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2 John Albert Key

John Albert Key

2

chondria to zymogen granules,” written in
1916, to his last work with Conwell, The
Management of Fractures, Dislocations and
Sprains, in its sixth edition at the time of
his death, one finds eruditc and valuable
writing on cvery phase of the study of ortho-
paedics, with occasional sorties into other
fields.

The delicate perfection of the organiza-
tion of his time permitted him to attend with
regularity the meetings of the many scien-
tific societies of which he was a member. It
has been said that “he never missed a meet-
ing of the American Orthopaedic Associa-
tion,” and he was President of that august
body during 1945 and 1946. Yet his social
life was not neglected. Indeed, his presence
at any social function was a signal for its
immediate success His interests were so
broad that never was he known to be at a
loss for an appropriate topic with which to
command the attention of any group. Sports
(he was an inveterate fisherman), social and
cconomic problems, various phases of scien-

tific endeavor—he could speak interestingly
about them all. Further, he could lead con-
versation into pertinent discussion with ease,
thus offering everyone who participated a
chance to express himself and, if the discus-
sion persisted, add his own valuable and
constructive criticism.

Among the many scientific societies of
which he was a member were the American
Medical Association, the American Surgical
Association, the American College of Sur-
geons, the American Academy of Ortho-
paedic Surgeons, the American Radium So-
ciety, the Missouri Medical Association, the
Orthopaedic Research Society, the Southern
Medical Association, the Southern Surgical
Association and the Robert Jones Club, Ona
certain occasion at a meeting of this club he
had been assigned the task of organizing the
program for a future meeting. His co-
workers were so co-operative that he was
hard pressed to choose his speakers. Every-
one had volunteered! But, with his usual gra-
ciousness and tact he made his choice in
such a manner that no one felt slighted.
And, when the meeting had ended, he in-
vited the entire membership of the Club
home to dinner.

As might be expected in a man of so
many talents, Dr. Key was a dynamic
speaker. I have read and reread his presi-
dential address to the American Orthopacdic
Association, “Education and Certification of
Orthopaedic Surgeons.” T belicve that for
those who intend to follow orthopaedic sur-
gery it should be “required readng,” and for
those who already have made their mark in
the discipline it could be rercad with profit.

Albert Key was my friend, and his death to
me is an immeasurable loss. Yet I am only
one of a legion of men, young and old, who
have felt the impact of his personality and,
when faced in the years to come by a prob-
lem that scems beyond solution, will miss
the aid that he was always so ready to give.

Dr. Key's writing has inspired and in-
formed many of us, and recourse to it will
prove an invaluable asset to every young
man who plans on becoming a sound ortho-
pacdic surgeon.
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The Suucture of Bone Mineral
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6 The Structure of Bone Mineral

FRANCOLITE
et S VP WSV
A A S A ] :

75 L/

Fic. 1. X-ray diffraction pattern of powdered francolite (a carbonate-bearing fluorap-
atite mineral) taken on an x-ray spectrometer using geiger-counter detection of the
copper K-z, Ni filtered, radiation Abscissa in degrees; ordinate in arbitrary relative

intensity units.

in the material and their spatial arrange-
ment. By placing an x-ray detector (film,
geiger counter, etc.) near the irradiated
sample, it is possible to measure the angle
between the incoming x-ray beam and the

varjous outgoing diffracted beams. The de-,

tector also measures the relative intensities
of the diffracted beams. Figure 1 illustrates
an x-ray diffraction pattern of a sample of
powdered francolite (a carbonate-bearing
fluorapatite). In the figure the abscissa is
the diffraction angle and the ordinate is the
relative intensity of the diffracted beam.
Each peak in the diagram represents a dif-
fracted beam lcaving the sample at a specific
angle.

Another type of x-ray diffraction pattern
is shown in Figure 2. This illustrates the

result of passing a monochromatic x-ray
beam through a single crystal of synthetic
hydroxyapatite which was held in a definite
crystal orientation, The powder sample
used above (Fig. 1) was composed of many
single crystals in random orientation. The
x-ray pattern of a single crystal, here re-
corded on film as opposed to geiger-counter
detection wsed in the powder work, consists
of spots whose geometric arrangement and
relative intensities are related to the crystal
structure,

In an early study Mehmel®® was able to
calculate the arrangement of the constituent
ions in the hydroxyapatite structure from
x-ray diffraction data. Figure 3 shows the
arrangement, according to Mehmel, of the
ions in this mineral prototype of the inor-

Fic. 2. An x-ray difTraction paitern of a single crystal of hydroxy-
apatte  The crystal was mounted with the “c* axis perpendicular to
the incoming x-ray beam and rotated through 360° on this axis during
the 4-haur exposure The x-ray beam was copper K-z radiation un-
tiltered, and the detector was Kodakh NO-SCREEN x-ray film.
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Fic. 3. The arr

of the

atoms of hydroxyapatite, as reported by

Mehmel,2® shown in a projection on the basal plane. Modified from Carlstrém’s drawing
of fluorapatite.

ganic portion of bone. The diagram shows
that each phosphorus ion is surrounded by
four equidistant oxygen ions, forming the
orthophosphate (POy) group. The struc-
ture diagram also shows the spatial relation-
ship between the calcium and hydroxyl ions
and the orthophosphate groups.

The exact knowledge of the spatial ar-
rangement of the constituents of a crystal
is an aid in understanding the properties of
the material. The following sections of this
chapter will illustrate how crystallographic
technics have shed light upon the nature of
bone mineral. Further details on the theory
and the technics of crystal chemistry, and in
particular on x-ray diffraction, may be found
in the textbooks of Bunn® and Klug and
Alexander

BONE-CRYSTAL SIZE

As the crystal size of any material dimin-
ishes below about 0.1 micron in average
diameter, the peaks or lines of the X-ray
diffraction pattern begin to broaden, The
broadening of a given peak is related to the
crystal dimension in a direction in the crys-
tal related to the diffraction angle. Thus, by
measuring the x-ray line broadening, it is
possible to calculate an average crystal di-
mension in a specific crystal direction,

In addition, a special technic known as
low-angle x-ray scattering is used to study
the broadening of the main beam (as op-
posed to the diffraction peaks) to estimate
the fineness of the material. This method
gives a particle size rather than a crystal

Ve
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Synthetic
Hydrexyapatite

Ashed Bone
]

150% 15.5% 160% 165 17.0%

Fi6. 4, Comparison of a portion of the x-ray diffraction patterns of powdered
synthetic hydroxyapatite and thermally ashed rat bone. Line broademing due to
small crystal size is apparent in the latter. Ordrnate is in arbitrary relative in-

tensity units; Ni filtered copper K-« radiation.

Fic 5 Electron micrograph of human cortical b
claving at steam pressurc of 27 pounds for 4 hours. (
Watson)

one from tibra after auto-
R. A. Robinson and M. L.
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dimension. In the study of bone mineral
cach submicroscopic particle appears to be
a single crystal. Thus, in the case of bone
the terms crystal size and particle size can
be used interchangeably.

When bone mineral is studied by x-ray
diffraction, the resulting pattern contains
broadened, poorly resolved peaks. Figure 4
compares a portion of the x-ray diffraction
pattern of powdered synthetic hydroxyapa-
tite and thermally ashed rat bone, The lack
of resolution of the major x-ray peaks is ap-
parent in the latter when compared with the
pattern from a well-crystallized material,

X-ray line broadening experiments®® show
that bone apatite crystals have an average
growth in the “c” axis direction ranging
from 155 A to 230 A. Low-angle scattering
results™ have suggested rod-shaped crystal-
lites 220 A by 65 A, elongated in the “c”
axis direction.

Extended electron-microscope studies by
Robinson and Watson®*3" have shown that
bone crystals vary in size from below the re-
solving power of the instrument (about
25 A) to about 1,500 A, never growing
large enough to be seen in the light micro-
scope. These crystals are thin, tabular hexa-
gons with the longest hexagonal axis parallel
to the apatite “c” axis. These investigations
never showed any of the rodlike bone crystals
suggested by the low-angle x-ray scattering
results. According to Robinson,® the crystal
length and width are physiologically unim-
portant, since the tabular thickness remains
in the range 25 to 75 A. Figure 5 shows an
electron micrograph of a steam-autoclaved
human bone, illustrating the work of Robin-
son and Watson in this field. Tabular bone
crystals may be seen ranging from the
threshold of resolution to about 1,500 A.

The crystal size derived from the above
x-ray studies represent average diameters,
while the electron microscope yields a survey
of crystal sizes. The existence of a size dis-
tribution in bone crystals was corroborated
in a recent x-ray study of steamed cow

bone.* The method was based on a sug-
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F16. 6. Crystalsize distribution curve
for a sample of steam-autoclaved cow
bone. (Posner, A. S.: Thesis, Univ. of
Liége, 1954)

gested extension of a Fourier analysis of the
shape of a broadened reflection in the bone
apatite x-ray pattern.>*! Figure 6 shows the
results of this work. Note that at least 25
per cent of the bulk weight of the bone
crystals have diameters larger than the aver-
age size. This curve is in excellent agree-
ment with the distribution curve reported
by Watson and Robinson®® from electron
micrographs. N

Much information is needed on the sub-
ject of crystal size in bone mineral. Neuman
and Neuman? ask whether or not bone apa-
tite crystals vary in size and habit from
species to species and whether or not crystals
grow with age Add to this the need for
data on the distribution of bone-crystal size
and its biologic implications.

CRYSTAL STRUCTURE

GENERAL CONSIDERATIONS

Exclusive of the organic matrix, chemical
analysis shows bone salt to contain Ca++,

-~
s
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PO,~=—, OH-, carbon dioxide, citrate,
water, Na+, Mg++, K+, CI~ and F~ and
other components in trace amounts. As
mentioned above, the x-ray diffraction pat-
tern of bone salt resembles a poorly re-
solved hydroxyapatite pattern. Attempts to
account for all these jons in the apatite-
crystal structure have proved to be unsuc-
cessful. A recent study shows the general
agreement on the substitution of certain jons
for others in the structure of apatite.®® In
principle it is possible to substitute Na+ and
Mg++ in Cat+ positions with provisions
made for electrical neutrality when neces-
sary. It is also possible to substitute Cl—
and F~ for the OH~-. Such substitutions,
known as isomorphous (same structure)
substitutions, can take place in bone apatite
but are not always the explanation of the
appearance of certain jons in bone mineral.
To date no definite proof has been offered
to show that carbonate can occupy a posi-
tion in the apatite structure. Citrate, too, is
probably not a structural constjtuent of apa-
tite but is admixed in some way with the
apatite in bone salt.

Another important consideration in the
exact nature of bone apatite is the need of
an explanation of the lack of ideal apatite
stoicheiometry, as shown by chemical analy-
sis. Usually the calcium to phosphorus
(molar) ratio is found to be 9/6 as opposed
to the theoretic value of 10/6. For this
reason, previous references to bone salt in
this chapter employed the cautious term
bone apatite.

CARBONATE PROBLEM

The structure of pure hydroxyapatite, as
worked out by Mehmel,*® was given in Fig-
ure 3. Whether or not carbonate, in some
form, can substitute in the pure apatite struc-
ture is of interest because of the presence of
carbonate in bone salt. A great deal of at-
tention has been given to the runeral franco-
lite, a fluorapatite® containing about 3 per
cent CO. by waight X-ray diffraction pat-

* When all, or most, of the hydroxyl 1ons of

hydrovyapatite arc replaced by fluonde sons, the
muncral 15 known o fluorapante

terns of this material are appreciably the
same as fluorapatite. Intensity differences
between francolite and fluorapatite, reported
earher,’ have been shown to be errone-
ous,*3% while the small differences in unit-cell
size deduced from the diffraction patterns
are not unreasonable considering the im-
purity of the natural materials studied.’?
No trace of a calcium carbonate or magne-
sium carbonate phase in untreated franco-
lite has been demonstrated by x-ray diffrac-
tion, although it is possible to detect as little
as 1 per cent of calcite (CaCO;) admixed
with apatite.3? A lower index of refraction
and an increased optical birefringence in
francolite as compared to fluorapatite have
been reported.’® This is offered to support
the theory that carbonate is substituted in
fluorapatite to form francolite.

Calcite lines have been developed in the
x-ray patterns of heat-treated francolite.t
In addition, the lines of CaO were shown
superimposed on the apatite after more
severe heat treatment.*! Infrared absorption
spectroscopy®! has shown francolite (as well
as dentin, enamel and bone) to exhibit the
absorption bands characteristic of calcite
and magnesite (MgCO,). Differential solu-
bility tests showing that carbonate is dis-
solved preferentially by weak acid treatment
of this phosphate mineral are also offered
as evidence against the substitution of car-
bonate in the apatite.

In summary, it is felt that although franco-
lite appears to be well crystallized and ho-
mogeneous under microscopic examination,
it is in fact a multiphase system. The major
fluorapatite phase is admixed with very finely
divided crystalline (or amorphous) calcite
and magnesite, with CaF, as a possible
trace phase.® The experimental methods used
on francolite have been applied as well to
bone mineral, dentun and enamel, Similar
results indicate that the carbonate in these
calcified tissucs is not substituted in the in-
terior of the apatite crystals. Whether car-
bonate exists as a scparate phase™ or as 3
chemisorbed anion linked dircctly to surface
caleiumis? has yet to be decided.
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NONGROWING BONE

ONONONG

GROWING BONE
o Surface Ca%>
o Buried Cg 45

stoicheiometry by the existence of ad-
sorbed phosphate (in some form) in the
proportion needed to lower the molar Ca/P
ratio from ideal 10/6 to the observed figure,
which usually was about 9/6. Surface ex-
change experiments®! show that low Ca/P
apatites do not have excess phosphate-crystal
surfaces. Assuming phosphate to be on the
surface in excess, it would require a surface
area in excess of 100 m?/g to accommodate
all the phosphate needed to lower the Ca/P
to 9/6. Nonstoicheiometric apatites with a
Ca/P of 9/6 have been prepared with sur-
face areas too low to account for the phos-
phate adsorption peeded to lower the Ca/P
ratio to the observed values.3*34

Ruling out phosphate adsorption, calcium
ions must be missing in some fashion from
the apatite structure to reach a low Ca/P
ratio. Neuman and Neuman®* postulate
missing calcium fons on the surface of the
crystal which are replaced by hydronium
(H,O+) ions. They suggest that since the
surface of bone-apatite crystals is so large a
part of the solid, the Ca/P is lowered by
this surface nonstoichciometry,

This theory, too, makes the apatite
stoicheiometry a surface area dependent
quantity. As mentioned above, nonstoichci-
ometric apatites have been prepared with
specific surfaces too low to explan the
change in stoichetometry solely by the ab-
sense of calcim tons on the surface. In
addition, apanie crystals would have to be

Fia. 7. Ilustrating
the incorporation of
surface Ca®> in the
center of recrystal-
lized bone crystals.
Although  growing
bone crystals contain
more total Ca%3,
there is less % avail-
able on the surface
for exchange reac-
tions, (Each Ilarge
circle represents a
single bone crystal.)

smaller than observed in bone to lower the
Ca/P to 9/6 by surface substitution of H;0+
for missing calcium and still maintain at
least 2 4.52 per cent calcium content on the
bone surface as reported.*!

Recent work3? has provided x-ray diffrac-
tion and index of refraction evidence in
support of the existence of “calcium-poor”
apatites. The calcium jons were shown to
be absent statistically from certain positions
throughout the synthetic apatite crystals and
not only from the surface layer. Electrical
neutrality is postulated to be maintained in
the crystal by the addition of hydrogen bond-
ing (2H* for each missing Cat+) between
orthophosphate oxygens. A general formula
for apatite may be:

Mo :Hzx (PO, )s(OH):

when M is the sum of the divalent cations
(Pb+2, Ca+2, Mg*?, etc.) and H the sum of
the monovalent cations, such as H¥ and
Na+*. A monovalent cation, such as Na+, is
of the correct order of size for replac-
ing Ca** in the apatite lattice. In this case
only one hydrogen is needed for clectrical
ncutrality.

It is very probable that the Inck of stoi-
cheiometry in bone apatite can be explained
by the mechanism of a calcium-defect apatite
structure. Experiments with synthetic “de-
fect™ apatites® ? show that these compounds
can react chemically with calcium in solu-
tion, possibly rcleasing the hydrogen from
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ture serve only as a springboard for further
work. As pointed out by A. E. Sobel at the
1956 Gordon Research Conference on The
Structure, Chemistry and Physiology of
Bones and Teeth, the true value of a scien-
tific hypothesis is the resulting experiment
which can be designed to test its validity.
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ture serve only as a springboard for further
work. As pointed out by A. E. Sobel at the
1956 Gordon Research Conference on The
Structure, Chemistry and Physiology of
Bones and Teeth, the true value of a scien-
tific hypothesis is the resulting experiment
which can be designed to test its validity.
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The Organic Mawix of Bone and

Epiphyseal

Cartilage*

ROBERT A. RoBINSON, M.D., AND D. A. CAMERON, M.D.,S.+

INTRODUCTION

Occasionally the idea is expressed, per-
haps carelessly, that when cartilage calcifies
bone is formed. This, of course, is not true,
Since calcification is a normal function of
bone and some cartilage matrices, one cannot
discuss the organic matrix without consider-
ing the manner in which it calcifies.

When cartilage matrix calcifies, the cells
in the region of calcification are undergoing
changes that end eventually in their dissolu-
tion. The cells in cartilage have no apparent
canaliculi that connect them together, and
they are believed to receive nutrient via
perfusion through their highly hydrated
matrix from paravascular spaces on the
periphery of the cartilage mass (Fig. 1).
However, it is doubtful that nutrient in

1)

AT e

sufficient amount can perfuse to the cells
when their matrix is calcified! The sug-
gestion is that the inorganic crystals replace
something in the matrix, perhaps the cement
substance water, without expanding the total
matrix volume, and thus the transport of
nutrient to the cells is interrupted.?®** The
capsule about the cartilage cells should be
noted. In the matrix closely bordering this

*From the Division of Orthopaedic Surgery,
The Johns Hopkins Umversity Medical School,
Baltimore, Maryland. The investigations of the
authors referred to in this paper were supported
by the U. §. Public Health Service, National Insti-
tutes of Health, through research grant A-706-C
(Arthritis and Metabolic Diseases) and research
grant A-909-C (Metabolism and Nutrition).

t Supported by grants under the Fulbright and
U. S. Information and Education Exchange (Smith-
Mundt) Acts.

Fre. 1. Electron nu-

e cragraph of cartilage

from the proliferative
zone of the distal end of
the femur of a newborn
infant Note the capsu-
lar region about each
cell. Between the cap-
sules the matrix contains
a quantity of tiny fibrils.
All the matenal for elec-
tron micrography was
stained and fixed with
osmum textroxide and
embedded in a mixture
of butyl and methyl
methacrylate.  Sections
were made with a glass
knifc on a Porter-Blum
microtome.™




Tio. 2, Photogeaphically enlarged light
micrograph of bone. The lacunac and the
cannaliculi are well seen, The fact that the
cells and the lacunac occupy a large per-
centage of the solume of this bone speci-
men is evident, The mateix is hlack, (Rob.
inson, R, A.: ). Bone & Joint Susg, 3142
a98)

capsule or “moat,” Brower! found “chlo-
ride™ localization. (The “capsule™ or “moat™
may be an artefact, occurring particularly
during fixation of degenerating cartilage
cells.)

When bone matrix calcifies, the cells in
the region of calcification remain viable.
The cells in bone tissuc {osteocytes) and
around a mass of bone tissue (osteodlasts)
are connccted with one another by canahe-
uli. In newly forming bone at least, proto-
plasmic extensions of these cells pervade the

w oo

FI6 3. Electron
meragraph of decal
cified bone (A) Part
of cytoplasm.” (B)
Collagenous matrix.
(C) Cytoplasmic ex-
lenwon into lacuna
The detads of the
cunagen fibrifs in the
matrix are not well
resolved, as m Fig-
ure 9,
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canaliculi (Figs. 2 & 3), The cells in the
center of a mass of bone tissue appear thus
to be part of a multinucleated protoplasmic
network. Some investigators hold the con-
cept that in the anabolic phase the interstices
of this network of bone cells (osteoblasts
covering the periphery and osteocytes strung
out spiderlike in the center of the bone
mass) are filled by matrix. In the catabolic
phase the extracytoplasmic matrix is re-
sorbed while the cytoplasm of bone cells
coalesces to form multinucleated cellular
masses. These multinucleated cell masses
break up into osteoclasts of various dimen-
sions. As observed by time-lapse movies
in tissue culture of skull bone of the mouse
which is under parathyroid hormone stimu-
lation, these osteoclasts obviously move
about freely in the bone specimens®
whereas osteocytes and osteoblasts in tissue
culture are relatively sessile.

If the environment of the bone cells then
changes again so that the cells become asso-

* The habit, or shape, and the size of bone crys-
tals have been observed in electron micrographs of
disintegrated bone and bone sections.2.23,24.26
These have been compared with crystals from dis-
integrated enamel and sectioned enamel and den-
un’327 and with apatite crystals developing in
vitro.*$

1. The hatut of bone crystals: thin tablets. From
the physiological standpoint the length is not be-
lieved to be so important as crystal thickness 24
The thickness of these thin tablets is about 25 to
75 A, whereas the thickness of the ribbons of apa-
tite seen in entamel is about 100 A 27

2. The length of the bone crystals. They range
in longest dimensions all the way from the smallest
speck resolvable by the electron microscope being
used (about 25 A) to about 1,500 A. However,
none of the crystals so far observed 1s 2,500 A or
Tonger; therefore, none of them would be visible in
the Light microscope,

3 Average size of bone crystals In a study of
the crystal sizes i subperiosteal rib bone from a
young adult, two distinct peaks are found in a dis-
tnbutton curve, one peak about 180 A and another
about 400 A-¢ The peak at 180 A for crystal
Tensth was about four times as high as the one at
400 A i the ditribution cune. In general, the
width and the length of the smaller crystals were
comy le  Flcoiron diffraction studres on sec-
tions of calc.'wd bone supgest that even these
smaller enysts  which have fio apparent Jong axis

probably have * ur *C” axus paraltel to the long
aus of the cobl . n fibnl with which they are¢ asso-

ciated with matrix production, they are be-
lieved to assume a uninuclear form. How-
ever, in this state the protoplasm associated
with each osteoblast nucleus is connected by
cytoplasmic bridges as the cell becomes an
osteocyte. It is now thought that nutrition
reaches the bone cells living in the center of
a bone mass via the canaliculi when perfu-
sion of nutrients to the bone matrix is ob-
structed by matrix calcification. It is inter-
esting in this relationship to note that Ham™
found that bone cells in the radius of the
dog were rarely farther than 0 25 mm. from
a vascular supply, as, for instance, from the
vessel in a Waversian canal: most cells were
within 0.1 mm. of a capillary. Thus this
canalicular system has its limitations as a
nutrient transport mechanism.

The bulk of the mineral component of
both bone and calcified epiphyseal cartilage
is deposited in essentially the same form:
extremely short, tabular-shaped crystals of
hydroxyapatite.*

o e .- nnt -

. i
near enough to a collagen fibril tn bone matrix so
that this correlation can be observed

In the bone from an aged individual (bone which
is considered to be of long standing)—the crystal
length was as great as 1,500 A in such specimens—
the average crystal length was greater than in speci-
mens from bone which was believed to be newly
formed. Schwarz and Pahlke?6 also noted what
appeared to be longer crystals in longer established
bone.

No fixed length for bone crystals has been set
from electron micrograph observations, since these
observations consist of spot chechs from bone pro-
cured from various sites and prepared tn various
ways. In those preparation methods involving tem-
peratures above 37° C., crystal size js perhaps drs-
torted by crystal growth = Certainly after treat-
ment at 600° C. the crystals tend to meld into
longer crystals which have a very definite hexagonal
or octagonal outline but are so thick that they do
not allow transmission of electrons in the electron
microscope we have used 10 X

Electron micrographs have d d vatia
bility in bonecrystal length within the 25 A to
1,500 A range. The average lenpth varies in differ-
ent samples, For purposes of calculating isoto)
exchange, it appears that thickness, or rather the
smallest dimension, of the crystal is probably the
most important ore by far,3
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Of course ather inorganic matter such as
sodiom, ehloride, potasium and mapnctium
is precent in the cells or in the matrix, but
in a fully caleified specimen of cither cpi-
physeat cartilage or bone this portion of the
mincral component is relatively smali* The
CO; associated with these structures is
thought to be targely present as a carbonate
and exchangeable as such with phosphate
fons around and in the surface kayers of apa-
tite crystals.

Opinion today is that the organic matrices
of epiphyseal cartilage, dentin and bonc
which normally caleify are chemically con-
structed so that they can concentrate phos-
phate and calcium atoms to the point where
a calcium-phosphate crystal will form. The
cytoplasm of osteoblasts and osteocytes,
odontoblasts and cartifage cells do not cal-
cify. Inorganic crystals have not been ob-
served in these cells. Ameloblasts according
10 Wason and Avery™® probubly have cyto-
plasmic calcification, but this occurs only
in ameloblasts in a specialized part of the
tytoplasm and does not normally involve all
the cytoplasm of an amcloblast. Actual
pomts at which this concentration of phos-
phate and calefum in the bone and dentin
matrices, and probably in epiphyseal carti-
lage matrix, oceurs is on or very near the
surface of, and possibly inside, collagen
ffbrils."""’ It appears that the crystal-forma-
tion sites may be associated not only with
the collagen fibrif but with a specific region
af the fibril. To Robinson and Watson™ it
Sppeared that in bone matrix this region
Was associated with the more dense bands in
the collagen,

After the first crystals are formed, unless
2 m.meral deficit is present in the whele or-
ganism {e.g, rickets), the cement substance
axound the fibrils fills with crystals. The fact
that hydroxyapatite is the most stable form
of a c:ﬂcium—phosphmc crystal in the pH
ange of mammalian tissues may be the
determining factor that causes all intra-
somatic ezlcifications in man to be composed
°f hydroxyapatite crystals or crystals of a
ety similar apatite lattice structure? In

other words, calcification is thought to be
due to a specific quality of the organic
matrix of calcifying tissue. Avery and Wat-
son set forth a present-day concept as
foltows: =

Neuman and Neuman'® and DiStefano ef al.7
have sugpested that calcification in bone and
cartilage is probably initiated by a change in the
organic matrix such that it presents jons bound
to the protein in a pattern like that of the hy-
droxyapatite Iattice. This Jattice of organically
hound jons then acts as a seed on which galcifi-
cation can commence. Crystals formed on such
a seed will be strictly oriented by, and will fol-
fow, the orientation of the matrix molecules.
Such a mode! explains rather satisfactorify how
the crystals of bone and ename! and presumably
dentine can be so well oriented with respect to
the organic matrices of coliagen and cukeratin,

Despite their similar abifity to become
foaded with inorganic crystals, the organic
matrices of epiphyseal cartilage and bone
have a very different appearance in the
clectron microscope, and the course of cal-
cification in them is not identical. Further-
mare, “normal” bone and cartilage matrices
may show variations in structure, depending
on their site and age. The study of the end
of a long bone from a newborn infant has
provided evidence that even the components
of cartilage at the joint surface differ in their
organization from those in the near-by epi-
physeal cartilage, and that the organic com-
ponent orgenization in both differs from
that in bone.>*®

CARTILAGE MATRIX

In the newborn infant, cartilage matrix
from the distal femoral epiphyseal line?
has been found to differ from that at the
articular surface. The main difference is in
the number of fibrils in a given volume of
matrix and in the thickness or the diameter
of the fibrils. At the acticular surface the
fibrils are about 250 to 500 A in diameter
and are grauped into bundles that form the
collagen fibers seen with the light micro-
scope. These fibril bundles are found only
in a nasrow band at the joint surface. In the
rest of the epiphysis the fibrils have little
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canaliculi (Figs. 2 & 3). The cells in the
center of a mass of bone tissue appear thus
to be part of a multinucleated protoplasmic
network. Some investigators hold the con-
cept that in the anabolic phase the interstices
of this network of bone cells (osteoblasts
covering the periphery and osteocytes strung
out spiderlike in the center of the bone
mass) are filled by matrix. In the catabolic
phase the extracytoplasmic matrix is re-
sorbed while the cytoplasm of bone cells
coalesces to form multinucleated cellular
masses. These multinucleated cell masses
break up into osteoclasts of various dimen-
sions. As observed by time-lapse movies
in tissue culture of skull bone of the mouse
which is under parathyroid hormone stimu-
lation, these osteoclasts obviously move
about freely in the bone specimens,®
whereas osteocytes and osteoblasts in tissue
culture are relatively sessile.

If the environment of the bone cells then
changes again so that the cells become asso-

* The habit, or shape, and the size of bone crys-
tals have been observed in electron micrographs of
disintegrated bone and bone sections.2M2%,24.26
These have been compared with crystals from dis-
integrated enamel and sectioned enamel and den-
un!%27 and with apatite crystals developing in
vitro,?%

1. The habit of bone crystals: thin tablets. From
the physiological standpoint the length s not be-
heved to be so important as crystal thickness 24
The thickness of these thin tablets is about 25 to
75 A, whereas the thickness of the nibbons of apa-
tite seen in enamel is about 100 A =7

2 The length of the bone crystals. They range
in longest dimenstons all the way from the smallest
speck resolvable by the electron microscope being
used (about 25 A) to about 1,500 A. However,
none of the crystals so far observed is 2,500 A or
longer: therefore, none of them would be visible in
the light microscope

3 Average wize of bone crystals. In a study of
the crystal sizes 1n subpetiosteal rib bone from a
young adult two distinct peaks are found i a dis-
tnbution curve onc peak about 180 A and another
about 300 A -3 The peak at 180 A for crystal

length was ahout four times as high as the onc at
400 A in the dintnbution cune. In general, the
width 2nd the \cruth of the smaller crystals were
comparable I'crron diffraction studies on sece
tions Of cal ‘.1 bone sugpest that even these
smalles eryv'+ wh . h have ho apparent long axis
probatly havc C" awus paralle] to the long
ausof the e . tbnl with which they are asso-

ciated with matrix production, they are be-
lieved to assume a uninuclear form. How-
ever, in this state the protoplasm associated
with each osteoblast nucleus is connected by
cytoplasmic bridges as the cell becomes an
osteocyte. It is now thought that nutrition
reaches the bone cells living in the center of
a bone mass via the canaliculi when perfu-
sion of nutrients to the bone matrix is ob-
structed by matrix calcification. It is inter-
esting in this relationship to note that Ham"
found that bone cells in the radius of the
dog were rarely farther than 0.25 mm. from
a vascular supply, as, for instance, from the
vessel in a haversian canal: most cells were
within 0.1 mm. of a capillary. Thus this
canalicular system has its limitations as a
nutrient transport mechanism.

The bulk of the mineral component of
both bone and calcified epiphyseal cartilage
is deposited in essentially the same form:
extremely short, tabular-shaped crystals of
hydroxyapatite.*

crated.23 The longer crystals, about 400 A and over,
have a visible Jong axis, and then it is obvious that
the crystal and the collagen axes are almost parallel,
or exactly parallel, at least where the crystals are
near enough to a collagen fibril in bone matnx so
that this correlation can be observed.

In the bone from an aeed individual (bone which
is considered to be of long standing)—the crystal
Jength was as great as 1,500 A in such specimens—
the average crystal lenath was greater than in speci-
mens from bone which was believed to be newly
formed. Schwarz and Pahlke2® also noted what
appeared to be longer crystals in Jonger established
bone.

No fixed length for bone crystals has been set
from electron micrograph observations, since these
observations consist of spot checks from bone pro-
cured from various sites and prepared in vanous
ways. In those preparation methods involving tem-
peratures above 37° C, crystal siz¢ is perhaps dis-
torted by crystal growth % Certainly after treat-
ment at’ 600° C. the crystals tend to meld into
Tonger crystals which have a very definite hexagonal
or octagonal outhne but are so thick that they do
not allow transmission of electrons in the electron
microscope we have used 1? .

Electron mi phs have d varia-
bility in bone-crystal length within the 25 A to
1,500 A range The average length varies in differ-
ent samples. For purposes of calculating isotope
exchange, 1t appears that thickness, or rather the
smallest dimenston, of the crystal is probably the
most smportant one by far.5t
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Of course other inorganic matter such as
sodium, ¢hloride, potassium and magnesium
is present in the cclls or in the matrix, but
in a fully caleificd specimen of cither epi-
physeal eartitage or bone this portion of the
mineral component is relatively small,* The
CO; associated with these structures s
thaught to be largely present s » carbonate
and exchangeable as such with phosphate
ions around and in the surface layers of apa-
tite crystals.

Opinion today is that the organic matrices
of epiphyseal caniilage, deatin and bone
which normally caleify are chemically con-
structed so that they can concentrate phos-
phate and calcium atoms to the point where
a calcium-phosphate crystat will form, The
cytoplasm of ostcoblasts and osteocytes,
odontoblasts and cartifage cells do not cal-
cify. Inorganic crystals have not been ob-
served in these cells. Amcloblasts according
to Watson and Avery® probably have cyto-
plasmic calcification, but this occurs only
in ameloblasts in a specialized part of the
cytoplasm and docs not normally involve all
the cytoplasm of an amcloblast. Actual
points at which this concentration of phos-
phate and calcium in the bone and dentin
matices, and probably in epiphyscal carti-
lage matrix, oceurs is on or very ncar the

surface of, and possibly inside, coltagen
fibrils 24 1t appeas that the crystal-forma-
tion sites may be associated not only with
the collagen fibril but with a speetfic region
of the fibril. ‘To Robinson and Watson® it
3ppeared that in bone matrix this region
¥as associated with the more dense bands in
the collagen,

A’itcr the first crystals are formed, unless

& mineral deficit is prescnt in the whole or-

Banism (e.g, rickets), the cement substance

2tound the fibrils fills with crystals. The fact

that hydrosyapatite is the most stable form
% 2 colciumephosphate erystal in the pH
E‘e"‘ge of mammalian tissues may be the
- rg;r:}mmg. fac:})r t}mt causes all intra-
o1 éﬁ Calmﬁc:fuons in man to be composed
v ¥ Joxyapatite crystals or crystals of a

Y similar apatite lattice structure.® In

other words, calcification is thought to be
due to a specific quality of the organic
miatrix of calcifying tissue, Avery and Wat-
son set forth a present-day concept as
follows:*?

Neuman and Nesmant® and DiStefano eral”
have suggested that calcification in bone and
caritage ss probably initiated by a change in the
organic matrix such that it presents jons boond
to the protein in a pattern like that of the hy-
droxyapatite lattice, This lattice of organically
bound ions then acts as a seed on which calcifi-
cation can commence. Crystals formed on such
a sced will be steictly oriented by, and will fol.
low, the oricntation of the matrix molecules.
Such a model explains rather satisfactorily how
the erystals of bone and enamel and presumably
dentine can be 50 welf oriented with tespect ta
the organic matrices of collagen and cukeratin,

Despite their similar ability to become
loaded with inorganic crystals, the organic
matrices of epiphyseal cartilage and bane
have a very different appearance jn the
clectron microscope, and the course of cal-
cification in them is not identical. Further-
more, “normal” bone and cartilage matrices
may show variations in structure, depending
on their site and age. The study of the end
of a long bone from a newborn infant has
provided cvidence that even the components
of cartitage at the joint surface differ in thejr
organization from those in the near-by epj-
physeal cartilage, and that the organic com-
ponent organization in both differs from

that in bone >

CARTILAGE MATRIX

In the newborn infant, cartilage matrix
from the distal femoral epiphyseal Jines
has been found to differ from that ar the
articular surface. The main difference is iy
the number of fibrils in a given volume of
matrix and in the thickness or the diameter
of the fibrils. At the articular surface the
fibrls are about 250 to 500 A in diameter
and are grouped into bundles that form the
collagen fibers seen with the light micro.
scope. These fibril bundies are found only
in a narrow band at the joint surface. In the
rest of the epiphysis the fibrils have Iittle’
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tendency to run in bundles and are mostly
thinner (50 to 250 A in diameter), and in
these areas it has not been possible for the
authors to stain the periodic structure of the
fibrils so that fibril bands could be resolved
in the clectron microscape as in the case of
the fibrils in the articular layer of cartilage
or in bone (Fig. 4).

Cartilage matrix from subsurface layers of
articular cartilage in a puppy show fibrils of
varying size, widely dispersed in the cement
substance as compared with bone fibrils and
running in every direction without evidence
of fiber formation (Fig. 4).

The fibrils in costocartilage from the new-
born child reported by Zbinden® vary in
thickness from 200 to 1,200 A. This is
greater than the range of 250 to 500 A
which we obscrved in the surface layers of
the newborn human femoral articular carti-
lage, where the fibrils were larger than in the
near-by cpiphyseal cartilage. In the 1ib

Fic. 4. (Top) Electron

micrograph of epiphys-
ealcartilage matrix. This
section came from the
precalcification zone of
the epiphyseal cartilage
region of the distal end
of the newbarn human
femur. Only a tendency
toward fiber formation
(bundles of parallel fi-
brils) is observed. The
fibrils are very narrow
and are loosely packed.
(Bottom) Electron mi-
crograph of cartilage
matnx from the distal
femur of the puppy
near, but not at, the
joint surface, Note the
assortment of large and
small fibrils and the lack
of any parallel-running
bundles of fibrils. Stain-
ing of collagen bands by
the osmic acid fixative 1s
observed only in the
farger fibrils. (Top Rob-
inson & Cameron: J.
Biophysic. & Biochem.
Cytol, Val. 2, Supp.
No. 4)
Zbinden shows that the fibrils have obvious
cross striations: they form a loose but regu-
larly arranged network; run straight without
branching; and do not group into bundles or
fibers. In the costal cartilage of aged sub-
jects Zbinden shows that the fibrils are still
within the range of diameter noted in the
same cantilage of newborns, but a greater
percentage have a larger diameter. Accord-
ing to this author, there is no longer a regu-
lar network of straight fibrils, but instead
they are grauped into coarse bundles, and
adjacent fibrils tend to have their cross stria-
tions in phase. In between the bundles of
fibrils the fibrils take an irregular course.

In electron micrographs, epiphyseal carti-
lage matrix appears to be largely cement
substance from a volume standpoint. Par-
tridge'? analyzed bovine nasal cartilage. He
found that this cartilage was composed of
two major components—chondroitin sulfate
and collagen. This cartlage probably has
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Fic. 5. An clectron micrograph of a
vertical column of calcifying cartilage ma-
trix from the epiphyseal line. Figure 6
tomes from a region such as that marked
(A). Figure 7 comes from a region such
as that marked (B). It will be noted that
this epiphyseal cartilage calcification be-
2ins spotuly over a wide arca compared
wn}x bone (Fig. 10), and that the calcifi-
cation begins neither at the edge of the
cartilage cell capsules (C) nor in the cen-
ter of the matrix column but between
these two points on either side of the
column, Part of a cell is included in the
section (D). (Robinson & Cameron: J.
Biophysic. & Biochem. Cytol,, Vol. 2,
Supp. No. 4)

Yarger fibrils and more fibrils per unit area

an epiphyseal cartilage, but his conclusions
28 to the chemical composition of cartilage
and hig speculations about the probable
cross linkages between the mucopolysaccha-
fide and the collagen are of interest. Eichel-
berger, Brower and Roma have studied the
'norganic constituents of hyaline cartilage.®

CALCIFICATION OF EPIPHYSEAL
CARTILAGE MATRIX
This is a normal process in epiphyseal
caml.age, or it may occur in other cartilage
matrices as the tissue ages. In both cases it

™
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Fig. 6. Electron micrograph of epi-
physcal cartilage matrix from the distal
newborn femur, This is in the 2one of
beginning calcification. The small fibrils
are rather indistinct, and this appears to
be due, at least in part, to an electron
dense cloud about the fibrils and the crys-
tal clusters. The larger crystals, being
relatively more dense than collagen and
more dense than this cloud or haze, are
seen rather distinctly as short dark lines.
In some places these lines in this micro-
graph seem to be ‘oriented parallel to the
small collagen fibrils. (Robinson & Cam-
eron: J, Biophysic. & Biochem Cytol,
Vol. 2, Supp. No. 4)

accompanies the dissolution of the cells, Epi-
physeal cartilage calcifies before it is re-
placed by bone at the epiphyseal line. In the
epiphysis at the distal end of the femur of
the newborn infant we observe the earliest
sign of calcification of cartilage matrix about
the level of the third cartilage cell capsule
just distal to the epiphyseal line (Fig. 5).
Single crystals measuring from a speck
(about 25 A or the lower limit of the resolu-
tion of the electron microscope being used)
to 750 A in length by about 25 to 75 A in
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Fia. 7. The material is prepared in the

d same way and the site is about the same as
. B s that in Figure 6. The magnification is
o S about half of that in Figure 6. In the
. T larger clusters there is no evidence that
the crystals are oriented in relation to
R - fibrils, since most of the fibrils are running
.- . in the direction of the long axis of the big-

B C oo gest oval collection of crystals, while the

longer crystals on the periphery of this
cluster appear to be radially arranged
about the center of the cluster. How-
ever, in the smallest of the three inorganic
crystal clusters there appears to be a defi-
nite concentration of the inorganic densi-
ties along the small fibrils, which one may
observe running into and out of this par-
ticular calcification center. Certainly there
is some evidence that the crystals start to
form about the fibrils, but there is none
that, as crystallization extends through the
cement sub from a calerficati
center of epiphyseal cartilage, a co-orien-
tation of crystal and fibnl long axes is
present.

thickness are seen (Fig. 6). At crystal-
inception points several crystals may be sur-
rounded by a cloud in the cement substance
space about fibrils. This cloud is not so

dense as the crystals but more dense than
the cement substance. This cloud may be a
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Fi, 8 Electron mucrograph of fully cafcificd epiphyseal cactilage. Oa the
left 1 a segment of the capsule of a hypertrophic cartilage ccll. There s no
caleification about the small fibrils tn the periphery of the ccil capsufe The long
axes of the longer crystals can be scen gotng in every dircction Nowhere does
one vbsene the pcriodic (about 630 A) concentration of norgamc densitics
that v so typical of bone (¢f Fig 11). (Robwson & Cameron J. Biophysic &

Biochem Chtol, Vol. 2, Supp. No. 4)
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concentration of inorganic material in the
cement substance not yet crystallized, or it
may be made up of crystal units which are
not large enough to be resolved by the clec-
tron microscope (Fig. 6). As snall clusters
of erystals develop in these calcification foci,
only in rare instances do they appear to lic
in such a way that their long a."; parallels a
long fibril axis (Fig. 6) and that only at the
beginning of the calcification process. As
crystal clusters expand, the peripheral crys-
tals appear radially arranged and without
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F16. 9. Electron micrograph of bone
newborn infant (fop) and from a co

any clear spatial relationship to fibrils in the
arca (Fig. 7). The inorganic crystals in epi-
physeal cartilage matrix certainly spread
through and fill the cement substance ubout
the fibrils,

Although on the basis of electron-micro-
graph studics on bone and dentin it scems to
be clear that the first crystals form at a
fibril-cement substance interface or cven in
the fibril between its polypeptide chains, 2
demonstration of this same mechanism in the
clectron micrographs of epiphyscal cartilage

V‘y":l
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FiG. 10. Electron micrograph of calci-
fying osteoid in the metaphyseal region of
a newborn infant immediately proximal to
the distal femoral epiphyseal line. At the
top one sees a little segment of an osteo-
blast's cell membrane and cytoplasm (A).
The collagen fibrils of the uncalcified os-
teoid are observed in region (B). The car-
liest calcification is observed in clusters
(C). These crystals appear not only to
surround fibrils but in some instances to
permeate the fibrils with which they are
associated. Agamn a haze, or cloud, is
noted about the crystallization centers.
The long crystal axes arc observed in
some places to parallel a fibril axis. (Rob-
inson & Camcron: J. Biophysic. & Bio-
chem. Cytol., Vol. 2, Supp. No. 4)

is not so convincing but is suggested (Figs.
6 & 7), i.c., they form next to fibrils,

The clusters of crystals increase in size
and coalesce until all except the center of
the cartilage-matrix column at the epiphyseal
line and a few fibrls at the edge of the
cartilage-cell capsules are calcified (Figs.
5 & 8). No reorganization of the fibrils
occurs after calcification, as the fibril pat-
tern in decaleified epiphyseal cartilage is the
same as that prior to calcification.* The cal-
ctfication in old age is probably a degenera-

tive process. Zbinden described the process
in the costal cartilage of older subjects and
noted that clusters of cyrstals were related to
the fibrils in this material exactly as the
authors found in the epiphyseal cartilage,

In newly formed bone tissue in the me-
taphysis adjacent to the epiphyseal line, where
the compar::on can easily be made, calcified
cartilage can be seen to differ from calcified
bone mainly in the lack of any areas in
which there is obvious crystal-collagen co-
orjentation (see Fig. 11).

