjustrent. The resultant acidosls speeds
skeletal catabolism through increased solu
billty of calclum and phosphorus and at
the same time tends to prevent tetany
through incrensing fonized serum calclum
et the total serum calcium may be mark
edly lowered. In severe instances of hypo-
calcemia tetany may occur

Glomerular disense is reflected m eleva
tlon of blood phesphorus and of \.,P\ apd
lowered uren clearance Tubular {nvelve
ment s reflected by fixed specific grvity of

unine at 1.010 neutral pH and low urinary
ammonium.
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Treatment. This obviously involves a con

sideration of methods advocated for each
single type—the glomerular and the tubular

1 Lower phosphates and acid metabolites

by neutralizing with calclum lactate and
aluminum hydroxide

2 Provide base such as sodium and potas-

slum citrate to replace fixed base such as
calaum But care 1n piling up excess sodium
and potassium must be maintained for alha
losis and edema are a danger

1

3 Tith calaum lactate vitamun D should

be given in order to promote absorption of
calcaum and to aid 1n combating the ostenc
lasis Calcium lactate will combat acidoss,
will provide further fixed base and also will
combat tetany

If the Lidney disease is not too severs,
serum calclum and phosphorus levels wil
return to mormal on this re;imen The bone
lesions will heal and the acldosrs will
Improve

Prognosis. The prognosis In thes type of
kidney disease, however may be grave
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CHAPTER THIRTEEN

Defects 1n Matrix Formation

SCURVY

(Svr  Vitamun-C deficiency scorbutus
Barlow s discase \M3lier Barlow s disease )

Definition. Scurvy 13 an acute or chronic
deficiency disease due to a Inck of adequate
vitamin C or nscorbic aad It 1s charac
ter{zed by faflure to maintain the intercell
lar substances of mesenchymal tissues in
pormal conditions. It is associated with
varions tvpes of bemorrhagic manifesta
tions, and in children with bone disorders
as well as a disturbance of dentin formation
(Figs 239 to 243)

Historical Notes. It appears that the word
scurvy arose In the Middle Ages as a prod
uct of folklore but {ts clear etymologle
origin Is not known It also appears that
the word scorbutus was slmply coined as a
Latin-sounding variant of scurvy

Early descriptions of this disease were
related to voyages or explorations or cam
paigns that required distant travel for long
periods of ume without fresh foods par
ticularly atrus frults The condition was
known therefore, in the Crusades Jacques
de Vitry! deserfbed it has having occurred
in the First Crusade in the thirteenth cen
tury it was also described by Sire de Joln
velle to have occurred in the Seventh
Crusade !

Then as voyages of exploration became
more common during the fifteenth and the
sixteenth centuries scurvy became more
prevalent and a real hazard It reached such
proportions that \asco da Gama lost 100
men out of a crew of 160 in a voyage around
the Cape of Good Hope in 1497 In 1534
in his voyage up the Salnt Lawrence River
Jacques Cartier obterved securvy among his
crew all but 10 of a crew of 110 being

afflicted by the disease These people when
they landed in Canada drank an infusion
of the bark and the leaves of what appears
to have been the spruce tree and matenally
improved from thelr affliction.?

References in the lterature o early hus-
tory were primarily those related to adalt
scurvy for n early times scurvy wus not
considered to be a disease of children
Whenever 1t was observed in children it
usually was confused with rickets. Glisson,?
in 1650 1n his famous trentise on rickets
made the first differentiat{on between richets
and scurvy but hus description apparently
was overlooked for more than 200 years

In 1753 James Lind* 2 physican who
formerly had been a naval medical appren
tice for 9 years published his observations
and recommended the use of lemon juice for
the prevention and the treatment of this
disease He made every effort to have the
British Navy adopt tbe use of lemon julce
dunng his lifetime but 1t was not until a
year after his death, and 41 years following
the publication of his treatise that lemon
juice was added to the rations of British
sallors with the resnit that scurvy dlsap-
peared from the British navy The Bntish
navy man of course had been referred to
for many years as a “limey” or a “lime
juwicer ” It appears that prior to the routine
use of lemon juice in the rations of British
sailors Lime juice was considered to be an
agent that protected against the develop-
ment of scurvy This material was more
expensive but not 20 high in ascorblc-acld
content as lemon yulce It 13 of interest that
numbers of suppllers of the \avy when
they had supplled pure Hme Julce were

prosecuted under the assumption that they
par ]
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Fio 239 Scorvy Lateral view of
lower extremities ~ Wimbergers lines
show about the distal femoral and the
proximal tibial epiphyses. Fraenkel s line
and 3 spurs are to be seen, par
tcularly at both lower tiblal and femoral
metaphyses, Mild periosteal separation
and caldfication are observed about the
left femur All the bones present a
ground-glass osteoporotic appearance

had provided diluted material because the
men developed scurvy upon It, whereas indl
viduals who had mixed thelr ime jwee with
the cheaper lemon juice had actually diluted
it, thereby making a cheaper variety But
they were not prosecuted since the greater
concentration of ascorbic acad in the lemon
was g protection agalnst sanvy Presum-
ably io this instance, honesty was not the
best policy '

Since the early 18008 although the pre
cise nature of the disease was not understood
fully an effective method of prevention and
treatment of the condition was Lnown so
that adult scurvy became practically non
existent except 1o times of famine and war
Infantile scurvy as indicated sbove was

Fio 240 Scurvy Lateral view of knee
jomt. Wimbergers circle outhnes the
distal femoral and the proxmal tibhl
epiphyses Fraenkel s line and Pelkan’s
spurs are to be seen at the distal femur
Periosteal reactlon is present about the
lower femur

recognized by Glisson and differentiated by
hun from rickets Yet confusion contmued,
with scurvy and rickets being considered the
same Iller as late as 1300°% described
scurvy as an acute rickets and overlooked
fts separate 1dentity This greatly confused
the 1ssue especially in Germany where they
did not differentiate these disenses untfl
after the English had done so

Chendle * in 1878 differentiated scurvy
from rickets 10 infants and in 1883 Barlow
wrote a classic paper? In which be cleary
defined this disease He also understood its
treatment.

The hesitancy or the confuslon in making
this differentiation from rickets came about
because no one could believe that this div
ease which had been observed for centuries
1n adults could possibly affect children Itk
also quite reasonable to assume that differ
entiation may have been difficult because of
the powsibility that if patients were deficrent



in one vitamin they were deficlent in others
and that rickets and scurvy occurred simul
taneously on frequent occasions

The first experimental production of
scurvy, {n antmals was [n 1907 by Holst and
Frblich,? whose work paved the way for
study of the vitamm as 1t occurred in nature
Tbe next step in this picture was that of
Szent-Gyvdrgy1* who molated a crystalline
substance from the supraremal glands of
own and from vanous plant sources He
proved this crystalline compound had the
formula CeHO¢ and named it hexuronlc
acid this of course was the first {solation
of ascorbic acid It was not until 1932 that
he fully demonstrated its vitamin character
istics In hrs ammal feeding experiments ¢

Further corroboration of the effectiveness
of this compound was reported upon by
Waugh and King'* Since this time scurvy
has presented no problem to the informed
physician Its dinfcal characteristics are

Fic 241 Scurvy  Anteroposterior
view of lower extremities. Wimberger s
cirde and Fraenkels line are well de
noted. In the lower femora Pelkans
radwlucent scurvy lines are observed,
Both upper {emorw, in particular show
penasteal prohferation which is more
marked on the left. All the bones show
increased radrolocency

Fic 242 Scury  Anteropos-
terror view of extremity
Marked lass  appear
ance of the humetus due to
asteoporosis Is evident with an
orfanized haling reaction of
ubperhosteal hemorrhape
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Fic 243 Scurvy (Same patlent as
Fig. 242 folloming antiscorbutic ther
apy ) Anteroposterior view of upper ex
tremity Proliferative perfosteal reaction
is belng Incorporated into the humeral
shaft The osteoporosis has disappeared
and the bones are of normal texture.

well known and its chemlical findings are
definite and can be identified

Etology Elther total lack or deficlency
of vitamin C for a long period of time fs
the cause of scurvy This condition may
result from food idiosyncrastes or from an
inability to eat those foods lgh 1n this
material It may occur in gastro-intestinal
disease when the patient {s on a dlet chrefly
of milk cream cereals and eggs as for ulcer

The pathologic physialogy of this condi
tion can be well mnterpreted in light of the
data of vitamin C as reported in Part One.
It is important to remember that this vita
min 18 watersoluble and heat labile cannot
be synthesized by the human organism and
is not stored in the human The average re
quirement Is 1 mg per Lg of body weight
per day (see Table p 78)

Clinical Characteristics, In infants scurvy
is more apt to occur between the sixth and
the twelfth months. The symptors are poor
appetite fnability to galn weight and im-
tability Many times when the chikd &
touched (particularly over the tibial crest,
for instance) he may scream with paln
Often he will fail to move one or both legy
or arms the reason therefor belng tender
ness over the bones from subpenosteal hem-
orrhage and not from a paralysis as often
ts assumed (Figs 242 to 243)

Hemorrhagic findings include skin pete
chiae and bleeding spongy gums When
there 1s a severe vitamin-C deficency the
costochondral junctions of the ribs may be
enlarged It 1s true that the enlargement 18
angular rather than rounded as in rickets,
yet swelling of the ends of the long bones,
especially over the lower femur and the
upper tibia, also occurs One easily can see
that these things could lead to a diaguosis
of nckets especlally before the days of the
roentgenogram.

The disease In infants and children may
and often does progress to such a degree
that the eprphyses become separated from
the shaft of the long bone. Ths Is observed
by the hayonet deformity of the ribs where
the costal cartilages separate from the ribs
and depress with the sternum Change of
this type can and does occur in the loug
bones

Adult scurvy Is much slower in develop-
ment than the childhood form—as a matter
of fact the time required may be from
3 months to 1 year for severe scurvy to
develop

W ere Infection to develop durmg the time
that the patlent s on Inadequate vitamin C,
the extra metabolic atress would hasten the
appearance of scurvy and would make the
attack more intense

The adult symptoms are frritability
general aches and pains weight loss weak
ness lassitude  bleeding gums of spongy
type gingivitls and loosening of the teeth.
Hemorrhagic manifestations are purpirs
with petechine and massive hemorrhages
1nto muscles and subperiosteally The skin



will Lrulse from even slight pressure and
large hemarthages may oceur into the mus-
cles 10 there are, In short large sweilingy
involving the muscies and purpunc skin
reactions.

When a tourniquet is placed nround the
arm  (the capillary fragility or Rumpel
Letde test) petechune occur on the forearm
as the small capfilaries rupture Late n the
disease nosebleeds bleeding from the eyes
bleeding into the brain and gastro-intestinal
and genlto-urinan bleeding will occur The
pomary bone lesions that occur are asso-
clated with bemorrhages under the pen
osteum associated with trauma, but bone
lemons are mild and mare In the adolt. In
the adult, also great tendencles for trans-
wiates develop {e edema fluid forma n
pleural and peritoneal cavities without any
contamination by blood

Pathology Scurvy Is assoiated with dis-
turbances of the normal development of
intercellular sulstances of tissnes derived
from the mesenchyme The capillary walls
are weakened and subject to hemorrhage
W ounds heal poorly in this condition

Considerable changes occur in bone par
ticularly 1n children (Figs 239 to 243) In
the adult, except for perfosteal hemorrhages
bone changes are essentially unmimportant.
In children endochondral bone growth may
cease due to fallure of osteoblasts to form
osteold tissue, Cartilage becomes calcified
but 13 not properly absorbed and replaced
by osteold

In children epiphyreal lines become ir
repular and widened There is often dis-
location of the eplphysis with displacement
of the cartflaginous portion

The costal cartilages at the junctlons of
cartflage and bone may sheer off The carth
lages sllde backward with the stemum so
that a socalled  bayonet deformity” de
‘elops Ttus 18 angular {n contrast with the
tnlargement aseociated with nickets which
s rounded

The tendency for hemorthage beginning
2t the eprphyseal area often results in small
cilafied spurs being observed just at the
skdes of the epiphyseal plates The zane of
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provisional calcification becomes broadened
and Irregular and the cartifage becomes cal
cified and forms o so-calied white fine of
Fraenkel? (Figs 239 to 242) The defect
{s that the osteablasts are not normally
active and they do not Invade In a normal
fashlon and the capillary loops do not form
normally Therefore the substitution of
bone matnx for cartilage as occurs in nor
mal endochendral bone formation does not
progress

The periosteum becomes elevated by large
amounts of hemorrhagic efiuston Large
amounis of calefheation of cartiaginous
components may be observed at the epl
physeal edges so that the ends of the bones
become thickened also In bealing a very
wide degree of calcification will rapidly be
obzerved throughout this hemorrhagic area.
The epiphysenl center {tself is clearly {dents
fied by o arching 2one of caldfication known
as \\imbergers hine'? (Flgs. 239 to 242)
This represents endochondral cartilage that
is calcified but not properly invaded by
osteoblastic tissue

Roxxtoesorooic Fmpinos. To  follow
changes from the epipbyseal center into the
center of the shaft we have the W imberger s
arcle * which is a thin calafied hine that
outlines the epiphyseal center \ext at the
shait side of the epiphysenl plate is a dense
calcified ine This is Fraenkel s white hine 12
or the “Trummerield zone ” This 1s a phe
nomenen aimilar 1o Wimbergers line and
represents calclfication of cartilaginous com
ponent not properly invaded by osteoblasts
and copillary loops At the lateral and the
medial edges of this line a small bonylike
spur s observed This Is referred to as
Pelkan s spur't (Figs 239 10 242)

\s we progress farther down the shaft
Just past this white line and the spur foto
the metaphysis we reach g translucent zome
of metaphyseal rarefaction which i3 referred
10 s the scurvy line of Pelhan or the

Gerustmark™ of Schodel and N\auwerk,
This area 1s an area of disorgantmtion in
normal bone develapment. Here are found
{be poordy defined capillary loops wlth hem
omthage and deficiency of ostecblasts or



304  Defects m Matrx Formation

Fic 244 Congenital syphils Antero-
pasterior view of trunk and upper ex
tremities. There are a bilateral and a
symmetrical metaphysitis and a perios-
titls of the bones of the upper extrem
ites. 1t differs from scurvy in that there
18 no osteoporosis. There iy no evidence
of Pelkan s spur Wimberger s arcle or
the dense lin  of Fraemkel In any area
Contrast mith Figures 239 to 243

osteoblastic activity with no new bone for
mation and for that reason 1t is radiolucent.
It is in this area of translucence that the
bones give way with mucrofractures and
even the separation of the eprphymis from
the shaft (Figs 239 to 242)

The next major finding is the washing
out of bone substance throughout the shaft,
or the socalled ground-glass appearance
(Figs. 239 to 242) Finally the separation
of the pertosteum will not be shown neces-
sarily on the radlographic shadow during
the active stage of the disease However
where bealing occurs very rapid calcifica

tion can be seen subpeniosteally (Figs, 239
to 243) The general cortical outlines are
also thinned

X ray changes are summed up by the fol
lowimng findings

1 Wimberger’s circle (calafied line out
lining epiphyseal center)

2 Fraenkels lme or Trummerfeld zone
(dense calcified line marking end of me
taphysis)

3 Pelkan s spur (smail bonelfke spur on
either side of Fraenkel s line)

4 Pelkans scurvy line (translocent zome
of metaphyseal rarefaction)

5 Ground-glass appearance of entire
shaft and epiphyses

6 Subperlosteal calclfication with separa
tlon of perosteum.

Lasoratory Finpmwes The reader is re
ferred to the section on vitamin C In which
this problem Is discussed in detail.

A confusion factor in careful laboratory
determination 18 the consideration that tws-
sue saturation of vitamin C occurs. This
tissue saturation which 18 normally present
when adequate vitamin C is taken 1n must
be practically completely depleted before
any change occurs in the blood levels, or
before appreciable change in vitamm-C ex
cretfon 1n the urine is fornd to occur

Blood levels therefore, run from 05 to
2.5 mg per 100 cc. and average about 1 mg
per 100 cc. If figures are below 0.5 mg on¢
may be suspiclous of scurvy The whitecell
centrifuge method with determination of
vitamin-C content in the white-cell platelet
material Is presumed to be a more diag
nostic method This ranges from 6 to 58
mg per 100 Gm. of leukocytes ar platelets.
Obviously levels below 6 would be subject
to consideration of scurvy

Unnary excretion depends upon whether
tlssue desaturation has occurred If a scof
butic situation occurs and a large dose of
vitamin C 18 glven practically none of it
will be excreted In the urine and this of
course would be & key method of diagnosis
and could be considered ms a vitamin-C



Fio 245 Congenital syphilis. Lateral vier of both lower extremities. A bilaterally

symmetnical penostitis affects all the

lang bones The rarefying metaphymitis has pone

of the dmgpostic criterla observed In scurvy Contrast with Figures 239 to 243

Clinfcally congemtal
Is rarely present in the

tolerance test An individual whose tissues
were saturated would be expected to excrete
through the urine almost any excess intale
of vitamun C Apparently 1 mg of ascorbic
acid per Ly per day appears to be the maln
tenance dose Any excess above this would
be the amount excreted by such a normal
control

Prophylaxs, For prophylaxis a diet ade
quate {n vitamin C either by food such as
orange julce or lemon julce tomato juice or
by synthetics such as ascorbic add will
suffice Adequate amounts are considered to
be 1 teaspoonful of orange juice daily from
the second to the fourth weeks of life in
creasing in amount until at about § to 6
months of age the intake is 2 to 3 ounces
Tomato julce requires at least three times
that amount If the infant cannot tolerate
YWamin C in this food fashton then intake
levels should be 1 § to 2 mg of ascorbic acld

hihs usually presents in the first few weeks of hfe scurvy
rst 6 months of life.

per kg If ascorbic acid is used this is the
method of measurement Of the amount re-
quired there appears to be no toucity from
excess amounts s there Is no harm in giving
more of ascorbic acld The reader is referred
to the section on vitamin C in Part One
where the maintenance requirements of the
vitamin are covered for all age groups (see
Table p 78)

Differential Dusgoosis. Infantile scurvy
may be differentlated from blood dyscrasias
or allermic purpuras rheumatic fever and
poliomy elitls Rickets occurs at an earlier
period of life than scurvy Scurvy rarely
occurs before the sixth month. \o hemor
rhagic manifestations are present in rickets
In rickets, the swellings for instance of the
costochondral junction are rounded whereas
thowe in scurvy are angular Roentgeno-
grams are quite diagnostic In the first half
vear of life though the disease must be
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differentiated from congenital syphills with
pnmery metaphysitis and from infantile
cortical hyperostesis of Caffey (Figs 244 to
245 and Figs 327 to 330)

Trestment, When true scurvy 1s present
very large doses of ascorbic acid are re
quired In nfants a minimum of 300 mg
daily is required Dasages of this type can
be carried out for at least s month and by
that time the usual prophylactic dose will
be adequate because saturation of tissues
will have occurred

In regard to individuals who are unable to

take the vitamin C by mouth, it has been
recommended that intravencus preparations
of 500 to 1000 mg can be given daily In
adults, as a matter of fact, It s considered
that up to 1000 mg of ascorbic acid daily
for at least a week or more is required m
order to saturate tissues

Prognosws. The prognosis may vary from
varying degrees of dsabihty to death. Ths
however is a very unlikely occurrence In
modern life In the Western world in par
ticular and treatment may be expected to
produce a cure
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__ CHAPTER FOURTEFN

Hypervitaminoses

HYPERVITAMINOSIS A

For many vears it has been known by
Arctic explorers that the liver of polar bears
w posonous This 1 now understood to be
the result of hypervitaminosis A for the
Liver of these bears {s enormowaly rich m
this substance contaiming approximately
20000 IU per G

More recently with the advent of con
centrated vitanuns hypervitaminosls A has
been reparted particularly in infants and
m children. So often an enthusiastic parent
believes that an extra dose s that much
better It is also therefore just as impor
tant to learn whether a child 18 getting too
many vitamins as well as whether he is
getting too few Hypervitaminasis A will
occur }f the average dose is more than
100,000 1U per day

Symptoms and signs! are

1 Sparse coarse hair

2 Disappearance of the evebrows

3 Dry rough skin

4 Hemorrhagic diathests including sub-
periosteal bemarthage

S Hepatomegaly without plenomegaly

6 Fragmented eplphvyes

7 Decalclfication.

8 Erpansion of bone—especally the
shafts of long bone It appears to be a sub-
perlosteal proliferative reaction (Fig 246)
Panfol gwollen extremities

9 Carotinemia with a yellow discolora
tion of the skin

10 Increased vitamin A in blood? levels
over 300 IU per cc.

It Signs of Uver damage (a) hyper
prothrombinerua related to hemorrhagic
diathesis  (b) elevation of alkaline phos-
phatase and (c) Increased serum lipid

Differential Diagposts. This condition

causes bone changes similar to those of in
fantile cortical hyperostosis? and congenital
syphihs (Figs. 244 to 245) In addition 1t
must be differentlated from other diseases
which cause hiver enlargement and hemor
rhagic phenomena. The hemorrhagic effects
of scurvy and the painful swellings from
subpeniosteal hemorrhage 1n this condition
are a case 1n point (Figs 239 to 243)

The chemistry showing elevation of blood
vitamun A, history of excessive administra
tion of vitamm A and po fever or Jeuko-
cytosis differentiates the condition from in
fantile cortical hyperostasis (Figs 327 to
330)

Scurvy will be {dentified by other mgns
gums bleeding growth disturbances low
vitamin C and rapid healing on administra
tion of vitamin C which Is not toxie in any
amount.

Congemital syphilis will show radlo-
graphlc evidence of metaphymitis (so-called
luetic osteochondmtis) as well as periostitis
(Figs 244 to 245) Furtbermore serology is
sigmificant

Treatment. Stop vitamin A. Give vitamin
K if there is elevated prothrombin time with
hemorrhagfc signs.

Progoosis. Excellent and fall resolution
usually will occur This includes reabsorp-
tlon of the periostitis and return of the bone
structure to normal

HYPERVITAMINOSIS D

There has been much discussion about
whether or not there may be different forms
and actions of vitamin D For practical pur
potes It Is not necessary to Jook for varying
actlons of different fractions

The authors previously have discussed

3(17““ Part One) the Phyology of vitamia D
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The problem now Is in relation to under
standing hypervitaminosfs D 1Vithin the
past 15 to 18 years there has been much
enthusiasm for vitnmin D administration 1n
enormous doses for the treatment of rheu
matoid arthnitis fn partfcular

Many reports following the original one
of Dreyer and Reed! were encouraging, and
its nse increased One wonders whether the
sterord vitamin D may have represented a
rich source of raw material for cortisone
manufacture In any event, as expected by
many who bad experience with this sub-
stance severe taxic reactions to enormous
doses occurred

Worl on hypervitaminosis D goes as far
bacl. at least as 19292 In 19302 study on
rats also showed untoward effects from large

doses of vitamin D The effect was the same
whether parathyrolds were present or ab-
sent. Such toxic effects easily were found to
be related to those of dlhydrotachystersl
Ttus is obvious because dihydrotachysteral
is only shghtly less active than vitamin D
in promoting calaum absorption from the
intestine Within the past 10 years, many
people have recelved enormous doeages
of vitamin D—up to 150,000 unris per
day aod more From this group nombers
of cases of hypervitamincals D were re
ported upon.

The modus operand of vitamin D In very
large doses is twofold The first resuits from
the action of vitamin D in incressng cal
cium absorption from the gut. The sequence
of events is as follows

Fro 246 Hypervitaminosis A (From Dr John Caffey and reproduced with

Pedia ed 2
Waite o et 3 Dmmmmt had recefved 1 teaspoonful of oleum per

TWhite iamnlzé]l menths old, The

permis-
p 748, Chicago Yearbook, 1950)

comorphum y for 9 months. Anteroposterior views of forearms and leg Roent
genograms of both ulnas (A and B) were taken 5 weeks after ontet and show bilateral
symmetdal cortial hyperostoses as a result of vitamin-A polscaing Tibla (1)

S weeks after onset shows cortieal by

osis and spur on the medial aspect of the

perosts
proximal end of the tiblal shaft. (B) 10 weeks after cnset and 5 weeks after stopping
vitamin A shows increased mineralization and incorporation of the periosteal reaction

into the tbial shaft



1 Increased calcium abeorption from the
mtestinal tract

2 Hypercakemia.

3 Depression of parathyroid actrvity

4 Decrease i unnary phosphorus ex
cretion

5 Hyperphosphatemia

6 Exces calclum phosphate in the serum
with depasition of this compound in soft tis
sues throughout the body

The «econd action of vitamin D In enor
mous doses s a direct effect on the renal
tubules, where its action resembles that of
parathyroid hormone Here there results a
phosphorus  diuresis with a tendency to
hypopbosphatemia and hypercalcemia.

Actually these two separate mechanisms
of vitamin D action are somewhat antago-
nistic as regards terum and unnary phos-
phorus levels. It appears in general that
the first action predominates if calclum in
take Is normal so that hypercalcemin is gen
erally reinforced by hyperphosphatemia
The tendency toward metastatic calcifica
tion is thus increased

Symptoms of this condition are of three
types

1 Those resulting from hypercalcemia
(n) anorexia (b) nausea, (¢) vomiing (d)
diarthea (e) abdominal pain (f) lethargy
and () general muscle wenhness which if
severe enough may even be assoclated with
constipation.

2 Renal symptoms. The cause is cald
ficatlon of kidney substance Probably it
occurs within the glomeruli the tubules and
the renal pelvis as well as In the interstitial
structures. Symptoms and signs would in
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clude (a) albuminuna (b) hematuna (c)
azotemia (nitrogen retentlon), (d) polyuna
and (¢) polydipsia

3 Symptoms and signs associated with
metnstatic calcification of any or all soft
tissues or organs Blood vessels Lidneys
heart lungs gastric mucosa—all may show
this and cause sy mptoms related to disturb-
ance of their respectrve functions

Vitamin-D todclty if continued long
enough without severe Lidney damage may
eventually cause negative balance of cal
clum and phosphorus and production of
osteomalaciat of bone To produce such an
effect the mechanlsm may occur from two
points of view (1) the stimulation of ex
cess parathyrold secretion by hypercalcemia
and hypercalciuria. This is assoclated with
the decrease of phospborus excretion wia
the kidneys and a secondary hyperphas-
phatemia (2) Another effect of vitamin D
namely a parathyroid hormonelike action
of vitamin D causes phosphorus diuresis®
It is not a likely or a common reaction be
cause the kidneys are affected with such
{requency

Treatment. (1) Reduce vitamin D intake
(2) Reduce cakdum intake (3) Force fluids.

Prognosis. This is dependent upon the
degree of renal damage and metastatic cal
cification If the condition hns been {dentf
fied early recovery will occur 1f the changes
are severe even death may ensue,

Except In vitamin D resistant rickets it
is questionable whether large doses of vita
min D should be used at all When used.
careful check-up of blood and uminary cal
clum is essential

REFERENCES

Hypervitaminoshs A
I Toomey J A, xnd Morrissette R. A

Hyperviaminosis A Am. J Dis. Chid
73 473 1947

and carotenemia, Am J

3 Rothman P E. and Lecn E Radwl
oy 531 368 1948

Dis. Child

Hypervitaminosks D

1 Dreyer I and Reed C. T The treat
ment of arthritls with massive doses of
vitamin D Arch Phys Ther 16 537
1938

2 Hards L. J and Moore T TII The
specificity of vitamin D in iradiated or
ergosterol pofsaning TIT The pathology



310

Hypervitaminoses
of hypervitaminosis D Blochem. J 23
261, 1929

Shoh! T J Goldblatt, H and Brown
H B The pathol effects upon
rats of excess irradiated ergosterol, ] Clin
Invest. 8 505 1930

Gyvirgy P Die Besondere Stellung der
Subeplphysiren Knochenschicht im Kalk

stoffwechsel Als Eines Leicht Mobffiner
baren Kalkspeichers Khin. W choschr
9 102 (Jan. 18) 1930

Albnght, F and Sulkowitch H. W The
effect of vitamin D on calcium and phos
phorus metabolism  studies aa four o
tients, ] Clin Invest, 17 305 1938,



CHAPTER FIFTEEN

Lipoid Granulomas

FOSINOPHILIC GRANULOMA

(Syn Myeloma with presence of eosino-
phils pranulations tumor osteomytlitls
with eosinophul reaction solitary granuloma
of boge )

Definitton. Eosinophilic granuloma 18 an
inflammatory reaction Involving the reticulo-
endathehial structures of bone and Is char
acterized by collections of variepated cells
ranging from Hhistiocytes to easinophils -l
thongh 1t was deecribed originally as a soli
tary lesfon of bone more recently it has
been found to be multiple in bone and even
to occur in soft tissue in association with
bone lesions (Figs 247 to 252)

Historieal Notes. Schairert reported a case
of osteomyelit 1n the skull with a histologic
reaction of eosinophils in 1938 Lesions had
previously been described which later were
thought possibly to be easinophilic granu
loma but these references did not define
this particular condition clearly and in gen
eral were overlooked Among thewe refer
ences are the following

Finz In 1929 described a case of mye
loma with eosinophils in the frontal Lone In
apatient of 15 yeans *

\Dhignoa described a “granulations tumor™
of the skul) 3

Recent pathologic studies of a more de
finitive type began with the work of Otani
and Ehrlich In 19404 They described a
solitary  granul of bone Licht 1

of which the climica! pictures hnown as Hand
Schilller-Christian d certain forms of
wanthoma, and Letterer Stwre disease are other
examples.

Incrdence. The discase occurs primarily
among alder children adolescents and } oung
adults Vales are affected more commonly
than females. Actording to Fairbank " the
proportion s 5 to 1

Etlology The cause 1s unknown. Cultures
have been taken they are negative

Clinical Features: Prysical Stexs axo
Syrproas The leston may be silent and
evident only upon an mcidental roentgeno~
gram On the other hand it may glve rise to
local pain swelling and tenderness The
local lesion may be fluctuant and there may
be general symptoms such as malalse and
elevation of temperature Sometimes there
may be a pathologic fracture If the lesfon is
extensive enough YWhen 1t finvolves the
«kull an actual depression can be felt at
the site of involvement

Headache may occur §n cases in which
there 13 1nvolvement of the shull

The lesion involves bone pimarily and
actual destruction of bone can and does
occur  Furthermore this lesion can break
through the cortex of bone and through the
overlying soft tissue to erupt upon the sur
face with the formation of a fistulous tract.
Ths tract will then show & skin granuloma *

and Jaffe’ described this condition as eotino-
philic granuloma of bone

Green and Farber® reported 10 cases of
thee leston in 1942 and their conclusfon may
be quoted a< follows

These benimn destructive lesions of Lone do
not con titute a new disease but represent
rather one varlant of a basic disease process

11

Der )l bave reported a papular
ervthematous shin lesion *

The questfon of visceral involvement and
1ts possible relationshup to Hand Schilller
Chnstian and Letterer Sine diseases has
been discusced further by Mallory ** who
highlights the importance of the histiocy te
i both eoslnophilic granaloma and Letterer
Sine disease Letterer Siwe dlsease occurs
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Fic
(From Dr M M Pomeranz) White fe
male 10 years old. A large osteolytic

247 hile granuloma.

ares without surrounding reaction is
[fnumt in the proximal metaphyss of the
emur

in much younger indrviduals as a rule and
is primarily visceral and umformly rapidly
fatal Hand-Schilller-Christian disease is a
much slower process occurnng in adults
and children and may represent collageniza
tlon and lipoidification of the histiocytic
lesion This is possibly the same sort of con
dition because some of these cases espe
cially where there 1s damage to vital organs
go on to fatal termination as In Letterer
Siwe disease In all therefore much argu
ment can be presented to indicate that all
three have much simflarity They differ on
the basis (1) of seventy wnth particular
attention to visceral involvement (2) of

Fic 248 Eosinophitic
(From Dr 3 3 Pomeranz

granuloma.
Antero-
posterior and lateral views of skull. There
are multiple zones of bone destrnction
rd;;:ﬁbwt the calvaria. The leslons are
y dreolar and have In general 2
halo of further eromon around them.

the age of onset—the earlier the mvolve-
ment as a rule the more serfous the prob-
lem (3) that milder manifestations may
represent certaln healing sitwations as In
the possible lipoldification of the Tustiocytic
lealon in Hand-Schilller-Christian disemse.
It is rather interesting that disbetes In-
sipidus™ and infiltration of lung fields'* have
been described 1n eosinophilic granuloma, a3
well as 1n Hand Schiiller-Christian disease.

LocaLzaTion The lesions may be foand
widespread throughout the skeleton. They
are more common in the anal skeleton, in-
cluding the skull but the limbs are fvotved
also (Figs 247 to 252)

Crrsmstry No gross blood-chemsiry
changes are observed in this condition. How
ever the blood count may show moderate
Teukocytosis at times assoclated with rela
tive eoslnophulia.

X maY Fomomos The leslons are def-
nitely bone-destructive ar Iytic leslons and
there may be some periosteal new boge for
mation particularly when the lesion 15 close
to the subperiosteal ares (Figs. 249 250
and 251) As indicated above the Involve-
ment s of the axial skeleton Inclading the
shull and the proximal extremitles, pri



marily above the elbows and the knces as
well as the ribs (Figs. 247 248 and 252)
Otber areas however (even on the lower
portions of extremities even Involving the
fingers) have been olserved and noted

The most common aren affected is the
skull primarily involving any portion of the
calvaria The leslon is sufficiently destruc
tive so that pathologic fractures are com
mon and once fracture occurs healing is
promoted as a reaction to the fracture

Although onglinally many cases were con
sidered to be solitary careful skeletal survey
after finding one lesion often has disclosed
lesions involving other portions of the skele-
ton One must, of course bear tn mind that
there may be assocated changes and 1o
volvement of soft tissue as well as of bone.
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At times one leslon may occur and beal and
then other lesions will appear elsewbere in
the skeleton and heal and still others appear
somewhere else ngain—somewhat of a chain
reaction

Pathology: Grosa Aprramance These
leslons are destructive in type and are
roughly round or oval The area destroyed
by the lesion is replaced by soft tissue This
soft tissue varies in composition depending
upon the stage of the lesion whether early
or late In the early lesion, this tissue 1s
quite soft and brown but {t is not necrotic
and therefore not frinble Later the lesion
becomes fibrous and grayish in color
Hemorrhage may occur in these lesions as
degeneration of the lesfon progresses or
when fracture occurs it will show as gross

F1o 249 Eosinophilic granuloma. (From Dr )M
geﬂa lbn:o”ob{lique views of forearm. This is a
distal of the radius with destruction of the media] There
perfosteal elevation and pew bone formation st the Junction of the inm]\.:;

and uninvolved portions of the radial shaft, There
giving rise to the multfloculated appearance.

M Pomeranz) Antero-
very large lesion involving
cortex.

13 some reparative reaction
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evidence of blood extravasation Necrosis
of the leslon may also occur and then the
tissue will be found to be quite friable

The lesion 18 purely destructive but may
produce new bone formation “Moreover,
when fracture occurs, there 18 proliferative
reaction to the fracture with new bone
formation

VMicroscoric Apprarance  Patholegists
agree that the primary pathologic cell 1s the
histiocyte which shows as sheath like col
lections These cells may contamn elther
droplets of neutral fat or disintegrated cel
lular material These histiocytes coalesce to
become multinucleated glant cells This is
particularly noticenble when there has been
hemorrhage and/or necrosis for they then
pick up the débris of eosinophils red blood
cells and other cellular breakdown material

The early lesions contaln large numbers
of focal collections of ecsinophils, and it is
thes finding which apparently 1s a secondary
reaction which resulted in the term eosino-
philfc granuloma.

Lipord Granulomas

Fw 250 hilic

granuloma g‘lgx. 250 and 251 from
ol

The histiocyte the primary cell of this
process appears to be derrved from the
reticulum cell of the marrow With matmna
tion of this lesion fibrosis (and sometimes
xanthomatosts {f there 15 a lipoid infiltr
tion of the histiocyte) occurs This plcture
then approximates that of Hand Schifller
Christizn disease particularly since i th
older lesion the eosinophils disappear

A diffenng point of view however is pre
sented by Jaffe and Lichtenstein ™ whe
state that this Jesjon may heal spontaneoush
by resolution and does not have to g
through & stage of lipoid Infiltration.

Treatment. Curettage I3 curative xmay
therapy is very effective After curetiage 1
1s not pecessary to put In bone chips al
though one may do so 1f be 8o desires. Fol
lowing roentgen therapy the lesions fill in
and appear to henl beautifully

fs. Prognoss is good in the ma
jority of cases This infers the benign type
of solitary or multiple mvolvement, How
ever ashas been indicated this may overlap

Dr M M
Anteropostenor view of lower ribs.

lessons In r!ghtntuthlnddc‘m!hrthPn'luﬂellmt
ing and reaction bave occurred. Bone formative response

is seen in the

involved areas An osteolytic central zone is present In the ninth rib



to assome characteristics of the more serl
ous reticuto-endothelial affections such as
Letterer Stwe and Hand Schiller-Chrstian
diseases In theee instances the prognoss
woukd be related 1o the seventy of the dis
order and the estent of visceral involve
ment

LETTERER SIWNE DISEASE

(Svn Reticuloendotheliosis  nonhipoid
reticuloendotheliosls  nonlipoid  histiocy
tosis.)

History Apparently this syndrome or dis-
case entity was not identified until Letterer!
deecribed it In 1924 It was subsequently
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reported upon by Slwe? in 1933 Letterer
reviewed the subject in 19342

Incidence. Tt {8 a disease of infants rare
after the age of 2 or 3 There are not many
cases reporied Both sexes may be affected
It Is regarded by some as an acute form of
Hand Schilller-Christian disease

Etiology The etlology Is unknown, al
though some have postulated an infectious
background because of its acute course
terminating fatally

Clinfcal Features: PrysicaL—SIGNS AND
Syuproums These may be divided into 2
phases local and systemic. Local lesions
are found in the skin the Iiver the spleen
the lymph nodes the lungs and the skele

Fio. 251 Eosinophilic granuloma. (Same
views of both upper femora Lesion are

Involves the femoral peck. Secondary rea

patient as Fig. 250 ) Anteroposter]
éxl:dl:;;]hgunon 'l‘halon'.herl-ull:i

an: tis are present The leslon in

the Jeft femoral shaft ls eccentnc and somewhat at phcal. Ther

lateral cortex without secondary reaction. w ¢ destriction of the
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Fia 252 Eosinophilic granuloma.
(From Dr Al M Pomeranz) Antero-

poasterfor view of left hemithorax. Large
multiloculated leslons are present in the
pasterior porttons of the filth and the
nintk by Secondary healing reaction Is
present. Sclerosls is present. Compare
with Flgures 48 and 250

ton and they are of two forms, according to
Jaffe'—nodular and diffuse Tbe modular
lesions occur particulardy in the lymph
glands the spleen and the thymus the all
mentary tract tbe skin and the bone mar
row The diffuse lesions occur in the pleura
the lungs the dum, the kidney the heart
and the pancreas Systemic reactions are
fever and malaise the fever being of a per
sistent Jow-grade spiking type There s a
secondary aremis and the child's course is
downhill until the fatal termination results
(Figs 1253 to 255) This may occur very
rapidly and often does so fn a matter of
weeks but sometimes it may take a year or
twa Involvement of the base of the shull
and therefore of the pitwtary-gland reglon

and the bulbar tissue can be assocuated wity
unilateral or bilateral exophthalmas, dis-
betes insipidus, and other findmgs sugge-
twve of Hand-Schiiller-Christian disease.

In this condition it appears that the re
sistance of the patient Is much less evident
than #t 15 in eosinophilic granaloma e
Hand-Schilller-Christfan disease, As a e
sult the visceral involvement Is infinitely
more intense than it is in the other forms.
The bone lesions, although they do occr in
this entity are relatively secondary because
of the very rapid and severe course of {his
disense

Nevertheless bone lesions do occur which
in every way are practically identical with
those expected in the other two members of
this triad (Fig 253)

Rornrornoamaruic Features. The roet
gen findings in Letterer Siwe disease are apt
to be much more mtense than these ob-
served in coalnophilic granulama. Very
marked destructive change in one or more
areas can be ohserved (Fig 253) This, bow
ever {3 not common for the pelmary change
is visceral Furthermore the progress of the
disease 1s 50 rapld that fatal termination
before widespread skeletal destruction may
resalt.

Tt is possible that, since lungs are fn
volved infiltrative changes can be seem
there particularly on the roentgemogram
(Fig 254)

Pathology: Gross Arprazancr. Growly
the tissue Is diffuse or nodular and Invades
the various tissues mentloned above. There
appears to be marked cellulanty in this
stuation with very little fibrous tissoe o
healing reaction evident There s little o
no lipold deposition

Agrmuy in addition to the moduler
lesicns that destroy the bome particularly
in the metaphyseal area there appears (o be
3 marked invaslon of the marrow which
need not show roentgen rvidﬁ;jce og destrw
tlon Only on miex ic examination
thedeg;'ieufcxmmoflhcla!mbe
evident

Alicroscorc Aprranance. The basic cell



Fia. 253 Letterer Siwe disense (Figs. 253 to 255 from Dr Homer A Graham)
Infant 8 months old, admitted June 18 1948 with pain in the left ear and mastoid
swelling for 3 weeks. Lowgrade fever persisted wath no response to penicillin, The
left mastoid area was incised on July 9 1948 with subsequent continuation of draunage
On July 27 1948 the left mastold area was explored and found to be filled vnth gray
yellow tissue and necrotic bone. A microscopic di. of hilic was
made Roentgenotherapy was begun Temperature elevation continued. By August 12
1948 the infant was ].mndiced and the liver found to be enlarged. The pmthromb!n
time was reduced to 18 per cent of pormal A diffuse petechial eruption developed
Peritoneoscopy was performed on Septeraber 30 1948 and showed a firm gray liver
with black pigmented spots. A biopsy indrcated histol findings compatible with
Letterer Siwe disease Death ensued on October 6 1948 but no postmortem examina
tion was performed. The fulminating fatal course had lasted a lttie over 4 months

Anteroposterior and lateral views of skull. Note the circumscribed osteolytic lesion
behind the mastoid bone There appenrs to be another In the vertex. The has
RoDE 30 npld]guo a fatal termination that there has been no healing reaction Con
versely there not been time for greater bone destruction to occur

Frc. 254 Letterer Siwe disease (Same
patient ss Fig 253 ) Anteroposterior
view of chest. Infiltrative changes are
present [n the long fields. This is pre
sumed to be a reticuloendothellosls of
the lungs clinically diagnosed as broncho-
preumonia

agun is a histiocyte In this [nstance it
differs from the other two diseases of this
tribe in that this cell does not contain large
2mounts of cholesterol esters FLosinophilic
wranaloma shows cholesterol esters in the
histiocyte in 1ts healing stage and Hand
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Schiiller-Christian disense shows continual
Iiposdafication of the hstiocyte

We might consider that histologieally
Letterer-Siwe disease nppears to be prac
tically 1dentical with eosinophilic granuloma
except that 1t 13 much more diffuse This Is
particularly evident on comparison with
cosinophilic granuloma in its early stages
The predominating cell pattern in early
eostnophilic granuloma and n Letterer
Siwe disease conslsts of proliferating histio-
cytes with collections of ecsmophils There
is no fibrosis and practically no foam-cell
accumulations (Fig 253)

Treatment. There is no pecific treatment
or am eflect which has been observed or
described It has been suggested that cor
ticotropin In eosinophilic granuloma might
be useful possible extension of this treat
ment to Letterer Siwe disease might be con
sidered although reports upon results from
the use of this drug in Hand Schiiller-Chris
tian disense and eosinophilfc granuloma
have not been startling

Prognons. Prognosis 1s poor This disense
ustally s very rapid and terminates fatally
The majoc hope of course is that it may
Pprove to be a phase of Hand Schiiller-Chris-
tun disease or at least that the patient may
show a resistance to the disease that Is char
acteristic of the reaction to Hand Schilller
Christian disease.

HAND SCHULLER-CHRISTIAN
DISEASE

(Svyx  Lipoid granulomatasia of bone)

Historical Notes. In 1893 Hand described
ths climeal syndrome which may be
summed op as follows

[ Multiple defects in the shull (Fig
236) Subsequent to this there have been
added defects in other bones.

2 Exophthalmos

3 Duabetes insipidus.

4 Other pituitary symptoms such as 1
fantllsm, dwarfism and occasionally adi
Posogenital syndrome which is also termed

Frohlich s syndrome

Ia Ius original report Hand also discussed

Hand-Schiller-Cliristian Disease 319

the gross patholomy of an autopsy specimen
of a child aged 3 with particular emphasis
upon the yrllow spots in the shull which he
thought were due to tuberculosis*
Schilller? reported 3 cnses in 1915 He
considered that the symptoms of this dis-
ense were related to pituitary dysfunction.
Christian® added another case—that of a
S year-old girl—in 1919 He also considered
this to be pnmardly pituitary dysfunction
In 1921 Hand* revised his original con
clusion that it might be tuberculoms but
also argued agmunst pituitary dysfunction.
In 1928 Rowland® referred to the entity as
a xanthomatous degeneration of the skele
ton He considered it to be a derangement
of cholesterol metabolism In 1930 Chester®
thought that this condition was due to an
{nflammatory reaction involving the reticulo-
endothellal system in bone He pointed out
the hitiocyte as the important cell which
takes up cholesterol esters and he suggested
the name Lipoid granuloma of bone rather
than xanthomatosis because the diagnosis
of xanthomatosis irnplies & disease of lipoid
metabolism or a storage type of disease
Since the present term lipold granulomatoesis
infers an inflammatory phenomenon today’s
opinfons largely coincide with Chester’s
conclusions. It is considered an mmflamma
tory disease not a condition related to
xanthoma of the skin A normal cholesterol
and the nsual absence of skin lesions are
considered corroborating facts
Incidence, This condition has been re-
ported more commonly in males than n
females but there 1s not a great dispropor
tion It occurs prumarily in early life from
the first to the tenth year but has been re-
ported 1n adolescents and even In adults
Etlology The etiology like that of Let
terer Siwe disease and eosnophilic granu
loma is unknown It appears that in all
three of these diseases the primary cell is
the histiocyte and that there is secondary
reaction to inflammation of the reticulo-
endothelial system. In Hand Schiiller-Chris-
tian disease bollhrg’e bony system and the
viscera are involved In eomnophilic
loma the bone is affected ::f rnmf-r::]l?
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but 1n rare cases visceral changes have been
observed In Letterer-Siwe disense the dis-
eas¢ {s fulminating and widespread Visceral
changes are predominant but changes in
bene and skin occur

With a common cell therefore and an
unusual sort of inflammatory reaction it fs
reasonable to presume (as has been advo-
cated by pathologlsts such as Mallory?) that
these diseases are all related and are sumply
reflections of the same process as it occurs
with varying degrees of severity

Clinieal Charactensties: Pryvsicar—Sions
AND Syarproms In view of the fact that the
skull Is primarily and more unlformly in

volved than other areas cranlal symptams
would be most common Therefore, dpy-
pituitansm Is a frequent sign These latter
symptoms 1nclude polyuria and polydipsia
(diabetes insipidus) thus Indicating in-
volvemnent of the posterior hypophyss, An-
terior hypophyseal involvement may pro-
duce dwarfism or infantilism. The petrous
portion of the temporal bone may also be
mvolved with resultant effective deafnesms.
The local skull lesions will show swelling
and at times pulsations and upon pressre
distinct sensations of defect in the bone will
be felt.