BONE MATRIX

Whereas epiphyseal cartilage appears in
electron micrographs to be largely cement
substance containing a Joose network of
small-diameter collagen fibrils, bone matrix
appears to be largely collagen fibrils of
greater diameter with a comparatively
smaller cement-substance space (Fig. 9).
The fibrils of bone matrix (osteoid) are
larger in diameter than those in epiphyseal
cartilage matrix, and their cross striations
are easily stained. The striations are simi-
lar to those noted in collagen in sections of
other connective tissues,118 Fibrils 500 A
in diameter have been seen quite close to
osteoblasts.and unassociated with very nar-
row ones, which suggests that the fibrils in
newly forming osteoid normally arc built up
rapidly without any appreciable fine fibril
stage. In the narrow zone of uncalcified os-
teoid which normally lies between the cell
surface and the calcified osteoid, the colla-
gen fibrils sometimes appear to be more
widely separated than they are in the calci-
fied osteoid (Fig. 10). In this small zone
the fibrils may come closer together exactly
at the moment of calcification or in the short
period immediately after initial calcification.

One observes only the static situation in
the micrograph, and the difference in organi-
zation in the fibrils from time to time could
conceivably be the result of varying activity
on the part of the ostcoblast. Those fibrils
which have been noted close together may
have been formed jn that fashion originally,

The Organic Matrix of Bone and Epiphyseal Cartilage
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It has been shown previously in the rib of a
2-day-old child®® that the ﬁhrﬂs.m:\y b.c
rather loosely arranged cven following calei-
fication in some regions, and in the femoral
metaphysis they appear in some places 10 be
more loosely arranged than in others. The
zane near the cell and extending into the
calcified tissue is probably a chemically un-
stable one, and it scems likely that rec-
arrangements occur here routinely in bo\.h
the inorganic crystals and the organic
collagen., X
The number of cross striations visible in
a “major period” in collagen fibers has been
noted to decrease with age in bone in the
same way as in other connective tissues
(Fig. 9). The several striations often fou'nd
by routine staining methods in each major
period in newly formed bone are not nearly
so evident, the technic being the same, in
bone which has been established for some
time.®
It also appears that the fibrils may be-
come larger in diameter and slightly less
dense in long-established bone. Fibrils of
about 600 to 800 A have been observed in
subperiosteal bone in the outer rib cortex of
a middle-aged adult, while in bone from the
same region of a senile adult fibril diameters
of 1,000 and 1,500 A have been seen.™
Huber and Rouiller’* described fibrils
with diameters of 600 to 1,500 A in the
cortex of the femoral and tibial diaphysis of
52- and 63-year-old adults. These measure-
ments differ from those of Schwarz and
Pahlke,* who used various bones and found
that the most commonly occurring fibrils in
old age were only about 600 A in diameter,
They observed a slight increase in the thick~
ness of the fibrils 1n bones of young children
as compared with those of the embryo. In
general, the fibril diameter reported by the
latter authors are less than those reported
by the other investigators for all ages, but in
any event both Schwarz & Pahlke and
Robinson & Watson noted a tendency for
larger-diameter fibrils to be found in bone of

specimens of comparable location from older
subjects.

Fibril diameter and degree of fibril pack-
ing in different bone specimens vary. Tl.lcy
may increasc as bonc in a given rcgion
matures, but also they may vary in different
regions of the skeleton of the same subject.?
Perhaps they vary in different animals, How-
cver, according to investigations so far re-
ported, fibril diameter is never so small and
fibril packing so loosc in human bone that
bone matrix appears like the epiphyseal
cartilage matrix which the authors have
investigated,

CALCIFICATION
OF BONE MATRIX

In bone the initial ealcification appears
throughout the matrix shortly after it is
formed, whereas in cartilage matrix it ap-
pears in separate foci over a comparatively
wide area some time after matrix formation.
Near the osteoblast, sometimes within 500 A
of its surface, a few crystals or a small
cluster of them appears in refation to a fibril.
Close to this first evidence of calcification,
the “normal” osteoid becomes filled with a
mass of crystals. The first crystals lie with
their long axis more or less parailel to the
long axis of the fibrils, but, although calcifi-
cation starts in close association with the
fibril surface, the exact relation of the first
crystals to specific prosthetic groups on the
polypeptide chains in the collagen fibril is
not known. The point as to whether calcifi-
cation occurs inside the fibril as well as on
the surface of the fibril is open to some argu-
ment.*42" Electron micrographs supporting
both views may be shown. Perhaps some
fibrils calcify internally and others do not.

The very earliest calcification in embry-
onic bone is reported by Jackson and Ran-
dall.®* Now that more is known about the
chemistry of collagen and the spatial rela-
tionships of its structural units, this observa-
tion may help investigators to pinpoint that
chemical unit in collagen of calcifying ma-
trices which is primarily involved in the in-
ception of the calcification process. How-
ever, in the electron micrograph that they
published, the crystals of apatite apparently
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FiG. 11. Electron micrograph of mate-
nal similar to that in Figure 10. The un-
calcified osteoid is seen at one edge (B).
The fibrils of collagen appear more closely
packed in this instance than those in Fig-
ure 10, Their direction can be observed,
although the fibrils are less clearly re-
solved than are those m the micrographs
in Figure 9. At the “calcification front™
one observes the sudden transition from
uncalaified osteoid to heawily calaified
osteoid. In the very periphery of the calci-
ficatton (B) the fong axis of the larger
crystals generally parallels the fibril direc-
tion. However, 1t is (C) a little farther
from the assification front that one ob-
serves the pattern so typscal of human
bone wherem the long erystal axis closely
parallels the Jong axis of the associated
collagen fibril, and there i a concentra-
tion of crystals about every 630 A along
the long collagen axis which duphicates the
major pentod of the collagen.

lic between the d and the a-b regions of the
fibrils 1n most instances, although inorgamc
densities appear occasionally to lie adjacent
1o other regions of the fibrils  Robinson and
Watson concluded that in newly formed
bone the norgamc matenal was defimtely
obsenved 10 conjunction with collagen fibnls

in conjunction with the dense bands of the
fibrils, and more specifically that it may first
appear in relation to any of the 5 minor
bands (a, b, ¢, d and e) in each major
collagen period.2*

Shortly after the osteoid first becomes
mineralized the crystals seem to change their
relationship to the fibrils, inasmuch as they
appear concertrafed at the major band areas
(Fig. 11): the region of the a, b, b! and
¢ minor bands in each major period. Their
average length also appears to decrense
slightly.** In this same zone, where appar-
ently there is regrouping of crystals with
the fibrils, the fibnls also appear to be re-
arranged into a more regular pattern, one in
which they are not only more closely packed
than in the uncalcified osteoid zone next to
the cell but also aligned so that their band
areas are in register (Fig. 9).

As the degree of mineralization increases,
the calcified bone matrix takes on an appear-
ance which is very different from that of the
calcified cartilage. There are areas of
crystal-fiber orientation in bone and no areas
of exactly the same crystal orientation in the
fully calcified epiphyseal cartilage matrix
(Figs. 8 & 11),

SOME GENERAL REMARKS
ABOUT THE STRUCTURE
OF CARTILAGE AND BONE

The organie matrix of bone is organized
differently from that of epiphyseal cartilage.
Of cotrse, the collagen fibril and the muco-
polysaccharide  cement-substance  compo-
nents may be the same or chemically quite
similar in cartilage and bone, Obviously,
bone matrix contains less cement substance
and more collagen per unit volume than
does epiphyscal cartilage matrix. Investiga-
tions suggest that the mucopolysaccharides
are generally more hydroscopic than colla-
gen, A large water content and a dis-
perse fibril arrangement would give cartilage
specific characteristics as a sheletal struc-
ture when uncalcified, among which would
be elasticity, flexibility and an ability to dis-
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Fi1G. 14. Cross section, full thickness,
cortex of diaphysis of femur of an adult
dog. As the marrow-vascular space in-
creased in relation to the calcifiable os-
teoid n the whole bone specimen, the
specific gravity when the bone was hy-
drated had nisen to 2.05,

sections of the diaphysis of femurs of three
dogs: a newborn puppy, a puppy about 2
months old and an adult dog. The density
of the three diaphyseal specimens, when hy-
drated and after they were stripped of perios-
teum and available marrow, varied widely:

21,22

2.05, 185 and 1.42, respectively.**> The
three sections in Figures 12, 13 and 14 came
from these three samples, and each was con-
sidered to be representative of its sample.
The density of the same specimens when
dry were all 2,33 == 0.03. Obviously the
physical characteristics of a w/iole bone such
as a femur will vary widely, depending on
the way the calcified osteoid is spatially or~
ganized in it. Even though in a whole bone
the actual calcified osteoid per unit of nor-
mal osteoid volume varies insignificantly on
chemical and physical analysis, the whole
bone, including the marrow and the perios-
teum, in which the normal osteoid resides
may have very different chemical and physi-
cal analysis patterns, depending on the way
the calcified normal osteoid is distributed in
it In a large measure the ability of a bone
to resist breaking forces will also depend on

this microscopic pattern of organization.
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Le Matrice Organic de Osso e Cartilagine Epiphysee

Summario in Interlingua

‘Es signalate le differentia structural inter
d}ﬁuente matrices de cartilagine e etiam le
dxﬁieremia structural inter matrices de carti-
lagine ¢ de asso Es usate non solmente le
datos obtenite per le proprie investigationes
det autores sed etiam le datos obtenite per
alteres. Tn iste typo de revista de matrices
organic de histos conjunctive que es normal-
mente destinate a calcificar se, il non es pos-

sibile proceder sin discuter etiam Je processo
calcificatori. Iste processo es prendite in
consideration in conjunction con micro-
graphias electronic de noncalcificate e dis-
calcificate matrices de cartilagine epiphysee
e de osso. Finalmente, le structura de car-
tilagine e de 0sso es ponite in correlation
general con le characteristicas structural de
iste histos.
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Definitions, Terminology and Classification
of Metabolic Bone Disorders

Epwarp C. REIFENSTEIN, JR., M.D.*

DEFINITIONS AND
TERMINOLOGY

METABOLIC BONE DISORDERS

Definition. Generalized or systemic dis-
cases by definition influence all tissues of the
human body. including bone. The osscous
lesions that result from such disturbances
are classified as metabolic bone disorders
(Fig. 1 B).

Problems in Differentiating Metabolic
Bone Disorders. Skeletal pathology arising
from generalized disease is much more com-
mon than is apparent from a compilation of
the number of cases currently diagnosed as
having metabolic bone disorders. This dis-
crepancy largely is the result of difficulty in
diagnosing two groups of cases: those with
carly stages or mild states of generalized
bone involvement, those with both systemic
and localized osseous manifestations.

EaRLY STAGES OR Mup StATES, The
sheletal involvement in the early stages or
in the mild states of systemic discase is not
detectable by the technics currently available
to clinicians for studying the bones of the
human during life,

FXAMPLES OF
VOLVEMFNT BEFORE IT NOW

PRFSINCE OF BONE IN-
CAN BL DC-

* From the Medical Diviston, The Squibb Insti-
tute for Medical Rescarch, E R. Squibb & Sons
Divison, Olin Mathieson Chemical Corporation,
New York, and the Department of Medicine, New
York Medical College, Flower and Fifth Avenue
Hospitals, New York, N Y
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TECTED. Osteoporosis associated with the
menopausal state begins to develop as soon
as the hormonal alterations of the meno-
pause are well established; however, the
disease is not recognizable for several years
by the current clinical or laboratory pro-
cedures. Similarly, the osseous involvement
that sometimes arises from alterations in the
calcium homeostasis of the body fluids is
initiated as soon as the changes in calcium
regulation occur; again, the bone lesions are
not detectable with the current technics uatil
the disordered mineral metabolism has been
present for months to years,

EXAMPLES OF LIMITATIONS IN CURRENT
TECHNICS TOR STUDYING BONE IN LIVING
MAaN. Roentgenograms, The early states of
bone disease involving too little calcified
bone escape recognition in roentgenograms
because it is impossible by visual examina-
tion to detect with accuracy changes in den-
sity until at Ieast 30 per cent of the calcium
content has been lost. Similarly, it is very
dificult to detect recalcification by x-ray,
because a considerable amount of calcium
must be regained before an increase in den-
sity can be recognized in the films,

Serum Chemical Determinations. An ab-
normality in the concentration of a mincral
constituent of the body fluids often does not
mdicate an abnormal status of that mineral
as a component of calcified bonc; an exam-
ple is the hypercalcemia of hyperparathy-
rowdism without bone involvement. On the
other hand, a normal mineral concentration
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Fic, 1. Ilystrating “Generalized” and “Localized” bone disorders as defined by the
anthor, A black area represents marked bone disease; a shaded area, mild bone disease;
a white area, no bone discase (normal bone). (A) Normal skeleton. (B) Skeleton
with generalized bone disease. (C) Skeleton with the generalized bone disease, osteitis
fibrosa generalisata, complicating hyperparathyroidism, showing localized osseous lesions
and generalized bone involvement. (D) Skeleton with the generalized bone disease, ostea-
porosis, showing an orderly predilection for the greatest mvolvement in the spine and
the pelvis, for moderate involvement in the long bones, and for the least involvement
in the skull and certain other bones. (E) Skeleton with the localized bone disease,
Paget’s disease of bone. showing extensive but not generalized involvement. (F) Skele-
ton with the localized bone disease, polyostotic fibrous dysplasia, showing widely dis-
seminated individual lesions without generalized bone involvement. (Modified from
Albr}ght & Reifenstein: The Parathyroid Glands and Metabolic Bone Disease: Selected
Stwdies, Baltimore, Williams & Wilkins)
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METaBOLIC BONE DISORDERS

Definition. Generalized or systemic dis-
cases by definition influence all tissues of the
human body, including bone. The osseous
lesions that result from such disturbances
are classified as metabolic bone disorders
(Fig. 1 B).

Problems in Differentiating Metabolic
Bone Disorders, Skeletal pathology arising
from generalized disease is much more com-
mon than is apparent from a compilation of
the number of cases currently diagnosed as
having metabolic bone disorders. This dis-
crepancy largely 1s the result of difficulty in
diagnosing two groups of cases: those with
early stages or mild states of generalized
bone involvement; those with both systemic
and locahzed osscous manifestations.
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sheletal involvement in the early stages or
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to chneans for studying the bones of the
human during hfe

[\AMPILS OF PRYSINCE OF BONE IN-
\OLVFMFNT BFIORF IT NOW CAN BE DE-

* From the Medical Division, The Squibb Insti-
tute for Medical Rescarch, E. R Squibb & Sons
Duion, Olin Mathieson Chemical Corporation,
New York, and the Department of Medicine, New
York Medical College Flower and Fifth Asenue
fospuitals, New York, N 3

TECTED. Osteoporosis associated with the
menopausal state begins to develop as soon
as the hormonal alterations of the meno-
pause are well established; however, the
disease is not recognizable for several years
by the current clinical or laboratory pro-
cedures, Similarly, the osscous involvement
that sometimes arises from alterations in the
calcium homeostasis of the body fluids is
initiated as soon as the changes in calcium
regulation occur; again, the bone lesions are
not detectable with the current technics until
the disordered mineral metabolism has been
present for months to years.

EXAMPLES OF LIMITATIONS IN CURRENT
TECHNICS FOR STUDYING BONE IN LIVING
MAN. Roentgenograms. The early states of
bone disease involving too little calcified
bone escape recognition in roentgenograms
because it is impossible by visual examina-
tion ta detect with accuracy changes in den-
sity until at least 30 per cent of the calcium
content has been lost. Similarly, it is very
difficult to detect recalcification by x-ray,
because a considerable amount of calcium
must be regained before an increase in den-
sity can be recognized in the films.

Serum Chemtical Determinations. An ab-
normalty in the concentration of a mincral
constituent of the body fluids often docs not
indicate an abnormal status of that mineral
as a component of calcificd bone; an exam-
ple is the hypercalcemia of hyperparathy-
roidism without bonc involvement. On the
other hand, a normal mineral concentration
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in the body fluids can occur in the presence
of marked bone involvement; an example is
the normocalcemia of postmenopausal osteo-
porosis.

Bone Biopsy Specimens. The various
parts of the skeleton differ markedly in ana-
tomic structure, chemical composition and
responsiveness to physiologic and pathologic
influences; therefore, pieces of bone obtained
by biopsy are not representative samples of
the entire skeletal mass or even of the dis-

eased portion of it. The data obtained from
chemical analysls of an individual bone
sample may give no indication of marked
changes that have taken place in the total
mass of calcified tissue in the whole bone
from which the specimen was obtained, or
in the total mass of other portions of the
skeleton. Furthermore, bone specimens often
fail to exhibit abnormalities histologically
until chemical disturbances have been pres-
ent for a long time.

Metabolic Balance Studies. The technics
for measuring in man the total mineral and
nitrogen balances are sufficiently precise and
sensitive to detect only the gross disturb-
ances jn the physiologic equilibrium between
the intake and the output of minerals in the
skeleton, and are of no assistance in ob-
taining a quantitative measure of the total
mass of calcified bone.

SysTEMIC DISORDERS WITH LOCALIZED
Lrsions. The generalized nature of the bone
involvement often is overlooked because at-
tention is focused on the localized osseous
lesions, since it is not uncommon for some
parts of the skeleton to respond with a more
pronounced degree of the metabolic bone
disorder than others.

EXAMPLES OF GENERALIZED OSSEOUS DIS-
ORDERS MASKED BY LOCALIZED LESIONS. As
a manifestation of the bone discase (osteitis
fibrosa generalisata) that complicates hyper-
parathyroidism, there may be localized cysts
and tumors that catch the cye, while the
generahzed decalcification js missed (Fig.

1 C). Conversely, the generalized nature
of the bone disorder may be questioned be-
cause certain bones fail to respond, For

example, although all tissues of the body
(including the bones) are affected by estro-
gen deficiency, the skull usually is not in-
volved detectably, even when the vertebrae,
the pelvis and the long bones show marked
evidence of osteoporosis (Fig. 1 D). Simi-
larly, the generalized atrophy (osteoporosis)
of disuse of a patient immobilized in bed
does not involve the skull and the mandibles,
since these bones are used as much when the
patient is in bed as when he is up and about.

LocaL1zep BoNE DISORDERS

Definition. The one point that is essen-
tial in establishing that a bone disorder is
Iocalized is the demonstration of an unin-
volved area of normal bone, In most cases
this presents no problem,

Problems in Differentiating Localized
Bone Disorders. In certain circumstances
the differentiation between a localized and
a systemic bone disorder may be difficult.
The problem arises in diagnosing two
groups of cases: those with extensive or
disseminated localized osseous lesions; those
with metabolic osseous disturbances super-
imposed uvpon localized bone lesions.

WIDESPREAD LOCALIZED BONE LESIONS.
The localized bone discase may be so exten-
sive or disseminated that initially it appears
to be a systemic disorder.

EXAMPLES OF WIDESPREAD LOCALIZED
LESIONS MISTAKEN FOR GENERALIZED OSSE-
oUs INVOLVEMENT. In Paget’s disease of
bone, 95 per cent of the skcleton may be
involved, but, by a careful roentgenographtc
survey, normal bone (with a sharp linc of
demarcation between it and involved bone)
can be found in some area (Fig. 1 E).
an occasional patient the osseous lesions of
multiple myeloma may be very small and
distributed so diffuscly throughout the ver-
tebrae (Kahler's discase) that the roentgeno-
graphic picture 1s mistaken for that observed
in the metabolic bone disorders with too little
calcificd bone (osteoporosis, ostcomalacia
and osteitis fibrosa generalisata). In such
cases the diagnosis of multiple mycloma may
be established only after the patient has been
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order have been modified by compensatory
mechanisms as the bone condition pro-
gresses.  Furthermore, pathologic terms
should not be used to describe physiologic
processes.

EXAMPLES OF COMPENSATORY MECHA-
NISMS WHICH MODIFY THE INITIAL META-
BoLiC BoNE DisorDERS. The fundamental
pathologic physiology of osteoporosis in the
primary stage of the disease is too little for-
mation of bone; eventually, however, as the
mass of calcified bone decreases, the remain-
ing bone becomes abnormally responsive to
the physiologic stimulus of the stress and
strain of weight-bearing, and the process of
bone formation increases until’ the amount
of bone formation is restored to that in
normal bone. At this secondary stage, the
patient still has too little bone mass and
too little calcified bone, and still has the
disease osteoporosis, even though the proc-
esses of bone formation and bone resorption
have been restored to a dynamic equilibrium
and the bone by histologic examination no
longer shows a decrease in matrix forma-
tion. Such a bone is still an osteoporotic
bone in the sense that it is present in a pa-
tient with osteoporosis. It is apparent that
difficulty arises in describing this sequence
of events if one uses the term osteoporotic
as synonymous with an absence of matrix
formation as observed in the microscopic
section.

Another example is pertinent. An exces-
sive amount of uncalcified matrix is properly
described as a “wide osteoid seam.” Wide
osteoid seams occur not only in osteomalacia
but also physiologically during normal rapid
growth in children. If a bone with wide

and demineralized, which have been em-
ployed widely in the past to characterize the
state of bone in certain metabolic bone dis-
orders, have been misused so consistently
\vnhout regard to their applicability to the
actual osseous processes they attempt to de-
scribe that they have lost much of their
useful significance as specific terms. For
this reason, words such as these have been
omitted deliberately from Table 1.
EXAMPLES OF MISUSE: “DECALCIFIED”
AND SiMILAR WORDS. One of the most
abused words in the field of bone disorders
is decalcified. Literally this word means “to
have had the calcium removed ” Decalcified
is properly used to describe a bone section
which has had the calcium removed to pre-
pare it for histologic study. However, there
is only one metabolic bone disorder—osteitis
fibrosa generalisata—in which there seems
to be any justification for using the word
decalcified, and then only in a limited and
an indirect connection. In living bone, in-
creased bone resorption results in the re-
moval from the calcified bone of both the
calcium and the protein matrix. It has never
been demonstrated convincingly in vivo that
the calcium can be removed and the matrix
left behind. Thus, in osteitis fibrosa generali-
sata there actually is no bone tissue that has
been decalcified, but only a decreased mass
of normal bone that as yet has not been
resorbed. In relation to normal man, the
patient with osteitis fibrosa generalisata, in
a total quantitative sense, has been decalci-
fied and likewise by the loss of bonc matrix
deproteinized; in the same sensc, the total
skeletal mass of calcium could be decalcified
and deproteinized b} amputating one limb.
But if, b of blished usage, one

osteoid seams is referred to as an
facte bone, one is faced with the paradax of
using a pathologic term to describe a normal
physiologic process. It appears logical to
avoid termmology which would requirc
every human being to have osfeomalacic
bone during the normal process of rapid
growth.

Loss of Significance of Words Through
Misuse. Certain words, such as decalcified

accepts the word decaleified (or similarly
demneralized) as describing the state of too
little calcified bone as a result of excessive
bone resorption, he cannot use this term 1o
describe the state of bone in osteomalacia.
In this latter condition there is a failure of
calcium to be deposited in the matsix; there-
fore, this matrix properly can be described
as acalcified or uncalcified (amineralized or
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unmineralized). Finally, it should be obvious
from the foregoing that the bones in osteo-
porosis are not decalcified. In @ general
sense they are acalcified in relation to the
bones of the normatl state, since the bones
in osteoporosis fail to take up as much cal-
cium as normal bones because of a lack of
matrix into which the mineral can be de-
posited. Therefore, the bones in osteoporo-
sis also are aproteinized in relation to those
of the normal state. Strictly speaking, the
bones in osteoporosis arc acalcified because
they have been aproteinized. Because of the
difficulties in employing the terms precisely,
the author avoids as much as possible the
words decalcified, demineralized, deprotein-
ized, acalcified, amineralized and aprotein-
ized.

Lack of Diagnostic Help from Hypo-
pacity and Deformity of Bone. It can be
seen in Table 1 that in three different meta-
bolic bone conditions (osteoporosis, osteo-
malacia and osteitis fibrosa generalisata)
hypopaque bone is observed in the roent-
genograms. It seems necessary to emphasize
that it is impossible to determine which one
of these metabolic bone disorders is present
merely from the fact that too little density
is present. Furthermore, it should be obvious
that any bone which contains too little cal-
cified mass may develop any structural de-
formity that results from insufficient bone
strength. Again, it is not possible to differ-
entiate among the three metabolic bone dis-
turbances, since the same types of deformi-
ties have been observed in all three,

EXAMPLES OF SAME TYPES OF DEFORMI-
TIES OCCURRING IN DIFFERENT BONE Dis-
ORDERS, Deformities of the vertebrae (cod-
fish vertebra, wedged vertebra, crushed
vertebra, herniation of the nuclei pulposi into
the end-plate of the vertebra) occur in os-
teoporosis, osteomalacia and osteitis fibrosa
generalisata, although they may be some-
what more common in osteoporosis.

Diagnostic Assistance from Location
of Osseous Lesions. While it is true that
some difference in the structure of the bone
in these three disorders with too little calci-

fied bone (osteoporosis, osteomalacia and
osteitis fibrosa generalisata) may be apparent
in the rocntgenographic image to those ex-
pericnced in interpreting rocntgenograms,
greater assistance in predicting the nature
of the metabolic bone disorder can be de-
rived from the location of the osseous lesions
and from other associated manifestations.

EXAMPLES OF DIAGNOSTIC ASSISTANCL
DLRIVED FROM LOCATION OF OSSEOUS
Lesions, Osteoporosis commonly involves
the spine, the pelvis and the long bones, but
rarely the skull and the extremities; osteo-
malacia frequently involves the extremities;
osteitis fibrosa generalisata frequently in-
volves the skull. Furthermore, the degree of
involvement usually is greater in osteitis fi-
brosa generalisata and leads more often to
an absence of the lamina dura. The occur-
rence of bone cysts and of brown tumors in
osteitis fibrosa generalisata and of pseudo-
fractures in osteomalacia is of considerable
diagnostic assistance. There is a greater
tendency for the bones to bend in osteo-
malacia, while spontaneous fractures are
more prone to occur in osteoporosis and in
osteitis fibrosa generalisata,

Nonspecificity of Roentgenographic
Findings. From the previous discussion it
is apparent that the most careful interpreta-
tion that can be made of the evidence in the
roentgenographic films of bones with gen-
eralized hypopacity usually will fail to es-
tablish the exact nature of the specific meta-
bolic bone disorder that is Ppresent, although
it may suggest the most likely diagnosis.
Hence, in patients with osseous disturbances
characterized by too Iittle calcified bone, the
roentgenographic findings should be re-
ported in a manner which indicates that a
metabolic bone disorder of undetermined
nature is present and suggests that one of
the specific disease entities is the most hikely
candidate for the diagnosis,

EXAMPLE OF A ROENTGENOGRAPHIC Rg-
PORT IN METABOLIC BONE DISORDERS WITH
;I}‘lc;orlgrr'rx_lz CALCIl-jIED BQNE. A report on

entgenographic findings in a patient

with a metabolic bone disorder charactétized
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by too little calcified bone might be phrased
as follows: “The films reveal generalized
hypopacity of the bones, probably indicating
the presence of a metabolic bone disorder of
undetermined nature. The distribution of the
involvement and the occurrence of certain
lesions (such as cysts or pseudofractures)
and of other associated manifestations (such
as the absence of the lamina dura or the
presence of bending or fractures) are most
consistent with a diagnosis of the metabolic
bone disorder (osteoporosis, osteomalacia or
osteitis fibrosa generalisata) rather than of
one of the other osseous disturbances asso-
ciated with hypopaque bone.”

CLASSIFICATION OF METABOLIC
BONE DISORDERS

AUTHOR’s CLASSIFICATION

The considerations upon which the au<
thor’s classification of metabolic bone dis-
order is based have been discussed in detail
elsewhere.®  Except for modifications in
minor details, the classification is essentially
that given in 1948 by Albright and Reifen-
stein,!

Classification in Terms of the Mass of
Calcified Bone and the Status of the
BoneForming and the Bone-Resorbing
Processes. The metabolic disorders of bone
can be divided into two main groups in terms
of the total amount of calcified bone that is
present in the body; there can be either 100
le or too much calcified bone. In 2
healthy adult the total mass of calcified bone
mn the body is in a state of dynamic equilib-
rum with the net gam from the process of
bone formation equal to the net loss from
the process of bone resorpuon. Therefore,
an alteration in the total amount of calcified
bone can be brought about in two ways—
by changing either the amount of bone for-
mation or the amount of bone resorption.
Metabolic bonc disorders are classified ac-
cording to this scheme in Table 2.

DETAILS OF Crassirication. It will be
noted in Table 2 that further subdivision is
necessary, since bone formation consists of

TABLE 2. CLASSIFICATION OF METABOLIC
BONE DISORDERS

Too Iittle calcified bone
Bone formation too little
Too little formation of matrix:
Osteoporosis
Too little calcification of matrix:
Osteomalacia or rickets
Bone resorption too much
Too much resorption of matrix and cal-
cium: Osteitis fibrosa generalisata
Too much calcified bone
Bone formation too much
Too much formation of matrix:
Hyperosteogenesis
Too much calcification of matrix:
Nonexistent
Bone resorption too little
Too little resorption of matrix and calcium:
Qsteosclerosis

two steps: (1) the laying down of the matrix
by the osteoblasts; and (2) the deposition
of the calcium salts into this matrix. Thus,
there may be a deficiency in the formation
of the matrix or a dcﬁciency in the calcifica-
tion of the matrix, either of which can lead
to too little bone formation. When the defect
is in matrix formation, the specific metabolic
bone disorder that results is spoken of as
osteoporosis, when the defect is in calcifica-
tion of the matrix, the specific metabolic
bone disorder is spoken of as osteomalacia
(adult nckets). Also, too little calcified
bone may be the result of too much bone
resorption, which produces the metabolic
bone discase called osteitis fibrosa generali-
sata. Too much calcified bone occurs cither
from too much bone formation or too little
bone resorption. Too much bone formation
arises from increased matrix formation; this
condition is listed in Table 2 as hyperosteo-
genests. However, too much bone formation
because of excessive calcification of the ma-
trix docs not occur, since it appears that
matrix cither is or it not calcified and can-
not be supercalcified. Hence, in Table 2
there is no cisorder under the heading “Too
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Much Calcified Bone” which corresponds to
ostecomalacia under the heading “Too Little
Calcified Bone.” Too much calcificd bone
results also from too little bone resorption;
the metabolic bone disorder is called osteo-
sclerosis.

Advantages of Proposed Classification.
The classification in Table 2 is uscful
from a clinical point of view, since it enables
the physician to consider metabolic bone
disturbances in terms that correlate with the
impressions he has reccived from viewing
the bones in roentgenograms. Furthermore,
the classification forms a helpful basis for
diagnostic and therapeutic considerations,
since it includes as secondary divisions the
several different causative mechanisms that
lead to the same net change in the amount
of calcified bone.

Definition of Terms: Osteoporosis.
Osteoporosis is that category of too little
calcified bone in which there is too little

TABLE 3. PROVISIONAL CLASSIFICATION OF
CAUSES OF OSTEOPOROSIS

Defect in osteoblasts
Loss of stress and strain
Atrophy (osteoporosis) of disuse
Deficient estrogen
Postmenopausal state
Premenopausal ovarian insufficiency
Congenital osteoplastic defect
Osteogenesis imperfecta

Defect in matrix
Deficient androgen
Senile state in males
Presenile testicular insufficiency

Deficient protein
Malnutrition
Avitaminosis C (scurvy)
Hyperthyroidism
Duabetes mellitus
Cushing’s syndrome
Chronic corticosd therapy
Prolonged stress

Defect unknown
Acromegaly
Idiopathic osteoporosis

formation of bone because of insufficient
formation of matrix. The total mass of cal-
cificd bonc becomes reduced because the
formation of bone is decrcased while the
resorption of bone continues at a normal
rate. Some of the factors that seem to have
a causal relationship to osteoporosis may be
classified provisionally according to the
scheme given in Table 3.

DiscusstoN or CAUSES OF OSTEOPOROSIS.
The activity of the osteoblasts must be nor-
mat for the formation of matrix to be ade-
quate. Since the normal stimulus to the os-
teoblasts is the stress and strain of weight-
bearing, loss of this stimulus results in osteo-
porosis of disuse. Adequate amounts of es-
trogen, androgen, protein substances, ascor-
bic acid and similar materials are-needed for
physiologic function of the osteoblasts;
hence, a deficiency in any one of these fac-
tors results in a decrease in osteoblastic ac-
tivity and, thus, in osteoporosis. Corticoid
hormones favor the conversion of protein
into energy, and, when continuously present
in excess (as in Cushing's syndrome, chronic
corticoid therapy or prolonged stress), they
may interfere with matrix formation by cre-
ating a shortage of protein building blocks,
thus producing osteoporosis. Hyperthyroid-
ism and diabetes mellitus likewise may in-
duce osteoporosis by diverting protein
materials from matrix formation to energy
production. The mechanism of the disturb.
ance in acromegaly is not known, although
it may be related either to the excess of
pituitary hormones or to the associated de-
ficiency in gonadal hormones. A bone dis-
order, which appears to be very similar to
osteoporosis, occurs when the osteoblasts
are congenitally defective, as in osteogenesis
imperfecta. Finally, even when all the above
causative factors have been eliminated, there
are cases in which the etiology of the bone
d.lsorder is completely obscure; the bone
disorder in this instance is termed idio-
pathic osteoporosis.

Definition of Terms: Osteomalacia.
O:te.omalacia is that category of too little
calcified bone in which there is too little
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TABLE 4, PROVISIONAL CLASSIFICATION OF
CAUSES OF OSTEOMALACIA OR RICKETS

Insufficient absorption
Low calcium absorption
Low calcium diet
. Gastro-intestinal disease
Hyperthyroidism 7
Low vitamin D absorption
Low vitamin D diet (avitaminosis D)
Gastro-intestinal disease
Hyperthyroidism ?
Vitamin D resistant rickets
Excessive excretion of calcium
Loss from kidney
Calcium as a base in acidosis
Pyelonephritis with distal tubular
damage
Fanconi syndrome with proximal tubular
damage
Low renal threshold
Idiopathic hypercalcuria ?
Renal infection ?
Hyperthyroidism ?
Loss from placenta
Frequent pregnancy
Loss from breast
Prolonged lactation
Excessive utthzation of calcium
Bone formation too great
Healing osteilis fibrosa generalisata
Insufficient mobilization of ealcium
Bone resorption too little
osis with i
intake

e et

formation of bone because of insufficient
calcification of matrix. The total mass of
calcified bone becomes reduced because the
formation of bone 1s decreased while the
resorption of bone continues at a normal
ratc  Some of the factors that seem to have
a causal relationship to osteomalacia may be
classificd provisionally according to the
scheme given in Table 4,

Discussiox or CAUSES OF OSTEOMALA-
cta. The saturation of calcium and phos-
phorus cannot be reduced below the normal
range if calcification of the matrix is to
continue at a normal rate Decreased satu-
ration may result from one or a combination
of four factors: (1) insuflicient absorption

(when the diet is Iow in calcium or vitamin
D, the gastro-intestinal tract is diseased, so
that proper amounts of calcium or vitamin D
are not absorbed, or the calcium requirement
and the rate of calcium transport in the gas-
tro-intestinal tract are greater than normal
as a result of increased thyroid activity);
(2) excessive excretion (when there is
renal disease with increased elimination of
calcium as a fixed base, a low renal thresh-
old for calcium, excessive thyroid activity,
frequent pregnancy or prolonged lactation);
(3) excessive utilization (when abnormal
bone resorption has been eliminated and
compensatory bone repair is still continuing
at an accelerated rate); or (4) insufficient
mobilization (when the intake of calcium is
low and the process of calcium release from
bone is congenitally defective, as in osteo-
petrosis).

Definition of Terms: Osteitis Fibrosa
Generalisata. Osteitis fibrosa generalisata
is that category of too little calcified bone in
which there is too much resorption of bone.
The total mass of calcified bone becomes
reduced because the rate of bone formation
does not accelerate sufficiently to offset the
increased rate of bone resorption. Some of
the factors that seem to have a causal refa-
tionship to osteitis fibrosa generalisata may
be classified provisionally according to the
scheme given in Table 5.

TABLE 5. PROVISIONAL CLASSIFICATION OT
CAUSES OF OSTEITIS FIBROSA GENERALISATA

Excessive parathyroid hormone
Primary hyperparathyroidism
Sccondary hyperparathyroidism
Excessive acids in body flutds (chrome systenite
acidosis)

Renal acidosts with decreased glomerular
function. renal osteitis fibrosa generalisata
(“renal rickets™)

Rena! acidosis with normal glomerular
function

Excessive rate of cellular metabohism

Hyperthyrodism

Excessive osteoclaste activity
Poisoning with chemicals
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disorders based on the phases of the growth
of bone. He employs three main headings:
(1) Disturbances in Growth of Cartilage;
(2) Disturbances in Osteogenic-Ostealytic
Balance; and (3) Disturbances in Deposi-
tion of Inorganic Elements in Cartilage Ma-
trix and/or Osteoid.

According to this classification, Disturb-
ances in Growth of Cartilage may be the
result of increased activity from hyperpitui-
tarism or hyperthyroidism, or of decreased
activity from inanition, hypopituitarism,
hypothyroidism or achondroplasia.

Disturbances  in  Osteogenic-Osteolytic
Balance are subdivided into four headings:
(1) Decreased Osteoblastic Activity; (2)
Increased Osteoblastic Activity; (3) De-
creased Osteolytic Activity; and (4) In-
creased Osteolytic Activity. The causes of
Decreased Osteoblastic Activity are listed by
Follis as (1) lack of essential nutrients, par~
ticularly ascorbic acid; (2) hypopituitarism;
(3) hypothyroidism; and (4) excessive
adrenal cortical “S” hormone. The causes
of Increased Osteoblastic Activity are given
as (1) increased local activity and blood
supply; (2) acromegaly; (3) androgenic
stimulation  (7); (4) hyperestrogenism
(mouse}; and (5) hypertrophic osteoar-
thropathy. As causes of decreased osteo-
Iytic activity Follis gives: Marble bone dis-
cas¢ and hyperestrogenism (rat). The
causes of Increased Osteolytic Activity are
listed as (1) acute severc inanition; (2)
disturbance in serum calcium and/or phos-
phorus  (hyperparathyroidism, hypervita-
minosis D, nephritis, acidosis); (3) Paget’s
diseasc of bone; and (4) hypervitaminosis A.

Under the third main heading of Disturb-
ances in Deposition of Inorganic Elements
in Cartilage Matrix and/or Osteoid Follis
gives: Defective calcum and/or phosphorus

(rickets, osteomalacia) and excessive lead,
bismuth and strontium,

Discusstox or Crassiricatiox or For-
v1s. The author has some comments con-
cerning the subheadings under the second
main division, Disturbances in Osteogenic-

Osteolytic Balance. The first of these sub-
headings, Decreased Osteoblastic Activity, is
essentially the same as that given by the au-
thor in Table 2 as “Too Little Formation
of Matrix,” the end-result of which is osteo-
porosis; the causes enumerated by Follis are
listed by the author in Table 3 as causes of
osteoporosis. However, Follis does not in-
clude here as causes, loss of stress and strain,
hypoestrogenism and hypoandrogenism, all
of which are followed by osteoporosis in
man,

The second subheading of Follis, In-
creased Osteoblastic Activiry, resembles that
given by the author in Table 2 as “Too Much
Formation of Matrix,” the end-result of
which he calls hyperosteogenesis, In regard
to acromegaly, however, whereas there is
obvious growth of acral parts and vertebrae,
there also is a marked osteoporosis in the
skeleton, particularly in the long bones and
the pelvis; hence, the author lists acromegaly
in Table 3 as one of the causes of osteo-
porosis. In his second subheading, Increased
Osteoblastic Activity, as well as in his third
subheading, Decreased Osteolytic Activity,
Follis brings out the difference in the re-
sponse of bones to estrogen in the mouse as
compared with the rat; this has been demon-
strated by many investigators.3.7.12

The third subheading of Follis, Decreased
Osteolytic Activity, corresponds to that given
by the author in Table 2 as “Too Little Re-
sorption of Matrix and Calcium,” since
marble bone disease is another term for
osteopetrosis. Follis fails to include here or

Isewhere in his classification hypoparathy-
roidism (sce Table 7), which has been
shown* to produce too much calcified bone
because of too little resorption of bone
(decreased osteolytic activity).

The fourth subhcading of Follis, In-
creased Osteolytic Activity, resenbles that
given by the author in Table 2 as “Too Much
Resorption of Matrix and Calcium ™ How-
ever, the author docs not agree with the
inclusion of Paget's discase of bonc under
this subheading, because this condition is a
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localized discasc instead of a systemic or a
metabolic bone disorder, since there always is
some normal uninvolved bone (see p. 32).
At the same time, the author recognizes'®
that in Paget’s discase of bonc the initial
Yesion is bone destruction (increased osteo-
Iytic activity), that the osscotts involvement
may be very extensive and that the condi-
tion may result in important metabolic com-
plications (sce p. 33).

In general, the author believes that the
classification of Follis is uscful as a scheme
for organizing the causes and the mecha-
nisms; however, it does not name the patho-
logic bone disorders. The author believes
that the classification in Table 2 which
names the specific metabolic bone disorder
is probably of greater value to the clinician
who visualizes bone as he sees it calcified
in roentgenograms.

Classification of Babaiantz. Babaiantz®
has proposed a complicated classification
with ten headings that deals with the causa-
tive factors without describing the bone dis-
ease. He includes such items as Sudek’s
atrophy, splanchnic osteopathy, toxic osteo-
dystrophy and so forth.

Classification of Haldeman. Haldeman®
has divided bone diseases into two main
groups — Osteofysis  and  Osteosclerosis.
Then he subdivides each into generalized
and localized disorders. This classification
may have some merit for radiologists for
descriptive purposes, but it is of little assist-
ance to the clinician from the point of view
of the pathologic physiology or mechanism
of the asseous disorder.

Classification of Stein, Stein and
Beller. Stein, Stewn and Beller!t have clas-
sified Generahzed Diseases of Bone under
three headings. Bone-Formative Lesions;
Bone-Absorptive Lesions; and Mixed Le-
sions No further orgamzation of metabolic
osseous disorders is attempted. These in-
vestigators have provided a similar classifica-
tion for Localized Bone Lesions and for Dis-
serr}inatcd Bone Lesions. As they indicate,
their system of classification is descriptive

and primarily of value to the radiologist; it
is of limited uscfulness to the clinician inter-
ested in the pathologic physiology of the
osscous disturbances.

SUMMARY

Metabolic bone disorders arc osseous dis-
turbances resulting from generalized or sys-
temic diseases; they arc to be distinguished
from localized bone disorders. Problems
arisc in differentiating these two conditions
because it is difficult to detect the carly
stages or the mild states of generalized in-
volvement and to recognize the true nature
of generalized disturbances with prominent
localized manifestations, of localized dis-
orders with extensive or widely disseminated
lesions and of localized osseous conditions
with generalized metabolic derangements
superimposed upon them,

The concepts and the terms employed to
indicate the specific metabolic bone disorders
should be defined carefully in each presenta-
tion concerning these conditions in an effort
to reduce the confusion that now exists in
terminology. The nomenclature should be
chosen so that it is applicable throughout
the course of the specific metabolic bone dis-
ease entity under discussion. Pathologic
terms should not be used to describe physio-
logic processes. Certain words, such as de-
calcified and demineralized should be
avoided; they have been misused so consist-
ently that they have lost much of their
meaning. The author gives his concepts and
nomenclature in detail and proposes the new
terms normomass, hypomass and hypermass
to describe the status of “the total amount of
the calcified bone mass,” and also the terms
normopague, hypopaque and hyperpaque to
describe the status of “the density of the
bone image in roentgenograms.”