The face may be asymmetrical and ex

Fio 256 Hand Schiller-Christian discase (From Dr Eggene P
Pendergrass) White female 234 years old. Three months history of

numerous soft

on the head. Downhill course asso-

ciated with persistent vomiting Final termination fs not known for

certain ay this

t was lost to observation. Lateral view of skull

There are multlple sharply outlined defects in the skull. The

of these lesions show an c&?;{on of the surroun:
cates progressive spread e size of the
position m this lateral view indicates wide-

The apparent superim,
d dissemination.

marging
bone which {ndi
z0nes s



Fia 257 Gaucher s disease (Figs 25,
to 261 from Dr \ ) TPomeranz) Lat
eral view of skull. There is thinning of
the tables with increased widening of the
diplod especiallv  about the occipital
area,

ophthalmos unilateral or bilateral is a com
mon phenomenon. Involvement of other
bones il be associated with swelling ten
demess and defects to palpation there

The classic description of this condltion
wuch like that of Hand s usually a late
stage of this disease and earlier phases may
wmply show a single soft lesion 1o the skull
for instance \1sceral changes may be man!
fested on the basis of generalized lymph
adenopathy  splenomegaly  hepatomegaly
and involvemnent of the lungs and the pleura
Lung changes uwsually are mamfested as 2
fibroais. The skin also may be affected by
these lipord granulomas but rarely

Crexistey There is no specific chamac
teristic blood chemical finding however
there may be an occasional leukocytosis or
casinophilia but this Is not constant either ®

Blood chalesterol levels which are found
to range to very high levels in multiple
mnthomatosts are not abnormal In this dis-
cse or if they are elevated at all there is
only a slight elevation

Roextornocmarnic Fixpixos The indl
vidual lesion fs a sharply outlined clear-cut
defect in the bone imolved It may be
placed deeply i the bone or 1t may extend

1and-Schiiller-Christian Disease 321

Frc 258 Gaucher s disease. (S.lmepa
tient as Fig 257 ) Anteroposterior view
of pelvis and upper femora \ote osteo-
porosis of the femoral shafts thinning of
the cortex of both femora, poor cancel
lous bone detall and considerable promi
nence of the medullary shadows. There
nre degenerative changes of both femo-
ral necks and hesds. The left one shows
considerable destruction the right one
shows deformity smilar to changes
found in Legg Perthes disease.

to invaolve or break through the cortex of a
long bone or through elther table of the
skull (Fig 256) Schilller has considered
that some sclerosis {s evident around the
penphery but {t Is not uniformly agreed
upon It is probably Impossible to differen
tiate on x-ray plcture alone between this
condition and the other two of the triad of
this group *

Pathologyr Gross AppEARAXCE. There are
vellow areas containing dark red inter
spersed patches These dark patches are the
result of old hemorrhage In the skull fn
particular there may be lesions fnvolving
pnmarily the outer tables and under the



F10 259 Gaucher s disease
tent as Fig 257') Anteropasterfor view
of lower femora and knee joints. Thin-
ning of the cortex and patches of medyl
Lary cancellous bone destruction are seen
in the midshaft apd the lower third of
the fernora The most striking finding 1s
the bilateral club-shaped widening of the
lower femora, the eyer flask de
formity

side and penetrate to lift the dura * Lesions
may oceur in the reglon of the pituitary
gland produce pressure there and extend
forward to the orbital fissures They are the
same type of yellow granulomatous appear
ing lesions with interspersed patches of
bemorrbage scattered through them

The invalvement is not alone of the bony
system but may mvolve the brain the
pleura the I er the spleen the lungs and
the Lidneys —tarely the skin

Micmoscoric APPEARANCE There is ev1
dent granulation tissue made up to large
degree of praliferating reticulum cells and

i

thelr derivative cell the histiocyte. It is this
cell which fs the primary cell in this disease
and it {s this cell which collects cholesterol
nndbccomcsufoa.mce{]_“’hmtbelaiouiﬂ
healed the histiocyte that has become £
foam cell by Inclusion of cholesterol begn:;
to disappear and eosinophils also not
carller disappear Fibrosls with glant-cell
formation that possibly represents coales-
cence of many amall reticulum cells makes
its appearance, but there 1s no bone pro-
duction 1¢

Treatment, \ ray therapy appears to
have some effect and curettage of lestons If
solitary may be helpful here as it certainly
is belpful in eosinophilic granuloma The
discaseprocexs!ngmcmluppmrstobcn
relatively slow benign but progressive one
Eventuslly many of the cases termioate
fatally but wsually from intercurrent dis-



case There could be and there undoubtedly
1s. fatality that renlts from involvement of
vital organs

GAUCHER'S DISEASE

Definition. Caucher s disease is o derange-
ment of lipoid metabolism in which herasin
deposition may affect the entire reticulo-
endothelial system This includes bone as
well as other tissues (Figs 257 to 261)

Histery The first description of this dis
ease was in 18821 The first description of
the bony lewons was o 19052 In 1933 a
dassic study of this diseate including a
dassification of draeases of lipoid metabo-
lism was published 3

Etiology This disease is part of a general
disorder that may and usually does nvolve
he entire reticulo-endothelial system

Kerasin s taken up by the ustiocytes of
the reticelo-endothelial systerm There s
some evidence to suggest that this may not
be the normal cerebroside Lerasin but a
glucose-contaiming vanety At any rate the
Lpd filled histiocytes are known as Gaucher
cells and are pathognomonic of this disease

In line with this thought, an interesting
summary of pathologic and clinical studies
uwpon 2 spleen of a 12 year-old girl with
Gaucher s disease! revealed that the carbo-
bydrate fraction of the hpld isolated from
the spleen was found to be glucose and it
was suggested that there may be two forms
of lipid disturbance in Gauchers disease
oae in which the lipid is a galactolipid like
normal kerasin and the other a lipid com-
posed of abnormal glucose-containing hera
80 Vonnier® considers that the disease 1s
charactenzed by the accumulation of patho-
logic glucokeranin which 1s different from
normal kerasin,

Clindeal Characteristics. There are two
LyPes 30 graded upon the degree of severity
The first is the acnte or malgn form that
occurs only in early childhood Death prac
Uaally always ensues before the end of the
fT3t year of life in this type This form is
characterized by spleen and liver enlarge-

Couchers Disease

Fi1c 261 Gaucher s Jisease {Same pa
trent as Fig 257 ) Lateral views of both
tiblae and fibulae. The right tibla shows
enormous dilatation with condensation
reaction in the upper half In the Jower
half are seen patchy zones of destruction
with cortical thinning The left tibla
shows thinning of the cortex and promf
nence of the medullary shadow

ment as well as by neuarologic symptoms
general hypertonus increased reflexes dvs-
phagra laryngospasm  spathy and cata
tonia Splenectomy 1s unsuccessful in this
type Tt may be diagnosed by sternal or
splenic punctures These punctures will re
veal the Gaucher cell Such punctures are
successful because the disease is throughout
the reticulo-endothelial system

The greater number of these cases ap-
pears to be of the second more benign type
that starts insidiously S8 per cent in the
first decade and 42 per cent between the
ages of 10 and 38 years * These go well into
adult life This group shows splenomegaly
hepatomegaly changes in the blood picture
and bane lesions.
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The disturbance of the cellular metsbo-
lism in Gaucher s disease Is charactenzed
by accumulation and retention of the cere-
broside kerasin in the retleular and the
hustlocytic cells Tt Is associated with en
largement of the spleen and the liver and
at times osseous defects Plgmentation of
the akin, leukopenia, microcytic hypo-
chromic anemis and hemorrhagic tendencles
due to thrombocytopenia are found

RoENToENOCRAFHIC FrvpinNes '\ ray find
ings and osscous localizatlon in order of
frequency are as follows (1) lower femur
{Figs 259 and 260) (2) head and neck of
femur (Fig 258) (3) vertebrae (4) upper
tibm (Fig 261) (5) humerus and (6)
skull (Fig 257)

Roentgenographlic characteristics are

1 Generalized atrophy of moderate de
gree

2 Coarse-grained spongfosa not differen
tiated from marrow

3 Cancellous bone destroyed either in
small well-defined areas with worm-eaten
appearance ot In large medullary patches

4 Cartilage and perlosteum are not in
vaded as a rule An exception® was a case
in which symmetric involvement of both
humer1 with penetration of the cortex and
nvasion of the subperiosteal space occurred
Jolnts occasionally may be Invaded directly ®

5 The cortex is usually thinned

6 Necroms fibrosis and hemorrhage occur
from {nvaston of Gaucher s cells.

7 Club-shaped widenung of the ends of
long bones especially the lower femur oc
curs This 18 referred to as the Ehrlenmeyer
flask deformity one of the earliest and the
most relmble signs as disclosed by the x ray
picture.

When the head and the neck of the femur
are {ovolved collapse and deformity similar
to that of Legg Perthes disease occur Ver
tebral bodies collapse bat do not fringe
upon wntervertebral spaces The skull shows
discrete areas of decreased bone density
Pathologic fracture occurs

CHEMISTRY AND Brood ExauiNaTIONS.
\o diagnostic chemical findings are ob-

served Leuhopenia s observed §
with the leukocytoals found in
Pick disease

Pathology When bone 13 jnw
marrow shows diffuse changes w:
plastic marrow tissue There ar
gray areas and interspersed sohd
gray areas The cortex appears to
outward and thinned by the press
hyperplastic marrow (Figs 259 to

In the spleen the martow car
Jymph nodes and the liver large
tions of Gaucher cells are found.
cumulations also have been fow
posterior Iobe of the hypophyst
fundibulum and the hypothalamw

The Gaucher cell is large fc
slightly granular with a smal
pyknotic nudeus. These cells grou;
and accumulations of them replac
structures of the organ invac
Gaucher cells are filled with L
cerebroside

Differential Duagnosts, This dis
be differentiated from other cases «
megaly If & lesion Is found fn b
definitely indicative of Gaucher’
A leukopenla 1 also present wl
Niemann Pick dlsease for instance
ease Is more rapidly progresatve ai
cytosis with no bone lesion is to be

Sometimes the hip lesion the col
the deformity of the femoral heac
Legg Perthes disease The Ehrl
flask shape of the lower femur will
Gaucher’s disease

Finally disgnosis may be made t
puncture when bone invasion is
and/or by splenic puncture

Treatment. Splenectomy apparet
not affect bone lesions It may imf
anemia and will relieve the patier
enormous uncomnfortable abdomin
\-ray therapy has not produced
ticular effect.

Prognoms. The maligoant infant
produces death, usually within a y
more usunl less virulent form ma
until the sixth decade Cacheriz ev



develops and the patlents die of Intercurrent
drcase

NIEMANN PICKR DISEASF

Niemann Prch dieease s the leayt com
mon of the diseates due to disturbance of
lipod metabolism \ characteristic of this
disease is the almormal storage of phos
pholmpids in the lver and the pleen. OF the
three phospholipids (cephalin Jecithin and
sphingomyelin) the last Is markedly obove
pormal.

A review of 58 cases from the literature
showed 13 cases to be strictly familial
Females were afflicted slightly more than
males, In 22 cases in the American hitera
tare a large proportion of cnses were Jew
[sh. Seventeen were females 5 males All
patients were nfants who died before the
are of 2'{ years—most frequently during
the second half of the second year of hfe
Inall cases mental retardation was present
Some children presented cherry red spots in
the macula of the retina, a commonly re
corded sign of \iemann Pick disease This
conditon wath central nervous system i
volvement with or withoat \iemann Pick
disease 18 known as ‘Tay Sachs disease

Etiology The etiology has been con
tidered to be a cellular dysfunction of the
Ustues rather than storage of lipids taken
up from the circulating blood ! Thus Is not
In agreement with Interesting expenmental
work? in dogs and mookeys and with fur
ther worl? in which these nvestigators suc
;!edcd in prodoeing deposstion In the tlssues

manocytic cells loaded with phagocytosed
"'E*d-i simflar to the cell accurmulations in
Niemann Pick disease These depositions
Rere produced in the animals by Intrayenous
‘:’)ﬂ:ﬂum of sphingomyehn. The nmilarity

findmgs m these experimental ammals to

Refercices 125

true \lemann Pick diccase is amazing this
<ugpests that further research is needed on
this subject

Clinrcal Features: Laporatoxs Frsorves
The blood usunlly <hows hypocliromic ane
mia with o normal or elevated shite count
Blood smears exhibit many lymphocytic
clements filled with large vacuoles This is
especially true of sternal puncture Blood
cholesterol is often elevated Blood neutral
fat or fatty acids are always increased

RoevtcenocrAus The bones may reveal
generalized osteoporosis The picture 1n
bone ts least characteristic in this disease of
all other hpold-disturbance diseases

Pathology The pathognomonic cell is a
large clear cell derived from the reticulo-
endothehal system and comparable with the
Gaucher cell 1t 1 of a more foam) appear
ance and is without striation The substance
found in this cell and charactenstic of 1t
Is sphingomyelin which 1 soluble in abso-
lute alcohol and stains with Wegerts
method for the complex lipids

Lipoid deposits are found in the histio-
cytes of all the organs in the body

Treatment. \ ray therapy splenectomy
and radium appear to be of no avail t How
ever it 18 of interest that a 12 month-old
girl with climeal symptoms indicating Nie-
mann Pick discase was treated with Liver
extract Blood cholesterol dropped from 500
to 200 mg The palpable spleen and lrver
enlargement disappeared Presumably com
plete recovery occurred within 6 months
This case on check up was not clearly \ie-
mann Pick disease jet }t was some form
of lipold disturbance Enlarzed spleen and
liver with lipemia were present. This cer
1ainly would appear to justify further trials
in proved cases of Lipoidosis

The disease s uniformly fatal

n almost all reported cases
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Paget’s

(Sys  QOsseous dystrophy  osteitls de-
formans ! rarefying osteltis with distortion
and thickening of bone hereditary heter
ogenous asteopathy )

HISTORICAL \OTES

In 1877 Paget® reported 5 cases of a
“rare disease” and lncluded Wilkes (1869)
report of spongy hypertrophy of bone (Fig
262)

This disease cannot be considered rare.

Although Paget’s description was the fint
clinical one it was not even a new disease
at that tIme Sugarbaker® {ndicated that
N\eanderthal man may have demonstrated
the duexse It has been described also in
Egyptlan mummies Both the monostotic
md the polyostotic forms have been de
scribed in recently uncovered remains of
Prehistoric Amencan Indlans Lesions which
storulate Paget s dlseass have been described
In fowl horses and goats, and fairly typical
Qses have been found In monkeys? Den
nisgert presented the morphologic changes
1d the roentgenographic evidence of osteltis
deformans in prehistoric American Indian
skeletons from the Illinots Ruver Valley
regwa Four of the skeletons showed the
generalized form of the disense and one the
menostotic vanety Fisher? showed further
changes typical of Paget s disease in Indian
skeletons. He demonstrated howing of the
;‘:’3 and thickenmg of the duphysis (Fig

Altbough Paget was the first (in 1877)
dearly 1o describe the disease Czerny! had
Wed the term osteitis deformans in an
arller publication unknown to Paget In
1891 von Reckinghausen® included Paget s
Qes a3 one varlety In & common group of

CHAPTER SIXTEEN

Disease

generalized fibrous osteltls Throughout the
literature since that time there has been
much confusion wth regard to differenti
ating Paget s from von Reclinghausen s dis-
ease of bone

It was difficult clearly to separate thess
conditlons until the classical studies of
Kienbbck™ and Schmorl* These studies
tended to clearly differentiate these diseases
and finally JMandls® results in von Reck
linghausen s disease by extirpation of the
parathyrords completed the differentiation

Paget s report on osteins deformans as
he termed this condltion Is still a clear and
true description of advanced stages of this
disense However his statements (1) that
the disease {s usually symmetrical (2) that
the limbs no matter how misshapen remain
strong and fit to support the trunk (3) that
the disense is observed only in patients over
40 years of age and (4) that the disease Is
mflammatory i nature are not completely
the modern concept

It is true that all of the above tenets go
into the making of a typlcal case but all of
them may be violated and stlll the patlent
may have Pagets disease Braflsford!® re-
ported one patient with Paget s disease who
was 27 years of age The senior author has
seen & patlent of 28 years of age with an
advanced phase of this disease (Fig 264)
\\ agner!! reported Paget s disease in an 18
year-old male In general however the dls-
ense does occur In patients over 40 and most
cases are observed betwneen the ages of 50
and 70,

INCIDENCL

As early as 1915 it was obwlous that
Paget s disease was not a rare condition,
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By that time more than 300 cases had been Schmor] s* classic autopsy stedes,
collected 1n the literature However with ported fn 1932 have never been equaled
the advent of routine xray examination, in respect to thoroughness and statwtial
mamy more cases came to light accuracy (see Table 7 on p 329)

b - =

Fio 262 Pagets disease (From Medical Classies 1 55
1936 Paltimore W Mliams & Wilkins Co ) Sketches made of

photographs of Sir James Paget s origina) cae. wwet
«ketch contrasts the pattent s hat size in 1844 with that in

1876
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Fio. 263 Paget s disease These prehistonc Indian tibiae show characteristic bone
overgrowth and bowing deformity The sectioned tibla on the left shows a typlcal
overgrown trabecular pattern. From Fisher A K. Ann Med Hist 7 198 1933)
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Fio 264 Pagets disease. (From Dt
George Bennett, on whose service this

patient was studied by the senfor au-
thor ) Wnte female, 28 vears old. Lat
eral views of both tibine The left tihia
shows advanced Paget s disease with con-
siderable osteoblastic reaction and over
growth,

Numbers of reviews which report many
cases are in the literature of these may be
mentioned Nichols and Raines!* who re
viewed 48 cases  Sugarbaker ? who reviewed
51 cases Brunner!? 26 cases Newman !4
82 cases Brailsford ** 154 cases Vood *
130 cases Delitala !® 110 cases Dickson™
et al, 367 cases and many other reports
throughout the literature almost too numer
ous to mention in which as many as { to 5§
cases are reported.

The incidence with regard to sex is of in
terest because of possible tie-up to aberra
tions in the sex hormone picture which
might be presumed if the disease state were
found to ocrur predominantly in one sex.
This 13 not s0 however because in the litera
ture although a moderate edge Is given to
males there 1s a very large number of cases

among females Thlsbbuumtbyzh
suthors  experience  Furthermore  most
cases in either sex have a periectly normal
sexual history and studies of 17 ketosteroids
and urinary estrogens are not grossly ot
of line

In 51 cases Sugarbaker® reported the b
cidence of males to females as 3.2 Brm-
per 1 in 26 cases reported 19 mak to 7
female In 154 cases Brallsford™ noted 82
males to 72 females.

Paget s disease has been reported fn mare
than one member of a family in many -
stances 1" Parkes Weber and Hober!® re-
ported the disease in three sisters. Kolla
presented two family trees In which Paget’s
disease had occurred as 3 cases In one and
2 in another which can be considered s
beyond mathematical probability of mere
chance Furthermore he found 27 other
families In the literature with more than ooe
Paget s case. In 3 such fam{les 4 clearcut
Paget's cases were found In 7 families, 3
cases each were recorded In 17 families,
2 cases each were reported

Geographic location way or may not kave
significance Tt Is possible that it is described
only infrequently in China® because of lack
of thorough medical checkup ratber than
becaute of location or dietarv habit. The
literature contains case repoxt;frum prc
ticall locale In the worll

Sea’.:.ocl::yppanr to have no particular rela
tlonshup primarlly because this disease Is of
chronic type requiring years to develop
into 1ts full blown phase

DISTRIBUTION

This disease process in one repoct o€ A
other has been described in every bone i
the body including the metatarsals and the
metacarpals. Conversely the maost disseml-
nated polyostotic cases ahow uninvotved
areas  fact which led Albelght® to refer
mthisualocsllrtdbmedthube:scvitbwidt-
spread distribution rather [}
b‘znc disease such as hyperparathyroldism-

Thys i an 1mportant concept. Generalised
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Fio. 265 Dagets disease. White female 66 years old. Anteroposterior and lateral
views of left tibia. Roentgenograms of February 22 1954 reveal an carlﬂ' osteolytic

phase of Paget s disease in the lower third of the tibix. A complete short obl

que undis-

fracture line s retouched and is mdicated further by the arrows. Treatment

Cu:.nncd of fmmediate a
encouragement of
Roen

tion of a plaster boot with attached walking heel and
welght bearing desplte inltial pun
of June 16 1954 indicate no progression of the Pagets discase

process In fact, there is bealing reactlon in the cystic tibial lesion Thus case is one of
many which confirm the authors opinion that trauma does not cause progression of

1;'8“1 disease. Voreover If functional activity {s maintained
ote,

rosis fs avolded.,

esteopo
incidentally & comparatively rare instance of Pagets disease Involving the

bone disease Is exemplified by ostestis fibrosa
rroenalisata or osteomalacia. In these con
dithons gross or microscoplc changes will be
noted throughout the skeleton

Pagety disease on the other hand is 2
localized or (as the suthors prefer to de
scribe ft) a disseminated process. When
L widespread and progressing  some
Meas even of involved bomes will be un
wlected. Albnght™ reported one case m
*hich alf bones were Involved This is ex
eptional and probably would still fulfll the
:nbw' tenet The Inadence of localimtlon

the varying parts of the skeleton has been

well outlined by Schmorl * with whose au
topsy data the authors clinlcal experfence
coincides  Schmorl® in a report of 4614
autopsies (1932) found this disease to be
distributed as follows (1) sacrum 56 per
cent (2) splne 50 per cent (3) right
femur 31 per cent (4) skull 28 per cent
(5) sternum 23 per cent (6) pelvis 21 per
cent  (7) left femur 15 per cent (8) clavi
cle 13 percent (9) tibia 8 per cent (10)
rib 7 per cent and (11) humerus 4 per
cent The extra percentage above 100 per
cent merely indicates that numbers of his
cases bad multiple involvement
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The conclusion Is that those portlons of
the skeleton most subject to stress and
strarn show the greatest ncldence of in
volvement.

ETIOLOGY

1t Is of great interest to follow the mynad
listings of the etiology of Pagets disease
Only in a condition m which the etiolegy 13
as yet unknown could so many far fetched
causes be listed

For years this disease was confused with
von Recklinghausen s hyperparathyro{dism.
The final disassociatfon came about only
after Mandl® reported the effect of para
thyroidectomy upon von Recklinghausen s
disease Yet despite the immense amount of
work done in the field of bone metabolism
since that date no clear-cut etiologic factor
for Paget s disease has been uncovered It Is
of Interest to review various thoughts that
have been advanced in regard to etfology

1 Trmumse A few instances have been
cited in which Paget s disease is alleged to
follow trauma. A typical report 18 exempli
fied by Spota 2 who described a T fracture
of the Jower end of the humerus sustained
in a traffic accadent by a male of 28 Subse
quently Paget’s changes appeared in this
aren.

Liévre™ stated that in some cases of
monostotic Paget’s disease trauma may
have preceded its development

Snapper® observed monostotic Pagets
disease of the tibia in & male of 29 a few
years after a football accldent

Lewin indicated trauma to be an aggra
vating factor He indicated rapid progress
of the disease after trauma even 1n early
cases of Pagets involvement. The proba
bility is that he did not realize the degree
of osteoporosis that follows simple immobi
lization of bones involved by this disease
(Fig 265) He therefore confused such
osteoporotic changes fn the x ray picture
and assumed them to be actual progression
in the disease

Attempts to relate this disease to trauma

occur only a few times in the literature
wherens the overwhelming opinion fn num.
bers of reports does not relate this disepse
to trauma.

In regard to those cases cited above for
sake of completeness “one swallow does ot
make a spring.  Obviously trauma s fnfi.
nitely more frequent m octurrence tha
Pagets disease So actually any cases 5o
related are probably simple comnadence

It must be remembered that very eady
Paget s-disease change may not be shown
clearly on x ray examination or by chetual!
exammation yet the Involvement of 2 bupe
area by this process makes {t more suscept-
ble to fracture. There are thousands of cases
reported in the literature in which there has
been no established relationship to tramma
The senior author has observed cases of this
disease with injury—even fracture—in nor
mal bone areas which never develeped otte-
itis deformans changes The authors state
unequivocably that there is no evidence to
indfcate that trauma is an etiologic agent.
Tould that the etrology were so simple!

2. Vitamins. Avitammosls A has been &d
vanced as an etlologic factor in Pagets dis-
ease One case of alcoholic liver dusease
which showed abnormal vitamin A studles
as well as Paget s disease is cited ™ On the
basis of this an elaborate theory postu
lating fnvolvement of the reticulo-endothe-
Ial system in bone marrow and especially
the lver is presented @ According to this
report ® since the reticulo-endothelial cells,
particularly of the liver are the site of the
conversion of carotene to vitamin A, avita
mincals A fs pastulated as the etlologic agent
in Pagets disease Therapy therefore I3
indicated to be prolonged admmistration of
vitamin A.

Studies on 6 cnses of Paget’s diseaxe™
showed very low serum vitamin A values.
When vitamin A was given calclum was de-
pressed from 14.5 to 12 mg per 100 cc s
other words when the Paget's-dsease cases
had hypercaleemia vitamin A reduced it
These workers conudered that there ¥3 &
relationship between low vitamin A liver



disease and Paget s diteawe In the authors
experience hvpercalcemia does not occur in
Paget » disease except on bed rest or after
immobllimtion Thev have not noted amy
particular therapeutic advantage derlved
from vitamin \ administration Snapper™
reported that in parts of North China
where «evere avitaminesds A fs the rule very
few cases of Paret ¢ dicense are olrerved
In spite of all this <tudies on vitamin A and
other phases of liver and reticulocndothelial
function are being carrled out by the
authors,

It also must be remembered that excess
vitamfn A can produce changes of cortical
thikening {n bane Thut has been reported
Inchildren {t is actually the result of toxic
Intakes of this <ubstance In a way these
chomges of vitamun \ overdosage can be
likened to some phases of Pagets disea.e
(Fig 246)

3. Endocrine Disorders. Endocrine dis-
orders with parathyrold dysfunction ™ also
tytold and adrenal derangements  have
been advocated as etfologic factors

Itm primarily of historical interest to
reall that Ballin * in 1933 clearly felt that
byperparathyroldism  was responsible for
Paget 3 dicease Altkough work done by that
time disassociated these disease states this
Attitode only highlighted the common opin
koo of the day Tt must be remembered that
thes mas close to the time of Mandl s report *
in 1926 on the effect of parathyroidectomy
9pon von Recklinghausens diseate and
many workers felt that this was the answer
1o most bone disturbances

Conversely  Zimmer™ thought that the

was due to lach of parathyroid hor
:’r"‘:;}‘ﬂ]ir: 1930 he advocated the use
one in t e

he treatment of th

P Gutman and Parsons® clearly separated
zet s disease from hyperparathyroidism
Observers since then {ncluding Relfenstein
::d Albright 1 have concurred in this dif
of liation Of interest was the argument
Relfensteln and Albright 1 1n 1944
Rt an endocrine or a metabolic back
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ground which they based on the fact that
this dicease is spotty not generalized in dis-
tribution through the Lody Yet, In their
hook 2! they described a case in which all
the hones of the body were involved The
patient refused study and there was no proo{
that the entirety of each bone was involved
as would occur In an endocrine disturbance.
In the authors opinton 1t could have been
a metabolic disturbance with a spotty but
ever widening distribution like that of
arterfosclerosis

Coste® Indicated some association with
ovarlan function reporting an increase of
the diteate symptoms following odphorec
tomy and relie{ of symptoms with stilbes-
trol Such procedures however have not
resulted in improvement of other cases

Thyrold administration has been a fafl
ure in treatment and the presence of a hypo-
thytotd or a hyperthyroid state in associa
tion with this condition is at best coindd
dental Furthermore most of the thyrold
studies were those made prior to radicactive-
iodine pick up and protein-bound lodine
studies

4, Inflammation. Paget s? orlginal conten
tion was that this was a chronic inflamma
tory lesion because of the hyperemia of the
marrow of affected bones on rmucroscoplc
examination

Knaggs™ thought that absorption of tox
ns was responsible Thaler’? considered the
disea ¢ to be an inflammatory morbid proc
ess a nonspecific chronic osteitis develop-
g from focal lesfons.

No one has ever shown clearly that or
ganisms or their toxins play any part in this
disease even In its most advanced state
The hyperemua first observed by Paget and
coufirmed by others is in the authors opin
ton most likely a nonspecific reaction to
dead and dying bone tlssue or Is evidence
of arteriovenous shants.

5 Heredity Jloehlig™ reported upon 40
cases and attempted to relate the disorder
to familial dlabetes obesity and tallness A
family history of diabetes was observed in
13 of 40 cases Thirty three cases had one
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or more members of the immedizte family
who were 71 or more inches in heght
30 cases had one or more members of their
family who weighed 200 pounds or more
12 of the 40 cases had nodular goiter

Parkes W eber'* indicated numerous oc
currences of this disease In & single family
and Koller ** in an analysis of Paget s dls-
ease cases demonstrated that mere chance
could not explain the family occurrences as
regards mathematical probability

In 1889 it is interesting that Paget 37 1n
2 publication 12 years after his first descrip-
tion of the disease wrote ! I have not known
1t in two members of the seme family \lany
have had gouty ancestors but I do not think
more than the equal number of persoans in
the same rank of life TIn his first report,?
however he reported no familial gout The
authors frequently have seen this comblna
tion of gout and Paget s disease

Hereditary stigmata reported colncident
with Pagets disease have been retinitis
pigmentosa, angioid streaks of the retina
and diabetes 3*

In the senuor authors experience many
cases of Paget s disease have been observed
i which one or more members of the sgame
family bave the disease Furthermmore it can
be demonstrated 1n numbers of his cases that
parents have also demonstrated the disease
—whether due to hereditary predisposition
alone cannot be said at this time Some fault
mn differentiation of normal tissues predis-
posing to the development of this disease
when normal physiologic processes slow
with advanced age can well be an hereditary
factor

6. Vescular Changes. Loeper™ opposed
the hypothesis of those who consider it a
cointadence that Paget s-disease changes
bone and calcification of arteries and artert
oles frequently are demonstrable fn the
x ray picture Such vascular changes he pre
sumes to be primarily responsible for the
Paget s-disease changes in bone It is con
sidered that vascular calcifieation usually 18
not limited to areas where bone changes
took place hut frequently occurs i distant

regions However both disesses may be doe
to & common factor

Gaenslen*® considered that arterfosclerosy
might be a contributing cause to this dis-
ease. He indicated however, that arterfo-
scleroatshsacm:nmo:o-nﬁ.ndju‘glut]m.\!E
group in which Paget's dusease h pee
dominant.

In 1945 Edholm et al {* reported a mast
interesting vascular disturbance which they
thought was common In Paget's disesse.
They referred to this as 2 high cardiac oat
put secondary to excessive vasculurity of
bone. In their opinion the vessels in Paget
bone acted like arterfovenous ameurysms,
They confirmed the frequency of high pulse
pressure and cardiac enlargement previomly
reported by Kay et al.** in 1934 These
workers had also noted severe arterfosclero-
sis in Paget’s disense

Confirmation of extreme vascularity of
Paget s-discase bone simulating multiple
arteriovenous aneurysms was demonstrated
by Edholm et al it by establishing high
cardiac output. The method fnvalved studies
by the Lews-Grant plethysmograph to-
gether with observation of signs of cardiac
falure—notahly high pulse pressure and
venous congestion. These plethysmographic
studies Indicated that there was a great Io-
crense m hlood flow through bome affected
by Paget’s disease The figures were that the
peripheral blood flow through the dlsessed
bone using the nutrlent artery of the
humerzs was 20 times normal. These at
thors inferred from this increase in periph-
eral blood flow & corresponding tncreas: In
cardiac outpat They reported a cardisc
output of 13.3 liters per minute whereas the
normal should be about 4 There was 1bo
elevation of skin temperature overlylng the
affected bones and evidence of cardis
faflure

In a case of advanced Paget's disesst
they applied a tourniquet to an extremity
markedly affected by the disease. The pres-
sure was maintained above the systolic
Then they catheterized the right aund<.
Following the application of the tourniquet



pressure they notedd four things  decrease
fn right auricular pressure slowing of the
pulte decrease [n cardiac output and slight
focreace in diastolic pre<sure These are the
same respanses that follow partial occlusion
of the afferent ve<eel of an arteriovenous
meurysm. Therefore they concluded that
Paget s-discase bone is the site of multiple
arteriovenous shunts,

This 19 2 reasonable consideration because
elevation of local temperature in such bone
bas long been noted Furthermore on micro-
scople section, {t is olmerved that the haver
sun canals dilate and actually become lost
In Iaversian lakes. There Is a uniform shift
of normal marrow to fibrous marrow espe-
clally where the disense is active Further
mare blood supply in bone ends in sinusolds
which by dilatation could give back pres-
sure phenomena.

Storsteen and Jones*’ did further vascular
stodies in Pagets disease They used ar
teriography which demonstrated increased
vascolanity adjacent to Paget bone It falled
to demanstrate arterfovenous aneurysms In
ooe case they demonstrated increased femo-
nl venous pressure and Increased femoral
venous oxygen saturation on the involved
skle This was considered as presumptive
evidence of arterfovenous communication
despite negative arteriography

There has been considerable current in
terest fn the relationship of Paget s disease
ind aardlovascular disease A very complete
Teview of the literature and $4 case studies
¥ere presented by Sornberger and Smedal +
%bo concluded that the colnadence of
ardiovascular disease appears to be greater
I extenuve Paget s disease than among the
general popalation even of the same older
1g¢ group

The principal cardiovascular manifesta
Uons are cardiac enlargement and arterio-
sderosls ! Cardiac enlargement was related
to the following findings in Paget’s diserse
\ogly o in combination (1) increased
ardhc output as 4 result of diffuse in
volvement of the skeleton with marked vas-
cularity of affected bones (2) the afore
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mentioned arterlosclerosis which affects the
myocardium or Its valves (3) osseous de
formity of the cervicodorsal spine and rib
cage which is common in poly ostotic Paget s
disense This in itself may compromise the
pulmonary circulation and help to jnduce
right heart fatlure (4) accompanying hy
pertension in association with vessel calci
fication penpherally or in the kidoeys

The evidence of clrculatory disturbance
was such as to lend Sornberger and Smedal+
to the conclusion that all patients with ex
tensive osteitis deforrmans should be con
sidered as having ‘potential heart disease”
{\ew York Heart Associatton Criteria)

Throughout the literature as the above
attests vascular and even cardiac disturb-
ances have been observed in relztion to
Paget s disense The arguments range that
vascular disease Is a cause that it is a co-
incidence that it is a result or a sequel to
Paget s-cdisease involverment of bome or that
it may be & part of a common causal factor
for the production of both discase states.

Whichever of these hypotheses may be
operative 1t appears without question that
the incidence of vascular disease 1s higher in
Paget s-discase cases than in the general
populations of like age

Furthermore it is apparent that Pagets
disease occurs usually in the age period
when vascular deterforation Is expected to
acour

We Loow that bone has limuted ways to
react to Injury The piling up of periosteal
bone n osteomyelitts as a reaction to in
flammation and necrosis is well known So
too may we presume excessive reaction of
bone In a diffuse pattern if it is widely
affected

Pathologic matenal of esteitis deformans
shows a mosalc appearance of bone—a
crazy-quilt of new and old bone forms most
actively in a meaningless pattern The fatty
marrow becomes fibromarrow  Troe cysts
are pot observed. What appear to be cysts
are acellular spaces and often are considered
to be the results of infarcts

If we assume a diffuse vascular disease



Fro 206 Paget s disease White male 57 ycars old Anteroposterior and lateral views
of lumbasacral area. Note diffuse Paget s disesse Involving the fifth lumbar vertsbea and
the upper sacrum. There are simultancous osteolytic and ostecblastic reactions This Is
the commonest site of Paget s discase according to the autopsy records of Schmoc] ®

process affecting bone in the manner of ar
terlosclerosis affecting the vessels of the
body we can imagine an interesting se
quence The condition would then be 2 wide
spread coe with multiple local vascular
plaques Just as arterfosclerotic plagues can
cause {nfarction of a soft tissue ares dis-
turbance of minute circufation areas in bone
could cause change there

Ham** hay emphasized the relatively in
efficient mechanism of bone nutrition beyond
the capillaries. Nutrition of both cancellous
and compact bone is felt to occur by means
of diffusion of tlssue fluids through the
Iacunar spaces and the canalicull

Ham states that the effective operation
of a tissue fluld diffuslon system requires
that po bone cell 1n any bone form can be
wore than a fraction of 8 oulllmeter from
a capillary By inference then if the feed
ing vessel to a group of capflianes or to a
capillary {s interrupted this extremely
tenuous blood supply to the end point (ie.
the bone cells) will be lost This would re-
sult 1n death of the area oo longer supplied
by the blood

Thasue necrons would induce hyperemia
Thrs [atter would causve excess bone reaction
and formatfon particularly with release of
natural bone inductor subatances from dead
and dylng bone S0 wde by side would de-

velop a jigsaw puzzle of old and pew bone
wrth httle of the normal modelng The
reaction of the entire bone with hvperemls
would stimulate periosteal reaction and
overgrowth as in osteomnyelitls, particularly
of the low-grade tvpe

7 Mineral Disturbances. Mloeller® and
inter Roholm™ reported frequent mawdeme
of Paget s disense among workers subjected
to fluorine inhalation over long periods of
time Changes are uniform sclerosls of bone
and ossification of tendinous insertions.
However according to Brailsford ** these
changes are more granular and are sym
metrical in all afflicted parts of the skeletol

Paget s diseass is not usually symmetrical
and may be monostotic. Furthermore Woll
and Rauer' did expenmental work with
fluorine polsoning and also studied the flue-
fine content of banes in 6 well-defined cases
of Pagets disease. These were found to be
lower than normal in value. The concimsion
therefore s that chronic fuorine intoxict
t1on cannot be an etiokogic factor

Disturbances in phosphorus and caldum
ruetabolism except for negative balance o
the predominantly osteolytic stage and pod
trve balance In the osteobjastic phase bhave
pot proved significant as etiologic factor
Paget s disease

8. Mechanical Factors. Stress and sirain



play a part In the development of this dis
ease Ttis not proved that they are causative
factors alene but the involvement most fre
quently of the sheletal parts most subject
to strevaet cannat be dismiesed lightly (I'ig
266) Schmorl« «tatieties are from 4 614
sutopsies with thorough study of the <kele
ton N\ot only did he note involvement
mostly of bones subject to tress and strin
be also noted that the changes were more
commoen at terdon and higament attach
ments to the bone The probable explanation
of skull changex Is in the very powerful
muscles of mastication Osteoporotic areas
pertist mostly in the «hull away from muscle
and tendon attachments

CLINICAL FEATURES

Paget s disease is a clinfeal syndrome im
plying the development of a deforming
osteitts which m turn Is responsible for the
syoptoms and the <igns by which the dls-
eate is Lnown. There are two suppo<ed
ypes a monostotic form and a polyostotic
form The probabilities are that the mono-
stotle form s possibly only a stage of the
polyostotic form-—ie,, although & mono-
statle form may be observed throughout
Dfe the probability is that mucrescopic
changes at least will ocrur elsewhere Cer
tain 1t I however that varying stages of
the disease may be observed The bowed
deformed almest anthropoidiike stance and
Ippearance described 5o classically in 1877
by Paget® s familiar to everyone (Figs
161 284) The less marked type with In
volvement of fewer bones 13 perhaps not 50
familiar a picture and yet with the ald of
Ty studies mote and more of these less
reneralized and relatively undeformed cases
wre being diagnosed The conclusion 1s that

cases by far outnumber the classical
form

Schmorl * In routine careful autopsies
maintained that 3 per cent of ail individuals
3how evidence of Paget » disente altbough
the changes may be only microscopic

Pagets disease 1y common especially in
" apng population Tt frequently causes
Vared and ofttimes disabling sy mptoms
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Thewe symptoms often are attributed to
other causes and the Pagets disense dis-
misecd ns an incidental finding For most
clinicians consider it mysterious and not to
be affected by any Lrown therapy In other
words Paget s diseasc is often observed on
o gastro-intestinal scries or an intravenous
urogram The tendency is simply to note it
and to do or recommend nothlng for it. It
has been the nuthors experience that these
patients symptoms may be the result of the
Paget s disease and that they can be made
more comfortable and some effect upon the
discase obtained This will be discussed in
detail under treatment. (See Table 8
p 468}

Physical-Signs and Symptoms. The prin
cipal symptoms produced in Paget s discase
are (1} aching bone pain  (2) increased
warmth of a part (3) headache (4) hard
ness of hearing  (5) dizziness (6) stifiness
(7) weakness (8) easy fatigue (9) paln
on welght beanng and (10) visunl dls-
turbances

This disease may be relatively asympto-
matic for months to years especially during
its early phases In the authors experlence
however one or more and often all of the
above symptoms will be noted at one time
or another in all patients The symptoms
depend upon the areas involved For In
starce skull involvement may be absent in
many cases throughout their life In such an
instance no headache eye or heanng dis-
turbances resulting from involvement of this
area are to be expected Often the long
bones are affected The process may remain
mild for an Indefinite time On the other
hand the disease may involve the long
bones diffusely and severely Again 1 the
former instances little complaint mav be
evident 1n the latter instance trouble may
be considerable such as paln deformity or
fracture

Therefore in considering symptoms one
must keep {n mind the areas of involvement
and the degree of Involvement One can be
certain that symptoms in an area will pccur
when the involvement is widespread in that
area.



F16 26: Paget s disease White male
39 vears old Anteropostetior and lateral
views of right tibla, fllustrating a tyE;l
advancing wedge gofng from &
downward 1n its course. The foremost
Eomc-n of the wedge is osteolytic. Be

[ndLhunrulthermobeeuppertwo
thirds of the tibla has been overgrown by
an enormous osteoblastic reaction

Certain general symptoms are observed
1o all cases of Paget s disease These are a
general stiffneas and a tendency to become
easily fatigued Often also these patients
wll exhibit & tendency to somnolence These
syruptoms may occur even when the skull
is not involved When these patients are
immobilized for any length of time espe
clally if the disease is widespread symptoms
of hypercalcemla also may occur due to
severe bone absorption of immobilized part.

Objective mgns of the disease are (1)
warmth of an Involved part, espectally of
the tibla, where bone is close to the surface
(2) deformity (3) increased head size
(4) enlargement of bone structures in

F1c. 268 Paget s disease. White male,

39 years old An and lateral
views of right femur Inwedaegf:ﬁur!he

osteolytic e advances
from below upward In fts wake there
follows a severe ostecblastic reaction 1n
the distal femur The anteroposteror
view {3 a composite of 2 roentgenograms
taken on the xame day

volved (5) Increased fragility of bome and
frequent fracture (6) lmitation of joint
motion (7) simian appearance with broad-
ening and flattening of chest with kypbos,
shortening of torso prominence of pelvis
In relation to waist bowing of extremities
m both lateral and anterior planes often in
the combined plane (8) eye signs becauwse
of actual changes In the orbit and (9) andi-
tory and vestibular signs due to changes in
the petrous portion of the temporal booe.

PATHOLOGY

Before discussing the gross and the micro-
scopic pathology it is important to view
the over-all pattern of thls disease.

The primary phenomenon in Pagets div



ease Is an osteolytic process which may be
in the form of a large advancing wedge tak
ing up gradually fncreasingly large amounts
of bone substance so that eventually (as in
the tibla for Instance) we see it extend to
encompass the entire shaft in its transverse
diameter (FIg 267) Furthermore we see
this wedge advance from above downward
wntil the entire longitudinal length of the
shaft becomes involved Occasionally in the
femur we may find an advancing wedge
which appears to go from below upward
buat, In the authors experience the pattern
In the tibia Is always from above and down
ward (Fig 268)

Immediately following this advancing
wedge Is & very extensive osteoblastic reac
tion (Fig 268) leading to a dense heavily
trabeculated bone structute of irregular
pattern.

In the gross form of bone Involvement of
mjor type particularly in the long bones
there are recurrent transverse Infractions
these are actually fracture lines (Fig 269}
They present an area of bone dissolution cn
the convex surface and an aren of condensa
thon on the concave surface It appears that
these are both a result of & bowing process
and that they contribute to forther bowing
of the involved bone

A second type of reactlon rather than the
advancing wedge is a multiple and diffuse
type of esteolytic change such as that which
1s observed in a vertebral body This is usu
ally smociated with immediate reactive
osteoblastic effect (Fig 270) Some cases
bowever may progress rather to an ed
vanced degree of osteoporosis from the
oteolytic effect, particularly in the verte
bral bodies with little change as concerns
condenaation of bone (Fig 271) As a rule

reaction and bome proliferation
oqur very soon after the bone destructive
effect In these instances also

In those cases In which the ostealytic
eflect Is widespread and severe with little
osteoblastic reaction compression of the
vertebral bodies 13 & common phenomenon.
There may be platyspondyly or flat ver
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Fia 269 Pagets disease White male,
61 years old. Anteroposterior and lateral
views of tibu, A lmear transverse frac
ture of the tibial shaft is present. It is
repeated and recurrent fractures of this
type at one site which gradually result in
bowing deformity It is also such frac
tures which unquestioably are associ-
ated with much of the pain in Pagets
disense,

tebral bodles which are quite widened in
the transverse dimension and decreased 1n
their vertical dimension. There may be cod
fish-like vertebrae as observed in osteo-
porosis of the postmenopausal type and
there mny be compression fractures of the
usual and typreal wedge type (Fig 271)

A final form must be considered this was
observed and reported upon by Schmorl*—
in particalar in the lumbosacral area—and
ts one of the reasons why Schmorl reported
such a high incidence of Paget s disease in
general autops)y groups (Fig 266) This
form shows multiple minute areas of osteo-
Iytic reaction associated with the osteoblastic
response and the typical microscopic changes
of the mosaic pattern. This mosalc pattern
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Fro 270 Pagets disease White female, 58 years old Anteroposterror and later
views of Jumbar spine. The process mvolves the third and the fourth fumbar vertebea
Marked osteoblastic reaction Is indicated by dense longitudinal trabeculatfons at
even more condensed trabeculations which outline these vertebral bodies and by tl
relatively radiolucent areas between the abnormally sclerotic areas.

of course is diagnostic of all Paget s disease
Change of this sort may be farrly diffuse in
an involved bone and yet so microscopic
that it will not be noted except on such
examnation

The over all effect on bone when there is
masaive 1nvolvement by Pagets disease is
to produce a comsidernble enlargement of
the bone lnvolved This enlargement appears
to fall in a pattern of low-grade bone de
struction associated with low grade bone
formation with still evident differentiation
of zones of compact and cancellous bone
and still definable medullary shadows Al
of these three areas however will be much
broadened and distorted (Fig 272)

Periosteal prohferation will also be pres-
ent and much increased Just as pertosteal
proliferation occurs 20 too does endosteal

proliferation occur, 1t is observed as?
parent and usually partial obliterat!
the marrow cavity It occurs becau
fibrous-tissue reaction and because o
Iferation of wild irregular pootly
terned bone formation (Flg 273)

Throughout this bone too, will be
zones of small cystic areas which ar
true cysts but which appear like small
These spaces are found to be filled
débris and fibrous tisue Scattered
throughout the bone will be zooes of «
sive density which may be quite hard
273) Such scattered areas of excess de
will be observed 1o all cases of Paget
ease even in those which are prin
osteolytic and which can be cut easlly
a knife

Flat Bones. The pelvis shows an incn
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Fro. 271 Paget s diseate. White female 40 years old. \nteroposterior and lateral

views of lower dorsal and lumbosacral spme The sacrum and the upper pelvis are
mvolved by & severe osteolytic process. The lumbar and the dorsal spine appear dense
on the anteroposterior view This, however is an optical [llusian because the correct
exposure for the radiolucent pelvis and sacrum is too small for the dorsolumbar spine
The lateral view allows for & more umiform exposure It can be seen here that the
osteolytic process in the lower dorsal and lumbar spines is extreme There Is little

osteoblastic

and much vertebral deformity and collapse are present, The

twelfth dorsal vertebra shows over all collapse The third, the fourth and the fifth
hmbar vertebrae show severe bicomcave compressions or codfish-tafl

These changes are precisely Jike those of severe osteoporosis. Compare with ;Pi;:u 136
and 131 See Figures 295 and 308 In relation to this patient s later course

broadening and thickening (Fig 274) The
vertebral bodies will show an increased
broadening flattening  concavity or wedg
Ing (Fig 275) The scapulae will show
Ixcadening and thickening similar to that
obseried in the pelvis (Fig 276}

Skull changes may be of the circumseribed
Porotic type such as Schiiller*® described as
steoporosis dircumscripta which in essence
Is really only a widened or more rounded
dvandng wedge simflar to that observed in
loog bones (Fig 277) When such an osteo-

porosis circumscripta condition is observed
there will be 1n this area multiple plaques
of condensation and numerous small cystic
areas These become better differentiated as
the disease progresses The osteoporosis dr
cumscripta as seen 1n the skull and in the
long bones is not an actual hole Tt s still
bony structure although there is consider
ably more porasity than in other bone areas
One will observe wide trabecular spaces
which are filled with fibrous materal
Changes In the skull however need not
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follow the osteoporomis circumscripta pat
tern The eventual end 18 the same (Fig
278) Whether 1t starts as osteoporosis cir
cumscripta or whether it starts (as it often
does) in the pelvis with a multiple not dr
cumscribed but diffuse esteolytic reaction
the pattern then progresses to osteoblastic
reaction and the eventual condensation and
thickeming of bone (Figs. 279 280)

We then observe marked widetung of both
the inner and the outer tables of the skull
with some widening of the diploé The outer
table mot having the pressure of the brain
substance upon it to Leep a relatively
smooth molded appearance, becomes quite
irregular and raised and gives rise to the
“kinky woolly” appearance that 16 so char

acterstic of advanced skull change (Fiy
280)

Long Bones. The long bones will tend 1o
develop bowing deformuties which are not
in a single plane but three-dimensional i
2 double plane. For Instance a bow not aaly
will be anterior but also will be antero-
lateral This is particularly evident In the
femora and the tihiae but 1s observed also
in the upper extremities especially the
upper humen: (Fig 281)

One must bear 1n mnd that in the skoll,
as well as 1n the long bones the process mxy
become arrested at almost any polnt for an
undefinite period of time and not progres
further As s matter of fact Schmorl de
scribed a case 1n which actual healing of the

Fro 272 Pagets disease. White male, 65
There is marked overgrowth yet one

table, the diplo& and the thin outer ta

has expanded iz an ouatward

years old. Lateral view of skall
still define the very thick inner
ble, It 1s of iterest that the inner table
chrection since pressure of the brain substance
usually preserves the inside drmension of the skull in Paget s disease

can



FIc 273 Paget s disease White m_le 52 years old (Left) Lateral view of left tibu
(1935) Periosteal proliferative reaction is seen at the Jower third of the tbia paste-
notly and at the mid third of the tiblal shaft anteriorly The periosteum is %o raised in

the latter area as to a)
obllteration of the

r to be the wall of & cyst Endosteal proliferation is shown by
ullary shadow in the lower half of the tibla (Center and right)

Anteroposterior and Lateral views (1942) Anterolateral bow 1s present. The ledoh bas

Dow progressed
typical Paget s-disease appearance

procey occurred On the other hand  the
whole gamut may occur finally to produce
the mast widespread fulminating thickening
and change

When Pagets disease involves bone
bether the sLull or other areas the change
may be assoclated with so much osteoblastic
reaction that the bone is very thickh very
bard and very beavy (Fig 282) Yet 1t may
be almost Ilke too rich concrete and easily

by constant interplay of osteolytic and osteoblastic processes to a

crumble and crack On the other hand the
s may be predominantly osteolytic
with little osteoblastic reaction. In these in
stances the skull or other bones similarly
involved will become very thick appear like
the very hard type and yet be quite soft
will cut easily and will be very light in
weight (Fig 281)
Strangely {ractures are as likely to occur
in the dense heavy type as in the porotic
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F1o 274 Pagets discase White male 59 years old. Anterpasterior view of peluis.

Osteoblastic

thape of the pelvic Inlet. The acetabull are deepe

type of reaction with severe deformity This is reflected in the abnomul

ned and the heads of both femor

f.re E::pomomtdv deformed The fliac wings are broadened and flattened. The lower
usn|

spine is altered in appearance also

Light type the obvious reason therefore
belng that there 1s more flexibility and
gve In the porotic or osteoly tic type. Con
versely there is more fragility in the dense
type because there is much less elasticlty
Tt 1s more brittle therefore

Microscopic Pathology In the active
phase much of the reaction appears to occur
in the haversian systerns \lultinucleated
guant cells reabsorb bone 1n an expanding
fashion The reabsorption occurs as a result
of osteoclast reaction This produces thin
bone trabeculae particularly In the cortex.
The haversian canals become enlarged to
the pomnt that they appear to be haversian
lakes This results 10 wide communication
of the haversin areas with the medullary
canal At this point it {s difficult to deter
mine a zone «f demarcation between com

pact and cancellous bone A type of fibrows
bone comes 1nto being Soon after there it
& reaction of the marrow as well as of the
bone The fatty marrow becomes lschemk
and then fibrosed It appears that this proc
eas is like an jschemic hemorrhaglc necrasis.

This disease process appears to fnitlate 2
tusue reaction of hyperemia which cawses
an increased rate of absorptien of booe.
Then with the production of further bone
defect by Intenstve absorption and cavitz
tlon fibrosis occurs Durlng this phase the
process extends fnto the subperiosteal area
and there too produces a fibrous-tissue reac
tron which is a precursor of perfosteal pro-
liferative bone reaction

The above refers to the osteolytic or ac
tive stage Ve may go further in this active
stage and Indicate that during it endosteal
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Fia. 275 Pagets disease White male 59 yeans old Anteroposterior and lateral
vlews of lumbar «pine. There are gen-ralized mixed osteoblastic and osteolytic changes
I the vertebral bodies. Biconcave compression of the vertebral bodies has occurred
with associated broadening and flattenmg. The second lumbar body presents a typical
codfish-tail appearance. The intervertebral disks have bermated into the soften=d

FIG 276 Paget s discase White male 59 years old Oblique views of both shoulder
girdles. The scapulae are deformed the right one being quite dense and deformed
43 a result of malunited fractures. The right humerus shows advanced osteolytic and
osteoblastic Pagets disease. The left scapula is also thickened The body of the
:ﬂi’“h}unI:Jelawtheglcm‘dnp[untobecsmc.ﬁckhhmmalhcadbinmlwd

modetately
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Fic 277 Pagets disease. White fe
male 54 years old Anteroposterior and
lateral views of skull. This is a classical
example of a well-deprived zone of osteo-
porosis circumscripta. It wnvolves the
frontal area and enters the temporal aren
bilaterally The lateral view shows an
area of condensation reaction high in the
frontal zone. This is an osteohlastic re-
sponse to the iutial estealytic process.

new bone formation 18 minimal and the dis.
ease advances rapldly throughout the m-
volved area of bone structure The endosteal
reaction is a transtory one and is followed
by a metaplasia Into characteristic Paget
bane™ (Fig 283) Thus comes aboat through
the process of a precursor fibrows tissus
which differentiates into thin soft, fibrom
bone trabeculae These are not to be com-
fused with the later-appearng deranged
lamellar bone which forms the mosaic pat
tern Everywhere however the disesse proc
ess appears to be confined by a periosteal
proliferative reaction which appears to be
of two forms one 1s the new formation of
subperiosteal lamellae and the second m
the formation of thick osteophytic profif
erations derived from the cambium layer
of the peniosteum. The second type 15 pee
dorminant.?

‘This process described heren In the active
stage Is particularly dramatic as 1t & ob-
served 1n the long bones A similar reactron,
except that one must bear in mnd that com
pact bone 18 not so thick In flat booes,
occurs in the flat banes such as the pelvis
and the scapulae Similar reaction 18 also
evident 1n the vertebrae and the skull.

This active stage of osteolytic change i
deseribed for purposes of clanty However
one must bear In mind that a true and com-
plete osteolytic change never occurs by isell.
Almost sumultanecusly in association with
the ostealytic phase 1s an osteoblastic reac
tion which vanes in degree. This osteoblastic
reaction has been referred to as a bealing
reaction. It 15 a healing reaction but & beal
1ng reaction of the most completely dmor
ganized type that can be {magined. It
becaase of this cambination of & very active
disorganized healmg reaction simultaneously
observed with very active osteolytic changes
that the wildly disordered bone so aptly
described by Schmorl® as a mosaic pattern
results. Furthermore this pattern appears to
be umque for Paget s disease.

The osteoblastic reaction agam must be
visualized 2s running the gamut from the



most abnormal tspe of bone formation to
relatively normal In <ome arcas the heal
ing reaction may re<ult in relatively normal
bone with the usual type of cement lines
with good lamellar bone form and with rea
ronably  well <haped haversian  systems
However the general rule is for a very dis-
organized bone to be formed with no regu
lar pattern no clear-cut haveruan canal
fy«tem nor any apparently normal bone
trabeculae or normal-appearing cement lines
In fact as a rule in the cateoblastic reac
tion the cement lines are not thin as in the
normal bone but are thickened and heavy
Thus thrckened cement line actually occurs
because It happens to be the zone of inter
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section betneen contiguous areas of dfsor
zanized abnormal trabeculae (Fig 283)

The net consequence here is the develop-
ment of brittle bone which has resistance to
compression greater than the oateolytic bone
but lacks the elasticaty and the resistance
to shearing and angular forces

Susarazy s a final evaluation of the
multiple types of change that may occur in
Paget s disease of bone it is possible to sum
up the situation as follows it 18 an esteo-
lytlc process nssociated almost at once with
osteoblastic reaction. As the process per
sists o predominant shift goes first from
that of an osteolytic reaction to an osteo-
blastic one In all the bones Involved and

Fio 278 Paget s discase White male 62 years old Lateral view of skull

Osteoblastic reaction to ost

arcumscripta  There are two rones of

asteoporosis circumscripta one in the frontal area and one in the ocapital
area. The ostecblastic responses are twofold in type. First is condensation
evident within the osteolytic zone of the frontal reglon. Second s & very

marked condensation reactron arising de novo and ocourring in

the tem

poroparietal area between the two zo0es of osteoporosis circumecnipta. How

eVEr ont

circumscripta can Involve the entire calvaria followed by

uniform osteoblactc reactron throughout,
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in any areas of the bones Involved all pos-
sible combinations may occur Under these
clrcumstances gross as well as microscopic
variations of the disease will be evident.

A great enigma in the underlying prob-
lems of bone physiology Is why do we have
20 much osteolytic change in this disease
and such remarkable osteoblastic effect?
What 18 1ts significance? Actually the un
requited osteoid evident in Paget s disease
Is so great that we find in this condition the
highest levels of recorded serum alkaline
phosphatase values One can presume the
posaibility of an inductor substance In the
presence of dead or dying bone severely
affected in a widespread fashion by such an
osteolytic phase, it is also quute poasible
that a hyperemia results as a reactlon to
this dying bone This plus the release of an
Inductor substance would easily result in
extremely actrve bone formation reaction

When the healing reaction does occur hoy,
ever one would assume that it would follow
some sort of organized pattern as is usm]
1 normal states. In this condition, however
the enigma is that it does not do to Ths
leads one to the presumption that some
{rritatlve phenomenon must be going
that keeps thrs dlsorgamzation active.

X-ray Findings. \-ray examination re
mains the best method of determuning the
characteristic features of Paget s disease as
well as for following the progress of the ds-
ease The entire pattern of this disease of
the sheleton can be followed quite aco
rately on the roentgenogram.

The disease 1s characterized by an osteo-
lytic process closely followed by an asteo-
blastic reaction These changes often occur
nearly simultanecusly and there may be
vanation in the degree of elther osteolytic
or osteoblastic reaction as well as In the

Fie 179 et 5 disense, White male 49 years old, Lateral view of siull
The diffuse (::‘iolyﬂc process [nvolves most of the calvari. It has been fol-
lowed clasely by mu]tlkilc discrete osteoblastic lands. The tables of the skell

show considerable thickening
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degree of admixture of both (Figs 273 alize combinations which eccur on xray
281) cxamination

For danfcation it is best to consider The osteolytic phase may occur as small
(be procesees <eparately Then one can visu  «ingle or multiple areas of bone absorption

Fio 280 Paget's dusease. White female 42 years old. (Top) Lat
eral view (1936) of sknll This is 2 more advanced type of Pagets
disease than that shown In Figure 279 There are so many islands of
bone condensation that they appear to be coalesced Into & solid masy
8t many points. Yet here and there between these dense areas, one
n note small osteolytic zones. (Botfom) Five years later (1941)
considerable increass In asteoblastic response is evident. This has
resulted {n bony overgrowth of the inner and the outer tables xs well
s Involvement of the base of the skull.
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[Epys

Fi0, 283 (Top) Paget s disease. \ote
the mosaic lines in the bome. Hema

Fio 284 (Right) Pagets disease.
Note the moderately enlarged head with
the prominent forehead The davicles
are thickened, prominent and enlarged
The torso is shortened. The pelvis 1
broadened. The femora and the tiblae
show bowing deformity of both the ante-
rlor and the lateral type.

localized The difiuse form becomes mani
fested by dense major trabecular patterns
*hich in general follow the lines of stress in
the bone Involved (Figs 257 296) On
magmfication the x ray plcture also reflects
minor irregular trabecular patterns in the
background admixed with the above (Fig
274) This corroborates the previously noted
i bone formation reaction which consti
tutes the mosaic pattern

The localized type of esteoblastic reac
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tion presents areas of bone condensation of
varying size (Fig 288) These may be re-
ferred to as isolated areas of hypercalafica
tion. This reaction in particular at times
has been confused with metastatic changes,
especially from the prostate Carefal evalua
tion of the x ray plcture as a whole with
attention to the osteolytic phase also will
help to differentiate Pagets disease from
metastatic carcinoma of the prostate (Fig
288)

Vanous structures of the skeleton differ
in architecture Therefore thls disease proc
ess will vary in appearance radiographically
in relation to the structures it involves. We
may divide the skeleton into areas In which
uniform patterns of disease occur These
may be histed as (1) the skull (2) the ribs

and the clavicles, (3) the spine (4) the
scapulae and the pelvis  (5) the long bonet
of the extremities and (6) the tarsal and
the carpal bones

1 Tur Sxurr. The greater changes are
observed to take place 1o the oater teble
from the very beginning of the process. At
least three basic phases of reaction may be
seen

The most common change is that of mal-
tiple osteolytic areas associated with imme
dinte contiguous osteoblastic reactron. These
combined areas coalesce to form ever widen-
Ing patches of Paget s bone until the entlre
skull becomes affected. With thls reaction,
the outer table in particular becomes thick
ened and the diplog becomes largely obliter
ated (Fig 280) Because of the pressure of

Fio 285 Pagets disesse, (From Dr “rcﬂt:rR‘Pelcrwn) This case is of

perticular interest since areas of osteopo! clretnmscript
the skull and the pelvis simultaneously Lateral view of akull, A large zon¢
of osteoporosls circumscripta, an asteolytic phase of Paget s discase, is seen

ta are observed 1B

the fronto-temporo-parictal area. A second zone smaller in size is

in the occiptal region



the brain sulxtance upon the inner rurface
of the foner table this remains smooth in
contour except for sharply outlined] veseel
markinge. The euter table which has no
molding pressure to confine the bone
chaomee bursts outward In an exuberant
woolly-appeaning bone reaction This dis-
ease does not respect suture lines o they
become obliterated a< involvement pro-
mrexses (Flz 280)

Another not uncommon form but one
which perhaps has been overemphasized is
oteoporanis  circumecripta  described by
Schiiiler #* Sosman examined a trephine
speamen {rom the skull of an original case
described by Schiiller The patholegle find
ings revealed an aleorptive phase of Paget s
disease Schilller™ later conceded that the
two were related It starts more commonly
fn the frontal or the frontopanetal area.
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‘This has been referred to as the monophasic
type 32 It is not o single separate phase of
Paget « discase but simply one of the mani
fe<tations of this discase Tt represents a
aingle e er widening confluent area of osteo-
lytic renction (Figs 277 278 285) This
type of bone abtorption induces osteoblastic
response Unlike the more common sequence
dewcribed above where there are multiple
smaller osteolytic zones the osteoblastic
reaction to osteoporosis circumscripta may
be years in developing fully (Fig 289) The
usual «equence in the skull is for the porotic
circular area ever to enlarge until the entire
calvaria Is affected

As the osteoporosis circumscripta lesion
«preads over the calvaria seemingly largely
to mvolve the outer table condensation ap-
pears at the periphery Then Islands of
dense new bone appear scattered throughout

FIc 286 Paget s disease. (Same patient as Fig 285 ) Anteroposterior view
of pelvis. Both fliac wmpgs and Inferior pelvic rami show roes of osteoporoals
ta with dense osteoblastic reaction surrounding them.



Fig 287 Dagets disease White male 49 years old Anteroposterior view of }x]v-h
and hip jolnts The osteoblastic response 1n the head and the neck of the left femur
almost follows the stress pattern of the calcar femorale. Note the dense osteohlastic
reaction in the nght pelvis.

Fro 288 Pagets disease White male, 70 years old Lateral view of skull.
Cannooball osteoblastic reachion to pre-exsting osteol Paget s disease
These are a flattening of the anterdor and the middle fomae and » definlte
convex:



the area of bone almorption Theee osteo-
Bastre reponces continue until 1 full blown
typial Pazet siecase shull fs olrerved
This too shows the picture of marked hy
pertrophy of the outer table with multiple
wooth  excrescences  dbliteration of the

Fia. 289 A and B Pagets diccae White
female 49 years old. Anteroposterior and lat
eral views of skull (1942) On the antero-
posterior view (A fop) there are marked

and derLity of bone in the right
frontal and parretal areas, Scattered across the
fronts of the skull can be seen numerous dense
bsiznds of bone In the left frontoparietal area
there appears to be rome persistent oeteoporo
] ta. The lateral view (B ot
tom) showsa central zone of osteoporosis
dmmscrm(: involving the frontal the pari
etal and the occipital areas. This has croseed
sature Lnes, It i separated from the remain-
mg pormal occipital area by a sharply outlined
murm. The frontal and the panetal areas
show an osteo to marked de-
gee with increased density of the inper and
"lh';e w and uh\hn:b\c‘un of the diplod
portion of tem, 1 ¢
thaws an osteoblastic reaction port
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diploc and a smooth inner table presenting
prominent yve<eel markings (Fig 289)

The third type of skull change Is the
direct result of the osteolytic process upon
the base of the <kull With softening of bone
structure in that area the weight of the




Fio 289 C (Tep)
Lateral view of sl
(1944) Extension of

the zone of asteoporesls
d well into

rcumseripta
the ocoipital ares hay
occurred.

Fio 289 D (B
tom) Lateral view
(1950) The entire al-
vara has been {nvolved
by the osteolytic ﬁ-
ess with further
ing osteoblasticre
sponse in the frontal
region.
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Fio 290. Paget s discase White male 48 years old \nlcm’ws!cﬁor and lateral
vews of shull Thus i an example of leontiasls ossea resulting from Paget s disease
Thete is advanced osteablastic new bone formation involving both maxillae the base

of the anterior fossa and the mastold area This patient had dvanced typraal Paget s
disease Involving the pehs, P * i %

Fi0 291 Fibrous dysplasta. (F :
rom Dr M A DPomeranz) Lateral view of
u"”- There Is supra-orhital overgrowth simulating leontiasis ossea Note the
reumseribed lesions of fibrous dysplasla in the calvaria



Fic 292 Hyperostous frontals interna. (Seen In consultation on the medical servlee
of Dr A.T Rubenstont) White female, 54 years old Anteroposterior and lateral views
of akull. There is a characteristic bone-formative reaction Involving the inper table of
the frontal bones. The new bone plaques have a dense wavy outline, This 13 presented
because 1t is important in the different:al diagnosis of oat ic skull lestons such as

ocrur in leontians ossea due to osteitis deformans fibrous dysplasta and esteopetrosis.
More than 9 out of 10 cases of hyperostesis fromtalis interna occur in females. There
may be associated endocrine changes, including disbetes mellitus, mental symptoms
and hypertension

Fro. 203 Pagrts
discase White male
61 years old Clav
iele. Perlosteal and
endosteal new bone

over all enlarge
ment.




Fro. 294 Paget s disease White male
48 years old. Lateral view of lower lum
bar spine. The fourth lumbar vertebral
body shows very early osteolytsc and
simuitaneous osteoblastic response, This
produces a vertebra of considerably 1n
creased density without derangement of
over all architecture

Fra 295 Pagets dizease. White fe-
male now 53 years old. Compare with
Figure 271 taken 13 years earller This
patlent was not observed or con
trolled therapy during the od 1944
to 1954 Anteroposterior and lateral

osteolytic process in the lumbar spine
has resulted in lete hernfation of
the intervertebral disks into the soft ver
tebral bodies. This resulted 1n contact of
the margins of the bones and bridging of
the vertebral bodies. This has been fol
lowed by complete coalescence of the
third the fourth and the fifth lumbar
and the first sacral vertebrae A similar
process occurring in the cervical spine is
ohserved in Figure 313
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Fro. 296 Paget s disease White m.ale} 69 years ol

tures show an intermediate mixed osteolytf
that an osteoblastic reaction fn the upper shaft, the head

c and osteoblastic

g

wiew of pelvis.
This is essentially an osteoblastic Paget’s diseass with dense areas in both flac bones
and the ischial bodies The pubnc bones and the pubt

as yet unreplaced by osteoblastic reaction. Themﬁl.l

icture It 1s of fnterest
the neck of the femur

shows dense trabeculations distributed along the lines of stress. Contrast with Figure
286 There is moderate narrowing of both hip Joh:ts{ indicating s hvpertropluc arthritls
that is a frequent complication of deforming Paget's disease.

shull and its contents causes a telescoping
of the spine into the skoll The collapse of
the softened base of the skull has been re
ferred to as convexobasia ® but more re
cently this type of deformuty has been
referred to as platybasia® (Fig 288) This
condition produces encroachment upon the
spinal cord by a deformed foramen magnum
which often produces peurologic disturb-
ances (to be discuased under Complications)

The widespread changes of the base of the
skull may and often do encroach upon any
of the cranial nerve foramina

Occasfonally marked involvement of the
maxillary bone or bones may occur and
when this becomes profuse with marked
condensation and proliferative reaction ft
could expand to the nasal bones and the
rygoma. A leomine facial appearance, re
ferred to as a leontiasis casea, results (Figs.
290 291 292)

There has been considerable controversy
a3 to whether or not leontlasfs ossea Is &
phase of Pagets disense alone or whether
it represents & separate bony conditlon (Fig
290) Tt is quite likely that this condition



can also result from involvement of these
structutes by polyostotic fibrous dysplasia
(Fig 291)

Furthermore this type of appearance and
change in the skull has been observed in
association with Pagets disease involving
the skeleton elsewhere The presumption is
therefote that DPagets disease can be a
major cause of this condition

7 Tre Rizs anp Tice Cravicrrs Changes
in the rbs and the clavides do occur and
are usually of the multiple porotic type
dlosely followed by ostesblastic reaction
The end result is bowing deformity and
over-all enlargement of these bones (Fig
293) The sternum may be similarly over

grown

In addition, the normal obliqulty of the
rihs lessens. This results in over-all enlarge
ment of the chest with seeming elevation of
the ribs

3 Taur Serxr. The spine may show in
volvement of a single vertebra, of several
vertebrae or even of all the vertebrae (Fig
270) When a single vertebra is nvolved it
is usually quite dense and Is referred to as
an ivory vertebra because of its density
(Fig 294) This finding Is often considered
to be n metastatic lesion from the prostate
This may be true at times Differentia
tion would tben be on the basis of sex and
chemistry

Frequency of involvement ranges from
below upward—that {s to say the lumbo-
sacral area is Involved most commonly the
cervical spine least so (Figs. 266 and 315)

The changes usually observed in the spine
are diffuse multiple osteolytle foa often
associated with considerable osteoblastic
Tesponse (Mg 275)

If the healing reaction Is slow to occur
and is only moderate in degree the ver
tebrae involved will show changes precisely
like thote cbterved In severe osteoporosis
there will be wedge compression type frac
tures in the dorsal area and biconcave com
presston of vertebral bodies In the lumbar
area (Fig 271) Sometimes the bones are
+o softened that platyspondyly or widening

Pathology

Fic 297 Pagets disease White fe
male 40 years old. Anteroposterior view
of pelvis and lumbar spine. The pelvis
shows an osteolytic reaction In the fliac
wings. The margins of the pelvic inlet
show reaction with Hitle or no
coad-psation  There {s a mild osteo-
blastic teaction in the acetabular areas
This should be contrasted with the dense
osteoblastic appearance of the lumbar
spine et even these dense trabeculze In
the lumbar splne are quite spongy and
coarse

and Battening of the vertebrae occurs (Figs
270 271 275) The disk spaces usually are
preserved Rarely they may be absorbed
and coalescence of the involved bodies may
occur (Fig 295)

When the spine is a focus of a severe
osteolytic process with little bealing neuro-
logac complications are frequent.

Marked healing reaction of vertebrae
affected by Paget s disease Is common The
trabeculations may appear very coarse and
sparse. When o single vertebrs s involved



Fro 298 Paget s duease White male 68 years old. Anteroposterior view of pelvs,
This is an intermediate t{pe termed by some as amorphous. It contrasts with the

severe osteoblastic form o
and the

pelvis and the upper right femur show & diffuse osteoblastic

Figure 296 the osteoporosis circumscripta of Figure 286
gy predominantly osteolytic picture of Figure 297 The right half of the

with poor trabec

reaction
ular detail There is a large booe 1sland adjacent to the lower end of the right sacro-
iliac arex. The left side of the pelvis npparently has been the seat of & mor. severe
osteolytic process. It shows very poor asteoblastic resction In the wing of the flfum.
'Ihem:jofhealingmr:ﬂonhloallz:dint.h:regmnof!.he]dth!ﬂ t where the
stress factor Is greatest. Its spotty appearance with bone islands, cates that the
bealing is of poor quality There is a moderate degree of acetabular protrusion hip-
joint narrowing and femoral head and neck deformity These are somewhat greater oa
the left than on the nght side a3 one would expect from the aforementioned description.

it may be difficult to differentiate it from
hemangioma of the vertebra (Fig 294) As
a rule the trabeculze are numerous and
dense Magnification demonstrates numer
ous other trabeculations of less well-devel
oped appearance Some proliferation of bone
13 often present and actual 1nvason of the
spinal canal with neurologic complications
may occur

4 THE ScaPuLar axp tHE Privis The
scapulae and the pelvls show simflar reac

tions to fnvasion by this disease process
(Fig 276) The pelvls 1 affected much more
commonly The type of invalvement Is usu
ally multiple focl of absorption with wide
spread bone formative response (Fig 296)
Oceaslonzlly an osteoporosts arcumscripta
phase is clearly observed in these areas too
(Fig 286)

Radiclogists  have differentinted late
changes 1n these bones by referring to them
s the spongy or amorphous type.*
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Fro 299 Paget s disease. White male
62 years cld. Anteroposterior and lateral
views of left leg The entire tibda is in
volved by Pagets disease with severe
osteoporosis present {n the half
and a poor grade of bealing In the distal
portion There appear to be some cystic
changes in the lower third of the tibla.
The mid-tibla is the site of an antero-
lateral bow A transverse fracture line
can be geen in the mid third on the [at
eral view There is excenms bone reaction
on the concave side of the baw The frac
ture Yine is bardly apparent bere bt is
more obvious on the convex side of the
bow This Infers that such {ractute lines
will Increase the bowing deformity as
they heal

Actually study of such chanpes clearly
shows that the sponmy type is merely a
<evere oteolytic form with littie healing re-
sporse (Fig. 297) Om the other hand the
amarpboas  type demonstrates exuberant
healing reaction (Fig 206) ot only are
there den<e trabeculations, but also discrete
condened bone {4lands (Fig 208)

\galn, we can prognosticate deforouties

Pathology ~ 363

U

Fig. 300 Paget s disease. White male
60 years old. Anteropostenor view of
both forearms. There are overgrowth and
thickenng of the right ulna, particu
larly at its distal third. There is a mixed
ostecblastic and osteolytic Pagets dis-
ease of the distal end of the left radwus
extending into the styloid process. There
18 boae formative reaction In both carpal
wreas. This patlent had widespread
Paget's disense.

of these bhones. If the phase is primarily
osteolytic, there I poor recstance to com
pressive force Such deformitles as protru
slon of the femoral head into and through
the acetabulum as well as compression of
the pelvic inlet will be observed (Fig 274)
The pelvic inlet will become narrowed and
triangular in shape The peivic outlet may
also be encroached upon the obtumter
foramina may become deformed If the dis-
ease affects one side more than the other
asymmetry can result

The degree of proliferation of bone in this
disease may be so great as to obecure the
sacro-ihac yonts (Fig 274)

5 Tre Lone Boves or e Exraestirins
The long bones may all be fnvolved The
lower extremitiet are affected more com
monly than the upper and the femur s
affected more commonly than the tibla ex
cept in the so-called monostotic type In
that group the tibia Is {nvolved more com
monly In the upper extremities the hu
merus 15 involyed more commonly than the
radius and the ulpa (Figs. 276 300) Al
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Fro 298 Pagets disense White male, 68 years old. Anteropostenior view of petvis.

This 18 an intermediate type

termed by some as amorphous. It contrasts with the

severe osteoblastic form of Figure 296 the osteoporosis clrcumscripta of Figure 286
and the predominantly osteolytic picture of Figure 297 The right half of the
pelvis and the upper nght femur show a diffuse esteoblastic reaction with poor trabec
ular detall There 15 a large bone island adjacent to the lower end of the right sacro-
{liac area. The Ieft side of the pelvis apparently has been the seat of a mor. severe
osteolytic process. It shows very poor osteoblastic reaction 1n the wing of the flfum.
Themn}orhan]lngrmctkmBloallzcdiutbcmponobeelcfthip}dntwheretbe
stress factor Is greatest. Its spotty appearance with bone Islands, indicates that the
healing is of poor quality There is a modernte degree of acetabular protresion, hip-
joint narrowing and femoral head and neck deformity These are somewbat greater on
the left than on the nght mde as one would expect from the aforementioned descripton

1t may be difficult to differentiate 1t from
hemangioma of the vertebra (Fig 294) As
a rule the trabeculae are numerous and
dense Magnification demonstrates numer
ous other trabeculations of less well-devel
oped appearance Some proliferation of bone
is often present and actual invasion of the
spinal canal wmth neuralogic complications
may occur

4 THE ScAPULAE AND THE Privis. The
scapulze and the pelvis show similar reac

tions to invasion by this disease process
(Flg 276) The pelvis is affected much more
commonly The type of involvement Is uss-
ally multiple foa of absorption with wide-
spread bone formative response (Flg 296)
Occasionally an osteoporosts crcumsaipta
phaseudca:lyubscrvedlnr_hcseueu,loo
(Fig 286)

Radiologists have differentiated Iate
chnngminthmebambyrcfu—dmtothcm
a3 the spongy or amorphous type.



Fic 299 Paget s discase. White male
62 years old. Anteroposterior and lateral
views of left leg The entire tibla is In

osteopoross present in the prosimal half
and a poor grade of healing wn the distal
portion There appear to be some cystic
changes in the lower third of the tibla.
The mid-tibia is the site of an antero-
laterul bow A transverse {racture line
can be seen In the mid-third on the lat
eral view There is excess bone reaction
oo the corcave side of the bow The frac
ture line s hardly apparent here but is
more obvious on the coavex side of the
bow This infers that such fracture lines
will increase the bowing deformity as
they heal

Actually study of such chanpes clearly
shows that the spongy type is merely a
severe osteolytic form with [ittle heallng re
ponse {Fig 297) On the other hand the
smorphous type demonstrates exuberant
healing reaction (Fig 296) ot only are
there dense trabeculations but also discrete
condensed bone islands (Fig 298)

Again we can prognosticate deformities

Pathology 363

Fic 300 Daget s disense White male
60 years old. Anteroposterior view of
both forearms. There are overgrowth and
thickening of the right u partica
larly at its distal third There is 2 mixed
asteoblastlc and osteolytic Paget's dis-
ease of the distal end of the left radins
extending Into the sty lokd process. There
is boee formative reaction in both carpal
areas. This patient had widespread
Paget 5 disease.

of these bounes. If the phase 1s primarily
osteolytic, there is poor resistance to com
pressive force Such defornutles as protru
slon of the femoral head inte and through
the acetabulum as well as compression of
the pelvic inlet will be observed (Fig 274)
The pelvic fnlet will become narrowed and
triangular in shape. The pelvic outlet may
also be encroached upon the obturator
foramina may become deformed If the dis-
ease affects one side more than the other,
asymmetry can result

The degree of prollferation of bone in this
disease may be s0 great as to obscure the
sacro-fliac joints (Fig 274)

5 Tur Lonc BoNes or TiE Exreestes
The long bones may all be involved The
lower extremities are affected more com-
monly than the upper and the femur is
afiected more commenly than the tibia ex
cept In the so-called monostotic type In
that group the tibia is {nvolved more com-
monly In the upper extremities the hu
merus Is involved more commonly than the
radius and the ulna (Figs 276 300) Al
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Fro 301 Paget s disease. White male
60 years old. Lateral views of both
ankles and feet. There is advanced os-
teoblastic Pagets disease in the left
talas, Very early trabecular
is observed In the left calcaneus and the
rest of the tarsal bones on the left. On
the right, there 1y a more advanced stage
of Paget s trabecular coarsening in the
calcaneus, Milder changes are seen in the
rest of the tarsa] bones and ths proximal
metatarsals.

though the metacarpals and the phalanges
may be affected this Is very rare

The distribution and the stage of Involve
ment mav be hapharard In other words the
humerus on one side may show change and
the radius or the ulna on the other Similar
variations in regard to the lower extremities
also may be observed One bone may be the
site of an advancing osteolytic wedge actu
ally an osteoporosis circumseripta, of 2 long
bone Usually following closely at the heels
of the advanang wedge osteohlastic fill
ing In will be noted. This {s different from
the picture in the skull in that there 15 not
so great a time lag (Flgs. 267 268)

F1o 302 Pagets disease White male
61 years old. Anteroposterior and lateral
views of right tibia. The zone of demar
cation between Pagets disease of ad-
vancing wedge type and normal bone s
at the healed fracture Line. There is good
alinement here after treatment in 2 walk
ing plaster boot.

Still other bones may be the site of the
multifocal lytic lesfons associated with bone
formation reactlon (Figs 273 281) Con-
siderable emphasis has been placed upon
the advancing wedge yet in the autbors
experience for the long bones the diffuse
process {s the more common one

Changes throughoot a long bome may
sometimes be observed almost from the very
beginning Often however the invohvement
begins at one end or the other and pro-
gresses until the opposite end of the bone
18 reached.

When a long bone Is Involved by a wide-
spread process bowing deformity marked
thickening acd overgrowth of the bone
occur (Fig 264)

At the major point of convexity Infrac
tion lines with some bone absorption will



Fro. 303 Pagets disease. White male 54 years old Anteroposterior and lateral

views of femur (A) On the ant
transverse fracture

eroposterior view there 13 visible a thin Incomplete
1t is at this point that the complete fracture occnrred follow

trauma. (B) Complete fracture occurred in the mid-shaft of the femur after the
‘frlwil (C) Thefr)ncturelsvrdllllntdmdfuﬂybcdcdlgumlatcr

often be observed (Figs. 269 299) These
infraction lines are transverse On the con
cave side there will be Increased density
These represent transverse fracture lines It
appears therefore that such fracture lines,
usually multiple may be both a cause and
an eflect of the bawing

The bowing defotmity Is usuafly com
poand combining both anterfor and lateral
bow (Figs 264 273) The authors never
have observed a medial bow and only very
rarely a posterior bow

The appearance of the bone architecture
will be compatible with the degree of osteo-
Iytic change and the degree of bealing (Figs
267 268 299) If the former predominates
a coarse spongy thickened appearance Is to
be expected If the healing effect is marked
very dense eburnated bone that s distended
and thickened will be observed (Fig 282)

In all types of involvement of long bones
by Pagets disease perlosteal thickening
areas of hypercalcification and scattered
cysts will be obeerved (Fig 213)

6 Tur TamsaL axD THE CaRPAL Bowes
The tarsal and the carpal bones may be

jnvolved however these rarely are affected
(Figs. 265 301) The osteolytic process is
usually overshadowed by demse bone tra
beculations These bones show a condensed
or ebumnnted appearance

COMPLICATIONS

Complications of Paget’s disease range
from the natural sequelne of the disease
itsell as a local manifestation to gemeral
derangements of body physiology In addl
tion the skeletal changes make the bone
susceptible to fracture and to malignant
supervention

For simpliaty we may divide these com
plications tnto local and general ones.

Locar CouprLicaTrons

These include fractures deformitles pres-
sure phenomena, basflar impression and
malignant supervention.

Fractures. Fractures represent the most
common complication In 130 cases of
Paget s disease W ood* described 19 frac
tures Of these 11 were of the femur 4 of
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Fio 304 Paget's disease White female 55 years old. (Left) Anteroposterior view
of pelvis. Mixed osteoblastic and osteolytic Paget s disease is present In the pelvis,
the lumbar spine and the upper femora Note the compression and the deformity of the
pelvic tnlet and the third lumbar vertebral body There is an mcomplete fracture line
m the transcervical region of the right femur (Righk¢) Lateral view of nght hip joint.
The fracture line of the right femoral neck is more clearly shown. Treatment In this
case conslsted of continued ambulation on crutches without weight bearmg. Today ope
should consider internal fixation

the humerus 1 of the radius and the ulna
and 3 of the tibia and the fibula.

If one considers the enormons numbers
of infractions or microfractures then almost
cvcrymseoflhudiseascutsomeﬂmewﬂ]
show fractures The microfractures are of
Iittle consequence in relation to treatment.
They result in pan and varymng degrees of

Fio 305 Pagets disease. White fe-
male 66 yearsold Lateral views of right
femur Typical transverse fracture of the
junction of the upper and the mhddle
thirds of the right femur Note the old
malunited fracture of the lower portion
of the femur This had been treated else-
where some years before In Russells
traction The autbors approach to com-
plete fractures in the loog boties has been
intramedullary fixation In this Instance
Kintscher nailing was made more diffi-
cult by the previous malunton and a
short nafl was used.
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Fig 306 Pagets disease White male, 38 years old Anteroposterior and lateral
views of upper tibia. (L£ft) Lateral view of the upper tibra shows a zone of osteoporosis
ta. (Center) Avulslon of the tibial tubercle has occurred at the upper

of the Involved area. (Right) Tostoperative roentgen:

ograms show replacement

of the avulsed tubercle and screw firation, and finally follow up study mdicates satis-

fact tion 3 years later Sul
ndd.lot?um;’?‘;mcedum similar to that

disability However displacement commonly
does not occur in this type of fracture Heal
ing occurs within a few weeks and the pain
due to the fracture recedes (Figs 265 269
299) Oiten these fractures may be ob-
served at the distal end of an advancing
wedge (Fig 302)

Most commonly these microfractures are
located at the center portions of the bowed
bones The convex surface shows a rone of
drnsolution of continulty the concave side
shows condensation (Figs 269 299) It ap-
pears that these microfractures occur as a
result of shearing forces In a bowed ex
tremity It is also reasonable to presume
that once they have occurred some mod
erate separation on the convexr side will
occur 30 that healing will eventuate iz in
creased bowing

When a microfracture occurs In an im
portant weight-bearing bone the paln may
be such that the patient will reduce activity
or stop weight-bearing (Fligs. 265 269)
Additional osteoporosis will Increase the
(racture tendency and such a patient may

uently the avulston
own in Figure 318

and required an

develop a complete and even displaced frac
ture (Fig 303) The authors have observed
this phenomenon fn the past it s so im
pressive that they firmly believe that x ray
pictures of all cases of advanced Paget s dls-
ease should be carefully made if a complaint
of additional or increased pain occurs in any
long bone (Fig 303)

Careful roentgenograms usually will dem
onstrate microfracture or a seemingly in
complete fracture line If present, either
intramedullary fixation or the application
of a walkung cast and insstence upon care
ful activity and weight bearing is indicated
(Fig 302) Functional activity wll aid in
re formation of bone substance and healing

The complication of complete {racture in
this discase therefore is often ene that can
be anticipated and prevented with proper
measures (Flgs 265 269 304)

Paget s-disease bone is more susceptible
to fracture than normal bone Therefore
direct trauma Is more apt to result in break
ing of this brittle or soft bone This would
be true even if no incomplete fracture or
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microfracture pre-existed. Complete frac
tures in Paget s-disease long bones are trans
verse The commonest sites are the upper
third of the femoral shaft and the tiha
(Figs 305 316)

It must be recalled that this disease is
commonest where forces are most active
Therefore in addition to other areas it 1s
found at attachments of tendons to bome
the so-called apophvses TWhen the process
about the site of the tibial tubercle 13 osteo-
porotic as not infrequently occurs avulsion
of ths tubercle may occur (Fig 306)

Fractures In this disease will heal as well
as those 10 normal bone {f they are approxi
mated and i weight bearing is encouraged
from the earliest possible moment Too long
wmmobilization of the part will result m
severe absorption of bone from the injured
part then release of excess calcium Into the
blood stream with symptoms of hypercal
cemia may well occur Immobilization of

a =

the total patient even more surely will pro-
duce hypercalcemia and its sequelae.

Deformities. It appears that the abnormal
type of bone produced by Pagets drsesse
does not retaln normal resistance to defar
mation Initself therefore deformities espe
clally of the bowing types mist be expected
(Fig 273) As mentioned above fractures
also may contribute to deformity Ths re
sults from increased bowlng an effect of
microfractures  also from malunion after
complete fractures and displacement (Figs.
269 299 305)

Other deformties of involved bones occur
as g result of thickening and overgrowth,
as {llustrated by the increased head size and
the promunence of faclal bones to produce
leontiasls ossen.

Compressive forces will also deform in
volved bones this is exemplified by crush-
ing phenomena as observed in the vertebral
column (Flg 307)

Fio 307 Paget s disease. White male, 48 years old. Anteroposterior and l.ftali:le views
of lumbar spine. There are severe biconcave compression and nvu.léi.ng Dt vertcbrlﬂﬂ:de
Jumbar vertebral body which shows advanced Paget s disease. The adjacen

are free of this disease



Fic 308 Pagets disense. White fe-
male 43 years old The patient devel
oped progressive signs of paraplegia over
an 8-year The neurologic level
was al the twelith thoracic dermatome
Ayelogram demonstrated a complete
block at the tenth thorack vertebrae
Laminectomy was performed from the
ninth thoraac to the first lumbar level,
The bone was greatly softened The dura
was open and the spinal cord was found
compressed against the posterlor dura
The uvsual cause of dufficulty In this and
similar cases is encroachment upon the
spioal cord by collapsed Pagets bone
from the Involved area. The decompres-
slon of the wide laminectom)y resulted in
almost complete recovery of this patient

Lateral view of dorsal and lumbar
pine. The arrow indcates the point of
greatest collapse at the tenth thoracic
vertehra Biconcave is also pres-
ent in other vertebral bodles See Fig
ures 271 and 295

Pressure Phenomena. Other local comph
cations are invasion of foramina at the base
of the skull through which the cranial
perves make their exits Therefore we may
list visua) disturbances from encroachment
upon the optic nerves and the chiasm.*
This causes atrophy of the optic nerve

Two other eye complications have been
voted They are pigmented corneal degen
eration,” and cataract located in the cor
tleal ratber than the central portion of the
lens. It is felt this latter Is a type charac
teristic of an endocrine ongin rather than
of senflity ™ There is also a high Inadence
of a senfle type of chorioret!nitis %

Involvement of the petrous portion of the
temporal booe results in impairment of hear
ing a frequent complication of Paget s dis-
€ase It is of interest that although the
vestibular apparatus is 1n this region too
generally there is no particular distarbance
of equilibrium. The deafness observed in
this disease Is usaally otosclerotic. Although
otbers are not in agreement, some authors*!
have suggested that otosclerosls may be a
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monostotic form of Pagets disease These
authors*! reported upon micrascopic prep-
arations of the petrous portions of the
temporal bone showing that the normal
elongated trabeculae are replaced by an
frregular mass of thin bone spicules appar
ently due malinly to osteoclastic decalcifica
tion with a hasty reconstruction leading to
an incomplete remodeling of the bone struc
ture This abrormal destruction and rapid
formation assoclated with an additional ex
tensive fibrosls of the marrow produced
consrderable destruction of the csseous laby
ninth and impaired beanng

Pressure phenomens produce severe prob-
lems when the spine 18 involved The changes
in bone are of several types as indicated
above under pathology and radlology

To sum up the dorsal spine is more com
monly involved by compressions These may
be wedge type as observed in osteoporosis
or they may be a flattening of the entire
bone so-called platyspondy lisis Some cases
particularly when marked collapse of bone
occurs develop cord-compresslon signs and
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even progress to paraplegiz (Fig 308)
These are results primanly of an osteolytic
phase of Pagets disease Other cases de-
velop sumilar neurologic symptoms and
signs but result from actual pressure of
new bone formation which is part of a
marked osteoblastic response

These changes often are observed 1n the
dorsal splne and will improve with Jaminec
tomy Such surgery 18 Indicated in severe
collapse and 1n the prohferative type (Fig
308)

Milder forms of both types have been
observed by the senfor author to improve
with good bracing and magnesium therapy

Pagets Disease

Basilar Impression. (Sys  Platybasia¥
convexobasia 5)

This deformty 1s a telescoping of the
cervical spine Into the basilar area of the
skoll (Figs 288 97) It may occur as a
result of congenital or developmental anom-
aly It also may occur as a result of soften
ing of bone in the basal area, the form
resulting from canditions like Pagets dis-
ease osteomalacla or hyperparathyrosdsm,

Historicar. Nores The condition was de
scribed In 1844 by Rokutansky® and further
detailed studies were made by Virchow
and Grawitz.® Neurologic disturbances
were first related to postmortem findings

Fio 309 Pagets disease with development of sarcoma. White male 67 years d‘t

Anteroposterior and lateral views of lumbar spine

Tncreased osteolytic reaction

present In the body of the third lumbar vertebra, colnciding with the development of &
sarcoma in a case of mived osteolytic and osteoblastic Paget s



by Homén * Schitller® described this con
ditlon antemortem in 1911 and correlated
the bony deformity with central memnous
syrtem disturbances Since that time a num
ber of reports about this condition have
appeared in the literature. A particularly
detailed report relating this conditlon to
Paget s disease in a single case Is that of
Wycds ™

Patnocrxrsis. In Pagets disease when
the bone becomes relatively malleable the
weight of the skull upon the upnght cervical
spne cautes a gradual collapse of the cranial
base The upper cervical vertebrae thereby
press upon the posterior cramal fossa and
upon the foramen magnum

The round shape of the foramen magoum
may change in thls disease. Such deformity
is particularly apt to occur at the ventral

Complications 31

portion of the foramen magnum This de
formity 1s actoally a basflar invagination
with upward displacement of the cervieal
spine mn relation to the surrounding skull
It mamfests an effect in three ways The
first 13 by pressure of the upper parts of the
cervical «pine against brain tissue of the
posterior cranial {oasa The «econd 1s repre
sented by a herniatron of the cerebellar tis-
sue and the brain stem into the cervieal
spinal canal The third Is a kinking of nerve
tissue over the ventral wvaginated nm of
the foramen magnum as well as over the
wnvaginated odontord process

Cirxicar Sioxs  Paget s ditease shows
frequent rather severe basilar impression
Vet paradomically neurologic signs are less
frequent in Pagets disease than in platy
basia due to other causes However symp-
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even progress to paraplegla (Fig 308)
These are results primarily of an osteolytic
phase of Pagets disease Other cases de
velop siunilar peurologic symptoms and
signs, but result from actual pressure of
new bone formation which s part of a
marked osteoblastic response

These changes often are observed 1n the
dorsal spine and will improve with laminec
tomy Such surgery is indicated in severe
collapse and n the proliferative type (Fig
308)

NMilder forms of both types have been
observed by the senior auther to improve
with good bracing and magnesium therapy

Basilar Impression. (Sys Platybasa*
convezobasia %)

This deformity s a telescoping of the
cervical spine [nto the basflar area of the
skoll (Flgs 2838 97) It may occur as a
result of congenital or developmental anom
aly It also may occur as a result of soften-
Ing of bone in the basal area, the form
resulting from conditions ke Pagets dis-
ease osteomalacia or hyperparathyroidism.

Histoxrcar Notes The condition was de
scribed in 1844 by Rokitansky®® and fartber
detailed studies were made by Virchow*
and Grawitz® \eurologic disturbances
were first related to postmortem findings

Fio 309 TPagets diszase with development of
Anterepo<terior and lateral views of lumbar sp

sarcoma White male, 62 years old
ine Increased osteolytic maiwfh
present in the body of the third lumbar vertebra coinaiding with the development of &
sarcoma 10 a case of mived osteolytic and osteoblastic Paget s discase



v Homén ** Schiller*? deecribed this con
dition antemottem in 1911 and correlated
the bony deflormity with central nenous
<vetem disturbances Since that time a pum
ber of reporte about thls condition have
appeared in the terature  \ particularly
detailed report relntlng this condition to
Paget s diseace in a mngle cawe fs that of
Wicle®

Tatiioorsists, In Pagets discate when
the bone becomes relatively malleable the
weight of the skull upon the uprizht cervical
spine causes a gradual cotlapee of the cranfal
tase The upper cenvical vertebrae therelyy
press upon the posterior cranial foasn and
upon the foramen magnum

‘The round shape of the foramen magnum
may change in this disease Such deformity
is particularly apt to octur at the ventral
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portion of the forimen magnum This de
formity [« actually a basitar fnvagination
with upward df placement of the cervieal
apine in relation to the surrounding shull
Tt manifests an effect In three ways The
first I8 by pre<cure of the upper parts of the
cervical spine against brain i <ue of the
poaterior eranial fowa The wecond is repre
sented by a hernlation of the cerebellar tis-
sue and the hrain stem into the cervieal
«pinal canal The third {s a kinking of nerve
tissue over the ventrn! fnvacinated rim of
the fornmen magnum as well as over the
invaginated odontoid process

Crviacar Siens Papets di eaze <hows
frequent rather acvere basilar impression
Yet paradoxicalls neurolozic signs are less
frequent in Papets diseate than m platy
basia due to other causes However symp-

L S L4 e Sl ot
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Fro 311 Pagets cisease with development of sarcoma. (From Dr 3 3 Pom-
eranz) Anteroposterror and lateral views of both tibiae. A sarcoma has developed 1n
pre-existing area of Paget s disease in the ruximalpctﬂuno(therlgh:t_l‘bla_mleh
tiblamd!heﬁbuln:howmostm}yﬁcphaxofl’-g:tsdm.se.

toms have been described 1n this condition
when 1t Is caused by Pagets disease ¥
The symptoms and slgns are primarily
neurologic, These include atans from in
volvement of the poatenor columns pyram-
1dal-tract signs such as hyperreflexia and
the presence of pathologic Hoffmann and
Babinsk: responses and cerebellar signs
espeaially dysmetna and dyskinesia. The
cranial nerves of the postenor cramal foasa
may be Involved with motor paralysis ®

In addition to the above findings of brain
stem and cord orgin radicolar findings
from upper cervical segments may be noted
Such findings would include hyperesthesia
and ocapital beadache in particular Tf the
deformity 1s severe enough, it is obvious
that the vital centers of the medulla can be
come {nvolved with a fatal outcome

TReATMENT Surgical decompression s

Indicated to alleviate neurologic symptoms
if severe enough

Malignancy in Pagets Disease, Through-
out the lterature are numerous references
to malignancy developing in Paget’s dls-
ease The figures relating to incidence vary
considerahly One must also consider that
malignancy of bone 1s usually determined
by the time death ensues. Pageta disease,
however may be overlooked In many cases.
VMoreover since the cases wth sarcomatons
change usually become hospitalized the
hospital statisties will be weighted n favor
of & malignant complication of Paget's
disease.

There are figures reported in the litera
ture indicating little or no incidence of
malignancy in Pagets disease and figures
that rse to as high as 1§ per cent of Incf
dence of malignancy
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Fic 312 Sarcoma in Paget s disease (From Dr Charles b Gechrckter) Note large

cells some show ing mitotic figures. Areas of bone and cartilage formation of immature

type are seen. Hematoxylin-easin. (X 200)

Schmor! found no sarcomata in 138 cases
and in 116 cases Gutman and Rasabach™
found no malignancies. Dickson et al,®
reported only 3 cates of sarcoma In 367
cases of Paget s disease at the Mayo Clinic.
On the otber hand Layani™ indicated the
incldence to be 8 per cent and the survival
time to average 6 months after ampatation.
Lithienstdn® gave an tstimate spproxd
mately as hugh as 15 per cent It is also of
interest that § of the 8 cases reported by
Paget 7 7 including the Initial case died of
malignancy

Schirch and Uehlinger ™ in a report of
over 10,000 general autopses found the
mcidence of malignancy In Paget s disease
to be 06 per cent The total number of
cases of Pagets disease in the skeleton
was not determined precsely They con
cluded nevertheless that this percentage
of malignancy was too amall to designate
osteitls deformans as & precancerous con
dition This view s not beld consistently
n the lterature

Sugarbaker * for instance indicated sar

coma singly as well as in muluple focl
Brallsford™ hsted 6 cases of arcoma in
Paget s disease Coley and Sharp™ reported
72 cases of osteogenic sarcoma in persons
over S0 years of age and in 20 of these a co-
existing osteltls deformans was found

The {requent assoclation of sarcoma with
Paget & disease leads one to the assumption
that Paget s dlsease {avors the development
of sarcoma Interestingly in 20 cases of
Coley and Sharp ™ the sarcomatn developed
only In bones involved by the osteltis de
formans Gerstel and Janker™ collected re
ports of 39 cases of osteogenic sarcoma in
Fagets discase in which 6 cases showed
sarcoma starting in different bones more or
less simultaneously This also occurred in
26 of 76 cases of sarcomn In Paget s disease
collected by Summey and Pressly” and In
10 cases described by Platt ™

Even In cases in which sarcoma developed
In various Dones simultaneously  visceral
metastases are usually alwent This has
been the senior authors observation also
As Snapper™ indlcated thiy gives the {dea
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of multicentric origin of these bone tumors
and militates against hematogenous dis-
senunatfon

In the authors opwuon since it is pos-
sible that some fault in tissue differentiation
plays a part in the development of Paget x
disease it is not unreasonable to assume
that such & situation could be a precancer
ous condition Further critical analysis of
much of the literature suggests an ind
dence of sarcoma in Paget s disease beyond
mathematical probability

Sarcoma as found in association with
Pagets disease as indicated above has
some uanasual aspects. They may be re-
viewed as follows

1 It is usually an osteogemic sarcoma
often with chondral, osteolytic or osteo-
blastic characteristics (Fig. 309) Lichten
stein™ noted that the malignancles compl
cating Pagets disease of bone may not
always be osteogenic sarcomas, they also
may be fibrosarcomata and even maiignant
giant-cell tumors (Fig 310}

2 These cases are progressively fatal but
appear (Fig 311) to be less rapidly fatal
than the adolescent metaphyseal type of
asteogenlc sarcoma,

Two peculiar charscteristics of this type
of malignant degeneration are (a) a tend
ency for the tumor to spread by contiguity
and often without distant visceral metas-
tams (Fig 309) and (b) the frequent occur
rence of the malignant change in more than
one bone which may be separated as widely
as a right humerus and a leit femur (Fig
312)

The reasons ome must consider multi
centric origins of these sarcomata in cases
where more than one bone Is found to be
affected by a malignant Jeston are

1 The tumors may be found at widely
separated areas yet absence of involvement
of lung and other viscera and the hlood ves-
sels is against hematogenous speead

2 On discovery the tumors may demaon
strate the same degree of advancement, in
dicating simultaneous occurrence.

3 The tumors may show some differences
in bustologic characteristics

Sicns or VMaponancy Contrary to the
age group affected by the usual type of
osteogenfc sarcoma (23 years) ™ the group
of Paget’s-disease cases are found largely
above the age of 50,

The malignant change Is found m boes
affected by the Paget's disease It Is also
more apt to occur 1 those cases in which
the osteolytic process predominates over the
ostecblastic reaction.”