The finding of bone hypopacity and de-
formity in roentgenograms is of considerable
value in indicating the presence of a meta-
bolic bone disturbance, but is of little value
in establishing the nature of the specific dis-
ease entity, since the same structural abnor-
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malities can occur in any of the several os-
seous disorders with too little calcified bone.
Greater assistance in establishing the specific
diagnosis from the films is obtained from
the finding of associated manifestations
(such as cysts, bending, spontancous frac-
tures or pseudofractures) or of involvement
in particular areas of the skeleton that are
found characteristically in a specific dis-
order.

A classification of metabolic bone dis-
orders is presented in terms of the altera-
tions in the total mass of calcified bone and
the status of the bone-forming and the bone-
resorbing processes. The following specific
metabolic bone disorders are included: os-
teoporosis; osteomaldacia; osteitis  fibrosa
generalisata; hyperosteogenesis; and osteo-
sclerosis. The definitions and the causes of
these disorders are considered. The pro-
posals of certain other workers for classify-
ing metabolic bone disorders are discussed
briefly. :
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Le Definitiones, le Terminologia, ¢ le Classification
de Metabolic Disordines Ossce

Summario in Interlingua

Metabolic disordines ossec es disturba-
tiones in le ossos que resulta de morbos
geacealisate o systemic. Illos dcbe esser
differentiate ab localisate disordines ossee,
Le differentiation inter iste duo conditiones
presenta multe problemas proquc il es diffi-

cite deteger le prime phases del statos de leve
affectioncs generalisate € recognoscer le ver
natura de disturbationes generalisate que ha

cones locali de

pr ! calisate
disordines localisate que se manifesta in ex-

tense 0 multo disseminate fesiones, ¢ de
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Jocalisate conditiones ossec super le quales
generalisate disordines metabolic es supe-
rimponite.

Le conceptos ¢ le terminos usate in le
designation de specific metabolic disordines
ossce debe esser cautemente definite in
omne presentation individual pro seducer le
confusion que nunc existe in Je terminologia
de iste conditiones, Le tatura debe

de valor considerable in le indication del
presentia de metabolic disturbationes ossce,
scd illo ¢s de pauc valor in e establimento
del natura del specific entitate pathologic,
progue le mesme snormalitates structural
pote occurrer in plure differente disordines
ossec que es cqualmente characterisate per
un insufficicntia de osso calcificate. Adjuta
in cstablic le diagnose super le base del

esser seligite de maniera que illo
applicabile durante le integre cursa del spe-

roCnIRENOogr pote esser obtenite in le
constatation de associate manifestationes

cific metabolic morbo ossee sub di

Terminos pathologic non debe esser usate in
le description de processos physiologic.
Certe terminos, per exemplo discalcification
e dismineralisation, debe esserevitate, pro-
que illos ha essite abusate si regularmente
que ios ha perdite un grande parte de lor
signification. Le auter presenta su con-
ceptos ¢ su nomenclatura in detalio. Iile
propone le nove terminos normamassa,
Irypomassa ¢ hypermassa pro describer le
stato del “total quantitate de calcificate
massa ossee” e etiam terminos normo-opac,
hypo-opac ¢ hyper-opac pro describer le
stato del “densitate del configuration ossee
in le roentgenogramma.”

Le constatation de hypo-op e de
deformitate ossec in roentgenogrammas es

(per plo de cystes, de curvature, de
fracturas spontance, o de pseudofracturas) o
in le constatation del affection de areas spe-
cific del skeleto si tales es characteristic de
disordines particular,

Es presentate un classification de meta-
bolic disordines ossee super le base del alte-
rationes del massa total de osso caleificate
¢ del stato del processos de formation € re-
sorption del osso. Le sequente specific meta-
bolic disordines ossee es includite: osteapo-
rosis, osteomalacia, osteitis fibrose generali-
sate, hyperosteagenesis e osteosclerosis. Le
definitiones ¢ le causas de iste disordines es
discutite. Es presentate un breve discussion
del proponimentos de certe altere autores
relative ol classification de metabolic disordi~
nes ossee.
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The Parathyroid Hormone and Bone*

FrRANKLIN C. McLEAN, M.D.}

]

Modern knowledge of the relationships of
the parathyroid hormone to the physiology
of bone dates from the isolation of an active
extract of the glands, accomplished inde-
pendently by Hanson®’-*% and by Collip'*,
and from the first parathyroidectomy per-
formed by Mandl in 1922.% Since that time
there have been numerous reviews, which
may be consulted for a general and extensive
treatment of the subject.t,%.6.8.21,16,20,21,23,24,
25,39,43,44,47,4%,71,7T

Mandl's parathyroidectomy and the isola-
tion of an active parathyroid extract opened
the way for both experimental and clinical
studies of the function of the parathyroid
glands, and there have been many advances.
In spite of the improved understanding of
the physiology, the pathology and the patho-
logic physiology of these glands, there still
are areas of uncertainty; moreover, the
parathyroid hormone has not been isolated
in pure form, and the available extracts of
the glands have not proved to be reliable
tools in the management of hyperparathy-
roidism.

PATHOLOGY OF THE
PARATHYROID GLANDS
The pathologic changes in the parathyroid
glands in hyperparathyroidism have been di-
vided sharply into two types, neoplasia and
hyperplasia.’® Localized tumors of a single
gland, part of a gland or, rarely, parts of
two glands are to be regarded as ncoplasms.

) Aided by a grant from the Josiah Macy, Jr.
Foundation
+ Department of Physiology, The University of

Chicago
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There is a roughly quantitative relation be-
tween the size of the enlarged glands and the
degree of hyperfunction. Glands weighing
as much as 250 Gm. have been reported;
others described but not weighed may have
been even larger. Neoplasms of the parathy-
roids are commonly adenoma.”*3%! Primary
carcinoma, resulting in hyperparathyroidisa,
and in metastases, is rare.5?

Secondary hyperparathyroidism, with hy-
perplasia of the -parathyroid glands, occurs
when there is an abnormal stimulus to para-
thyroid activity, resulting from a tendency to
hypocalcemia. This condition is seen clini-
cally in dietary deprivation of calcjium, in
pregnancy and lactation, in rickets and osteo-
malacia, and in chronic nephritis. It has
been produced experimentally in animals by
a diet ecither low in calcium or high in
phosphate.1?

The characteristics of primary parathyroid
hyperplasia, sometimes called hypertrophy,?
have been described.’® There is diffuse, uni-
form enlargement of all the glandular tissue,
a total of 15.6 Gm. of parathyroid tissue
having been removed from one patient; this
is one hundred times the weight of the nor-
ma! parathyroid tissue of adult man and
represents a degree of hyperplasia  not
equalled by the cnlargement of any other
gland of the body. Such enlargement, how-
ever, is rare in secondary hyperplasia,

THE PARATHYROID HORMONE

The parathyroid hormone has not been
prepared in pure form. Parathyroid Extract,
U.S.P., contains the water-soluble fractions
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of the glands. It is standardized biologically
so that 1 cc. contains 100 (Hanson) units;
cach unit is 1/100 of the amount required to
raisc the calcium level of the blood serum of
normal, healthy male dogs weighing 10 to
12 Kg. by an amount of 1 mg. per 100 cc.
Five US.P. or Hanson units arc equivalent
to 1 Collip unit; the Collip unit is still in use
in some parts of the world,

MODE OF ACTION OF THE
PARATHYROID HORMONE

Two views of the mode of action of the
parathyroid hormone on bone were intro-
duced within a few years after isolation of
an active extract of the glands; until recent
years the subject has remained controversial,
The first hypothesis was advanced by Al
bright and Ellsworth in 1929,* based on ob-
servations of the response of a single patient
with idiopathic hypoparathyroidism to ad-
ministration of parathyroid extract. It was
found that administration of the extract led
first to increased excretion of phosphate in
the urine; it was concluded that the increase
in serum calcium, the increase in calcium ex-
cretion and the decrease in serum phos-
phorus, all of which also followed adminis-
tration of the extract, were the sequelae of
the increase in phosphate excretion, The
hypothesis was that the lowering of the
serum-phosphate level led to unsaturation of
the blood with calcium phosphate and that
this was met by - mobilization of calcium
from the bones.

The second view—that the parathyroid
hormone acts directly on bone, inducing re-
sorption and consequent liberation of cal-
clum into the circulation—was advanced in
1932 by Thomson and Pugsley,® who con-
cluded that the parathyroid hormone directly
stimulated the osteocfastic Pprocess in bone,
They based this conclusion on their failure
to support the hypothesis of Albright and
Ellsworth? and on the histologic evidence
brought forward by others %3450

The evidence for and against the two hy-
Potheses has been reviewed many times; no
Ppurpose will be served by repeating the argu-
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FiG. 1. Serum calcium and serum phos-
phate of dog and ability to produce calci-
fication of rachitic cartilage in vitro fol-
lowing administration of parathyroid ex-
tract. The animal was given 1,000 units
of parathyroid extract at 0 hr., and again
at 4 hr. Serum withdrawn at 0, 24 and 48
hr. produced no calcification of rachitic
cartilage in vitro; serum withdrawn at 4,
8, 12 and 16 hr. produced +, ++++4,
++4 and -+ calcification, respectively.
(McLean, Lipton, Bloom and Barron:
Tr. Conf. Metabolic Aspects of Conva-
lescence 14:34)

ments here. In spite of a few dissenting
voices, the weight of evidence indicates that
the most characteristic effects of the para-
thyroid hormone—hypercalcemia, resorption
of bone and fibrous dysplasia of the bone
marrow—can be produced in experimental
animals in the absence of the kidneys. If this
is correct, it rules out the necessity of an
indirect effect upon bone, mediated by the
kidneys; it does not invalidate the conclu-
sion, now generally accepted, that there is a
second effect of the hormone upon excretion
of phosphate by the kidneys.

McLean, Lipton, Bloom and Barron,**
making use of a concept that they referred
to as “biologic solubility,” performed an ex-
periment that they regarded as crucial to
determine whether or not administration of
parathyroid extract increased the solubility
of the bone salt in the circulating fiuids of
the body, leading to its solution from bore.
They administered large doses of parathyroid
extract to adult dogs, the serum of which
before treatment did not produce in vitro
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Fia. 2. High-power
siew from undecalci-
fied section of a rib
of a puppy 12 hr.
after ir‘:jcglion of 200
US P, units of para-
thyroid extract per
Kg. of body weight:
(a) osteoclasts, free
from appregated
bone salt; (b} macro-
phages, pached with
bone salt; (¢) mega-
haryocyte, containe
ing bone salt; (d)
basophil network.
Formaldehyde fixa-
tion; silver nitrate,
hematoxylin and cos-
in; camera lucida;
X 681, (Mclean &
Bloom: Arch. Path.
32:6)

evidence of phagocytosis of these substances
}"Y other cells in the bone marrow in the
Immediate vicinity of bone undergoing re-
sorption (Fig. 2). For the present the possi-
ity that resorption of bone occurs by os-
teoclastic resorption may be excluded.
. Tt may still be asked whether or not there
IS sufficient evidence to implicate the osteo-
9.1351 in resorption at all. There is the pos-
sibility that this multinucleated giant cell is
Smply a by-product of resorption, being
formed by aggregation of osteocytes and
Osteablasts liberated by resorption effected
Y other means. An exhaustive review®
‘oncludes that there is mo direct evidence
that osteoclasts erode bone but that their

constant occurrence in zones where resorp-
tion is taking place is more than incidental,
The influences that evoke and control osteo-
clastic activity may be found either generally,
throughout the organism, or locally, in cir-
cumscribed areas. Here we are concerned
with the humoral control of resorption, espe-
cially as it is mediated through the para-
thyroid glands.

ROLE OF THE PARATHYROID
GLANDS IN HOMEOSTASIS

1t is firmly established that the parathyroid
glands play a decisive role in the homeostatic
regulation of the calcium-ion concentration
of the blood plasma. There is a direct cor-






Mates thy, in ap ul(mﬁllmlc of plasm,, In
Such flyjgg the conccnlrntion of calejyp, is
normayy about § Mg, per 195 €. (1.25 mM,
per liter), virtun"y all dillusippg, Again, 4
fraction O this may pe - of un.
ionizey diffusipy, complcxcs; these have litte
or no physiologic signilicnncc.

THE I’HOSPHATES OF THE FLUIpg
OF THE Bopy

Inorgan;e Phosph, is Present the
fluids of the body jn the form, Of the jop of
onhophosphoric acid, sPO,, of Which Mmore
than gg CT ceny jg HPO,~ 4 The Plasmy
of the infany, Under conditiong of actjye dep.

2 Necess, Step i Such control\has been
claimed.""-“"-“‘

F THE LCIUM—IO
CONCENTRA ON Iy THE BLog,
ait levels of calcxum-ion concemmno
int fluids o he bo, Y there jg exchange of
alcium, and p, Osphag Clween the lood
and the bones. n the ence of 4 Para.
Yroid glandg rej Onstany aIthough
w, Conceny,, on of Ie; um j ns js Mmajp.
taineq ;, the pj, 0od, e it is o, t th
Parath Toid g ds Y for the
mamtenance £ norm, ! cal m leverg

bloog lations ip bcmccn th
Unction ang ce of Iransfer of
calciym, betwee, S in thej,
absence has 01 by 1 dcrstood. Most
of th, CXPerimenyg on this Problem,
have been ncerney With the ilizati
of Calcjum ¢ om the s afy, he bloog
as beep partinlly depleteq of lcmcnr,
there 5,0 also observnt:ons o, fect
t p*xmthyrozd hormone Upon ¢ha 'Plake of
Caleium g he bloog by the bones,
Astings Huggingzs W blood
epcatcdly fro; dogs, Teplac;, 8 it with sery
Calcifieq by shakmg With Phosphye
N the Procedy,, Was Tupted 4,
Serum Iciup, Tose rap;j pproachmg a
Ormal Jeye ' animgls with ct Parathy,
roid plap S by, 10t excee, a hypocal-
Cemic ' animape Previg Iy Parapy,
Toidecyq, 1zed, Pay and [, khargpis con
firmeq d €xtendeq the Aliong, In
Addijtiop, they dmimstered um Oxalate
mtmvenousl This cay; harp faf ;
e ser, ~Calcjy, Ievel, With pid Tetury
O normg; N intace animyjg hen dogs
Were Subjecteq t Parathyre. tom Jjust
Prior 'zdministrauon of 5o Oxalate,
the eng. . SUlt yype the hypoc, Mic Jeyey
harac, Cristic of hypoparalhy dism
d p OCedure, hat of Mstration
Cthylen inminet g (EDTA
trave, Iy has Tecentyy, €N inten
sive spy, by Cop
Sre\vart and p, 54 lopeq the g
late o, ce o, Irve Sure Para.
thyro,q fup tio, Tesults diffe, from
0se Stings , s ang f Pag
d Ly b in qp €Y obse, ed
apprecizzble urn of TUm ¢y, UM ¢
ard p, HI]CCHOHI i parathyroidecro
Mized , Is, This led em © regarg the
oxala'te tolerap, € 5 Y as 55 indey of the
Unctig tivity of the ath
ttributed € conyy. Esults of prevg:{
Workerg Tesidug] p, 0; ity, OWing
0 the by int, oy, apse fol.
OWing thyroiq, .
e ‘Perimey,
0 doyg, thay ¢ f PP,::—,:O l:::,e



50  The Parathyroid Hormone and Bone

Cekium more thon S0% lanzed less then SOZ lonized

S 7//‘2‘“/

r 100 ce
*]
o

Al
g (P
- L 0} ‘
__,-/" [ L—trrriRolZ
] mrM

CALCILM 1ONS (ca")-me per mou.

3

|4

\ 80 :

: .
Y 6ol

3 / 2L
4

v L T ',,]
3 40

£ i

F

N
)

70 Qo

60 80
fOYAL PRDTE!N Gm per 100¢c.

FiG. 3, Chart for calenlation of Ca+~+
concentration from total protein and total
caleivm of serum or plasma. (McLean &
Hastings: Am. J, Med. Sc. 189:601)

relation between the calcium-ion levels in
the body fluids and the state of activity of
the parathyroid glands. The relationship be-
tween the parathyroids and the control of
phosphate concentration in the blood is less
clear.

THE CALCIUM OF THE FLUIDS
OF THE BODY

All or nearly all of the caleium in the
blood is in solution in the plasma; the
amount in the red blood cells is negligible.
In normal man the concentration of calcivm
in the plasma is usuaily between 9 and 11
mg. per cc., with 10 mg, per 100 cc. (2.5
mMf. per liter) a representative figure, This
is in constant exchange with the calcium of
the extracellular fluid and of the bones; the
homeostatic mechanism that maintains the
constancy of the concentration int the plasma
is the function of the parathyroid glands. In
the absence of the parathyroids the plasma
calcium may fall to 7 mg. per 100 cc. or,
even lower. In pathologic or artificially in-
duced hyperp irathyroidism the figure may
reach 15 mg. por 100 cc. or higher.

It has been known since early in the pres-
ent century that the calcium in the plasma
Is separable into two major and roughly
equal fractions—diffusible and nondiffusible.
It has also been known that the nondiffusible
fraction js associated with the plasma pro-
tein. However, there was for some years a
considerable difference of opinion concern-
ing the diffusible fraction. It was held by
many that a major portion of this fraction
was in the form of a complex with the
citrate jon or with some other comparable
substance. These uncertainties have been
resolved, and the relationship of calcium to
the plasma protein has been incorporated in
a formulation that describes the plasma as a
solution of a partially ionized weak electro-
Iyte, calcium proteinate, the jonized and the
un-jonized fractions being in equilibrium
with each other.*

The calculation of the concentration of
the physiologically active calcium ions is
facilitated by the use of a nomogram, shown
in Figure 3, illustrating the relationships of
the ionized and the un-ionized fractions of
calcium at varying protein and calcium
levels. At normal protein levels, about one
half of the plasma calcium is in the fonized
form; the other half is in the undissociated
complex with protein. This takes into ac-
count only calcium jons and the un-ionized
calcium-proteinate fraction, and ignores a
small amount of calcium in other combina-
tions. Calcium forms partly jonized com-
p]excs with the jons of other acids, mcludmg
citrate, phosphate and bicarbonate, but in
man and in most other animals the aggregate
of all un-ionized complexes in the biood,
with the exception of proteinate, can hardly
account for more than 5 to 10 per cent of
the total calcium. When serum is subjected
to diffusion, or to ultrafiiratjon, these com-
plexes appear in the diffusible fraction; for
this reason the total diffusible calcium is
slightly higher than the calcium-ion concen-
tration.

In the protein-poor fluids of the body,
such as the cerebrospinal fluid and the inter-
celfutar fuids, the state of calcium approxi-
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mates that in an ultrafiltrate of plasma. In
such fiuids the concentration of calcium is
normally about 5 mg. per 100 cc. (1.25 mM.
per liter), virtually all diffusible. Again, a
fraction of this may be in the form of un-
jonized diffusible complexes; these have little
or no physiologic significance.

THE PHOSPHATES OF THE FLUIDS
OF THE BODY

Inorganic phosphate is present in the
fluids of the body in the form of the ions of
orthophosphoric acid, HsPO4, of which more
than 80 per cent is HPO,—=.** The plnsmn
of the infant, under conditions of active dep-
osition of bone salt, contains approximately
6 mg. per 100 cc. of phosphorus as inor-
ganic phosphate (2 mM. per liter). In the
adult the inorganic phosphate level of the
plasma is reduced to approximately one halt
of that of the infant, It is characteristic of
the rachitic infant that the concentration of
inorganic phosphate in the plasma is at a
level normal for the adult.

Excretion of phosphate through the kid-
neys varies within wide limits; the amount
excreted depends mainly on the intake. Ho-
meostatic control of the plasma-phosphate
fevel, mediated by the effect of the parathy-
roid hormone on renal excretion of phos-
phate, is a possibility. That the parathymid
glands respond to fluctuations in the con-
centration of phosphate fons in the plasma—
a necessary step in such control-—has been
claimed 22:30.59

HOMEOSTATIC REGULATION
OF THE CALCIUM-ION
CONCENTRATION IN THE BLOOD

At all levels of calcium-ion concentration
1n the fluds of the body there 15 exchange of
calcium and phosphate between the blood
and the bones; 1n the absence of the para-
thyroid glands a relatively constant, although
low, concentration of calcium ions is main-
tained in the blood. While it is clear that the
parathyroid glands are necessary for the
maintenance of normal calcium-ion levels in

the blood, the relationship between their
function and the occurrence of transfer of
calcium between blood and bones in their
absence has not been well understood. Most
of the experiments bearing on this problem
have been concerned with the mobilization
of calcium from the bones after the blood
has been partially depleted of this element;
there are also observations of the effect of
the parathyroid hormone upon the uptake of
calcium from the blood by the bones.

Hastings and Huggins®® withdrew blood
repeatedly from dogs, replacing it with serum
decalcified by shaking with lead phosphate.
When the procedure was interrupted the
serum calcium rose rapidly, approaching a
normal level in animals with intact parathy-
roid glands but not exceeding a hypocal-
cemic level in animals previously parathy-
roidectomized. Patt and Luckhardt® con-
firmed and extended these observations. In
addition, they administered sodium oxalate
intravenously. This caused a sharp fall in
the serum-calcium level, with a rapid return
to normal in intact animals. When dogs
were subjected to parathyroidectomy just
prior to administration of sodium oxalate,
the end-result was the hypocalcemic level
characteristic of hypoparathyroidism. A
third procedure, that of administration of
cthylenediaminetetra-acetic acid (EDTA)
intravenously has recently been given inten-
sive study by Copp.'®

Stewart and Bowen™ developed the ox-
alate tolerance curve as a measure of para-
thyroid function. Their results differed from
those of Hastings and Huggins and of Patt
and Luckhardt, in that they observed no
appreciable return of the serum calcium to-
ward preinjection levels in parathyroidecto-
mized animals. This led them to regard the
oxalate tolerance solely as an index of the
functional activity of the parathyroids. They
attributed the contrary results of the previous
workers to residual hormone activity, owing
to the brief interval allowed to elapse fol-
lowilr:g parathyroidectomy.

The e i
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calcium in blood
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and bone may occur independently of para-
thyroid activity. Copp injected EDTA intra-
venously in dogs at a constant rate over a
period of time, with frequent observations of
the concentration of nonchelated serum cal-
cium, which fell rapidly during the injec-
tions, Then he permitted recovery to occur
and found that the preinjection level of
serum calcium was reached rapidly. From
his data he calculated the rates of mobiliza-
tion of calcium from the bones. From these
data also, by making the assumption that the
blood passing through the bone in contact
with the bone mineral was restored to the
preinjection level of calcium during one pas-
sage, he was able to calculate the rate of
blood flow through the bones; this is an
application of the principle of clearance in
reverse,

Copp then repeated the same observations
in parathyroidectomized dogs. Making the
same assumptions, his calculations indicated
that the rate of blood flow through bone tis-
sue was not changed by removal of the para-
thyroids. Calculation of the rate of mobili-
zation of calcium from bone to blood also

indicated no change in the parathyroidecto-
mized animals.

Talmage, Kraintz and Kraintz*¢ studied
the effect of the parathyroids on calcium
uptake and exchange in the rat, observing
the rates of disappearance of Ca-45 from the
plasma and of its uptake in the bones fol-
lowing intraperitoneal administration in nor-
mal and in parathyroidectomized rats. They
found that the uptake of calcium by bone
was not altered significantly in the parathy-
roidectomized animals during the first 6
hours—which they called the exchange pe-
riod—but that the turnover of calcium in the
bones was at a significantly lowered rate in
the absence of the parathyroids after 6
hours, in what they called the “turnover
rate” portion of the curve (Fig. 4). How-
ever, their curves for both the earlier and the
later periods during which observations were
made are more remarkable for the similarity
of the response of normal and of parathy-
roidectomized animals than for any dissimi-
larities, indicating that the turnover of cal-
cium in blood and bone continues at a high
rate after removal of the parathvroids, The
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Fig 4. Uptake of Ca-45 in bone of normal and hypoparathyroid rats after

administration of
Soc Exper. Biol. & Med 80:553)

20 e carrier-frec Ca-45. (Talmage, Krantz & Kraintz: Proc.



lower raee of uptake by the bones m the body by in apcnloncal lavage,
lh}rotdccrom 1zed rats e, 6 hours L the blogy leve} bcm Maintajney at thay
ave 1C resuj Cquilibriyg, With ¢h, chnmclcnstic o Parathyrojge,.

lower ¢, NMration of Cium in the serum All these Crvations lcad {0 the concly.

of thege animajs dun‘ng this d. sion thy there i Ol calciyy,

Mmove,

more reeep, At paper Tﬂmagc and Ej. ions, jn both d'rcctions, between the bone,
lioge>s Ve reporteq on chy anges in Cxtra~ 04 bloog, The Patathyroige are essengigy
cellular g, uid levels of ¢g alcium Nephree. for Maintenanee f Mmal Jeyey

norma] jey, of caj.
omizeq rayg followip, ing p1r1lh)rod cclomy, cium jn gp, bloog, , this is 5 Omplisheq
their obscrvnxions were made on fluid jngeg,. by the influenge of the Parathyroiq hormop,
duced jpq, © Peritoney) Cavity ang Per- on bilization of calciuy om the

aleiy
Mitted ¢, come intg 4 equ nbnum With the bones; ¢ Weight of evj 1
blogq, Y foung 4 at in ras with intact that the Parathyro;q hormone does o, Play
Parathyroqs he calcium con centration of any role ;, ¢ Uptake of calcj by the
the fluig was Maintajney at a leyey between bones, A distinction

an, mg. per [ while 5 after Ppara- (1) 5 mechanism a 'gi L] irection
thjrmdcc!o My this was o, reduceq ¢, between only, je Mobiliyay; Ieiy,

5 ang m2. per 10, €C.;in both ¢ cases the 0, e

mncentnt ion rcmamcd constany belween the glands, and (2y the ¢y S,
limjrs reporte, tween bloog il

¢, in b,
Comarz 115 hns [ound that jn Parathy. independenzly of Parathyro. s funcrion e
Toidectom;,, 1zed rats cqp ciu mayberemoved two closely Telated phenomena have been

3
[N
N
§
9

Lagie Bong
H1INERR, M?f//é:: o
tion jn th Pl
1
um Concenyry,, ep ;};g
le frac on of . in g
he, Ste.zdy State p re:u:hed 13
; howq D at Jogy Ca] 'u at;-
ate] Mg, per 100 i
©nditiong tum ?bﬂe
o one




54 The Parathyroid Hormone and Bone

10237

DEPLETION
MO8ILIZARTION

"t 'BLE BONE

= INERAL

10m3 7%

STEADY STRTE Ca ++FEEDBACK
——————

RATHYROIDS

ABLE Aowi
"*INERAL

3LE BONE
~ INERAL

Fi6. 6. Control of calcium concentration in the plasma in the presence of normaily
functioning parathyroid glands (Left) Restitution of calctum concentration in plasma fol-
lowing depletion, by mobilization of calcium from the bones. Calcium 15 entering
plasma from labile fraction of mineral in the bones by diffusion, and additional ealcium
1s added to plasma by mobilization of stable fraction, resulting from cffect of parathy-
roid hormone, under control of feedback mechanism, activated by lowered concentra-
tion of Ca++ in the plasma. (Rught) Steady state has been reached as a result of move-
ment of calcium from bone to blood as shown at left. Calcium concentration in plasma is
maintained at a level of approximately 10 mg. per 100 cc.

brought into a single framework by means of
the concept of a dual mechanism, both parts
of which are essential to the regulation or
control of the calcium-ion level in the blood
plasma,*

Of the dual mechanism, one part acts by
diffusion cquilibrium between the plasma
and the labile fraction of the bone mineral.
This part of the mechanism, in the absence
of the parathyroid glands, is adequate to
effect rapid exchange between the blood and
the bones and to maintain the plasma-
calesum level at approximately 7 mg. per
100 cc. (Fig §) The second part of the
dual mechamism 1s dependent upon media-
tion by the parathyroid glands and is best
understood 1n terms of “feedback.” This
means simph u sclf-regulating process, by

which information about the output is fed
back to an carlier stage, so as to influence
its action and hence to change the output
itself. In the case of regulation of the cal-
cium-jon concentration in the plasma, a fali-
ing level of calcium ions provides a stimulus
to the parathyroid glands, resulting in an in-
creased output of the parathyroid hormone,
This in turn brings about an increase in
the mobilization of calcium from the bones
and a conscquent increase in the calcium
level of the plasma (Fig. 6).

The parathyroid hormone causes destrue-
tion of both the mineral and organic compo-
nents of bone, and the feedback mechanism
releases calcium from the stable as well as
from the labile fractions of the bone mineral,
According 1o this interpretation, the labile
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fraction of the calcium of the mineral is
casily accessible to ionic exchange with the
fluids of the body. On the other hand, the
stable fraction of calcium docs not dissolve
readily and requires the action of the para-
thyroid hormone for its liberation.

If one regards the plasma calcium as in
equitibrium with the labile fraction of the
bone mineral, as is now commonly assumed,
it will be noted that the parathyroid hor-
mone, under physiologic conditions, has the
effect of raising the equilibrium point from
the approximately 7 mg. per 100 ce. charac-
teristic of the absence of the parathyroids to
the normat of 10 mg. per 100 ec. Thisis to
say that the parathyroid hormone releases
enough stable calcium to raise the plasma
level from 7 to 10 mg. per 100 cc. and to
hold it at this level, and that the difference
is, in effect, added to the labile fraction. The
minute-to-minute adjustments in plasma-
calcium level then are made by diffusion be-
tween blood and bone, and changes in para-
thyroid activity need to come into play only
for adjustment over longer periods of time.

The summation of the effects of the two
components of the dual mechanism is com-
parable with the maintenance of a constant
temperature in a water bath. For example,
if it is desired to operate a water bath at
38° C. in a room with a temperature of
20° C,, it is common practice to supply the
greater amount of the heat required from a
constant source, adequate to keep the tem-
perature of the bath at, say, 33° C. Above
this temperature the additional heat required
is under the control of a thermoregulator,
itself under the influence of the temperature

of the water. The constant source of heat is
comparable with the supply of calcium to the
blood by diffusion from the labile fraction of
the bone mineral, the heat under control of
the thermoregulator is comparable with the
supply of calcium regulated by the para-
thyroid glands In both cases accurate regu-
laton s brought about through a feedback
mechanism, the effects of which are added to
those of a second mechanism that Tequires

no regulation, From this point of view the
parathyroids may be regarded as an analog
of a thermoregulator. The sctting of the
regulator, the parathyroid glands, is fixed,
under physiologic conditions; it is raised in
hyperparathyroidism and Jowered in hypo-
parathyroidism.

THE PARATHYROIDS
AND BONE DISEASE

Reports on the effects of hypofunction of
the parathyroid glands on bones are conflict-
ing; it has been reported that the density of
the skeleton is somewhat increased in this
condition®*® Changes in the skeleton may
be regarded as negligible in the total picture
of hypoparathyroidism.

The sequence of events in the bones,
under the influence of an excess of parathy-
roid hormone, is studied best in experimental
animals, and more particularly in young
growing animals. The advanced changes of
chronic hyperparathyroidism may be seen
only in man, since the rapid development of
resistance to parathyroid extract prevents
experimental production and maintenance of
the chronic condition.

The gross skeletal changes in chronic
hyperparathyroidism in man are those of
softening of the bones, with consequent de-
formities and fractures,18.32.33,52 The diagno-
sis may be suggested by the deformities and
by the roentgenographic evidence of general-
ized decrease in the density of the bones,
often accompanied by cysts and tumors. The
microscopic findings are those of greatly in-
creased resorption of bone, with numerous
osteoclasts. These are accompanied by in-
creased osteoblastic activity, indicative of
attempts to repair the damaged trabeculae of
bome. Attempts at repair also result in an
excess of fibrous connective tissue; this has
led to the use of the term osteitis fibrosa to
describe the pathologic changes in the bones.
Such b'one m‘atrix as is present, old and new,
is calcified; it is not correct ta refer to the
changes in the bones as decalcification.
There may be large fibrous scars in areas
formerly occupied by spongy bone. Soms of
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these scars are brown, owing to their content
of blood pigment, and they may contain
multinucleated giant cells; from these charac-
teristics they have been called brown tumors,
giant-cell tumors or osteoclastomas,

If biopsies of bone are performed after the
removal of hyperfunctioning parathyroid tis-
sue, it is seen that reparative changes take
place rapidly. Fibrous tissue is removed,
and is replaced by new bone: which assumes
a normal appearance. Actual cysts in bone
may remain unless dealt with surgically.

Cases of severe hyperparathyroidism with-
out bone disease have been described.* The
distinction is clinical rather than pathologic,
since few such patients come to autopsy. A
distinguishing feature is that, unless bone
disease is present, the serum alkaline phos-
phatase level is within normal Jimits, whereas
when bone changes are in progress the phos-
phatase Jevel is elevated. Bone changes may
be prevented or alleviated by increasing the
intake of calcium, and therapy with calcium
may Iead also to lowering of the serum phos-
phatase to normal Ievels; a high intake of
calcium may protect the skeleton against
serious damage from hyperfunction of the
parathyroid glands,

Hyperparathyroidism, with or without
demonstrable bone disease, frequently is ac-
companied by pathologic conditions other
than those found in the parathyroid glands
and in the bones. Metastatic calcification
occurs jn soft tissues and is especially harm-
ful in the kidneys or in the walls of blood
vessels; such calcium deposits are commonly
associated with severe disease of sthe bones,
and they reflect a condition of mobilization
of the bone salt and supersaturation of the
blood with this mineral, similar to that de-
scribed®® in experimental animals. Renal
caleuli are a frequent complication of hyper-
panth)roxdlsm they are not dependent upon
changes in the bones and reflect instead the

increase in renal excretion of calcium result-
ing from hypercalcemia. In many instances
the occurrence of renal caleuli is the first
finding to call the attention of the clinician
1o the possibility of hyperparathyroidism.

Usually, the severe changes in the bones
observed in experimental animals have re-
sulted from administration of toxic doses of
parathyroid extract!®3'—doses sufficient in
many instances to lead to widespread necro-
sis of the cellular elements of bone and bone
marrow. The degree to which these findings
may be extrapolated to physiologic condi-
tions, or even to clinical hyperparathyroid-
ism, remains in doubt. For the most part
they correspond to what Albright and Rei-
fenstein® have designated as parathyroid poi-
soning or hyperhyperparathyroidism, which
they attribute to a mechanism different from
that induced by smaller doses of the extract.
A parallel may be found in the differences
between the effects of vitamin D in prophy-
lactic doses (1,000 1.U. per day) and in toxic
or subtoxic doses (50,000 LU. per day or
more).3® The observation of the resorption
of bone in contact with transplants of para-
thyroid tissue®!* supplies a link between
strictly physiologic conditions and those in
the toxic range.

CLINICAL, MANIFESTATIONS
OF HYPERPARATHYROIDISM

The clinical findings in hyperfunction have
been listed® under three main headings: (1)
skeletal changes; (2) involvement of the kid-
neys; and (3) the effects of hypcrcnlcemia.
In an individual instance of hyperparathy-
roidism these manifestations may be present
singly or in combination of two or of all
three, With improvement in the recognition
of the underlying condition, it is noteworthy
that in a majority of cases the disease now is
recognized before advanced skeletal changes
are present.

The skeletal changes, demonstrable by
1< grams, vary from I absorp-
tion ot bone, often limited in extent, to wide-
spread reduction in density of the skeleton,
at times amounting to almost complete
crasure, Associated with the more severe
manifestations of the discase there usually
are deformities, resulting from the lack of
support from mineralized bone, often with
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pathologic fractures. Cysts and osteaclas-
tomas or a giant-ccli cpulis in the jaw may
be found. Attention may be directed to the
skeleton by pain in the bones before changes
demonstrable by roentgenogram are present.

The most common form of involvement of
the kidneys is the occurrence of renal stones,
composed mainly of calcium and phosphate.
In many instances the presence of stones in
the kidney leads to further examinations re-
sulting in the diagnosis of hyperparathyroid-
ism. Metastatic calcification in the paren-
chyma of the kidneys may produce extensive
destruction and may lead to difficulties in
arriving at a correct diagnosis.

The finding of an increased concentration
of calcium in the serum is presumptive evi-
dence of hyperparathyroidism. Whenever
the total calcium in the serum is 11 mg. per
100 cc. or higher, this calls for repetition of
the analysis and for further examinations.
While both the calcium-ion concentration
and that of calcium associated with protein
are elevated, the increase in calcium-ion con-
centration is characteristic of hyperparathy-
roidism; increase in calcium proteinate may
oceur also in multiple myeloma. Complete
examination of the blood for evidence of
hyperparathyrofdism should include analysis
for total protein, estimation of calcium-ion
concentration from total calcium and total
protein (see nomogram, Fig. 3), serum
phasphate and serum alkaline phosphatase.
Calcium excretion in the urine, with the
patient on a low calcium intake, may exceed
the usual normal limit of 150 mg. in 24
hours and may be as high as 500 to 600 mg.
daily, Increase in excretion of phosphate in
the urine also occurs, but may be difficult to
Tecognize unless the patient is on a measured
Intake of phosphorus.

SUMMARY

This chapter summarizes current knowl-
edge concerning the relationships of the
Parathyroid hormone ta bone. Special em-
Phasis is given to the following subjects:

L. It is concluded that the parathyroid
hormone has a direct action upon bone tis-

sue, leading to resorption; there is convincing
evidence that a primary action upon the kid-
neys is not essential to the effects upon bone.

2. A hypothesis for a mechanism of the
resorption of bone is proposed, providing for
solution of the bone mineral, collagen and
ground substance—all at the hydrogen-ion
concentration of the body fluids. This hy-
pothesis assumes that a substance having a
strong affinity for calcium is responsible for
solution of the bone mineral.

3. Homeostatic regulation of the calcium-
ion concentration in the blood is attributed
to a dual mechanism. There is a rapid move-
ment of calcium ions in both directions be-
tween the blood and the bones independent
of the parathyroid glands, and the equilib-
rium between the blood and the labile frac-
tion of the bone mineral is adequate to
maintain the serum-calcium level at approxi-
mately 7 mg. per 100 cc. The parathyroid
hormone, acting in one direction only, by
mobilization of the bone mineral, has the
effect of raising the serum-calcium level to
approximately 10 mg. per 100 cc. and of
accomplishing regulation at this level by
means of a feedback mechanism; the cal-
cium-ion level serves as a stimulus to the
parathyroids, leading to control of the output
of calcium into the blood.

4. A brief résumé is given of the relation
of the parathyroids to bone disease and of
the clinical manifestations of hyperparathy-
roidism.
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Le Hormon Parathyroide e le Ossos

Summario in Interlingua

Iste articulo summarisa le presente cog-
noscentias del relation de hormon parathy-
ide a osso. Le sequente aspectos del
Problema es sublineate. (1) Es concludite
que le hormon parathyroide exerce un action

directe super le histos ossee, resultante in
resorption. 11 existe datos conclusive que
supporta le these que un action primari
super le renes non es un condition essential
del effectos ossee. (2) Es Proponite un hy-
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pothese in re le mechanismo del resorption
ossee. Illo explica le solution del minerales,
collageno, e substantia fundamental del osso
al concentration del iones hydrogenic in le
fluidos del corpore. Iste hypothese suppone
que un substantia con forte affinitate pro
calcium es responsabile pro le solution del
mineral ossee. (3) Le regulation homeo-
static del concentration del iones de calcium
in le sanguine es attribuite a un duple mecha-
nismo, Il existe un rapide motion de iones
de calcium in ambe directiones inter le san-
guine e le ossos. Iste motion es indepen-
dente del glandulas parathyroide, e le equi-
librio inter le sanguine e le fraction labile del

mineral ossee es adequate pro mantener le
nivello seral de calcium a circa 7 mg. per
100 cm.® Le hormon parathyroide, que
mobilisa le mineral ossee in solmente un
direction, ha le effecto de elevar le nivello
seral de calcium a circa 10 mg. per 100 cm.?
e de mantener iste nivello per medio de un
mechanismo de action retrorse. Le nivello
del iones de calcium servi como stimulo del
glandulas parathyroide, ¢ isto resulta in un
regulation del liberation de calcium a in le
sanguine. (4) Es presentate un breve revista
del question del relation inter le glandulas
parathyroide e morbos ossee ¢ del manifesta-
tiones clinic de hyperparathyroidismo.
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The Varieties of Rickets and Osteomalacia
Associated with Hypophosphatemia

HaroLp E. HARRISON, M.D.*

A group of disorders of skeletal calcifica-
tion can be scparated in which hypophospha-
temia is onc of the fundamental physiologic
defects, If the concentration of inorganic
phosphate in extracellular fluids is markedly
teduced, phosphate in bone matrix cannot
be concentrated to levels needed for precipi-
tation of bone salt. In the growing subject,
deposition of bone salt fails to keep pace
with the growth of cartilage and the forma-
tion of new matrix, so that the pathologic
changes of rickets result. In the adult the
failure of calcification of matrix in the meta-
bolically active, although no Jonger growing,
bone results in osteomalacia,

. The determination of phosphate in serum
’s essentially a measure of inorganic phos-
phate in plasma and other extracellular
fluids, since the concentration of organic
phosphate esters in serum is extremely lIow.
The factors that normally regulate the con-
centration of phosphate in plasma must be
considered if the mechanisms which produce
bypophosphatemia are to be understood.

ese factors are intake of phosphate, de-
gree of intestinal absarption, uptake of phos-
Phate by bone, uptake of phasphate by tis-
sue cells and urinary excretion of phosphate.
i Hypophosphatemia can result from low
intake of phosphate or impaired intestinal
3bsorption. The former is only of theoretic
———

* Peduatric Division, Baltmore City Hospital, and

Department of i ~
Schoot of Mcédil:?g:mcs. Jobns Hopkins University
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interest in clinical states, since the human
dietary almost always contains an excess of
phosphate. Hypophosphatemia and rickets
can be produced experimentally in animals
even in the face of adequate vitamin D in-
take if the dietary phosphate is sufficiently
reduced. Acute hypophosphatemia may
occur in the child during periods of starva-
tion, and especially if carbohydrate is given
without phosphate. The serum-phosphorus
level under these conditions may be reduced
to less than 1 mg. per 100 ml., which indi-
cates that phosphorus may be taken up by
metabolizing cells even though extracellular
phosphate is depleted almost to the vanish-
ing point. Serum-phospharus levels are also
reduced during acute infections, and low
phosphorus intake may be a factor here, al-
though the hypophosphatemia of infections
has not been studied completely,

One of the actions of vitamin D is ta
increase the efficiency of intestinal absorp-
tion of both calcium and phosphorus.!* The
hypophosphatemia of vitamin D deficiency is
due in part to the lessened intestinal ab-
sorption of phosphate. Absorption of phos-
phorus can also be reduced by feeding a
great excess of cations such as calcium or
aluminum, which form insoluble phosphates
in the intestinal tract. However, inadequate
intestinal absorption of phosphate is not the
sole explanation of the hypophosphatemia
of human rickets, since intestinal absorption
of phosphate, even by infants with vitamin
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pothese in re le mechanismo del resorption
ossee. Illo explica le solution del minerales,
collageno, e substantia fundamental del osso
al concentration del iones hydrogenic in le
fluidos del corpore. Iste hypothese suppone
que un substantia con forte affinitate pro
calcium es responsabile pro le solution del
mineral ossee. (3) Le regulation homeo-
static del concentration del jones de calcium
in le sanguine es attribuite a un duple mecha-
nismo. Il existe un rapide motion de iones
de calcium in ambe directiones inter le san-
guine e le ossos, Iste motion es indepen-
dente del glandulas parathyroide, e le equi-
librio inter le sanguine e le fraction labile del

mineral ossee es adequate pro mantener le
nivello seral de calcium a circa 7 mg. per
100 cm:® Le hormon parathyroide, que
mobilisa le mineral ossee in solmente un
direction, ha le effecto de elevar le nivello
seral de calcium a circa 10 mg. per 100 cm.?
e de mantener iste nivello per medio de un
mechanismo de action retrorse. Le nivello
del iones de calcium servi como stimulo del
glandulas parathyroide, € isto resulta in un
regulation del liberation de calcium a in le
(4) Es pr te un breve revista
del question del relation inter le glandulas
parathyroide e morbos ossee e del manifesta-
tiones clinic de hyperparathyroidismo.