There is generally considerable increase
in pan especially at night. The involved
bone rapidly enlarges, and pathologic frac
ture is common

Of interest 15 & case of the authors who
suffered severe destruction of the lumbar
spine by sarcoma He first presented himmself
because of 2 fall due to partial paralysts
secondary to tumor pressure upon spinsl
nerves (Fig 309) Such cases are rare
enough to merit very careful study in each
instance It 18 possible that hlood studies,
particularly alkaiine phosphatase and sed!
mentation rate may show changes in serlal
determinstions with tbe supervention of
malignancy

A case of the authors maintained a posi
tive calcium and phosphorus balance antll
his death from a leslon involving most of
the spine,

It should be emphasized that whepever
undue bone pain occurs in a patient suffer
ing from Paget s disease careful study even
including planograms and bropsy ought to
be considered

Summary The reader canmot belp but
feel confused when confronted with such
varjed statistical data, Nevertheless there
appears to be an incidence of malignant su
pervention in Paget s duease usually osteo-
gemc sarcoma of varylng histologic types.

The incedence of malignancy Is higher in
the older age group and 1n advanced poly
ostotic Paget s discase Vost of the statisti
cal data do not take into account some of
the following factors

1 The duratran of the Pagets disease
in relation to the development of the mally

nancy
2 The degree of dissemination of the
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Fio 313 Pagets disease. White male 60 years old The patient has widespread
Pagret s disease, Including the skull Antcr(){;nitﬂor and lateral views of right knee.

The lower femur Is the seat of advanced

et 8 disesse with osteoblastic reaction,

In addition there i involvement of the patella by a similar but less advanced process.

There is advanced hypertrophic ostecarthritis
erosfon and sclerusis

and
major Joints of this patient

Papget s disense and [ts relationship to the
mcidence of malignancy

3 The chemical findings as reflected by
alkaline phosphatase and sedimentation
rate

4 The true incidence of Pagets disease
itsedf at all ages and stages which must be
ascertained before the true relationnl sig
nificance of malignant supervention can be
indecated

5 The degree of osteolytic versus osteo-
blastic reaction Very severe osteolytic reac
tlon with exuberant osteoblastic respomse
may be related to malignancy on the basts
of cellular activity

GeNewaL CoMrLicaTIoNs

Arthriths, In the authors experience hy
pertrophic ostecarthritis appears to be a

th severe narrowing of the knee Joint

of the tibial condyles. Similar changes occurred in other

complication of Paget s disease The renson
is that the {ncldence and the severity of de
generative arthritls Involving jolnts con-
tiguous to Paget's-discase bone are out of
proportion to the amount of change that is
to be expected at any age group (Fig. 313)
The implication of this olservation is that
patlents with Paget’s disease often will
show symptomatology of advanced degen-
erative arthritls. Many times therefore
symptoms in such patients are on the basis
of jolnt origin not bone

ar Discase This has been
duscussed in detall under etiology Refter
ating some of the thoughts contalned
thereln Pagets disease in {tsell presents
certain characteristics that are an Increased
straln upon the cardiovascular apparatus
The more diffuse the Paget s-disease chang
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in the skeleton, the greater the circulatory
load This causes high cardiac output
which represents 2 state of cardiac strafn.
Changes, therefore can even induce cardiac
fafture

The chest 1s deformed in advanced
Paget s disease with elevation of ribs and
considerable collapse of verterbral bodles
producting severe kyphoels This adds a
mechanical strain to the pulmonary circu
lation and reduces respiratory excursions
In addition there appears to be a general
ized arteriosclerosis greater in degree than
can be explained on the basis of age alone

The pattern of clrculatory disturbance
induced by Pagets discase of bone 1s as
follows 4t

1 Increased pulse pressure

2 Increased cardiac output

3 Enlargement of the right auricle

4 Absence of significant anemla

5 Removal of these signs by application
of a tourniquet hgh on a markedly af
fected limb

6 The disturbance in the Involved bone
Is felt to be compatible with multiple small
erterlovenous gneurysms The assumption
1s that the vascular bed of the affected bones
acts as an arteriovenous shunt

Hypercalcemla Hypercalcemic  symp-
toms will arse in Paget s disease upon im
mobilization by elther prolanged bed rest
or plaster hixation It must be remembered
that the primary process m this discase 13
osteolytic An osteoblastic response occurs
almost immediately It is varied 1o degree
under the most tdeal circumstances Aost
important in mamtaming this so-called
healing reaction 1s the stimulus of func
tional actrvaty weight beanng belng the
best example

Immobilize a part—or even worse im
mobilize the entire patient—and an enor
mous csteoporesis results apparently due
to a continued uncheched osteolytic process
plus a diminution in the activity of the
osteoblasts When this occurs in a hy
peremic bone structure very rapfd absorp-
tion of lime salts resnlts

The KMdneys in the patients are msually
aged older than their years for Pagethy
disease infers some degree of premature
aging In additfon the kidneys are struc
tures affected by arteriosclerotic changes,
They often prove to be madequate for the
Job of excreting the great excess of calqum
and phosphorus. As a result the levels of
calclum in the blood increase markedly
producing symptoms of hypercalcemua

Often when a major fracture occurs to a
person suffering from Pagets disease nau
sca vomiting abdomnal pains drowsiness
and even coma may enmswe. In additfon,
pathologic calcification of vanous soft tis-
sues mcluding the kidney parenchyma may
occur Stone formation within the unmary
tract also may result It is vitally Important
to keep this serlous even fatal potential
complication tn mind

This problem must be anticipated at
once on the occurrence of any fractore or
any other condition requiring bed rest. So
first one should avold at ail costs prolonged
confinement In bed. \ext any fracture
should be treated by that method allowing
earliest ambulation or function of the part.
In the long bones this mesans internal fira
tlon preferably of intramedullary type In
the hip it infers & probable indication for
prosthesis replacement In the tibia Intrz
medullary nailing and/or walking plasters
are fndicated. In the flat bones and the
spine early ambulation with support and
with sedation for pain should be the objec
tive Here it is better to accept a lets per
fect anatomlic result.

Apophyseal separations, such as avulsion
of the tibial tubercle require open opera
tion and fixation (Figs 306 318) This will
be discussed further under surgery In the
treatment of Pagets discase

Walking plasters are also indicated in
fractures of the legs (Figs 265 302) In the
instance of the feet where possible stee)
plates in shoe soles are used to allow early
weight bearing with relative comfort.

When patients are ambulated early the
diet should be high in protein and moder



ately mereased in calelum phosphorus and
vitamin I 1t nlsn should be supplemented
tn andropens and cstrogens. This too fs
Alcuseed §n detail under trement

During the perfod of enforeed bed rest
cdcum and pho<phorus intake must be
reduced  deaxtically ML milk and milk
products, for instance are forbidden In
addition magneafum carlonate must be ad
minstered preferably 40 Cm per day in
divided dowes  Androgens and estrogens are
wnterdicted

\ental Changes. In his orlginal report
Paget? emphaslzed the preservation of nor
mal mentality in his patlents However {t
frequently has been considered that skull
changes and deformities might be responsi
ble for mental changes Snapper™ quoted
Schrifver and Stauder as stating that men
tal abnormalities especally dementia prae
cox occur frequently in Pagets dizease
Stadler™? cited the case of three brothers
with Paget s disease who shomed mental as
well as neurologic disturbances

The authors have not obterved pgrom
mental aberration In any caces despite the
oppactunuty of following many patients with
advanced skull disease It must be remem
bered that cerebral arterlosciercsis and
mrotal deterloration oo that basls may
occur In Papet s-disease cases o8 a con
comitant finding The authors cannot cor
roborate that changes in Paget s skulls pro-
duce mental flineas. It is true that deformity
such as compression of the foramina at the
base of the skull may produce local effect
but in general the mnner table does not
appear to enlarge greatly nor to become Jr
vegular Fusthermore 10 the authors knowt
edge no proof of mental disease from skull
pressure on the Lraln has been presented

Chemleal Chonger \umbers of data
on Pagets disease have been accumulated
by many workers including the authors of
this book Certaln apecific findings have
been ascertalned and frequently confirmed
As yet however the factual information
stiil does not clearly indicate the unknown
cause of the disease

Camplicatlom Vi

Since the primary process of the diwcace
appears to be ovenlytic one might newme
that elevation nf Dloodxerum caleium 1<
present however this has not been ol
ecrved [t ¢ true that frequently it occurs
when o patient with advancerd direase fs
immobitized or becomes bedd fast bt this i«
the result of excewsive nateoporesis due to
lows of functional stimulus tn bone forma
tlon When we consider chemical findlings
m this dlscase we must conelder both the
degree of involvement and the stage of the
disease

Chemical studies of Tagets discase In
clude routine laboratory blood-serum values
and speclal studles The routine blood
<«rum determinations are for serum cal
clum phophorys  alkaline phosphotase
and sedimentation rate (preferably Wes-
tergren)

Speclal studies Include blood serum mag
nesfum and balance studies The latter
studies are of interest when they measure
calcium phosphorus magnesium and sulfur

The seninc author has amaseed consider
able data by balance studies which were
started with Lasio hajd at Johns Hoplins
Hospital and continued with Corson White
of Philadelplua

Barance Stupies A balance study as per
formed by the authors is consdered ex<en
tha) for 2 correct determlnation of the pa
tient s metabolism of the studied elements
as well as essential {or the determination of
the indicated dose of magnesium to mamn
taln o patients caldum and phospborus
Dalance at an approximate equilibrium Jevel,

The method of stuedy Is to mive a diet
containing approximately 03 Gm of cal
dum 05 Gm of phasphocus and 0 (5 Gm
of magnesfum daily The patient is on this
diet for 1 week before a balance study is
performed At that time a ngid diet may
be continued at home with care to save all
urine and feces and of course care to meas
ure all ingested food Howeer usually hes-
pitalization s preferable for investigative
work.

Diet consisting of 03 Gm of ealefum
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0.5 Gm. of phosphorus and 015 Gm. of
magnesfum
1 The stated mineral content of the
majority of vegetables and meats varies
greatly Therefore it is necessary to list
specific foods in arder to obtaln the desired
gram molecular weght.
2 The following foods contain no trace
of magnesium -+
Apricots dried
Blackberries (sceds removed)
Collards
Cottage cheese
Cucumbers (seeds removed)
Limas fresh
Parsley
3 The foods which contain caldum and
phosphorus in greatest abundance are milk
and eggs They are excellent sources of
these two elements, but both are poor in
magnestum. Muscle meats are rich in phos-
phors but their calcium content Is low
Beans are falrly nich in calclom phosphorus
and magnesium and serve as excellent
sources of these elements Wheat is poor in
caldum but serves as an important source
of phosphorus Nuts and green vegetables
such as broceolf kale and celery are good
sources of caldum *

Dies Preserigéion 03 Gm. of aalclum 05
Gm. of phosphorus and 015 Gm of
magnesium,

Breakfast

Frult serving (orange Juice)—0 030 Gm of
caldom 0019 Gm. of 0010
Gm of magneslam

Cereal (refined)-—100 Gm —0 001 Gm. of
calcium 0011 Gm of p

Cream (20% )—90 Gm.—0 087 Gm. of eal
cdum 0.069 Gm. of pbosphores, 0001

Gm. of magnesium
Tota)]—0.118 Gm of cajcium, 0099 Gm. of
phospborus 0.011 Gm. of magnesium
Lunck
Lettwee ()4 bead)—0 054 Gm. of cakclum
0031 Gm. of Phosphorus 0011 Gm of

magnesium

Beets—100 Gm—0026 Gm. of caldum
0039 G, of phogpborus 0023 Gm. of
magnesiom

String beans—100 Gm —0 065 Gm. of cak
dum 0044 Gm. of phosphorus, 0.026

Gm of magnesium

Total—0 145 Gm. of calaum 0.114 Gm. of
phasphorus 0 060 Gm. of magnesium

Dianer

Ckicken—80 Gm.—0.016 Gm of caldum,

0218 Gm of phosphorus 0027 Gm. of
um

Asparagus—100 Gm—0021 Cm of et
cum 0052 Gm. of phosphenus, 0.012
Gm of um

Carrots—100 Gm —0.042 Gm of calcfum,
0040 Gm of phosphorus 0017 Gm. of
magnesium

Potato—100 Gm —0 011 Gm. of caldam,
0056 Gm. of phosphorus 0027 Gm. of

magnesfum
Totai—0 090 Gm of calctum, 0.366 Gm. of
phosphorus, 0083 Gm of magnesium

At the start of the test, 5 Gm of carmine
18 glven to mark the stool. The urine be-
ginning after the morning s first specimen
passed 1s collected for each 24-hour period
A creatinine test should be done upon the
urine in arder to be sure that each specimen
represents a 24-hour aliquot.

Two dentical separate portions of food
are made up for each meal These are then
welghed One of these portions the patient
ingests Care is taken to reproduce In the
second portion the appearance and the
amount of the first sample that is left on
the dishes and the silverware by the patient
The same amount of materfal the patient
ingests s collected therefore for analysis
from the second sample Furtber check for
accuracy is done by weighing the remdue of
the portion served to the patient. In other
words every precaution 1s taken to equll
fbrate the food sample analyred with that
ingested by the patient. Sample diets are
used because tabulated diet values as far &3
far as minerals are concerned vary with the
locality in which the food Is produced

The total food for a S-day perfod Is
himped and analyzed as a single spedmcn
for phosphorus calclum, magnesiom and
aulfur

The total stool should be saved for §
days. This includes the stool first steined



wath the carmine ond stops with the collec
lion of a recond Mook amain staleed with
carmine which s given an the night of the
fifth day

The problem of the urine is simpler Each
day s epeamen fs apitated and a propor
tionate sample taken This is lumped with
amples proportionate 1o the day s total
output of each of the other four days For
example 1f 2000 ce of urine iy exereied by
the patient on the fira dav 200 ce. may be
preserved {rom this total amount for analy
ds. On the second day if 1,500 cc. Is ex
creted 150 ct. will be preaerved for analy«is
ardd o forth 0 that one tenth of cach of the
remalning three davs output of urine will
be «aved Creatinine tests are done on the
total urine output of each day to be sure
that they are consistent in value and Indi
cate that the unne represents a true 24
hour aliquot

Flve more days are allowed to pass which
means 10 dayy from the start of the first
period On the sixth day (11 days after the
start of the first period) carmine fs again
£rven 10 stain the stool and to mark the be-
ginning of a second balance period At this
time the diet fs maintained precisely as in
the first pertod with care to measure it and
analyze the food a4 well as the output of
urine and feces. But in additlon 4 Gm of
magnesium carbonate daily s given The
1ame method of analysis iy carrled out One
is then able 1o interpolate how much mag
nesium {s required to maintain a patient in
approximate balance as regards calclom and
phosphoruy

For simpliaty in correlating chemical
facts with s particnlar phase of Paget s dis-
ease it s well to recal] these 4 stages

1 Primarily a monostotic form In which
& single bone s lnvolved Is present. Here
the blood-serum calelum phosphorus and
magnesium are normal The alkall phos-
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ariations do not oceur in most cases of this
phae of the disease and when obeerved
are probably purely coincidental

Ralance studles demonstrate no apprect
alle lows of calclum phosphorus or magne
sfum but usually do show & foss of sulfur

Such relatively normal findings in blood
and on balance study are to be expected
when this ditwease is not widespread or
rapidly advancing In this tarer {orm of
Paget s disease there is no great actlvity

2 Polyostotic forms with excessive ev
dence of the ostealytic phate will be re-
flectedd {n the following chemlcal findings
normal calclum phesphorus and magne-
slum appear in the blood serum The alka
line phosphatase will be found to be normal
or slightly elevated \ot until considerable
osteoblastic response occurs will this value
rise. The sedimentation rate will be found
to be aniformly elevated \alues above 40
(Westergren) are quite commeon.

The balance study will demonstrate a loss
of caldlum and phosphorus either a nega
tive or a slightly positive balance of magne
sium and a Joss of sudfur

3 Polyostotic forms with some healing
reaction and with evidences of large areas
of osteoporosis circumseripta in the skuli
ot the pelvis in particular will be reflected
ln the {ollowing chemicnl findings normal
calcium phosphorus and magnesium values
oceur in the serum. Alkaline phosphatase 15
moderately elevated ronglng from 20 to
forty Bodansky units Sedimentation rate 15
clevated values of 40 (\Westergren) or
above frequently being observed The bal
ance studies demonstrate moderate negative
calelum and phospborus balance and occa
sionally negative magnesium balance Con
;‘d’,:‘-“' pegative bapance of sulfur is

ou

4 Advanced polyostotlc Pagets disease

phatase fy rarely clevated to any apprecd
able degree The sedimentation n{te [l;pmn
ally within normal ranges

Flevatfon may oceur In unic acd uren
nitrogen blood sugnr and cholestero) These

whl:ed b;" ble ostealytic activity accom
pani marked osteoblastic response 13
the form usually observed and studied by
most investigators This {s by far the com
monest form It represents advanced dis-
case and i the result of propression of
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the above phases over a period of years
The blood-serum values will be normal cal
cum, phosphorus and magnesium Very
high alkaline phosphatase levels are found
In fact these are the highest levels observed
in any disease state. It is pot uncommon to
see values above 100 Bodansky units The
sedimentation rate again is elevated often
well above 40 (Westergren) Often the ele
vation of sedimentation rate has been con
fusing to a cliniclan who may be followlng
a patient who has had a coronary throm
bosts and who also has Paget s disease The
sedimentation rate appears to be one of the
most accurate determinants of activity of
this disease Tt probably reflects tissue
breakdown whereas the alkaline phospha
tase indicates unrequited osteoid and bone
formation reaction

Balance studies mll consistently demoa
strate definite positive balance of calcium
amd phosphorus moderately positive bal
ance of magnesium and loss of sulfur

Therapy with large intakes of magnesium
carbonate will lower this positive caldum
and phosphorus balance to or near the point
of equillbrium.

The consistent findings in well-developed
Daget s disease are the loss of sulfur and the
retention of phosphorus calcium and mag
nesfum It 18 of interest that a losa of sulfur
was the rule m all forms and degrees of
Paget s-disease involvement. This finding
was first observed and reported upon by
DaCoste et al ® and by Rabinowlitch™
The precise sigmficance of this finding is
still not established The most reasonable
explanation is that there s total mitrogen
loss as part of the tissue destruction of the
osteolytic process

Broop Prcrowe. When a disease is as
disseminated as is Paget s disease and when
it may involve much of the flat bones and
marrow structures thoughts of aberratfon
of the peripheral blood count and the mar
row arise

A consecutive serres of 12 coses of ad
vanced Pagets disease were studied care-
fully by means of peripheral blood counts

and sternal and pelvic marrow smears.®
No aberration of the blood picture was
determined

TREATMENT

Hutory of Treatment. The treatment of
Paget s disease as of any disease of un
known etiology has been empincal Tsolated
cures have been reported from theraples
which differ widely both as to type and as
to rationale Prior to 1916 roentgen dlag
nous was not well developed and unless
there was a clinically advanced and typieal
case of Paget s disease little thought of the
diagnosms of this disease arose Even to this
date manv medical men consider the dlag
nosis of Paget s disease to be associated only
with progresaively increasing head aize
After 1916 with the advent of more fre
quent roentgen studles many cases of
Paget s disense were discovered and many
reports have appeared in the literature since
that time It is now quite apparent that this
drsease occurs infrequently but that It is
not rare

It must be remembered that 1n the for
mulation of intelbgent therapy for any con-
ditfon it is of the utmest importance to
diagnose the speaific condition and to dif
ferentlate it from other conditions with
which it might be confused

It must be borne In mind that prior to
1930 many bone conditions probably were
grouped much as the dermatologists grouped
eczema because of the meager knowledge of
the sallent factors of these diseases There
fore many modalities of treatment adve-
cated prior to this time except for historical
interest, would have no place in the present
armamentarjum. In fact many of the thera
peutic regimens were used for what may
not have been true Paget s disease

So it has been Important to determine
not only what is Pagets disease but also
what is not Prget s disease

In 1908 Schirmer® carefully collected
varlous measures of therapy and it is obvi
ous that the treatments were merely emparic



and unatisfactons The various types of
treatment lated in his review were dietetic
antitheumatic arenicals potassium fodkle
phosphorus, massage baths and electricity
The best recommendation was for mud
baths which presumably gave rome relief
from pain Tt was of intere<t that workers 7
even utwed oophorectomy to reduce the en
docrine effect although fittle of the pland s
function was then known

AxTierTic TReATMENT

1n the older davs prior to 1910 theee
dinfcians who thought that Paget s discase
was of syphilitic origin were in the majority
and they arpued this as the cause and used
antieyphilitic measures as the treatment
Lannelongue™ argued for syphilis as the
cause of Paget s diceare on either a congeni
tal or an acquired basis Fournier™ {nter
preted the disease as a retarded bereditany
type of syphills Gaucher and Rastaine™
reported success in the treatment of Paget s
dicease from an antisyphilitic regimen espe
cally in relation to fmprovement in walking
in the first month after treatment but ad
mittedly the result was pooc thereafter

Fortunately there were careful workers
wha both refuted and confuted this theory
Parkes Weber *'1n 1908 did 30 on the basis
of the age of patients with congenital syphi
iis in relation to the usual age of the Paget s-
disease group Furthermore he stressed the
rare complaint of pain In congemtal syph(
lis as contrasted with the violent pamn com
mon in Paget s disease Finally he indicated
0o response {n Paget s disease to antisypht
litic treatment whereas such treatment was
of distinct benefit in the instance of syphilis

Souques* then reported that only 5 of 14
cases showed a positive W\ assermann and
emphasired that the presence of a positive
W asgermann reaction Indicated the presence
of syphilis but not the syphilitic orlgin of
Pagets disease Gaenslen® in 1915 ing;
cated that syphilis was not the canse as the
blood W assermann was proved negative in
the great majority of his Paget s-discase
cases

Treatment 51

In recent years §t has become quite obwl
ous that there Is no possible eorrelation of
yphilis 10 Paget s dicense 1t the former is
present in a patient who has Faget s diseace
antfleutic treatment I8 of courre indicated
lut no cffect of such treatment on the
1 aget « diseaze oceurs and none s expected

Fspocring TREATMENT

Hochelmer*? first used oiiphorin certainly
a bold approach 1t Is of eourte doubtful it
it was of any potency and certainly was not
standardized This produced no effect in
Pagets diseace so he then performed
obphotectomy with no better results

\on Kutecha*t gave patlents with this
diceace thyreoldin on the presumption that
it was caused lyy thyroid dysfunction No
beneficial effect was noted

In 1930 Derman®® reported the use of
adrenal cortical extract and calawm with
improvement This was bated primarily
upon relief of pan in 16 of 18 patients It
is of Interest that cortical extracts at that
date were of doubtful value Kay ™ in 1934
reported that 0.3 Gm. of suprarenal extract
3 times a day would ease the pamn in Pagets
disease Watson® in 1939 indicated that
adrenal cortical preparations reduced <erum-
phosphatase levels and decreased pain He
used 1 cc. of Upjohns Cortln each 2 to 4
days then 5 cc. each 3 to 4 days.

Colt and Lyall™ reported excellent prog
ress in a single patient who was given § to
10 units of parathyroid harmone daily with
2 Gm. of sodium acid phosphate 3 times
daily Thelr argument was that the fractore
healed more readily although the peneral
disease did not appear to be arrested in spite
of the patlent s claim of beneficial eflect

Vrraumg

Schnelder and Widmann 7 after experi
mental endocrinologic studles In animals,
studied caratene and vitamin A blood serum
concentrations {n several x ray-—confirmed
cases of Paget's disease—6 cases in all Al
cases studied showed low vitamin A levels
sometimes almost zero \itamin-C levels
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were about normal in all cases They con
cluded that the low vitamin A value In
Pagets disease indicated a liver function
disturbance producing an alteration of the
vitamin A metabolism especielly of the re
lationship between carotene and vitamin A.
They felt they obtained improvement by
administration of vitamin A after which
serum-calcium levels were reduced from
14 56 to 12 mg per cent. [Amthors Note
This is of questionable value In view of the
fact that serum-calclum levels rarely if
ever vary from normal in Paget s disease.]

Delmas-Marsalet ® using caldlum and
vitamin D claimed improvement and re
ported lessening of pain and progress of
skull deformity after 3 months of the above
treatment. Nicory' used ultraviolet radia
tion and claimed improvement Belden and
Bernhelm'®* used caldum lactate viesterol
and tomato juice with the digestive tract
empty to favor absorption. They found that
parathyroid extract aggravated the disease,
which was contrary to Zimmer’s®™ experi
ence in 1930

TIxzaviatiON

Radiotherapy was first discisssed in 1908
In Schirmer 5 review wheren It was stated
that Schlesinger advocated such a regimen
Since that time radfotherapy has been used
In many cases and reported on 1n the
liternture Ledoux Lebard!®? reported relfef
in 7 cases which lasted for from 17 months
to 2 years and at times slight recalafica
tion could be demonstrated in afflicted parts
Several series of treatment were used

Apparently the most successiul effect of
irradiation has been in the treatment of the
actual areas of bone involvement and at
least temporanily it has helped in relieving
pain although no other measure of improve
ment can be determined.

The use of x ray therapy upon the para
thyroid glands in this disease however
was reported by Verritt!* on 3 cases in
which he claimed the rellef of pamn Actu
ally he used it presumably on cystic lesions
as well as in Paget s disense and one must

consider this number of cases too small to
be significant.

MpBCELLANEOUSR

Tavlor'™ reported relief of pain in a case
by the use of cobra venom. John '* jn 1927
claimed striking lmprovement in 2 cases by
a senies of Intravenous infections of 50 per
cent dextrose solution each 2 days, starting
with 20 cc. and increasing to 60 cc. No de-
tails were given as to total amount or dura
tion of treatment.

BI1ocHEMICAL AND SUROICAL

Historscal Review of Sargical Treatment.
In 1905 1% an early repart on an esteotamy
of the tibla resulting in a
was made In 1915 Gaenslen™ reported an
osteotomy but no result was given.

In 1918 Abbe!*” reported admirable sur
gleal correction of bone deformities. He ab-
served 14 patients suffening from this dis-
case 4 showed changes in the jaw In 2 of
them surgical operations were done and
excellent results obtalned In one an enor
mous regrowth of the alveolar roof and the
restoration of the physfognomy of 20 years
before resulted

In 1930 Schnek!®* reparted correction of
malposition in Paget s disease by osteotomy
and subcutaneous refracture after spon
taneous fracture The conclusion was that
prompt bealing resulted If sufficlently pro-
longed fixation was carried out

Roberts!® reported rellef of paln by re-
moving a 6 by 1 inch long strip from an
mvolved area Michaclis'® reported im
praved function and relief of pain by osteot
omy Except for the statement that bone
fragments were jouned with screws, his re-
port was sketchy as to method

In 1940 Brocg'! reported osteotomy of
the tibfa which healed well Haguenau'?
reported succeasful laminectomy to relieve
spine compression. In 1940 Henschen'™
indicated laminectomy for compreasicn
plastic bone surgery for deformity osteoc
lasls and osteotomy for deformity ahorten-



ing for lengtheredd boner =urgical removal
of akull deformities ami operative treatment
for Daget s aarcoma Careful evaluatfon of
cases of the authors ale Indicates a definite
place {or surpery

Mistorkeal Review of Blochemical Man
agement. Lxamination of the literature has
failed to reveal a group of cases in which
there has been definite improvement in
every instance There has ales been no el
dence of sustained improvement Lased on
chemical radiologic, sy mptomatic and clini
cal signs.

The therapeutic apents used in treatment
of this condition have been legion and bene-
ficlal results in isolated cases have been
reported from methods diametrically op-
posed in principle Parathyroldectomy for
example was advocated by Ballin? and
JMorse on the other hand Zimmer ™ qlso
\an de Maele 1 used parnthyrold bormone
and Bernheim'™! used a high caldum and
\iosterol diet. Coryn'® used A T 10 (dfhy
drotachysterol)

Consideration of such apparent confusion
in the treatment of Paget s disease leads to
the thought that reports of Improvement
may have been chiefly remissions or psycho-
genic for n most of the cases attempted
check on improvement was mensured almost
entirely by clinfcal chiefly symptomatic,
relie{ Realizing that the disease has spon
taneous remissions especlally as regards
objectlve and symptomatic manifestations
after walting for 22 years since their first
case the autbors have tried to establish a
cniterion of improvement other than relief
of subjective symptoms so that improve
ment may be measured objectively In addi
tion the authors have worked with meth
ods thst may possibly work similarly to
their own. Such a method I3 the uge of
aluminum acetate advocated by Helfet 110
chiefly to nullify phesphorus absorption
Ghormley and Hinchey! continued with
this method and reported upon jt.

It is important to state at the outset that
the authors make no clalm for core of this
disense They do feel however thet many
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of their patients have been made mote com
fortable for sustained periods ol time
\foreoner binchemical and radiologlc data
indicate some impeomement from the objec
tive point of view

The nuthors follow up of many cases
covers a period of many years so that the
pousibility of remissions s not the only ex
planation Fven after 22 years of work by
the senfor author the basic scientific data
{n relation to bone metabolism in the normal
and the Paget s-disease states are not yet
sufiicient 10 explain all the facets of the
cwentinlly empincal therapeutic progmnt
carried on by the authors \evertheless a
regamen which has helped patients with this
disease is presented so that it can be used
critically by other workers in order to con
firm ot refute the firddings of the authors,

The methods of treatment used by the
authors vary moderately {n relation to the
predominant phase of the disease The usual
treatment [nvolves administratfon of mag
nesfum {n the predominantly polyostotic
osteoblastic phase of Paget s disease In the
authors experience this is the most com
mon phase and most cases eventually de-
velop this form Treatment also must in
clude anticipation of the complications of
the disease Then such complications may
be elther avoided ot treated

One must remember also that when the
X factor that produces this disense Is deter
mined these methods may have to be re
evaluated

Nevertheleas the authors belleve that in
thelr therapeutlc program lies a seed of
truth which may prove to be a method of
cutting the Gordian hnot even though we
do not know how to unravel it

DaCosta et al, * did basle work which
identlfied the osteoblastic phuse of this dis-
ease as one charncterized by retention of
phosphorus  calcium and magnesium The
authors own studles performed in conjunc
tion with hafdi and Corson White corrobo-
rate DaCosta s findings.

Studies of x rays and pathologic
mens furtber Identlfied the o:ﬁimbmc
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phase of Paget s disease Obviously there
fore, something that would reduce bone
density might be of value as an agent for
treatment of Paget s disease in its advanced
forms.

The senlor author referred to the use of
magnes;um and a low caldum and phos-
phorus intale for the treatment of Pagets
disease in a review of bone metabolism
which was presented before the American
Orthopaedic Assoclation fn 1936 with
A Bruce Gill 18 Presented here s a more
detalled outline of this regimen. It Is pos-
sible that some prior reference to similar
work has been overloohed therefore, a de
scription of the way this method came mto
being is presented

In 1930 because of contact with Mitchel
Rubm and the late David Shelling both of
whom at that time were In the Department
of Pediatrics at Johns Hopkins Hospital
the senfor author became interested in the
study of mineral metabolism especially as
it concerned the adult bony system. Asso-
cintion with these two workers contrued for
a number of years and many helpful sug
gestions were obtalned

The senior nuthor learned from these men
that Laslo Kajdi, also of the Dapartment of
Pediatrics at John Hopkins Hospital had
used magnesium as a decalcifying agent in
a 6-year-old subject with marked diffuse
hyperostosis His use of magnesfum wns
based upon the work In 1927 of Shelling
Shipley and Holt,!** who had identied mag
neslum as a decalcifying agent

Kajdt used a reduced calcium and phes-
phorus intake because magnesium carbo-
nate the ideal form of this mineral for this
purpose was & laxative A large dose there-
fore could not be used without catharsis
By reducing the caldum and especially the
phosphorus intake the relative magnesium
dose thereby could be increased

Although Rhajdl bhad used this regumen
only in the aforementioned child the senior
author {elt that the method might be of
value in osteoblastic Pagets disease The
first case so treated was on the service of

A Bruce Gill at the Philadelphia Ortho
paedic Hospltal In 1932 Within a few
months, several other cases were treatsd
with this regimen Corson Whites reports
on the chemfcal studies in these patfents
indicated the following serum calcdlum and
phosphorus determinations were normal
alkaline phosphatase levels were elevated I
these cases and balance studies showed re.
tentlon of calcium phospborus and may
nesfum and loss of sulfur and nitrogen,
After magneslum and the above regimen
were given the phosphatase levels declined
sedimentation rates fell caldum and phes-
pborus excretion 1n feces and urine fo-
creased magnesium retentfon was only
slightly increased and sulfdr loss wos re
dirced These patients were uniformly im-
proved as regatds subfective complaints
objectively they had more strength and
tired less easily

Deflection studles on involved booes
under measured Joads show Increased flex-
bility of these bones within & few weeks
after the mstitution of magnesfum therapy

Subsequent to this the senlor author con
tinued his orthopedic work in Baltimore
under George Bennett, with whose ald he
saw a number of other patients with Paget's
disease one of whom supplied funds which
permitted the setting up of extra technical
work under Kajdi so that numerous balance
studies could be carmed out (Fig 314)
These balance studies and blood-serum
studies as well gs clintcal follow up were
also most encoursging so that this reglmen
was adopted and has been followed through
from that time untll now lany more cases
of Paget s disease were séen and treated by
the authors 1n the course of the next 21
years the majonty of whom have improved
(Figs. 315) An apphcation of chemical
measures to this disease has enabled the
authors to do surgery on numbers of cases
with no untoward effects (Figa. 295 306
320)

Some cases, a3 o matter of fact have bad
dramatic improvement by surgical proce-
dures of marked deformities with po com-



Fic 314 Taget s diceate White female 70 years old. The patient was first seen and
later follomed by the renfor author throuzh the courtesy of Dr George E. Benn=tt The
patient had widespread advanced lag=ts di ¢ase She was bedfast with severe pain in
the left tup. The left Jower extrem{ty was maintalned in nearly 90 of external rotation
Am effort at pas<ve Internal rotation from this position was both palnful snd Impossible
(Reproduced from Gill A. B and Steln I Bone & Joint Surg 18 949-951 1936)

(\ Icft) \nteropasterior view of pelvis. P'retreatment roentgenogram shows osteo-
blastic Pacet 4 disease [n the right flum the ischium the rami and the pulis. Osteolytic
change Is evident in the left bemipelvis In addition deformity of the left hip joint and
the leit u;upcr femur as a result of Pagets discase Is present. A <evere hypertrophic
arthntis of the left hip joint is present with practically total loss of the joint space The
arrow indicates a retouched bony spur driving from the [schium at the Inferfor aspect
of the acetabulum.

(B Right) \nteropasterfor view of pelvis. {(Print s reversed.) Following a 6-weeks
coune of high-mamnesium and low-caldum and lmThurphorus intake (40 Gm. of mag
pestum carbonate 0.5 Gm of caleium and 07 Gm ol pbasphorus daily) the pelvis shows
a reduction of excessive osteoblastic effect on the right side There is some condensation
of the hum on the left giving 2 more
uniform over all pattem to the bone
The zm1ll exostosis arising from the left
wchial ramus which s indicated in (A)
has disappeared In addition the leit hip
shows a much clearer Joint space than in

(A)

{C Right) Lateral views of leit fe-
mur  Pretreatment roentgenogram o0
the left post treatment on the right.
There is restoratlon of the meduflary
cavity after treatment, indicating a re
duction of the endosteal proliferative re
action and the over all osteoblastic reac
tion assoclated with the Paget s disease




J A

F1c. 315 Paget s disease. WWhite female 42 years old Neck pain and stifiress, pro-
gresuvely Increasing for 2 years The lateral cervical spine roentgenograms demonstrate
the pathologic process most vividly and are therefore to illustrate the resparse
of patient to treatment. On an average daily intake of 250 mg. of calcium and 400
mg. of phosphorus, the unnary output per 24 rs was 190 mg of caldum and 400
mg of phosphorus This represents a significant pegative cakclum and phosphorus
balance and infers an osteolytic phase of Paget s disease

(Continned on following page)
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(\, Top left) Lateral view of cervical :E'I.:c $0ctnbef 1950) Otteolytic Tagets
diease This demonstrates almost complete of definitlon of the second, the third
the fourth and part of the filth cervical bodies and their vertcbral appendages Addi
tional views shomed na encrnachment upon the spinal canal The patient was then
placed upon a high: ¢ln high-caklum and high phasphorus intake plus androgen
etrogens amd vitamin 1) See text for details of m:lmn-n 40 (m of magnedum car
bonate was given dafly In divided dows 1 hour hefore meale Neck brace applied
because of fear of further collapse and paraplenia

(B Top, right) Lateral view of cervienl spine Fight weeks after beginning the cal
afying There i3 alreads evidence of increared density In the Invelved second
throurh fifth cervical vertebrae

(C Bottem left) lateral view of cetvicnl smine Three months later and after §
months of the calcifying regimen Notier the further Increace in osification through
the Involved vertebtal bodies and their posterior elements, The neck suppott was dis-
continued at night

(D Bottom rick!) Lateral view of cervical mine (December 1951) After 14
months on m)d{i:n; therapy  the trabecular detail in the Involved area now compares
{avorably with that In the surrounding pormal bones The entire secomd through fifth
vert area s fused into one solid bony mass, There are no intervertebral guees
This fusfon re<ults from a| tion of the bony margins of the vertebral bodies This
appasition occurs when the intervertebral disks totally herniate Into the softened
vertebral bodies. Compare with Figure 295 It Is now obvious in re slnce
greater bane detall is now present, that the process of disk pro and vertebral
{uston had already taken place prior to (A) With owsification foll treatment, the
detalls of the fused masq are now apparent

(E, Bottom) Cervical spine Lateral views in extensfon and flexion (December
1951) Considerable movement occurs between the fifth the sixth and the seventh
cervical vertebrae a3 weil a3 between the octiput the atlas and the axia. There b po
motion in the fused area between the second and the fifth cervical vertebrae At this
time these flexion and extension movements as well as rotatlon ta 45 in either direc
tion were cbtained without any complaint. The patient had no symptoms. The brace

was discarded The calcdiying remmen has been continved




F1c 316 A Paget s disease White female, 75 years old. The patient had been wok
ing actively as a domestic until she slpped and fell on a floor Anteroposterior
and lateral views of right femur Portable films showing short oblique fracture of the
upper third of the femoral shaft. Note the enormous degree of denuty of the bone and
the degree of obliteration of ths marrow cavity

Fic 316 B and C (Caption on fecing page)



plications and no nonunions Other cases
even 1n aged induniduale with severe dis-
seminated Pagets diwease have through
the measures of internal fixation and early
ambulation done well and developed no
renious problems of hyperealeemin (2 not
uncommon phenomenon In such  caees)
(Figs 305 316)

The authors now do not do as many de
tailed complete balance studics as presl
ously fecling as they do on the basis of
previons experience with balance studies
that many of thee cnscs can be handled
empineally However the Idetd method of
standarduzing such a patient is still the ut(
lirzthon of complete balance stuies In the
event that the<e cannot be done substitu
tion through the use of various examinations
of the blood serum plus modifications of the
Salkowitch test may be followed This is
particularly helpful in regard to the effect
of jum because fncreases
phosphorus and ealcium outpouring through
both urine and feces but to a greater and
relatively consistentdegree throughtheurine

Other workers have approached the blo-
chemical management of Pagets disease
through the use of other chemlcals a notable
example being the work of Helfet'* on alu
minum acetate which he wsed to reduce
the phosphorus retention
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Chormley "7 used a similar regimen The
particular misture that he used I« as fol
lons S fluldounces of Durrows solution
(aluminum acetate) 3 fluidounces of tolu
halsam syrup and honey to make 16 fluid
ounces Mirections 1 teaspoonful 3 times
dally In Chormley s report 1'% he felt that
this mixture had some value The role of
aluminum In regard to the bone crystal and
even to the bone formative or bone reactive
stage {txelf Is not a clear one except through
Its effect upon phesphorus alxorption Mag
nesium and strontium  however both have
other eflects aside from thoe of reducing
pho<photus aberorption

However recent work particularly upon
magneslum and its role of adsarption upon
the surface of the bone crystal'™ am! work
indicating ft is a local caldfieation blocking
factor! ! lead the authors to believe that 1t
must play some role in the basic reactions
of bone Furthermore as proved by the
authors numerous balance studies mag
nesium tends to reduce the retention of
phosphorus and calcaum in Paget s disease
The phasphorus retentlon is reduced chlefly
in the bowel with its excretion In the feces
and by some increased unnary excretion of
magnesium phosphate  Calcium retention
is reduced by the substitution of magnesium
for caloium In the bone and by excretion of

Fic 316 Band C. (B Left) Anteropasterior and lateral views of right fermur Tost
tve films following open reduction and introduction of the Rush femoral nafl
satisfactory alinement At operation the supicion of marked osteoblastic I'aget s

disease with endosteal proliferation in particular was corroborated. The bone was so
dense that it was difficult to ream o tract for the Rush pail with @ motor-driven twist
deill The surgeon must be alert to this type of Paget s disease for a Kintscher type

il can become
ot drive a gufde

lesaly entrapped in such ostecblastic endosteal bone One must
into such bope without previous reaming for thls type of bope

acly a3 a compressible trap for anything driven in and not drilled o In the auth
erperience the Rush gln 1s Indicated for this type of bone, and this Hlmlmtlonnl‘;emz:—

ontrast this
enfarged and a large himtscher
be required for alinernent and fixation

with Figure 305 where the medullay canal Is
nall or even two interlocking Kintscher nails may

(C Right) Anteropostetior view of right femur wx weeks after fntramedu
firtion Thete iy considerable callus bridging the medial lspcc!uuf the (frnctureﬂlalnne



360  Pagets Discase

calaum 1n feces and unne as compounds
other than phosphates 1=

Aspects of Blochemical and Surgienl
Treatment, There are four aspects to the
treatment of Paget s disease the first 15 to
aid the healing of the osteclytic phase the
second is to handle the excess ostecblastic
response the third is to anticrpate and to
handle complications the fourth is to cor
rect deformuty by the use of surgery

The Osteclytic Phase. The primary lesion
of this disease as stated previously 1s an
osteolytic one. This usually s followed
nearly simultaneously by healing response
Occasionally the osteolytic phase may per
sist In this event o controlled calcifying
regimen 18 indicated to obtaln a healing
response It is imperative to do thus becanse
such softened bone deforma badly with com
plications that armse as a result of such
deformatian,

The authors use a reglmen mn the osteo-
Iytic phase of Paget & disease similer to that
for postmenopausal and senile osteoporosis.

1 High-phosphorus high-caldum  high-
proteln dietary intake 18 achieved by the
use of (a) 1 quart of skim milk daily (b)
generous servings of meat or fish 2 or even
3 times daily (c) 2 to 3 ounces of cottage
cheese dally (d) 1 to 2 eggs daily and
(e) green vegetables and frurt julces.

2 Vitamin D (a) 30 drops of Dnisdol®
without vitamin A (Winthrop-Stearn)
should be edded daily to the shim milk,
which is to be finished on that day (b) For
patients unable to tolerate milk, vitamin D
18 contained in 05 Gm. of dicaldum phas-
phate capsules or wafers which are taken
as 1 to 2 capsules or wafers 3 times dafly

3 Combined estrogen-androgen therapy

i, ol Tint
and masc 4

to
side effects *
If the ostealytic process 15 very severe

* When the serum alkallne tase s norooal
or only slightly clevated combined andropenlc and
earogenk bormonal therapy B Indicated In the event
that the sllahne phosphatese f high, there i3 wde-
quate onrequited osteosd, so hormosal therspy s not
dicated.

and if the patient Is ambolatory initial Large
doses of testosterone may be given by wpec
tion The regimen is to use 100 mg daily for
3 days to a week and then to shift to oral
medication for maintenance

Malntenance dosage s testosterane 10 mg,
dally combined with ethinyl estradiol 0.04
to 005 mg (oral) Conjugated estrogen 1.25
mg (Premarin ® Ayerst) (oral) or estradal
10mg (transmucosal) also may be used g
the estrogenic component in confunction
with the testosterone

4 If bone pain is a prominent symptom
the addition of magnesium carbonate, 2 to
4 Gm dafly Is indicated This will not re-
duce the muneral ahsorption appreciably
when a good level of intake as above Is fol
lowed It will however give some sympto-
matic relief

The Osteoblastic Phase. This phase of
Paget s dlsease Is by far the most common
one Nearly all cases go an 1nto this form.
The overactive osteoblastic response 15 so
great here that the onginal ostealytic phase
is relatively overshadowed

It appears that magnesiom s most help-
ful in thiy stage Its role in bone has been
stated previpusly The ideal method to de-
termine the optimal magnesium dose is to
do a balance study on both urine and feces.
"This method has been outlined clearly vnder
chemistry In addition blood-serum cal
cium, phosphorus magnesium area nitso-
gen urlc acld alkaline phosphatase sedi-
mentstion rate and cholesterol should be
determined

In the event that a complete balance
stady cannot be undertaken then a diet of
appraximately 03 Gm of caldum 0.5 Gm.
of phosphoras and 015 Gm of magnexiam
18 given The patient should folfow his det
for at least  week then remain upon 1t untfl
two 3-day studles of calclum phospborns
and magnesium in urine are done This will
be essentially & low mineral diet such as
that described by Bauer and Aub and modt
fied by Albright and Reifensteln (see Pant
QOne p 30)

The urinary caldum excretion upon such



a diet will be approximately 100 to 150 mg
per dav the phogpharus exeretion approxd
mately 175 to 228 mg per day and the mag
ne<lum output approximately 50 to 70 mg
per day
In the extenlila tic form of Papet s dis
cace there i« a tendency to retain phoe
phocus and caloium A« a reeult the output
will be helow the normal eapected amount
Thus indicates a pritive balance of ealefum
and phophorus
\agne<dum therapy {s given to promote
increased fecal and urinary calefum and
phosphorus excretion The authors have de
veloped an empincal formula In order 10
e<timate the dosage of magnesium necesary
to obtaln a urinany excretion of 175 mg ot
pho<phorus per 24 hours on a Jow mineral
diet
4 a—b=x ¢
a = evcretion of phosphorus in milligrams
per 24 hours on 4 Gm  of magnesium
carbonate (recond balance period)
b = excretion of phoghorus in milligrams
Er 24 hours during basal studs (first
fance period)
€=178mg. — b le added excretion of
s to being it ukmtjo optimal
figure of 175 mg per 24 rs
x=do%e of magnesium carbonate In Gm.
p;t 24 hours to achleve this optimal
effect

For example if the phasphorus excretion
were 100 my before magnesfum administra
bon and now is 150 mg on 4 Gm of mag
pesium dafly interpolation indicates that
the required magnesium dose would be 6
Gm. per day The equation i«

4 (150 —100) =x (175 — 100)
4 50 =x 45

S0x = 300
= 6
where
4 =4 Gm of magnesium carbonate
used In tecond Lalance period
s = Increased excretion

Lasal or first hulance period
x = dusage of magnesium carbonate
fn Gm per 24 hours to attain
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ideal phosphorus excretion of
175 mg per 24 hours

73 =amaunt of fncrease of phose
phorus excretion de<ired to at
taln fdeal figure of 175 me, per
24 hours

Patients requiting 6 Gm  of magnesium
carbonate or more to attain the idea} phoe-
pharus excretion of 17§ mg per 24 hours on
this restricted test diet will require con
stant although less stringent reduction of
phosphorus and calclum Intake Patients
requiring from 4 to 6 Cm of magnesium
arbonate for optimal effect are allowed to
return to a relatively normal diet except for
the restriction of milk and milk procducts.

Simflar interpolation uwsing calcium ex
cretion fizures may be done but this is not
necessary if the proportion of intake of
5 to 3 of phosphorus and ealcium Is main
tained and if the excretion is aleo In similar
proportion

Anticipation of Complications and/or the
Treatment of These Complications If Thev
Do Otcur  Complications have bLeen dis-
cuseed In detail both the local and the fen
eral type Important in treatment are the
prevention of hypercalcemia and the pre
vention and the treatment of displaced
fractures.

Rutornpano:hedres{ofamtlcm
with advanced Papet « disease in particular
results in rapid osteopotosis of the skeleton
Particularly marked is the change in the
bone areas Involved by Paget s disease This
enormous calclum releass into the bleod
may well produce hypercaicemia and all
assoclated untoward symptoms and signs.
It appears that the major bone-forming
stimulus is welght bearing and stress
Bone substance by muscle action Therelore
any patient with this disease wha becomes
bedfast muat be exercised ay much as pos-
sible If the recumbency #3 for tystemic dis
case and s of prolonged duration eveny
effort to exercise the patlent within indicated
Timits must be followed Here tigid dietary
restriction of caldum and phesphorus in
take ls imperative This o fers absolute In
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terdiction of milk and milk products such
as cheese of vitamin D and of gonadal kor
mones (especially testosterone but also
estrogens) In addition all proteins with
particular emphasis upon meat and fish,
should be maintained at no more than 1 Cm
per kg per day Nuts peas, beans plums,
apricots and peaches should be withheld as
they have considerable phosphorus and cal
clum content.

In other words, the emphasis here Is upon
allowing carbohytrates and fats with min!
mum proten gonadal hormone vitamin D
and mineral intake.