The Varieties of Rickets and Osteomalacia
Associated with Hypophosphatemia

Harotp E. HARRISON, M.D.*

A group of disorders of skeletal calcifica-
tion can be separated in which hypophospha-
temia is one of the fundamental physiologic
defects. If the concentration of inorganic
phosphate in extracellular fluids is markedly
reduced, phosphate in bone matrix cannot
be concentrated to levels needed for precipi-
tation of bone salt. In the growing subject,
deposition of bone salt fails to keep pace
with the growth of cartilage and the forma-
tion of new matrix, so that the pathologic
changes of rickets result. In the adult the
failure of calcification of matrix in the meta-
bolically active, although no longer growing,
bone results in osteomalacia.

The determination of phosphate in serum
is essentially a measure of inorganic phos-
phate in plasma and other extracellular
fiuids, since the concentration of organic
phosphate esters in serum is extremely low.
The factors that normally regulate the con-
centration of phosphate in plasma must be
considered if the mechanisms which produce
hypophosphatemia are to be understood.
These factors are intake of phosphate, de-

gree of intestinal absorption, uptake of phos-
phate by bone, uptake of phosphate by tis-
sue cells and urinary excretion of phosphate.
. Hypophosphatemia can result from low
intake of phosphate or impaired intestinal
absorption. The former is only of theoretic
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interest in clinical states, since the human
dietary almost always contains an excess of
phosphate. Hypophosphatemia and rickets
can be produced experimentally in animals
even in the face of adequate vitamin D in-
take if the dietary phosphate is sufficiently
reduced. Acute hypophosphatemia may
occur in the child during periods of starva-
tion, and especially if carbohydrate is given
without phosphate. The serum-phosphorus
level under these conditions may be reduced
to less than 1 mg. per 100 ml, which indi-
cates that phosphorus may be taken up by
metabolizing cells even though extracellular
phosphate is depleted almost to the vanish-
ing point. Serum-phosphorus levels are also
reduced during acute infections, and low
phosphorus intake may be a factor here, al-
though the hypophosphatemia of infections
has not been studied completely.

One of the actions of vitamin D is to
increase the efficiency of intestinal absorp-
tion of both calcium and phosphorus.’* The
hypophosphatemia of vitamin D deficiency is
due in part to the Iessened intestinal ab-
sorption of phosphate. Absorption of phos-
phorus can also be reduced by feeding a
great excess of cations such as calcium or
aluminum, which form insoluble phosphates
in the intestinal tract. However, inadequate
intestinal absorption of phosphate is not the
sole explanation of the hypophosphatemia
of human rickets, since intestinal absorption
of phosphate, even by infants with vitamin
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TABLE 1. PHOSPHORUS METABOLISM OF
BREAST-FED RACHITIC INFANT As
INFLUENCED BY VITAMIN D*

TABLE 2, CALCULATED TUBULAR REABSORP-
TION OF PHOSPHATE IN A RACHITIC INFANT
BASED ON DETERMINATIONS OF ENDOGE-
NOUS CREATININE CLEARANCES AND URINE-

pemiop | INTAKE 155,"‘:;‘57;‘1’;,1 RerenTion PHOSPHATE EXCRETION DURING INTRAVE-
mg./day mg./day mg./day  NOUS INFUSION OF PHOSPHATE, TUBULAR
- — p . REABSORPTION CALCULATED As MG./100
6 2 + 34
i h P T ML. OF GLOMERULAR FILTRATE.
5 113 16 25 + 72 v
g ;g; g ﬁ +1§§ CREATININE  SERUM P ReaBsorsED
o 3 + CLEARANCE EXCRETED mg./100 mi.
127 13 +112 Period ml/min mg /100 ml. mg /min. G.F.
* Taken from data of Liu, S. H., et al15 Active Rickets
1 Vitamin D begun at start of this period. 1 40 2.5 0.39 1.58
. . . 2 47 2.5 0.43 1.64
D deficiency, ordinarily is sufficient to pro- 3 52 30 081 144
vide for the phosphate requirements if phos- g g; 228 ;;‘3 }2;
phate loss in the uring were minimal. This 6 36 7.0 227 0.75
is
j sh'own clearly .by (he.ph_osphare l?a]an.ces Healed Rickets—Following Vitamin D T
of Liu and associates'® in infants with vita- 1 39 6.1 0.64 450
min D deficiency (Table 1). In the breast- 2 46 6.1 088 4.18
fed rachitic infant vitamin D redu ine- 3 hed 67 119 432
duced urin i 37 o1 181 412

phosphate loss, and this in conjunction
with increased intestinal absorption aug-
mented phosphate retention. Similar find-
ings occurred in the osteomalacic mothers
and were associated with rise of serum phos-
phorus,

The regulation of serum-phosphate levels
by the kidney depends on the relationship
between glomerular filtration rate and renal
tubular reabsorption of phosphate, since
plasma phosphate is filtrable and a consider-
able fraction of the filtered phosphate nor-
mally is reabsorbed by the renal tubules.
Marked reduction of the glomerular filtra-
tion rate leads to increased levels of phos-
phorus in serum. On the other hand, re-
duced twbular reabsorption of phosphate
with normal glomerular filtration rate results
m dimumshed concentrations of phosphorus.
Renal tubular reabsorption of phosphate is
low 1n vitamin D deficiency rickets and os-
teomalacta and is increased by vitamin D
administr won  This phenomenon has been
demonstrated expenimentally®® and can be
shown to ovcur in rachitic infants (Table 2).
Whether '« 1s a direct effect of vitamin D
upon ret ' rubular metabolism or an in-

direct effect mediated through parathyroid
activity remains the subject of speculation.
Renal tubular reabsorption of phosphate is
inhibited by parathyroid hormone, so that
excess parathyroid activity is associated with
reduced concentrations of phosphorus in
serum and lack of parathyroid activity by
high levels of serum phosphorus. Therefore,
Albright and Reifenstein® have suggested
that the apparent antagonism between vita-
min D and parathyroid hormone in this
respect could be the result of excess parathy-
roid secretory activity in vitamin D deficient
states with inhibition by vitamin D adminis-
tration. However, more recently it has been
shown that renal amino-aciduria also occurs
in vitamin D deficiency states,'* suggesting
an effect of vitamin D upon the renal twbu-
far mechanisms for reabsorption of amino-
acids as well as phosphate, which may favor
the hypothesis of a more direct action of
vitamin D upon renal tubule ccll metabo-
hism.

The variations of serum-phosphate Ievels
with age may also reflect age diferences
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with respect (o the balance between glo-
merutar fltration rate and renat tubular
reabsorption of phosphate. In the prema-
wrely born infant, serum-phosphorus levels
of 8 or 9 wg. per 100 ml. arc found fre-
quently. In the full-term infont, concentra-
tions of this magnitude may occur, but usu-
ally the levels range between 6 and 7 mg.
pee 100 ml. n ater infancy and childhood,
the levels diminich o between ¢ and § mg.
per 100 mi. Following adolesecnce, the
serum-phospharus  concentrations drop to
the normat adult levels of 3.0 1o 4.0 mg,
per 100 ml. 1n the subject with hypopitul-
tarism, serum-phosphate concentrations are
reduced, and in hyperpituitarism with acro-
megaly, the sesum-phosphorus levels are
higher than in the normal adult.

VITAMIN D DEFICIENCY RICKETS

This nutritionat disturbance, which once
was sa common in infants liviag in cities of
the Jatitude of the northern United States or
above, now is a rare clinical entity. An
intake of 400 units of vitamin D per day is
sufficient to prevent rickets in ever 90 per
cent of infants.’® Lack of exposure to the
ultraviolet radiation of sunlight is not im-
portant if this dose of vitamin D is given.
Such amounts of vitamin D can be given in
the form of a few draps of vitamin D con-
centrate or in a multivitamin preparation.
Evaporated milk, which is widely vsed for
infant fecding, is enriched with vitamin D,
50 that each can, which is equivalent to a
quart of reconstituted mulk, contains 400
units of vitamin D, Simifarly, the various
prepared-milk modifications for infant feed-
g are enriched with vitamun D Of the
relatively few cases of rickets seen m Balti-
mote during the fast decade, a number were
b}'east-fed infants who had not been given
Vitamin D supplements. In some instances
fallute to administer vitamin D was due to
the mistaken notion that human malk was
adequate nutnitionally in all respects and
that extra vitamin D was not required The

average vitamin D content of human milk is
not sufficient for the infant’s requircments,
although it is probable that the vitamin D
content of the mitk can be increased by ad-
ministering vitamin D to the mother or
exposing her to ultraviolet radiation,
Vitamin D deficiency rickets can also oceur
in infants with defects of fat absorption and
associated  failure of absorption of fat-
soluble vitamins. One cause of such mal-
absorption of vitamin D is exclusion of bile
from the intestines, as in congenital atresia
of the bile ducts, or the obstructive jaundice
ometi seen as a complication of con-
genital hemolytic discase of the newborn.
The author also has encountered o rare in-
stance of an apparent familial congenital
defect of fat absorption, Two siblings each
developed rickets by 12 months of age
despite ordinary intake of vitamin D. In
addition to cvidence of excessive fat in the
stools, the infants showed diminished pro-
thrombin activity resulting from impairment
of vitamin K absarption. A delect of vita-
min E absorption also was demonstrated.
Administration of larger amounts of vitamins
D and K corrected the clinical and the bio-
chemical evidences of fat-soluble vitantin
deficiency. The basis for the defective ab-
sorption of fat was not adequately explained.
Sometimes erroneous diagnoses of rickets
are made on the basis of skeletal changes in
the rapidly growing young infant. Cranio-
tabes, i.e., thin, easily indented areas in the
skull, may be an early sign of rickets, but
can also be seen in normal infants, particu-
farly under 3 months of age, Some promi-
nence of the costochondral junctions also
may be physiologic in the young infant.
Lateral bowing of the tibias is encountered
in normal infants, and this sometimes may
be quite sarked in the absence of any bio-
chemical or roentgenologic evidence of
rickets. The diagnosis of rickets should not
be mode unless there is biochemical evi-
dence, i e., reduction of the concentration of
serum phosphorus and, less regularly, of
serum calcium and an incrensed serum alka-
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line phosphatase activity. In addition, roent-
genologic evidence of a lag in calcification of
the epiphyseal cartilage should be present,
In the sequence of development of rickets,
histologic and biochemical changes precede
obvious roentgenologic evidence or clinically
demonstrable skeletal deformities,

At the present time the vast majority of
cases of rickets with skeletal changes of 2
degree which can be recognized clinically,
and particularly those cases with serious de-
formity, are not due to nutritional vitamin D
deficiency but to some endogenous meta-
bolic defect that leads to resistance to
vitamm D and lack of response to the usual
amounts of vitamin D administered prophy-
lactically. Some of the important categories
of rickets on this basis are described in the
following sections. All these various forms
of rickets unresponsive to usual amounts of
vitamin D are relatively uncommon but per-
haps now no rarer than true nutritional vita-
min D deficiency rickets.

FAMILIAL VITAMIN D RESISTANT
RICKETS

Familial vitamin D resistant rickets is a

hereditary metabolic defect in which there is

failure of the normal physiologic response to

vitamin D without other apparent physio-

logic disturbances. This defect is inherited

e & & &

FiG. “casesof
type. “adicate
,),Ec - affected

deformir

as a dominant characteristic, so that it may
be traced through successive generations as
well as involve one or more siblings. A
typical family tree js depicted in Figure 1,
and Figure 2 shows examples of the type of
bone changes seen on roentgenagram in the
rachitic child and in affected adults of the
family who never had been given large
doses of vitamin D, However, the severity
of the physiologic and the pathologic
changes may be quite variable, so that the
defect may not be recognized in some mem-
bers of the family unless they are studied
carefully, Biochemically the striking fea-
tures are marked hypophosphatemia, rela-
tively normal serum-calcium concentrations
and elevated alkaline phosphatase activity in
the rachitic children. Although hypocalce-
mia does not occur in these patients, a de-
fect of calcium absorption is present, so that
stool calcium is high and urine-calcium ex-
cretion is low. If sufficiently large doses of
vitamin D are given, increased efficiency of
caleium and phosphate absorption from the
intestine can be produced so that serum-
calcium Jevels and urine-calcivm excretion
are increased, but the serum-phosphorus
levels remain abnormally low. This is in
contrast with the response of the child with
ordinary rickets to physiologic doses of vita-
min D. In such children the serum phos-

{ {

rickets of
hree”



Familial Yitamin D Resistant Rickets 65

Fo. 2.

Roentgenograms of lower extremities of one of children with resistant

tickets of family disgrammed in Figure 1 in comparison with those of mother and

maternal grandmother,

(Left) Child, 3 years old, active richets. Serum Ca 9.5 mg./100 ml, serum P 2.6
mg./100 ml,, serum alkatine phosphatase 19 U. (Center) Mother, bowing of femora and
genu valgum. No obvious osteomalacia at present. Serum Ca 9.7 mg./100 ml., serum
P 2.4 mg./100 ml, serum atkahine phosphatase 4.6 U, (Right) Maternal grandmother,
bowing of femora and tibias with ostcomalacia and gross disorganization of bone struc-
ture. Serum Ca 11.2 mp./100 mg., serum P 1.8 mg./100 ml, serum alkaline phospha-

tase 5.5 U,

Phoms rises rapidly to normal levels follow-
Ing smalt doses of vitamin D, and, if a single
large dose of 600,000 units of vitamin D is
given, the serum phosphorus may rise to
concentrations above the usual average
values. Failure of the mechanism which
Tegulates serum-phosphorus concentrations
10 respand to vitamin D has suggested that
one of the fund: 1 defects in 1

tickets is impairment of renal tubular re-
absorption of phosphate. Studies of renal
xeretion of phosphate in such patients dur-
ig periads of phosphate infusion indicate
that renal rubular reabsorption of phosphate
5 reduced The reason for the failure of
Viiamin D to influence renal tubular reab-
Sorption of phosphate in this group of pa-
lients is unknown, but it 1s assumed that
there is 5 specific biochemical defect in renal
twbule cejs,

The clinical picture is somewhat variable,
Pending upon the severity of the process.
etardation of growth and obvious bony de-

Ry

formities of rickets may not be noted until
the child is between 1 and 2 years of age,
or even later in some instances. Progressive
skeletal chenges of rickets after the first
year of life in infants and children who have
received some vitamin D or have been ex-
posed to sunshine should suggest this syn-
drome. The author has followed from birth
an infant who developed vitamin D resistant
rickets, The mother had vitamin I resistant
rickets with residual deformities, and the
infant was the result of her first pregnancy.
The mother had received vitamin D supple-
ments during pregnancy, and at birth the
infant showed no abnormalities, and serum
calcium and phosphorus levels were normal,
Despite the feeding of 10,000 units of vita-
min D daily, hypophosphatemia, a rise in
alkaline phosphate activity and eatly roent-
genologic evidence of rickets developed by
6 months of age.

The treatment of this form of rickets con~
sists of extremely large doses of vitamin D
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line phosphatase activity. In addition, roent-
genologic evidence of a lag in calcification of
the epiphyseal cartilage should be present.
In the sequence of development of rickets,
histologic and biochemical changes precede
obvious roentgenologic evidence or clinically
demonstrable skeletal deformities.

At the present time the vast majority of
cases of rickets with skeletal changes of a
degree which can be recognized clinicaily,
and particularly those cases with serious de-
formity, are not due to nutritional vitamin D
deficiency but to some endogenous meta-
bolic defect that leads to resistance to
vitamin D and lack of response to the usual
amounts of vitamin D administered prophy-
lactically, Some of the important categories
of rickets on this basis are described in the
following sections. All these various forms
of rickets unresponsive to usual amounts of
vitamin D are relatively uncommeon but per-
haps now no rarer than true nutritional vita-
min D deficiency rickets.

FAMILIAL VITAMIN D RESISTANT
RICKETS

Famihal vitamin D resistant rickets is a

hereditary metabolic defect in which there is

failure of the normal physiologic response to

vitamin D without other apparent physio-

logic disturbances. This defect is inherited

as a dominant characteristic, so that it may
be traced through successive generations as
well as involve one or more siblings. A
typical family tree is depicted in Figure 1,
and Figure 2 shows examples of the type of
bone changes seen on roentgenogram in the
rachitic child and in affected adults of the
family who never had been given large
doses of vitamin D. However, the severity
of the physiologic and the pathologic
changes may be quite variable, so that the
defect may not be recognized in some mem-
bers of the family unless they are studied
carefully. Biochemically the striking fea-
tures are marked hypophosphatemia, rela-
tively normal serum-calcium concentrations
and elevated alkaline phosphatase activity in
the rachitic children. Although hypocalce-
mia does not occur in these patients, a de-
fect of calcium absorption is present, so that
stool caleium is high and urine-calcium ex-
cretion is low. If sufficiently large doses of
vitamin D are given, increased efficiency of
calcium and phosphate absorption from the
intestine can be produced so that serum
calcium levels and urine-calcium exeretic
are increased, but the serum-phosphor
levels remain abnormally low. This js
contrast with the response of the child 1
ordinary rickets to physiologic doses of

min D. In such children the serum -
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Fio. 3. Roentgenograms of patieat with clinical state resembling vitamin D resistant

richets with onset at 12 years of age. {Left) Distal radius and vina on jnirial cx‘amin:y
tion showing disorganized calcification of metaphyseal ends and geacralized demineraki-
zation, Serum Ca 10.6 mg./100 ml, serum P 3.8 mg./100 mi. (Right) Distal radius

and ulna after 12-month period of observation without fr

No impro

noted. Serum Ca 9.6 mg., 100 mi., scrum P 2.8 mg./100 mi, serum alkaline phospha-

tase 13.8 U,

milial vitamin D resistant rickets in that the
serum-calcium concentrations are in the Jow
normal range, 9 to 10 mg. per 100 mi,
“hile in some instances the serum-phos-
phozus levels are reduced to less than 2 mg.
et 100 mi Serum alkaline phosphatase
ectivity s moderately elevated. Balance
studies reveal poor intestinal absorption of
calcium and reduced excretion of calcium in
urioe. Intestinal absorption of phosphate
also is diminished, but renat clearances of
phosphate are high despite the extremely
Jow serum-phosphorus Jevels, indicating &
defect of the remal tubular reabsorptive
mechanism, which is important in the main-
tenance of normal serum-phosphorus levels.

The treatment of these patients is similar
o that of those with familial vitamin D re-
stant rickets, ie., admunistration of large
do%es of vitamin D—200,000 to 500,000
UmiS per day. Vitamin Dy or D, may be
used 1w equivalent dosage. The problem of
V“ﬁmm D toxicity is important, since these
Patients may develop hypercalcemua, hyper-
“leuria and renal injury on these dosages

of vitamin D, even though the rickets and
the osteomalacia may not be completely
healed. Dent® suggests that the dose should
be so regulated that the serum calcium is not
increased above 11.5 mg. per 100 mi. and
the urine-calcium excretion does not exceed
400 mg. per day. Striking improvement of
symptoms and recalcification of bone can be
achieved even though serum-phosphorus
levels remamn below the normal range.

Data and roentgenologic findings in a case
of apparent vitamin D resistant rickets and
osteomalacia beginning at adol e are
given in Figures 3 and 4, The manifestations
in this boy were milder than in other cases re-
ported, and there was symptomatic recovery
following vitamin D therapy, although roent-
genograms showed only partiaf healing. The
patient has failed to return for follow-up,
and the ultimate outcome is unknown.

RENAL TUBULAR ACIDOSIS WITH
RICKETS AND OSTEOMALACIA

This syndrome is also probably an inborn
error of renal tubule cell metabolism, al-
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and doses of 50,000 to 500,000 units daily
may be needed. No apparent difference in
response has been found with vitamin D>
(calciferol) or vitamin D (irradiated 7-
dehydrocholesterol). Interestingly enough,
dihydrotachysterol (Hytakerol) in amounts
of 1 mg. or more per day will also produce
healing of familial vitamin D resistant rick-
ets,’t*% although this compound has com-
paratively little antirachitic potency in true
vitamin D deficiency rickets. Familial vita-
min D resistant rickets can be treated suc-
cessfully with large doses of vitamin D, but
often treatment is difficult and requires ex-
tremely close supervision of the patient,
since the amounts needed are close to the
toxic range. The toxic quantity of vitamin D
in these subjects is not necessarily greater
than in normal individuals, although they
are so resistant to the physiologic effects of
the vitamin. Inadequate dosage results in
failure of complete healing and retardation
of growth, but excessive dosage causes hy-
percalcemia and kidney injury which may be
irreversible.  Treatment is controlled by
serum-calcium and urine-calcium determina~
tions and bone x-rays. A dose of vitamin D
which will produce complete healing by
x-ray without raising serum-calcium levels
above 12 mg, per 100 ml. or vrine-calcium
excretion above 200 mg. per day is the goal
toward which one strives. The serum-phos-
phorus levels usually remain below normal
with this treatment, and elevation of serum-
phosphorus levels above 4 to 5 mg,. per 100
ml. may be an indication of renal injury due
to hypervitaminosis D. In some instances
addition of phosphate to the diet’¥ or the
administration of sodium and potassium ci-
trates has been tried in an effort to hasten
healing without increasing the dose of vita-
min D to potentially toxic levels. However,
it is difficult to evaluate these expedients,
Following cessation of growth and fusion of
epiphyses, the vitamin D dosage can be de-
creased, although probably it is desirable to
continue vitamin D in amounts of 25,000 fo
50,000 units daily to prevent the develop-

ment of osteomalacic changes in late adult
life. This is particularly true of the women
who go through pregnancy and factation.

If the diagnosis is made early—and this
may be facilitated by the familial story—
adequate treatment with vitamin D will pre-
vent the deformities and the stunting of
growth characteristic of the untreated child.
If the diagnosis is not made until the second
year of life or later, significant deformities
may have developed and healing is so
slow that these deformities may progress.
Lateral and anteroposterior bowing of the
femora with genu valgum, and anterior bow-
ing and medial torsion of the tibias, may
cause serious disability. Then supracondy-
Jlar osteotomy may be required for a more
normal gait as well as for cosmetic reasons.
Complete healing of the rickets by x-ray
should be obtained before osteotomies are
done. It is also important to discontinue
vitamin D for several weeks prior and subse-
quent to osteotomy, since, if the large doses
of vitzmin D necessary to produce healing
are continued during the period of immobili-
zation, acute hypercalcemia and hypercal-
curia may occur.

VITAMIN D RESISTANT RICKETS
APPEARING AT ADOLESCENCE

Only a few instances of this rare entity
have been described. In essence these pa-
tients show no metabolic defect during in-
fancy and childhood, and growth and muscle
power are normal. Daring adolescence or
early adult Jife, bonc and joint pains, the
swelling of joints, especially the ankles, and
difficulty in walking develop. Severe muscle
weakness may occur, and in several cases
this has been marked enough to suggest a
diagnosis of progressive muscular dystro-

hy.s8  Generalized osteomalacia  with
Looser-Milkman zones and irregularity of
the metaphyscat ends of the bones are scen
on x-ray examination. The rachitic and the
osteomalacic changes can result in extreme
deformitics of spinc and extremitics, Bio-
chemically this syndrome is similar to fa-
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Fig. 3. Roentgenograms of patient with clinical state resembling vitamin D rcsis}ant
rickets with onset at 12 years of age. (Lefr) Distal radius and ulna on initial examina-
tion showing disorganized calcification of metaphyseal ends and generalized deminerali-
zation. Scrum Ca 10.6 mg./100 ml, serum P 3.8 mg./100 ml. (Right) Distal radius
and ulna after 12-month }Acriod of observation without treatment. No improvement
noted  Scrum Ca 9.6 mg./100 ml,, serum P 2.8 mg./100 ml,, serum alkaline phospha-
tase 13.8 U.

milial vitamin D resistant rickets in that the
serum-calcium concentrations are in the low
normal range, 9 to 10 mg. per 100 ml,
while in some instances the serum-phos-
phorus levels are reduced to less than 2 mg,.
per 100 ml. Serum alkaline phosphatase
activity is moderately elevated. Balance
studies reveal poor intestinal absorption of
calcium and reduced excretion of calcium in
urine. Intestinal absorption of phosphate
also is diminished, but renal clearances of
phosphate are high despite the extremely
low serum-phosphorus levels, indicating a
defect of the renal tubular reabsorptive
mechanism, which is important in the main-
tenance of normal serum-phosphorus levels.

The treatment of these patients is similar
1o that of those with familial vitamin D re-
sistant rickets, i.e., administration of large
do§es of vitamin D—200,000 to 500,000
Units per day. Vitamin D; or Dy may be
“§Ed in equivalent dosage. The problem of
Vilamin D toxicity is important, since these
Patients may develop hypercalcemia, hyper-
calcuria and renat injury on these dosages

of vitamin D, even though the rickets and
the osteomalacia may not be completely
healed. Dent® suggests that the dose should
be so regulated that the serum calcium is not
increased above 11.5 mg. per 100 ml. and
the urine-calcium excretion does not exceed
400 mg. per day. Striking improvement of
symptoms and recalcification of bone can be
achieved even though serum-phosphorus
levels remain below the normal range.

Data and roentgenologic findings in a case
of apparent vitamin D resistant rickets and
osteomalacia beginning at adolescence are
given in Figures 3 and 4. The manifestations
1 this boy were milder than in other cases re-
ported, and there was symptomatic recovery
following vitamin D therapy, although roent-
genograms showed only partial healing. The
patient has failed to return for follow-up,
and the ultimate outcome is unknown.

RENAL TUBULAR ACIDOSIS WITH
RICKETS AND OSTEOMALACIA

This syndrome is also Pprobably an inborn
error of renal tubule cell metabolism, al-
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though the hereditary pattern is quite differ-
ent from that of vitamin D resistant rickets.
Many of the cases reported have been iso-
lated ones without familial occurrence, al-
though there have been several examples
of siblings with this lesion, suggesting the
possibility of inheritance as a recessive char-
acter. The primary biochemical disturbance
is the failure of excretion of an acid urine,
and it is postulated that there is a defect of
the mechanism whereby H+ ions from the
renal tubule cells are exchanged for Nat,
K+, Catt and other cations in the glo-
merular filtrate. Since this mechanism in the
normal subject is inhibited by agents that
inhibit carbonic anhydrase activity, the pos-
sibility that a deficiency of carbonic anhy-
drase in renal tubule cells is the primary bio-
chemical lesion has been suggested, but
there is no actual proof of this. The urine of
these subjects is always neutral or alkaline,
and an excessive loss of bicarbonate in the
urine results, On the usual acid-ash diet
there is consequent depletion of extracellular
bicarbonate, so that a metabolic acidosis with
reduction of serum bicarbonate and eleva-
tion of serum chloride is found. The con-
currence of a hyperchloremic acidosis with
the excretion of a neutral or slightly alkaline
urine is the characteristic finding of renal
tubular acidosis. One of the important clini-
cal manifestations of the chronic acidosis is
retardation of growth. In addition, polyuria
with excretion of urine of low specific grav-
ity occurs, and this may be one of the first
complaints. Although a defect of water re-
absorption is found, the urine specific grav-

ity is not fixed at as low levels as those seen
in true diabetes insipidus. Impairment of
renal tubular reabsorption of phosphate and

conseq hypophosph in are associ-

ated with the chronic acidosis, and this is

the basis for the bony changes of rickets

and ostcomalacia seen in this syndrome.

Albright has suggested that excessive loss

of calcium in the unine is a primary factor

and that the defect of renal tubule reabsorp-

tion of phosphate is a manifestation of
hyperparathyroidism secondary to calcium
deficiency, but it is possible that primary
disturbance of renal tubular mechanisms is
responsible. A manifestation of extreme in-
terest is the nephrocalcinosis that may be
present. The calcification in renal tubules
may be sufficiently marked to be visualized
by x-ray, but despite striking nephrocalcino-
sis in the medulla of the kidney the glomer-
uli are not affected, and the glomerular
filtration rate can be normal. The renal cal-
cification has been thought by Albright* to
be due to the hypercalcuria, but another
possible mechanism has been suggested by
the finding that the urine of patients with
renal tubular acidosis is devoid of citrate"
although alkaline in pH. In the normal sub-
ject, urine citrate is increased if the urine is
made alkaline by feeding alkalinizing salts
and the citrate complexes with calcium re-
ducing the concentration of ionized calcium.
This increase of citrate in the normal sub-
ject may be of significance in preventing pre-
cipitation of calcium salts in alkaline urine,
and the defect of urine-citrate excretion in
renal tubular acidosis might be an important
factor in the production of nephrocalcinosis.
The initial complaints usually are poor
growth, polyuria and, if the process is not
recognized until the end of the first year of
life or later, rachitic deformities. The urinc
is found to have a relatively Jow specific
gravity and is neutral or alkaline in reac-
tion. No sugar or albumin or fixed clements
are found. Renal function studies indicate
normal glomerular filtration rate unfess de-
hydration occurs. Serum analyses reveal an
elevated concentration of chloride and a re-
duced bicarbonate level, and also low con-
centration of serum phosphorus with nor-
mal, or even high, levels of calcium. The
blood-urea nitrogen is normal if the child is
adequately hydrated. On x-ray examination
demineralization of bone with rachitic
changes at the metaphyses may be seen, and
caleific shadows in the kidney regions are
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visualized in those patients with marked
rena} calcinosis.  Intravenous  pycloprams
show a refatively normal pattern,
Treatment of this syndrome is mainly cor-
rection of the metabolic acidosis, anmd, if
the acidosis is overcome, these chifdren do
not sequire the very farge doses of vitamin D
needed for treatment of vitamin D resistant
rickets. The acidosis can be treated by pro-
viding enough cation, cither as sodium or
sodium plus potassium, so that an alkaline
urine can be excreted without depleting ex-
tracellular bicarbonate, Sodium bicarbonate,
lactate or citrate can be used as a source of
sodiom. If molar sodium lactate solution is
used, approximately 30 to 40 ml. per day is
required. These patients also have been
treated successfully with a solution of so-
divm and potassivm citrte.  The solution
that the author has used contains 1 mM. of
sedium, 1 mM. of potassium and | mM. of
citrate per mL.* It can be made palatable
by the use of a fruit-flavored syrup base, and
the large amount of base required ean read-
ily be given. The citrate solutions also may
ha\'e‘ the added advantage of some anti-
mchx‘tic effect by virtue of keeping calcium in
fcluh.on in the intestinal lumen and increas-
g Intestinal absorption of calcium and
Ph'mphoms. Approximately 30 to 50 cc. of
this solution per day, given in divided doses,
havs beer? adequate 1o correct the acidosis in
“:;:ﬁ}:zuems so treated. In any case, lf!c
dcmm‘f}' (}ose must be determined by serial
ination of serum chioride and bicar-
nefte until normat levels are achieved. Im-
5:":;;““} in well-being and appetite oceurs
aceeler ;2;105;5{ l; corrected, and growth is
meimam. s oses of vitamin D of ap-
50 are iﬁ .0{(})]() to 10,000 units per day
© nomzagl :", h @ serum phosphate returns
his amoums { a acu'!nsns Is corrected, but
—2ount of vitamin D will be relatively
* Citrie acid, 70 Gm,

1 citrate, 98 G,
Stasstsm eiteate, 108 Gm.

f e, 10
e up 10 1 liter in fruitflavored syrup base.

F16. 4. Distal radius and ulna following
& months of treatment with vitamin D,
200,000 U,day. Normal calcification of
newly formed bone, although shaft of bone
still is poorly mineralized. Serum Ca 10.6
mg. 0 mi, serum P 4.2 mg./100 mi,
serum alkaline phosphatase 8.2 U

ineflective il the agcidosis is not treated.
With adequate therapy, body growth and
skeletal calcification become normal. How-
ever, the underlying renal defect is not
cured, and cessation of treatment results in
recurrence of acidosis and hypophosphate-
mia. The polyuria also persists despite
correction of acidosis, and wurine-citrate
levels remain abnormally low. Although,
apparently, the renal calcinosis is not re-
versible, treatment may prevent or retard
progression,

If treatment has been started before the
rachitic changes have become severe, com-
plete healing of the rickets without deform-
ity can be attained. However, in some in-
stances such deformities as bowing of
femora and tbias and genu valgum may
become marked despite healing of the
rachitic changes by x-ray, and then osteot-
omy may be reguired for correction of
deformity. Figure S shows growth curves of
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two children with renal tubular acidosis. In
one case the acidosis was adequately treated,
and normal growth and skeletal calcification
resulted. In the other, treatment was spo-
radic, resulting in the stunting of growth and
incompletely healed rickets.

THE FANCONI SYNDROME

This name has been applied to a group of
clinical states in which the common denomi-
nator is renal glycosuria, remal amino-
aciduria and hypophosphatemia with asso-
ciated rickets and osteomalacia.® In this
syndrome is found the most pbvious sugges-
tion that hypophosphatemia is the result of
impaired renal tubular function, since the
glycosuria and the amino-aciduria are also
evidences of renal tubular dysfunction. The
renal tubular injury may be the result of
diverse agents, whether congenital or ac-
quired, so that actually there are a number
of distinct forms of the Fanconi syndrome.

The first of this group to be described is
now termed cystine-storage disease, or
Lignac-Fanconi disease.* This is a congeni-
tal and hereditary disorder of metabolism,
and the transmission is characteristic of a
recessive gene. The parents of children with
this disease are normal clinically and show
no biochemical disturbances by ordinary
methods of examination. In the affected
children, clumps of cystine crystals are
found in macrophages of bone marrow, liver,
spleen, Iymph nodes, kidney and other tis-
sues In addition to demonstration of cystine
deposits in tissue by biopsy, cystine crystals
can be found in the cornea by slit-lamp
microscopy, and this is a useful diagnostic
test. This cystinosis is presumably the carli-
est_manifestation of the primary metabolic
abnormality, and the evidences of renal
wbular injury appear after cystine deposits
in ussue are demonstrable. Infants of af-
fected families have been followed from birth
on? and the renal glycosuria and amino-
aciduria and the hypophosphatemia were

not found until about 6 months of age and
were preceded by evidences of cystine dep-

osition in tissue. On the other hand, an
anatomic abnormality of the renal tubules in
this syndrome has been demonstrated by
Clay, Darmady and Hawkins,” who suggest
that there is a congenital anomaly of devel-
opment of the proximal convoluted tubule.

Usually the patients are seen in the first
year of life because of poor growth associ-
ated often with frequent infections. By 12
to 18 months of age clinical as well as roent-
genologic evidences of rickets develop, and
in the milder cases the initial complaint may
be rachitic deformities of the lower extremi-
ties with awkwardness of gait. Characteristic
rachitic changes are found on roentgeno-
gram, The serum shows normal or low
serum-calcium concentrations with markedly
reduced serum-phosphorus levels. Blood-
sugar and amino-acid levels are normal, but
glucose and amino acids are found in urine
in excessive amounts. The amino-aciduria is
generalized with increased excretion of all
the amino acids found normally in plasma.
Demonstration of amino-aciduria by the
paper chromatographic technic is one of the
major contributions to the study of this dis-
ease. However, generalized amino-aciduria
may also be found in ordinary vitamin D de-
ficiency rickets'® but usually quantitatively
less marked than in the Fanconi syndrome.
A mild metabolic acidosis has been scen in
cystine-storage disease, but the urine also
is acid, and by careful study this syndrome
can be separated from renal tubular acidosis
with rickets. The demonstration of cystine
storage in tissues is, of course, pathogno-
monic. Excessive urine loss of potassium
with low levels of serum potassium may on
occasion be of importance but is not seen in
all patients.

Ordinarily the clinical picture is onc of
progression. Although in the early stages the
renal lesion is primarily tubular, diffuse
scarring of the Kidneys occurs in the later
stages, and severe renal insufficiency may be
a terminal phenomenon. In addition, hepatic
cirrhosis may occur. Frequently death re-
sults from superimposed infection.
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Despite the generally unfavorable course
of the disease, the hypophosphatemia and
the rickets can be healed by administration
of vitamin D; doses of 25,000 to 50,000
units will be adequate for this purpose. In
addition, the use of sodium and potassium-
citrate solutions of the type used in renal
tubular acidosis may also be of value, par-
ticularly in those patients with chronic acido-
sis and hypokalemia, Improvement of growth
may follow such treatment, and reduction of
the amino-aciduria and the glycosuria has
been reported to occur following vitamin D
and citrate therapy. However, no effect of
therapy upon cystine accumulation in tis-
sues has been noted.

The Fanconi syndrome may also be due to
causes other than cystinosis. The manifesta-
tions of renal glycosuria, generalized amino-
aciduria, hypophosphatemia and rickets or
osteomalacia have been found in older chil-
dren and adults who had no apparent dis-
turbances of growth or bone development in
infancy. In these cases with later onset of
disease cystine crystals are not found in the
reticulo-endothelial system.® In some of
these patients, congenital metabolic defects
may be the underlying factor, but in others
it is possible that the renal tubular dysfunc-
tion is on an acquired basis. Renal amino-
aciduria and glycosuria can be produced by

exposure to heavy metals such as lead, cad-
mium, uranium and mercury,® and a case of
Fanconi syndrome with hypophosphatemia
and rickets due to lead poisoning has been
reported.” Experimentally renal tubular dys-
function, manifested by renal glycosuria,
amino-aciduria and phosphatemia, can be
produced in animals by injections of maleic

acid,’ and amino-aciduria has been found
in patients with a variety of metabolic dis-
turbances with and without hypophospha-
temia and disorders of calcification. How-
ever, in the cases of Fanconi syndrome
reported in adults, as well as most of those
seen in later childhood, no known etiologic
factor has been demonstrated

Usually the presenting manifestations of
this type of Fanconi syndrome are the de-

formities and signs of rickets and osteo-
malacia, despite an ordinarily adequate
intake of vitamin D and calcium. Serum
analysis reveals hypophosphatemia, and, on
urine examination, glycosuria and amino-
aciduria can be demonstrated. Treatment
with moderately large doses of vitamin D,
up to 50,000 units per day, usually will suf-
fice to produce good skeletal calcification
with abatement of symptoms. These pa-
tients do not show the complications of
renal and hepatic insufficiency seen in
cystinosis.

HYPOPHOSPHATASIA

Actually this clinical and biochemical syn-
drome is not properly included in the skele-
tal disorders resulting from hypophospha-
temia, since hypophosphatemia is not neces-
sarily observed in this entity. However, it is
mentioned since the manifestations are those
of a disturbance of skeletal calcification that
starts in infancy and may be confused with
rickets.!"1 The bony deformities resemble
those of rickets, and the roentgenogram
shows marked disorganization of calcifica-
tion at the metaphyseal ends of the bones.
The striking biochemical finding is marked
reduction of serum alkaline phosphatase ac-
tivity, which is of course the reverse of what
is found in the various forms of rickets. The
serum-phosphorus concentrations usually are
in the normal range. No consistent change in
serum-calcium concentrations are found, but
abnormally high levels, up to 12 to 15 mg.
per 100 ml., have been recorded occasionally
in such patients.

The disease probably is hereditary with
lack of alkaline phosphatase in tissues as
well as in serum, and deficiency of phospha-
tase activity in osteoblasts is considered to
be the basis for failure of calcification of
bone. Presumably the full-blown disease
represents the homozygous state for the ab-
normal gene. Parents of an affected child
may show an abnormally low serum alkaline
phosphatase activity without bony change.
Spontaneous improvement with more normal
caleification of bones tends to occur as the
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Fig. 5. Growth curves of children with renal tubular acidosis and hypophosphatemic
rickets.

(Left) Diagnosis at 2 years of age with findings of hyperchloremic acidosis, florid
rickets and stunting of growth. Treated with 40 ml molar sodium lactate solution and
50,000 umsts vitamin D daily with correction of acidosis and healing of rickets, Note

and of normal growth over period of 7 years with continued
treatment and careful control of acidosis, No nephrocalcinosis d rable, No resid-
val bony deformities.

(Righi) Diagnosis at 3 months of age with findings of hyperchloremic acidosis and
poor growth Initial response to treatment with sodium lactate and 5,000 units vitamin
D daily. Between 3 and 4 years of age treatment was allowed to lapse (left-hand
arrow), and subsequent control was poor. Growth was markedly retarded, and active
rickets was present at 10 years of age. Treatment with sodium polassium citrate solu-
tion started (night-hand arrow) without change n vitarun D dosage. During next 6
months rickets healed, and suggestive spurt of growth was noted. Nephrocalcinosis
present by roentgenogram, and severe deformities of lower extremuties have developed
n this boy.
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Le Varietates de Rachitis e de Osteomalacia Associate con Hypophosphatemia

Summario in Interlingua

Es describite un gruppo de disordines de
calcification 1 que hypophosphatemia es un
importante defecto physiologic. Le carentia
de phosphato inorganic es associate con un
disbalancia inter le production del matrice
ossee € le deposito de sales ossee con le
resultante manifestationes pathologic e clinic
de rachitis e de osteomalacia. Inefficacia
del absorption de phosphato insimul con
calcium ab le vias intestinal pote esser un
factor significative in le genese de hypophos-

phatemia, sed etiam importante es le dis-
turbation del functiones del tubulos renal
quanto al reabsorption de phosphato jam
filterate per le glomerulos, Rachitis hypo-
phosphatemic, per consequente, pote esser
le resultato de disordines primari in le
functiones del tubulos renal.

Rachitis ¢ osteomalacia causate per un
carentia dietari de vitamina D se incontra
rarmente in nostre dies. Sed carentia de vita-
mina D in consequentia de steatorrhea e
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F1G. 5. Growth curves of children with renal tubular acidosis and hypophosph
rickets.

(Left) Diagnosis at 2 years of age with findings of hyperchloremic acidosis, florid
rickets and stunting of growth. Treated with 40 ml molar sodium lactate solution and
50,000 untts vitamin D daily with correction of acidosis and healing of nckets Note
resumption and maintenance of normal growth over period of 7 years with contmued
treatment and careful control of acidosis No nephrocalcinosis demonstrable. No resid-
ual bony deformuties.

(Right) Diagnosis at 3 months of age with findings of hyperchloremic acidosis and
poor growth, Initial response to treatment with sodium lactate and 5,000 units vitamin
D dally. Between 3 and 4 years of age treatment was allowed to lapse (left-hand
arrow), and subsequent control was poor. Growth was markedly retarded, and active
rickets was present at 10 years of age. Treatment with sodum potassium citrate solu-
tion started (right-hand arrow) without change in vitamin D dosage. During next .6
months rickets healed, and suggestive spurt of growth was noted. Nephrocalcinosis
prc;cnt by roentgenogram, and severe deformities of fower cxtremitics have developed
1 this boy.
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Anabolic Steroid Therapy for the Protein
Depletion and Osteoporosis Induced
Corticoid Hormones*

EpwarDp C. REIFENSTEIN, JR,, M.D.

Corticoid materials (adrenocorticotropic
hormone [ACTH]}, hydrocortisone [Cortisol],
cortisone and related steroids with glucocor-
ticoid activity) have dramatic beneficial
effects in patients with a variety of condi-
tions. Frequently these agents also have ad-
verse effects upon protein and osseous tis-
sues. The purpose of this discussion is to
review these unfavorable effects and some of
the evidence supporting the use of anabolic
steroid therapy to control them,

THE EFFECTS OF CORTICOID
HORMONES

In Cushing’s syndrome, in which an ex-
cess of cortical hormones is present because
of endogenous disturbances in adrenal corti-
cal function,!.%143 evidences of these unfavor-
able effects include a thin red skin with pur-
plish striae, easy bruisability, weakness,
marked muscular wasting and relaxation of
the abdominal wall;1.% a negative nitrogen
balance in metabolic studies;!457 hyper-
calcuria;*® and osteoporosis (atrophy of
bone from inadequate protein matrix forma-
tion) %% Osteoporosis is one of the most
common serious manifestations of Cushing’s
syndrome, being present in abount 90 per
cent of cases,26:4°

* From the Medical Division, The Squibb Insti-
tute for Medical Research, E. R. Squibb & Sons
Division, Olin Mathieson Chemical Corporation,
New York; and the Department of Medicine, New
York Medical College, Flower and Fifth Avenue
Hospitals, New York, New York

In nonendocrine disorders (rheumatoid
arthritis, asthma, pemphigus, lupus erythe-
matosus and similar conditions), in which
an excess of cortical hormones is present
because of chronic corticoid therapy, the
same adverse effects have been observed on
protein and osseous tissues: thin skin, easy
bruisability, weakness, muscular wasting,
hypercalcuria and ostéoporosis,11,14-17,19,21,
22,27,29,40,46,54,58,66,69-72,77,18,80,82,84 A partial
survey of recorded cases on chronic corticoid
therapy revealed 38 patients who developed
spontaneous fractures while on medication.’?
These fractures usually involved vertebrae
and occurred in 20 adults after an average
of 37 Gm. (range 3.4 to 88.2 Gm.) of corti-
coid materials administered over an average
of 471 days (range 34 to 1,148 days). In
6 children the fractures appeared after an
average of 17 Gm. (range 4.9 to 47.5 Gm.)
of therapy during an average of 218 days
(range 71 to 478 days). The data on those
individuals whose ages were recorded (17
adults and 6 children) are given in the table
on page 76 which is compiled from a de-
tailed analysis published elsewhere.63 The
spontancous fractures following corticoid
therapy are particularly frequent in (1) pa-
tients with pre-existing osteoporosis, (2)
persons of middle and advanced age, (3)
postmenopausal women, (4) children, (5)
individuals with marked restriction of physi-
cal activity or enforced bed rest, and (6)
patients who are given corticoid materials in
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non-absorption de vitamina D es un occur-
rentia possibile.

Le majoritate del casos de rachitis e
osteomalacia nunc diagnosticate es le effecto
de endogene defectos metabolic que resulta
in Ie absentia del responsa normal a quanti-
tates physiologic de vitamina D. Le plus
commun de iste innate errores del metabo-
lismo es Familial Rachitis Resistente a
Vitamina D. Isto es un disordine hereditari
que se transmitte como dominante mende-
lian, 1 occurre grande variationes in le
severitate del processo de maniera que sever
formas de rachitis e arresto de crescentia se
incontra in certe juveniles durante que altere
patientes manifesta solmente moderate re-
tardation del crescentia con leve alterationes
[ lacic. Le tr ) require grande
doses de vitamina D, a vices proxime al
limine de toxicitate. €s etiam describite un
disordine simile a Familial Rachitis Re-
sistente a Vitamina D sed sin historia de
incidentia familial e con declaration al ado-
lescentia.

Acidosis reno-tubular con hypophospha-
temia e rachitis es etiam un defecto con-
genite ben que le schema del transmission
hereditari es obscur. Acidosis hyperchlo-
remic e polyuria con crescentia atrophic es
constatationes importante. Le tractamento
del acidosis con citrato de natrium e kalium

o altere fontes de un excesso de cationes
pote resultar in un curation symptomatic
ben que I subjacente defecto tubular non
es eliminate,

Le syndrome de Fanconi representa un
constellation de glycosuria renal, amino-
aciduria renal, phosphaturia renal, e hypo-
phosph rachitis o osteomalacia. Isto
pote esser le resultato de un hereditari
disordine metabolic associate con deposition
de cystina in le histos (declarate in le in-
fantia del patiente) o de un insulto del
tubulos renal de origine incognite (occur-
rente plus tarde in le vita). Le forma
familial del syndrome de Fanconi, debite a
dysfunction del immagasinage de cystina, es
transmittite como recessivo mendelian. Le
occurrentias sporadic de syndrome de Fan-
coni sin Cystinosis, que es incontrate in
individuos de etates plus avantiate, exhibi
nulle tendentia familial. Le differentiation e
le trac y de iste conditiones es discu-
tite.

Assi il es nunc possibile separar un
numero de disordines de calcification asso-
ciate con defecto del function del tubulos
renal e con hypophosphatemia. Le modo de
tractamento e le prognose differe in le dif-
ferente disordines. Isto explica Ie impor-
tantia del differentiation inter iste varie
formas de rachitis e osteomalacia,
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coming the deleterious effects through a fa-  coid hormones over anabolic steroids aceurs
vorable action in the opposite direction (sce  in Cushing’s syndrome;t%4% and a relative
Fig. . excess of endogenous corticoid hormones

over anabolic steroids occurs in the normal
CONDITIONS WITH AN EXCESS child, 3% in older persons,#335.367¢ jn

OF CORTICOID HORMONES the postmcnopnus:ll State™130.35,36,38 and in
An absalute excess of endogenous corti-  hypogonadism  associated  with  normal

Normat Normal
Catahalis Anatalism

)
[

EXCESS
CORTICAL STERDIDS (CS)
TREATED WITH
ANABOLIC STEROIDS (AS)

Fi6. 1. Schematic diagrams sllustrating the ratwonale for the use of anabalic steroids in
controlting the adverse effects of corticoid hormones upon protein and osseous tissues,
i The rectangles represent the tissues {protein or osseous) and the metabolic pool; the
size of the rectangles represents the total quantity of the mass of protein or osseous tissues
an§ the total quantity of material in the metabelic pool: the arrows represent the meta-
bolic p , anabolism and catabohism; and the size of the arrows represents the rates of
(h‘ese metabolic processes. C 8. = cortical steroids; A.S, = anabolic steroids. The syringe
vi"h C.S. = cartical steroids of exogenous origin; the circle labeled adrenal cortex and
8. = cortical steroids of endogenous origin; the syringe with A.S. = anabole stesoids
i exogenous arigin,

The diagram has 3 divisions: (A) the normal total mass of protewn or osseous fissues
that results from the dynamic equiltbrium between these tissues and the metabolic pool
when the rates of anabolism and catabolism are both normal, (B) the decreased total
mass of protein or osseous tissues that results when the rate of anabolism is decreased
h}' lhg antanabolic effect of excess cortical steroids of endogenous or exogenous origin
(in this division the rate of catabolism 15 normal); and (C) the partially restored total
mass of protetn or osseous tissues that results when the antianabolic effect of the excess
¢ortical hormones on the rate of anabolism is offset by the stimulating effect of anabolic
i}eron.ds of exogenous origin on the rate of anabolism (ip this dwvision the rate of catabo-
Tism is vorsal), (Reifenstein, E. C, Ir.. South. M. 1. 49:933.960)

EXCESS
NORMAL CORTICAL STERDIDS (CS)
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large amounts and/or for prolonged periods.
In one study, two thirds of 21 asthmatic
patients on chronic corticoid medication de-
veloped hypercalcuria, and one had spon-
taneous fractures.”® Negative nitrogen and
phosphorus balances have been induced by
corticoid hormones in human metabolic
studies.®29:43,525%70,71  In animals, corticoid
materials may have adverse effects upon pro-
tein tissues and growth,1%1539.67.53 Ji 5 be-
lieved®® that these unfavorable manifesta-
tions of corticoid hormones are the result of
an antianabolic rather than a catabolic effect
upon protein and osseous tissues,

THE EFFECTS OF GONADAL
HORMONES

The gonadal hormones androgen and es-
trogen have a stimulating effect upon the
growth of protein and osseous tissues. This
favorable action is manifested by marked
growth in height, weight, musculature,
strength and bone in male patients with ex-
cessive amounts of endogenous androgen
arising from Leydig cell tumors of the
testis;!*7%.8¢ gccasionally by rapid accelera-
tion of skeletal growth and excessive somatic
development in female patients with abnor-
mally increased amounts of endogenous es-
trogen arising from granulosa cell tumors of
the ovary;™1.8¢ by somatic alterations with
an increase in musculature, weight and ma-
ture bone in hypogonad male individuals
whose endogenous androgen production has
been accelerated by the administration of
chorionic gonadotropin;*4%52 and by an in-
crease in muscle mass, weight, height and
bone maturation in eunuchoid males treated
with potent androgenic compounds,!142%
and in sexually underdeveloped females
treated with potent estrogenic hormones.*7
Positive balances of nitrogen and other con-
stituents of protein (in the proper propor-
tions for protein tissues)#2445%51.6457 and of
calcium and phosphorus (in the proper pro-
portions for osseous tissues)®325° have been
induced tn human metabolic balance studics
with androgens$? 95764 and estrogens ** ™

Testosterone compounds have a greater
effect upon protein structures, estradiol
steroids have a greater effect upon bone, and
the combination of androgens and estrogens
has the most marked effect upon osseous
tissues.>%.545 These anabolic responses to
steroids occur regardless of the state of the
endocrine glands,®® and even in patients on
an inadequate protein and caloric intake who
are utilizing tissue proteins for energy.”+*4"
In animals, the anabolic effects of androgens
and/or estrogens have been demonstrated in
many species.” It is believed®® that these
stimulating effects of gonadal hormones are
the result of an anabolic rather than an anti-
catabolic effect upon protein and osseous
tissues,

THE EFFECTS OF ANABOLIC
GONADAL STEROIDS IN
COMBINATION WITH
CORTICOID HORMONES

When anabolic gonadal steroids arc ad-
ministered simultaneously with corticoid ma-
terials, the adverse effects of the latter are
prevented or minimized if suitable doses are
employed. The favorable effect of such ana-
bolic therapy is attested by the improvement
in the clinical manifestations of Cushing’s
syndrome following the administration of
ﬂndmgensl—s,h,c,x:,:o,:x1,35_45,07,61,01,10,)\; or es-
trogens;5:223,3187T3-614 by the induction of
positive balances of protein and osseous tis-
sue constituents with these hormones alone
and in combination jin Cushing's syn-
drome;"\"-5:“-”'5“v5”-“‘-“"7‘7-7‘-" by the induc.
tion of similar positive balances with anabotic
steroids in patients receiving (fhronic cor-
ticoid therapy;™*® and by the chminalion.u(
corticoid-therapy-induced hypercalcuria with
simultaneous anabolic steroid medication 34
The evidence indicates that the simultancous
administration of anabolic hormones does
not interfere with the beneficial effects of
the corticaid materials upon the underlying
disease A 1827940847278 Tt js believed™ that
the anabolic steroids counteract the adverse
effects of the corticoid hormones by over-
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tomy is the main therapeutic procedure for
persistent and/or severe Cushing's syndrome,
anabolic steroids are indicated preoperatively
to protect the tissues from further depletion
and to initiate the restorative processes;
after operation, such patients should be
placed upon anabolic steroid therapy at least
until the adverse cffects upon protein and
osscous tissues are climinated. It should be
noted that in those patients with Cushing's
syndrome resulting from a malignant adrenal
cortical tumor, anabolic steroids are not rec-
ommended, since they may stimulate the
growth of the neoplastic lesion.
Furthermore, the cvidence indicates that
anabolic steroids should be administered o
prevent the adversc cffects upon protein and
osseous tissues in patients who are being
started on a regimen of chronic corticoid
medication. The anabolic steroids should
be given for the entire period that the corti-
coid materials are being taken. Finally, the
evidence summarized above provides strong
support for the contention that to prevent
the development of protein depletion and
osteoporosis, anabolic steroids should be ad-
ministered to all persons who have passed
the prime of life and are becoming elderly,
to all women at and after the time of the
menopause, and to patients with hypogonad-
ism and normal adrenal cortical function.

The preventive usc of anabolic steroids is
indicated in those paticnts on minimal re-
placement doses of corticoid agents for
adrenal cortical insufficiency who in addition
have gonadal insufficiency. These individ-
uals lack sufficient endogenous anabolic
steroids to offset the adverse effects of corti-
coid hormones even when the level of the
corticoid substances is within the normal
range.

At present the combination of androgen
with estrogen provides the most potent and
practical anabolic preparation that is avail-
able for therapy. Such a combination has
the advantage (1) of adding the more
marked osseous-anabolic effect of the estro-
gen to the more marked protein-anabolic
effect of the androgen and (2) of reducing
the incidence of undesirable responses (of
the single-hormone type) in the genital
organs and the accessory sexual structures.
The preparation recently introduced as
Deladumone* (90 mg. of testosterone
enanthate and 4 mg. of estradiol valerate
dissolved in each milliliter [ec.] of sesame
oil) seems to meet the requirements very
satisfactorily. The usual dosage for ana-
bolic therapy is 1 to 2 milliliters (cc.);

* Made by E. R. Squibb & Sons Division, Olin
Mathieson Chemical Corporation, New York, N, Y.

AMOUNT AND DURATION OF CORTICOID THERAPY BEFORE THE ONSET
OF SPONTANEOUS FRACTURES IN CHILDREN AND ADULTS OF BOTH SEXES

AGE. AVERAGE

ToTAL THERAPY*  DURATION OF THERAPY

TYPE OF NUMBER OF AND RANGE BEFORE FRACTURE: BEFORE FRACTURE:
Patient PATIENTS (YEARS) AVERAGE AND RANGE  AVERAGE AND RANGE
(GM.) (DaAys)
Girls 2 4.5 53 97
(3-6) (4.9-5.72) (76-119)
Boys 4 8.5 22.8 279
(3-11) (7.09-47.5) (71-478)
‘Women 9 562 30.5 352
(45-70) (3.4-72.9) (34-865)
Men 8 61.1 42,7 605
(48-72) (7.3-88.2) (73-1148)
* Cortisone plus hy tisone plus ad ticotropic hormone (ACTH)
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adrenal cortical function.® An excess of
administered corticoid hormones over en-
dogenous anabolic steroids occurs with the
administration of these hormones in large
amounts and/or for prolonged periods.®
The balance between the anabolic and the
antianabolic steroids in various physiologic
and pathologic states is shown in schematic
diagrams in Figure 2.

INDICATIONS FOR THERAPY
WITH ANABOLIC STEROIDS

The evidence reviewed above indicates
that anabolic steroids should be administered
10 restore the protein and the osseous tissues
in patients who have protein depletion
and/or osteoporosis associated with Cush-
ing’s syndrome from benign lesions, old age,

P22 anreotic STEROIDS
S corTicaL STEROIDS
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the postmenopausal state, hypogonadism
with normal adrenal cortical function, and
chronic corticoid therapy. The administra-
tion of anabolic steroid therapy should be
continued until the depletion of protein and
osseous tissues has been corrected and the
excess of corticoid hormones has been elim-
inated. Therefore, in all patients with pro-
tein depletion and/or osteoporosis associated
with old age, with the postmenopausal state
and with hypogonadism and normal adrenal
corticoid function, treatment will be necded
through the balance of life. In patients who
are receiving chronic corticoid medication,
the administration of anabolic steroid ther-
apy should be continued until the depletion
of tissues is eliminated and/or the corticoid
medication is stopped. Although adrenalec-

®
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Fig 2. Schematic disgrams illustrating the balance between the effect of anabolic
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adrenal cortical function.®® An excess of
administered corticoid hormones over en-
dogenous anabolic steroids occurs with the
administration of these hormones in large
amounts and/or for prolonged periods®?
The balance between the anabolic and the
antianabolic steroids in various physiologic
and pathologic states is shown in schematic
diagrams in Figure 2.

INDICATIONS FOR THERAPY
WITH ANABOLIC STEROIDS

The evidence reviewed above indicates
that anabolic steroids should be administered
to restore the protein and the osseous tissues
in patients who have protein depletion
and/or osteoporosis associated with Cush-
ing’s syndrome from benign lesions, old age,
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the postmenopausal state, hypogonadism
with normal adrenal cortical function, and
chronic corticoid therapy. The administra-
tion of anabolic steroid therapy should be
continued until the depletion of protein and
osseous tisSues has been corrected and the
excess of corticoid hormones has been elim-
inated. Therefore, in all patients with pro-
tein depletion and/or osteoporosis associated
with old age, with the postmenopausal state
and with hypogonadism and normal adrenal
corticoid function, treatment will be needed
through the balance of life. In patients who
are receiving chronic corticoid medication,
the administration of anabolic steroid ther-
apy should be continued until the depletion
of tissues is eliminated and/or the corticoid
medication is stopped. Although adrenalec-
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a single intramuscular injection of this
amount has a potent anabolic effect which
is sustained for 3 to 4 weeks. Further-
more, the preparation appears to have an
optimal androgen-to-estrogen ratio; conse-
quently, only a very small percentage of pa-
tients of either sex respond to it with
undesirable masculinizing or feminizing
manifestations.

The adequacy of the anabolic steroid
dosage as corrective therapy for protein de-
pletion and/or osteoporosis in patients who
also are receiving chronic corticoid medica-
tion can be determined in most cases by
examining the urine repeatedly for hypercal-
curia (which indicates an adverse corticoid
hormone action upon bone). A rough esti-
mate of the calcium content of the urine can
be obtained by the use of the Sulkowich
Test. The amount of anabolic compounds
administered should be increased until the
urinary calcium excretion falls to the normal
range. The urinary calcium level should be
maintained in this range throughout the cor-
ticoid regimen by adjusting the anabolic
steroid dosage from time to time. When
anabolic steroids are employed as preventive
therapy, the dosage should be adjusted to
maintain the patient in an optimal clinical
state. Prolonged treatment is required, since
the underlying endogenous imbalance be-
tween anabolic and antianabolic steroids
continues to be present whenever the ana-
bolic steroid therapy 15 omitted.

SUMMARY AND CONCLUSIONS

1. Anabolic steroid therapy in adequate
amounts for sufficient time is indicated 0
restare the protein and the osseous tissues in
patients who have protein depletion and/or
ostcoporosts associated with Cushing’s syn-
drome from benign lesions, with old age,
with the postmenopausal state, with hypo-
gonadism and normal adrenal cortical func-
tion, and with prolonged and/or intensive
corticoid therapy.

2 Anabolic sterord therapy in adequate
amounts for sufficient time is indicated ro

prevent adverse effects upon protein and os-
seus tissues: (a) in patients who are being
started on a regimen of chronic corticoid
medication; and (b) in persons who are
becoming elderly, in women at and after the
menopause, and in patients with hypogonad-
ism and normal adrenal cortical function.

3. In patients who are receiving chronic
corticoid therapy, the anabolic steroid dos-
age should be maintained at an amount
which is sufficient to prevent hypercalcuria
(which indicates an adverse effect of corti-
coid hormone upon bone).

4. The combination of androgen with es-
trogen appears to be the most potent and the
most practical anabolic preparation now
available for either the treatment or the pre-
vention of the adverse effects of corticoid
hormones upon the protein and the osseous
tissues.
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Therapia a Steroides Anabolic in le Tractamento de Depletion Proteinic
e de Osteoporosis Inducite per Hormones Corticoide

Summario in Interlingua

Therapia a steroides anabolic, in quanti-
tates adequate e pro tempores sufficiente, es
indicate pro restaurar le proteina e le histos
ossee in patientes qui suffre de depletion
proteinic e/o de osteoporosis associate con
le syndrome de Cushing ab lesiones benigne,
con etates avanciate, con le stato postmeno-
pausal, con hypogonadismo € normal func-
tiones adrenocortical, ¢ con prolongate e/o
intense therapia corticoide.

Therapia a steroides anabolic, in quanti-
tates adequate e pro tempores sufficiente, e$
indicate pro prevemr effectos adverse super
le proteina e le histos ossee (a) in patientes
comenciante un regime de chronic medica-
tiones corticoide € (b) in personas con
manifestationes del avantiamento del etate,

in feminas al menopause € post illo, e in
patientes con hypogonadismo e normal func-
tiones adrenocortical.

In patientes sub chromic therapia corti-
coide, le dosage de steroide anabolic deberea
esser mantenite a un nivello sufficiente pro
prevenir hypercalcuria (que es un indication
de effectos adverse de hormon corticoide
super le 0ss0).

Un combination de androgeno con estro-
geno es apparentemente le plus potente ¢ Ie
plus practic preparato anabolic nunc dis-
ponibile tanto pro le tractamento como
etiam pro le prevention del effectos adverse
de hormones corticoide super le proteina ¢ le
histos ossee.



O RN VLI LP LR LT LT LTI R LN

P L LRSI LI LI LTI L L0 LI IT VLD

8

Developmental - Affections of the Skeleton
Characterized by Osteosclerosis

C.L. Hinker, M.D., MeD. Sc. D.*

There are a number of interesting devel-
opmental abnormalities of the skeleton which
are characterized by an increase in bone
density. Generally speaking these are un-
common, and differential diagnosis is a chal-
lenging problem. Some of these conditions,
such as osteopetrosis and osteopoikilosis, are
well known, but others which must be con-
sidered in differential diagnosis are to be
found only in small numbers or in obscure
saurces.

1t is the purpose here to review, discuss
and illustrate insofar as possible the charac-
teristics of each. Authors from this and
other countries have been kind enough to
furnish roentgenograms of illustrative cases,
some of which have been published previ-
ously. These are reproduced here in the
hope that they may be of comparative value
in differential diagnosis.

Osteosclerosis is always a finding of radio-
logic diagnostic significance. In develop-
mental conditions such familiar etiologic
factors as tumor, trauma, infection and ex-
trinsic toxic substances can be ruled out. In
the abnormal osseous states discussed here
the increased density must be attributed
cither to excessive bone deposition or to defi-
cient resorption. One must consider the
sclerosis to be a manifestation of disturbed
physiclogy.

* Director, Department of Radiology, George F.

Gewinger Memorial Hospital, The Foss Clinic,
Danville, Pa.

Theories of pathogenesis in developmental
sclerotic bone conditions must be formulated
on the insecure basis of scanty biopsy ma-
terial and a few sporadic necropsies. A
great deal is not understood, and some of the
most widely accepted “fundamentals” "are
based upon supposition. In most of the scle-
rotic conditions it appears that the bone of
increased density is qualitatively normal in
composition but is increased in amount per
unit volume. In young growing bones the
scleratic areas are usually the result of de-
ficient physiologic osteoclasis. In adult
bones (which are also undergoing simulta-
neous new bone formation and osteoclasis
at a slower rate) the sclerosis often is the
result of osteoblastic overactivity.

Generally it is accepted that hypervascu-
larity of bone results in demineralization or
halisteresis. On the other hand, osteosclero-
sis is probably related to hypovascularity
and relative local anoxia. This concept is
supported by animal experimentation.® 1t is
well to recognize that numerous factors, such
as abnormally resistant matrix, osteoblastic
overactivity, upsets in local acid-base bal-
ance, the choking of haversian canals, con-
genital vascular defects, microscopic emboli
and deficient capillary invasion, may be of
great significance in pathogenesis,

Because most of these affections show a
strong familial tendency,1%18.3° and since ab-
normalities often can be recognized in utero,
it is believed that the basic defect is in the

85
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F16. 1. Osteopetrosis (malignant) i{x a 6-month-old child. All the bones are involved,
and the spleen is enlarged. (Dr. John Caffey)

primordial mesenchyme, which is the fore-
runner of all osteogenic tissues. This is par-
ticularly well docurnented in the pathologic
studies of osteopetrosis.®27.34

The classic diagnostic characteristics of
diseases of the skeleton such as we are dis-
cussing are not always encountered in pure
form. It is not surprising that there are
borderline cases which do not fit perfectly
into any one clear category. Perhaps some
of these constitute “missing links” between
other classic entities  Possibly, for instance,
osteopathia striata is a transition stage be-
tween osteopetrosis and  osteopoikilosis.
Perhaps Ribbing’s disease 1s a mild Jate form
of Engelmann’s disease. All we can say is
that at present there are a number of scle-
rotic osseous diseases which appear to be
sufficiently different to jusufy separate desig-
nation and description,

Roentgenologic Approach. In the
roentgenologic evaluation of polyostotic or
systemic osteosclerosis it is pecessary o have
survey roentgenograms of the entire

ton. Opinions based upon incomplete study
are frequently incorrect. Patients should be
seen in person, and in all cases a fanuly his-
tory must be included, since skeletal abnor-
mality in a sibling or a relative may make
the diagnosis clear

Although a number of the skeletal abnor-
malities to be discussed are discoverable
clinically, fortuitously others are recognized
by the radiologist in the course of some
other examination. In most cases the roent-
genologic characteristics furnish the most
valuable differential diagnostic nformation,
Since the skeleton lends itself admirably to
roentgenologic study, and anatomic varja-
tions can be shown pictorially, we shall
lay emphasis upon the radiologic aspects
and distributional patterns of each condition,

OSTEOPETROSIS

Osteopetrosis  (marble bones; Albers-
Schénberg’s 4 = osteosclerosis fragilis
Bornne Yoot 2lopmental disease of
the *° " is characterized by
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Fic. 2. Osteopetrosis (benign) in the hands and the foot of a 60-)’ear-91d male. T‘he.re
is perfect symmetry in the hands. The “bone within a bone” is well seen in the os calcis.
(Hinkel & Beiler: Am. J. Roentgenol. 74:50 & 61)

marked increase in density of practically aft
bones. There are two fairly distinct clinical
varieties of this disease. These are usually
designated as (1) malig and (2) benign.
There is a strong familial tendency.

MALIGNANT FORM (ACUTE FULMINATING;
SEVERE INFANTILE FORM)

This unquestionably begins in utero and
is fatal at or soon after birth. Undoubtedly,
numerous stillborn and fetal infantile cases
go unrecognized The disease has been diag-
nosed in wutero. The patients have large
heads, poor dentition, dental caries and eye
disturbances. The last mentioned may be in
the forms of exophthalmus, nystagmus or
severe optic atrophy. Skull involvement usu-
ally produces stenosis of vital foramina.
There are severe anemia and enlargement of
the spleen and the liver with extramedullary
hematopoiesis  Such infants usually survive
only a few years, but they are underdevel-
oped or dwarfed, anemic, subject to infec-
tions {particularly osteomyelitis) and men-
tally retarded. The fragility of their bones
may give tise to considerable deformity
from fractures.

Although the severity of bone involvement
is closely related to the length of survival of
the infant, there is not always a direct rela-
tionship between the severity of the anemia
and the extent of medullary obliteration.

Radiologically the appearance is unmis-
takable. Practically all the bones of the skel-
eton are increased in density, the medullary
spaces are narrowed, and there is little or no
trabecular pattern. The metaphyses of the
long bones are clubbed or flask shaped. Fine
striations in the cortices and transverse and
longitudinal lines of relatively increased den-
sity are found in the metaphyses. All the
long bones, the pelvis, the spine and the ribs
are symmetrically and markedly involved. In
the skull the sclerosis is typically marked in
the base. Figure 1 illustrates this form.

BENIGN ADULT FoRrM

In this form of the disease the diagnosis
is almost always made roentgenologically,
since the anemia, the splenic enlargement,
the dwarfing and the neurologic changes so
characteristic of the infantile malignant form
usually are absent. The mere fact of sur-
vival is in itself evidence of the essentially

. benign nature of the generalized disease.

Chemical and blood studies are negative.
Radiologically there is a tendency for
most of the long and flat bones of the skele-
ton to be involved, but some bones may be
spared. The disease shows certain character-
istic distribution patterns and roentgenologic
appearances. The pelvis, the spine, the ribs
and the diaphyses of the long bones are
almost invariably involved in such a charac-
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FIG: 3. Osteopetrosis in male adult, brother of patient shown in Figure 2. Osteo-
petrotic central area in humeral head (left) probably represents unresorbed juvenile bone.
A{rows indicate sclerotic nidi in nibs and clavicle.” “Sandwich” vetebrae are well exam-
plified at right. (Hinkel & Beiler: Am. J. Roentgenol. 74:56 & 59)
teristic that the rc logic diag-

nosis can be made unequivocally, Involve-
ment of distal portions of the skeleton, such
as hands, wrnsts, feet and distal tibias, is
much less constant. Involvement of the

F16. 4 Osteopetrotic pelvis. Sympto-
matic male, aged 60. Broad iliac bands
stand out clearly Bilateral coxa vara re-
sults from unrecognized femoral neck
fractures. (Hinkel & Beiler. Am. J. Roent-
gcno\. T4:51)

largely a familial characteristic. In the
family reported by Higinbotham and Alex-
ander, for instance,’® all members of the
family showed prognathism and sclerotic
mandibles, Other families have shown leon-
tiasis osseum. In general, however, the bones
of the face usually are spared, as they were
in our own series. In all cases of osteopetro-
sis the involvement is strikingly symmetric, a
finding which is shown well in the hands of a
60-year-old male in Figure 2 (lef1).

We have previously reported 5 siblings
with adult osteopetrosis' which was not
recognized until between the ages of 55 and
64. The familial distribution pattern and the
symmetric sclerosis were very characteristic.
Some of the typical roentgenologic findings
are illustrated in Figures 2 to 5. The “bone
within a bone™ appearance, “sandwich” ver-
tebrae, metaphyseal sclerosis, bowing and
clubbing, and the ringlike laminated struc-
ture of the jliac bones are all characteristics
of specific differential diagnostic value,
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‘ i is i year- i ' in Figure 4,

Fia. 5. Mild adult osteopetrosis in 58-year-old brother of patient shown in gu
Although the distribution is the same, the changes are much less marked. The “bone
within o bone” appearance is well exemplified. (Hinkel & Beifer: Am.. J, Roentgenol.
T4:49, 51 & 55)

Discussion of Adult Osteopetrosis

It has been well established that patients
with this disease ate subject to remissions
and exacerbations which unquestionably ex-
plain the alternating lines of increased and
decreased density found in the regions of the
iliac crests and jn the metaphyses. The per-
sistence of the dense osteocartilaginous in-
clusion and dense transverse or vertical lines
is attributed to deficient bone resorption
which is believed by most to be the inherent
bone defect responsible for the ivorylike
density, Many patients with the skeletal in~
volvement of this kind give a history of mul-
tiple fractures which may or may not heal
well. Most of the reported patients have led
relatvely normal lives. One of our patients
{not itlustrated) who had even more marked
and more diffuse bone involvement than any
of his siblings was completely symptom free
at the age of 64. He enjoyed an active and a
successful business career, raised a family
and was playing golf daily at the time the
radiofogic diagnosis was established. One
of his brothers (aged 603, hawever—a me-
chanic—had symptoms of pain and limita-
tion of motion in both hips. He was found
to have marked sclerosis of the pelvis, un-
recognized old bilateral fractures of the fem-

oral necks “sandwich™ vertebrae, sclerotic
long bones, extensive involvement of the ribs
and other typical manifestations of osteo-
petrosis, some of which are iltustrated in Fig-
ure 3. His pelvis and hips are shown in
Figure 4. One of his siblings, showing much
iess marked involvement, presented the ap-
pearance itlustrated in Figure S,

As is almost umiversally the case, all
chemical studies, hematologic studies and
chuical findings were within normal limits.
Frequently, upon study of roentgenograms,
one can find evidence that new normal bone
was laid down on top of pre-existing osteo-
petrotic bone. This manifestation usually is
seen best in the carpal bones, tarsal bones,
vertebrae and ilii. Bone of markedly differ-
ent densities can be identified in the os caleis
shown in Figure 2. After extensive study,
including bone biopsy, there appeared 1o be
adequate justification for the assumption that
the disease of osteopetrosis began in this
patient at about 3 years of age and continved
in an intermittent fashion until near puberty,

PATHOLOGY OF OSTEOPETROSIS

In both types of osteopetrosis the bones
are grossly heavy, thick, dense, hard and
brittle. When the bone is fractured it cracks
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Fic. 6. Photomicrograph. Femoral head
of patient in Figure 4. Magnification
X 100, Nests of unresorbed cartilage

cells lie in dense bone of abnormal pat-
tern. These cartilage cells should have
been resorbed in adolescence. Osteope-
trosis in 60-year-old male. (Hinkel &
Beiler: Am. J. Roentgepol. 74:57)

and splinters much as glass does (a charac-
teristic of considerable orthopaedic impor-
tance). The medullary cavity is redoced in
size or absent. Histologically there is an
excess of dense bone and matrix, which for
some reason is not resorbed in the normal
physiologic manner. Probably the bone is
abnormally resistant to the forces of resorp-
tion. Zawisch-Ossenitz3# believes that as a
result of a defect in the bone-forming blas-
tema, the bone and the matrix resist physi-
ologic resorption. Dense cement lines, ex-
cess osteoid tissue, islands of cartilage cells
and scanty marrow elements characterize the
histologic appearance. This is illustrated in
Figure 6, which shows a photomicrograph of
the femoral head of one of our patients.
There is always a relative increase jn lamel-
lar bone, and defects in the haversian sys-
tems usvally are present. Sectioned bones
studied under polanized light reveal a scar-
city of fibrils which is believed to be related
to the unusual fragility. Osteoclasts are rec-
ognrzable, but, since islands of unresorbed
bone, densely calcified matrix and recogniz-
able cartilage cells are found even in aged
individuals, 1t 1s evident that physiologic re-
sorption is grossly deficient.

DIFFERENTIAL DIAGNOSIS

Generally the radiologic differential diag-
nosis in cases of osteopetrosis is not a serious
problem, since typically the characteristics
are unmistakable. In atypical cases, how-
ever, differentiation from other generalized
osteoscleratic processes of various etiologies
must be accomplished. Some of the condi-
tions which must be considered are listed
here. This is an unusually Jong list, since
many conditions characterized by diffuse os-
seus sclerosis must be considered.

Myelosclerosis  (Osteosclerotic Ane-
mia). The osteosclerosis is generalized but
usually less severe than in osteopetrosis.
Since the disease is essentially one of fibrosis
and replacement of the medullary cavities,
there are always progressive severe anemia
and splenomegaly. Transverse lines of den-
sity near the metaphyses are absent; there is
no familial tendency; the disease appears in
adult life and is associated with a downhill
chmical course.

Fluorosis (Fluoride Poisoning). Indi-
viduals working in fluoride mines or exposed
to cryolite may develop diffuse sclerosis of
the skeleton. 17 This is different from os-
teopetrosis in that not all growth centers are
mnvolved, there is extensive calcification of
ligamentous and paravertebral structures,
the skull is not affected and there is no club-
bing, striation or bowing of the long bones.
There is no radiologic involvement of the
skull. The teeth may be discolored and
mottled. Chemical and histologic studies of
the bone are diagnostic, and of course the
history of fluoride exposure is of great value,

Lymphoblastomas,  Occasionally  in
Hodgkins® disease or leukemia the sheleton
becomes increased in density. Here the
involvement is rarely symmetric, there usu-
ally are splenomegaly, lymphadenopathy and
anemia. The characteristic “sandwich ver-
tebra,” “bone within a bone™ appearance
and basilar skull involvement of osteopetro-
sis are absent. The downhill course and the
clinical manifestations are valuable in differ-
entiation.
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* Metastatic osteablastic carcinoma (of
the prostate or breast), when cxtremely
disseminated, may manifest itself in practi-
cally every bone in the body, resulting in
generalized and possibly symmetrc osteo-
sclerosis. However, there is absence of par-
allel and transverse striations, clubbing,
“bone within a bone” appearance and in-
volvement of ossification centers. The clini-
cal diagnosis frequently is obvious, and there
is elevation of the acid and/or alkaline
phosphatase.

Paget’s Discase. Although this gives rise
notably to generalized increase in density
of the bones, the involvement is rarely
truly symmetric, and the coarsening of the
trabeculae, enlargement of the vertebrae,
the bowing of the long bones, the onset late
in life and chemical studies make differential
diagnosis relatively easy.

Heavy Metal Poisoning. Heavy metals,
such as lead, bismuth and phosphorus, may
give rise to metaphyseal sclerosis, but this
occurs only during the growth period and is
not found in adult life, There is relative
sparing of the skull and the small bones of
the hands and the feet. The possibility of
heavy metal poisoning during the growth
period must always be considered in the
adult benign form of the disease, but study
of the entire skeleton and a careful history
permit the exclusion of such toxic sub-
stances.

Osteopathia Striatum  (Voorhoeve's
Disease). This condition, which probably is
related in some way to osteopetrosis, will be
discussed later in this chapter. While there
is a superficial local resemblance to osteo-
petrosis, the metaphyseal localization " and
the heterogeneous striped densities cannot
be confused easily. On the other hand, in
osteopetrosis there may be a marked local
tesemblance to osteopathia striatum, as is
llustrated in Figure 5 (right).

Engelmann-Camurati’s Disease {Pro-
gressive Diaphyseal Dysplasia). While
this disease may nvolve multiple long bones,
and usually is sclerotic, the diaphyseal scle-

rosis with relative sparing of thc metaphyses
and the absence of clubbing should permit
ready differcntiation from osteopetrosis. T}m
importance of radiologic study of the entire
skeleton cannot be overemphasized.

Infantile Cortical Hyperostosis (Caf-
fey's Disease). In infants this condition,
which is characterized by the deposition of
subperiosteal new bone, may simulate mar-
ble bones. The characteristic involvement
of the mandible, the clavicles and the shoul-
der girdles, the clinical manifestations of
soft-tissue swelling, fever and spontaneous
recovery permit ready differentiation.?

Melorheostosis, osteopoikilosis and
hyperostosis corticalis generalisata, which
conceivably may be considered in the radio-
logic differential diagnosis, will be discussed
below. In all instances, general skeletal sur-
vey roentgenograms should permit of accu-
rate differentiation. .

OSTEOPATHIA STRIATA
(VOORHOEVE’S DISEASE)

This abnormality is characterized by stria-
tion in the metaphyses of long bones.

RabpIoLOGIC

On radiologic examination the outstand-
ing feature of this condition is striation of
any or all of the bones with the exception of
the skull and the clavicles. There is relative
sparing of the hands. The striation is parallel
to the long axis of the bones, and it involves
the metaphyses principally. At times it may
extend into the adjacent epiphysis. When
the ilia are involved, the lines radiate to-
ward the iliac crests, producing a steiking
fanlike arrangement and resembling the car-
tilaginous columns seen in dyschondroplasia.
Small bony exostoses frequently are found in
large-bone metaphyses and in the pelvis.
The condition usually is bilaterally sym-
metric. Frequently the striations can be seen
well in the os calcis. Sometimes islands of
dense bone are found interspersed among
tl?e streaks. The dense striations are very
similar to the smaller dense osseous islands
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F16. 7. Osteopathia striata in the lower
extremities of a 3-year-old female. The
stnations were found also in other meta-
physeal regions. (Bloor, D, U.: J. Bone &
Joint Surg. 361:263)

in osteopoikilosis. The lower extremity stria-
tions are shown well in Figure 7.

CLINICAL
Usually there are no symptoms of this
condition. It has been reported in children
below the age of puberty and also in adults
of all ages. It is beheved to be caused by
congenital developmental defect, possibly re-

lated to dyschondroplasia or osteopoikilosts.
Vague recurrent joint pains have been re-
ported, but in most patients the bone abnor-
mality is asymptomatic. It is more common
in males than in females. There is a very
definite familial tendency. In Voorhoeve’s
original report3 the condition was found in
a father and his two children,

PaTHoLOGY

So far as we can determine, nothing is
known about the pathology or the histology
of this condition.

DIFFERENTIAL DI1aGNoOSIS

Dyschondroplasia, which may simulate
or duplicate the striations of this disease, is
usually more prominent in the distal long
bones, while in osteopathia striata the bones
of the hands and the feet are seldom
affected.

Osteopoikilosis. In some cases of osteo-
poikilosis the small oval dense islands of
bone may be clongated, simulating the
streaks in osteopathia striata. Probably these
two diseases are related, and it is possible
that they represent somewhat different mani-
festations of the same process, as has been
suggested by Lindbom.2t Usually, however,
osteopoikilosis involves the epiphyses and
small bones of the extremities more than
osteopathia striata.

Osteopetrosis. This disease may some-
times produce vertical and parallel striations
in the metaphyses which are very similar to
those found in osteopathia striata. The
similarity usually is most marked in the
proximal tibias, as seen in Figure 5 (right)
Osteopetrosis can be differentiated only by
study of the entire skeleton,

OSTEOPOIKILOSIS (OSTEOPATHIA
CONDENSANS DISSEMINATA;
OSTEOPECILIA; OSTEITIS
CONDENSANS DISSEMINATA;
SPOTTED BONES; BENIGN
BONE ISLANDS)

This abnormality of the skeleton is char-
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Fic. §. Osteopoikilosis. Asy

acterized by the presence of multiple densc
istands in cancellous bones,

RADIOLOGIC

Radiologic manifestations consist of small
dense ovoid circular or fusiform islands of
dense bone ranging from about 2 1o 10 mm.
in greatest dimension. These are particularly
numerous and typical in the epiphyses and
the metaphyses adjacent to epiphyseal lines.
They are also numerous in the carpals and
the tarsals. The appearance is Hustrated in
Figure 8. The islands are found only in can-
cellous bone. When they are numeroug, as
they frequently are about the acetabula, they
may be superimposed or conglomerate, giv-
ing rise to irregularly geographic-shaped
istands of compact bone 2 c¢m. or more m
diameter. The dense istands are rare in the
diaphyses of long bones but tend to be
clustered in the metaphyses and the epiphy-
ses  They have been observed to change
in size’® The skull is seldom involved.
The cortex is umnvolved, and there is no
change in external contour or in the soft
tissues

CLINICAL

No symptoms are attributed to the abnor-
mality of the bones. There ase no spontane-
ous fractures  Skin lesions (dermatofibrosis
lenticutanss & ) are so asso-
crated.# Al chemncal and blood studies are

p male, aged 43, The dense istands were found in
practically all epiphyseal and metaphyseal regions.

normal. The condition is much more com-
mon in males than in females, and usually
the radiologic diagnosis is established in
early adult life. There is o very definite
hereditary tendency, and the abnormality
may occur in succeeding generations,1®=7

PATHOLOGY

On cross section of bones the dense
islands are readily identifiable. Microscopi-
cally the appearance is that of condensed
cencelious bone, The individual istands con-
sist of regularly arranged trabeculae, and
there is no connection with the epiphyseal
cartilage or associated fibrotic change in the
medullary cavity. The cortical bone is
normal in appearance,

DIrFERENTIAL DIAGNOSIS

Usually the radiologic appearance is so
characteristic that differentiation is not diffi-
cult.

Multiple small osteoblastic metastatic
lesions usually can be ruled out without
difficulty. Skeletal survey roentgenograms
are very desirable.

Dyschondroplasia, which is sometimes
characterized by spotty demse islands mear
the epiphyseal lines and in the pelvis, can be
excluded or the basis of the normal appear-
ance of the epiphyseal tines and the absence
of the stippling of the secondary ossification
centers which is typical of osteopojkitosis,
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FIG. 9. Melorheostosis in 34-year-old female. The flowing hyperostoses are vistble in

the pelvis, femur, tibia and lateral bones of

the foot, where there is deformity of con-

tour. These are recent films of patient reported w 1943 by Carpender et al, Am. J.

Roentgenol. 49:398)

MELORHEOSTOSIS (LERI TYPE OF
OSTEOPETROSIS; FLOWING
HYPEROSTOSIS)

This is a very rare bone condition char-
acterized by osteosclerosis involving parts of
some bones. The sclerosis follows a peculiar
“flowing” distribution pattern. It tends to be
unilateral.

Rapiorogic

Radrologically the condition is character-
1zed by the presence of dense structureless
and marblelike areas 1n parts of long bones.
There is a strong tendency for the petrosis
to extend throughout the length of the limb,
but there 1s seldom complete petrosis of the
encircling cortex The term flowing is used
in an effort to describe the resemblance to
melted wax flowing down the side of a
burning candle. When the upper extremity

is involved it is common to see the peculiar
subcortical and cortical petrotic bone involv-
ing the scapula, the humerus and one or
both of the bones of the forearm, as well as
the fingers. In the lower extremuty the ab-
normality frequently is seen in one side of
the pelvis and throughout the lower extrem-
ity, extending into the metatarsals and the
phalanges. Figure 9 illustrates some of the
recent roentgenograms of a 34-ycar-old
woman in whom the diagnosis was estab-
lished at the age of 9. This patient had an
unusual bilateral distribution pattern, which
has been reported previously.*

In advanced cases there are corftical dis-
tortion and enlargement of involved bones.
When the dense patches of bone involve the
carpal and the tarsal regions, it appears to
be largely endosteal. Frequently the uneven
splotches of petrotic bone simulate spilled or
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splashed paint. In relatively carly cases the
joints arc spared, cven though the long
bones proximal and distal to the joint are
involved. If the discase progresses, the joints
become involved. Deposits of abnormal
dense bone in the soft tissues arc somctimes
found in the knee, shoulder, hip and ankle,

The ribs, spine and skull almost always
escape involvement, but a few isolated cases
have been reported in which even these por-
tions of the skeleton were aflected.’®

CuINICAL

This condition has been observed in both
sexes, but males are affected more com-
monly than females. There is no known
hereditary or familial tendency. Cases have
been reported from 5 to 50 years of age. It
is generally believed to begin in childhood,
but probably in some cases the onset is in
utero.