Diabetrcs will requre modification of
their fnsulin desage to allow increased car
bohydrates to replace protein

In addition to those dietary restrictions
listed above, magneuurn carbonate in doses
of 4 Gm or more ezch day or magnesium
chloride in doses of 3 to 5 Gmw. a day may
be used The latter is more cathartic than
magnesfum carbonate or lactate Increased
caldum diuresis on low-calcrum intake wil
oceur with magnesium carbonate or lactate
and will be enhanced if 05 Gm of am
monium chloride 3 to 4 times daily is given

Magnesium {ncreases both calclum and
phosphorus excretion especlally when the
calcium intake iy low 18- 31

If the recummbency Is the result of a frac
ture all effort must be directed toward so
treating this fracture whether it is complete
or incomplete that early ambulation and
if possible ambulation with welght bearing
will be allowed

Intramedullary fixation or walking plas-
ters are methods of chorce for such compli
cations (Figs 265 305 316)

The recent technics of intramedullary
nading have given the orthopedic surgeon a
most useful tool in the treatment of frac
tures which compheate this disease (Figs.
305 316)

\lost disabling fractures 1n Paget’s dis
ease ore of the long bones. These fractures
are practically universally transverse They
are therefore Idenl for intramedullary fixa

tion (Figs. 305 316 317)

The banes may demonstrate considerable
bow however Therefore a well fittmg
Rlintscher nail cannot always be used Fur
thermore the marrow cavity may vary from
a very whde space to one that is completely
filled In by dense endosteal bone formation.
In erther instance there are problems in
regard to choosing and fitting a nail of
proper type and size

If the bow is not too great one or two
interlocked Kilntscher nafls may well give
excellent firation If the bow is considerahle,
2 Kintscher nail will perforate the cortex
or even sphit 1t. In these instances the Rush
nafl which Is more malleable and which bas
& sled-runner point, will work better (Fig.
316) It may be necessary to use a mungle
nail of this type or two nails The authors
have not had to use more than two pails in
a shaft fracture in order to secure adequate
three-polnt fixntion.

In those rorer cases 1n which the marrow
cavity is filled with dense endosteal bone,
the central shaft mey have to be drilked,
and again a Rush type nall will be found
to be best. Broaches to prepare track for &
Klintscher nall are not very satisfactory to
ream this hard bone (Fig, 316) It is also
helpful to reinforce the fracture site with
bone stivers.

Dietary caldum and phosphorus and
vitamin D restriction and the use of mag
nesum are also indicated here as outlined
above until the patient becomes ambulatory

TWhen the patient is up and sbout every
effort to favor bone formation and caldfica
tlon is Indicated This means the mse of
100 mg of Intramuscular testosterone dafly
for 1 week then every other day for an ad
ditfonal week then twice weekly for a thrd
week and thereafter 10 mg of testosterone
each day orally until fracture healing has
occurred

At the same time 005 mg of ethinyl
estradlol Is given daily for 3 weeks out of 4
Vitamin D in the form of 30 drops of
Drisdol® dally In 1 quart of milk and one
of the potent multivitamin capsules 2 day
are given as well To the daily quart of milk



added 4 to 6 tablespoonfuls of powdered
Nk Checse meat aml <cafood are urged
ith froit Juice to supply vitamin C to help
. oateokd formation  Magnedum i with
sd

This regimen s continued until healing
[ the fracture is accomplished 1t Is poedd
le that temporary flare up of the rest of
s Paget s diccase may occur if It is the
steoblastic tvpe Homever this must be
ome with untfl the fracture i« healed
Vhen this occurs the regimen indicated for
he particular cate of Paget « diwcase fsre
nstitated—that Is 11 it I« of excess o<ten-
Iastrc reactlon Jow calcium and pho<pharu<
od high magnedum are used if It {s ex
esstvely osteolytic the enlcifying regimen
s continned

\ aaldiying regimen {s Important in the
ost fracture period  The authors have
reated 2 fracture by Intramedullary fixation
mith reduced Intake of caldum phosphorus
ind vitamin D and high magnesium Intake
(n this instance unfon did not occur in
more than one year (Fig 317) Cases simi
arly pafled with calcifying regimen have
bealed wathin 3 months (Flgs 305 316)

The reason that most physicians have
sbserved healing §n fractures In Paget s dls-
ease is that the normal American diet actu
ally bas & rather adequate calclum phos-
phorus and vitamin content Even then
however many observers hnow that frac
tures in this disease heal slowly on the usual
diets and management of the fracture

The authors also are working upon stron
tlum as a possitle further ald in speeding
D fracture healing This chemical has been
advocated by Schorr!™ to speed the healing
1n postmenopausal osteoporosls  the autbors
Bave used ft in treating postmenopausal
osteoporusis  with  encouraging  results
Studies on its use in fracture healing in
nomal and Paget s-disease cases are still
being continued

An Interesting variant in Paget s disease
Is the avulsion fracture which may occur
In several areas but is seen most commenly
tn the tibial tubercle. This i o favorite site
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Fic 317 Pagets disease White fe
male 78 years okd. Anteroposterior and
oblrique views of nght femur These are
1 year following fracture and Kintscher
nafl insertion. Excellent alinement s
maintained However two factors may
well be responsible for the delayed unfon
here The first is a mechanical ooe [n that
this patient had a very large medullary
cavity and two Interlocked hGntscher
nails undoubtedly would have given bet
ter fixation The second fs that this pa
tient was maintained on a low Intake of
caldum  phosphorus and vitamln D
with a high dosage of vitamin D Since
this case the authors no longer use such
a post{racture regimen. (See text ) N\ote
that ambulation and puarded weight
bearing have maintained good bone den~
sity despite delayed unlon

for the following reasons the upper tibia
frequently 13 involved and usually exhibits
a severe osteolytic wedge at the anterloe
surface The amount of stress sustnined at
the tiblal tobercle surpasses that of any
other tendinous attachment to bone Avul
slon does occur less often at the Achllles
tendon Insertion (another great stress point)
because the calcaneus rarely is Inyvolved by



Fic 318 Pagets disense White male, 48 years old Anteroposterior and lateral
views of tibla, (A) Osteoporosis crcumscripta area in the upper tibia includme the
tibral tubercle which 1s the attachment of this patellar tendon. (B) Avulsion of the
tiblal tubercle after an ivory fixation attempt had falled \ote the separation of the
tiblal tubercle as indwcated by the arrow The patella is nding high. (C) Postopera
tive follow up roentgenograms 15 years after fixation of the patellar tendon ina
trough Braided sflk suture material was used in this case. The technic s outlined In
the text.

Fic 319 (Bottom) Pagets discase \White female 50 years old. Anteroposterroc
and lateral views of tibla Marked compound anterolateral bowing defornuty bas
occurred Bowing was so severe that the patient said it had been 10 years since she had

seen her toes.

this disease however few cases of avulsion
of the tendon of Achilles have been recorded.
Rupture of the rotator cuff from the head
of the humerus Involved by Paget's discase
theoretically may also occur  so far no cases
have been recorded to our knowledge

It is Interesting that in two of the senfor
author s cases avulsion of the tibial tuber
cle was the first slgn of the disease In one
of his cases the tubercle was replaced with
an vory peg a year later the lesion re-
curred with little preceding trauma (Fig
318) A second case fixed with a long vital
lium screw also pulled away  this occurred
several years later following some stress to
the tobercle (Fig 306) These two cases
have been followed for § and 15 years, re-
spectlvely following a second repair using
the authors drlll hole and suture techalc.
Two other cases have been treated in a sim!
lar fashion.

The method of fixation of the tiblal tuber
cle s one In which maltiple transvers drl
holes are first made through the outer third
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Fla. 310 Pacet s diseace (Same patlent as Fig. Jl: Z Delayed osteotom) was car

nied out to correct the tiblal bow (A) \-cut filled wit
1 prea t. (B) T'ight weeks later the fibula has been osteotomlzed subitaneously
vel of the wedge cut in the tibia. Manual osteoclasis has been performed with

s sl
at the

Ips. \ote that the bow

resultant straightening of the bow (C) \linement and healing are good 3 months later
(D) and (E)gRocnlmmmi at 6 and 12 months pastoperatively show good aline-
ment and gatlsfactory union of the osteotomy sites.

of the crest of the til1a The patellar tendon
13 then roaghened and «carified on Its under
surface The crest of the tibla is fashioned
mto a trough which receives the tendon
Suture material either silk or stainless-steel
wire i3 threaded through the transverse drill
holes and through the tendon (in one case
beavy bralded silk was used as the suture
materlal in three others stainless-steel
wire} This firmly anchors the tendon in the
bone over a wide area. The extremity is
immobllized with the hnee extended for &
period of 8 weeks The results have been
excellent full function has returned in all
nstances There have been no recurrences

Bowing Deformity Bowing of long bones
18 quite common and Is unsightly and dis
bling (Fig 319) The deformity results
from healing of minute transverse fractures.
The fractures usually produce severe bouts
of paln VMany of these patients wall with
the ald of crutches not realizing that they

can be operated upon with reasonable as-
surance of success. Furthermore this bow
Ing Is self perpetuating and ageravating
Since the stress is abnormal the bone is
predispased to additional fractutes hence
the deformity persists and is even accentu
ated The bone architecture therefore be-
comes more and more abnormal and the
planes of the jolnts proximal and distal to
the deformity lose their normal relation to
each other

Correction of the deformity might well
be performed in the tibla which usually
presents the most severe changes. The ideal
operative procedure s n delayed osteotomy
such as was suggested by Ferguson and
which also has been described by J R
JMoore 131

The procedure for the tibla is ns follows
a crescent-shaped slan incislon is made at
the side of the deformity the tibia is ex
posed and the periosteum is split and re-
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flected Then a wedge previcusy deter
mined to correct the deformity, 18 removed
The wedge of bone Is broken up and the
bone chips are replaced in the defect in the
tibla. The periosteum 1s carefully closed and
the Iimb casted Six weeks later an oste

© ™

otomy of the fibula Is carrred out and the
tibia is straighened, completing the oste
otorny manually The mass of bope chim
placed subperiosteally acts as a doctile and

malleable

arez Jending itself to essy

straighterung (Fig 320)
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Inflammatory Reactions

SARCOIDOSIS

(Svn  Hoeck s rarcold Lenfen lympho.
pranulomatosic osteitie tuberculota multi
plex cystoldes Vortimer « malady Schau
mann « diccase maladic de Tesmer Bocck
weoparotid fever or Heerforlt s dicease
Hutchinwon Boeck s ditcace hemgnes mi
larlupoid )

Definition. Sarcoidosis {4 1 chronle granu
lomatous condition which may affect any
organ or tiscue in the body and which pre
sents noncascating tubercles which other
wlte appear marhedly amilar to thote oc
curring {n tuberculos«?

Hitonical \otes. The first reference to
the discase wae made In 1889 by Nlesmier ®
who deseribed Jupus pernio of the face Fol
lowing this In 1898 Hutchinson® referred to
Mortimer and de<cribed another form of
lupus vulgaris that was nonuleernting amd
nonserpimnous  In 1892 Tennewn* alw
deseribed a lupus pernio In 1899 Boeck®
deecribed a multiple benfgn sarcodd of the
skin He actually referred to a dis~eminated
millary sarcofd of the skin and because it
bad a microscopic simularity 1o <arcoma he
mmed {t a benign sarcold Darler and
Roussy® de<cribed a sulxcutaneous variety
of a noncaseating sarcoid fn the subcutane
ouy tissne

The above descriptions were made by
dermatologusts  whose recognition of the
skin manifestations of this ditease repre
sented the first medicnl description of it

In 1909 Heerfordt! descibed o uveo-
parctld fever which presented an Inflam
mation of the middle tract of the eye with
avsociated paroth] swelling and fever He
al0 noted that this syndrome Incliled cere
bral spinal complications, with paresfs par
Heularly of the seventh cranial nerve
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1 rom the point of vlew of involvement of
bone in 1919 JOngling® described a multi
ple cy~tic form of tuberculosis that occurred
in bone He dk! not clearly define it how
ever amd one cannot be certaln whether the
condition he dewcribed was truly tubercu
losis in an aberrant form or Boeck s sarcoid

In 1936 Schaumann® analyzed the litera
ture with regard to this unusual condition
and trled to pull it together into a single
aystemlc condition He felt that there was
a relatlonship Letween this comdition and
Hodgkln s diecase and he named the entity
benimn lymphoaranuloma A summary
terpreting this ns a systemic discase’ de
scribed it as <arcoidosis or “Desnier Borck
Schaumann disease ”

Ftiology \iany obeervers have reported
varfants in regard to this condition The
etiolomy 15 not vet established clearly except
that it is a granulomatous lesfon It has
been considered by many to be noncaseat
ing tuberculosis and there have been re
ports on the presence of tubercle balli in
lesions of this condition.

However it Is of interest that when this
condltion ls widespread the reaction of the
patient to a tuberculin test is either nega
thve or very falntly positive Furthermore
if a patient with sarcoidosis develops true
tuberculosis the lesions of the =arcoidasts
disappear  Therefore it fs held by rome
{ndividuals that this might be an aflergic
responte to tuberculosis. This {s not al
together tenable however in view of the
fact that the reaction to tuberculin when
this condition is full blown is slight or even
negative Proof that the tubercle bacillys Is
the etlologlc agent by fulfiliment of hoch a
postulntes has never been pre<ented
In view of the very interesting finding of



Fic 321 (Left) Sarcoldoms. (From
Dr M M Pomeranz) Hands. There are
nodular sk Jeslons with scaling “\ote
the annular constriction of the tip of the
Index finger right hand, and the tip of
the Little finger right hand. Further de
formity fs present in other fingers, par
ticulady the interphalangeal joint of the
left thumb.

Fro 322 (Bottom) Sarcoidesis.
{Figs. 322 to 325 from Dr M 3
Pomeranz) Both hands. Ant enat
view (se¢ Figure 321) Irregular aress
of cancellous destructlon are to be
observed m the phalanges of the keft
fifth finger the distal portion of the
proximal phalanx of the left mdex finger
the tuft of the leit thumb the middle
phalanx of the night ring finger and the
distal phalanx of the right fifth finger
Otber leas marked scattered changes are
to be observed throughout the fingers




Fre 123 Sarcoddendc (Same patkemt
a« Fig 322) Anteroposterior view of
richt elbow and forearm Ovoid drreg
olar area of cancellous de<truction are
olrerved in the lower ulna and the racdius
and in the olecranon proces

negathve or only shehtly posdtive reaction
to tuberculin fn an age group where tuber
culm teste u<ually are fourd to be positive
one wanders whether or not this condition
develops in Individual who notably have
an altered Immune reaction to tuberculosis
or to old tuberculin or whether for some
strange reacon a rever<al occurs n which
a0 individual may have been positive to
tubercolin and then on developing <arcold
osls have Lecome negative There is no
proved situation to illustrate or document
this thought however The converse Is com
mon and well known—that an indnidual
with a negative tuberculin who has sar
coldosis will show a resolution of the sar
cold leston and the development of a posi
thve tuberculin with the development of
tubercluosis

Varletles, There are many varleties of
this particular condition and it Is easy to
uederstand how this would occur It is a
chronic granulomatous disease which may
involve any organ system or any structure
The anthors therefore are not surprised to
find sarcoidosts of the following (1) skin
(2) subcutaneous tissue (3) uveal tract of
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Sarcoldosis

Fic 324 Sarcordosls. (Same patient
as Fig 322) Anter erior view of
feet. Irreular areas of bone destruction
to total involvement of the phalanges are
oberved scattered throughout both feet.
The rpht fifth metatarsal shows very
definite dreumscribed areas of bone de-
struction with no appreciable periosteal
reaction. The lestons appear “punched
out.”

the eye (4) lymph glands  (5) lungs (Fig
325) (6) gastro-intestinal tract (7) «all
vary glands (8) endocrine glands giving
rise to myxedema when the thyrold is in
volved or to pitnitary change n involve-
ment of that gland (9) kidneys with de
velopment of uremia  (10) bones (Figs
321 to 324 326) (11) multiple groups of
other tlssues (tendons tendon sheaths vol
untary muscles testes mucous membrane
breasts) and (12) lacrimal and salivary
glands (when these glands are Involved by
this condition it is referred to as \iku
liex syndrome)

Clinieal Features. Many patfents have no
symptoms A diagnosis In these cases may
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The bone leslons require no treatment bs
frequently blopsies are made for diagnost
puTposes.

Prognosis. The prognosis is fair to goo
depending on the areas involved and U
degree to which they are are {nvolve

F1e 327 Infantile cortical hyperosto-
sis (Caﬁey) (I"'gs, 327 to 330 from Dr
Herman W Ostrum) Colored female §
months old, The patient was admitted
with a history of 1 day’s swelling and
pain in the left leg. The mother was alert
to the bility of this disease 23 a
nster of the patient had been setn 3
years earlier with the same entity

An view of upper extremi-
tia (June 5 1953) There 1s bilateral
periosteal proliferation and cortical con-
densation Involving both humerl radd
and ulnae There is also soft tissue srefl-
Ing of the arms and the forearms.
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Fic 328 Infantile cortical hyy ) (Same patie Y Antero-
eror and lateral views of low e 5 1953) Jree of
volvement {s fn both tibiae P n and ¢ th are

present on the anteromedial aspect !
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Infantile Cortical H\pcrmlmh (Caffey s Dhsease)

Fic 329 Infantile cortical hyperosto-
s (Caffey) (Same patlent as Fie, 327 )
Ant erior view of upper extremi
ties (July 27 1953) The perfosteal re
action noted 6 weeks earlier is resolving,
but corthcal thickenung is atill present in
the long bones.

Death usually is more apt to occur from
complications rather than as a specific re
sult of the dizease itself It Is basically a
benign condition but the processes that
characterize It can affect the body in a
widespread manner and If they happen to
strike vita]l areas they can cause serious
problems to the patlent and even n fatal
oatcome

INFANTILE CORTICAL
HIPEROSTOSIS
(Caffey 3 Dhscase)

Definitlon. This obscure {dlopathic dis-
case aflects infants under the age of 6
months Tt Is characterized by subperiosteal
new bone formation on the shafts of long
bones and of the mandible by swellings of
the overlylng soft tissues and by hyper
imtabflity (Flgs 327 to 330)

Hiktorical Notes. Roshe! presented a case
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Fic 330. Infantile cortical hypsrosto-
sis (Caffey) (Same patlent as Fig 327)
Anteroposterior view of lower eatrem]

tles (July 27 1953) The periostitis has
disappeared entirely on the right tibla
and fs resolving on the left tibla There
is definite cortical thickening of the left
tibia. This too eventnally resolves with-
out deformlty

In 1930. However it was 1939 before an
other case was reported this time by Caf
fey ? who included it in a paper on sheletal
manifestations of syphllis 1n Infancy A
clearer delineation of thls syndrome oc
curred when Caffey and Silverman® In
cluded this case with three more in 1945
Since then additlonal case reports have
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appeared and attempts have been made
without success to determine the precise
cause.

Etiology The ctiology of this disease is
unknown It has been confused by some
individuals with hypervitaminosis A but it
defmitely 1s an entity distlnct from this
condition (Fig 246)

Virus agents have been suspected but
never proved to be a cause. It is of interest,
however that Caffey s conclusions are that
infantile cortical hyperostosis still may be
an infectious process. This is based on the
fact that 1t Is associated usually with fever
incrensed sedimentation rate, and such
other features as pallor painful pseudo-
paralysis and pleunsy

However against the hypothesis of infec
tion are the facts that serologic tests for
bacterial and viral agents have been uni
formly negative Cultures by various
methods also have proved to be sterile

Clinfcal Features. The earliest signs are
soft tissue swelling over the long bones or
the mandibular region 1n assoclation with
which there 13 defimte frritability and
peevishness. The soft-tissue swellings are
sudden In onset. They present wooden in
duration and appear to be located beneath
the subcutancons fat in the muscular
planes These soft tissne changes precede
roentgenographic evidence of bone changes
and are subsiding and no longer tender by
the ame that the x-ray changes are ob-
served (Figs 327 to 330)

Remissions relapses and protracted dura
tion of the disease comprise the usual
pattern

Lymphadencpathy is usuelly not assoc
ated

N\ may Fiwoivos It must be recalled that
the roentgenographic bone changes follow
the soft tissue swellings. The x ray changes
actually occur at the times when these
swellings are receding These changes have
been observed in all tubular booes of the
sheleton (Figs 327 to 330) The flat bones
commonly nvolved are the mandible and
the scapula

Cafiey indicates that the scapular lesians
always have been unilatera] and abmp
have been noted during the first 6 months
of Iife Simitarly mandibular Jesions are pot
noted in older Infants or children. Clavicu
lar lesions are found at all ages and may be
either unflateral or bilatern} 4

A peculiar leslon has been found in the
Iateral arcs of the ribs a so-called “custel
hyperostoss " In infants this may be asso-
ciated with pleural effusion

The pelvic bones and the vertebral col
umn have not been involved. Epiphyseal
ossification centers and epiphyseal plates
appear normal.

The involved bone or bones show
marked proliferative reaction This begms
subperiosteally and may vary in degree
from a small portion of the length of the
bone to the entire length of the bone (Flgs.
327 328) This reaction may bo either
smooth or quite irregular Advanced
changes are a blending of the subperiosteal
proliferative bone and the enlarged cortex
into an expanded thickened over-all bone
structure which shows some osteoporosis
(Figs 329, 330)

With healing there appears to be osteo-
clasiy as a part of a gradual modeling proc
ess 30 that eventually normal boge structure
and outline are restored completely *

Laporatory Froivos. Increased sedi
mentation rate leukocytosis and increased
alkaline phosphatese usually are noted.
Anemia has been noted severe enough at
times to require tramsfusion.

As stated above, various studies search
ing for Infections regions have proved to be
negative

Pathology In so far as the authors hnow
there are no detafled autopsy reports on thrs
discase. Biopsy speclmens however have
shown perlosteal edema and thickening as-
sociated with subperiosteal new-bome for
mation Occasfonsl examples have shown
edema 1n muscle tiasue along with fibrosls
and some necrosis There Is no evldence in
elther bone or soft tiasues of hemotrhagic
or inflammatory reactions.



Infantlle Cortleal ITyperostosts (Calfey s Discase)

Differential Diagnosis, Caffey s disease
must be different{ated {rom syphilis of bone
with its asociated considerable perioateal
reaction obeerved partfeutarly in the shins

Hypervitaminosds \ has not been seen In

s under 12 months of age and {s not
assoclated with mandibular thickening. No
fever is observed 1 hypenitomineis A
{Fig 246)

Scunvy fin severe form will produce con
sidetable perfouteal proliferative reaction,
but this of course shows additional roent
genologic sipne on the basis of the typical
wunvy lnes and other typlcal radiologic
appearances of scurvy (Figs. 239 10 245)
Furthermore scurvy is not seen ot that nge
Fever Is obeerved in scurvy

Osteomveliths is usually less widespread
and aswociated with considerable  bone
reaction

Mahgnant temors can be differentiated
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primatily on the type of changes In the
bone and upon posdble changes of the
viscera

Finally the dicease must be differentiated
from Fngelmanns diense which is charac
terized by progressive diaphyseal dy<plasia.
The variation here is that this disease pei
marily involves the long bones of ofder
children The major radiologic effect is ob-
«erved in the medullary portion of the bone
rather than the cortex and the periosteum
alote Sclerosis occurs in both the meduf
lary and the cortical zones There is there
fore a fuslform bony enlargement which
never thows as a <eparate layer of subperi
osteal new bone *

Treatment. \o treatment is known except
supportive The discase nppears to be self
limited ond antfbiotics and chemothera
peutic ngents have been reported to be
ineflective.

[F!o. 331 Pulmona;

ry hypertrophic osteo-arthropathy (Figs. 331 332 from Dr At

M Pomerang
)Hmd;RmndLngpoemﬂ:mdduangofthcdinnlmdscHtt

are present.
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Fro. 332 Pulmonary hypertrophic
osteoarthropathy (Same patient as Fig
331 ) Feet. Clubbing of the distal ends
of the digits Is present

Proguons. In general recovery begins
within a few weels to a month after the
onset of the disease and usunlly eventuates
in complete recovery within 2 period that

Fio 333 Pulmonary hypertrophic
ostecarthropathy  (From Dr M 3
Pomeranz) White male 30 years old
Anteropasterior view of both feet. It can
be setn that there is hypertrophy of the
tufts. This condition therefore involves
not only the woft tissues bat also the
bony structures.

averages around 8 months from the onset
of the disease It has been observed how
ever to last for as long as 2 years *

PULMONARY HYPERTROPHIC
OSTEOARTHROPATHY

Definition. This disease 15 1 condition
manifested by clubbing of the fingers and
periasteal thickening of the long bones par
ticularly of the hands and the feet and fre
quently is associated with polyarthritis of
both the extremities and the spine jonts
(Figs. 331 to 334) It should be differents
ated from a minor degree of clubbing of the
fingers which Is assoclated only with soft
tissue enlargement without bone change
It was first described by Pierre Varle!
Bamberger also described it

Etiology The commonest causes are con
genital heart disease with cyanosis and
bronchectasis It also 1s seen not Infre-
quently with cancer of the lungs lung 2b-
scess empyema tuberculosis and pleural or
mediastinal malignancy Sometlmes it may
occur 1n association mith an osteogenic sar

thirds of the tibiae.



coma and scometimes thee chanpes mny
antedate radiozraphic evidences of metax
toeet to the chest

An additlenal variety of causes have been
adduced but they are nseoclated only with
woft tiewe clublung and nat the {ull pic
ture of polyarthritis with periostenl thicken
fne Fven a familal type has Dbeen
described *

Clinical Features. There 1% a gradually
progreselve clubbing of the fingers (Fig
331) The <kin of the distal portions of the
extremities shows rome thickening alw In
advanced cases, the long bones masv ahow
relatively peneralized penosteal thickening
which mav e palpable (Fig 334)

Folvarthrins of both the cxtremitles and
the sune may produce paln swelling and
restnctinn of motlon

Occauonally  perioateal thickening only
of bones and no other clinical findings may
octur This is o moch rarer situatfon how
ever it woukl be evident only roentgeno-
graphucally

Laporatory Finnixcs There are no dl
agnostrc Jaboratory findings except in nsso-
clation with the primary causes

N mav Fivnreos A layer of new bone
under the periosteum extending along the
shaft Iy obeerved (kig 334) This condltion
s wsually symmetrical This periostitis s
not sun ray  Lut rather onfon peel It fs
layered In a longitudinal direction 1t should
be looked for mast commonly in the pha
langes the metacarpals and the metatarsals
The long hones are involved but to a less
frequent degree The shull and the carpal
and he tarzal bones usually are not in
volved The terminal phalanges show thick
enfng of the tafts with nssoclated soft
tissue swelhing of the tips (Figs 331 to 333)

Pathalogy The basic pathology is essen
tially subpenriosteal new bone formation and
this new bone may actually remain sepa
rate or may fuse Those Jolnts which
sce involved frequently show synovial
thickening

Treatment, The underlying diseass is the
problem. The bone changes are actually
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only symptoms of the ditense Tt is interest
ing that {n thow cases in which these
changes are found in congenital heart die-
case Improvement of the cyanesis by mod
ern surgleal technics results In partial or
complete disappearance of bone and joint
Tesfons

Similarly following !nbectomy or pneu
moncetomy for bronchiectasis bone and
Jjoint changes also remit

Prognosts. The pragnosis is that of the
basie underlying condition

Gout

GOUT

Definition. Gout §s a constitutional and
ofttimes hereditary disease characterized by
a drturbance of purine metabolism The
disturbed metabohism may be manifested
by various effects ranging from renal collc
to single or multiple arthntls baratis or
tendinitls

Historical Notes, Gout was described by
Hippocrates In the big toe the wrist and
the knee Sydenham wrote on the cinical
aspects of this disense with which he was
afflicted The name gout® arose in the thir
teen century from the French word goutie
meaning a drop The condition was likened
to the effects produced by a poison entering
the joint drop by drop

In 1797 Vollaston? demonstrated that
tophaceous  deposits were composed of
sodium urate crystals

Colchicine was nsed In the treatment of
this dlsease as early as the fifth century ?
by Byzantine physicians Tt was introduced
Into Europe In 1763 by Von Stark Later on
treatment Involved the use of 2 Jow meat
intake temperance bleeding and purging
with colchicine

In 1847 the disease was associnted with
an elevated blood urle acld + Following ths,
there was renlly no great advance in sither
the urderstanding or the treatment of this
dissase umtll very recently

For the past century methods and drugs
known then with few exceptions have been
the chief standby Cinchopben and hs de-
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e rivatives have not proved to be too popular
because of their toxicity Salicylates a dls-
covery of the latter nineteenth century
proved to be remarkably efficlent In helpinz
to control levels of urlc acid and to awd the
body to excrete this material \ore recently
ACTH and cortisone with their effect have
highlighted future research potential.

Incidence. Clinical manifestations of gout
may occur in any race or sex. Primarily the
coandition is found in white males after the
third decade of life Earlier derangement of
blood uric acld levels may be observed bat
usually without climeal symptoms and
signs

It is apparent that the tendency toward
this disease is often hereditary (Figs. 335
to 338) Many members of a family may
show all of its charactenistic manifestatroms

Fo. 335 (Top) Gout. While male, aged 40 vears in 1840 This series of roentgen-
ograms goes from 1640 to 1952 fn a case of severe chronic tophaceons gout of famihal

Ant eriar view of both feet (1840) The print iy reversed. Eary tophaceons
ts an emdomnmmunthehmﬂdeof&nﬂghtmvicu}o—amc‘lzrmmd

Fic 338 (Bottom) Gout. (Same patient es Fig 335 ) Anteroposterior and kters!
views of both feet (1842) The prints are reversed. Tophaceous deposits again arc
noted, this time in assoclation with joint changes, on the mner border of the right foot.
Note the early cystic lesion of the medial side of the distal end of the left first meta
tarsal. Spur formation end early cystic changes are seen in the midtarsal areas bilater
ally




Frc. 337 Gout. (SnmernﬁcnluFlg 335 } Anteroposterior and laterul views of both
fect (1847) The dextructive areas in the head of the left fint metatarsal and the base
of the Iplmhmh.—nupmgrmwd.On rlg,}ﬂddc a cvstic area fs seen in the
base of the fourth metatarsal” Midtarsal arthritis {s scen bilaterally more severels on
the right The tophaceons material fs caleified in l right tarsal arca.

Flo 338 Gout. (Same ;uumtul-‘l;: 335 ) Anteroposterior and lateral
feet (1950) Note the progression of the lesions observed (n prtvi?:n ;]-;:t'r:t‘l::.h
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other members of the family may show
simply elevated serum urlc aad

Etiology Gout is due to a metabolic de
fect mvolving unc acld metabolism. Bauer
has described three enigmas of this disease
(1) elevated serum uric acld (2) abnormal
excretion of urate and (3) deposition of
urate in the tissues.® Elevation of the serum
uric acd 18 a relatively constant finding
both 1n people who are susceptible to de
veloping acute gout and In those who are
afficted with chronic tophaceous gout In
people who are In acute gouty attachs how
ever, the degree of elevation of urle acid
cannot be considered to be a conmstent
laboratory method to predict an attack or
to determune the severity of an attack.

In any event it has been shown clearly
that the serum unc-acid level 18 more im
portant than the whole blood urlc acld*

It is important to consider that the unc
acid level may arise in cases of renal im
pairment, in eclampsia in leukemua in poly
cythemiz vera and in hemolytic states

Therefore such conditions should be ruled
out before much significance 1s related to
the unc-acld finding

At one time it was consudered that gout
was due chlefly to elevation of uric aad
levels because of renal retention. Now
however evidence mndicates that the eleva
tlon of uric acid results from increased une
ncid formation

Of 1nterest [s the fact that colchiane can
almost miraculously termate an acute at
tack of gouty arthritis and yet will ot affect
the serum uric-acld level and vice verm.
Probenecaad (Benemd®) which can cause
the fall of the unc-acid level, produces little
effect upon the acute artlwitic mamiesta
tions

Therefore although the unc-acld level 18
extremely important in establshing the
diagnosis of gout, the final development of
gouty manifestations in the joints and the
soft tissues appears to be assocated with
some as yet unknown factor ‘Microscopic
sections show no tophaceous materfal in

—

FIc 339 Gout. White male 56 years old Severe gout with wide
spread tophaceous deposits even in the renal pelves. Lateral views of
both elbows. The tophaceous depasit in the right olecranon bursa s

slightly calaified It
tion of the olecranon process.

eroded into and destroyed the adjacent por



acate pout Later accumutatians will occur
The =oft tiweue Joint reactlon may result
from defects ascociated with excretion of
uric ack! amd fn the long slamhing forms
suficient chanpes {n joints and roft tiscues
will have occurred to allow a predispoition
for the salts of unc acld 10 be deposited as
maselve tophl in involved tiseue (Flge 337
to 349)

Recent {nvextigation into unic-ackl me
tabolrsm involves the ue of nitrogen 15 1o
tag svnthetic urfe acld and ta follow its be
havior in the body This work has been done
simoltancoush by C B Brorm J H
Talbott and DeWitt Stetten The work of
these mvetipators has been directed at
studving normal metabolic procecees lead
ing to uric-acdd formation and abnormal
metabolle proceses as well

When a small amount of nitrogen 15 unc
acld 13 injected intravenously the miscible
pool is determined. The mizable pool of
uric acid W defined by Stetten® ns

that quantity of uric acld prezent in the body
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in & condition capable of prompt miung with
injected uric acid This quantity is of the
otder of 1 gram of uric acld in normal man
where it may be suppowd to include all the
urke acid in the body It Iv increased in the
pouty Individual to two grams or more even
to valucs as hich as thirty grams having been
recorded

The miscible pool of urle acid is also that
amount of uric acid which is dissolved in
the boxfy flux! Stetten de<cribes one sixth
a« being {n plasma water and five sixths in
extravascular water but further than that
actually the urate 1n tophi also must be con
«idered to be part of this pool Selutions of
unc acid are miscible with the surfaces of
tophi this corresponds to Stetten s consid
eration that there may be continuous pre
cipitation and solutfon of tophaceous urate
The kidneys remain the major polnt for
excretion of uric acid and certain drugs
are particularly effective in stimulating
urinary excretion of uric acid These drugs
are known as urlcosuric drugs They are
represented by materials such as probenecid

Fic. 340 Gout Anteroposterior view of both hands. Marked bone

mhnhﬂth replacement by large
t uite evident Desplt,
:ubluul.{on lgx occurred. ¢ the

haceous deposits producing
rge bulbous deposits, little



Fro 341 (Left) Gout Colored male 37 years old.
The patient was severely affucted with chronke
ceous gout which Is quite rare in this race. Head lateral
view Note the typial tophi of the anricle.

F1o 342 (Right) Gout. (Same patient as Fig 341)
Upper extremuties.

the gross deformittes pro-

duced by advanced tophaceous gout.

{Benemid®) salicylates ACTH and corti
sone

Isotope studies with radiozctive mitro-
gen 15 administered intravenously or tagged
uric acid show that there Is what may be

termed & turnover rate” of mew uric acid
to replace the old In normal man the
amoumt 15 50 to 75 per cent per day of the
total miscible pool of urlc acid Normally

Fro. 343 Gout.
(Same petlent as
Fig 341 ) Lower ex

tremities. Demon
strating very severe
changes In the
knees the ankles
and the feet with ul
ceration of the

over the dor
sum of the left foot.

the turnover rate 18 gre:ter than the amount
that is excreted in the urine as uric acid.
Furthermore after it is mjected as uric
acld nitrogen has been found jn the unme
in the form of urea and ammoma Ths
clearly demonstrates that normal man can
break down urkc acid into simpler pitroge-
nous components Such a function Is de-
scribed as urjcolysis The mammalian grovp



evcretes the emd products of dietany me
tabolixm as urea amd is referred to as ureo-
telic. The reptiles and the birds excrete the
el products of dietary metabolism a« uric
1 and are referre] 1o as uncotelic (see
diagram on p 4%)

In «nme Instances there ia no doutit about
the fact that the miscible pool of urlc acld
ks increased from dietany nitrogen  This
occurs in the normal and to a much greater
degree 1n the pouty individual This was
demonstrated Iy the oral administration of
\I5 glvcine The steps in the degradation
of glveine to urie acld are via purine catab-
olitm (ree p 48)

Finally there §s the problem of excretion
of wnc actd Itselfl which undoubtedly is
vaned 1n certaln individoale So we may
sam up the situation with regard to gout
and the elevated uric acid as follows in

Fic. 345 Gout (Same patient as Fig

341) Ant erior view hands.
Widespread clunges are prevent The distal end of the yiews of bath
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Fic 344 Gout (Same patient as Fig.
341 ) Anteroposteror views of both el
bows The<e show marked destruction
involving the left Jower humerus There
are less marked bony changes in the
right. The soft tissse swelling and the
tophaceous  deposit are  considerably
preater on the rght side,

mdius {y croded and irreg

ular Marked destructbon has occurred bilaterally in the metacarpals and the
Both index fingers have become amputated by the destruct] rpumln
partia} loss of the right middle and the left ring fingers P There Las been
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some Individuals there is an inability to and ammonla. In & third group there b
handle dietary nitrogen intake so that the difficulty with the actual excrstion of tme
uric acid will pile up while in other indt aad

viduals there is an inability to brezk down As can be observed the etfology of gout
urfc acid into simpler products such as urea  Is still unknown.

Fig. 346 Gout. (Same patient as Fig. 341 } Ant, erlor and lateral views of
night knee, There are destructive changes with ma osteoporous. Note the large
soft tissue masses which represent tophaceous depasits. Some calcification 15 present In
these tophaceous collections

F1c 347 Gout. (Same patient as Fig. 341 ) Anteropostesior and
Iateral views of left knee There are moderate destructive changes
and severe ostcoeiaomﬂs Note the swelllng due to tophaceous deposts

in the suprapatellar pouch. Consderable degenerative change involv
ing the head of the fibula as a result of nvading tophaceous material
can be noted.
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Fic 348 Gout. (Same patient as Fig 341 ) Lateral views of both ankles. Advanced
destructive chanpes are evident in the ankle on the le(t slde with peactleally complete
destruction of both the lower tibla and the fibula and the talus On the right side this
destruction Is not nearly so advanced but much osteoporosis is evident.

Clinical Features. Gout may be consid
ered to be of two broad types

1 Theacute artlcular type which eventu
ally may become polyarticular or even in
volve other elements of the mesothellum

2 Tbe chronic tophaceous type in which
the disease has been present long enough
for a large amount of toph! to be deposited
and for it to become widespread Further
more such chronic cases feed upon them
selves in that there are considerable topha
ceous deposits to add to the muscible pool
of uric acld This means that more and more
these cases become subject to attacks of the
disease

It mmst be borne In mund that no sinple

case of gout will duplicate completely or
need duplicate completely any other case
but the following are salient factors ob-
served in this disease sudden onset of acute
tendinitis bursitis or arthritis with periods
of remission in which complete disappear
arce of signs and symptoms previously seen
occurs There is a predilection for joints
eapecially those of the feet and most espe
caally of the big toe which is fnvolved 1n
70 per cent of the initlnl attacks of gout and
eventually may be the site of as much as
90 per cent of the attacks (Figs 336 to
338) However almast any Joint in the body
may be Involved The Loee 1s commenly in

volved but the disease Is extremely rare in

e
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Fio. 349 Gout. (Same patient as Fig 341 ) Anteroposterior views of both feet.
The loss of digits as well as the great destruction of widespread nature throughout the
feet 13 quite evident.

the spinal colums and in such joints as the
sacro-flac, the temporomandibular and the
sternoclavicular

Gout is predominantly a disease of the
male past the third decade of lfe Although
1t is usually monarticular 1n onset, it may
become polyarticular

In well-developed and long standing cases
of gout in particnlar the presence of toph-
aceous deposits almost anywhere in the
body is to be observed (Figs. 342 343)
This occurs bowever perticularly in the
ears ¢n the helix or on the antihelix (Fig
341) Tophi may be observed anywhere else,
such as in the tendons of the fingers or the
toes over the olecranon over the malleoll or
over the Lnuckles they have even been re

ported i the aorta the heart valves, the
epiglottis and the corpora caverncsa of the
penls

Toph: are painless except when they are
the site of an acute attack. They also may
become 3o large and produce so much reac
tion In the tissue above them that the 2kin
over them may bresk down Clearcut
prominent tophi rarely are seen until Iate
in the disease unless the case bs very sever®
Although, when they do bresk down these
tophi are supposed rarely to become in
fected since the uric acld is felt to be pro-
tective against such an eventuality the
suthors have observed that scvere
angltls and lymphadenitis may occur in such
cases



ey important are the factors that pre
cipitate acute gouty onsets or exacerlations
of the dicease namely stre<e phenomena
alcoholiem anesthesia operations and exce<s
stresees and <trains of a physical nature

Gout is very rare in \eproes lut again
the authars have otrerved severe diccase of
a pouty tvpe in Negroes (Figs. 341 to 349)

\ systemic effect of gout ean be kidney
calxe wath showers of urfc acld crywtals. Ad
vanced cates may show kidneys and ureters
filled with large nmounts of tophaceous ma
terial The vascular system may be involved
Deposits may occur in the brain  changes
n the eye (such as uveltis) may occur

Attacks may vary in frequency Some [n
dividuals may have them many times dur
ing the year others mav get them only in
the spang ot the fall rome people may go
a year or longer without attacks The aver
age length of attacks usually ranges about
2 weeks—sometimes more Even when they
are very acute attacks can be controlled
fairly well within this time by adequate
medication

X mav Fixpines The original x roy pic
tares at the onset of the disease are nega
tive (Fig 335) However as the process
contiones—especially the tophaceous phase
—actual destructive changes of bone will be
observed (Flg 336) It is not uncommon to
find punched-oat areas in the heads of the
first metatarxal for instance which fre
quently are pathognomonic of the disease
(Figa. 337 338) In the late stages large
areas of bone may be dissolved completely
aod replaced with tophaceous material
(Figs 339 340 and Figs 344 346 347 and
348) Ome can olserve practlcally complete
dmsolutfon of an entire shaft of a meta
tarsal or even the entire portion of a phalanx
a3 well as an entire olecrancn (Flgt. 345
and 349)

Cuexicar Finmyas The primary chemi
al findings are an elevated serum uric acid
which may be astociated with a reduction In
urc-acid output and with kidney disease
However wually kidney disense Is not pres-
ent and uric acld output may be relatively

Gout 421

pormal in amount ye! a constant build-up
of the mixible pool of uric acid continues

The level of blood uric acid is not neces-
arily pathognomonlic of the acuteness of
the discate for only mildly elevated uric
ncd levels can be associated with very acute
gout and extremely high uric acid levels ob-
<erved [n the quiescent state Furthermore
uric acid elevated to quite high levels may
be found) tn members of families who do not
show acute gout in its peripheral manifes-
tations at least

The sedimentation rate may be elevated
during the acute attack Fever and leuko-
cytosis may be olserved

Pathology There is no speaific patholome
finding in acute gout except o nonspecific
inflammatory reaction of the areas jnvolved

The primary consideration s the presence
of uric acxds in the body fluids the presence
of urates in the tophi and the replace
ment of normal tissues by infltration of
these tophaceous deposits Reactlon of an
Inflammatory type occurs secondary to the
irritative effect of tophi

Where bone will show destruction of
trabeculae by tophi the jolnt surfaces will
show considerable pannus formation and
even destruction of articular cartilage (Figs.
337 10 340 and 344 to 349) Later secondany
contractures and fibrosis may occur about
affected jolnts

Tophaceous collections may become ulcer
ated but these arens ysually have a peculiar
resistance to secondary Infectlon (Fig 343)

Differentlal Diagnosis. Gout must be dif
ferentiated from rheumatic fever rheuma
tod arthniuis, pyogenic arthritis syphilitic
gumma and traumatic arthritls as well as
gonortheal arthntis 1t also must be dif
ferentiated from  osteocarthritis although
frequently it is observed to occur con
comitantly with it

Treatment. Treatment of gout may be
represented as an approach fn at least 3
ways

1 The pain and the toxlclty of the acute
attack is handled through the use of col
chicine in doses of 1/100 to 1/120 £ oor 05
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mg repeated every half hour for 6 or 7 doses
or until purging or nausez whichever occurs
first. Then the patlent will feel better as far
as the jont manifestations are concerned
At this time administration of calchicine 18
reduced to 1/120 gr or 05 mg 3 or 4 times
aday

2 The constitutional treatment 1s carried
out in a dual drive This would nvalve re
duction of nitrogenous products in the in
teke and a stimulation to {ncrease excretion
of uric acid through the use of urlcosuric
drugs such as probenecid (Benemid?)
phenylbutazone (Butazoladin®) salicylates
ACTH and cortisore The dose of pro-
beneckd is from 34 to 1 Gm twice dally
occasionally 3 times daly The smaller
dose is conmdered in the very acute phase
because this produces dissolution of topht
and eventually even very large tophi will
dissolve This soluble tophaceous mate
rial may add to and Increase the miscible
pool of uric acid and if this level becomes
high enough, acute gouty manifestations
may accur However §f uricosuric drugs are
continued indehrutely one can see how the
miscible pool will become lowered even to
normal levels. The usual dose of phenyl
butazone 13 100 mg., 3 times dafly Careful
check of blood and platelets must be made,
for 1n some individuals this drug wfll pro-
duce profound effect upon the blood

Salicylates when given may be given for
weeks at a time in doses of pot less than
75gr or 5 Gm. per day Eventually the dose
is reduced and then stopped The authors
omit 1 day per week then 2 then 3, until
no more szlicylate 1s taken Probenecid and
salicylates should not be given together
since they appear to be antegonists as far as
therr effects on the body are concerned *

For constitutional management, control
of the diet Is neceasary—a reduction of foods
made up of anything that crawls flies
swims or walks Furthermore we must con
sider that there are certain foods which
from a clinical basis appear to be high in
punnes and to favor gouty-attack tendencles
and others which appear to combat the ele

vated uric acld Glandular meats partiou-
larly sweetbreads liver, Lidpeys and bralm
fish roe fats slcobol legumes—all appear
to aggravate gouty diathesis. In the oppos-
ing category may be listed milk cheese
eggs and carbohydrates A diet can be
worked out In which some latitude s al
lowed particularly after the acute stage is
over through a reasonable balance of milk
cheese and eggs versus those foods which
are definitely harmful

3 Finally there fs the problem of local
management Excision of large tophaceons
areas especlally if they are threatening to
break down the overlying skin, is indicated
Careful excision of this matenal can be fol-
lowed by primary closure of the skin and
excellent healing This Is a good thing to
practice 1n removing tophaceous material
from almost any place because such mate-
ral will produce continoed destructson if
allowed to remaln in stu unless unicosuric
agents are used constantly

Secondly in the acute phase in which
large amounts of flud either contaning o
not contalining tophaceous material are pres-
ent in folnts such as the knee these jomts
ought be tapped and the flufd removed
Local instillation of hydrocortisone In 2
hnee will be helpful Sphinting of acute jolots
1s desirahble untfl the inflammatory proces
is reduced.

Physical therapy to loosen up contrac
tions and to tone muscles Is Indfcated

Stanzazy  All of the recent investiga
tions, particularly those with 1sotoplc nitro-
gen have been dome on a pure
basis It would be of interest to attempt to
fit these measures to various individmls
suffering from this disease. It appears def-
nite that colchicine will act almost muracu
lously to combat acute gout yet it will not
affect uric-acid metabolism. Over a long
period of time uricosuric drugs reduce the
miscible pool 50 that a reasonably free siate
occurs il the pool Is kept tow by continued
medication

Diet appears to be of help In some cases
but not In others, Tt may be that the selec



tion of cascs when diet s to be effective
might be ascertained by radioactive fsotope
studies In this instance cases unsuftable
for diet therapy could be wpared the burden
of wrch a regimren

Certinh the unfortunate victim of gout

1teferences

may prefer that his diccase be abol
with o single well aimed nifle bullet r
than allevinted by a shotgun blast Fe
present no such direct course of then:
avafiable and careful Individualized han
is indicated In most instances
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CHAPTER EIGHTEEN

Neoplasms

PRIVMARY MALIGNANT
NEOPLASMS OF BONF

The authors Interest in primary bone
tumors hes In the consideration of their
known biochemical effects Certain benign
lestons of bone have been consldered else-
where 1n this book The<e are not reflected
by any abnormal chemical values They are
probably aberrations in Lone development
The authors refer to solitary bone cyst
(Figs. 30t0 47) enchondroma, solitary and
multiple (Figs. 48 to 51 and 53 to 59) and
osteocartilaginous exostosis  solitary and
multiple (Figs 60 to 64 and 66 to 72)

The only blood-«erum volue affected by
a known primary bone tumor is the alkaline
phosphatase which appears to be elevated
relatively i ly in the Dblastic

tumor a more reasonable explanation 1s that
the radiation destroys alkaline-phosphatase
production In bone Thereby the amount of
phosphatase released into the blood may be
reduced 8

It appears that the greater the osteo-
blastic activity the greater the productien
of alkaline phosphatase® (Fig 354)

Alkaline-phosphatase values up to 70 have
been observed In osteoblastic esteogenic sar
coma Even moderate elevations n older
people may be significant but §t must be
remembered that children normally may
show alhaline-phosphatase levels up to 12
Bodansky units (\ormal range for infants
and children S to 12 adults 2 to 4.5)

Osteolytic variations of osteogenic sar
coma wll show little or no change in alka

form of osteogenic sarcoma'~ (Figs 350
to 353)

Some workers have attempted to correlate
the alkallne-phosphatase level mith the ac
tivity of the tumor This concept was based
upon reduction of alkaline phosphatase fol
lowing excisron or ablation™ 2 and [ncrease
of alkaline phosphatase {ollowing recurrence
of the tumor or when metastases appear

The data in relatlon to alkaline-phos-
phatase fall following excision or ablation
for osteogenic sarcoma appear logical The
relationship of increased alkaline phospha
tase levels with osteoblastic metastases also
appears reasonable An occasional exception
may occur when metastasis strikes the liver
to block hepatc excretion Then elevatlon
of serum-phasphatase levels also will be ex
pected to occur

These workers also have reported diminu
tlon of alkaline phosphatase values follow
Ing jrradiation of oateogenic sarcoma Stnce
this modality has hitle influence on such a
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line phospt

The cartllage-forming tumors, the chon
drosarcomas  whetber primary or denved
from an enchondroma or the cartilage cap
of an exostosis show no change in blood
serum values (Flg 65)

Occaslonally the reaction of the sur
rounding bone to a Ewings tumor may be
accompanied by an elevation of serum
alkaline phosphatase *

METASTATIC TUMORS OF THE
SKRELETAL S} STEM

Definltion. \Malignant tumors which orig
mate outsrde the skeleton and spread to it
by blood strenm Jymph channels or direct
invasion are termed metastatic

A primary sheletal tumor would include
those tumors that arlse from all types of
bone cells and their precursors from all
types of cartilage cells and their precursors
and from the cells of the fibrous investments
of the skeletal structures. By such a defini



428  Neoplasms

Fio 350 enic sarcoma. (Figs.
350 351 from Dr M Al Pomeranz)
Adolescent subject Classic osteoblastic
leston characterized by condensation In
the distal femoral metaphysis. It does
not appear to cross the epiphyseal line
At the flare of the shaft an ares of de-
creased density suggesting bone destruc
tion 1s observed. The medial t of
the lower shaft shows considerable perd
osteal lifting with new bone formation.
This suggests invasion of the subped
osteal area by tumor cells extending
through the haverstan canals

tion a condition such as multiple myeloma
would be considered as a secondary neo-
plasm of bone

Vost workers however widen this classi
fication to Include synovial vascular and
marrow neoplasms associated with bone
and cartllage as primary skeletal tumors
The authors of this book believe that such
a thought is & good ome since this latter
group may present with primary skeletal

Fio 351 Osteogenic sarcoma. {Same
thent a3 Fig. 350) Amputation spec
Em_ Note the intact yseal p

shows elevatlon of the serum alkaline
phosphatase.
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Fia. 352 Osteopenic sarcoma (Figs.

352 353 from Dr M 3 Pomeranz)

osteopenic sarcoma of the

Dim. This is the type ol bone-forming

lesion which may be reflected in the rise

of the serum and local alkaline phos-
phatasce,

manifestations and Is easter to discuss in
this Light

Estentially then a metastatic skeletal
tumor Is wsually an eplthelial tumor a car
cinoma which has spread to the bones. A

Fic 353 Osteogenic sarcoma, {Same
patient as Fig 352 ) The chest plate
shows cannon-ball metastases to lungs.

tases by the lymphatics or the blood stream.
Ocenslonnlly there may be direct extensions
of a neighboring soft-tissue malignant tumor
into bone.

There is a varlable incrdence of skeletal
metastases depending upon the type of neo-
plasm. However autopsy studies have
shown that there appears to be no type of
carcinoma incapable of metastasizing to
bone Coley has used the term ossophile to
describe carcinomas which have a tendency
to metastasize to bone These include par

ptimary bone tumor such ns an I
sarcoma may present hematogenous skele
tal deposits but this Is usually only of aca
demic importance Moreover the mult
centric marrow  malignancies—myeloma
lymphoma and leukemla—are considered as
ptimary neoplasms and discussed In Chap-
ter 19 (See Table B p 469 )

Incidence Secondary skeletal malignant
lesions are decidedly more frequent than
primary malignant bone tumors Of these

malignancies of the caseous sys
tem the most common are carclnoma metas-

ticularly carci of the breast the pros-
tate the thyroid and the Lidney (Figs 355
356) It has also been shown recently that
many so-called Ewing tumors or endothe
liomas of bone are really metastatic small
cell carcinomas of the lungs the so-called
“cat cell” type! (Figs 357 358) However
a true Ewing tumor of bone which is highly
malignant is also encountered

Clinieal Findings. Osseons paln or even a
pathologic fracture may be the first clinical
evidence of a neoplasm Secondary deposits
may be noted at any time This may be

»



prior to the discovery of the primary tumor
at the first discovery of the primary tumor

or even many years
removed

Atypical bone pain in any Mndividual
which s persistent or increasing should alert
the climician to the pessibllity of metastatic

after it has been

Fia. 354 (Top) Osteomr
coma with newly formed booe
lamellae. (X 35) (Batiom)

with al-

Osteochondrosarcoma
cified osteold tissue (A) atyp-
ical cartflage cells (B) undif
ferentiated mrcoma tizsme (C)
(X 80) (From Ehrich, W E.
Pathology for Stodents and
Practitfoners of Dendstrytg:
344 Philadelphia, Les & Fe
fger 1941)

bone cancer Blood chemical studies, in
cluding serum cakium phosphorus alkn
line and in the male acid phosphatase,
total protein with albumin-globulin ratlo
complete blood count and sedimentation
rate are indlcated Urinary studles for cal
clum excretion and the determination of



Metastatic Tumors of the Sheletal System

Fio 353 VMetastatic kidney carcinoma White female $9 years old. The patlent
complatned of paln in the left arm and the right Mro;dc rea for 8 months before admis-
f

ston. She tr and {ell at home sustalning pathol racture of the upper third of
the shalt of rht femur Bropsy at the time of the open reduction and Kiintscher
nafling indicated renal origin of the metastatic tumor

Anteropocterior and lateral views of right femur (Left) June 11 1931 A complete
fracture with dleplacement has occurred through an osteolytic area of metastasls at the
junction of the u and the middle thirds of the femur (Center) June 18 1951 The
alinement is excellent 5 davs following open reduction and Kintscher nall fixation
(ﬁl}:]ﬁ‘;)“_l:::) 9 1951 Ormanizing callus can be seen Good pesition ts maintained with
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Fm 356 Memmlk renal-celled carcinoma, (Biopsy of
case shown in Fig 355 ) Hematoxy lin-eosin. (X 120)
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Fra. 357 Metastatic carcinoma of the
bronchus, Aale 48 years old Intract
abke pamn in the peck was the patient’s
initia} symptom. He was a heavy

smoker Blopsy of the cervical spine le-
sion was compatible with ogenic
carcmoma Demise occurred in associa
tion with rapid osseous and pulmonary -
dissemination of the tumor Oblique
view of cervical spine Destruction of
the spinous process of the second cer
vical vertebra by an osteolytic lemon s
present

Bence Jones protemn can be done if Indicated

Appropniate roentgenograms should be
taken with special views if necessary Serial
studies may be indicated if symptoms and
signs persist after a negative hrst examimna
tion

A lustory of 2 primary lesion in the recent
or the distant past should be sought (Figs
359 to 361)

Careful physical examination and other
clinfcal and Jaboratory studies should be
made in search of the primary lealon. This
is particularly true if there is a possibility
of defmitive rather than palliative treat
ment as for example a solitary metastasis

Fio 358 Metastatic carcinoma of the
bronchus (Same patrent as Fig. 357)
Open mouth view of cervical De

struction of a large portion of the second
cervical vertebra has occurred. Note ar
rows.

from a renal carcinoma or so-called hyper
nephroma.

In additfon hormonal therapy of skeletal
metastases makes the determination of the
primary lesion of some Importance This
may be done by finding the pnmary growth
and/or by pathologic examination of the
secondary deposit.

Crruicar Frwoinos The blood chemcal
changes associated with caranoma meta
static to the skeletal system result from
erther the destruction or the repalr or both,
of the Involved osscous tissue. Osteoblastic
leaions are accompanied by a local and often
& general serum alkaline-phosphatase eleva
tion Purely osteolytic leslons produce little
ot no rise in the alkaline phosphatase.

The greater the degree of bone destrue
tion the higher may be the serum calcium
and phosphorus levels. Probably this eleva
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Fia 359 \leta tatie bteast carciroma
White femake 64 years old  Admitted
one day after a fall with reeuitant patho-
Tomx fracture of the left femur Pa<t hie-
tory indwcates that the patient had had a
radical madtectomy in 1943 \letactatke
lestons bad been identified in the spinc
the lumzs and th= rib before the frxcture
occurred.  Ant terhor and lateral
views of lelt femur (Non 1 1951) A
complete short obhque {racture i wen
throuzh a metastatke devon at th Junc
uon of the middle and the upper thirds
of the femur

ton reults from fnability of the kidney to
excrete the end products of Lone lysis
rapudly enough Furthermore this calaum
may be protein bound and therefore not s
easlly excreted A serum-calclum content of
13 mg per 100 cc of blood serum or abore
may capse senious clinical symptoms—
fausea fassitude and even mental confusion
However this calclum rice Is more apt to
be of fonizable calclum resulting from rapld
telease of calclum from the bane or a disuse
factor rather than from calclum relensed by
thave destruction In a protein (globulin)
bound form

Jlarked osteoblastic lesiona may result in
tevere osteok!  hunger for alclum and

Fic 360 \letastatic breast carcinoma,
(Same patient as Fig 359 ) Antero-
pasterior and lateral views of left femur
(Feb 1 1951) These roentgenograms 3
months after Kintscher nafl fixation
show excellent alinement and advanced
organized callus formation,
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phosphorus 3o that the blood levels and the
excretion of these elements will not vary
appreciably from the normal. Yet, the alla
line-phosphatase content may become con
siderably elevated In these lesions evidences
of hypercalcemic toxicity are therefore not
seen It is actually possible for the bone at
traction for calcdum to be so marked as to
cuse tetany

Lesions of 2 degree intermediate between
thase which are purely osteolytic ard those
which are purely osteoblastic may present
intermediate blood chemical pictures. In
this nstance small elevations in alkaline
phosphatase caldum and phosphorus will
be observed

The rise in serum acld phosphatase is
now recognized as a most important sign of
metastatic cancer of the prostate

Fio 361 Metastadc bresst

Total proteln anpd albumun-globulin de
terminations will reveal elevation of the
total protein and A/G ratlo reversed as a
result of euglobulln increase in multiple
myeloma. Sternal or illac marrow examiny
tion and the finding of plasma cells 1n the
peripheral blood may be useful in differen
tiating this condition

RorNtorNooraPHIC DiaonNosi It has
been shown many times that a normal roent
genogram does not exclude small metastatic
foca 1n the marrow spaces This {s true par
ticularly of the spine. The earliest evidence
of a small metastatic leslon Is an alteration
of the trabecular pattern. Progressrve frregu-
larity and destruction of the lamellar bone
occur Finally confluent yrregular areas in
dicate progressive mvasfon

Spontaneous fracture of a Jong bone is in-

:3’3*
KA

Y o
b IREAR | -

(Same patlent as Fig. 359 ) Hema

carcinoma.
toxylineomn. (X 60)
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Fio 362 \etadatre bres t carcinomz (From Dr Eugene I Pendergrass) White
female 41 years old Improvemuint of osteolytic skull mttastases with testosterone
theramy Lateral viems< of hull (Left) August 25 1952 Advanced multiple osteolytic
lexsons are pre<ent In the calvara. (Right) September 15 1953 Healing has occurred
with filling In of many of the le<ions in the skull vault.

dicative of a pathalogic fracture \ «mooth
rounded margin with evidence of bone de
struction on the roentgenozram is commonly
found in meta tatre le<jions (Figs 355 and
359) Sudden or persistent pain in the back
with or without radiation in gindle fashion
makes the ine su

In caces of verteliral collapee differentla
tion between myeloma and ostenlytic car
clnomatoss is often difficult Fortunately
the differentiation s reasonably certain in
that multrple myeloma will show at least
one of the following signs MHence Jones
proteinaria plasma cells in peripheral blood
o stermal-puncture flukd and elevation of
the tota] serum-protern level with reverse of
the albumn-globulin ratio

Loaallzation of osteolytic metastases is
wsaally fn the medullary cavity If progres-
she destruction occurs areas of tumor tissue
caalesce to glve a punched-out appearance

Sometimes so-called miliary carcinoma
toshs {s present Here destruction s prin
dpatly microscopic amd the roentgenogram
01 produce only a washed-out appearance
that ks indistinguishalle from osteoporosis
osteutls fbrosa of hyperparathyroidism or

multiple myeloma \Areas of destruction
<hould be wught even If the magnfying
plass [s needed

Cortlcal implantation {s also seen Expan
«<fon of the cortex however Is rare and usu
ally indicates a slow-growing lesion It 13
not infrequent in the solitary metastases of
a hidney carainoma

Osteoblastic metastases are usually from
the prostate but occaslonally mammary
lesions will stimulate 2 bone-formative re
sponse The new bone Induced by the tumor
obliterates the trabecular pattern of the
involved area The pattern 1s usunlly diffuse
but cannon ball solitary osteoblastic reac
tlons do occur

Pathology Vletastasis by retrograde lym-
phatic extension favors bone nearest the
pnmary growth Thus mammary carcinoma
favors the ribs the thoracic portion of the
spine and the skull In prostatic cancer it
Is the sacrum the lumbar portion of the
spine and the pelvis which most commenly
are involved (Figs. 363 to 365) Hema
togenous metastatic deposits may occur in
any of the bones however they are seen
only rarely distal to the knees or the elbows.



Fio 363 Metastatic carcinoma of t
tate White male, 59 years old. Rap
gressing pam in the right hip and the |,
was the earliest symptom in thls ca
and alkalime phosphatase determinatio
significantly elevated.

Anteroposterfor view of pelvis |
osteoblastic bone reaction is seen |
illac bones and extends on the right
body of the fschium on the left to Incl
rami of the ischium There are also chy
osteoblastic nature in both femora A
condensation are observed in the s
regions bilaterally It most be reme
that this location fx a frequent early
this metastatic lesion

Flo 364 \letastatic carcinoma of the prostate (Same patient as Fig 363 ) Com
plete relief of bone paln but no resolution of roentgenographic changes followe
orchiectomy and estrogen adminlsiration Eventually these lost their effect and furthe
temporary reliel was obtained with roentgea therapy Cordotomy was finally require
aeveral months before death, Antecoposterior and lateral views of humbar splee Th
frst lumbar vertebra is abserved to be quite dense, a so-called fvory vertebra.” Mot
asteoblasti. metastatic changes in both lilac bones adfacent to the sacrum. Condensa
tion of bone i3 present oo the posterosuperior surface of the third lombar verteba

There are two principal forms of bone
metastases o~teolstic and ostecblastic. The
osteoblastic 1evion anses as a bone formative
teaction to the stimulus of the tumor de
positing in that area (Figs 363 to 365) It

18 not a metaplastic manifestation of
tumor Itself A similar bone formative :
tion s olserved in sensitive osteg
lewions following hormone adminlstratic
roentgen therapy (Fig 362)
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Fio. 365 Meta tatic carclnoma of th= pro<tate White male 61 years old  Advanced

Qreinomatoas from the protate (Top left) Latera) view of ac smne Mul

small [ lands of bone-formative reaction have occurred [n response to the neo-

. The asuxclated o<tenlythe arcas give a honeycombed appearance (Top
right) Lateral view of lumbar spine This shows primarily osteoblastic r

t the vertebral bodics (Hotfom) \nteroposterior view of pelvis and lower

fmbar spine The ledons are primarily osteoblastie. \galn hawever rones of osteolytic

destruction da exl ¢ throughout the pelvis and the upper femora.

ost nteoblastic lesiens result from car
dnoma of the prostate Occaclonally n
Leeast leston may present a similar picture

In an esteolytic lesion the bone tesue in
the metastatic maxs is destroyed (Figs 350
and 361) Oceaslonally the tumor mass may
simulate a peripheral osteoblastic reactlon
18 which instance there will be astersclerasin
o periosteal pew hone formation surround
Ing the lytic lesion
Biopsy is usually indicated particularly
o the tumaor I unknown (Fig
3%6) Moreover 2 history of malignancy
‘a‘n D0t always mean that a given leston

veeessardly derived from this particular

growth
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when rapid downhull course was evident, In
dicating that little benefit can be attributed
to subjective improvement alone However
the comfort of the patient was enhanced
regardless

7 Increase 1 welght, 71 per cent—an
anabolic effect

8 Increasen Iihido 37 per cent

9 Clitonis enlargement 28 per cent

Mucellaneous effects were drowsiness
nausea vomiting edema and hypercalesmia.

Specific side eflects of estrogens statist
cally were alike whether synthetic or natu
ral However some patients did better on
one form others on another Side effects
from dosages listed above were

1 Anotrexia 57 per cent
Nausea, 58 per cent
Vomiting 32 per cent
Nipple pigmentation 80 per cent
Areolar pigmentation 77 per cent
Axillary pigmentation 40 per cent
Breast engorgement 20 per cent
Breast tenderness 16 per cent

9 Vaginal bleeding 33 per cent

10 Withdrawal bleeding 42 per cent

11 Urinary urgency and {ncontinence 28
per cent

12 Ederna, 34 per cent

It is thus obvions that hormones adminis-
tered In thrs way proved not to be a panacen
for many cases benefited not at all from
either hormone. In fact some cases have
been aggravated by estrogens the so-called

estrogen-dependent  type of mammary
cancer *

The Important thing therefore Is to at
tempt to separate thase cases which may be
expected to respond to hormone therapy
from those cases which may not be expected
to respond. Forthermore it would be help-
ful to determune 1f possible, those cases
which will respond to androgens and those
which will do better upon estrogens

Pearson et al * attempted to differentiate
those cases of carcimoma of the breast with
osseous metastases 1pto two forms called
estrogen-dependent and non-estrogen-de
pendent Their method conaisted of study

Neoplasms
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Ing premenopausal women with carcinoma
of the breast metastatic to bone durlng the
menstrual (ovulatory) cyde following sur
gleal removal of the ovarles and then fol-
lowing subsequent adminlstration of estro-
gens They indicated that by these methods,
there are two types of mammary carcinoma
one estrogen-dependent and the other pop-
estrogen-dependent

The estrogen-dependent form showy Iz
creased calaum excretion during the men
strual cycle and with the onset of menstrua
tlon At the concluslon of the mepstrual
cycle there is a prompt fall n urinary al-
cium—excretion levels although not to nor
mal figures Following surgical castration
calaium excretion decreases to normal Jevels
If estrogen Is admunistered after castration
uripary calcium-excretion levels rise

The non-estrogen-dependent variety shows
no fluctuntion daring the progression of the
menstrual cycle or the onset of menstrua
tlon Surglcal castration results In no altera
tlon in urinary caldum-excretion figures.
When estrogen 13 given following oopkorec
tomy A reduction ln the loss of calnum
through the urine occurs but not to normst
levels When the estrogen Is stopped url
nary calcfum excretion again rises with con-
conutant hypercalcemia

Certaln therapeutic measures have been
postulated by these workers on the basis of
thus evidence The response of the estrogen
dependent mietastatlc type appears to be
good following castration These measures
may be supplemented by the use of testos-
tnmne or fts nonmasculininng counterpart

1 Adrenal v may be Indicated

to remove secondary sources of estrogentc
hormones. In additfon hypophysectomy
may be considered further {n order to sp-
press all adrenal function fncluding that of
any possible accessory adrenal tissoe

In the non-estrogen-dependent group o8
the contrary estrogenic hormone woukl be
indicated Obphorectomy would be of m
value The consequent other measures to get
rid of estrogenic hormones secreted by the
adrenals would also not be Indicated Tt B8
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of particular Interest that these worhers
rqxﬂllwmmmnlnnmmlmﬂnon
etrogen-lependent tvpe of metastatic ear
cinoma even in premenopau<al <ubjects

An a< vet unexplainel phenomenon In this
tenes was oleerverd in that certaln non
etroven<lependdent caces  adrenalectomy
mve temporary henefit Thie <hould not
have Deen espected on theoretical grounds
dnce the removal of further emdogenous
etroenic hormone could not have been ex
pected to help thewe cases Furthermore
when symptoms recurred following adrenal
ectomy  corticone admims tration gave a
further remussfon Here again the po<tu
lated valee of cortleone was on the hase of
suppres fon of residual adrenal acceweory
tissue

It mould therefore appear that further
studes with a careful evaluation of the
effect of corti<one on both the e<trogen as
well a4 the non-e<trogen-dependent 1vpe of
caces {4 indicated In the future

Carcrmoma of tke Prostate Carcinoma of
the prostate is of great interest because
of the widespread ostenblactic metaaces
which are common 1n this conditien (Figs
363 to 365) \lew ft is of interest Lecause
the acld and the alkaline phosphatace of
blood serum are clevated Furthermore It
1 often quite difficult to differentlate the
roentgen prcture from that of Pagets dis-
ease of hone (Figs 288 294)

There is no intention of detailing the
enormous amount of re<earch by urologists
in rezard to bemgn hyperplasia or malig
nancy of the prostate Some points however
must be touched upon once more in pas ing

MacCallum® suggested that there are two
gomadotropic hormones produced by the
pitultary The first has «pecific effect upon
the testicular germinal epithelium This s
clled the folliclestimulating  hormone
(FSH) * The second gonadotropin presum
Ably affects the interstitial cells of Leydiy
The testosterone thereby secreted by these
cells affects the prostate and the seminal
vaides Thu i referred 10 as the inter
stitial-cell stimulating hormone (TCSH) 2 It
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is alwn poseible that this gonadotropin may
«timulate that part of the adrenal that is
active in producing androgens

Fndocrine influences in carcinoma of the
prontate have Deen proved by temporary
control of the dicet<e by castratlon ?

The antitheus of this thought that andro-
wen will «tir quiescent malignant foci In the
prostate Into actlvity s suggested As a
result the use of even small do<es of testos
terone in men ey ond the age of 50 has been
condemner] * This particular thought is not
«ulxtantiated fully Tt is true that when
wome casex of prodtatic carcinoma have been
controlled with eatrogen in «mall do<es (25
to 50 mg) the benefictal effect has been
neutralized by the simultaneous dally dose
of 10 mz of testosterone proplonate But
this is the case in malignancy that is not a
quiescent focus Furthermore many cases
of carcinoma of the prostate develop when
no testosterone has Leen administered
Finally earcinoma of the prostate occurs
usually after age 60 although it may appear
at considerably earller ages \When it does
usually appear the androgen-producing tis-
sues are theoretically in their waning period

o less active andregen function 18 expected

Balance studies in large numbers would
help further to clarify the relationship of
prostatic cancer and androgen-excretion
levels For example at present we cannot
differentiate androgens of adrenal origin in
the urine from androgens of testicular
engin Furthermore like carcinoma In other
areas 1t 1s known what may at times agera
vate it when it is developed but it is not
known what may Initiate it This means the
carcinoma either develops or quiescent foa
become activated when excess androgen 1s
not the rule There is some as yet unknown
relationship between the Leydig cells and
the seminiferous tubules

Tt is of interest that studies on 2 patient
with a malignancy of the interstitial cells
shomed a 17 Letosteroid excretion of 1015
mg per 24 houra yet there was no prostatic
carcinoma here Of course one can argue
that this ca<e had no quieccent foct 3
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The pattern of 17 ketosterold secretions
1n patients with carcinoma of the prostate
as compared with normals® showed that
etiocholanolone ranged up to 120 to 200 per
cent of the amount of androsterone In cases
of bemgn hypertrophy or carcinoma of the
prostate In normals this value was epproxi
mately equal—in fact there s usually more
androsterone than etiocholanolone.

Latent carcinoma has been described as
averaging 14 8 to 16 6 per cent These small
cancers are similar to clinical prostatic car
cinoma on anatomic and histopathologic
bases Early carcinoma onginated from the
penpheral prostatic tubules in 87.5 per cent
of cases Frequently It was discovered 1n the
prostate in more than one focus.”

‘Much argument has been advanced with
out convincing proof that there is a direct
relationshrp between prostatic hypertrophy
and prostatic carcinoma.

It appears that there may be an indirect
correlation between rodular hyperplasia and
prostatic carcinoma however This 1s based
on a tie in that both are associated with dis-
turbance of bormone balance as a common
incitor

Diagnosis Any male past 50 who has
symptoms of prostatic enlargement should
be examined carefully If he has had back
ache double care with careful radiographs
an repeated occasions Is Indicated

Frequently the diagnosis 1s made by his-
tologic examination in a case which has
previously been considered to be ome of
benign prostatic hypertrophy The caral
noma may arise from any part of the ante
rior the lateral or the posterior lobes

Frequency of involvement of the posterjor
and the peripheral portlons of the gland
facilitates extensfon along the perineal lym-
phatics to metastasize to the pelvis and
thence to the lower spine in particular

Treatment When prostatic carcinoma 13
found early radical excusion of the prostate
with the sermnal vesicles and the bladder
neck 13 indicated.* Furthermore 1w 100
radical prostatectomies a 5-year cure rate
was 517 per cent However in 42 patients
followed up to 12 years 26 of them were
alive and apperently well without snch
treatment ®

Hormonal therapy 1s advised by urolo-
gists only if excislon of the gland cannot be
done or if there has been a recurrence.

VMetastatic bone lesions may or may not
cause pain If bone paiwn is minimal castra
tion or emough estrogen to produce mild
ferninization is advocated.™® If symptoms of
metastasis are severe both castration and
large estrogen doses are considersd (Figs.
363 10365) 01 mg of estinyl is a small dose
for mild cases 10 or more times this dose
may be used when symptoms are severe.

Some increase in 3 and § year cures has
Deen reported following endocrine therapy®

Among interesting possibilities for farther
effective therapy is bilateral adrenalectomy
with sustaining doses of cortisone Ths is to
rid the patient of adrenal androgess by
adrenalectomy as well as testicular andro-
gens by orchiectomy

Use of enormous doses of cortisone will
also reduce adrenal function but side effects
are such that the surgical approach may be
more reasonnble.
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Sienty Cree Anpuia

(Svn Meni cocytosje  drepanocy tic
anemba.)

Definition, Thic ix 2 severe  hemolstic
anemla with characteristic fchle shaped red
Womd celle and o both hereditary and
familtal Tt hae been reported to occur 1l
moet excludvely in persone with partial or
complete \egro ancestry It was first de
acnihed Iy Herrick in 19103

Incidence It {s probable that betneen §
aod 10 per cent of all \merlcan \egroes
show sickling trait« However only 1 out of
40 who show sickling tralts have true sickle
cell anemla ¢ The diccase is a Mendellan
dominant

CQlindeal Cliarcteristies These Inclde
(1) chronic anemia and jaundice (2) aching
paine particularly in the extremities and
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Skeletal Manifestations of Ancmia

ki 366 Mediterranean anemla
(From Dr  Fugene I' Pendergrass)
White male 23 years old Lateral view
of skull. Marked osteoporosis thinning
of the tables and widening of the diploé
are present icular striated tra
beculae are particularly prominent in the
vertex.

Fic 367 Mediterranean anemia. (Figs. 367 to 373 from Dr Fugene | Pender
m \\’hJLl; male 12 yean old Lateral view of skull Osteoporosis of the calvaria Is
t with perpendicular striations of the occlpital area. The df is Increa
width and the tables are thinned ot wedln



Fic 369 Mediterranean

anemia
(Same mﬂmt as Fig 367) Antero-

t is a0 prominent ax to appear cyst
The cortices are thinned.

are mare apparent about the humerd and

the scapulse but may be noted in the

rihs also

the joints (3) acute abdominal crisis simu-
lating an acute surgical abdomen (4) leg
ulcers especially about the malleoll (5}
epistans  (6) multiple centra] nervom 353
tem symptoms and (7; bome and joint
changes ?

Marrow overgrowth 1 less marked than
m Mediterranean anemis. Adults may bave
bone pains assoclated with the romtgeno-
graphic appearance of new bone formation
on the endosteal surface of the coctices of
fong bones.

Laponarory Frionecs. Blood findings are
a severe anemia with counts as low as 1 to 7
miltion red Hood cels per cublc mithmeter
Staln smears In some cases may reveal
changed red blood cells of sickle-cell shape
Other cases require apecial xnoxic sfehling



peeparations to demenatrate these alnormal
celle.

\udeated red celle and target cells alwo
are «ctn Leukocytonds with a shift to the
kit I« a frequent finding and may be con
fasing in Instances of alxiominal erisls

The reastance of red cells to hemolysls
by Ivptenic <aline i« increaced

Curwiear Tinpives These inclinde ele
vated werum béhrabin and increveed aro-
bilinagen De<pite the anemia the odimen
tatfon rate f not Increased due to the fact
that sickle celle re«t t clumping

Fia 3,0 (Rickt) Nlaliterrancan
anemia, (Same patient as Fig 367 ) 1at
enal view of fumbar pine and pelvic The
bone miructure shame thinned contical
elements and widened cancellous spaces
with coatre and prominent lr:ln-um

Fic 371 (Bottom) MMediterranean
anemia. (Same patkent a< Fig 367 ) \n
teropostenor view of pelvic There are
reneralized o<teoporasi  thinning of the
cortices and prominent eoaree weblike
trabeculations
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Prints are reversed. The booes of
the metacarpals and the phalanges are

rectangolar i shape Thus results irom
expanuon of the shafts In addition all
the bones show. widerung of the medu!
lary cavities osteoporosis thinned cor
tices and prominsnt coarse trabecyla
tions

i

Fro. 368 Mediterranean
(Same patient as Fig. 367 ) Right
lett shoulder girdies with portfans of
cage. Anteroposterior viems. This dem
oostrates the classical widening of the
medullary cavity with comrse webllke
bone trabecular structure. This
t Is 50 promunent a3 to appear
¢ The corthoes are thinned.
are more apparent about the humen:
the scapulee but may be noted In
ribs also.

2K
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the joints (3) acute abdomunal criss stmu-
lating an acute surgical abdomen (4) leg
ulcers especially about the malfecli (5}
epistaxis (6} multiple central nervous sys-
tem symptoms and (7) bone and foint
changes.?

AMarrow ovetgrowth is less marked than
in Mediterranean anemfa. Adults may bave
bone pains associated with the roentgeno-
graphuc appearance of vew bone formation
on the endosteal surface of the cortices of
Jong bones

Lasorarory Fovpinves. Blood findings are
a severe anemin with counts as lowas [ to 2
million red blood cells per cubde millimeter
Stain smears in some cases may revest
changed red blood cells of sickle-cell shape
Otber cases require special anoric sickling






\ mAY Fonpines Bone changes are not un
common ® These are similar to the changes
in Mediterranean anemia (Fig 374) A
peculiar finding {s the development of en
dosteal cortical new booe formation in con
trast with medullary widening in adults.
Bone changes in children are very rare?

Fio 372 Mediterranean anemia
(Same patient as Fig 367 ) Antero-
posterior views of both femora, The

coarse trabecular pattern s Td.zd}y
prominent at the Jower thirds of the fem

ora. There is a tendency to flanng at this
area. The cortices are thinned, and gen
eralized osteoporons is present.

Fio 373 editerranean anemia
{Same patient as Fig 367 ) Anteroposte-
nor views of both feet. The rectangular
shape of the phalanges and the meta
tarsals Is to be noted. There are, In 2ddi
tion the osteoporosls,
thinned cortices and weblike coarse tra
beculations.

VIGIIRYIHE
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e 34 S e 1 oanveenis (D1 Dr MM T enetans) Antetigentenir and

achatal ven 4 1ell Y canceD e 1)
cally nthe cpmt Ve ()

Ly frmale plane e ot tall e

Inadhittm thee ate chan = weemin Iy
basd on keeptic pecr vl and pr Il o
lo throm! i infarction «f 1 me Demouat
bhead in particylar apgeat Ble tleee § un
1 Lo~z Perthes discase (1ip € 4

Pathology The ! me manr w1 marl dlly
Byperpla tic even tadma s of th e rmal
fatty marrom paces Larpe number of
rocleated ted el are fan? In 1 tltem
the vhite ccll jn the marr w Lom o3 lift
tothe Iefy

Hemoddeten s (irom pupment  Ieperit )
are formed thyouglit the reticul en't
thelual vy tem

Multiple thrombetic area occur through
out the vfecera amd are [ Muwerd Iy necreny
and bemarthage

The chinees i the centeal pervon 3
‘l:‘“"' rradatly on 3 muldpte thromtso e

s

Conernimar Hinnvap Jastu

(his"' Congenltal hem dytic 1teru

wole familia) faundjc e hemoly i preno-

=aly chronlc acholurlc Jjaundice (hronie

W“")]“C n)nemh plobeell anemia Iy
m

Definkion. Ty § a hemalytic anemia re

o1 med dncrease) i thidine and epe

Wy telfn b a trabeculie tadistins perpendicu

ser tatte § vers thindn the frontal area

175 Skklke<cell anemis Colwed

tio
femade (9 vear ofd Lony tanding his-
1oty of multiple swollen tender julnts

imulatine,  theumatic  fever  I'resent

< mplaints are relited to the left hip
area SKKINE tests on the redd blowd cells
were repedtedly positive Anteroposterior
vew of pelvi Moderately  increased
triations are evident in the pelvis. Asep-
tle necrinds Iy prerent in the head of the
Yeft femur \t open opetation the artic
ular cartilage of the femoral head was
found to be wrinkled The underlying
ulchondral bone was necrotic
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sulting 10 jaundice and splenomegaly It Is
congenital and always familial

Incidence. It is the most common of all
familial hemolytic anemfas and appears to
be 2 Mendelian dominant which may be
transmitted by either side It s very rare
in Negroes. Acquired hemolytic anemias are
much more common. Sickle-cell anemia 15
also more frequent

Clinfcal Characteristics. Manifestations
occur at various times from birth to later
life Recurrent bouts of Jaundice and anemia
may be the findings in milder cases. At
times the onset may be abrupt with a crisis
at other times it may be gradual,

Severe cases show Intractahle jaundice of
a nonpruritic type with anemia. There Is &
high incidence of cholehthiasis and biliary
tract disease due to bilirubin stones a com
mon finding

The spleen fs enlarged markedly in pearly
all cases Often hepatomegaly may also be
found Leg ulcers occur but to a less com
mon degree than in sicklecell anemia
Physical stigmata often observed include
tower skull (high vaulted skull) poly
dactylia brachydactylia and dental and
palatal defects,

Laporatory FinpiNos. The anemia may
be variable It may be severe during crises
with the red blood count to as low as 1 mil
lion Then the disease is qulescent no
anemia may be evident. The characteristic
cell is a round bright spherical (not bicon
cave) cell Such a cell smnce it is not bl
concave Wwill have no central pallor This
cell 1s enlled & spherocyte showing a char
actenistic diagnostic increased hemolysis 1o
hypotonic saline Reticulocytosis Is a con
stant finding {o the perpheral blood

LeuLocytes are normal or are only slightly
fncreased except in acute crisis when severe
leukocytosia with a shift to the left may be
found

CreMicAL Dara. Chemistry studles dem-
onstrate elevated serum bilirubin and in
creased urobilinogen in urine and stool

\ »av Finpinos Bone changes are simi
lar to thase abserved in sicklecell anemia

ond Mediterranean anemls, but to len
marked degree Particularly ewvident are
strintions in the frontal and the parletal
areas of the skull *

Pathology The spleen 13 enlarged and iy
filled with closely packed red blood cells.
The lver and other reticuloendothelial or
gans show increased fron pigment. Bilirubm
stones occur frequently in the galibladder
Red-cell hyperplasia of the normoblastic
type 1s seent in the bone marrow

Treatroent. Splenectomy s almest umi-
formly beneficial. This is followed by re
mission of the jaundice and a rise of the red
cell count Spherocytes however may per
sist with Increased fragility Appeopriate
bihary-tract surgery may be indrcated

Prognosts. The untreated disease B re
lated to the time of onset. The earlfer the
disease begins the poorer the prognosi.
However splenectomy improves the out
look whatever the age of onset. Latent (low
grade) cases may require no treatment.

SKELETAL MANIFESTATIONS
OF LEUREMNIA

Definftron. Leukemua s a malignant proc
ess wnvolving the white-blood-cell elements
of the bone marrow The proliferation of
these leukemic cells results in the replace-
ment of the hematopoletic marrors spread
into the fatty marrow and dlsseminatio
into the various tissues and organs of the
body Generally spealung the abnormal la-
mature white blood cells appear in tbe
peripheral blood If the white blood count
remalns mormal, the disease Is termed
aleukemic

Clinical Features. Leukemins are differ
entiated for purpeses of classification on the
tns{aufthetypeofwblteccllwh!chhl"“
marily proliferating Myelogenous or Byt
lold leukemia is manifested by proliferation
of one or more obeegrmu.larseﬁaOl
leukocytes The lymphocyte or one of its
precursers Is involved In lymphogenous o
lymphatic leukemin Same workers recof
nize a monocytic type of leukemin.



Torthet defferentintiom fuem the Ty § oof
the time factor o 1ap 1Bty with wloch the
dieere run ft fata) ¢t e The acuire
aatety mod freqoently affect bl ften o
voumg #dult Tlere the e i ¢ mnmly 9
Tvmphatic lrnbemia althenich maed o1 va
et doaal o

ot imlnatund thedademivg ¢ m
moly a chronte ene The el jrg licvied
e ermrally of the maed o) wtimn Cht e
hrphatic leslemia do however oocur

Chronle matd o} deulemmia wath  termi
ml acote o thaan acceletats o fnoan
temity mav 3w be o clinfcal frature of
etencleratic anemis atvanced Aoy
Shonberp dicease or martle 1 omes

The eathet chimeal maniietatim of
acte vl emia ualle ate Hased 1 moam
crmtart aerprewth f the white 114
el amvelved and e am of the 1ed
Bond cellaamd the flatelet Anemis weal
oo fever and bemoethapie phen mena ate
gted very eatly In the coommen form of
xute lewd emia seen In clubdeen which §
hmphatic in varety thete | alwa an a e
atted deptes fm of the pranslcyte setie
Thh a-tanuloryteny § manifested vety fre
qrotly by enermbelmin, infection fnvaly
e particularly the oral enaty and the
UpPer femratoey 1ract Sometimes the en
tre bedy defene mechani m fail amd com
Tile and o erwhelmng il ocour

To acute Jeulemta rlebetal manifesta
tons In <ome cav< may e the carliet
maalfetation Thee dnclule theumatic
e pabns of the lumes and the yont which
) timulate rheumatic fever or even
eomytith Thewe sbeletal ymptom and

ors v ually are seen in children and
e less common In adult

In the wwal cawe of acute leulemla the
asslcal findings mentloned alx e do accur
nd the clinician s able to make the diag
P8 by thl pleture and confirm it on 8

F‘:‘m‘ﬁ"‘: ba s Ocea fonally  however
ting mirculosbeletal pain remain
;:P'l‘dtrrnlnam feature for a Ivmi:ullnw They
lbd) lead the altending phy Iclan o tray
Ae him to ovetlool the neveswiry

Seletal Manifestations of Levkema
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11c V6 Acute leukemla (From Dr
Ldward B 1) Ncuhauwer) White male
tan92 4 dicd 8 1949 of acute my

o cenous deulemia Ant terir
vrw o of ctremities Marked de-
tructive changes are t in all the

t mes lenmteal lifting and reaction
hur wrurted «econdany to the inva lon
1A the peopla tic t e

Bload and marrow studies for diagnosds

Chronie leukemias  Dhoth  myelozenous
and lymphatic have in general no sheletal
manife~tations of Importance They are
chronlc in course and insidious in oneet
They aflect primarily the bone marrow the
Iymph nodes and the varion reticulo-
endothelial organe such as the spleen and
the liver They are included in this discus
sion principally becauw ocexaionally they
may present a characterdstic radiologic pic
ture In the bones

Thee radiographic findings usually are
only of incldental Importance but In lwo-
lated cases they may be of diagnostie
ignilicance

Rorvres~oomarnic Bisprines. It hae
been noted that lymphatic keukemia s asso-
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sulting in jaundice and splenomegaly It is
congenital and always familial

Incidence. It {s the most common of all
famullal hemolytic anemias and appears to
be a Vlendelian dominant which may be
transmitted by cither side It is very rare
in Negroes Acquired hemolytic anemias are
much more common. Sicklecell anerma is
also more frequent.

Clinical Charscteristics. Mantfestations
occur at various times from birth to later
life Recurrent bouts of jaundice and anemia
may be the findings fn milder cases. At
times the onset may be abrupt with a crsls
at other times it may be gradual.

bevere cases show intractable jaundice of
a nonpruritic type with anemia. There is a
high incidence of cholelithiasis and biliary
tract disease due to billrubin stones a com
mon finding

The spleen Is enlarged markedly In nearly
all cases Often hepatomegaly may also be
found Leg ulcers occur but to a less com-
mon degree than In sicklecell anemia
Physical stigmata often observed include
tower shull (high vaulted skull) poly
dactylia, brachydactylia and dental and
palatal defects.

LaporaToRy Finpwes The anemis may
be variable It may be severe during crises
with the red blood count to as low as 1 mil
lion When the dlsease is qulescent no
anemin may be evident. The characteristic
cell 1s a round bright spherical (not bicon
cave) cell. Such a cell since it is not bi
concave will have no central pallor This
cell is called a spherocyte showing a char
actenstic dlagnostic increased hemolysls in
hypotonuc saline Reticulocytosis is a con
stant finding in the perfpheral blood

Leuhocytes are normal or are only slightly
Increased except 1n acute crisis when severe
leakocytosis with a shift to the left may be
found

Curxicar Dara. Chemistry studies dem
onstrate elevated serum biirubin and in
creased urobflinogen 1n urine and stool.

\ »aY Finpines Bone changes are simf
lar to those observed in sickle<cell anemin

phatic Disturbances

and Mediterranean anemia but to lem
marked degree. Particularly evident are
striations in the frontal and the parletal
areas of the skull *

Pathology The spleen {s enlarged and b
filled with closely packed red blood eelly
The Liver and other reticuloendothelial or
gans show Increased iron pigment. Billrobm
stones occur frequently in the gallbladder
Red-cell hyperplasia of the normoblastic
type is seen in the bone marrow

Treatment. Splenectomy is almest il
formly beneficial This is followed by re
mission of the jaundice and a rise of the red
cell count. Spherocytes however may per
sist with increased fragllity Appeopeiate
biliary tract surgerv may be indicated.

The untreated disexse Is re-
lated to the time of onset. The earlier the
disease begins the poarer the prognasis.
However, splenectomy improves the out
look whatever the age of onset. Latent (low
grade) cases may require no treatment.

SKELETAL MANIFESTATIONS
OF LEUKEMIA

Definition. Leuhenua 13 a malignant peoc
ess Involving the white-blood-cell elements
of the bone marrow The proliferatica of
these leukemic cells results In the replace-
ment of the bematopoletic marrow, spread
into the fatty marrow and disseminatim
into the varlous tlssues and organs of the
body Generally speaking the abnormal io-
mature white blood cells appear in the
peripheral blood. If the white blood count
remains pormal, the disease 1s termed
aleukemic,

Clinical Features, Leukemlas are differ
entiated for purposes of classification &2 the
basls of the type of white cell which s pd-
marily prohiferating Myelogenous of mmye-
loid leukemia is manifested by prollferation
of one or more of the granular series of
leukocytes The lymphocyte of oo of Its
precursers is 1nvolved in Iymphogenous o
lymphatic leukemia Some workers recog
nize a monocytic type of leukemia,



Skeletal Manifestations of Leulemla
Further differentiation Is on the basls of r-—""—

the time factor or rapidity with which the |
Jisexee runs its fatal course The acute
carfety most frequently affects children or
young adults. Here the type is commonly a
ymphatic leukemia although myelold va
rieties do exist.

T older individuals the leukemla is com
mooly a chronic one The cells fmphcated
are generally of the myeloid series Chromic
lymphatie leukemias do however occur

Chronle myelold leukemia with a termu
ml acute or subacute acceleration in in
tenslty may also be a cinical feature of
osteosclerotic amemiz advanced Albers-
Schonberg disease or “marble bones ”

Tbe earliest clinlenl manifestations of
ecute keukemia wsually are based upon con
comtant overgrowth of the white blood
cls favolved and depression of the red
blood cells and the platelets Anemia, weak
ness fever and hemorrhagic phenomena are
noted very early In the commen form of
acute leukemia seen m children which 1s
hmmphatic in variety there Is also an asso-
cated depression of the granulocyte serles
This agranulocytosts is mamifested very fre
quently by oversbelming infection invols
Ing particularly the oral cawity and the
upper resplratory tract Sometimes the en
tre body defense mechanism fails and com
plete and overxhelming sepsts occurs

In acute leokemia, skeletal manifesta
toas b some cases may be the earhest
manifestation. These include rheumatc
Eke puns of the bones and the jomnts which
My sinulate theumatic fever or even
Gleomyelitis These skeletal symptoms and

usmlly are seen 1n children and
e ks common in adults

In the wal case of acute leakemia the

?m} findings mentfoned above do occur

the climician 15 able to male the diag
25 by this pictare and confirm It on a
e ¢ basis Occaslonally however
N F;"’““ﬂﬂz muscaloskeletal pains remain
Y ominant feature for & long time They
lndy lad the attending phywician astray

Quse him to overlook the necessary
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Fi1c 376 Acute leukemis, (From Dr
Edward B D \euhauser) White male
born 9-27-47 died 8-194% of acute my
clogenous  leukemia.  Anteropostefzor
views of upper extremities Jlarked de
structive changes are present in all the
bones Penosteal hfting and reaction
have eccurred secondary to the nvason
by the neoplastic tissue

blood and marrow studies for diagnosis

Chromic leukemias  both myelogenous
and lymphatic, have in general no skeletal
manifestations of Importance They are
chronlc 1 course and nsidious in onset
They affect primarily the bone marrow the
lymph nodes and the varlous reticolo-
endothelial organs such as the spleen and
the liver They are included 1n thus discus-
sion principally because occasionally they
may present a charactenstic radiologic pic
ture in the bones

These radiographic findings usually are
only of incidental importance but in iso-
lated cases they may be of dixgmastic
significance

RoExToENOGRAPHIC Frvpmics It has
been noted that lymphatic leukemia is assa-



F1o. 377 Acute leukemia. (From Dr Edward B D Neuhauser) White female
admitted at the age of 3 weeks 10-13-46 died 11 1746 of acute myelogenous beu-
kemia. At the age of 3 weeks, an abscess was noted at the umbiheus when the cord
separated. (Left) Ante;z)ostu’hr view of lower extremitles (Oct. 15 1946) leta

physeal rarefaction is

clated more commonly with osseous changes
than the myelogenous vanety About 7 per
cent of a series of cases with leukemia
showed bone changes In the x ray pictare !

Radiographic findings have been noted as
follows

1 Generalized ostecporosis sometimes
very shight

2 \lore specific areas of rarefaction
These nay be 1=olated or may become con
fluent (Figs 376 377) In the long bones
these rarefied areas may be londitudinal in
direction !

king in both upper and lower femora and tibme (Right)

Anteroposterior view of lower extremities (Nov 8 1946) The medullany destrocti

Evimdcn has progressed rapidly In 3 weeks. In addition early periosteal proliferation is
t.

Ve

3 Subpenosteal formation of new booe
1s seen (Figs. 376 377) In general this
subpertosteal new bone is lald down in a
longitudimal or onfon peel fashion rather
than 1n a perpendicular or sunburst mam
ner in relatfon to the shafts of the loog
bones

4 Pathologic fractures bave been noted
and are frequently through an area of pre-
vious osteolysis There may be evidence of
some callus formation

5 The shull shows Involvement of tbe
diplo€ and the inner and the outer tables by



rones of rarefaction In addition there may
be subperiosteal new bone formation in the
calvana.

Roentgenographic changes i the skeleton
in children afflicted with leukemin re sim:
lar to those fourd 1n adults 2 diffute osteo-
porass spectfic areas of radlolucency and
subpenioateal new-bone proliferation.

One characteristic finding in children
present only becauce of the open epiphveeal
plates, is the early appearance of a trans-
verse radiolucent zone at the juxta-epiphys-
¢al region of the metaphy<is of the various
loag bones® (Fig 377) This finding is not
specific for leukemia  1n milder degree it
an be noted in any severe systemic disease
of the growing child In these instances it
appears to represent a dimmution of bone
fomauon at the epiphy<eal plate In
scunvy the scunvy line or “Gerustmark” is
a similar phenomenon repre<enting an aren
of deficdent fibrous-tissue ingrowth as a
reslt of the vitamun-C deficlency

In leukemia, this radiolucent zone in the
metaphysis appears to represent the de
struction of the newly lald down bone tra
beculse at the epiphyseal plate as a recult
of the invasion of the leukemic tissue

It has been noted that these rarefied
2oes will disappear during  remissions
rhether spontancous or following treat
ment by radiotherapy or chemotherapy

Lasoratoxy Frnpings Diagnostic lab-
oratory findings in leukemia are established
o0 the basls of white blood counts periph
eral blood smears and bone-marrow exami
nations. The latter are done on the basis of
Aspirations or biopsies

In chrontc myel leukemin the

Skeletal Manifestations of Leukemin
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blood smears show large numbers of rela
tively uniform looking white blood cells of
the lvmphocyte senes

There is sometimes a concomitant depres-
sfon of the red blood cells and the platelets

In acute leuhema special stains may be
neces<ary of both the peripheral blood smear
ardd the bone marrow studies in order to dis
tinguish an acute myeloid from an acute
lymphatic leukemia By demonstrating the
presence or the absence of granules in the
“blast cells one can differentiate whether
they Delong to the granulocyte or the
Iymphocyte serfes. In addition monocytic
varieties have been noted Actually the dif
ferentiation is largely of academlic impor
tance since all varieties of acute leukemia
rapidly terminate fatally

Particularly confusing from the diag
nostic point of view may be those cases of
the so-called aleukemlic vanety This term
refers to those cases in which the total
leulocyte count is normal or subnormal It
does not infer that there are no aboormal
immature cells present in the peripheral
blood In these cases single or certainly re-
peated examinations of penpheral blood
smears or of the “buffy coat will show the
presence of immature abnormal white blood
cells even in an aleukemic case

Bone-marrow studies are not necessary
for a definitive diagnosts in all cases of
leuhemia However they are mandatory in
the aleukemlic variety where the peripheral
blood smear gives only presumptive evi
dence Vloreover aleukemic episodes have
been noted occasionally In otherwise classic
cases of both myelogenous and lymphatic
leukemias of the acute and chronic types

white blood count is generally elevated and
fanges between 100,000 to 800000 white
blood cells per cu mm Penipheral b ood
smears show an enormous pleomorphism of
the rranulocyte series
In chronic lymphatic leukemia the white
count may not reach the extremely
bgh bevels of the myeloid variety It gen
tally ranges betmeen 200000 to 300000
white blood cells per cu mm The peripheral

It has been suggested that as many as 10 per
cent of all cases of leukemia are aleukemic.!