This condition is symptomatic. Most pa-
tients complain of some pain, which is dull
and aching in character and seldom severe,
and may be exaggerated by exertion. Limi-
tation of movement of one or more of the
joints involved by the disease is quite fre-
quent. The deposition of bone in soft fis-
sues and involvement of the periarticular
structures probably are related to the symp-
toms. Local swelling, induration and ery-
thema may occur. Frequently, when the cor-
tex is irregularly thickened, this can be pal-
pated, particularly in the phalanges. De-
formity of the bone, which can be detected
f:linically, results from asymmetric thicken-
ing coupled with limitation of movement,
but other congenital abnormalities such as
genu valgum, curvature of the spine and
flatfoot frequently have been associated.!®
Scleroderma also has been reported to com-
plicate this condition.?

COURSE

This disease usually is slowly progressive.
Some patients have been observed for many
years and the petrosis has shown gradual
Increase. There are exceptions, however,

sifice other young patients have been ob-
served for a period of years and the lesions
have shown ncither progression nor regres-
sion,

PATHOLOGY

Grossly the dense bone is indistinguish-
able from osteopetrosis. Histologic findings
indicate that the dense areas are the result of
localized osscous sclerosis. There is over~
crowding of lamellae, these being arranged
in a bizarre manner, There is an interlacing
pattern of bone trabeculae, and there is
dense concentric perivascular ossification.
The number of osteoblasts is increased, and
the haversian canals are thick walled.

All lIaboratory and blood chemical tests
are within normal limits.

DIFFERENTIAL DIAGNOSIS

The bizarre appearance of the streaky
longitudinally arranged osteopetrotic bone is
generally so characteristic that differential
diagnosis is not difficult.

The disease should be differentiated with-
out difficulty from osteopetrosis and from
osteopoikilosis by study of the entire skele-
ton. The possibility of chronic pyogenic os-
teomyelitis may well be considered on the
basis of the sclerotic deformed and irregular
appearance of the small bones of the hands
and the feet, but in general the limitation of
the abnormality to one side of tubular
bones permits of differentiation.

ENGELMANN'’S DISEASE

Engelmann’s  disease (Camurati~Engel-
mann’s disease; osteopathia hyperostotica
multiplex infantalis; progressive diaphyseal
d.ysplasia) 1S a very uncommon bone condi-
tion characterized by symmetric fusiform
enlargement and sclerosis of the shafts of
the long bones. Usually it is encountered
between 3 and 10 years of age. It is asso-
ciated with neuromuscular signs and

symp-

toms.20,23,29 & ymp
RapioLogic

The radiologic characteristics are typical,
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There are fusiform enlargement and sclerosis
of the middle thirds of the shafts of long
bones, most commonly the femurs and the
tibias. The radius, the ulna and the fibula
also may be involved. The anatomic changes
are symmetric, even though the symptoms
are unilateral. The clavicles and the humeri
seldom are involved, and, although the scle-
rotic changes have been described in the
pelvic bones, the scapula, the mandible and
the metacarpals—in most cases hands, feet,
ribs and spine—escape involvement. The
external surfaces of the involved diaphyses
present a smooth but dense appearance. At
first glance the appearance suggests local
cortical thickening, but there is no separate
subperiosteal layer (onion peel) of dense
cortex. The medullary cavity is reduced in
width. The lower extremities of involved
children are unusually long and slender,
Neuhauser ef al.,** who were the first to

report this disease in this country, showed
gradual progression of the lesions along the
long axis of the bone in both proximal and
distal directions. Two of Neuhauser’s pa-
tients showed sclerosis of the base of the
skull and involvement of the hands, feet,
pelvis and spine in addition to the major
long bones. The changes in the femurs over
an interval of 5 years are very well shown
in Figure 10.

CLINICAL

These patients are underweight and show
muscular atrophy, tenderness on deep pres-
sure, waddling gait, muscular fatigue and
occasional inequality in the length of ex-
tremities. Frequently they have abnormal
reflexes and neurologic changes of a non-
specific character.

All laboratory examinations are within
normal limits. There is no leukocytosis.

Fic. 10 Engelman
at 9 years of age (righ

n's disease  Femurs of a boy at 4 years of age {lefty and
1) llustrate the progressive nature of the diaphyscal dys-

plasia. (Neuhauser, E. B, er al.: Radiology 51:18)
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There is no evidence of hereditary or famil-
ial tendency. Males arc involved somewhat
more commonly than females. Prognosis is
good, although, as mentioned before, there
generally is slow progression and extension
of the osteosclerotic process.

PATHOLOGY

Grossly the appearance of the bones sug-
gests progressive subperiosteal new bone ap-
position with a decrease in the thickness of
the compact layer. Histologically it is found
that the cortical bone is being altered to
cancellous bone while the periosteum is ac-
tively lnying down new bone. The marrow
cavity presents the appearance of rapid
reconstruction of bonc, and there is local
replacement of the marrow fat by fibrosis.
The disturbance in bone architecture is dif-
ferent from any pattern that might result
from normal growth mechanisms. The new
cortical bone shows lack of normal trabecu-
lar pattern and presents an amorphous ap-
pearance. There is no mosaic pattern such
as is found in Paget's disease. There is no
histologic evidence to suggest an inflamma-
tory agent. It is assumed that the disease is
related to certain extraskeletal organs be-
cause of the neurologic and the muscular
changes, failure to gain weight and other
associated manifestations.

DIFFERENTIAL DIAGNOSIS

Chronic Sclerosing Osteomyelitis. If
Ofﬂy one bone or one limb is studied, this
diagnosis must be strongly suspected. It
should be ruled out on the basis of fever,
leu!mcytosis, rapid progression and radio-
lcgfc study of other portions of the skeleton,
which will disclose the disease to be sym-
metric and multicentric in Engelmann’s
disease.

Infantile Cortical Hyperostosis (Caf-
fpy’s Disease) in young children may closely
simulate the radiologic appearance. This,
however, occurs in the first year of life, is
accompanied by fever, and there is spon-
taneous recovery within a few months, Typi-

Fire. 11. Ribbing’s disease. Diaphyseal
dysplasia of hereditary type in a 20-year-
olbd male without neurologic or muscular
abnormalities. (Paul, L. W.: Radiol
60:414) o8

cally, this condition involves the mandibles
and the shoulder girdles.

Osteopetrosis. This disease should be
excluded readily, since it tends to affect the
metaphyses and to spare the diaphyses.
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HEREDITARY MULTIPLE
DIAPHYSEAL SCLEROSIS
(RIBBING'S DISEASE)

This abnormality, which is very much like
Engelmann’s disease in many respects, was
first reported in 1949 by Ribbing®® and has
been described in this country.by Paul.®
The condition consists of diaphyseal scle-
rosis and enlargement in the long bones of
two or more members of the same family. It
is believed to represent a familial dysplasia
without known cause. Although the radio-
logic appearance of diaphyseal widening and
dense sclerosis is very similar to that of
Engelmann’s disease, there are certain points
of difference in the nonradiologic character-
istics. The disease occurs at or after puberty
and is not associated with neurologic
changes, muscular dystrophy, abnormal gait,
fatigue or any other manifestations except
local bone pain. Ribbing’s cases ranged
from 17 to 32 years of age, while Paul’s
patients were aged 20 and 35. The roent-
genograms in Figure 11 show a striking
resemblance to those of Engelmann’s disease.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis in this condition
is the same as in Engelmann’s disease. There
are no important qualitative or quantitative
roentgenologic differential criteria. The con-
dition is distinguished from Engelmann's
disease by its later onset, familial occurrence
and absence of neuromuscular abnormalities.

HYPEROSTOSIS GENERALISATA
WITH PACHYDERMIA
(UEHLINGER'S DISEASE;
ACROMEGALOID OSTEOSIS;
IDIOPATHIC FAMILIAL
GENERALIZED OSTEOPHYTOSIS;
CHRONIC IDIOPATHIC
HYPERTROPHIC
OSTEQARTHROPATHY)

This is a generalized familial skeletal dis-
sease beginning between 13 and 18 years of
age and progressing into adult life. The

changes involve the skin and the subcutane-
ous tissues and the skeleton.

RabroLogic

Radiologically there is marked increase in
the breadth of the long and the short tubu-
lar bones of the extremities without over-
growth in length, The long bones resemble
columns or  pillars. The diaphyses are
broader than the epiphyses because of sub-
petiosteal new bone growth. Early in the
disease there may be slightly serrated or
spicular margins of the long bones, but Iater,
when these serrations are filled in by bony
bridges, the compact layer is greatly thick-
ened and its differentiation from the medul-
lary cavity is difficult. There are coarse bone
trabeculation and some mottling in the
denser areas. Osteophytes may be numerous
in the pelvis and the scapulae. The ribs and
the clavicles show cortical thickening, and
the vertebrae present a coarsely trabeculated
sclerotic appearance somewhat suggestive of
Paget’s disease. Usually the skull, the facial
bones and the mandible are spared. There
is also sparing of the small bones of the
hands and the feet. Late in the disease there
may be fusion of the carpal and the tarsal
bones and ossification of the ligaments of
the spine and of the interosseous mem-
branes in the forearm and the leg. Figure 12
from Uehlinger illustrates the unusual char-
acteristics of this condutions,

CLINICAL

Clinically the lower extremities (hands
and forearms) of the patient have an ele-
phantiasislike appearance, and there is
pachydermia of the forehead and the scalp.
The skin of the forehead and the scalp lies
in thick folds, and there is usually pro-
nounced sweating. The fingers are clubbed,
and the joints are painful and stiffened. Pa-
tients complain of rheymaticlike joint pains,
easy fatigability and limitation of motion in
joints which may progress to ankylosis.
Thickening of the skin of the face and the
eyelids may produce a sleepy expression,
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Fia. 12. Hyperostosis generalisata with pachydermia. The long bones resemble mas-
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sive columns, The pelvis suggests Paget‘s. disease. (Cocchi, U., in Schinz, H. R., et al.:
Roentgen Diagnostics, ed. 5, Stuttgart, Thieme)

Pressure on spinal nerve roots may result
from local osteophytic spurring and may
Cause neuromuscular disturbances and loss
of sphincteric control. .

The disease is distinctly familial, and it is
much more common in males than in fe-

males All laboratory and chemical tests are
normal.

PATHOLOGY

Bone biopsy indicates marked periosteal
overgrowth and a peculiar palisade arrange-
ment of osseous ridges and trabeculag in the
bones of the trunk and the extremities, Nor-
mal trabecular structure is replaced by a
coarse meshwork of crisscross trabeculae
which tend to follow the lines of stress, The
newly formed bone shows mature lamellar
structure. The marrow spaces are filled with
fat but are not fibrotic, It appears that the
new bone which is deposited subperiosteally

is in the form of spongiosa. The skeleton
actually is increased in size. The skull, when
it is involved, shows only endosteal hyper-
ostosis.

DIFFERENTIAL D1AGNOSIS

Hypertrophic osteoarthropathy
(chronic pulmonary osteoarthropathy of
Bamberger-Marie)? must of course be con-
sidered. This is essentially the same disease
process in a milder form, but it is secondary
to pulmonary disease, and it is encountered
frequently in elderly individuals.

Paget’s Disease. Although, when certain
bones such as the vertebrae and the pelvis
are involved, they may resemble those of
Paget’s disease, the latter can be excluded on
the basis of age, facial appearance, absence
of soft-tissue involvement and normal blood
chemical studies.
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Fic. 13, Halliday’s hyperostosis. Female, aged 7. In addition to the changes in hands,

clavicles and ribs, there was marked skull and facial involvement. (Halliday, John: Brit,

J. Surg. 37:54 & 55)

VARIANTS OF HYPEROSTOSIS
CORTICALIS GENERALISATA

Generalized cortical hyperostosis has been
described in various forms which are be-
lieved to deserve separate mention and de-~
scription, Three of the atypical or variant
forms are reviewed briefly here

HyPEROSTOSIS GENERALISATA WITH
STRIATIONS (FAIRBANK’S DISEASE)

Fairbank!! has reported the case of a 28-
year-old male who had generalized osteo-
sclerosis, coarsened bone texture, cortical
thickening and hyperostosis of long bones,
pelvis and spine, and ;n addition osseous
striations in the metaphyses ana the calcanei
similar to those of osteopathia striata. The
peculiar admixture of hyperostosis and stria-
tion was present 1n the pelvis and also in the
hands and the feet.

The nature of the disease is not known,
and its exact place n the schema of bone
diseases has not been determined as yet.

HALLIDAY'S DISEASE

Halliday, of Australia,’? described a case
of unusual bone dystrophy in a girl who was

studied from 3 to 10 years of age. The bones
of the face were greatly thickened, the
mouth could not be closed, there was ad-
vanced optic atrophy and nerve deafness,
and the child showed retarded mentality.
The head was large.

Radiologically the skeleton was found to
be markedly sclerotic in some areas, particu-
tarly in the skull, maxillary regions, ribs and
clavicles. The changes in the skull very
much resembled Paget’s disease. The ribs
were extremely thick, demse and club
shaped. The clavicles were about three
times normal size and were markedly in-
creased in density. The bones of the lower
extremities showed thinning of the sticklike
shafts of the cortex and widening of the
medullary spaces. The arms and the hands
showed normal epiphyseal development and

gelike pals and phal with
thinned cortices. The changes in the hands
were practically identical with those of
Engelmann’s disease. Figure 13 shows some
of Halliday’s roentgenograms.

The child died, and necropsy studies of
the bones were carried out, Histologically
the bones of the skull, the clavicles and the




Variants of Hyperostasis Corticalis Generalisata

Fic. 14. Generalized familial hyperostoses with neurologic changes. Hands, ribs
and feet of 48-year-old male. Twin of this patient was similarly involved. (Van Buchem,

F.S. P, et al.: Acta radiol. 44:110 & 112)

ribs were found to be extremely dense and
sclerotic. Numerous osteoblasts were pres-
ent. The haversian canals varied in size, and
the medullary cavities were unusually
fibrotic. No diploic spaces were present in
the skull. The transition between the com-
pact and the spongy portions of the bone
was abrupt. A continuous layer of osteo-
blasts bounded the compact portion. Bony
trabeculae were covered with osteoblasts.
The vertebrae were essentially normal except
for evidence of overactivity of osteoblasts.

It appears from study of the roentgeno-
grams, the distribution pattern and the histo-
pathologic changes that this disease is differ-
ent from Engelmann’s disease, osteopetrosis
and melorheostosis. Of course, it is possible
that the changes might be attributed to the
osteitic type of leontiasis osseum with asso-
ciated rib- and long-bone involvement.

GENERALIZED HYPEROSTOSIS WITH
NEUROLOGIC CHANGES (VAN BUCHEM’S
DISEASE)

Van Buchem?? described two cases of fa-
milial hyperostosts corticalis generalisata
which, while showing considerable similar-
ity to Uehlinger’s disease and also to Engel-
mann’s disease, appear to be sufficiently dis-
similar to justify separate description. The
two patients were twins in whom osteoscle-

rotic diffuse skeletal changes with marked
skull involvement was discovered at 48 years
of age in the male and at 52 in the female.
Both patients had exophthalmus, low men-
tality, visual disturbances, cranial nerve in-
volvement and papilloedema.
Radiologic

The skull, the facial bones and the man-
dible showed very marked osteosclerosis and
enlargement. There were marked thickening
and sclerosis of the cortex of long bones and
also of the short bones of the extremities,
involving particularly the diaphyses with
relative sparing of the epiphyseal ends. The
diameter of the tubular bones was increased,
especially in the diaphyseal portion, and this
was associated with extensive osteophyte for-
mation. The metacarpals, the metatarsals
and the phalanges, as well as the ribs, were
involved extensively, but there was relative
sparing of the pelvis and the spine. The
generalized involvement of the skull, man-
dible, nbs and clavicles appears to be prac-
tically indistinguishable from osteopetrosis.
The diaphyseal involvement of the long
bones appears radiologically to be essentially
the same as in Engelmann’s disease. The
roentgenologic appearance is shown in Fig-
ure 14. The general texture of the osteo-
sclerosis, the relative sparing of the ends of

s,
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long bones and the absence of pachydermia
of the head and the extremities are the prin-
cipal diagnostic features differentiating this
condition from Uehlinger’s disease (hyper-
ostosis generalisata with pachydermia).

Clinical

Clinically patients with this rare abnor-
mality are mentally deficient, tire easily and
have exophthalmus, together with loss of
vision and hearing. The face is misshapen,
due largely to osseous enlargement and
sclerosis of the facial bones and particularly
the mandible. There is no pachydermia or
bone pain. In the female there is loss of
secondary sex characteristics indicative of
hypopituitarism. There is considerable limi-
tation of motion of the spine, which may be
rigid. Laboratory tests and blood studies are
noncontributory.

Pathology

The involved bone is greatly thickesed,
extremely sclerotic and heavy. The surfaces
of involved bones showed small ragged ex-
crescences and osteophytes, The cortex of
the long and the short bones is greatly thick-
ened and sclerotic, but there is sparing of
the epiphyseal ends. Chemical composition
of the bone 1s within normal limits. Osteo-
blasts and osteoclasts are present in normal
numbers, and there is no evidence of recent
bone destruction. The medullary cavities
are decreased in size, but otherwise the bone

marrow 1s normal without sclerosis The
pituitary gland 1s small
DIFFERENTIAL DIAGNOSIS
Osteopetrosis.  In  osteopetrosis  the

changes are extremely similar in qualitative
appearance, but the distributional pattern is
different Involvement of the vertebrae, the
pelvis and the metaphyses are absent in Van
Buchem’s disease.

Osteomyelosclerosis. In this disease the
blood picture is abnormal, there is extra-
medullary hematopoiesis, and the course is
downhill  Usually the osteosclerosts in-

volves spine and pelvis and spares the
small bones and the skull.

Hyperostosis Generalisata with Pachy-
dermia (Uehlinger’s Disease). This con-
dition begins in puberty with pain and swell-
ing of the joints. Pachydermia is present in
the scalp, the arms and the legs, and usually
there is clubbing of the fingers. The skeleton
is increased in size, and the bone texture as
seen radiographically is somewhat similar to
that of Paget’s disease.

Engelmann’s Disease. The symmetric
osteosclerosis of the diaphyses of long bones
and phalanges is very similar in these two
conditions. In Engelmann’s disease the skull
is spared and spine involvement is slight.
The abnormal gait, muscle wasting, rela-
tively long extremities and early age of onset
(found in the latter condition) also serve as
differential points.

SUMMARY

A number of osteosclerotic developmental
abnormalities of the skeleton have been pre-
sented. In most instances the clinical and
roentgenologic characteristics are sufficiently
specific to permit of accurate diagnosis.
Since the distribution patterns usually are
important 1n differential diagnosis, these are
illustrated diagrammatically in Figure 15.
No drawing is included to represent Rib-
bing’s disease, since this is indistinguishable
from Engelmann’s disease.
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Affectiones Disveloppamental del Skeleto, Characterisate per Osteosclerose

Summario in Interlingua

Es passate in revista e illustrate un serie
de anormalitates skeletic que es apparente-
mente de natura disveloppamental. Omne
iste anormalitates es relativemente incom-
mun, ¢ le illustrationes ha essite colligite in

numerose fontes in omne partes del mundo.
?,e physiologia pathologic del ossos sclerotic
in iste gruppo de conditiones anormal non
es ben comprendite. Ii es probabile que in
le majoritate del casos un factor fundamental
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consiste in hypovascularitate local Je qual,
de su parte, resultarea de inherente defectos
mesenchymal.

Le symptomas e le constatationes clinic
es rarmente de character sufficientemente
typic pro supportar le diagnose, e tests
laboratorial es essentialmente sin valor, Del
altere latere, le characteristicas roentgeno-

logic forma configurationes definite, ¢ le
alterationes qualitative insimul con le modos
de distribution es usualmente de character
sufficientemente clar pro permitter le diag-
nose differential. Le plus utile criterios del
diagnose differential es presentate discursive-
mente e in roentgenogrammas e diagrammas
skeletic.
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Multiple Myeloma

I. SNAPPER, M.D.*

ETIOLOGY

Multiple myeloma is a fatal disorder of
the reticuloendothelial system characterized
by the proliferation of young, abnormal
plasma cells, by extensive destruction of the
skeletal system and by marked disturbances
in protein metabolism.

The nature and the pathogenesis of mul-
tiple myeloma remain obscure. Because the
myelomatous infiltration of the bone marrow
is associated occasionally with the presence
of large numbers of plasma cells in the
peripheral blood, many authors are of the
opinion that myeloma represents the aleu-
kemic form of plasma-cell leukemia. In this
connection it should be stressed that mye-
loma differs in certain fundamental aspects
from the true leukemic syndromes. The
three unique disturbances in the protein me-
tabolism, which are present in myeloma
patients, do not occur in leukemia or in any
other disease. This holds true for the Bence
Jones proteinuria, for the characteristic
myeloma globulins found at electrophoretic
examination, and also for primary amyloido-
sis, which occurs in about 10 per cent of
the myeloma patients.”® For completeness it
must be added that rarely has primary amy-
loidosis or paramyloidosis been observed in
patients, where careful search failed to
reveal signs of a myelomatous disease.

BENCE JONES PROTEINURIA

True Bence Jones protein is characterized
by its behavior at different temperatures; it

* Brooklyn,N. Y.
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precipitates between 45° and 60° C., and
dissolves again between 90° and 95° C.

When addition of sulfosalicylic acid solu-
tion to urine does not cause a precipitate,
then no Bence Jones protein is excreted.
When the precipitate, caused by addition of
sulfosalicylic acid solution, dissolves on boil-
ing, then the presence of Bence Jones pro-
tein is probablc, and the more precise test
of Jacobson and Wilner®> should be per-
formed. For the determination of Bence
Jones protein only fresh urine should be
used. If the protein content of the urine of a
myeloma patient is 4+ or even higher, then
the patient’s urine should be diluted with
normal fresh urine until the total protein of
the mixture has been decreased to 2+. Ten
cc. of fresh and adequately diluted myeloma
urine is brought to a pH of 5.5 by the addi-
tion of a few drops of 2 per cent acetic acid.
The pH is checked with nitrazine paper.
Then the urine is heated in a water bath to
approximately 60° C. and held at this tem-
perature for 10 minutes. The urine is centri-
fuged and decanted. The sediment, contain-
ing the Bence Jones protein, is suspended in
10 cc. of normal urine. One drop of concen-
trated nitric acid is added for every cubic
centimeter of urine, and the specimen is
brought to a boil. If Bence Jones protein is
present, the solution will clear on heating to
95° C. On cooling, the precipitate will
reappear.

For many years it has been known that,
apart from true Bence Jones protein, other
abnormal protein derivatives frequently are
encountered in the urine of myeloma pa-
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tients, Some of these remarkable proteins
precipitated at 45° C. but did not dissolve at
95° C., so-called pseudo-Bence Jones pro-
tein. Other substances, which did not pre-
cipitate at 45° C. to 60° C., but only at
70° to 75° C., did dissolve at 95° C., so-
called proteoses. It is now recognized that
part of the pseudo-Bence Jones proteins and
proteoses, although no true Bence Jones pro-
tein, produce at electrophoretic examination
such sharp and tall peaks that they decidedly
belong to the myeloma proteins.?® This ad-
ditional knowledge has not diminished the
diagnostic significance of true Bence Jones
protein. In the presence of this substance
the diagnosis of myeloma is certain.

SERUM PROTEINS

So long as only chemical methods were
used for the determination of the serum
globulin, hypetglobulinemia was found in
about 60 per cent of the patients with mul-
tiple myeloma. Much more revealing are
the results of the electrophoretic examina-
tion of myeloma sera, With this method, in
order of decreasing frequency, characteristic
tall elevations of the gamma, beta or alpha
globulin peaks are found. Frequently an
abnormal fraction (M protein) migrating
between the beta and the gamma globulins
is present. In this way the presence of ab-
normal globulins can be elicited in about 80
per cent of the myeloma sera. If both serum
and urine of myeloma patients are exam-
ined electrophoretically the diagnostic im-
portance of this method becomes still more
evident. When only chemical methods are
used for the determination of Bence Jones
protein and serum globulins, about 12 per
cent of the myeloma patients exhibit neither
Bence Jones protemuria nor hyperglobulin-
emia. In contrast, electrophoretic methods
almost invariably demonstrate characteristic
changes of serum and/or urinary proteins
in myeloma.*®

PARAMYLOIDOSIS

The localization of paramyloid, often des-
1gnated as primary amyloid, differs com-

pletely from the customary findings in
secondary amyloid. The latter develops after
long-standing suppuration, arthritis, syphilis,
leprosy and other diseases. Secondary amy-
loid is found mainly in Jiver, spleen, kidneys
and adrenals. Sites of predilection for the
deposition of paramyloid in myeloma are
the joint capsules producing the clinical
manifestations of rheumatoid arthritis, the
myocardium resulting in congestive failure,
the skin manifesting as bizarre, waxy, sub-
cutaneous masses and alopecia, the gastro-
intestinal tract presenting as acute hemor-
rhages, the tongue causing macroglossia, and
the larynx with ensuing difficulties in speech
and deglatition. In addition, paramyloid
may be present in other organs, as, for in-
stance, lymph nodes and bone marrow. In
all these organs paramyloid may be found
in the form of hyaline masses. However,
the main localization of paramyloid is in the
walls of the blood vessels.** When paramy-
loidosis develops, Bence Jones proteinuria js
nearly always present. At the same time the
globulin content of the serum often is re-
markably low.

PATHOLOGY

In multiple myeloma the bone involve-
ment varies from diffuse proliferation of
numerous myeloma cells to the formation of
large tumorlike plasmocytomas. These plas-
mocytomas often erode through the cortex
of the bone and may ultimately present as
soft-tissue tumors.>**

In most cases of multiple myeloma, both
generalized myelomatosis and multiple plas-
mocytomas are present. Pathologic exam-
ination reveals widespread resorption of can-
cellous bone, destruction of cortical and
cancellous bone by gray or hemorshagic
tumorlike plasmocytomas, associated with
maltiple fractures and deformities. Gross
destruction of bone may be absent if the
proliferation in the medullary cavity remains
diffuse. In these cases the pathologic find-
ings are limited to a generalized thinning of
the cortex and destruction of the secondary
bone trabecules. Microscopic examination
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of the plasmocytomas reveals a strikingly
monotorious picture of closely packed plas-
moblasts with seanty stroma, .
Extrameduilary myclomatosis is present in
spleen, liver and lymph nodes. Involvement
of these organs too may consist of diffuse
infiltration with mycloma cclls and/or dis-
crete nodules of cellular aggregates, Less
frequently other organs show evidence of in-
filtration. Myelomatous infiltration of a tes-
ticle, simulating the presence of a primary
testis tumor, has been observed.'®
Uremia, a frequent cause of death in mul-
tiple myeloma, occurs only when Bence
Jones protein is eliminated in the urine. In
such cases a so-called myeloma kidney—
entarged, smooth and pale—results. The
renal lesion, aithough not entirely specific,
is characterized by extensive plugging of the
tubules by large, dense eosinophific casts.
The casts, which frequently show calcified
and lamellated centers, often extend into the
proximal convoluted tubules.’® Internal hy-
dronephrosis due to the plugging of ‘the
tubules plays an important role in the patho-
genesis of the renal insufficiency in myeloma,
Although the glomeruli often appear to be
-intact at microscopic examination, renal
clearance studies have demonstrated that in
myetoma kidneys usually an associated dis-
turbance in glomerutar filtration exists,

THE MYELOMA CELL

Prior to the advent of the routine use of
bone-marrow aspiration, studies of micro-
seapic sections of bone Marrow obtained at
autapsy or at biopsy had led to the conclu-
sion that multiple myeloma could be cavsed
by rapid profiferation of any of the hemato-
poictic constituents of the bone marrow
(plasma  cells, myelocytes, myeloblasts,
Iymphocytes, ete.), Even muitiple myelorna
due to rapidly growing erythroblastoras has
been described. This concept has vanished
completely since bone-marrow aspiration by
puncture hos become popular. Bayrd,! em-
ploying this technic, concluded that the
mycloma cell invariably was of the plasma-~

cell type. This conclusion has generally
been confirmed 3%

The appearance of the myeloma cell
varies from a small, deeply basophilic, al-
most characteristic plasma cell to an imma-
ture, Jarge, anaplastic plasmoblastic cell from
20 to 40 mc. in diameter. The nucleus of
the myeloma cell Is placed cccentrically, fre-
quently contains one ar twa nucleoli and
lacks the spoked-wheel arrangement of the
chromatin network that characterizes the
tissue-plasma cell. On the contrary, often
the nucleus presents a closely knit reticulated
appearance, with-the chromatin acrranged in
sausagelike clumps. In the younger forms
the nucleus usuatly is vesicular, with evenly
distributed chromatin arranged in a fine net-
work. Perinuclear halo formation is com-
mon, and myeloma cells containing several
nuclei are encountered frequently. The large-
cell type has either a pale or a dark-blue
cytaplasm, sometimes containing vacuoles
or, rarely, other inclusions. Myeloma cefis,
packed with pale-staining vacuoles, are re-
ferred to as Mott cells.? Some myeloma
cells are studded with vacuoles containing a
deep-staining substance. Occasionally the
latter kind of vacuoles extend beyond the
outer limits of the cytoplasm. Then a re-
markable cell results which is designated by
Stich ef al. as a “grape cell.”?® In their ex-
perience the presence of this cell is pathog-
nomonic of multiple myeloma, Large pro-
tein crystals can be found in myeloma cells
and, incidentally, also in the renal tubular

cells of patients with Bence Jones protein-
uria,

INCIDENCE AND SURVIVAL

Myeloma usually is a disease of later life.
While, rarely, its onset has been observed in
young adults, the majority- of cases occur
between the ages of 40 and 70. There is no
social or racial predilection. The wide globat
distribution is well illustrated by the increas-
ing number of cases reported from Japan,
where at least 76 cases have been ob-
served’® This in alt probability does not
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represent a real increase in incidence, but is
due mainly to Jocal advances in diagnosis
which permits of earlier recognition of the
disease.

Myeloma invariably is fatal, the average
duration of life being less than 1% to 2
years after onset of symptoms, Occasionally
patients survive for eight or mare years,
with or without treatment. Recently Bayrd
has reported four such cases.?

The occurrence of multiple myeloma in
different members of the same family must
be a great rarity. One instance of a sister
and a brother, both suffering from myeloma,
has been reported. ™ Familial incidence of
primary amyloidosis also occurs.*

CLINICAL FRACTURES
BONE PaIN

Pain in the bones is the outstanding symp-
tom of multiple myeloma and is present in
about 90 per cent of the cases. The onset
may be insidious with vague aches and pains,
or it may be explosive—precipitated by a
sudden pathologic fracture. As is the usual
situation in destructive bone diseases, ulti-
mately the pains become excruciating in
character. The pains, which nearly always
start in the lower back and ribs, are exacer-
bated by muscular effort. Even in the early
stages of the disease, pain on pressure of the
rib cage and himitation of the mobility of the
spine can be elicited. Much less frequently
does the pain start in other bony structures,
as hips, legs, shoulders, arms, etc. In the
later stages of the disease the pains may be
located in almost any part of the skeleton.
Severe lancinating pains may also be caused
by involvement of nerve roots by vertebral
collapse In the course of the disease the
patient gradually becomes totally incapaci-
tated, crying out with pain at the slightest
bodily motion Occasionally there may be
spontancous pain-free remissions, but this is
an unusual occurrence.

Pathologic fractures of one or more
bones, predominantly in spine and ribs,
occur in about 60 per cent of the palients.

The long bones, sternum, clavicles and
pelvis may be affected similarly. Pathologic
fractures of the sternum are almost pathog-
nomanic of multiple myeloma—at least in
areas where osteomalacia does not occur.
Fractures in multiple myeloma patients heal
rapidly with remarkably good callus forma-
tion. Severe kyphoscoliosis with malforma-
tion of the thorax and shortening of the
spine and the ribs approaching the rim of
the pelvis occur commonly in the terminal
stages.

Tumor FORMATION

Soft-tissue tumors may present themselves
whenever a plasmocytoma has eroded
through an underlying bone. Subcutaneous
tumors occur most often, but not exclusively,
over flat bones (e.g., sternum, ribs, pelvis,
mandible, calvarium) and may reach the
size of a melon. These subcutaneous plas-
mocytomas always are soft in consistency.

True nodular plasma-cell infiltrations of
the skin do occur but are relatively uncom-

23

mon manifestations **

NERVOUS SYSTEM INVOLVEMENT

Proliferation of plasmocytomas frequently
leads to collapse of vertebral bodies. When
the plasmocytic proliferation penetrates into
the epidural space, lancinating pains due to
compression of nerve roots, sometimes even
transverse lesions of the cord, result. Among
the nonmflammatory diseases of the spine
producing compression of the cord, only
metastatic carcinoma occurs more frequently
than plasmocytoma. The cranial cavity can
be invaded with ensuing paralysis of craniaf
nerves or other cerebral signs. In addition,
extensive and disabling neuritic pains may
arise from an assoctated peripheral peri-
neuritis.’

RENAL INVOLVEMENT

The marked renal insufficiency, which
occurs in at least 20 per cent of the patients
with multiple myeloma, is characterized by
the absence of hypertension and retinitis  In



Other Findings

Fig. 1. Pelvis and
femora n multiple
mycloma. All the
bones present innu-
merable small
punched-out ostco-
Iytic lesions without
any sclerosis. There
is a fracture of the
left ischial bone,
which is partially
healed. As an inci-
dental finding there
is marked sclerosis of
the iliac and the fem-
oral arteries.

addition, outspoken edema is a rarity. The
combination of azotemia, proteinuria and
hyposthenuria in the absence of hyperten-
sion and edema may serve as the key to the
diagnosis. This combination is rare except
in myeloma and amyloid. Hematuria is also
rarely, if ever, present The finding of Bence
Jones proteinuria proves the presence of a
myeloma kidney and excluded renal amy-
loidosis. On the other hand, extensive edema
favors the diagnosis of secondary amyloid.
Paramyloid of the kidneys, as observed fre-
quently in multiple myeloma, is hardly ever
extensive. Uremia in myeloma, associated
with paramyloidosis, therefore, is not due
to the amyloid but always to the deleterious
action of Bence Jones protein upon the
function of the kidneys.

Lympu Nobes, LIVER AND SPLEEN

Enlargement of the liver, often consider-
able, occurs in 40 per cent of the cases.
Splenomegaly, which usually is less striking,
is present 11 about one fourth of the patients.
Generalized shght lymph-node enlargement
by myelomatous infiltration of lymph nodes

is found frequently. In most instances en-
largement of liver and spleen is due to mye-
lomatous infiltration, hardly ever to replace-
ment by paramyloid. Lymph-node enlarge-
ment, however, may actually be due to par-
amyloid infiltration.

Treatment with urethane may also cause
hepatosplenomegaly.2323

OTHER FINDINGS

The absence of antibodies in the abrormal
gamma globulin fraction of the myeloma
serum s of considerable significance.1*1> In
the absence of antibodies in the serum a
tendency to infections exists. Low-grade
fever is present in about 40 per cent of the
cases of multiple myeloma, and the initial
stage of multiple myeloma may present as a
“fever of unknown origin.” In myeloma, in-
flammatory processes in the lungs are espe-
cially frequent, but meningitis too is a rather
common complication. Recurring pneumo-
nitis in adults is always a reason to suspect
the possible presence of multiple myeloma.

In rare instances infiltration of small blood
vessels with paramyloid results in bizarre
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pulmonary infiltrations.*® Paramyloid may
lead to many different clinical manifesta-
tions. Gastro-intestinal hemorrhages, wide-
spread purpura and macroglossia already
have been mentioned. In some unexplained
cases of heart failure the autopsy has ehcited
the presence of paramyloid of the myocar-
dium; only at this late stage did examination
of the bone marrow reveal generalized my-
elomatosis. In one published case pri-
mary amyloid of the heart Jed to the clinical
picture of constrictive pericardstis.!!

ROENTGEN FINDINGS

Roentgen examination reveals that the
most frequent sites of myelomatous infiltra-
tion are in the ribs, clavicles, sternum and
spine; the skull, pelvis and proximal extremi-
ties (Fig. 1) also are involved frequently.
However, any part of the skeleton may be
affected, and even plasmocytomas of the pha-
langes have been described.**2*

The roentgenographic appearance may
vary from diffuse, generalized “deminerali-
zation” to the presence of extensive melon-

Fia. 2. Skuil with
multiple osteolytic le-
sians, perhaps some-
what less sharply de-
lineated than usually
seen in multiple mye-
loma.

sized tumors with almost total bone destruc-
tion. The intramedullary expansion of mul-
tiple adjacent plasmocytomas may present a
striking “soap-bubble™ effect, such as seen in
glant-cell tumors. When such a lesion is seen
in one of the pelvic bones, the diagnosis of a
plasmocytoma must always be considered,
The individual osteolytic lesions characteris-
tically are present as sharply demarcated
punched-out holes which do not show any
evidence of surrounding bony condensation.

The sievelike appearance of the calva-
rnium in myeloma, due to an accumulation
of innumerable plasmocytomas, is well
known (Figs. 2 & 3). It should be realized
that comparable roentgen pictures may be
found occasionaily in multiple metastases of a
malignancy, especially of mammary cancer,
or in a proliferating lymphoblastoma.** The
differential diagnosis between these different
affections may offer considerable difficulties.
The following experience is sometimes help-
ful. Lymphoblastoma of the calvarium
rather often breaks out of the skull and
forms subcutaneous tumors, which always
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Fig. 3. Skull with
targe sharply deline-
ated punched-out os-
teolytic lesions, as
scen in multiple mye-
loma.

are firm. In contrast, multiple myeloma of
the skull only rarely leads to subcutaneous
tumors, and such subcutaneous myelomas
usually are soft.”> .

In vertebral collapse, due to multiple
myeloma, as in malignancies, the interverte-
bral disk usually remains intact,** even if the
adjacent vertebral bodies are completely col-
lapsed (Fig. 4). In addition, paraverte-
bral soft-tissue densities such as those seen
in tuberculous spondylitis hardly ever are
observed. However, exceptions do occur,
and in rare instances myelomas leading to

Fic 4 ©
lytic lesior
tion of bor .
higher than normal, indcating that the
resistance of the vertebral bone has suf-
fered considerably. In the upper part of
the roentgenogram a compressed vertebra
with intact adjacent disks is seen
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destruction of the intervertebral disk with or
without a paravertebral mass have been reg-
istered.’* Notwithstanding the importance
of the roentgen findings for the diagnosis of
multiple myeloma, in about 5 per cent of the
cases of this disease no demonstrable roent-
gen lesions of the skeleton can be elic-
ited.»*»*" In such cases a generalized mye-
lomatosis without macroscopic plasmocytoma
is present. Until the bone resorption by the
generalized myelomatosis has caused the
disappearance of 30 to 40 per cent of the
bone salts, the roentgenologic signs will be
negligible,

LABORATORY FINDINGS
PgrIPHERAL BLOOD

Anemia is present in far the greater num-
ber of patients with multiple myeloma, and
critically low hemoglobin values may de-
velop, Leukocytosis is present in 20 per
cent of the patients, and in one half of these
cases a shift to the left is noted. Eosino-
philia is seen occasionally, While the pres-
ence of a smafl number of plasma cells is
noted in the bloed smears of about one fifth
of the cases, the picture of true plasma-cell
leukemia is a rare occurrence and is found
i only 1 of every 50 patients with multiple
myeloma, Thrombocytopenia is found in
approximately one fourth of the cases.

A rapid erythrocyte sedimentation rate is
present in far the greater majority of cases
and is commonly associated with hyper-
globulinemia Marked rouleaux formation
and auto-agglutination of red cells due to the
excess of gamma globulins may be quite
striking and present considerable difficulties
in cross-matching unless the matching is
done at 28° C.

Frequently myelomatous patients show a
marked tendency to bleeding. At times this
can be attibuted to thrombocytopenia, but
in the majority of cases the cause remains
unknown In rare instances skin ecchymoses
have been caused by the deposition of par-
amyloid jn small cutaneous blood vessels

Hemorrhagic tendency may be due to the
presence of cryoglobulinemia. Cryoglobu-
lins are globulins that precipitate in the cold
and redissolve at 37° C. In cold weather
the skin temperature of a patient with cryo-
globulinemia decreases far enough to cause
precipitation of the cryoglobuf ia in the
surface vessels. This is an additional reason
why in patients with cryoglobulinemia hem-
orrhages and superficial necroses develop
easily.

Broop CHEMISTRY

The serum calcium is increased in more
than 50 per cent of the patients with myelo-
matosis, probably secondary to rapid ab-
sorption of bone substance. Values as high
as 17 mg. per cent have been observed. In
contrast with the findings in hyperparathy-
roidism with bone lesions, the serum phos-
phorus is normal or elevated. The latter
occurs, if, as is so frequently the case in
multiple myeloma, there is associated renal
insufficiency. Then the blood-urea nitrogen
and creatinine also are increased, Since the
myelomas are purely osteolytic lesions with-
out any osteoblastic proliferation, the level
of alkaline phosphatase of the serum remairis
normal High alkaline phosphatase is seen
occasionally in myeloma patients treated
with urethane, doe to the liver damage,
which may develop during long-standing ad-
minisiration of this drug® The frequent
hypercalcemia often causes a so-called hy-
percalcemic syndrome, and metastatic cal-
cification also is present occasionally. In
one series of 27 myeloma autopsies, meta-
static calcification was found in 10 cases; 2
patients had renal stones.” .

The uric acid of the serum frequently is
elevated, even in the absence of renal fail-
ure. This undoubtedly is due to the abnormal
prohferation and destruction of the nuclei
of the myeloma ceifs. The hyperuricemia
may be the reason for the exceptional cases
of gout scen in patients with multiple mye-
loma®
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SOLITARY AND MULTIPLE PLASMOCYTOMAS

The presence of a solitary myeloma
should be considered only in the absence of
Bence Jones proteinuria, hyperglobulinemia
and abnormal plasma-cell proliferation in the
bone marrow of the rest of the skeletan. The
absence of myeloma proteins in urine and
serum must be confirmed by electrophoretic
examination. Such cases are rare, and, in
most instances of so-called solitary plasmo-
cytoma, evidence of generalization of the
myelomatosis can be found in the form of
one or more of the enumerated abnor-
malities.

Extramedullary plasmocytomas may occur
without a bony component. These usually
are present in the mucous membranes of the
respiratory tract and rarely in the gastro-
intestinal ‘tract. In many instances typical
myelomatous dissemination develops later.

DIAGNOSIS

In establishing the diagnosis of multiple
myeloma, only the presence of Bence Jones
proteinuria, myeloma-cell proliferation on
bone-marrow aspiration and the typical elec-
trophoretic patterns in serum and urine are
pathognomonic. :

Muitiple myeloma may be confused with
almost all the metabolic and the neoplastic
diseases of bone. It has already been men-
tioned that the absence of hypophospha-
temia and of an increase of the atkaline phos-
phatase of the serum distinguishes myeloma
from hyperparathyroidism In osteomalacia,
hypercalcemia does not occur, and increase
of the alkaline phosphatase is a constant
phenomenon.  Osteoporosis is excluded by
the finding of hyperglobulinemia, Bence
Jones proteinuria and/or myeloma cells in
the marrow aspirate. The roentgenograms
of the vertebral column in multiple myeloma
and 1 postmenopausal osteoporosis may be

very similar; however, in the latter disease
the absorption of bone is limited to spine,
ribs and pelvis; in multiple myeloma any
part of the skeleton may be involved. The

presence of bony pro]il’cmtion, as secn usu-
ally in metastatic disease of bone, militates
against the diagrosis of multiple myeloma.
Nevertheless, considerable confusion may
arise with metastatic carcinoma, lipoid
granulomas, lymphoblastoma, bone sarcoma
and giant-cell tumors. The last-named neo-
plasm is allegedly rare in fiat bones. Ulti-
mately a biopsy often will be required to
settle the diagnostic problem.

The presence of renal insufficiency with
“heavy proteinuria” in the absence of hyper-
tension should always suggest the presence
of multiple myeloma or of amyloid disease
of the kidney. Since uremia in myeloma is
associated nearly constantly with the elimi-
nation of Bence Jones protein or other
myeloma proteins, examination of the urine
of uremic patients usually is sufficient to
prove or exclude the presence of multiple
myeloma. In doubtful cases bone-marrow
aspiration must be done. Macroglossia or
other localizations of paramyloid always
warrant a careful search for the presence of
multiple myeloma. Gingival biopsy may
show the presence of perivascular amyloid
infiltrations. Primary amyloidosis without
myclomatosis does occur but is a rarity.