It is these aleukemic cases in children
which may be difficult to diagnose early
The peripheral blood counts are normal and
the occasional sbnormal white blood cell
may be overlooked on & white blood smear
There are only vague musculoskeletal symp-
toms However the presence of osseous
x ray findings noted above should lead to
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definitive bone marrow studies. These alone
will make the diagnosis of leukemia and
save the patient unnecessary Or 1mproper
treatment

Pathology In chromc myelogenous leu
kemla, the principal changes lie in the bone
marrow and In the spleer Both the normal
red marrow and the fatty marrow are re
placed by leukemic tissue The neoplastic
tlssue fills the marrow cavity and enters the
subperiosteal regions via the haversian sys-
tems The haversian canals are widened and
eroded by the leukemic cellular prolifera
tion.

The medullary bone trabeculae are thin,
the cortical bone Is eroded and the perl
osteum is lifted New bone formation may
occur 1 a subperiosteal fashion.

As 2 result of the involvement of bone
pathologic fractures may occur There may
be evidence of callus proliferation in an
attempt at healing With intramedullary
fisatlon of long bone pathologic fractures
actual bone healing may occur 1f the course
of the disease permits

In the myeloid varlety liver kidneys
lungs lymph nodes end skin may be invaded
by the proliferating myelogenous lenkemia
tssue

In the chronic lymphatic variety the
earliest neoplastic proliferation of the white
blood cells begins in the lymph nodes, Even
tually bone marrow spleen and bones may
become involved,

Trestment. Treatment of acute leukerma
is generally unavailing It is & matter of
days weeks or at the most months the
course of the acute forms of leukemnta is gen
erally not over 100 days Folic acid antag
onists as well as cortsone ACTH and
purine denivatives are the present agencles
of choice in acute lenkemin of children®

Therapeutic agents for the chronic va
rietles of leukemua are leglon they will
not be discussed here It is definite bow
ever that none of them has been cum
tive It Is also well to insert the note of cau
tion that since many cases of leukemia
show spontaneous remissions the remission

tic and Ly

T
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following the use of a mven agent may be
attnibutable to the disease itself rather than
to the new drug being used

Therapeutic agents may be divided int
the following groupings * The first are tt
so-called supportrve measwres used The
include blood transfusions which must ever
tually be used fn almost all cases of chronl
leukemla Analgesics and sedatives are als
indicated as needed.

Inkilntory drugs are those which inhity
cell growth by interfering with intraceliula
enzyme systems. These mclude the ol
Fowler s solutlon employing arsenic. Coi
chicine is a similar older agent. \-ray thet
apy Is a most successful and well-establishe
device comung under this heading Aler
recently radicactive phosphorus nitrege
mustard urethan and triethylene melamin
have been used

There are also the so-called competitie:
agents These drugs compete wth the len
kemuc cell for metabolites. They includ
the antifolic acid derivatives and 6-mer
captopurine

General stimulating drugs such as ACTE
and cortisone also have been tried but they
have been only temporarily effecthe

Progoosis, Leukemua of all types Is fata
sooner or later The acute vanety is gen
erally fatal in less than 3 months, The ent
may come even mare rapidly than this

The chronic cases may do rather well fo
a number of years even before therapy
started They may remaln clinfcally al
though not hematologically 1n a state of
remission.

In some instances there is a terminal
acute exacerbation before death ensues In
the chranic cases At this point the chrook
case will usually become refractory to any
form of treatment.

SKELETAL MANIFESTATIONS OF
AALIGNANT LYAIPHOBMA

Definitfon. By malignant lymphoma Is
meant a cancerous condition beginnlng o
the lymph nodes or other lymphatic tissues.



Skeletal Manifestations of Malignant I ymplroma

In arder of decreadng Incidence the generic
groap [nclutes Hodghin s dizease Jympho-
yreoma, reticolom-cell «arcoma and ginnt
follicle vmphoma

Tor the purpo<es of our discus fon we
are concerned with these lesdons as they
affect bone Commonly this §< Iy direct
esterslon of by vascular or lymphatic me
tastams. In some rate instance< certain of
tbese entlties mav e considerctd to have
wfsen as primary tumors within a bone
s,

Incidence. Theee lestons affect males in
greater proportion than females averaging
about two to one Hodgkin s dicase is gen
mlly found 1n the age group between 20
and 40. The other ledons affect an older
froup ranging between the fourth and the
sixth decades In highest incldence

Clnical Features. The site of origin for
most malignant lymphomas is the cervieal
mph nodes. However other lymphatic
cimzes pot infrequently may be the pri
mry site of departure for these entities
before they disseminate

In dhemuing osseous mamfestations of
these lesions 11 Js important to realize that
tere is 2 difference in incidence between
dinieally ascertained dissemination of ma
Lgnant lymphomas and the incidence of
atopsy findings of csseous spread of the
tmor Obviously those cases affected with
0wy symptoms during life or cases in
“hich osseous leslons are determined on the
besis of dllnical findings such as biopsy or
roentgenographic study will be consider
iy lews {0 ncidence than those cases sub-
Yected 1o full autopsy The millary seeding
of the marrow cavity may not be detected
durg Lfe but will raise the fncdence of
Positive omeous dlasemumnation at autopsy
{0 much higher figares.!

hl‘mt!hepm-pasen:-ft_berunhorsof
this book to discuss the cases in which the
Primary findings are not related to the

Tystem. Sometimes in the course of
Syatemic di {nation of the mal

bymphoma there may be spread to one or

mote parts of the skeleton but these bony
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deponits arc of small moment In the gen
cralized process

The authors are concerned with empha
«lzing that «<kcletal lesions occasionally may
be the imtinl or at least the carly mani
fe<tations of these entities The important
initinl complamt i« that of pain This Is
frequently evident m the vertebral column
c<pecially the thoracolumbar areas This
pain may be of a dull aching type or rather
«cvere and sharp in nature Sometimes there
is girdle radiation as the result of pressure
on nerve roots associated with osseous de
struction in the vertebral column Some-
times the pains may be intermittent in
nature at first and simulate rheumatism or
fibrositls The mildest analgesics may ap-
pear to help and work up 1s mistakenly
deferred

The flat bones such as the fllum may
harbor the presenting lesions A scapula or
a rib may also be the focal site calling
attention to the patient s condition

As with other malignant metastatic le
sions in long bones a pathologic fracture
occasionally may call attention to the entity

From the point of view of incldence it
has been estimated that 10 to 20 per cent
of Hodghins disease will present clinical
sleletal involvement® this Is confirmed by
other workera? *

Lymphosarcoma has & lesser but similar
chnical picture in relation to the skeletal
system Craver and Copeland® found bone
metastates i 17 (104 per cent) out of 164
cases of lymphosarcoma by blopsy or au
topsy In lymphosarcoma it is also rmpor
tant to remember that terminnl dissemina
tion of the lesion as a lymphatic leukemia
may occur in which case the lesion is very
widespread and comes under the category
of lymphatic leukemiz (discussed above)

Glant follicle lymphoma rarely affects
bone in its early relatively benign stage
As the disease progresses the lesion con
verts generally {nto a Jymphosarcoma and it
inherits the characteristics of this lesion.

While reticalum—cell sarcoma may also
dusserinate and involve the skeleton it has
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also been considered that there 13 a primary
reticulum-cell sarcoma of bone * When it is
prumary this leslon nppears to show a pref
erence for the long bones such as the femur
the tibia and the humerus However it may
begin in the anal skeleton or even in the
shull or the hands and the fect. Here agamn
symptoms are those of pain and disability
related to the part affected

Lasoratory FrnpiNas There are no diag
nostic findings in mslignant lymphoma
Certain findings, however are suggestive,
particularly when evaluated 1n light of the
clinical end the radiographic picture This
{s especlally true in relation to Hodgkins
disease. Particularly important from the
point of view of corroborative data has been
the examination of the respective compo-
nents of the peripheral complete blood
count.®

The anemia found in these entities is a
reflection of the degree of mvasion and de
struction of the bone marrow Ip general in
early cases there may be little or no anemia
found but with later progression 1t Is fre-
quently seen

The greatest degree of anemia is found
fn Hodglun s disease lymphosarcoma less
frequently shows more than mild depression
of the red blood count

In all malignant lymphomas the total
leukocyte count may be normal elevated
or depressed Leukocytosis however 13 seen
more commonly in Hodgkin s disease than
in the others On the contrary JeuLkopenia 1s
more frequent in the other forms than in
Hodghin s disease

In Hodgkins discase the differential
count again 13 not diagnostic but certain
common findings not nfrequently are seen
These include neutrophilia relative and ab-
solute lymphocytopema monocytosis and
eosinophiliza Vanous combinations of any
or gll of these may be noted in varlous
cases. In Hodgkin s disease the fall of the
neutrophil count to subnormal levels is usu
ally an indication of rather widespread dis-
semination On the other hand it has been
emphasized that an absolute increase of

Hematopofehic and Lymphatic Disturbances

lymphocytes is very rare in Hodgkins dis.
ease as opposed to lymphosarcoma

In Jymphosarcoms and even m glant
follicle Iymphoma, a relative or absolute
Increase of the lymphocyte count i not mn
common_Moreover in lymphosarcoma par
ticularly leukemad blood plctures not o
frequently are seen While the leukemic
cells are commonly small lymphacytes, oc
casionally {mmature lymphoblasts oc mono-
cytes are noted 1n significant numbers

It must not be forgotten that lympho-
sarcoma in its terminal stages or even m
intermediate stages, not infrequently may
be indistinguishable hematologically from
a chronic or even an acute Iymphatic leu
Kemz 7

The platelet counts are generally normal
until marrow fnvaston is such as to result in
a thrombocytopema During this invasion
stage burarre umtative forms of platelets
may be seen in the peripheral blood Occa
slonally in Hodgkins discase the platelet
count may be elevated

Bone marrow studies have been doae n
many of these cases but bere again the
firdings are not diagnostic. However In
lymphosarcoma where there are abnormal
cells found 1n the peripheral blood, it Is
mandatory to make a bone marrow study to
rule out a fall blown leukemlc picture.

In Hodghins discase the bone marros
may reveal a slight shift to the left In the
myelold elements monocytasis or easino-
philin This s 1n keeping with the peripheral
blood picture noted above *

If the aren aspirated or biopaled bas been
involved by Hodgkin s discase tiasue ft may
be passible to ascertain the preseoce of the
diagnostic Reed Sternberg cells. In this case
bone marrow blopsy ratber than aspiration
puncture would be more useful as st would
afford a larger amount of tissue for examl
natlon

Lymphocytes may be relatively increased
in the bone marrow of a lymphasarcoma
even lefore a full Teukemic picture has
supervened

Blood chemlcal changes may be of im-
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Fia. 378 Malignant lymphoma. Hodgkins disease White male 15 years old.
Anteroposterior and lateral views of lumbar spine Destructive spondy litls of the first
and the second lumbar vertebrae with laminographic study \ote the preservation of
the Intervertebral dish space despite conunderable destruction of the vertebral bodies.
Thus {s important in differentiating this from tuberculous spondylitis in which the disk
space is usually Involved Diagnosis was made by examibation of a supraclavicular
lymph node (From J Internat. Coil. Surgeons 20 183 1953)

portance In the accumulation of further pre
stmptive evidence for the diagnosis of ma
ligeant lymphomas particularly when they
involve the skeletal system \one of these
findmgs 13 diagnostic.

Cakiom and phosphorus levels in the
Rrum are generally normal Occaslonally if
booe destruction is great enough hypercal
cemia and hypercalciuria may be noted * In
ociztion with this hyperealcemia and hy
Peraleiuria  balance studles occaslonally
bave revealed negative calcium balance 1*
In cases associated with bone formative
rextion  so-called osteoblastle type of
metastases elevated alkaline phosphatase
may be present.1t

Other findings Include an nlmost con
santly elevated blood sedimentation rate
m 2n occasionally elevated blood urle

Gallonay'? noted the presence of Bence
-{;““ Protein in the unne of a patient with
odgiiny disease This finding has been

confirmed by other workers In isolated in
stances of this particular form of malignant
lymphoma and also in disseminated lympho-
sarcoma, with skeletal involvement

Certaln other workers!? have reported the
presence of relatively elevated globulin
levels above the highest normal values In
23 per cent of Hodghln s cases These usu
ally were associated with significant de
creases 1n albumn levels so that the total
protein level {tself usually was not altered
However {ractionation into the albumin
and the globulin components would reveal
significant changes in such instances Ry
comparson a suuilar finding was found in
33 per cent of cases of myelogenous leu
Lemia.

N\ rav Finpives Vost workers indicate
there 18 no diagnostic roentgenographlc ple
ture in this group of disease entities when
they involve the sheletal system

Lehlinger' collected from the literature
83 cases of Hodgkins discase showing

—
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Fio 379 \alignant lymphoma. Hodgkin s disease. (Same patient as Fig. 378)
Chest plate. The first film shows some wi of the mediastinum. This s due to
lymphaden:gathy The second film shows derable increase of the procear. The
third film shows partial regression after nitrogen-mustard therapy Ofttimes, severe
bone destruction will occur In this condition before much change will be observed in
the chest or other soft tistues. (From J Internat. Coll Surgeons 20 184 1953)

458 H poietic and Lymphatic Disturbances
A
4

954
po-

skeletal x-ray changes and noted the fallow
ing proportion of fnvolvement vertebrae
62 6 per cent pelvis 21.8 per cent sternum
157 per cent ribs 10.8 per cent, scapulas
24 per cent and clavicles 2 4 per cent.

Bone lesions may be primarily osteclytic
or 1n some instances csteoblastic. In Hodg
hn s disense the leslons are generally mized
in typels

In lymphosarcoma, on the other hand
the lesions are predominantly osteolytic n
about 85 per cent of cases.’®

The asteolytic lesions of Hodgkin’ dis-
ease and lymphosarcoma reveal single of
multiple areas of trabecular destruction-
These arens may vary in size from almost
indiscernible pinpoint romes to larger coo-
fluent arens of radiolucency (Figs. 378 and
380) Cortical invasion is not upcommon
and destruction of the cortex with perd

" osteal hitlng frequently 18 noted
In the vertebral column the finding re

Fro 380 3 ly Sl bles that of metastatic carcinoma, The
m) dﬁ“’; (From D'vl"r' ]\oIl Intervertebral disk space generally I3 well
shoulder Note daiml ctive process in the preserved a finding of important differes
humerus  These lesions are osteolytle tiation from tuberculosis of the spine (Fi
and multiple Note the tendeney to con-  378) Involvement of the lymphatic chaln
ﬂumﬂ:: m ‘;‘1"";&%“? overlying the vertebral column may result
(t’;:m SClHJ‘R cu: may nhg:rdme 0::0- fn paravertebral shadows simulating thas
blastlc reaction Thus is not so here seen In tuberculous spondylitis but the
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preervation of the intervertebral sk space
s a distinguishing factor

In Hodohins disease, pot infrequently
there 15 2 mixed reaction with osteoblastic
zo0es bewng found along with the osteolytie
areas, both in the vertebral column the
skull the pelvis and the long bones

1n some caxes of Hodgkins disease and
very rarely in Jymphotarcoma a pure osteo-
blastic reaction is noted This may be so
peonounced fn @ vertebra as to resuit n
the toentgenographic dugnmis of hory
vertebra

Octasionally a distinguishing finding in
these lymphrold skeletal lesions is the pres-
exe of cortienl implantations as
to the purely medullary deposits of multiple
myeloma,

In primary reticulum-cell sarcoma of
bone there 13 2 rather strong tendency for
the bone lesion to Lreak out into the soft
parts, with widespread Jocal mfiltration as
well a3 the bone destructive findings in the
1y picture. This leslon 13 pnncipally
asteolytec In type but with destruction and
iovasion of the cortex, perjosteal new bone
formation may be stimulated.

Pathology Patbologic findings are pn
:r‘_;l} those of the respective lesions them

Gromsly one may find more or less wide
sxead seeding of the bone marrow the
Cortex and even the subperiostenl areas it
{be cortex has been invaded and infiltrated.
Coalescence of the focl may be noted with
the presence of larger areas of bone destruc
ton The neoplastic tlssue is generally firm
I Conustency and yellowish in color Sec
oadary bemorrhage and necrosis may be
Present. 1f much ostecblastic reaction has
oxurted there may be bony hardness as
2 resalt of the proliferation of new bone In
Tepotse 10 the neoplastic tissue

[8 most cases with concomitant lymph
2ode mvolvement in one or more oreas
fvaded chalns may be sultable for

and may assist in making the dlag
*Uth or without the necessity for ex

the bone (Fig 378) In instances

Dosls

where the primary manifestation is sheletal
and the lymph node involvement is deep-
seated or not yet present osseous biopsy
may be the only diagnostic step to take

The hustologic characteristics in each of
these entities have been well covered in
detall elsewbere.!

In summary we may say that Hodghins
disense 18 dist! hed by certain histologic
peculiarities The diagnostic Reed Sternberg
cells are large cells contalning efther a
single rather enormous nucleus or multiple
nucler It is felt that these probably are
derlved from the cells of the reticulo-
endothelial network of the lymph nodes or
the bone marrow A pleamarphic cellular re
action frequently 18 noted {ncluding eoslno-
phils Iymphocytes, neutrophils, plasma
cells and fibroblastic reaction. Focal necro-
513 1% not uncommon Later on, a secondar,
reactive scarring with proliferation of fibro-
blastic tissue and collagen material sets fn
This may make certain areas difficult to
sudy

In lymphosarcoma, the proliferating cell
15 characteristically & small lymphocyte
Occasionally lymphoblasts of a more im-
mature type are the predominating cellular
pattern

Histologic entena for reticulum-cell sar
coma are somewhat complex Certain cases
present findings which on micrescopie ex
amunation mske 1t difficult to distingnsh
them from Ewings sarcoma or even meta
static carcinoma In general the character
Istic cell seerns 10 resemble a monocvte 1t
presents a falrly large nucleus which ocea
sionally may have cytoplasmic processes.
The nucleus may be eceentric, and even if
without processes may be indented In cer
taln other instances the cell is even larger
and represents the lymphoblasts seen at the
germinal centers of lymph nodes

Treahment. Treatment may be divided
into general and local Under generan! treat
ment are the supportive measures such aa
blood transfusions which may be given to
relieve the secondary anemuc state of the
patfent.
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Radiotherapy Is the palliative treatment
of choice Inhfbitary agents such as mitrogen
mustard urethan and triethylene melamine
have all been used occasionally with tempo-
rary success Stimulative agents such as
ACTH and cortisone have played some role
here but they appear to be less effective even
on a temporary basis than In leukemia.

Pathologic fractures require treatment if
the patlent s general condition permlts In
the long bones mtramedullary fixation has
been the authors method of chofce 10

The authors similarly have had expen
ence with a rare case of Hodgkin s disease
manifesting primarily In the thoracic spine
where it simulated a tuberculous spandy
litis  Successful palliation by spinal fusion
relieved symptoms, giving complete comfart
until termunal dissemination of the Hodg
hin s disease occurred some time later ¢

Primary reticulum-cell sarcoma when lo-
calized in one bone is gemerally best ap-
proached by amputation or ablatlon This
is necessary because the local lesfon tepds to
spread rather widely and 18 very painful in
1ts destructive local advancement. Such in
stances should be followed by local radio
therapy 17

Prognons. The prognosis is fatal in all of
these entities Some patients go on rapidly
to g fatal denouermnent In others the course
18 more protracted lasting up to 5 or even
10 years The climcian must be especially
guarded In his approach to the problem as
the hstologic findings are often not indfc
ative of the ultimate rapidity with which
the disease will progress to its end As long
as the general condition of the patlent re-
malns favorable one must be on the sur
face optimistic The end stage usually
comes rapldly with quick progresston and
imminent termination

tie and Lymp}

MULTIPLE MYELOMA

(Svn Rahlers disease myelomatosis )
This most interesting and complicated
disegse has been a subject of many thor
ough and detailed published stodles The

phatic Disturbances

purpose of the authors is to present the
typlcal form of this disease when the bone
13 1mvolved and to attempt to correlate cer
tain consistent chemical findings with the
climcal and the radiolegic picture (See
Table 8 p 469)

Historical Notes. Bence Jones! reported
finding 1n the urne the protein that bears
his pame This is a proteln which preap!
tates on heating and redlssolves at the bail
ing pomt. \McIntyre? studied the patient
whose urine Bence Jones had examined. He
found softening and fragility of the bones.

In 1873, von Rustitzky? described multl
ple destructive marrow tumors These odgl
pated 1n the medullary cavity and eroded
the cortex.

Kahler! wrote the first compaste of this
picture in which bone changes plus the
Bence Jones protemnuria were correlated It
has often been referred to since this time
particularly fn European Iiterature a3
hahlers disease

Since this time there has been a volumt
nous literature on this subject. Continued
work has unearthed many interestmg facts
about this disense Hypercalcurla and nega
tive calelum balance were described mor®
than 30 years ago Hypercalcemia was roted
m 1927 and hyperproteinemia was de
soribed 1o 1899 ¢

Inckdence. The disease Is reported by
some to be more than twice as frequent In
males as In females ¢ but others dis-
ngree It Is rarely found below age 30 and
Its diagnosts 1 @ child must be questioned
seriously Then It may well be & leukemia 2
Ewings tumor a neuroblastoms or a 1
granuloma The most common age
for its occurrence is between 40 and 60-

Btology The cause of multiple myelom
is unknown Myeloma cells former) wer®
divided Into four classss (1) plasma cells,
(2) myeloid cells (3) erythroid cells and
(4) lymphold cells. This listing recently has
been abandoned In favor of the cancept that
it is a single cell observed in different ph”'—‘;

The present opinfon as to the ocign ©
the exact cell Is still divided between plasma



of the marrnw hemocytoblasts and
nlum cells.

me myelomas ghow large cells predomi
r The theory has been advanced that
thete that show consistent Rence Jone<
1nuria and plasma protein Increase +
aenstrom! hypothecated that multd
iyeloma s a disturbed proteln metabo-
simflar to \femann Dick s discase as a
rhance of lipoid metabolism

inical Characterdstics. The clinleal pic
includes the following symptoms (1)
of the vertebral column or the rib cage
articular  which i« often mirdlelike it
aralgic in character and usually nsidi
nonset (2) loss of weight (3) fatigue
geveral lassitude (often resulting from
u) (4) pathologic fracture and (5)
able mass I the lesion {s superficial
cally over a flat bone as the shull the
or the clavicle.

b¢ process may vary from very mild
lious form to zevere cachexia with a
idden shell of a patlent The disease
progress slowly or very rapldly At
3 It may start as a simple lesion in a
thral body for instance It may con
¢ dormant for years and then suddenly
® with an early fatal termination
vimonary Imvolvement This Includes
chits emphysema pleurisy and ter
Al poenmona.

itients often show thoracle deformity
oic bronchltls with productive cough
mucopurulent exudation is common oc
iog fn 55 per cent of cases T Such indl
"-‘Ammmnl) demonstrate emphysema
 change also considered to result from
kening of the alveolar walls following
ftrve

Teurtsy in fibropurulent type of even
Yema has been reported ' Changes In
hog one or even all of the above often
! o progressive direase and to terminal
Ttnonfa.

'exrologic With the widespread involve
" of the skeleton and often of extra

Structures Ly thls disease nerve
"¢ and neurologic symptoms often re-
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sult and may be my nad in type These more
commonly obeerved are

1 Radlating rootlike pain particularly of
the thorax is common When <evere col
lapse of the spine occurs paraplegla often
results The onset of paraplema may be
gradually progressive starting only as a
sense of weakness of the lower extremities
‘This steadlly progresses to complete para
plegln. The onset can also be sudden with
complete paralysis following a sudden col
lapse of an involved spine area

2 Rarer neurologic complications are
diplopia, failing vision and partial or com
plete paralysis of the upper extremities

Gastro-intestinal This Includes nauvsea.
vomiting and cramplike pain either on a
hypercalcemic basis or associated with com
pression and nerve-root pressure

LaporaTory Data. Bome-marrow aspira
tion or biops) shows typical myeloma cells
in 80 per cent of cases This may precede
any visible osseous involvement Specific
abnormal blood chemical findings in this
disease are (1) Hypercalcerma with normal
alkaline phosphatase. (2) Hyperproteinemia
due to elevation of serum globulin There
18 an assoclated {ncrease in the sedimentn
tlon rate (3) Tendency toward elevation of
uric acid especially when there is Lidney
damage (4) Tendency toward elevation of
blood phosphorus particularly when there
is kidney damage. (5) Tendency toward ele-
vation of NP\

Speaific abnormal unnary findings are
(1) hypercalciuna {increased urine calaum
excretion) and (2) Bence Jones protelnuria
in appraximately 60 per cent of cases?

Hypercalcerma s a frequent finding when
skeletal mvolvement {s severe One half of
proved cases of multiple myeloma show it 12

When hypercalcemia occurs often there
are also the symptoms of nausea and ab-
dominal pain which probably are on a hy
percalcemic basis This has been confused
with hyperparathyroldism®? and in this cnse
as in others normal parathyrofd glands were
extirpated

On pure chemical analysis this condition



Fio. 381 “aultiple myeloma White male 34 years old. The initlal complalnt was

pain in the midlumbar area The earliest roentgenogra
tive Iesion of the third lumbar body which was thought at that time to be 2

ms in 1934 revenled a destruc
t-cell

tumor Initial bone survey was negative. Roentgenotherapy was given with some

slight rellef of paln bat no reconstitution of bony architecture. Back
bymkndsnndlasimdeamdlt with severe

withm 6 months accompanied
anemia. Later roen
throughout the

myeloma. Drath occurred soon after this

Spot anteroposterfor and lateral views o

mdicated widespread dissemination of
ton Sternal marrow examlnation was Indicative of multiple
senes of roentgenograms taken.
f lumbar splne (1935) The imtial destruc

wefe

tive lesion of the third lumbar vertebral body Is shown. Associated with this, these late
films show advanced osteoporoms snd washing-ont of trabecular detail in all the
vertebrae On}ythembcbondr-lmdphtuofthcwﬂebn]bodbshowtd]

even when associated with hypercakcemia
should not be confused with hyperparathy
roidism  The blood-serum phosphorus s
usually normal uuless kidney nvolvement
causes hyperphesphatemia but never will
multiple myeloma show hypophosphatemia.
In addition balance studies in multiple
myeloma do not how a constant negative

calainm balance ™ Moreover the hypercal
cinria which may occur is found only when
there Is hypercaloemsa. Those with noral
Blood calcium have normal urinary calcium
excretion.’* The hypercalcemla probably B
due to skeletal breakdosm for it does pot
represent totally fontzable caldum. In some
Instances some increased jomzble calcium



mav be preeent Then symptoms of hyper
@leemia may present themselves  Finally
byperproteinemia will be found frequently
in multiple myeloma Alkaline phosphatase
Jevels are wsually normal in rare Instances
they may be elevated Theee findings ore
not charactenstie of hyperparathyroldism
Alaline phosphatate and serum calclum
are always elevated in that diseace

The hvperproteinemia in multiple mye
loma has long been of interest Attempts
bave been made to correlate this with the
Benee Jones protein The gerum albumin is
pormal a3 a rule When the globulin is
markedly increased the albumin may be
decrexsed

When the globulin is determined by salt
ing out with sodium sulfate (the Howe

Multiple Mycloma 461

Sometimes the pratein fraction that is in
creased represents pseudoglobulin T and/or
preudoglobulin TT

From a chinical pathologie point of view
an Increased globulin can be determined
One methad Is the formol gel test In this
reaction 2 drops of Formalin are added to
1 cc. of serum The reaction is positive If
the mixture solidifies within 24 hours This
reaction occurs when the globulin exceeds
38 mg per 100 cc 17

The second test 1s the Sia globulin test
‘This consists of the addition of 002 cc. of
blood to 06 cc. of neutral distilled water
1f the blood s normal the hemolytic solu
tion remains clear 1f there s increased
globulin  there Is turbidity

When correlated with the Howe method

eethod) 1* the elevation of the globulin is
of the euglobulin factor

and logic technle, electrophoretic
studies show 3 groups '* In the first group

Fla. 382 Multple myeloma. (Same patient as Fig 381 ) White
male, 34 years old Latera! view of akull. Mulu{;;[mu discrete lytlc

Areas are seen throughout the calvaria. These

ons simulate meta

static cardnoma. Disgnosis depends on sternal puncture and blood

chemical studles. See text.
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Fro. 383 Mualtiple myeloma. (Same patient as Fig 381 ) Myeloma cells, some showring
clock nucleus, are seen. Hematoxylin-eosin (X 730)

the euglobulin of the Howe method is found It therefore appears that the proteln
by electrophoresss to be largely gamma blood and uripary findings cannot be cocre-
globultn These cases showed very little lated exactly The probability is that the
Bence Jomes proteinemmn In the second globulins come from the tissues. Snapper
group where there was normal euglobulin  considers the Bence Jones protein to come
with elevated pseudoglobulin by the Howe from the inclusion bodies in the plasma
method electrophoresis showed abnormal cells It appears that elevation of plasma
beta lobulin components These cases bad protein with special reference to globulin
excess Bence Jones protelnemia. The third is a more consistent finding [n multiple mve-
group had normal serum protein by the loma than the Bence Jones protelnura 1t
Howe and the electrophoretic methods but  Is, therefore a better diagnostic test
showed increased Dence Jones proteinuria RorNtorNoorapaic Dragnosis The
Bence Jones protein in blood and In urme  reentgenographic findings must be col
was determined on the baus of the very ered from two pomts of view first the dis
sensitive immunologic method of Bayne- tribution and secondly the type of leston
Jones ™ Bence Jones protein is not a sngle  that appears in the bone Itself The changes
proteln but 1 4 collection of proteins '® are predominant in the trunk the sternum



(he ribs the pine and the shull When long
bones are involved  the pelvis and the <houl
der girdle also show change

The bone leqions are multiple and repre
sent erosion from the medullary cavity into
and through the cortical bone

The characteristic le<ion is an osteolytic
e The mze varies from a few millimeters
In dumeter 1o § or more centimeters n size
(Fig« 382 384) The tumor produces
punched-out rounded areas with little or no
condensation surroundling it Often these
areas of destruction coalesce to give an ap-
pearance of marked generalized bone de

Multiplo Mycloma

mineralization stmilar to that of esteitls
fibrosa gencraliata

‘The rils may show superimposed tumors
which actunlly are subpleural ones

The <pine may show little at the start or
later may show a single lesion much like
a glant-cell tumor (Flg 381) Later marked
destruction may be evident (Fig 385)

In the shull there is no incrensed width
of tables The multiple foa of ‘punched
out areas are found in the frontal and the
panetal regions (Figs 382 384)

The pelvis shows change ranging from
few cystlike leslons to entire involvement
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Fio 384 Muluple myeloma Colored female 67 years old. Ad
mitted in December 1949 with complint of increasing inability to
walk. The findings were those of spastic paraplegia. A myelogram
reveal~d a block at the minth thoracic vertebra. Exploratory lam
inectomy performed in March, 1950 revealed a large extradural

tumor The Liopsy report oo this mass was p

oma Sternal

marrow puncture also revealed plasma-cell infiltmton Following
roenitgenotherapy there was some improvement in the power of the
patent s lower extremities. This case was published Fc\-kmsly in

{[ Intemat Coll. Surg 20 181-182

1953 Lateral view of skull

ultiple discrete osteolytic areas are present.
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Fio 385 MMultiple myeloma. (Same patient
as Fig 384 ) Auter eror and lateral views b
of lower thoracic spine. Destruction and com
pression of the ninth thoraclc vertebral body
can be scen

Fic 386 Multlple
Same

myeloma. P
tient as Fig 384} A
pathologtc fracture
occurred in October
1950 at the upper
third of the left fe-
mur while the pa-
tient was being
turned fn bed As:

teroposterlorlﬂd
lateral views of left
femur A short ob-
lique fracture is

eloma process




of the structure In that Instance wide
qeead destruction of bone substance will
appear much like osteitis fibroa generall
nta

Pathologic fractures are common (kigs
186 387) The lower rilys are very prone to
fracture when bone destruction progresses
far enough.

The spine eventually mav <how severe
chssolrtion of bone with compresuon frac
tores usually multiple Often they are
severe enough to produce compression of
the cord and paraplegln (Fig 385) The
intervertebral disks may disappear in
creased kypbosis lordosis or <colicsis may
occur colncldent with fracture and collapse
of bone.

In the long bones, the usual findings are
multiple punched-out areas (Figs 386 387)
These vary in size from several millimeters
to larger osteolytic zones ngpregating sev
eral centimeters in dinmeter The ribs and
sometimes the limb bones may show cystic
changes In rare cases the destructive proc
e Is diffuse mving only an osteoporotic
ippearance without specific zones of radio-
Iacency

There is no osteoblastic reaction or pen
aititls as 2 rule unless pathologlc fracture
has supervened Here callus formation is
Eintmal as shown in the x ry picture al
though healing may occur particularly after
Intramedullary fixation of a pathologic frac
ture (Fig. 387)

Pathology n Bone: Gross Aprramancr.
There Is considerable varlation In the de
Free of involvement of bone by the tumor
Ussue Some cases may show no gross
change others for a long time may show
caly 1 solitary lesion of the skeleton still
obers may show generalized and severe
lythe destruction. The leslons are dark red
@ gy They are pliable and show hemor
thage necrosls and pathologic fracture fre-
@ently Tumor may Infiltrate diffusely or
oxw in discrete masses of varying size
Pathslogic fractures usually follow Invasion
of the cortex with perforation into the sur
roanding soft tlssues
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Fic 387 3Multiple myeloma. (Same
patient as Fig 384 ) Kintscher nailing
was performed on N\ovember 6§ 1950
after trans{usions were given to correct
the severe anemin A Parham band was
used as supplementary fixatson. The pa
tlent was very much more comfortable
and could be turned freedy in bed An
tergposterior and lateral views of left
femur (February 1951} Excellent
callus formation and organization are

resent. Alinement s satisfactory after
fintscher nail and Parbam band fia
tion,

Vicroscoric APPEARANCE. There appear
to be two cytologic groups. One {3 charac
terized by a small cell similar in some re
spects to a plasma cell It Is not identical
with a plasma cell however The second
is a larger cell more like a reticulum cell
(Fig 383)

An example of the first group is the round
or oval cells which are relatively unl
form n size These cells have a nucleus
which fills most of the cytoplasm The
measure approumately S 4 in diameter The
nuclei are dark-staining and stippled with
an occasional peninuclear hale The nucleus
is said to demonstrate & spokelile arrange
ment—so-called cartwheel nucleus. This
nucleus s eccentrically placed within a
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clear-stamning cytoplasm usually
philfc.?

An example of the second group Is a
larger cell measuring approximately 10 x
This cell has a paler variably shaped,
stippled nucleus set either centrally or ec
centrically 1n the cytoplasm. Snapper* con
siders these to be ribase nuclelc acid

While in a particular case either the
large or the small cell may predominate
there may be combinations of both More
over some cases may show an Intermediate
sized cell and others multinuclented cells

Extraskeletal Pathology Extraskeletal le
stofs are not common but they have been
reported Autopsy in this case'® showed
only extrasheletal lesions without demon
strable destructive bone lesions The only
lesfons which were the extrasheletal ones
were characterized by collections of plasma
cells 1n the Iinver surrounding many of the
central canals Plasma-cell collections were
also in different parts of the liver lobules
The lungs showed peribronchial collections
of plasma cells lymphocytes and eccasional
granulocytes. Mesenteric nodes showed dif
fuse hyperplasia with infiltration of the pulp
with plasma cells.

The majority of cases are primarily skele
tal with extraskeletal lesions as concomitant
findings which often are of a mmcroscopic
nature only

It can be said that there are reports of
infiltration of any or all organs

A coincident complication of this disease
is amyloidosis. This 18 related to the excess
serum globulin and perbaps to the Bence
Jones proteinuria.

The interesting variation of amylold dep-
osition 1n multiple myeloma 1s that it Is
different from the classical secondary form
which is amyloid disease following chronic
suppurative infection It 1s more like the
pnimary type varying wt that it i much
mare diffuse

It deposits in muscles bones joint cap-
sules and throughout the skeletal connective
tissue. Shin subcutaneous tissue and all

easino-
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other tissues—even the beart—may be o
volved

Chemically this amyloid may differ from
the usual one. It will not mve the typical
staining reaction that 1s diagnostic of the
usual amylold disease.

The kidneys are affected chlefly by In
volvement with hyaline plugs ! These are
surrounded by leukocytes and sometimes by
glant cells The glomeruh are usually spared
at first. There rmay also be metastatic cal
afication of the kidneys due to hyperea!
cemia and hypercalcuria

This kidney involvement 15 manifested
early by albuminuria but that {a not related
to Bence Jones protelnnria which also may
be present simultaneously

The myeloma nephritis may progress to
full renal insufficlency with mitrogen reten-
tion and loss of the ability of the kidney to
concentrate

Treatment, There is no cure for this dis-
ease Its progress 1s varfable Therefore
many therapeutic agents have been cred-
ited with at least some temporary effect
upon the course of multiple myeloma.

Therapeutic agents used fall into two
categorles (1) cytotoxic agents which in
clude radiotherapy urethan mitrogen mus
tard and aminopterin and (2) those ageats
which affect hyperglobinemiz, including
stiibamudine pentamidine urethan and
such substances as cortisone and ACTH

Results with the use of cytotoric agents
may be summed up as follows

1 Radiotherapy had been reported to e
lieve pain and pressure symptoms sich as
paralysis from a localized leslon 1t ls of
no proved value In diffuse disease. 1t bas
peoduced neither cures nor long lasting e
mission

2 Urethan s probably the best chemo-
therapeutic agent at this writing Tts value
rests in Its cytotoxe effect as well as its
effect on the elevated blood globulin

\ajor side effects from urethan are Tocal
gastro-Intestinal symptoms and systemic
anes. The gastro-intestinal symptoms are



pastea and vomiting which may be «o =
vere that an adequate amount of the drug
canoot be ingested  Furthermore nauseq
and vomiting may be just as severe after
parenteral adnunistration

The systemic effects are due 1o the cy1o
touc propertles which include Hver damage
and depression of bone matrow resulting In
lenkopenia amd thrombocy topenla

The effective desage of urcthan s 2 to §
Gm. dafly until a total of 240 to 300 Gm
has been reached ' When this has been
effective in temporarily staving the disease
one may actually find decrease of myeloma
cells in the marrow reductfon of hyper
rlobulinemia and restoration of the electro-
pboretic pattern to normal (abnormal glob-
ulms tend to disappear)

Some patients on urethan show cakificn
tion of the bone lestons with an elevation
of alkaline phosphatase

The «econd group of agents affects hyper
globulinerua and includes urethan which
was discussed above and which appears to
bave a dual rale

Stilbamiine and pentamidine were used
mgoally 1n the treatment of kals-azar
Hyperglobuhnemia Is constant In this dis-
ease Hyperglobulinemia Is nlso frequent in
multiple myeloma. Snapper™ therelore felt
that since these chemicals had an effect
upon kala arar they also might have an
effect upon multiple myeloma These chemt
als were demonstrated to combine with
ribese nuclelc acid in both myelomatous
cells and other body cells 2 They also have

reported to reduce bone paln Still, it
ks not been demonstrated that these sub-
stances have any effect upon the inexorable
downward course of the disense Even its
oginal postulated effect upon elevated
*1um globulin 1s questionable

Adrenocorticotropic hormone and cortl
%one have been disappolnting despite early
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{avorable reports ¥ These compounds pro-
duce <ome subjective rclief of paln and
Improvement In nutnition kuphorin often
associated with the eficct of these hormones
moy be responsible for some of the sub-
jectise relief \o consistent suppression of
myeloma-cell proliferation or persistent in
fluence upon the abnormal serum proteins
has been reported Done heallng has not
been noted

In view of the fact that no curative mo-
dality of trentment Is known and that some
of the more effective agents may have very
drstressing side effects the authors are of
the opinion that treatment should not nec
essarily be instituted at the discovery of the
disease When the symptoms warrant how
ever therapy may be employed at the dis
cretion of the physican who should be
aware of the dangers involved and the Hmi
tations of the therapy considered The value
of ly employed analgesics for rehef
of pain Is not to be overlooked.

Certain comphecations of multiple mye-
loma are amenable to treatment usually
surgically Examples are (1) paraplegia
{or which laminectomy often combined with
radlotherapy is effective and (2) pathologic
{ractures actual or impending in the shafts
of long bones. ™

Intramedullary naillng provides a sur
prising degree of relief and aids in main
taining function Furthermore actual heal
ing of the fracture may occur

It should never be forgotten that the
intelligent use of braces and plaster for
support gives much relief These are par
ticularly useful in areas such as the spine
which are not suitable for intramedullan
fixation

Plates and screws are not advisable be-
cause they cannot obtain adequate fixation

Prognous. At present the prognosls is
hopeless.
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Diagnostic Classtfication of
Bone Diseases






CHAPTER TWENTY

Dragnostic Classification of
Bone Diseases

METHOD OF CLASSIFICATION AND
EAPLANATION OF TABLES

So frequently the experienced cliniclan
confounds the neophyte in lus field by an
eocanmy diagnosis 1t appears as {f he in
sinctively assesses the facts and renches
the proper conclusion Often it is done so
rpidly and <o effortlessly that the conclu
son Is credited to 2 hunch ” Yet analysis
of 2 “bunch” indicates it to be nothing more
mystenous than o rapld survey of facts
veghig of possibilities and selection of the

answer through previously remem
bered experience There s no substitute for
ths experience but all physicians come to
realize the peed of proper classtication of
the diagnostic possibilities bearing upon the
problem at hand

In Part One the authors have covered
the basic material that fs of value {n under
snding what makes bone a living organ of
tbe body Furthermore its relationship to
otber systerns of the body can be inferred
from the data there It becomes obvious
from study of this section that bone is any
thung batan tnanimate supporting structure

In Part Two the authors have listed and
o the more common derangements

e skeletal system Tt wil be noted that
mﬁm has been placed on the embryo-
- the physiologic the biochemical and

Pathologic derangements of borie
may be solitary disseminated or
:mﬂlhmd A solitary lesion is defined as
sngle Texion n one hone in the sheleton
is exemplified Ly unicameral cyst)
semmated les ons are interpreted as mul
letlons which may occur in one or

many bones Usually they would not occur
in all bones but theoretically this could
happen This group shows normal bone be
tween areas of involvement—either normal
areas with{n the given bone or normal areas
in adjacent bones (Examples are Pagets
disease and polyostotic fibrous dysplasia.)
Generalised bone disease indicates involve
ment of the entire sheleton It may appear
that such a disense process is confined to
portions of the skeleton. An example of this
is postmenopausal osteoporosis However
more careful evaluation of relative bone
densities of the rest of the skeleton will
show proportionate absorption there also

Another example is hyperparathyroidism
Here agawn the clinlclan may be misled by
the more striling osteoclastic tumors (so-
called cysts) and overlook the generalized
oasteoclasis

Similarly rickets may be considered by
some as basically an epiphyseal disturbance
but there is a generalized osteomalacia.

The authors emphasize this division Into
solitary disseminated and generalized as
Albnight emphasizes o similar classification.
The reason 1s that proper classification of
a lesion makes it relatrvely simple to deter
mine the studies needed for conclusive
diagnesis

Always the clinical picture comprising
symptoms and signs, must be kept in mind
There 15 never a substitute for a good his-
tory and a thorough physical examination
But following this one may be confronted
with a bone lesion evident on the x ray films
taken of the site or sites of chief complaint

N\ow one should ask {s this a solitary
well-circumscribed lesion is there more than
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one lesfon and if so0, does the bone about
the lesion or lesions appear normal or ab-
normal?

In the first instance the problem becomes
one of analyzing that specific leslon In the
second instance it infers disseminated or
generalized bone disease. The third and
often the most difficult is the problem of
whether the disease 13 generalized or dis
seminated

The approach to the diagnasis is upon the
basis of x ray and Iaboratory findings and
ofttimes study of pathologic materlal with
due attention to the clinical background
For example cystic areas In the head of the
femur of a rheumatoid arthritic are self
evident. Conversely a periosteal prolifera
tive reaction over the tibial crest may well
be the result of & contusion and the history
will save unnecessary studies and anmety

The x ray picture is really a reflection of

Diagnostic Classification of Bone Diseases

gross anatomy and pathology of bone, It fs
of course, a two-dimensions! shadow of a
three-dimensfanal strircture The latter point
13 nnderstood when for example an osteo-
cartilaginous exostosis diagnosed an antero-
posteriar and lateral projections simulates
an enchondroma on a single projection. The
reason obviously s that on & mingle profec
tion this mass would appear to be contamnsd
wholly within the substance of the affected
bone The complementary view would show
it to be outside the bone.

\ ray picture will show absorption of
bone substance and formation of bove sub-
stance, Cartilage proliferation on the con
trary unless calafied is radiolucent. Com
bination of bone absorption or destruction
and bone proliferation or bone formatrve
reaction may also be evident roentgeno-
logically

Therefore listed in the following tables

TAaLE 10 DISSEXINATED BoNE LEsToNs BonT FoRuMATIVE LESIanNg

Bone Brooo Unne
ParioLocy ErtoLooy Ca P Ca r

Infantfle cortkcal Osteoblastic Not known

hyperostosls
Melorh Ostech Devel
Mletastatic carcimoma Osteoblastic Alaligrancy Nto4+ N4

of prostate
3 rein Osteob v Nto4+ N

otber than prostate
Muhiple osteocartl- Osteoblasth Th

Inginons exoatoses
Myositis ossificans O D 1 N N Skghily Sliihdv

progressiva -
Osteommy eBitss Ouateoblastic ln Infecting onganism

subacute phare
Osteopathia strata O lasti Devet i
Osteoporkilom Osteoblustic Developmental
Paget’s disease Osteoblastlc Reaction to osteo-  Nto+ Nto+ - -
Iytfc process

Pulmonary by pertrophuc Osteoblasthc Lung and heart

osteoarthropathy
Syphitis Osteoblstic Treponcma pollidnm

at times
Kev N == Normal + == Incresse — =m Decresse.
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are kwons that on radieloglec study are
localized disteminated or generalized Each
of these In turn is sulxlivided Into bone
abearptive bone-formative or mixed lesions
In additon for further diagnostic nsslst
amee ke conditions associated with abror
ml levels of serum calclum phosphorus
wllaline phosphatate and acld pho<phatase
have been listed in tatmilar form.