In ag_ranulocytosis, Hodgkin’s disease, hy-
persensitivity reactions, lymphopathia vene-
reum and all other diseases with hyperglobu-
linemia, plasmocytosis of the bone marrow
often is present. In these cases the plasma
cells usually are mature and lack the char-
acteristics of the myeloma cells which have
been described before. Qccasionally, how-
ever, one may have great difﬂculty in exclud-
ing the diagnosis of multiple myeloma.
Roentgenologic bone survey, electrophoretic
determination of serum proteins and a search
for Bence Jones protein in the urine usually
will serve to arrive at the correct diagnosis.
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Summario in Interlingus

Myeloma Multiple

Summario in Interlingua

Myecloma multiple es un proliferation de
immatur cellulas plasmatic, specialmente in
le medulla ossec, partialmente in hepate,
splen, ¢ nodulos lymphatic, rarmente in
membranas mucose ¢ pelle. In le majori-
tate del casos, le juvene plasmoblastos
remane intra le medulla ossee. In certe
casos, grande numeros de cellulas plasmatic
appare in le sanguine peripheric, e le diag-
nose de leucemia a cellulas plasmatic debe
esser formulate,

Le morbo es characterisate per tres anor-
malitates in le metabolismo proteinic.

1. Elimination de proteina de Bence
Jones in le urina. Iste proteina se precipita
inter 45 ¢ 60 C. Illo se dissolve a 95 C.

2. Augmento del globulinas seral que
manifesta in le analyse electrophoretic un

configuration characteristic con un altissime
e acute picco a base de restringite largor.

3. Primari amyloidosis o paramyloidosis,
deponite specialmente in le fibras muscular
del corde, del lingua, del larynge, del vias
gastrointestinal, e del subcute.

Le examine roentgenologic revela un gen-
eralisate resorption de osso, causate per le
destruction de trabeculas ossee per le cellu-
las myelomatic. In plus, le proliferation tu-
moroide de cellulas plasmatic (plasmocy-
tomas) se manifesta como perforate lesiones
osteolytic sin proliferation ossee. Proque
neoformation de osso es absente, le phos-
phatase alealin del sero non es augmentate.
Le constatation de hypercalcemia es fre-
quente. Uremia es un occurrentia frequente
in patientes con proteinuria de Bence Jones.
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Some Effects of X-rays on Bone*

HELEN QUINCY WOODARD, PH.D.

INTRODUCTION

Tt is generally agreed among radiobiologists
that the effect of ionizing radiation on living
tissue is almost always deleterious. An ap-
parent exception is the occasional induction
of a favorable mutation, but it must be re-
membered that the lethal or otherwise unde-
sirable mutations induced by radiation
outnumber the favorable ones by many
orders of magmitude. Other apparent ex-
ceptions are the increased activities of
enzymes sometimes observed in irradiated
tissues  Further studies have always shown
that such cases do not represent a true
stimulation of the system under observation
but, rather, a displacement of equilibrium
due to greater damage to an opposing, more
sensitive system The most striking exam-
ple of such a displacement of equilibrium is
afforded by the whole field of the radiation
therapy of cancer. Although cancerous
lesions heal after successful radiation ther-
apy, the radiation does not stimulate healing.
It permits healing because most cancerous
tissue is more readily damaged than is the
surrounding normal tissue. When both are

* From the Biochemistry Department, Memorral
Hospital, and the Division of Expenmental Sur-
gery, Sloan-Kettering Institute, 444 East 68th St,
New York 21, New York

The author 1s indebted to members of the Bone
Service, under Dr B. L Coley, and to members of
the Radiation Therapy Department, under Dr J.J
Nickson, for their co-operation m making possible
the cimical studies reported in this chapter The ex-
perimental work was supported in part by a grant
trom the United States Atomic Energy Commusston.

irradiated both are injured, but the repara-
tive capacity of the normal tissue is injured
less by well-planned radiation therapy than
is the growth capacity of the cancer. The
end-result is that the neoplastic cells, while
they may not all have been killed by the
radiation, have been so devitalized that they
are walled off or replaced by nonneoplastic
cells,

Normal tissues differ greatly in suscepti-
bility to radiation injury, the lymph nodes,
the gonads and the intestinal mucosa being
among the most sensitive, while muscle is
rather resistant. In terms of susceptibility to
death from a given amount of radiation en-
ergy absorbed, adult bone is not very sensi-
tive, but it is pecultarly liable to injury from
therapeutic irradiation because of its high
calcium and phosphorus content, which
causes it to absorb considerably more energy
from a given beam of x-rays than does soft
tissue. When X or gamma rays impinge on
matter, they react with the atoms of the
matter, giving up energy with the emission
of secondary electrons. These electrons in
turn react with other atoms, producing
chemical changes which are the basis of the
biologic effects of radiation. The process
continues In a succession of steps until all
the orjginal electromagnetic energy is trans-
ferred to the atoms of the matter The proc-
ess is a complex one and depends on the
potential of the incident radiation and on
the atomic number of the atoms encoun-
tered, Thus, the intensity of a beam of
x-rays generated at 100 kilovolts (K.V ) is
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reduced by 80 per cent to 90 per cent after
passing through 5 em. of soft tissue or
matesial of similar composition, while the
intensity of million volt x-rays is seduced
by only 5 per cent to 20 per cent under the
same conditions. 1f the x-rays fall on bone,
the energy absorbed per gram ot per centi-
meter of depth is greater than in soft tissue,
and the difference is more pronounced with
fow-voltage x-rays than with x-rays gener-
ated at 1 million volts.

Radiation dosage is commonly expressed
in roentgens (r). The roentgen is a unit of
measurement that depends on the jonization
produced in air under standard conditions.
Since the mean atomic numbers of air, water
and muscle are nearly the same, dose read-
ings obtained by immersing air fonization
chambers in water or tissue-equivalent or-

ganic material give a good measure of the,

dose that would be received by soft tissue
under similar conditions during radiation
therapy. Depth-dose tables obtained by such
measurements are available in standard
handbooks.® Such tables, however, are not
applicable to the calculation of dosage in
bone because of its high mean atomic
number,

In 1946 Spiers? measured the absorption
of x-rays of various types in human cortical
bone and found that the bone absorbed

about S0 per cent more encrgy per r of mil-
fion volt x-rays than did muscle, and nearly
nine times as much cnergy per r of 80 K.V.
x-rays as wmuscle. Later, Spiers'® and Wil-
son!® pointed out that much of this energy
was dissipated in the bone salt and would
not be expected to have any biologic signifi-
cance. Biologic damage could be caused by
that portion of the sccondary electrons orig-
inating in the bone salt which are scattered
into adjacent soft tissues. Since the range
of these electrons depends on the voltage of
the original x-rays, soft-tissue structures of
different sizes should be affected differently
by x-rays of different qualities. These authors
caleulated the energy absorption to be ex-
pected in soft-tissue masses of various sizes
embedded in, or adjacent to, bone salt. ‘The
author of this chapter, working with Spiers,'®
tested this hypothesis by measuring the loss
of alakline phosphatase in irradiated mouse
bone. Since the size of the phosphatase-
bearing areas is known from histochemical
preparations, it was possible to calculate the
energy absorption to be expected in them. A
good correspondence was found between the
energy absorption to be expected and the
phosphatase loss observed, so that the valid-
ity of the hypothesis may be considered to
be established.

The figures obtained in this work with

RoOUGH APPROXIMATION OF THE DoseS WHICH MaY BE EXPECTED IN SOME
OF THE STRUCTURES 1N HUMAN BONE—OBTAINED FROM THE CALCULATIONS
OF SPIERS AND OF WILSON

. Size ENERGY ABSORPTION/CC./R IN STRUCTURE
TRUCTURE N
Mionons ENERGY ABSORPTION/CC./R IN MasSIvE SoFT TISSUE
100 kvp x-rays 200 kvp x-rays 1000 kvp x-rays
Bone solid — 9.0 5.0 1.5
Canahcuh 1 p diameter 60 ° 2.3 1"’
Lacunae and 10-50 ;. diamete: 2 A
small vessels * i > e M
Haversian canal 100 4 diameter
‘Walls 4.5
Center 1 '0 fg '3
L L 11
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mice cannot be applied directly to human
bone because of the differences in the sizes
and the degrees of mineralization of the
structures involved. The table on page 119
gives a very rough approximation of the
doses which may be expected in some of the
structures in human bone, as obtained from
the calculations of Spiers and of Wilson. It
1s evident from this table that it is very diffi~
cult to make any reliable estimate of the
x-ray dose in bone as a whole. The situa~
tion is complicated further by the fact that,
by the time radiation reaches a deep-seated
bone such as the femur, it will have under~
gone considerable change in quality through
interaction with the overlying soft tissue. In
addition, the deeper layers of bone may be
shielded to an appreciable extent by the
more superficial layers, It 1s perhaps fair to
assume that the dose to the sensitive areas
i bone from 200 K.V, to 250 K.V. x-rays
is likely to be about twice what would be
expected from the conventional depth-dose
tables, while the dose from 1 mullion volt
x-rays or from the gamma rays of radium or
cobalt-60 may be 10 per cent to 30 per cent
higher than indicated, Energy absorption in
bone from x-rays generated at voltages from
2 million up to about 25 million is slightly
higher than at 1 million volts, but the differ-
ence is not great enough to be jmportant
clinically.

In view of the above uncertainties in cal-
culating energy absorption in bone, it has
seemed best, in the remainder of this chap-
ter, to use as the dose to bone the dose
which would have been received by soft tis-
sue in the same position as the bone. It
must always be remembered, however, that
the actual dose absorbed by the bone was
ugher than the stated figure by an unknown
but significant amount :

NATURE OF RADIATION DAMAGE
TO BONE

The results of numerous experimental

studies and clinical observations indicate that

radiation damages both the anabolic and the

catabolic processes in bone and that the
ultimate manifestation of damage, short of
complete devitalization, depends on which
process is damaged more. Whichever type
of damage predominates, the visible evi-
dences of it usually develop very slowly. The
slow appearance of evidence of damage is
commonly attributed to a naturally slow
metabolic rate, but this is not strictly true.
Metabolism at trabecular surfaces and in the
lumens of young haversian systems is actu-
ally quite brisk; as is indicated, for example,
by the exceedingly rapid response to para-
thyroid hormone. The over-all metabolism
appears slow because a very large proportion
of bome substance consists of crystals of
calcium salts embedded in an acellular or-
ganic matrix. Where these materials are
adjacent to bone cells they are continually

. built up and removed at a rapid rate.* The

portion of bone substance which is remote
from blood vessels and active cells, on the
other hand, is turmed over very slowly.
Hence, while the first clinical evidence of
radiation damage to soft tissue usually ap-
pears in days or weeks, evidence of damage
to bone of comparable severity may require
months or years to become manifest,

In human bone the first clinical evidence
of radiation damage is usually a loss in
density, as seen in the roentgenograms. This
may be generalized, with little alteration in
texture, or it may be patchy, areas of very
low density alternating with other areas
which appear nearly normal. Islands of
greatly increased density sometimes appear.
They resemble those seen in caisson disease
and are probably caused in both cases by
necrosis of bone tissue distal to points of
obliteration of nutrient vessels. Spontaneous
fractures are common in jrradiated bones,
usually occurring from 8 months to 3 years
after exposure. Nonunjon is common, but
many such fractures heal satisfactorily. A
very serious, but fortunately rare, late effect
of radiation is the induction of osteogenic
sarcoma, If this is due to internally depos-
jted radioactive isotopes rather than to ex-
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radiostrontium uptake in the leg bones of mice at various times after a dose of 900 r
of 180 K.V. x-rays. All measurements are expressed as the ratio of the substance in the
irradiated bone to that in the contralateral control bone, calculated as per cent of the

wet weight of the specimens.

ternal irradiation, malignant change is likely
to be preceded by considerable abnormal
bone proliferation in regions which, earlier,
had seemed quite atrophic. Some of these
clinjcal changes in human bone will be dis-
cussed in more detail later, but their signifi-
cance will be clearer if experimental data
from ammals are examined first.

EFFECTS OF RADIATION
ON ANIMAL BONE

Figures 1 and 2 summarize the results of
some work by the author on effects of x-rays
on mouse bome. In this work the distal
femur and the proximal tibia of each of a
senes of 20 Gm. male mice were irradiated,
the remainder of the animal being shielded.

At varying times after irradiation the mice
were killed, the irradiated and the contra-
lateral control bones were dissected out, and
the alkaline phosphatase a\ctivily and the
calcium and water contents were deter-
mined. The technic is described in detail
elsewhere.’® In some animals about 5 micro-
curies of radioactive strontium was injected
intraperitoneally 3 days before sacrifice, and
the strontum uptake in the irradiated and
the control bones was determined. Because
the epiphyses of mice do not close until old
age, if at all, the alkalne phosphatase ac-
tivity of the bones remains high enough for
satisfactory measurement for at least a year.
In these experiments it was known that the
energy absorption in the phosphatase-bearing
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MOUSE BONE (RRADIATED AT (80 kv.HV.L.20 75mm Cu DOSE=2500r
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Fic. 2 Same as Figure 1, except that the dose was 2,500 r.

areas in the bones was about 40 per cent
greater than it would have been in similar
areas in massive soft tissue. Other work
showed that the preformed phosphatase was
not affected by doses of 20,000 r; hence, the
loss in phosphatase activity observed was
due to impairment of production of enzyme
by the damaged tissue.

Following irradiation there is a prompt
depression in phosphatase activity to a mini-
mum, which is reached in 18 to 30 days.
After this there is a partial recovery, which
is maximal 1n 30 to 50 days, and is followed
by a second depression. The times and the
magnitudes of these changes depend on the
x-ray dose. The rather scanty data shown by
the dotted lines mn the charts indicate that
recovery 1s still incomplete at 6 months, and
a later series of observations shows that
there 1s evidence of residual damage 1 year
after exposure to even 900 r. As 1 year is

nearly half the normal life span of the
mouse, it is clear that radiation changes are
quite persistent.

Alkaline phosphatase takes part in the
process of mineralization of bone, nlthoug.h
the exact mechanism by which it does 50 1S
not entirely clear. Under the conditions of
the experiments reported here, mineraliza-
tion, as indicated by the ability of the jrradi-
ated bones to fix radioactive strontrum, was
not injured as greatly as was thewr ability to
elaborate phosphatase; but the cycles of
depression and recovery were closely paral-
lel. Similar results have been reported })y
Cohn and Gong® for phosphatase activity
and radioactive calcium uptake in xrradiafed
rat bone, and by Wilson** for radioactive
phosphorus uptake in mouse bone

The production of atkaline phosphatase
and the uptake of phosphate and of calcium
and its metabolic analogues are anabolic
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processes which are part of the formation
of new bone and the replacement of old.
The catabolic process of bone resorption or
remodeling is diflicult to measure quantita-
tively, but there is indirect evidence that this,
also, is damaged by irradiation. In Figures
1 and 2 there arc curves representing the
change in the ratios of the calcium contents
as expressed as per cent of the wet weight
of the specimens, of the irradiated and
control bones. In view of the fall in alka-
line phosphatase and in strontium uptake,
it was expected that the calcium content
would decrease following irradiation, but,
as may be seen from the curves, it appears
to rise. This increase is only apparent, how-
ever, since the water content falls, so that
the calcium, if expressed as per cent of dry
weight, shows no significant change. Other
experiments showed that the protein con-
tent of the specimens decreased in parallel
with the loss of water, indicating that a part
of the actively metabolizing tissue was lost
while the mineral elements were spared. The
findings of Cohn and Gong are similar to
these, and even more clear cut.

While irradiation can kill bone and dead
bone can persist apparently unchanged in
the body for long periods, these irradiated
bones are not dead. The fact that they re-
main densely calcified for months, during
which their calcifying mechanism is known
to be partly inactivated, is rather good evi-
dence that the resorptive mechanism also is
severely damaged. The balance between the
two processes appears to be different in
human and in rodent bones, so that demin-
eralization usually is predominant in the
human, but not in mice and rats However,
it must be remembered that these animal
btzn?s received a single dose of x-rays ad-
ministered in a few minutes, while human
therapeutic jrradiation usually is given in
divided doses over a period of days or
weeks, It is possible that the difference in
df>Se tate, rather than an inherent species
t_ﬂlﬂ'erence, is responsible for the difference
in the character of the TESponse.

1t is evident from the shape of the curves
in Figures 1 and 2 that damage and recovery
appear in a rhythmic fashion in mouse bone.
Several possible explanations of this phe-
nomenon suggest themselves, but, as they
have not been proved, it is not profitable to
discuss them. In human bone, evidence of
damage rests on clinical observations which
are not sufficiently precise for the demon-
stration of the presence or the absence of a
periodic response.

EFFECTS OF RADIATION
ON HUMAN BONE

Perhaps the most conspicuous clinical
aspect of the effects of radiation on human
bone is the tardiness with which evidencz
of damage appears. This complicates greatly
the problem of diagnosis, since the patient
may be lost to follow-up by the physician
who administered the radiation and appear
years later in an orthopaedic clinic with bone
lesions of a highly equivocal nature. For
this reason the orthopaedist always should
be alert to anything in the history suggestive
of previous radiation therapy and to evi-
dence of radiation damage in the skin. Even
when a clear history of radiation treatment
can be obtained, often it is difficult to obtain
any statement of the dose. In such cases the
condition of overlying soft parts is important
In general, if there are marked pigmentation
and telangiectasia of the skin, palpable
fibrosis of muscle and loss of subcutaneous
fat, the dose of radiation probably was suffi-
cient to cause changes in a bone situated
not more than 5 cm. below the surface
There are many exceptions to this relation-
ship, which is influenced by the type of
radiation employed and the method of ad-
ministration, but, in default of an adequate
history, it affords a useful clinical guide.

Even when the administered dose is
known, it is difficult 1o predict the amount
of damage which is likely to result. This is
partly_ because the energy absorption in
l;;)sr;z Slsser:io;al;;;(;vn accurately for the reasons

, partly because the method
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Figs. 3-6, Case 1. Fig. 3 (above) May
21, 1947 showing “fatigue” type of frac-
ture 16 months after pelvic’ irradiation
for carcinoma of the cervix.

of administering the radiation (dose rate,
etc.) probably affects the response, and
partly because minor damage, especially to
non-weight-bearing bones, may never be ap-
parent climeally. In an earlier work!® the
author estimated that, for 200 K. V. to 250
x-rays administered at a rate of 200 r t0 300 r
per day, a cumulative dose of less than 2,000 r
had no demonstrable effect on the bones of
young adults, while doses of 3,000 r to
4,000 r usually caused definite and some-
times serjous damage, and doses greater than
5,000 r were likely to kill the bone. In old
people the dose required to produce a par-
ticular effect may be somewhat smaller,
probably because the already poor circula-
tion 1s compromised further by fibrosis of
soft parts The bones of children, on the
other hand, may remain viable after doses
of 7,000 r, but relatively small doses to the
cpiphyses produce severe stunting. Addi-
tional data obtained since these figures were
published tend to confirm the conclusions
quoted.

Fic. 4. June 18, 1947: the fracture 1s
larger, but callus is beginning to form.

The earliest change seen in irradiated
bone is likely to be an over-all loss of density
or a patchy demineralization. This may be
associated with mild symptoms, or it may be
observed first on roentgenograms taken for
unrelated reasons. These changes may dis-
appear later, or they may progress. They
sometimes resemble the changes associated
with atrophy of disuse; and, in fact, poor
function 1n the shoulder girdle on the side
of a radical mastectomy, for example, may
contribute to the alteration in texture of the
bones in the irradiated field, Unfortunately,
radiation changes often resemble the lesions
caused by metastases in bone. As substan-
tial doses of radiation seldom are given ex-
cept for malignant disease, the subsequent
appearance of bony metastases is very prob-
able, so that radiation changes which are
not of great chinical importance in them-
selves may be attributed erroneously to dis-
seminated cancer. In cases such as this an
open biopsy of the bone may be necessary
to establish the diagnosis.
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Fi6. 5. November 17, 1948: the fracture
has united,

Probably the most important aspect of
radiation damage to bone is the occurrence
of fractures after trivial injury. These ap-
pear most commonly between eight months
and three years after exposure. It is difficult
to estimate their true incidence, as they are
usually of the “fatigue” type and may not
be detected. In a series of patients who had
received postoperative radiation therapy
after radical »my and had ily
full roentgenographic coverage in a special
clinic at Memorial Hospital, a number of
tib fractures were discovered which had
caused minimal symptoms. Most of them
were seen in patients who had been treated
by methods, now outmoded, which per-
mitted “hot spots” at points where adjacent
radiation fields overlapped. Such fractures
are not disabling, but they may be serious
because of the danger of their being mis-
taken for metastases. They may be expected
to be less frequent following the improved
methods of jrradiation now in use.

Clinically, the most important type of
fracture is that which occurs in the femoral
neck following treatment of carcinoma of the
rectum, the bladder or the uterine cervix.

Fig. 6. March 22, 1950: trabecular
structure is re-established across the frac-
ture line.

In the past the incidence seems to have
been about 1 per cent. Several excellent
studies of this’complication have been pub-
lished,”*!* and only a single typical exam-
ple will be reported here.

Case 1. A white female, 67 years of age, was
treated for carcinoma of the cervix in the winter
of 1945-46. Between November 13 and Decem-
ber 13, 1945, she received radiation at 200 K.V.,
70 cm. T.S D., to large anterior, posterior, right
and left lateral pelvic fields. The dose to the
neck of the right femur from the right lateral
field was about 1,200 r, and from the other fields
a maximum of 1,000 r, with considerable uncer-
tainty as to the exact angle of the fields.

From November 23 t0 December 28 the pa-
tient was treated with a 3-cm. vagiial cone at
130 K.V,, 25 cm. T.S D. This may have contrib-
uted 500 r to the dose to the right femoral neck.
On January 1, 1946, she received intracavitary
radium, which may have added another 300 T
to the bone dose. Thus, the maximum dose to
the femoral neck in 6 weeks was 3,000 r, with
2,500 r as a more probable figure,

In April, 1947, or 15 months after the last
wrradiation, the patient began to complain of
pain in the right hip. This increased until, on
May 21, 1947, a roentgenogram was taken
which showed an incomplete “fatigue” type frac-
ture of the femoral neck (Fig. 3). This increased
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giant-cell tumor of the left rads

2 months after an x-ray dose of 4,400 r. The ulna is normal except for pressure

changes.

F1G. 8 (center) May 11, 1932: after an addutional x-ray dose of 2,500 r. There has
been no bone regeneration in the rads The ulna still appears to be normal.

FI6 9 (right) January 26, 1946. the ulna has disintegrated as a result of the jrradia-
tion 14 years previously. (Coley, B. L.: Neoplasms of Bone, New York, Hoeber)

slightly during the next month but also showed
some evidence of callus formation (Fig. 4). The
patient was allowed to walk with crutches with-
out weight-bearing, and by November 17, 1948
P g ~ - 1 L1y
1 [E .

hsh;d across the fracture lmne, and the patient
was symptom free except for 3 cm. of shorten-
ing. She still was well at the last exammation,
10 years after irradiation.

This case is presented to illustrate the
gradual development and the incomplete
nature of many radiation-induced fractures.
The dose was sufficient to cause temporary
reduction of the regenerative capacity of the
bone below that necessary to repair ordinary
wear and tear, but it was not sufficient to
prevent eventual recovery, even in an elderly
woman. As a large part of the dose to the
upper femur comes from the lateral fields,

such fields now are used in pelvic irradia-
tion only in exceptional cjrcumstances;
hence, postirradiation fractures may be ex-
pected 1o be less frequent in the future.
While they constitute a serious complication,
the possibility of their occurrence is not to
be considered as a contraindication to well-
planned pelvic irradiation, but rather as a
calculated risk inherent in a ifesaving thera-
peutic procedure.

The next case illustrates the results of
gross overirradiation of a benign tumor
during the early days of radiation therapy,
with incidental destruction of a normal bone
included in the field

Case 2. A 40-year-old white male was
treated at another hospital in March and April,
1931, for a grant-cell tumor of the Jeft radius.

The tumor dose 1s thought to have been about
4,400 r. Figure 7 1llustrates the appearance of
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i i : i i bones

Fies. 10 & 11, Case 3. Fig. 10 (left) April 16, 1941: showing stunting of the
of the right shoulder 5 years after an x-ray dose of between 6,000 r and 8,000 r.
Fig. 11 (right) November 19, 1947: showing appearance 12 years after treatment.

the lesion in June, 1931, It will be noted that
the ulna looks normal except for pressure
changes, and that the cortex of the radius cannot
be seen, although some cortical bone usually is
evident about even advanced giantcell tumors.
The patient was observed for a ume at Me-
morial Hospital, but there was no evidence of
healing. On the assumption that this was due to
continuing tumor activity, he was given addi-
tional therapy at intervals from September,
1931, to February, 1932, for a tumor dose of
2,500 r at 130 K.V., 40 em, T.S.D. i
The appearance 1n May, 1932, is shown in
Figure 8, Here the tumor has regressed without
lcification, and the resultant shortening has
led to dislocation of the ulna. Wrist function
Was poor, but improved following the complete
disintegration of the ulna, with the formation of
a pseudarthrosis The condition in January,
1946, 14 years after the last irradiation, 1s shown
in Figure 9,

In this case the dose was so large that it
not only destroyed the tumor but prevented
any regeneration in such fragments of unin-
volved bone as may have remained in the
radius, and destroyed the previously normal
ulna,

As is well known, the irradiation of young
bone may result in marked retardation of
growth. The minmum dose for stunting in

young rats has been reported® to be 500 r,
and 600 r has been found'? to retard the
growth of the forelegs of puppies. In the
very small series of children observed by
the author it appears that 1,200 r will cause
measurable but not severe stunting, and
doses in the neighborhood of 4,000 r will
have a marked effect. The effect of very
large doses is jllustrated in the following
case:

Case 3. A white 18-month-old male when
first admitted to Memonal Hospital in Decem-
ber, 1934, had a tumor of the right clavicle
which was diagnosed on biopsy as Ewing’s
endothelioma of bone. During the next 17
months he recetved four courses of x-ray ther-
apy at 200 K.V, 50 em T.S.D, or a total
tumor dose of 7,800 r. The dose to the scapula
and the upper humerus was somewhat smaller,
but can hardly have been less than 6,000 r. The
tumor in the scapula regressed and had not
recurred when the patient was last seen on July
2, 1956.

Retardation of growth of the irradiated
shoulder was well marked 3 years after the last
treatment, and the discrepancy between the two
shoulders continued to ncréase until general]
body growth was complete,

The appearance of the bones on April 16,
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Fi. 12 Roentgenograms of dissected
amputated specimen, showing an osteo-
genic sarcoma of the femur and extensive
radiation changes in the tiia caused by
radium deposited 37 years previously.
(Woodard, H. Q. Cancer, vol 10, fron-
tispiece)

1941, 5 years after the end of therapy, is
shown 1n Figure 10. The irradiated bones
are small, poorly mineralized and somewhat
irregular i texture. The external appear-
ance of the patient on November 19, 1947,
12 years after treatment, is shown in Figure
11. Changes 1n the skin had become con-
spicuous for the first time shortly before this
picture was taken.

It will be noted that the irradiated shoul-
der, while very small for a youth 15 years of
age, is considerably larger than that of a
2-year-old child. In other words, while
growth was greatly retarded, it was not com-
pletely abolished even by this large dose of
radiation. The risk of changes such as these,
while fully justified in treating children with
malignant disease, constitutes a contraindi-
cation to the use of radiation for benign
conditions.

In the nineteen twenties osteogenic sar-
coma occurred in a number of women who
had ingested small amounts of radium while
painting watch dials with Iuminous paint
Since that time it has generally been recog-
nized that internally deposited radioactive
substances can induce malignant change in
bone. A large amount of experimental work
has shown that osteogenic sarcoma can be
induced at will in animals of several species
by either radium or radioactive strontium.
The induction time varied with the dose but
usually was a substantial fraction of the
natural life span of the animal. The prob-
Iem in man has been reviewed in an admi-
rable monograph by Aub and others! and
need not be considered in detail here.

There exist now safety regulations ade-
quate to prevent further mishandling of
radium such as that responsible for the
injury of the dial painters; hence, it might be
supposed that the issue is not of present
interest, but, unfortunately, this is not so.
An unknown number of people probably are
carrying a radium burden acquired through
drinking radioactive waters, a form of treat-
ment which was popular 30 years ago. Some
of the dial painters are still alive, and one
was admitted to Memorial Hospital in 1956
suffering from an osteogenic sarcoma in-
duced by radium ingested 37 years ago and
still present in her skeleton, A roentgeno-
gram of the dissected amputated specimen
1s shown in Figure 12. The tumor arose in
the lower femur, crossed the joint space and
invaded the upper tibia. The appearance 91
the lower tibia, which was free of tumor, is
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characteristic of the changes produced by
radium deposited in bone.

The use of radioactive isotopes is alrcady
extensive and s increasing rapidly. The
United States Atomic Encrgy Commission
has imposed stringent safety rules for lh.c
handling of these substances, so that it is
unlikely that their internal deposition as a
result of peacctime industrial or laboratory
accidents will become a health problem in
the future. In atomic warfare, however, all
regions of fall-out can be expected to be
heavily contaminated with strontium-90.
This is a long-lived isotope, is one of the
major products of uranium fission, and is
metabolized in a manner very similar to that
of calcium and radium. It constitutes a
hazard of very grave import.

While it has been clear for 30 years that
osteogenic sarcoma could be induced by
long-continued low-level internal irradiation,
it has only recently been clear that external
irradiation could produce the same result. In
most cases the dose has amounted to several
thousand roentgens delivered in a few weeks.
These x-ray-induced sarcomas are quite rare.
A total of 22 have been seen at Memorial
Hospital to date, with induction periods of
410 24 years.* This is a very small fraction
of the entire number of patients who have
received radiation lherap-v and have been
followed for comparable intervals. Never-
theless, the hazard, though slight, is definite
and warrants careful investigation whenever
a patient complains of persistent pain in a
previously asymptomatic bone in a region
which has been irradiated.

SUMMARY

Because of its high calcium and phos-
phorus content, bone absorbs more energy
from an x-ray beam than does soft tissue.

The results of animal experimentation and
of clinical observation indicate that both the
anabolic and the catabolic processes in bone
are damaged by external irradiation. Similar
effects are produced by internally deposited
radioactive isotopes

Evidence of radiation damage in bone is
slow to appear and is long lasting.

The clinical signs of radiation damage in
bone are:

1. Stunting of growth in children

2. Generalized or patchy demineralization
with or without contrasting infarcted areas

3. Pathologic fractures, usually of the
“fatigue”™ type, occurring from 8 months to
3 years after exposure. .

4. Total disintegration of bone after very
heavy exposure

5. Osteogenic sarcoma developing many
years after single courses of external irradia-
tion, or after long-continued low-level irradi-
ation from internally deposited radioactive
isotopes. This is rare.
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Certe Effectos de Radios X Super le Osso

Summario in Interlingua

Le ossos, possedente un alte contento de
caleum e phosphoro, absorbe plus energia
ab un fasce de radios X que histos molle.

Resultatos de experimentos animal e de
observationes clinic indica que tanto le
processos anabolic como etiam le processos
catabolic in le osso suffre sub irradiation
externe. Simile effectos es producite per
depositos interne de isotopos radioactive.

Le manifestationes de lesiones radiational
in le ossos appare lentemente. Illos es
perdurative.

Le signos clinic de lesion radiational in
0ss0 es le squente:

1. Crescentia atrophic in juveniles

2. Dismineralisation generalisate o dis-
crete, con o sin contrastante areas infarctate.

3. Fracturas pathologic, usualmente del
typo a “fatiga,” occurrente inter octo menses
e tres annos post le exposition.

4. Disintegration total del osso post fortis-
sime expositiones.

5. Sarcoma ostcogenic, occurrente multe
anmos post unic cursos de irradiation externe
o post prolongate irradiation a basse nivellos
de energia ab depositos interne de 150topos
radioactive. Isto es rar.
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Skeletal Lesjons Produced by Aminonirijeg
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odoratus seeds and described the pathogene-
sis of the skeletal lesions observed in these
animals.’*?* Dupuy and Lee® isolated an
active crystalline substance from singletary
peas {Lathyrus pusillus). Schilling and
Strong™ isolated a similar compound from
Lathyrus odoratus seeds and characterized
it as g~(N-y-L-glutamyl)-aminopropionitrile.
Shortly afterward it was recognized that the
active portion of the molecule is B-amino-
propionitrile (BAPN).%%3% This compound
is present in all the peas that produce odora-
tism (Lathyrus odoratus, Lathyrus pusillus
and Lathyrus hirsutus) and absent from the
peas that cause human lathyrism.? It is also
absent from the legumes of common con-
sumption in our diets. Two other aminoni-
triles—aminoacetonitrile (AAN) and meth-
yleneamino-acetonitrile—have been found to
be more active than BAPN in the production
of the lesions of odoratism in the rats.
Another related substance—Dbis(g-cyano-
ethyl) amine—fed to rats produces slight
skeletal lesions but severe neurologic
changes which deserve further investigation.
The importance of these studies arises from
the similarities observed histologically be-
tween the lesions of odoratism in the rat and
certain human diseases such as dissecting
aneurysm of the aorta and slipping epiphysis.
Aminonitriles fed to rabbits, mice, chicks,
frogs and newts have caused lesions resem-
bling odoratism in the rat.* The mice are
quite resistant to the BAPN, whereas the
frogs are resistant to AAN. The action of
the aminonitriles 1s tissue specific, affecting
the mesodermal tissues, probably some com-
ponent of the ground substance. The verte-
brates are most sensitive to the aminonitriles
during certain periods of growth; they do
not appear to be affected during the earlier
stages of embryonary development and only
slightly when they mature. The actively
growing epiphyseal plates and certain tendon
and muscle insertions are damaged greatly

by the aminontriles.
Stamler® has studied the effect of Lathy-
rus odoratus peas on reproduction in the

rat. Mature rats of both sexes maintained
on a 50 per cent pea diet remained in good
health for several months. The male rats
showed active spermatogenesis and no tes-
ticle atrophy, even after 8 months of a 50
per cent pea diet. Offspring obtained by
mating these males with normal females
showed no abnormalities, In the female rat,
menstrual cycles were not interrupted, and
they mated freely. Conception occurred in
a high percentage of matings.

The final few days of gestation constitute
the critical period for exhibition of the toxic
effect of the pea. Normal litters were born
to females on a 50 per cent pea diet during
the first 16 days of pregnancy, but giving this
diet for onc more day resulted in death of
almost all fetuses. Giving the dict from the
17th to the 20th day was also highly toxic
to the unborn young. Diets containing 20
per cent Lathyrus odoratus meal were lethal
for the rat fetus if begun by the 17th day
of gestation.

Many young were born dead with little
evidence of decomposition, while others
were feebly alive at birth but succumbed
soon afterward. Both living and dead were
fragile and hydropic in character. Muscles
and connective tissues were poorly devel-
oped, and cohesion of various skeletal and
connective tissues appeared faulty. Massive
hemothorax from aortic rupture was a fre-
quent demonstrable cause of death. Kypho-
scoliosis developed in many fetuses Lesions
produced by aminonitriles mimicked those
produced by the pea diets. Diets containing
0.05 per cent BAPN proved uniformly
lethal to fetuses when given beginning the
17th day of pregnancy. AAN caused death
of the fetuses at much lower concentrations:

The skeletal lesions which occur in the
young rats are studied better by feeding
stock diets containing 50 per cent Lariyrus
odoratus seeds or 0.1 per cent BAPN or
0.025 per cent AAN.2® The toxicity of these
three diets is quite similar. Weaniing rats
approximately 3 weeks old fed these diets
show widening of the epiphyseal plates of
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F16. 3. An 8-week-old rabbit fed stock
diet containing 0.2 per cent AAN from
6 weeks of age. This rabbit had bilateral
complete slipping of the upper humeral
epiphyses.

be some hemorrhage at this area. Slipping
of the epiphysis occurs along this line of
diminished resistance (Figs. 3 & 4).

The calcification of the cartilage adjacent
to the metaphysis and the endochondral
ossification appear to proceed, although in
a disarranged manner. No osteoid seams
are seen in the metaphysis. However, in
small areas the rows of degenerating carti-
lage cells appear completely disorganized,
the cartilage matrix does not calcify, and,
consequently, there is no endochondral ossi-
fication at that site. Tongues of cartilage are
seen to extend deep into the metaphysis, but
there is no abnormal amount of osteoid
(Fig. 2).

Local defects of ossification also are re-
sponsible for the presence of areas in the
metaphysis filled with fibrous tissue. These
defects occur in epiphyseal plates with and
without slipping. If a slipping of the epiphy-
sis occurs, the periosteum becomes detached
from the metaphysis, followed by formation
of new periosteal bone at that site. After
the epiphysis has slipped, the epiphyseal
plate is disorganized and contains abundant
fibrous tissue and fibrocartilage. However,
in some instances new columns of proliferat-
ing cartilage form in the area adjacent to the
metaphysis, and bone growth may continue.
These epiphyseal plate lesions are more
severe in the more actively growing epi-
physeal plates, such as the lower end of the
femur and the upper end of the tibia. The
upper femoral epiphysis slips rarely in rats
but commonly in rabbits (Figs. 3 & 4)-

Fio. 4. Roentgenogram of an 8-weck-
old rabbit fed stock diet contaning 0.2
per cent AAN from 6 weeks of age. Com-
plete shipping of the right upper femoral
epiphysis and partial slipping of both
upper humeral epiphyses arc present
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The older the animal the less extensive are
the lesions in the epiphyseal plate for a
given period of experimental feeding.
Another lesion of great interest t0 the
orthopaedic surgeon ocCurs at the site of
insertion of ligaments and tendons where
the cartilage matrix appears to lose cohesion,
and these insertions become loose. The liga-
ments are partially detached from the under-
lying bone. Connective tissue appears at
the site of the detachment, and later on new
bone trabeculae form and usually are lined
up along the direction of pull. The earliest
changes occur at the digital fossa in the
upper femur; in weanling rats fed minimal
amounts of aminonitriles, the insertions of
the outward rotators of the femur become
loose during the first days of the experi-
mental diet, and toward the end of the third
week the digital fossa is occupied by a large
mass of immature new bone (Fig. 5). The
same lesion, but less severe occurs at the

insertions of the interspinous, the supra-

spinous and the costotransverse ligaments of
the vertebrae.,

Extensive areas of periosteal new bone
form over the long bones and the pelvis of
weanling rats a few weeks after the start of
the aminonitrile diets. The new bone appears
to form because of the separation of the
periosteum from the underlying bone. Peri-
osteal new bone forms in greater amounts
at the site of tendon insertions, such as at
the upper third of the femur, where the glu-
teus maximus and the psoas insert. Large
masses of young very cellular connective tis-
sue develop underneath the lifted perios-
teum. Metachromatic granules and globules
are present in the ground substance between
the young fibroblasts. New bone trabeculae
develop later on in these areas of young con-
nective tissue. Neither infl ory cells

Frc. 5. Frontal section of the upper end
of the femur of a 42-day-old rat fed a
stock diet containing 50 per cent Lathyrus
odoratus seed from 22 days of age. Peri-
osteal new bone formation and abundant
new bone occupying the digital fossa can
be seen. The cartilage plate of the greater
trochanter is wide.

Kyphoscoliosis develops in young rats fed
aminonitriles. Usually the kyphoscoliosis is
more severe when diets containing 0.1 or 0.2
per cent of BAPN are administered to
3-week-old rats. The first changes take
place at the level of the thoracolum-
bar junction after the third week of feeding.
A kyphosis develops due to a slow forward
slipping of the cephalad vertebra over the
caudal vertebra. Similar changes occur later
on in the mid-thoracic area. The mid-sternal
segments angulate and protrude forward.
The ribs also become deformed and usually

nor an unusual amount of ostecid tissue
is seen. Administration of a stock diet con-
taining 0.05 per cent of amino-acetonitrile
produces extensive periosteal new bone for-
mation in the femurs and the humeri in 1
week.

late downward. A left thoracolumbar
kyphoscoliosis with the apex at the sixth tho-
racic vertebra is the common deformity
(Fig. 6). Well-developed lumbar curves
rarely are seen.
Histologic studies of the spine reveal that
the vertebral slipping, which causes the sco~
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Fi6. 6. Roentgen-
ograms of a 13-week-
old rat fed a stock
diet containing 50
per cent Lathyrus
odoratus peas from 4
weeks of age, Note
scoliosis, thoracic de-
formity, subluxation
of the shoulders and
bowing of the long
bones.
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Fi6 7 Sagttal section of the mid-
thoracic vertebrae in a 56-day-old rat fed

4 R
Fic. 8. Sagittal section of the vertebrae

a stock diet containing 0.2 per cent BAPN of the thoracolumbar junction of 2 53-day-
from 23 days of age. Sipping of one ver- old rat fed a 50 per cent Lathyrus odoratus
tebra and loosening of the mterspinous dict from 23 days of age. A slight slipping
ligaments at the level of the shipping can of the vertcbrae with some compression o

be seen the spinal cord can be observed.
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Fia. 9. Photomicrograph of the knee-joint cartilage of a 242-day-old rat fed diet con-
taining 50 per cent Lathyrits odoratus seed from 56 days of age.

liosis, occurs at the site of the weakened
vertebral epiphyseal plate. However, the
loosening of the attachments of the liga-
ments of the vertebral syndesmosis is a pre-
requisite for the vertebral slipping (Fig. 7).
The slipping produces some detachment of
the periosteum from the vertebral body,
which is followed by the formation of new
periosteal bone. The intervertebral disks do
not appear to be abnormal in the young
animals, and the annulus fibrosus remains
attached to the cartilaginous plate. Slipping
usually occurs in only one of the two epi-
physeal plates adjacent to an intervertebral
disk. Tn some animals fed diets containing
higher doses of aminonitriles, the vertebral
slipping may occur rapidly, and one verte-
bra may be seen to slip completely in front
of the vertebra beneath, severing the spinal
cord. If the rats are over 1 month old when
the experimentat feeding is started, the epi-
physeal slipping occurs slowly, or not at all.
In these cases a complete rent in the epi-
physeal plate is not seen, and there is only a

minor sliding of the cartilaginous plate over
the vertebra, producing a small degree of
scoliosis or kyphosis (Fig. 8). In the olde:
rats the kyphotic component of the deform-
ity is found to be much more common than
the scoliosis.

The skeleton of these animals is osteo-
porotic. The osteoporosis may be due to
the relative inactivity of the animals when
the epiphyseal slipping and the periosteal
detachments occur and to malnutrition.

A lesion resembling Osgood-Schlatter dis-
ease of human patients is seen in the experi-
mental animals. Areas of softening and
hemorrhage develop in the cartilage be-
neath the tibial tuberosity 4 weeks after the
onset of the diet. The tibial tuberosity be-
comes somewhat loose and fragmented, and
often is pulled away from the tibia, to which
it still remains attached by fibrous tissue.
Occasiomally the patella is seen to recede
upward along the anterior surface of the
femoral shaft. The capsule insertions of the
shoulder joint also become loose, and sub-
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luxations and dislocations of the shoulders
are seen in many animals.

Degenerative arthritis is observed in ma-
ture rats fed aminonitriles for several
months. The cartilage matrix stains red with
eosin in areas deep in the joint cartilage.
There is fibrillation of the matrix, and the
cartilage cells proliferate and cluster (Fig.
9). Capillaries invade the areas of degen-
erated cartilage; often this is followed by
new bone formation. Circumscribed areas
filled with connective tissue are observed in
the joint cartilage. The subchondral plate
becomes disrupted and irregular, and the
underlying bone is sclerotic, Thickening
and some hyperemia of the synovial mem-
brane occur. New bone proliferations can be
seen at the loosened capsule insertions.
Bony spurs also are observed at the margins
of the vertebral bodies.

Six rats 2¥2 years old at the time of death,
which occurred after 12 to 16 months on
the aminonitrile diets, had in some bones
mosaic patterns and cement lines that
stained decp blue with hematoxylin. These
areas resembled somewhat the bone seen in
human patients with Paget’s disease.