Taste9 Locarizeo Boxr I estoNs

BoxT \psorrTIVE LEsIONS

Exchoadrema—nao chemical chanees
phlic Len b chembcal
chaneer,
Fibrenrroma—uo chemdeal chanzes
Gant cell turacr—na chembeal changes
Indectien—po chembcal changes but may have s

temlc reactlon including beuloc tosls.
Mowcutatic ibrons dysplada—no chembal changes.
\enoed Ing fibroma —ha chemical chaneos

TanLe 10. DissesinaTED Bone LEstoNs

Ontengenke sarcoma (o+teoly tie) —no chembcal changes
Ou

Immobllizatton—no chemical changes.
Irndiation—no chemical changes
Tosltraumatlc—no chemkal changes
Ultrasonkc—no chemkal changes
Paret 3 dhease—oxteoporosts dreumscripte—no chem
kal chapes or slight chevation of slkaline phos-
phatase and sedimentation rte
Unicameral cyyt—no chemical changes

BoNE ForMATIVE LESiONs

Bone [dands—no chemial changes,

Brodic » abeces—no chemical changes bat may have
Fystemic reaction and lenkocy tosls

Chondros rroma—no chemics] changes

Liachoodroma—no chemical

changes.
Infection—no chemical changes bat may have ays-

Unlcamera! cyst—no chemical changes

BoNe Foruative Lrsions—(Cont d)

FreaL ALRALINE SERUNM
G r Prosrnatase ProTEIN CioLESTEROL MrscELLANEOUS
May bave gy stemic reac
thoa, Including  fever
and beukocy tosls
+4 Nto— Acid phosphatase elevated
Nto 4
Malignant supervention
may ocour
Swhdly  Shgiuly Iy May have fever and ke
i ind Locytosds
Systemic reaction and bew
kocytosh
- - +4+ 4+ N N Retained magnesium, cal
chum and phosphoro
Loss of sulfar
Cyanosis
—
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TABLE 11 Dissrumearep Bone Lestons

BoNE ApsozPrive Lrstons

Broon U
PatHOLOGY ErroLooy Ca P Ca P
Blastomycosts Osteolythe Blastomayess
dermatitidis
Boeck's sarcoid Ostealytk Grangloma Nto4 A + N
Brurellosds Osteolytic Brucell orgndam
Eecripophiic granuloma  Oateolytic Lipold gmnuloms
Gaucher's divease Osteolytic Metabolic
Gout Osteolythe Bletabolic
Granuloma fnguinale  Osteolvtle Dongvanta
granolomatis
Hand Christian- Osteolythe Lipoid gramuloma
Schilller 3 disease
Letterer Stwe disease  Osteolytic Lipold graruloms
Leukemisg Ostealytic Malgpancy
Matignant lympbotnas  Osteolytic Maligmancy
Metastatic ardnoma Osteolyti Maltgnancy + N + +
Multiple encbondro- Osteoly tic Developmental
matoeh
Maltiple myvetoma Osteolytic Mad¢pancy Nte4+ N + +
Neuroftbromatosis Oateolytic Developmental
(von )
Niemann-Pick disease Outeolytic Metabolic
Paget’s distase, astes-  Osteoly tic Unknown Nto+ Nto— Nto+ Nto+
B S
Polvostottc fibrous Onteolyth Developmental
defect

Tuberculons
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Tante 11 DissmtiNATED BoNE Lesions BoNe Apsoxrmive Lestons—(Cont d)

FrraL ALRALINF Serum
Ca r 1 HOSPIATAST I'roTHIN CnorrsteEROL MiscrLLanrous

Nto—

+ ++ Nemtive tuberculin test

Nto 4 Agglutimation and skin
teets

Nto 4 May bave systemic reac
thon, including fever
and Jeulocy todds

Large spleen, deposits of
cerebroside Leradn

Uric adkd incresse

Donovan body

N Dlabetes Inddpldus, &
ophthalmos and skull
changes

Scvere wrmally fatal, sys-
temic reaction

Peripherul  blood and
marrow findlngs

+ at times Lymph nodes
A N Nto 44

Malignant  supervention

may octur
X N\ +to+++4+ Bfm]nx::w;:;\ﬂjurh
present ases

Deponts of phospbolipids,
chiefly lecithin and

A A Nto + Loss of magpestum, aak-
chum and phorpborus

Nto — Tuberculin test
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TABLE 12 DissEMTNATED Bonx Lrsions Mixen Lestons

BoNe Broop Urve
ParAOLOGY Ertorooy Ca P Ca
Congenftal bemolytic  SImiler to Aediter  Congenital anomaly
Jaundice rapean anemia of red cells
{¢v) but to
lemer degree
Leulernias Qnteotytfc and Malignancy
oateoblstic
Maligmant lymphomas  Owteolytic and Mafigmncy
osteoblastle
of soembk ProMferation of bone  Congenital apomaly
{Cooley's anemb } marrow ditentbon  of red cells
and profferation
of cortey, so mixed
bone ateorption
and bone formatlon
occur
Osteoblastle and Nto+ Nto+
of prostats osteolytic
AL e ” Osteoblastic and Al Nto -+ N +
otber than prostate ostealytic
Paget’s disease Cateoblastic and Reaction to osteo- Nto+ Nio+ - -
osteolytic etk process
Polvostatic fibrows Quteolytic and Developmental
dysplests osteobluatic defect
Sickle—cell anemin Simflar to Mediter  Coowenital
rncan anrmis of red ccls
(g9 ) but to kewer
degres, Aseptic
perrosls from
thromboses

TaBLE 13 GCNERALIZED Diseases or BaNE BoxNz Foruatrve LesioNs

Bone Broon
Patnorocy ET10L06Y Ca P
Hj pervitaminosis 4 Cateoblastic Exces viamin A
Hyperdtaminoss D Oxteoblastic Excess vitamin D + 4 or—
Hypopanthy aldm  Oateoblastic Lack of parathyroid = —— +4
hormone
Hj poth) rolgnm Possibile Lack of thyrold
osteoblestic function
o Osteobiusth Dy I
para Osteoblastic Unlknown - ++
thyroldlon
Scarvy Osteoblastlc Lack of ascorbic
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TanLE 12 Disspnaten Bove Lrsions Mixep Lesions—(Cont d)

FeeaL ALRALINF Scrun
Ca r THOSPITATAST ProTFIN CroLrsTEROL MISCELLANEQUS
Increased red-cell fragifity
Bone marrowand periph
erul blood stodbes
+
Target red cefs Bone
marrow studles. Red
cells bave decressed
fragilley
++ Nto— Add phosphatase hevated
Nto 4
NXts— Nto— ++++ Retained magneslum
Lo of sulfar
Nto 4
Sickling test

Taprx 13 Genemarirep Diseascs or Bone Bonz Foruarive Lestons—(Cont’d)

Freay
Ca P

ALKALINE
THOSPHATASE

SExuM
ProtEIN

CHoOLESTEROL

MISCELLANEOUS

- Nto—

Nto —

+++

o response to parathy
rold hormaone

Low vitamin-C blood and
thwoe levels
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TanLe 14 GeNERALIZED DrsEasks or BoNe BoNE ApsarpTive Lrsions
Bove Brooo Urine
PAaTHOLOGY ETtoLocy Ca P Ca P
ly Ox Pitaitary byper Nto—  Nto4
{function and + +
bypogonadism
Cocllac disease Osteomahacke Defickent fat Nto—~ ANto— — —
n
Cashing’s syndrome Osteoporuotle Adrena] S bormone  Nto — Nto+ Nto4 Nto4
Increase, proteln
not avallable fcr
bone matrit
Diabetes Osteoporotic Pancreatic
dystunctlon
Fanconl's rickets Orteomalack Ridoey tububar i~ Nto—  —— 4 +
ese. Amino-acid
dh)r!u.Cynlnod:
Hyperthy roddbm Osteoporotic Depletes protein for N N ++ ++
booe
Hy perviaminosts D Osteocixuthc Excess vitamin D + +or— + 4
b Os tack Defickent fat ab- Nto — _ - -
socption
Immobilt o Ellmtnation of stress ™ to + ++ Mot
Infantlle rickets Osteomalacic Vitamin D Inck Nto — Nto— - -
i childrea CXP=—
Kidney glomerural dis-  Osteochastic KEldney disesse. Com- — + + =
case with osteith pensatory hyper 39 6-10
fibrosa generalisate paruthyrokdiom
Mixed renal disease, Onteoclastlc and Kidocy gomerular 69 610 ++ -
sccondary hyperpars osteomalacic and tobalsr dis-
thyroldism, end renal an
ontelths fibrose gen decressed serum
eratiaata cabcturn and
Increared serom
phosphorus and
resalting parathy
roid hypersteretion
e imperfects O e Dr !
O tack O ch Vitamin D lack Nto— Nto— - -

inadals CXP=-—
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Taste 14 CenrmaLizen Distasts or Bonr Bove \osorrTive Lestons—(Cont d)

FEcaL ALnALING Srrust
r THOSFIIATAST I'roTrIN CioLesTEROL MiscELLANLOUS
~ Nerathve nltrogen batance
++ 4+ Nto 4+ Nto — Increased fecal fat con
tent. Incressed pro-
thrombin time
N High total of 11-oxyste
roid in urioe
Nto — ++
+ 44 + Cakdnosis. Gly cosurls
Amino-ackduna
A\ N Nto 4 Nto — - BMR ++++ Ie
130-150 crease of protein-
bound jodine Radlo-
acthe bodine uptake
- Nto— Calcinosts
44 Nito 4+ Nto — Incremsed fecal fat con-
tent Incressed pro
thrombin time De-
creased absorptlon of
{at-soluble
\ N\ [N
o4 +
HH+ 44 + N4 Cakinorh
oot

May have asocuated bloe
sclerae, folnt hyperlax
Ry and hearing defects

++
++ +




454

Diagnostic Classification of Bone Discases

TABLE 14 GENERALUED DseASES or BONE BONE ARSORPTIVE LEsioNs—(Cont d)

Bove Broop Usmne
PatrioLooY ETttoroey Ca r Ca r
Py I osteo~  Osteop Lack of gonad Nto— N Nto+ +
porosis and sendle function
asteoporogh
Prima Osteoclastic Secreting parathy 1120 1-3
roldiv (asteltls A- T o +4+4++ ++++
roee penerabisate)
Owteoporotic Reduction of esteo-
with fracture blastic scthon by
x ray effect
Sproe Osteomatacle Nte—  — - -
Tubolar csteomalach  Osteomalacic Kidoey tubalar ds- — - + +
and rickets (Albright exse with ko of
Burtler) fved base
Vitamin D resistant Osteomalacic Redstance to vita  Nto~  — - -
rickets min D effect CxXP=—

TaBLE 15 GNeRaLLIED Diszases or Boxe

Mpcep LESIONS

Hyperparathyroldism
Bcurvy
Healing phares of

Ostrormlaci and richets
Osteoporosts

Taser 16 Ervares Skrous CALcTUM

Normal levels 9toll me G
Oceurs {n
1 Hyperpamthyroidhm 1310 20 me %
a. Primary
b Secondary
2 Low phosphorus rickets and
cxteomalacla 11t0 13 me. %
% 3. Hypervitaminosts 1 to 1S mg. %
4 Osteogende sarcoma Htol4mg B
5 Multiple myeloma 14to 13 me %
6. Metastatle carcinoma 11to 15 me. %

TarLe 17 Lowexep Smmus CALcIuM

TaBLE 18 ELEVATED SERUM PHOSPHORUS

V Normal levels
1 Infanty Sto6 mg %
2 Chbdren 4105 o G
3 Adula Jto4Smg. B
Occurs In
1 Kidney rction
a. Congenital malformation may reech
b Glomernlar 6tol0me. 5o
Slxht devation may scout i
1 Secondary hy perparathyroldism
2 eal
3 Senfle booe osteoporoeds
4 A
3 Hypoparathyrold states

TasLr 19 Lowrxrp SERUM PaO3PII0RUS

~ Norroal level 9toll oy %
Occun ln
1 Tetany (parathytold) sto Smg. %
2 Hjpoparathyrold states &to Smg %
3 Reral glomeralar disease st010mg %
4 Renal tubular rickets or
osteomalacls 6to10mg %
5 Postmenopausal or senfle bone
outeoporoads S8telDmgx %

Normal Jevels.

1 Infents Stoé me B

2 Children st05 .5

3 Adnlts Jto43me %
Oceuns In 1

lﬂypa-p-r-thymubn—mybenh'ul

mg %
1 Rickets 1dmmdmnrdﬁunilDﬂ)'
3 Outeomalica | clum 40 phosphorm intshe
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Tote 14 CrsrmaLtzen Distasi s or BoNe Bovg Ansorerrve Listons—(Cont d)

FECAL ALRALINF Sirus
[\ PrioaPiiaTas) TroTiin Crourstiror  MisCELLANFOUS
Xud + No — Decreased 17 hetosterold
output
XN 20-13 Protein los
++ ++ Nto Nt — Inttrased fecal fat m
creased prothrombin
+ + + Cakinosis
Adidarts Lovs of ebilits
to make smmonla in
tobules
o+ + Masive vitamin D doy-
axe pecepary for treat
ment
TABLE 20, ALKALINF PIHOSPHATASE b Letterer Sinc
¢ E . .
Aol $ BiEary obtruction upto 4 400
by wits {25104 (adalt ) 6 Liver dbeare 500 to 600
15 to 15 (chfidren) in
Fraedin 1 Hyperthy roddhsm 130t0 160
! Puexty dhsence 2510100 1 Diagnods confirmed by bone age, BMR and
1 Bypepansthy rokthm 0to 35 protem-bound wdine
y iy 1 Terminal kidoey disease
3 Advaoced bone dlscase
% Cartinama of the prostate with 4+ Perniclous anemha
"ﬂﬂm sbont 25 S Fallng metabolsm in generalired renal and
} 8 teoereke sareoma 1510 10 billary diseass
Oractive Byer disease 2510100
o el e 100 low for a decrrase to be slenlé  TanLg 23 BALANCE STUDTIS RETENTION OF
e EE——s 1 1osPHORUS AND CALCTUM
TABLE 21 Acto PriospitaTase Occun @
Nt ! Hype or d pbase of Pagets dh-
::’hm’ 0108 3 R conditions
lll-mnh - iy
Q;:‘"‘“’“hp'muu-uh  poparttiy roldism
125B U
Vs betneen 05 g 108 um:f":"' of TaBLE 24 DBarance Stupres Loss or
W Prastalc pactantases I riospitorUs AND CALCIUM
TAMLE2) Broop Occurs In
— Crovrstexor 1 Pomary byperparathyroklim
P lerd T Stosome % 1 Oteoporotk procrmes aller operaticn and im
T mobubization
} Reml aephiroayy wt to0  VF ) and senile
1 Hrpoteyroitien Uplo 40 4 Cushing’s syndrome with osteoporash
} Dabetr uhto1o00  § Hypertbyroldhm
Retictloendotbeliones 6 Severe diabetes
Urally morma) ly levated 7 Metastatse caranoma
* Fand Chriten Schiher e 8 Multiplo mycloma







Absorption of bone produced by
paratbs roxd hormones,

67-68
chnlcal charmcteristies 133 134

from dwarfom 226227

draplasts of booe Abrows,
110

osteopenetts Imperfects, 99

133
knstorical notes, 132
inchdence 133

Achoodroptash, 131 135
{erential, from
chondro-

orteody strophy 164
Addophlly, 71
Aadosls, of rickcty, Fanconl, 268
natemic, from miwed nephrits
with both tobalar and
gdomulir hvohement,

n
Aclass, dhaphysaal. Ser Exosto-
res, 0t
metaphyseal. Se¢ Exortoses, os-
teoeartllagdnous
Atromemaly 72 218 237
cEnial  featwrra, dgmy and
nmptoms, 231 234
coxrpbeations, 236
defittion, 228
darno-y, 234
differential, from arthith
rheumatold, 234
o<evarthropathy
nany 238
with dy rpladda of bope fhroas
m

cuolon 279 231

palmo-

Index

Acromegaty—(Contiaxed)
progmosts, 237

Adrenal gland(s) —(Contineed)
cortex—{Centintrd)
(Cont )
11 17,
(surar fat-nitrogen)
08

therapy Paget's disemse
381

control of corthone and hydro-
cortisane in body
fuids, 62

effect on adremal ghand, 59-60

prndncth;:byﬂtuihrythnd.
?

therapy arthrith, gouty 62
dosesses ylelding to, 63
rout, 412 416, 422

panathyroid glands, 178, 184
in acromepaly 236

surkcal remosal, 191 192
pitwtary ghed, o acromeph
3 18
Adremal gland (3) 58-63
and Adduon’s dhease 59

corthone therapy 62
in aatahothm of protelne 48
(onctions, 60-61

bormones, secretion, 11-des-
oxycorthoderone, 208
487

of stimulstion, 60
resction to environmental ef
fects, strem and strain,

relation to other ghands, 59.60
pltuttary 5960

thyrotd 59
resection, subtotal, in Cush
ings 5y pdrome 210
secretions and methods of stim

medulla 60
Adreralectomy 61
aurdnoms, prostate xhaod 440
hormone See
ACTH



Aginenstintion in esteomalach
and rickets, 255
Amino acids, absorptlon, 4647
deasmmination In H er and kid
peys, 4647
dixestion, 4637
interchanges In amabolem of
protelns, 48
libertion [rom protetns, 48
in proteln, 46
of collagen fbers of cartiage
15-16

Aminopeotein, therapy m» eloma,
466

Apdrogen(s) sdministration,
effects on bone, 65-66

Anemby—(Continned)

Anlke(s) gout, 416, 419
hyperprathy roddium,  second
ary with renal oatelth
fibross geoeralisata,
o]

by pothyroidizm 218

medorheostosh, 145

nturofibromstosty, 151

Pagrt s disenre, 35+ 363

rickets on besls of renal tubu
br ditwbence (Fan-
cond type) 292

Wemer's syndrome, 225

Antlfolc scid derfvatives, ther

oa muscakture, 65 ap) leukemh, 452
side-cffects, 437-438 Aplasia, myeloplastic bone Ser
sectytion, 51 64 6% Osteogenerls
therapy acromepaly 237 imperfecta
a breast, ers See Ostrogeess Im-
to bone, 437438 perfects
cateogenesls bnperfecta, 100 Armns, gout, 416
n philfy, ¢
205 206 Ann‘kuchmh, with acromeraly

Prget s diseunse, 387 359 390
Anemia, drepanocytic. Ser Ane
sickle-cell

chemical, H45
laboratory 434445
rocntgenorrtphic H6-H7

Aefimtion, 43

femor 447

inodence 443

ratbolomy 447

pehb H

slall, 47
sleletal mandestationy, 442-448

goaty scute therspy ACTH,
&

wlth Paget's disense 375
pyogenic, dlagnosh, differential,

Atrophy of bone—(Continped)
from roentgen—ay bradistion,

50
Sudecl's. Ser mmmmd:,
T
goat, tophaceots, 416
Avitaminaeds,

therapy
gout, 412 414416, 422
Bowignes milidrdupoid Sce Sar
idosls

imperfecta
Brtaroledin (phen) Dotazone)

Café ex lett spots, drpleca of
bone, fibroos, 102, 104
106 108
pal; ontotc, 189
peurobbromatost, 133, 185
Caffey’s diseaw. Ses Fperosto-




Cakhum—(Contianrd)
in otteopeneshs Imperfects, 96,
ko
percentare of weight of body
25

“ocal factor 12 in oslfcation, 265
of cateakd, 15
patbologic, from vitamia D
thennpy 276
Caldnosds,
from and  phosph
130 Paget's
Calchum, 25 31 s
absocption, 26-17

serol (AT 10) and
panthyroid bormone
81

dependence on vitamin D 23

interference with In achlor
hydrha, 26

a blood, effects of parathyrod
hotmones, 67 70

torms, 27

tramsport and metabollsm,
nn

combimtien with phosphorms,
P}

deficlency In osteoporoth with
scromenaly 237

In diet, cxcess, effects of 23 24
m

Effualble 27
excretlon, 29-30
In fec, 29
effects of vHamln D on,
N
tn erive 29-30
efects of vitamia D tox

ity an, 82
forms of in body 25 26

goconate rickets, 207
bh content t duet, therapy
out

bypermanithy roktrm  See Hy
perpamthyroldiam

ypocalemts See Hypocakee-
eda

hypopanithy roidbsm. See Hypo-

pari

otake hirh, effects, 31

n Paget s discase, 134-353

fonic concentrathon, calcalation,
s

loale fraction messurement, 27

bctate therapy mived Bephri-
th with both tububir
and plomubar involve
ment, 293

tickets, 267
Toss, Lalance stodies, 485

role of vitamin D 2627
salts, injection, elevation of
magnedum eerom
ke, 32
In serum, brealdown, 27
clevated, In bone dimeases,
a8

Jowered, In baoe dhenses,
a4

soutces, 25

food, 26

tetamy See Tetany
therapy Fanconl 5 ndrome, 295
byperparuthyroldhm,

tetany acute, after removal
of parathyroid ade
pomz, 193
urtrary estimation by Sullo-
witch test, 30-31
in Paget's disesse 376
\ enemate administration, 41
Callws, newly formed, resorption
of booe 19
Calvds dhense of mine dlmo-
s, diferenth], from

Index 459

Carboby drates, metabollsm, con
trol, corthone 61
hydrocorthone 61
by sterokds, 60-61
Carciooma, breast mctastads to
bone 431433
estrogen-dependent, 438
en-dependent,

metsstash to bone differential
dugnoss  from  prl
mary  hyperparathy
rokdlsm, 189 191
osteoblastie, differential diag
poshs from melorheos-
toats, 150
osteoplastic, diygmoshs, differ

panathyrodd gland, 178
prostate ghnd, endocrine Influ
encey K940
metastasis to bone 439440
diagnods, H0

femora, 434
bchlum, 434
peivis, 434 435
treatment, bormanal, 440
surgdcal, HO
vertebnal column, lumbar
section, 434 433
thorack sction 435
Cardnomatoets, clinkal featores
45

cthology 469
Cardiovascular disease with
Paget s dhscase 375-

cells, effects of Frowth hormene

of pitaliary gland 72
change to bone See Formathon

:y ro-osteody stro- of booe endochondral
3
Comunt Enprimacn dseace, db 4 6
anosh,  differenthal, : ‘*"”f"s"'*
from e, 142 Y "
Camfcul, 6, 7

a3 poby peptide chatms, 15 16
fibrocartilaze 34



450 Index
Cartllage—(Coutmred)
fonctiom, 4
growth, apposttional, 6
futentithl, 6
hyalne, 46
coarpesition, 4-5
Intercellular sabstance 5 10
structare, 3-6
types, 3 5
celly, 73
Catannct, formetion, whh hyo-
akemia and tetany
194

40-4
applications in relation to skele-
ton system, 4041
toddty 41
Chemical elerments, proportional
parts of body welght,

2
Chlorotna  differential  dfagnosty,

from dyvplesia of
boae, fibrom, 110
Cholesterol, blood, In bone db-
cases, 435
6
Chondrocytes, 5
death of after cakification of
interceltalar substance
1213
definiton, 6
nutrithon §

Chondreitin slfunc add in bone
matrix, 16
Chosdroma. See Enchoodroma

Choodromyyoms. See Enchon.
droma

Chondm-osteody rophy
(3Morquio-Brafleford

Comes, degeneration, pignented,
wHh Pagety disers,
363

Corthione  (Compound E) ad-
minkinton, contraia.

ype) 156-16%
ciinkcal Bcations, &
al, 161 162 efferts, on metzboliem, 62
= Ul 35
162 163 sodbrm, 35
dhagnosh, differential, from o1 erdomer, 61
da, 135 fons and tests, 63
164 rontes, 62
Calvés diseme of spine side—efects, 63
164 coptrol by ACTH 62
arpoylm, 164 Isolation, 62
by pothy rokdism, 164 production by sdremal ehand,
Hckets, 164 5960
rpondyiils, tabercubows, 5y nthealy, 62
164 therapy Addiwon s diexse 62
ctiology 160 arthritle, rheumatold, 61, &2
historical notes, 160 carcinoms, prostate ghand,
Incidence 160 +Ho
pathology 163-164 diseases yiedding to, 63
varleties, 160-161 roat, 412 416, 422
Chondromrcoent, with encboa. infection,
droma, 119 lenlemia, acute, 452
tibly, 127 lymphoim,
Chorlorrdnh.ls, rid: Pagets dii- myclowa, 447
osteoporogdy, peinful, past
mmupbﬂq, 7] fraomatic, 248
71 Cou cen,
Circulatary system, bone 8 214
Chmification of bope dbeaser, In rickets 268
4754858 223
method and etplanation of Crestine, exretion in urine, in
tables, 475477
Clavicle(s) acromepahy 231 Creathnine, excreticn In urine, In
hmphoma and hmpboblar scromely
toma, 109 test, bn clldlm and pbesphorus

osteogrneris tmperfects, tards

type 94
in Paget s discase, 331 351 353
361
Cobts \enom therapy  Paget
dhscse, 382
Cokhidne therapy  gout 411
414 421422

52
Compkdnx or chelatlng agenots,

-n:ﬁn&hmknrﬂaﬁu\o:kd:
ton system, 4041

Compound E. Se¢ Corthone
Compound F Sec Hrdrocortl
o0e

Cretinfan, dcﬂn!dﬂn, 32
diagnosh, differential, from
dwarfiam, 224



Cebdex s 1 pdrome—{(Cont )
roentpenographic features, 61
treatment, 210

it of bone dhymoths, difieren

tal, from hyperpara
thyroldtsm  prieary

cholcal features, 111 114

12 114
dnnots, differenthal, from
119
bistorical notes, 111
p-mnp-u:n. 111 112
theordes of origdn, 112 113
patbology 112 115
mxdcroscophc featutes, 113
Frognosh, 117
treatment, 115 116
this, in Paget's dheuse 343
Cretofbromatosh, sheketal, poly
ostotic, See Dywplarda
of bone, fibroas
Cytochrome oxdddace in matrix of
bone 17

atowderotic, with Paerts dis.
e 369
Delinema, {rom by polakemic al

oiect on metaboltsm of sodim,
33

weceilon, 60

Destruction of bone, cellahr in
trrchange, 15

D:"dhﬂntoduh

of hone—(Cont }
(xuts—(Continmed)
enchondroma  See Eachon-
droma

etoroves, csteoaartilrinoas
See Exodoses, osteo-

ariaginon
nnkrrhmcd:. See 3Melorhe-

ey osltis u’ibcnm Progres-
dra. See Myosiths o3~
fhcans

progromtva
wcurofibromatosis. See New

imperfecta
ostropathia striata, 164-165
osteopoilioshs.  See  Osteo-
poikilosts

otteopetrorls  See Osteope-
troshy

Voorborves discase 164-165
Diabetes melfitus, with acromeg
ab 234 26

rickets, 268
in aldum asd phorphonn
sudics in Paget's dis-
e 177 379
therapy  Abrosls, cyrthe, of
pincreas, 270
moat, 422
bypercalermia, with Paget’s
disess 376-377
ﬁuo'po;g;h, postmenopatial,
Pagrts discase o<teoblestic
phase 390-391
osteoh tic phase 350
pancreatitis, chronc, I70
pcudoparathy rakdkm,  195-
196

sprue, 270
steatorrhen, idlopathic 270
Diethybtilesirol therapy card
breest,

noma, metasts,
4 to bope, 437
Kiunttsm, 222

26
(AT 10}
tlon whb vita
min D and panathy
10} barmone n action

acromeraly
Dby drotachysterol
cotrela

Index 401

Dihydrotachy terod—(Cont )
on aldum abeorption, 32
Disease. S¢e alse indivkdwd
mames

Dislocation, tendency toward, fn
oleogensis

from achondroplasla 226



492 Index

Dysplrthe, fibrows—{(Conlinmed)
roentgencgraphle, 102 107

469
sigrs and symptoms, 102
06

Elbow (3) —(Continned)
w

apm
ratus, determination of
plusms-proteln  frac

byperparathyrosdom, prmary
odtoPOﬂ:: poitmenopaual,
rickets, vitamin D rewstsnt,
nrmldodzxn#ﬂ-‘ 03

tlons, 50
defmitlon, 100 Ellsworth Howard test with
diwgposh, 107 parsthyrodd hormane,
differentlal 107 111 195
from emchond 1 Enchond 17 123
byperostoghs frontals In clinkcal features, chemica! data,
terna, 358 118-119
etology 101 469 phie diagnosis,
hirtorical potes, 100-101 ur 119
Incidence, 101 sems and symptoms 118
monostotk, differenthal dhg complications, 119
botls, from dysplesie definitfon, 117
of bone, fibrons, 110~ dlagnasts, differenth] 113 118,
111 118, 119
patholoxy appearance gross, from ogteochondroma 118
105 106 roentgetographic, 117 119
microscopic, 106-107 etlology 117
polycystic, dagnosts, differ Incidence, 117
enthl, from melorbe locatlon 117 118
ostoals, 150 appearance  groa,
polyostotie, 100-111 119
dixguosis, differenttal, from microscopk, 119
hyperparuthyroidism, solitary 117 119
primary 189-191 trestment, 119
prognosh, 111 Enchondromatoshs, multiple, 119
akull, 387 122
trestment, 111 dlndea) features, 120, 121
varletles, 101 102 definition, 119-120
pertostenl. See Osteogenests tm disgnaths  differentis!, from
perfecta dysplasta of bome
Dystrophis, adiposogenitalis, 223 fibro, 108-109
See A ly ik 146
perlortalfs, See Onteogersls im historkal notes, 120
perfecta inddener 121
Dystrophy omeoms See Paget's patboloxy appearance, gross,
disease 121
sympatbetie, reficy. See Osteo microscopk, 121 122
porosh, painful, post proguosls, 122
traummatle treatment, 122
glands, disturbances,
Eechondrosts omificans. See Ex 176-237
ostoses, See A
o Cusbtogh syndrocee, See
Eddowes syndrome. See Osteo- Cushings
Fepatis) Imperfecta dlabeies el See DR
EDTA, See Ethylkenedhamine betes
tetraacetie add
Ehrentried s disease. See Exosto- santian. Se¢ Gunetion
s, byperpern Se¢
Elbow(s)  chol .
phy 158, 163 hyperthyroldiem. Sce Hyper
goat, 414 417

#b to bone, 437
csteoporosts, poeotmopensl,
206

Prgeth dbesse, 390 397



Femur—(Continmed)
Gauchers dieate 321 322
cranuloma  eoddoophific 312
318
by perparathyroidlom, primary
179 181 184 186
recondary with renal oste

Index 453

Fibrosh marrow in hyperpara
thyroldlsm  primary
187 188
In Paget's dcase 344
Fibroshls owdificans progresdva
(Grelg) See Hyndﬂs
omlficans

Fibula(e) achondrophash, 132 l”
acomegaly 233
dwarfism, pltuitary 221
dytphsh of bom ﬁbm\.u, poly

comphatiom, 131 leulemln, myelogenons, acute mchondmuntmh,muh}ple,lu
defmition, 124-125 evostoees, osteocartilarinons,
diapnosts, 131 hmphoma  and  hrmphoblas wrattiple  bereditary
dloloxy 127 128 toma, 109 130
bistorkal motes, 125126 melorbeostonts, 144 145 147 !nmuu, \h.h Paget s disense
incidence 176 148
moltiphe, 124 mycloma, multiple pathologhc Glnd:n‘l d.h:ne, 323
patbology 130 ure 464 Fout, 419
pregaodds, 131 neck, fracture after x my i hyperpanathyroddipn  tecond
soltary 124 dlation 250-251 ary with rensl ostelthy
treatment, 131 csteoporoats, from x ray Ir Sbrosa grocralisata,
Exodog See Ex rdhtion, 248-152
oxtoren, clasls, In hy sh Imperfects, tarda
nBows roldbm, primary 184 9
Evostoshs, disease. See Exnstores, 186 osteotomy n tibal bowlng In
3 in hy b Paget's discase, 395
weltiple hereditary  See Exos- rojdiem, primary 180, Fingers, gout, 417
tases,  esteocartitagi- ns ostecarthropethy  pulmocary
now osteopenerls  Imperfecta, tarda hy pertrophic 409
type 98 136

Face Werner s syndrome 224
Fanconl 5y ndrome, 281 292, 294-
s

sodiom, 33
Fendatation of malk after pu-
berty 61
Femmr  (femoru)
", 132

achondropla

osteopetroals, 137
asteopolkilods, 142, 143
osteoporests, of disme 243
Paget's dleease, 138, 350 351
360, 362 363 365 386,
375 183 3%8 389 358
rickets, vitamin D robtant,
278

shaft, fracture, with Paget's
discase, open reduction

Foot (lcd) nrmh Mediter

bones, em.hcndmm, 118, 119
cbondm.o.uodmrvphy 162

2
fimtion, 388389 392

93
Fibroblasts, vitzmin C defickency
effects of 80

progremiva
Fibrocy stk discawe of bone See
Dyvplasa, fibcow, end
Hyperparathy roidism,

primary

Fibroma moluscum. See \euro-
fibromatosh

Fibross, cystican gepenalints See
Drvsplashs of bone

fibroos
unflaterals  See Dysplacda of
bowe fibrows

rndsondrom.ltnsh, multipke 124
gout, 412 413 416, 420
byperparuthyroldian,

Wemner's syndrome 224 226



44 Index

Fortarm(s) apemia Mediterma Gaucher's disease—(Cowtinmed)
oean, 444 ctiology 323
cciac disease, 259 260 bbstory 323
cretinbmm, 212 pathology 324
Cumhing s syndrome 209 peognosts, 324 323
dwarfism, pladtany 221 treatment, 324
exostoses, ost Glants. See Glgxntiam
muhtiple, hereditary Gigantism, 72 217 228
13 sctomegsly refation, 228
ghganthom, 216 chnkal festares, 220
i 33 definith 17 218
pemary dlagoosls, differenthal, 220
178, 182 cthology 219 220
by perviteminors A, 308 eunuchodd, 217 218
beubemb, myelogenous, acate hirtorkal notes, 218-219
4“9 Bable, 218, 215
osteopolkioss, 143 Greek 218
peuml, bterature 219
200 achentific descripthon, 219
Paget’s divease 363 Incldence 219-220, 212
panbephrith  with  sccondary pathology 210
byperparathyrokdism prognosds, 222
and rensl osteith treatment, 220-222
fibroxs genenliata, dicthy htfbestrol, 222
estrogrns, 122
renal osteltls fibross penenall roentgen therapy 221
mty 295 tedtosterone 221 222

rclets whh congenital stresis
of bibary tract, 262
264

srcokdoals, 403
Formatlon of bone, celluhar func

endochondnal, 9-13
intremembranous, 13
Formal£el test, increase of glob-
461

Fowler's solution with arsenic,
therapy Jeukernis, 452

Fractures  Ser indiridwal bomes
and points

Fraenkels Hnme, In scurty 300,
301 308

Fragitaths omiam See Oxteogene
s imperfecta

Fr3Hchy s pdrome, 223

Gaucher’s dbease 24 323 325
clinjcal featwres, 123.324

el 451
Howe techole, 461462
461

Sla,
in plaupa proteins, 49
in endochondral bone forma
thoa, 11
in matrix of bone 17
ols,

Geat, 411423
apkles, 416, 419
armm, 416
srtkghr acute, 419
clinkeal featores, 419431

feet, 412 413 416, 420
bk, 419

fingen, 417

bandy, 415417
Historial motex, 411412
Incdence 412 414

tiha, 419

tophaceous, murick, 416
chronde, $19 470

trestment, 421423
ACTH, 412 416, 422
sspination of thid from

421

colhlcine, 411 414 421423
cortimoe 4171 416, 422

Instiation of hydrocortbone,
al, 422
(Buixmh

sk latex, 412, 416, 422
areas, 422

19
Grunohtions tumor See Grang-

ecostnophilic
Granuloma(s) of bove, soltary
See Grasuloma, rodn

312 313

a2



Granuboma (s)—(Continwed)
codnophilic—(Centinxcd)
treatment 14
pold, 311 325
Granolomatosh of bone Ilpold
Ser Hand-Schufler
Chrhthan dlsease
Gamooa, n philike diagnosds, dif
ferentlal, from  gout,
421
Gotman method  dettrmination
of Jevel of acid phos-
phitase In blood
setum, 36

Halistereds, 14 15 20
Hand(s) wcromeomly 229 230,
32 13
anemly, Medkerranean, 44+
booes, enchondroma, 118, 119
Cushing s 1 bdrote 209
dwarfsm, pltohary 221

Hand Schuler Christian diseate—

treatment, 322 323

Index 495

Hodrlln's discase—(Continard)

roentpepographic findmr, 435
457

thoulder 456

thorax, 456

Paget s dbesse 344

Havertan nstem, 6, 7 12

Healing of bone dehy from cor
thone therapy high
dorage, 62

Hearlng, [mpalrment, with
Paget s disense, 369

Heart enlargement, a3 etiologc
factor in Papets dbs-
cam, 335

Heerfordt's discase Sec Sarcoido-

s

Hemangloma(s) of bone difer

tth fibrom Hematopoletic system,
sta, 285 288, 296 Hemiresection, with intramedul
by pothy rokdem, 114 Lry peling, In dys-
enchondroma, 118 plass of bone fibrous,
osteoarthropathy 1
by pertrophic 409 Hemithorar, granuloms, eosin
cxieopetrosly, 136 ophlte 316
phalanges chondro-aeteodys Herethty as factor Paget’s dis-
trophy 163 cave, 313 3M
eachondroma, 118 Hermaphroditisn 61
reml and seconday  Hip foint(s) achondropled,
bone changrs, 287 132
rickets, with atresha with  booe-chip
of billary tract, 162 plhcement, i ridets,
264 268
infantlle, 256, 257 ebondro-osteodystrophy 159
viamin D resstant, 213 274 myosith oifitams progremdea,
tarcoldosks, 402 404 405 169
Werner s 5y ndrome 227 osteopetrosh, 137
Hard Schbller-Christlan  dies<e osteoporods, (rom x nay fra
3 319323 diation, 748-252
dinlal featqre, chemmistry 321 rckets, vitamin D resistant,
phic, 311 s
d;m a0d 5ymptoma, 320-322  Hittidine 47
erental from dys-  Hidtlocytoshs, nonlipld Se Let
:’lotqu of bone terer Siwe direare
Hodsiins disense, Bence Jones
ctiodory 319 320 protetoura, 455
ietorkal notes, 319 humerws, 436
mckdeace 319 Incidence 433
atholor)  appearance  grow, hboratory findlngy, 434
3 pathology 457

438
vertebral cohmon  lumbar sec
thom, 435
See also Lymphogranukma

Horwone(s) ndrenal gland. Se¢
drenal

folfcle-stimulating (FSE) 66
function, 58
gomsdotropin, 72 73
relation to sex bormones, 73
growth 72
anterior pltuitary in ambo-
B of protelms, 4748
Intermedin, 73
Interstitial-cell stimulating
(ICSH) 66

31
by perphotphaturta from
2

resorption of cakctum 30

w3 came of destruction of
bone, 14

correlation with vitamin D
and  dihydrotachyste
rol (AT 10) In ac
thon of eaaldum ab-
sorption, 82

effects,  hy perphosphatemic
6849

by (]
Ellssorth-Howmard test with

xrowth 72

adrenocotticntropin 72 73

monadotropin, 72 73

thy rotropin, 72 73
profactin, 72



406  Index

Hormooe (1) —(Continmed)
relatlon o} bone 58-73
gonads. Sex Gonads
pancreas, 66
parathyroids  Se¢ Parthy
rokda

pituliary gland. Se¢ Pituitary
ghand

rescarch, 53
S of sugar group, 60-61 209
6466

sex
relation to gomadotropk, 73
S-FN (sugar iat-oltrogen)
o

syntheshs, by amino ackh, 50

therapy Paget's divesse, 381

thyrotropin, 72 73

tropic, of pltultary gland, 72
73

Howe technle, determination of

control by ACTH 62

Instillation, local, for goat, 422

metabolic effects, 62
potassfum, 36

sodlum, 35

19
plamma protein  frac 17 Hydrovycorticosterone  See
tiom, 50 Hydrocortbone
test for increase of globulin 17 Hydrovr 11-dehydrocorticos-
461462 terooe. Se¢ Cortisone
Huomenw, wchondrophals, 132 Hydroxylysne 51
acromegely 237 Hydroxyprotne, $0-51
chondro y 158, Hy i hyperparathy
163 rokthm primary 182
cretinbm, 212 183
cy®t, solitary 112 Lmphoms, mxlgnant, 435
dysplasts of bone, fbroms, mmultiple, 459461

polyostotic, 102 104

108
mchnmimmtnd:, multiple,
fnnuru, 'l!.h Pagety discase

Hoda:LInl di’:n:. 436
hyperostoats, infant{le cortical
406

curvy 301 302
Hurler s svndrome dugnoss, dif
ferentlal, from echon
135
Hutchimon Boeck's diease. Ser
Sarcoldors

Hydrecepbalus, with achondro-
plans, 134

mytloma,
with Paget's discase, 376-377
prevention, 391 392
relation to parathvrold hor
mones 68, TO

Hy Continzed)
fnfantlle cortical—(Crxtinmed)
definition, 407
diagnosh, differentisl, from
E;mm.nn‘l diecnse,

hypervitaminod A, 307

uly
Hyperparathyroldism, 28, 69
primary 30 176-153
clinical features, 175-197 448

rickets, 183-191

tumor glant-crR, 191
ctiology 178-179 468
historkal potes, 176117



H perparathyrokdlstr—(Cent )
‘secondary —(Contined)
differentlyl, from
by perparathy roldism,
primary 189190

etholomy 4638
s tickets, Fanconl 268
See alse Rldnqx. defects In
parathyrokl
ﬂud.l and skektan
Hy perphosphatemta 25
from reduction of yplomuhr
fkration and tubular
reabeoiplion, 297
rehtloa to parathyrodd fumc
W

‘hemoky
n)ptﬂ.kymidhm, zmm

rb.h Adﬂson‘- d.huq 59
cinka) featores, 211
partition  stodics,
11 1m

Poton-dhn,
Hipolalenla, 3¢ 37
F poparathy rodin, 193 194
hial picture Laboratory
data, 194
’““Ll"ﬂlml“ phic findings,

Hj poparathyroldhm—(Cent )
clinkeal pleture—(Continued)
shwns and symptoms, 193 194
definithon 193
etlolory 193
prognoshs, 134
tetany of newborn from, 193

hborutory akh, 216-217
roentpenographk, 216
effects n growiog chid, 713
introductory  discumion, 212
u3 s

Icterus, hemolytke  conmenital.

Infammation of bone differential
dixgmosts, from enchon

Index 497

Jaundice acholuric chronk  See
Jammdice  bemolytke,
congenital

famfilal chronk See Jaumdice

hemoly the  conrenitat

hemolythc  congenital, +47-H8
clinkal chanacteristia, 8
definttion, 447-148
incidence, 448
patholony 414
prognesh, 448
treatment, 48

Jobnts, See indiiidual mames

Kahler's discase, See Byelomm,

‘muttiple
17 Ketosterglds, levels in urine
control by adrenal

pland, 61
Ridney(s) cakification In
' dhease 376
defects hvolving parathyroid
#lands and aheeton, 280-

AMbeight Butler vardety of
tobular  disense 281

290-294
Fanconl syndrome, 281 292
294-298
glocerulzr  discase  without
185-289
progoath, 289



488  Index
Kidney (3)—(Continwed)

relation of function, to bone
84-87

Knee joint(s) cellac dhense, 260
chondro-osteodystrophy 160~

162
evostods, osteocartiaginom,
125
mubtiple, bereditary 130
Gaucher’y disase, 322

gout, 416
with osteoporoshy 418
yroldiym,

vitamin D reslstant, 276
Knock Loce deformities in rickets,
268

mycloma, multipte, 463
fn Paget's disease, 392 393
Lacuna(e) 6, 14
Lamellae, 6-7
drenmferentil, 6-7
bavervian, 7
interstrifal, 7
Lecithin, 24
Leg(s) celinc diseme 260

chondre-osteods strophy

dwarfam, poudtary 221

hyperostoss, infantile corthaal,
406

byperparathyroldisen,  secobd
ary and remal ostdth
fbrowa,

162

Leg(3)—(Coxntinued)
osteopetross, 138

9 phills, congenhtal,
Werner's syndrome 224

from Pagets disesse, 357 360,
368

differential  dlagnosis  from
hyperostess  frontals

Leukemis—(Cont/xwed)
mydogenour—(Conthaed)
acute—{Continned)
apper extrembtles, 449
chnmlr., pathology 452
trestment, 452
myekadd, 449
pathology 452
prognatis, 452
sheletal manlfestations, 444452
troatment, 492
salts In booe 16-17
differential

Loratn-Léxi dwarftm, 222
Lymphatic diseases, 452-467
lymphoma See Lymphoma

foterna, 358 myeloma, multiple. See Mye
Lestom of bone disseminated, oma, mubtiple
476481 Lymphatic system, activily in-
e ATT9 hibitlon by ACTH,
bﬂrx formatlve, 476-477 corthone and hydro-
mived 480481 cortione, 62
reneralized, 480485 Ly mphoblesioms, differential di-
bone absorptive 482485 agoosls, from dysplash
boos formatlve, 380481 of booe, fibrows, 109
44 1o
localired bome-absorptlve 477 Lymphocyte(s) decreased, fn
bone formative, 477 by ACTH 6
Letterer-Siwe diseass, 315-319 defintthon, 14
ciinkal  features Lymph benkm.
graphk, 316 Ser Sarroidosis
siqms and symptoms, 315-316 Lympboms. dlﬂm-nu-] dhaynosh
diferential  from of
dysplasty of bone, 8 bo Bhrous, 109-110
brows, 109 glant folBcde effect oo bone
cticlogy 315 453
bistory 315 Wbontory fndings, 454
inddence 315 1, cimsal {aturs,
453457

Iaborators 451452
roentgenagrephic, 449451
448

27
hypervitaminoss A, 308
oxt il
hypertrophic, 410

Ireperf

osteopenests ects, tarda
type, ™4 97

v

laboratory 454435

roentgenographle 455457
definition 432453
bumerus, 436
Incidence, 453
pathology 457

458

shonider 456
sheietal mantfestations, 452

Maffoccs s odrome 122128
llnieal fentures, 111123



Maffocd’s nadrome—{(Cont )
defiaition, 122

intake, defickent, effects, 31

partiton, studics, tn hy perthy
robdbm, 211 212

reqairements, 31

sources, 31

tetamy 32

therapy  Pagrts discase 33
RLURL

\erxerate adminbtnation, 41

tmperfecta
Maledie de Bermier Beeck  Sce
Sarcoldosts
des o3 marmoreens. See Osteo-

Mandib'e, scromenaly 232
from phorphorss
23

Marmerknockenkrankker See
Owteopetrosls
Marrow chane, to fatty type 9
to Bhroms type ©
temperature role of 9

Matrbv—(Continmed)
of aarifbee 15 16
collagenlc Bbers 15 16
nterbrillany  material, 16
chondroitin salfurke wed,

16
Megalakrla, See Acromepaly
slelorheostonls, 144 150
clinkcal features, 148-149
roentpenologle 149

definition, 147
diagnasis, 149
d.ferenth] from cldoosh,
150
from cancer metattos,
asteoblustic 150
dysplashy  fibrows, polyos-
totlc, 130
ostelth, huetic, 149
oueomyelith, pyogend,
chronk, 149
osteopetrods, 141 149
144146,
149-150
Paget's diseare of bove, 149
ctiology 147 148
hictorical potes, 147
incldence, 147
patholoxy 149

Mentscocytods. See Apemiz
—cell

m by
b, primary

srocture 9
Matrix, of bone 16-17
alaation, defects, 255 278
osteomalacla Sre Osteo-

Toid
187 188

See @l Structure of bone

organke (proteln) 46-52
Mectacarpals, chbondro-osteodys-
trophy 163

AMetachromasta, 16
Metatarah, goat, 413
sarcokdom, 408

Mincralization of bope from al-
Lalme-phosphatase

deposition 13
Minerals of body beryMam 39
40
axdmium, 40

Index 499
Minerab of body—{(Centinxed)
a.dum, See Caldum
chelating or complexinx agents,
4041

clectronemath e (aslom) 22
electropodtive (aathom) 22
fluorine 37 39

magneslum, 31 33
pertentage of welght 22

effect oo aartfage 17 13
Moller Barlow s disense See
Scul

Monoamino-moenophospholiplds,
24

Mononucleotides, 47

Merbo marmerco Sce Osteop

Mortimers malady See Sarcokdo-
th
Mosic pattern In Paget's disease
339-340, M6
Mucopolysaccharide substance In
matrix of booe 17
Muscular sy stem, acromemaly 231
Myeloma, maltiple 438469
ciinkcal characteristics, 439-
463 465 489
laboratory data 459462
459

wrinary fAndingy, abnor
mal, 459467

treatment, 466467



500  Index

Myeloma—(Continmed)
treatment—(Continued)
agents, aMecting  hyper
oblnembs, 467
cytotoxie, 466467
vertebral column, tombar

Neurofibromatosts (von Reck

Iinghaesen's  dbease)
150160
clirdeal
ol findingy, 154
physianl 153-154
roentxenogrsphic features,
154-155
complicatiom and thelr trest
ment, 157 153, 160
definition  150-151

differentia) diegnosls, from dys-
plaria of bone, fAbrous,
108

Ousteiti—(Coxtinwed)
cren-
thl, from osteopetro-
s, 141

enth], from ostcops etlology 153 from osteogeneds fm-
trods, 141 hitorical notes, 151 153 perfects, 95-100
Ayorths ossificans progremiva, 153 rencralired, Ses Hyperpr
168-171 multiple. See Neurofibromatods athyroidim, primery
chnkcal m ne, 167 171 hok e £TO83, dissemingts  Se¢  Dysplass
chemical, 170 155 187 of bone, fbrom
roentgenographle, 170-171 155157 gencrafists, remal See Eid
definftion, 166 prognosls, 160 by, defects fnvolving
ctiology 167 Neutrophlls, Increase Indoced by perathyrodd ghands
dstorial 166 ACTH, &2 skeleton
rathology 171 Nlemann Picks dbease  24-25 polyestototic. See Dywplasha
progoosls, 171 328 of bane, fbrow
treatment, 171 differential diagnosh, from dys- dgnoaly, diff
Myvedema, definition 212 plasls of bane, fibrows, from  melorbenstesls,
109 149
Neoplasms of bone, metastathc Nltrogen, balance negathve, from parenchymatom chronka, Sex
tumors of skeletal syy» ACTH cortisone and Ostecgenesis {mperfec
tent. Ses Tumom, of bydrocortisone, 62 63 ta
sleletal symtem, mets bone 5 pareochymatows, chronk. Se¢
statle Jos1, amsoclated with ah On cis
primary mafignant, 425 3y

182 191
from osteomalrcia on basis of
renal  acidosls (Al
bright Butler

1
Nephrolitbiasfs, fn hyperpurmthy
rokdsm primary 191
from osteomamda on basis of
reml  aadess (Al
bright Butler  type)

nt

and tobalar duease affecting
reabsorption,
298
Nerve(s) booe 89

Neurflemmmoma, of {Tlum 150

Neurinomatosms  See \curoftbro-
matosh

Acurofibromas, sarromafous de
generstion, whh new
rofibromatosh, 157

kom,
in protein, percentage, 45
NHrogen mostard thempy Jeu
kemls, 452,
hymphoma, mabgnant, 458
mytloms, multiple 466
Noreploephrine 60
Nutleases, hydrolyshs of nuchdc
ackd, 47 48
Nudek acid, bydrolysls by na
chensen, 47 48
Nuckin, h!ﬂmhh7 by trypaln,
4

Nutleoprotds, metabollam, 47
Nudlenside hydrolysis by eucle-
osidases, 47
Nuckeutides, bydrol; sl by nocko-

tidases,

AT 48

Odoatobdasts, viandn C deficken

clinial featpres, 411

definltion, 410

diegnosh, differentisl, f{rom
=73

scromegaly

etiology 410411

feet, 410

fingers, 409

Lands, 409

Jegs, 410

pathology 411

prognosts, 411

tbiae, 410

trestment, 411

Osteoblasts, actlvity redoction,

by ACTH, corthone
and  hydrocortisonc,

63

definftion, 14
differentiatios, 13






502 Index
Osropaikiloth—(Continacd)
146
differential 146-147

dreamscripta, long bone, 364
skull, 341 345, J47 350, 352
353 388 336
tibla, 367 34
congenita. See Osteogeneshs tm
perfecta
definlton, 196
dabetes melites with, 217
disgnosie, differential, from by
thy

pri

Onteoporoe—(Continyred)
with

etiology 246
hhtorical notes 245 246
Incidence, 246
pathology 247

roentgenogaphic,
treatment, 247 249

mary 196
osteomatech, 196197
of dhume 242 245
disxnosls, 243
differentul, 243
neurotrophic  didurb-
ances, 243
osteomyeditl, Jow grade
243
rheumatoid arthntiy, 243

wonads] Ser Osteoporosl  post
menopauml

from mmobifination, 176

introduction, 196-197

&5 metaboBe dffect of ACTH
cortisone apd hyvdro

painfal post-tragmatic 245
49
clinical features, 246-247
definithon, 245

Pachyacrla, Sre Acromegaly
Puget’s disease (ostels def r
mams) 327 396
anlles, 364 385
clavicle, 331 351 354, 361

hy perparathy ¢linfeal features, 337 38, 469
primary  189-191 chemicyl, 469
ctiology 197 200 469 roentpenographic 469
Incidence, 197 <igns and l'ym]iﬂ'ﬂ. 337338
patbology  204-105 complications, 365-:
frctares, sas-m
Lreatment 205 206 reperul, 375 380
208 arthrith, 375
b 205 206 ardiprascohr discsse
medications, 205-200 315376
143 chembtry 377-380
senlle (gonadal and adrenal) balancs tn metaboltm,
See Osteoporosis, post 377-380
menopaam! (gonadsl) blood plet: asm
See On ol Iy ta 376377
painful, post traumatc mental changes, 377
from x ray tradiation, 249-252 Jocal, 385 378
Osteopaathyrosis See O-teogene- whoe,
s {mperfecta 369-370
Osteomrcome 428 defomaities, 3 10917
imprescon, basir
Oacmdcn:#“ with anemis See e
congenlts diffuse, See Outeo- incidence, 374-373
siagm, 374

teopetroads and Ostco-

polkiloly
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