LESIONS OF SKELETAL MUSCLE,
FASCIA AND APONEUROSIS

The experimental animals on diets con-
taining Lathyrus odoratus seeds or amino-
nitriles have a somewhat unsteady and jerky
gait which has been described as spastic
paralysis Length-tension studies done by
Shepard™ on rats with odoratism point to
the absence of spasticity. The poorly co-
ordinated gnit that these animals develop
may be due to pam following the periosteal
detachments, shipping epiphyses or degenera-
tive arthritis, or 1n some rats it may be due
to cord damage produced by the slipped
vertebrae  Oxygen-consumption analyses of
muscles from arimals with odoratism showed
a higher oxygen consumption than did the
control amimals  Muscle-creatinine deter-
minations on the soleus muscle indicate no
difference between the experimental and the

control rats. Abdominal and inguinal her-
nias are fairly common in the experimental
animals. Electron microscopic studies of the
tail-tendon fibers of experimental animals
revealed nothing abnormal in the structure
of the collagen fibers. The periodicity of
the collagen fibers was the same in experi-
mental animals as in the control animals.

DISSECTING ANEURYSM
OF THE AORTA

The production of dissecting aneurysm of
the aorta in the rat by feeding diets con-
taining Lathyrus odoratus seeds was first
reported by us in 195217 The dissecting *
aneurysm occurs only in rats started on
experimental diets shortly after weaning. No
aneurysms have been observed when the
Lathyrus diet is started after 60 days of age.
The rats affected die suddenly usually 5 to
9 weeks after beginning the experimental
feeding. At the necropsy a massive bilateral
hemothorax is found, The dissecting aneu-
rysm occurs usually in the ascending aorta,
arch, or in the upper thoracic aorta. We
have not observed aneurysms in the abdom-
inal aorta. The lesion occurs when the skele-
tal deformities still are mild, and it is not
due to mechanical distortion of the aorta.
Histologic examinations of the aorta show
that the elastic fibers separate from each
other, perhaps owing to loss of the binding
power of the ground substance which holds
these fibers together. The intima ruptures
at the site of weakening of the media, and
blood penetrates and dissects between .ﬂ_\e
loosened fibers of the media. The adventitia
then may rupture, and blood extravasates,
producing hemothorax or ‘hemopericardium.
In some rats, dissecting lesions were ob-
served with attempts at repair; very celiular
connective tissue patched the defect of fhe
arterial wall. The smaller arteries, veins
and capillaries do not appear altered, al-
though no detailed studies have bzen made
of these vessels.

The lungs, liver, spleen and kidneys of
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these animals appear normal. The pancreas,
pituitary, thyroid, adrenals, prostate gland
and testicles also appear to be normat histo-
logically; however, in very old rats fed ami-
nonitriles for over 200 days some degree of
testicle atrophy and partial arrest of sper-
matogenesis may develop. Nothing remark-
able was observed in the other endocrine
glands.

LATHYRISM IN THE FROG

The larvae of the South African toad,
Xenopus laevis, fed powdered Lathyrus
odoratus seeds ad lib. or weak solutions of
BAPN develop severe deformities of the
limbs if the feeding is started 10 to 12 days
before the expected breakthrough of the
forelimbs.# Treatment of early stages is
without apparent effect on limb develop-
ment. Treatment started after metamorpho-
sis is almost ineffective. BAPN in concen-
tration of 10 pl/liter causes death of the

Is during rphosis.  The limb
deformities are most severe, and subcutane-
ous hemorrhages occur frequently in this
group. Metamorphosing tadpoles receiving
BAPN at 2 gl/liter show badly twisted ex-
tremities in 10 days. These animals com-
plete their metamorphosis, but they are too
weak to survive beyond this stage. The
knees and the ankle joints are dislocated. A
loosening of leg-muscle insertions, tendons
and ligaments is noticeable under binocular
microscope after removal of the skin. Micro-
scopic examination of animals treated only
5 to 6 days shows wide clefts between carti-
lage and the covering connective tissue in
the region of the joints. This rent formation
is the beginning of the lesions in the young
toads, a process that eventually results in
dislocation of the joints. The cartilage ap-
Ppears normal, and the periosteal ossification
seems unaffected. Lesions also develop in
the dorsal musculature about 10 days fol-
lowing the onset of the experiments  After
removal of the dorsal skin of treated tad-
poles the intersegmental septa are seen to be
abnormaily wide. Microscopic examination

shows a very loose connective tissue in these
septa.  The muscle scgments are atrophic.

The general body growth of the treated
larvae becomes increasingly retarded. Ex-
perimental animals are thinner and weaker
than the controls, probably because food
intake is impaired. The minimal dose pro-
ducing noticeable effects is less than 0.5 pl/
fiter. The high potency of AAN in produc-
ing skeletal lesions in rats has not been
verified in tadpoles. The tadpoles appear to
be resistant to this compound.

LATHYRISM IN CHICK EMBRYOS

Incubating hen’s eggs were injected with
BAPN. At a dosage of 1 ! and more per
egg this compound has a lethal effect. The
lesions produced in lower dosage groups are
highly specific, affecting particularly the de-
velopment of the legs. Size and weight of
the animals are the same as those of the
controls. Whether injected on the 4th or the
10th day, a bending of the femur at the
lower end of the primary ossification center
appears on the 13th day of incubation.
No dislocation of joints was observed. Car-
tilage and bone appear histologically normal.

Studies now are under way in several
laboratories in an effort to determine the
biochemical basis of the lesions produced
by aminonitriles in animals. Histologic ex-
aminations give the impression that it is a
defect in the formation of the ground sub-
stance which is responsible for most of the
lesions. It is not known if the chondroitin
sulfate moiety of the ground substance or
the protein fraction or some other factor is
at fault.

The metabolism of sulfur has been stud-
ied. Partition of urinary sulfur by rats fed
Lathyrus peas in comparison with control
rats gave no evidence of altered sulfur me-
tabolism in lathyrism 20

The deposition of sulfur® in the epiphys-
eal plates, the bones and the aorta of rats with
odoratism was investigated by radioautog-
raphy®® The $* is chiefly in the form of
chondroitin sulfate, Radioautographs dem-
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Fra. 10 Photomicrograph of a biopsy
specimen from the level of the upper fem-
oral epiphyseal plate (X20) of a 13-year-
old girl with a sight degree of epiphyseal
slipping The epiphyseal plate is very wide,
and an extensive cleft is seen extending
through the middle.

onstrated deposition of 83 in the epiphyseal
plates in about equal amounts in experi-
mental and control animals. A high concen-
tration of §%% was observed jn experimental
rats at the site of periosteal detachments
overlying areas of new bone formations. The
uptake of $%3 by chondroitin suifate was the
same in experimental as in control animals;
therefore, 1t may be assumed that the sulfur
content of the chondroitin sulfate is not
altered greatly in odoratism, These findings
appear to be in accordance with the work of
Bavuer et al.?

It has been reported that diets high in
vitamin E, in casein and in gelatin give par-
tial protection from the lesions of lathy-
rism *%% These reports have not been cor-
toborated by other authors®™® Neither vita-
min E nor many other antioxidants tried mn
esperimental diets have proved fo be of
value in delaymg the devefopment of skele-
tal lesions 1n lathyrism. A possible relation-
ship between vitamin E and the ground
substance 1s not well understood. Rats
placed on vitamun E deficient diets for pe-
niods of 4 to 7 months developed severe
testicular atrophy and muscle dystrophy with
paralysis, However, these animals did not

show any skeletal Jesions. It has becn
reported that diets high in  glutamine
and jn cystine delay the development of
skeletal lesions in rats fed aminonitriles.
These reports, however, have not been veri-
fied by other authors,

Recently Selye and Bois (Selye, H., and
Bois, P.: Proc. Soc. Exper. Biol. & Med.
94:133, 1957) were able to influence the
severity of these lesions in rats with somato-
trophic hormone and with cortisol. Selye
also indicated (Rev. canad. biol. 16:1,
1957) that thyroxin given to rats could sup-
press these lesions. We have investigated
the effects of 1-thyroxin and 3,5,3° 1-tri-iodo-
thyronine in rats treated with amino-
acetonitrile and have found that low doses
of I-tri-iodothyronine suppressed the mild
forms of aminonitrile poisoning, whereas ex-
treruely high doses of 1-thyroxin were nec-
essary to accomplish the same result. Ex-
periments now under way indicate that the
beneficial action of 1-tri-iodothyronine on
the amino-acetonitrile lesions js not Hmited
to the skeleton but is a generalized effect on
all mesodermal tissues,

SLIPPED EPIPHYSIS, LEGG-PERTHES
DISEASE AND DISSECTING
ANEURYSM OF THE AORTA
IN HOMAN PATIENTS

From the studies of experimental lathy-
rism in animals, new understanding has been
obtained of an epiphyseal plate lesion re-
sponsible for shpped epiphysis and Legg
Perthes discase in human patients. The
epiphyseal plate lesion in these patients re-
sembles the lesion produced in rats and
rabbits with aminonitriles.

Core bropsies of the femoral neck and
head have been obtained in patients with
the early stages of slipping upper femoral
epiphysis.’* The joint cartilage and bone
of the femoral head and neck appear to be
normal on fustologic examination. The epi-
physeal plate is wide and greatly disrupted.
The rows of proliferating cartilage cells are
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disorganized, and the cells arc grouped in
clusters. The cartilage matrix appears to
have Jost its cohesion; it is fibrillated, and
Yarge clefts oceur in areas of the plate with
necrotic debris filling some of these clefts
(Fig. 10). Occasionally blood vesscls in-
vade thesc disrupted arcas. The endochon-
dral ossification is interrupted in some areas
but progresses well in others. Islands of
cartilage cclls are scen in the metaphysis. In
the slides studied there were no signs of
rickets, ostcomalacia, ostcoporosis or infec-
tion. It may be assumed that this epiphyseal
lesion results in loss of strength of the plate
and that it is mainly responsible for the
epiphyseal slipping.

Skeletal surveys of patients with slipping
upper femoral epiphysis, have shown some
widening and irregularities in the outlines of
other epiphyseal plates, which suggest that
the lesion is not restricted to the upper fem-
oral plate. The similarity of the epiphyseal
plate lesion in human patients and in experi-
mental animals does not, of course, imply a
similar pathogenesis. It appears that the
underlying cause of epiphysiolysis in human
beings is prohably a metabolic disturbance,
}mt it is not known whether this disturbance
is related to an inability of the organism to
teutealize nitriles which may be produced
in the catabolism of the proteins or whether
lf 1s related to some other metabolic aberra-
tion - Chromatographic patterns of urinary
amino acids, with phenol and lutidine being
used as reagents, showed consistently high
Va}ﬂes for taurine, histidine and serine in
children with slipping femoral epiphysis The
dlst.ributlon, rather than the quantity, of
&mino acids is altered in the urine of these
Patients. These findings are somewhat simi-
lar to those observed in children with ado-
lescent scoliosis 26

. ::’g;i;nog the upper femoral epiphyseal
disease o ed in patl.ents wn.h Legg-Perthes
served inewed. a lesxo.n Slmf\ar- to that ob-
piphyss mpatlents with slipping femo.ral
ang ysis. :The epiphyseal plate is wide

greatly distorted, and the endochondral

ossification is irregular, proceeding normally
in some arcas and Iacking in others. The
femoral head is necrotic. It appears that in
Legp-Perthes disease the faulty epiphyseal
plate cartilage is the primary lesion. The
necrosis of the epiphysis ensues when its
blood supply becomes interrupted. We sur-
mise that this interruption occurs when the
retinacular vessels cross the thick layers of
cartilage at the edge of a badly disrupted
cpiphyseal plate. The rent formation and
some jarring of a weakened plate due to
trauma may be enough to impair the con-
tinuity of these vessels before they reach
the ossifying femoral head. The vessels of
the ligamentum teres cannot offer any relief
to the ischemic femoral head because they
do not enter the bone unti! the ossification
has extended to the fovea, usually after the
10th year of life.

Tongues formed by degenerated, eosin-
stained cartilage are seen in the metaphysis
and often terminate in large islands of car-
tilage surrounded by areas of endochondral
ossification. No osteoid tissue is seen. There
were no inflammatory cells in the cases
studied by us. The distortion of the endo-
chondral ossification is not caused by a
defect of calcification, such as occurs in
rickets, but is due presumably to disturbed
maturation of the cartilage: no ossification
occurs in the fibrillated areas containing
large amounts of granular matrix. The
roentgenograms of patients with early Legg-
Perthes disease revealed a zone of decreased
density in the metaphysis and an irregular
epiphyseal plate.* These changes are ex-
plained by the distorted endochondral ossifi-
cation and the large tongues and islands of
cartilage in the metaphysis, as seen in the
biopsy specimens.

Legg-Perthes disease is probably not local-
1zed to the upper portion of the femur. Gall
and Bennett! in the postmortem study of
one case with bilateral Legg-Perthes disease
found irregularities of the upper femoral
epiphyseal plate and marked derangement of
the cartilage-cell columns. They also ob-
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. s woaoeyear-
old gurl with a stight degree of EPiph{'seal
shpping. The epiphyseal plate is very wide,
and an exiensive cleft is seen extending
through the middle.

onstrated deposition of §%3 in the epiphyseal
plates in about equal amounts in experi-
mental and control animals. A high concen-
tration of $** was observed in experimental
rats at the site of periosteal detachments
overlying areas of new bone formations. The
uptake of $* by chondroitin sulfate was the
same 1n experimental as in control animals;
therefore, it may be assumed that the sulfur
content of the chondroitin sulfate is not
altered greatly in odoratism. These findings
appear to be in accordance with the work of
Bauer et al.?

It has been reported that diets high in
vitamin E, in casein and in gelatin give par-
ual protection from the lesions of lathy-
rism.!®7 These reports have not been cor-
roborated by other authors.?® Neither vita-
min E nor many other antioxidants tried in
experimental diets have proved to be of
value in delaying the development of skele-
tal lesions in lathynsm. A possible relation-
ship between vitamin E and the ground
substance 15 not well understood. Rats
placed on vitamin E deficient diets for pe-
riods of 4 to 7 months developed severe
testicular atrophy and muscle dystrophy with
paralysis. However, these ammals did not

show any skeletal lesions, It has been
reported that diets high in glutamine
and in cystine delay the development of
skeletal lesions in rats fed aminonitriles,
These reports, however, have not been veri-
fied by other authors,

Recently Selye and Bois (Selye, H., and
Bois, P.: Proc. Soc. Exper. Biol. & Med.
94:133, 1957) were able to influence the
severity of these lesions in rats with somato-
trophic hormone and with cortisol. Selye
also indicated (Rev. canad. biol. 16:1,
1957) that thyroxin given to rats could sup-
press these lesions. We have investigated
the effects of 1-thyroxin and 3,5,3’ 1-tri-iodo-
thyronine in rats treated with amino-
acetonitriie and have found that low doses
of 1-tri-iodothyronine suppressed the mild
forms of aminonitrile poisoning, whereas ex-
tremely high doses of 1-thyroxin were nec-
essary to accomplish the same result. Ex-
periments now under way indicate that the
beneficial action of 1-tri-iodothyronine on
the amino-acetonitrile lesions is not limited
10 the skeleton but is a generalized effect on
all mesodermal tissues.

SLIPPED EPIPHYSIS, LEGG-PERTHES
DISEASE AND DISSECTING
ANEURYSM OF THE AORTA
IN HUMAN PATIENTS

From the studies of experimenta} lathy-
rism in animals, new understanding has beent
obtained of an epiphyseal plate lesion re-
sponsible for slipped epiphyss and Legg-
Perthes disease in human patients. The
epiphyseal plate lesion in these patients Te-
sembles the lesion produced in rats and
rabbits with aminonitriles.

Core biopsies of the femoral neck a.nd
head have been obtained in patients with
the early stages of slipping upper femoral
epiphysis.?® The joint cartilage and bone
of the femoral head and neck appear to b.c
normal on histologic exammation The ept-
physeal plate 1s wide and greatly disrupted.
The rows of proliferating cartilage cells are
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disorganized, and the cells are grouped in
clusters. The cartilage matrix appears to
have lost its cohesion; it is fibrillated, and
large clefts occur in arcas of the plate with
necrotic debris filling some of these clefts
(Fig. 10). Occasionally blood vessels in-
vade these disrupted arcas. The endochon-
dral ossification is interrupted in somc arcas
but progresses well in others, Islands of
cartilage cells arc scen in the metaphysis, In
the slides studied there were no signs of
rickets, ostcomalacia, ostcoporosis or infec-
tion. It may be assumed that this epiphyscal
lesion results in loss of strength of the plate
and that it is mainly responsible for the
epiphyscal slipping.
Skeletal surveys of patients with slipping
upper femoral epiphysis, have shown some
widening and irregularities in the outlines of
other epiphyseal plates, which suggest that
the lesion is not restricted to the upper fem-
oral plate. The similarity of the epiphyseal
plate lesion in human patients and in experi-
mental animals does not, of course, imply a
similar pathogenesis. It appears that the
underlying cause of epiphysiolysis in human
beings is probably a metabolic disturbance,
but it is not known whether this disturbance
is related to an inability of the organism to
Reutralize nitriles which may be produced
in the catabolism of the proteins or whether
it is related to some other metabolic aberra-
uor}. Chromatographic patterns of urinary
amino acids, with phenol and lutidine being
used as reagents, showed consistently high
values for taurine, histidine and serine 1n
c}.nldren with slipping femoral epiphysis The
distribution, rather than the quantity, of
amino acids is altered in the urine of these
Patients. These findings are somewhat simi-
lar 10 those observed in children with ado-
lescent scoljosis. 2o
Biopsies of the upper femoral epiphyseal
Plate obtained in patients with Legg-Perthes
disease showed a lesion similar to that ob-
Sétved in patients with slipping femoral
EPiphysis 16 The epiphyseal plate is wide
and greatly distorted, and the endochondral

ossification is irregular, procecding normally
in some arcas and lacking in others. The
femoral head is necrotic. It appears that in
Legg-Perthes discase the faulty epiphyseal
plate cartilage is the primary lesion. The
necrosis of the cpiphysis ensues when its
blood supply becomes interrupted. We sur-
misc that this interruption occurs when the
retinacular vessels cross the thick layers of
cartilage at the edge of a badly disrupted
cpiphyseal plate. The rent formation and
some jarring of a weakened plate due to
trauma may be enough to impair the con-
tinuity of these vessels before they reach
the ossifying femoral head. The vessels of
the ligamentum teres cannot offer any relief
to the ischemic femoral head because they
do not enter the bone until the ossification
has extended to the fovea, usually after the
10th year of life.

Tongues formed by degenerated, eosin-
stained cartilage are seen in the metaphysis
and often terminate in large islands of car-
tilage surrounded by areas of endochondral
ossification. No osteoid tissue is seen, There
were no inflammatory cells in the cases
studied by us. The distortion of the endo-
chondral ossification is not caused by a
defect of calcification, such as occurs in
rickets, but is due presumably to disturbed
maturation of the cartilage: no ossification
occurs in the fibrillated areas containing
large amounts of granular matrix. The
roentgenograms of patients with early Legg-
Perthes disease revealed a zone of decreased
density in the metaphysis and an irregular
epiphyseal plate.’> These changes are ex-
plained by the distorted endochondral ossifi-
cation and the large tongues and islands of
cartilage in the metaphysis, as seen in the
biopsy specimens.

Legg-Perthes disease is probably not local-
ized to the upper portion of the femur, Gall
and Bennett'® in the postmortem study of
one case with bilateral Legg-Perthes disease
found irregularities of the upper femoral
epiphyseal plate and marked derangement of

the cartilage-cell columns. They also ob-
——
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Fi6. 11. Photomicrograph of the epiphyseal plate of the 1st thoracic vertebra of a
160-day-old rat fed a stock diet contaming 50 per cent Lcthyrus odoratys seeds from 60
days of age. The cartilaginous plate is ossified. The epiphyseal plate is very wide and
greatly distorted. The annulus fibrosus is seen at the upper part of the picture.

served similar irregularities in the epiphyseal
plate of the greater trochanter, of the ace-
tabulum and of the costochondral junctions.
Apparently other epiphyseal plates were not
examined. Often skeletal surveys of patients
with Legg-Perthes disease show some irreg-
ularity in other epiphyseal plates. The pecul-
iar blood supply of the femoral head prob-
ably accounts for the more serious conse-
quence of the lesions of the upper femoral
epiphyseal plate than in any other epiphysis.

No records are available in the litera-
ture of histologic studies of the vertebrae
of patients with scoliosis during the pro-
gressive stages of the deformuity. A num-
ber of obwervations, however, pomt to a
defect 1n o/ ¢ epiphyseal plates of the verte-

brae. It is well known, for example, that
“idiopathic™ scoliosis occurs in adolescents,
and the deformity ceases to progress as soont
as the skeletal growth of the spine is com-
pleted; that 1s, as soon as the epiphyseal
plates become obliterated Dr. Farkas® has
studied the roentgenographic changes of. 1h.e
spine in patients with “idiopathic” scoliosis
and has pointed to defects of the vertcbrae in
areas adjacent to the cartilaginous pla'te It
should be noted that diseases in ch.nldren
which produce widening and weakening of
the epiphyseal plates such as rickets or even
vitamin D resistant rickets, do not cause
scoliosis. It appears that weakening of the
epiphyseal plates alone will not produc’e
scohosis unless it is accompamed by weak-
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ening of the ligamentous jnsertions into the
vertebrac and ribs that help to stabilize the
spine,

The pathogenesis of adolescent kyphosis
can be explained on the basis of defects of
the epiphyscal plates of the vertebrae similar

“

Chang, C. Y., Witschi, E., and Ponseti,
1. V.: Teratogenic effects of Lathyrus cdo-
ratus seeds on development and regenera-
tion of vertebrate limbs, Proc, Soc. Exper.
Biol. & Med. 90:45-60, 1955.

Dasler, Waldemar: Isolation of toxic crys-
tals from sweet peas (Lathyrus odoratus),

to the lesions described in the experimental
animals fed aminonitriles  (Fig. 11).
Scheuermann,*2 basing his studics on clinical
and roentgenographic data, proposed a simi-
lar pathogenesis, Schmorl’s theory, which
maintains that prolapsc of the nucleous pul-
posus is the primary factor in adolescent
Lyphosis, does not explain the fact that the
kyphosis stops progressing as soon as the
sheletal growth of the spine is completed.
The defects of ossification present in the
metaphysis of the involved vertcbrae may
represent fibrous tissue defects.

The occurrence of dissccting ancurysm of
the ‘gorta in human patients with kypho-
scoliosis has been studied recently.? Of 20
patients who died of dissecting aneurysm
of the thoracic aorta, 7, or 35 per cent, had
gross skeletal abnormalities; 5 had deform-
ing kyphoscoliosis; and 2 had severe pigeon-
breast deformity.  Often patients  with
Marfan’s syndrome also die of dissecting
aneurysm of the aorta,

The suppression with 1-tri-iodothyronine
of the epiphyseal plate lesions and scoliosis
in rats .fed aminonitriles suggests a possible
:eneﬁmal _efect of I-tri-jodothyronine in

Uman beings with similar skeletal disorders.
A climical trial with this drug may be justified
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Lesiones Skeletic Producite per Aminonitriles

Summario in Interlingua

Le uso alimentari de certe pisos del
genere Lathyrus produce in vertebratos un
debilitation del placas epiphysal de ossos
longee un relaxation del insertiones ligamen-
tose. Ha essite determinate que le compo-
sito active que es responsabile pro iste
lesiones es beta-aminopropionitril (BAPN).
Aminoacetonitril (AAN) e methyleneamino-
acetomtril addite al dieta del vertebratos es
plus active que BAPN in le production del
lesiones skeletic.

Le Jesion del placa epiphysal in animales
experimental es characterisate per un allar-
gamento del placa epiphysal in consequen-
tia de un augmento del cellulas cartilaginose.
Iste cellulas es arrangiate sin ordme. Le
matrice cartilaginose pare perder su €O-
hesion. Fissuras occurre in le placa epi-
physal, e dislocationes epiphysal pote
evenir. Le aminonitriles etiam causa un
perdita de cohesion del matrice cartilaginose

al sito del insertiones ligamentose, € iste
insertiones deveni relaxate e partialmente
distachate ab le osso subjacente. I occurre
un abundante neoformation de periosle('l
Le cyphoscoliosis que se disveloppa in ani-
males experimental es le effecto de un disto-
cation vertebral al sito del placa epiphysal.
Osteoarthritis occurre in multe articula-
tiones, ¢ in juvene rattos le disveloppamento
de aneurysma dissecante pote effectuar sc-

Biopsias a puncion in patientes human qui
sufire de dislocation del epiphyse supero-
femoral e de morbo de Legg-Perthes ha
demonstrate in le placa epiphysal le pre-
sentia de un lesion simile a illo producite
per aminonitriles in animales experimenfa'l.
Ha etiam essite constatate que le osteoarthritis
e le ancurysma dissecante del aorta que ¢
incontra in patientes human es histologica-
mente simile al lesiones producite in rattos
per le administration de aminonitriles.
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Periosteal Myxoma of

Infancy and Periosteal

Chondroma of Adolescence, with
Local Malignancy™

0. ScaGLIETTI, M.D., AND G. STRINGA, M.D.t

The two types of primitive bonc tumors
described here arc rarely encountered in
clinical practice. In over 2,000 cases of
bone tumors scen at the Tumor Center of
Florence, only six similar lesions were
found, They deserve mention here not only
because of their rarity but also because of
the relationships that scem to exist between
the two forms. Actually there are two varie-
ties: the two types differ in their age of devel-
opment, site, evolution and histology. How-
ever, after an accurate study which takes
their histogenesis, their general clinical as-
pects and their final prognosis into account,
one can conclude that actually there are
such points of contact between these two
varieties that one can approach them under
a single heading.

We will describe the two neoplasms sepa-
rz.itely in order to be able to find the analo-
gies afterward,

METAPHYSEAL MYXOMA
OF INFANCY

NOTES FROM THE LITERATURE

This neoplasm is little known in the litera-
ture.  Geschickter and Copeland (1949)
and Hellner (1950) do not even mention it
1n their textbooks; Coley (1949) gives only
—_—
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a few lines to myxoma of the bone; Herzog
(1944) reports the histologic and the patho-
logic aspects but not the clinical or the
roentgenologic aspects.

A brief description of a case is given by
Bauer and Harrel (1954); Jaffe and Licht-
enstein (1948) describe a few cases under
the name “chondromyxoid fibroma of the
bone™ which have a histologic aspect that
substantially is similar to ours (myxoma-
tous) and a radiologic aspect which ap-
proaches our case. On the other hand, the
age of development reported by those au-
thors is far older than ours (in all cases the
age was over 13: 17, 18, 22, 28, etc.); one
can easily find cartilaginous aspects near
myxomatous ones (which is not so in our
cases); the clinical course is slower and
absolutely benign, without relapses even
after incomplete curettage (our cases had
local malignancy).

CLINICAL CHARACTERISTICS

The age of myxomas 1s strictly limited: all
three cases observed were from 5 to 6 years
old. The lesion develops rather rapidly; the
symptomatology developed from 20 to 40
days earlier. The symptoms consist of pain
and limping, tumefaction of a fibrous car-
tilaginous comsistency coming from the
skeleton and pain on local pressure. In the
space of a few weeks from the beginning of
symptoms, the extremity already is deformed
because of the tumefaction.



Figs. 1-9, Case 1. Periosteal myxoma of infancy. Boy 6 years of
age.

FiG. 1 {above). Pain and swelling of the lower third of the leg.
Clearing of the inferior metaphysis of the tibia with distinct margins
and notable periosteal reaction.

Far)

LR DAY 4

Fic. 2. Biopsy during curettage: myxomatous tissue with more richly
cellular and prohferative areas.
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Fig. 3. Fourtcen months after curet-
tage: lacal relapse in the form of a poly-
cystic cavity.

ROENTGENDLOGIC CHARACTERISTICS

This is a radiotransparent lesion of sub-
periosteal extracortical origin, located in the
metaphysis. The sites encountered by us are
the superior femoral metaphysis, the supe-
vior tibial metaphysis and the inferior tibial
metophysis. The tumor appears as a round
transparent area, located in the sponglosa of
the metaphysis, which extends partially out-
side the boundaries of the bone and is par-
tially retained and confined by the notable
periosteal reaction (Figs. 1 & 11-13). The
radiotransparent area is of great dimensions,
adherent to or a short distance from the
cartitage of conjugation, with neat margins
in the surrounding spongy tissue. An im-
posing, highly condensing, periosteal reac-
tion, sometimes accompanied by stratified
deposition paraile] to the bone, confines the
tumor, assuming in profile the aspect of a
trangular sharp spor.

One reaches the roentgenologic state de-
scnibed above very rapidly, in the space of a
few weeks, if one considers the brief period

Fi6. 4. A month after complete resec-
tion of the metaphysis and its substitution
by bone segments taken from the contra-
tateral tibia.

of time since the beginning of the clinical
symptoms.

The aspect of the relapses is interesting
(in fact, all three cases were treated with
curettage, and all three relapsed—Figs. 3,
10{right] & 12). .

The roentgenologic characteristics of the
relapses are absolutely the same in all three
cases; instead of the single radiotranslucent
area of the initial stage, the neoplasm is rep-
resented by an agglomeration of almost
round areas of unequal dimensions, so that
they give the appearance of a polycystic
lesion of the metaphysis.

In differential diagnosis the essential os-
seous cyst should be considered above afl
in its acute giant-cell variety.

ANATOMOPATHOLOGIC CHARACTERISTICS

Upon microscopic examination the neo-
plasm appears o be well contained by the
still uninvalved periosteum (Figs. 6 & 7);
the tumor cvidently has its beinning be-
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FIc. 5. Six years after resection: no sign
of local relapse, no shortening and good
function of the tibiotarsal joint,

tween the cortex and the periosteum, push-
ing the periosteum m front of itself in the
process of growing and slowly eroding the
cortex. Since the cortex is thin at the
metaphysis, while the periosteum is more
robust, being reinforced by ligamentous and
capsular expansions, the neoplasm is con-
tained by the periosteum while it expands
into the spongiosa Here the healthy tissue
forms a stratum of bone that contains the
tumor which, in the final analysis, remains
above the site of the cortex, partially pro-
gressing toward the bone tissue and partially
extending toward the outside, As a result,
in the relapsed form the specimen is com-
posed of an agglomeration of intercommuni-
cating cavities filled with mucilaginous fluid,

The tumor tissue has either a myxoid
cartilaginous appearance, with the usual
white luminous color of mother-of-pearl, or
a lower consistency with almost fluid areas
of a myxomatous type.

The prevailing component of this neo-
plasm is 2 myxomatous tissue with some in-

Fic. 6. Showing the anatomic section im-
mediately after rescction

dication of malignancy (Fig. 8), composed
of stellate or fusiform cells, cut off and scat-
tered in an abundance of basic substance.
The nucleus is polymorphic, kidney shaped
or elongated; the cytoplasm is abundant a‘nd
provided with prolongations that mix with
similar prolongations from other cells. The
cells are arranged in lobules: at the periph-
ery we find fused cells, elongated and
densely packed together, which represent the
proliferative layer by which the tumor grows.
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Fi6. 7. The histologic section of the
entire fragment.

There is no clear capsule round each lobule,
nor does one enclose the neoplasm; there-
fore, although arranged within a lobular
architecture, it possesses aggressive and in-
filtrating abilities at the periphery of each
lobule. .

The reactions to dyes are typical of myxo-
matous tissue; in fact, the sections are
stained metachromatically with Toluidine
Blue, Victoria Blue, etc., and are stained
intensely with the basic dyes.

The interlobular stroma is furnished by
the tissue of the host, that is, by the bone
marrow. The presence in the stroma of
numerous giant cells with 6 to 15 nuclei in
direct contact with the peripheral layer of
the lobule is characteristic, probably ex-
pressing an attempt at defense on the part
of the bone marrow against the foreign body
represented by the neoplasm,

The fragments extracted with the first
curettage always made possible an exact
diagnosis with the prediction of a relapse
due to the mildly malignant characteristics
(Fig. 2).
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FiG. 8. A histologic aspect: myxomatous
tissue, stained with hematoxylin-eosin.

PROGNOSIS AND TREATMENT

The clinical course was fairly rapid; the
roentgenogram showed progressive invasion
of the osseous structures; the histologic find-
ings showed many malignant changes; the
local relapse after inadequate therapy justi-
fies calling it a neoplasm with aggressive
tendencies, or a local malignancy. The
treatment of choice is thus total resection of
the involved segment. In fact, our cases,
which were all operated upon for the first
time with simple curettage, presented all
the signs of relapse in a variable period of
3 to 8 months.

Because of the relapse, resection was car-
ried out, followed by transplantation of auto-
plastic bone from the other tibia to substi-
tute for the extirpated segment. The
cases were reviewed four to thirteen years
later without finding any local symptoms;
they were in optimal general condition, with
functioning extremities (Figs. 4 & 5).

PERIOSTEAL CHONDROMA
OF ADOLESCENCE
NOTES FROM THE LITERATURE
This type, located at the diaphysis, is
better known than the one mentioned previ-
ously, and its description may be encoun-

tered more frequently in books and mono-
graphs concerning the cartilaginous tumors
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of the bones. A similar roentgenogram is
reported, for example, on page 124 of the
textbook of Geschickter and Copeland under
the title “Degenerated Exostosis.”

CrINICAL CHARACTERISTICS
The three subjects of the present cases
were from 12 to 13 years old. The first
symptoms appear four to five months ahead:
tumefaction or slight pain, with a slower
evolution than in the form described previ-
ously.
ROENTGENOLOGIC CHARACTERISTICS
The lesion is located on the diaphysis; in
two cases it was at the boundary of the
diaphysis and the metaphysis (Figs. 14 &
15); in the third case it was completely in
the diaphysis. The neoplasm has an extra-
cortical location, putting it almost com-
pletely outside the normal boundasies of the
bone In an advanced stage the lesion is
represented as a radiotranslucent mass which
is almost completely outside the bone and
is circumscribed, as though encased, by 2
severe periosteal reaction which forms a
triangular spur proximally and distally,
bounding the neoplasm ail round. In the
cortex, a niche is excavated through which
the neoplasm may reach the medullary chan-

Fi6. 9. The bound-
ary between the tu-
moral tissue (toward
the bottom of the fig-
ure, bounded by a
more richly celfular
and proliferative
area) and the normal
bony structure of the
metaphysis, in the
process of osteoclas-
tic reabsorption (here
one can see giant
cells enclosed in the
wall of the bone).

nel. In differential diagnosis, an inflamma-
tory periostitic process may be discussed at
first. In a more advanced stage, there are
no doubts about the fact that the lesion is
tumoral, cartilaginous and not at all benign.

ANATOMOPATHOLOGIC CHARACTERISTICS

The neoplasm is subperiosteal, like the
metaphyseal one described previously, but
it develops differently due to the different
anatomic conditions in the diaphysis, as
compared with the metaphysis: the sobust
cortex yields only slowly to the osteoclastic
reabsorption, while the periosteum is pushed
out more rapidly (Fig. 16). The reaction of
the periosteurn is impressive here, jt belng
pushed out of the cortex in such a way that
one would say that it accompanies the
growth of the lesion, following the pcriplf-
eral level; the cortex, reinforced by the peri-
osteal proliferation, constitutes a crater wi{h
raised borders in whose fossa the tumor IS
included. The tumor tissue is cartilaginous,
with a white, mother-of-pearl color.

In time, the pressure of the tumor suc-
ceeds in perforating the cortex, and the
tumor expands into the medullary channel:
in an advanced process jt arrives at a knap-
sack shape with the major portion being
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extracortical, the minor portion intramedul-
lary,

The prevailing tissue is composed of carti-
lage, united in lobules, while in the periph-
ery, that is, in the area of growth, there are
myxomatous areas and precartilaginous
embryolike connective tissues.

In the lobule the structure is typically car-
tilaginous, the cells sometimes being in
mucous degeneration and capsulated. Areas
with calcareous precipitation and large
necrotic zones are found inside the body of
the tumor. They are seen in contact with
the periosteal reaction areas of metaplastic
ossification.

The peripheral areas are composed of
cells which are more compact, elongated,
fusiform and young.

was done but was followed by relapse. (Right) In 5

entire superior femoral extremj
transplant also was done.
local relapse,

PROGNOSIS AND TREATMENT

Even with this neoplasm, as with the one
previously described, one could speak of a
neoplasm with local malignancy, considering
the rapid course, the osseous invasion, the
notable radiating periosteal reaction and the
relapse in cases of incomplete treatment. It
is advisable, therefore, to resect the bony
segment of the neoplasm, substituting for it
bony segments obtained from the contra-
lateral tibia. In our cases we carried out
resection and successive osseous transplanta-
tion. In one case a simple curettage was
done, followed in the space of three months
by a local relapse. All the cases seen again
4-6-9 years later presented reconstitution of
the skeletal segment with normal or almost
normal function.

physis. Simple curettage
months resection of the
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Fics. 11-13, Case 3. Periosteal myx-
oma. Boy 5 years of age.

Fic. 11 (above). The child had claudica-
tion and pain for 1 month. Roentgeno-
gram shows a rarefaction of the metaphy-
sis, oval in shape, bounded inferiorly by a
notable periosteal reaction. The curettage
performed the first time was followed by
local refapse after 4 months.

ANALOGIES AND THE POSSIBLE
UNIFICATION OF THE TWO
VARIETIES (METAPHYSEAL

AND DIAPHYSEAL)

There are analogies and relationships be-
tween the two varieties, myxoma of infancy
and chondroma of adolescence, with regard
to the site of origin, histogenesis, roentgeno-
gram, histology and age of development,

The origin is subperiosteal in both varie-
ties, and the penetration toward the medul-
lary channel is secondary. The question of
origin thus is related to that of the tumors
with a precartilaginous matrix and a sub-
periosteal location. It is difficult to say
whether the points of origin are nests of
embryonal precartilaginous tissue which
have remained quiescent for a long time
between the periosteum and the cortex or
whether it is a case of sudden proliferative
deviation of the periosteal strata under the
impact of different stimuli.

Fic. 12. An amputation was performed
(Today the amputation must be consid-
ered an excessive procedure for these types
of neoplasms.)

The diversity of the x-ray characteristics
in the two forms may be attributed to the
site (metaphyseal or diaphyseal), due to
the different modes of reaction of the healthy
tissues of the host: cortex, periosteumn and
spongiosa.

In the diaphysis, the neoplasm extends
predominantly toward the outside, pushing
the periosteum aside and only slowly per-
forating the cortex, which is fairly robus.t.
In the metaphysis, the periosteum, which is
more robust than the cortex, relatively con-

Fia. 13. Transverse scction of
the neoplasm as it appears in the
histologic examination. The sub-
periosteal, extracortical location
of the lesion and 1ts lobular con-
stitution are evident.
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Fi6 16. Histologic section of the entire
fragment, The neoplasm, of triangular
shape, bounded superiorly and infenorly
by the pertosteal resection, has perforated
the cortex and penetrated 1nto the medul-
lary chacnel.

tous tumors near myxomatous ones, and
does not relapse, could even be included in
the same type of neoplasia already described
here; however, since it starts later in life, it
loses the tumultuous and aggressive charac-
teristics of development. In fact, the devel-
opment of our cases takes place within a
few weeks; that of Jaffe and Lichtenstein,
many months. The histologic aspect is
myxomatous in the metaphyseal cases, chon-
dromatous and myxomatous in the later dia-
physeal cases, and chondromatous in those
of even later date. The progrosis is that of
local malignancy with easy relapses in the
cases of infancy, but altogether benign in
the later cases of Jafle and Lichtenstein.

CONCLUSION

Two primitive neoplasms of the bone
have been considered,

The first type of tumor, of which we have
himited and fragmentary knowledge, even in
the recent lterature, starts at 5 to 6 years
of age, is located in the metaphysis and is
subperiosteal; the roentgenogram shows an
oval, eccentric, bright spot in the spongiosa
of the metaphysis, bounded by a periosteal
reaction. The development is fairly rapid,
and the histology shows myxomatous tissue
with certain atypical data. It relapses after
simple curettage, but it is cured permanently
after resection.

The second type of tumor, encountered
Yess rarely in the literature, develops in boys
of 12 to 13 years of age. It is located in
the diaphysis and is subperiosteal. The
tumor develops in a few months, likewise re-
lapsing if treated by curcttage alone It is
compased of cartilaginous tissue with pe-
ripheral areas of immature tissue.

The location (subperiosteal), the type of
tissue (myxomatous with rare chondroid
aspects in the first type, cartilaginous with
immature areas in the periphery in the sec-
ond type), the clinical behavior (rapid evo-
tution, relapse), and the age of respective
development (5 to 12 years) may sustain
the hypothesis that it is a case of the same
lesion modified in some aspects according
to the age and the location of development.
In summary, we are concerned here with
myzxocartilaginous neoplasms with discrete
histologic immaturity and an extracortical
origin that are subperiosteal and located
either in the metaphysis or in the diaphysis,
occurring in young subjects 5 to 12 years of
age, with rapid development, and locat re-
lapses if treated incompletely, complete
recovery if resected.

Tt is known from the literature that similar
lesions may develop even later in life, ulti-
mately modifying their characteristics.

SUMMARY
On the basis of 6 observed cases, two
types of primitive neoplasms of the bones
are described which are little known in the
literature: a metaphyscal variety of carly
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Abnormal Ribs in the Cervical Region
Associated with Sprengel's Deformity

G. 1. W.CoTTAM,

M.D,F.ACS,

AND ROBERT E. VANDEMARK, M.D,, F.A.C.S.#

Developmental failure of the scapula to
descend completely to its normal adult posi-
tion has long been known as Sprengel’s
deformity. Associated with scapular de-
formity, frequently there are comnections
between the scapula and the spine which
may be osseous (“omovertebral bone”), car-
tilaginous or ligamentous., Cervical ribs may
be present in as many as 31.4 per cent of
the cases and other rib abnormalities in 48.5
per cent of cases.* Various operative pro-
cedures>%%67 have been described for “un-
descended scapula,” but, undoubtedly, that
of Schrock®® has been recognized most
generally. Surgery is neither necessary mor
desirable in every case of Sprengel's de-
formity; the operative indications are
marked deformity, pain and limitation of
motion. These have been emphasized re-
cently by Greville and Coventry.®

It is to those cases, where operation is
mdicated and abnormal cervical ribs are
present, that our attention is focused in
this discussion.

The pressure produced by cervical ribs on
adjacent nerves and vessels is well known.
The postoperative complication of brachial
paralysis in Sprengel’s deformity has long
been recogmzed. As recently as 1952 a
report of this postoperative complication in
12.5 per cent of cases of Sprengel’s deform-

* Sioux Falls, South Dakota,
158

ity was made. In these cases various opera-
tive procedures were used to move the
scapula and the shoulder caudally. No dis-
cussion of the problem of postoperative
paralysis was made, except to state that
attempts at overcorrection should be con-
demned. In 4 cases, the same author re-
ported that no attempt was made to correct
the abnormal position of the scapula. In
these 4 cases surgery was restricted to bony
resection of the superomedial portion of the

Fia. 1. Nine-year-old girl with
congenital elevation of the scap-
ula, the right acromion being
about 2 inches higher than the
left.
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FiG. 2. Roentgen-
ogram showing, in
addition to the ele-
vated scapula, abnor-
mally curved and
high right Ist and
2nd r1ibs, fusion of
4th, Sth and Gth right
ribs and an upper
dorsal scoliosis.

scapula and excision of an omovertebral
bone in 3 cases. Abduction was increased
in 2 of 3 patients in whom it had been
restricted before operation.

It was the opinion of one of us (R.EEV.)
that the abnormal ribs in the cervical area
might well be one of several factors contrib-
uting to the postoperative paralysis following
transplantation of the scapula, and excision
of the abnormal rib or ribs, as a preliminary
procedure, was worthy of consideration. Ac-
cordingly, in 1953, it was elected to excise
the abnormal ribs through a posterior inci-
sion, which later was used for transplanta-
tion of the scapula. The case is reported
as follows:

CASE REPORT

The patient, a white female child of 9 years,
was born with a marked deformity of the right
shoulder, At the age of 5 months, a diagnosis
of Sprengel’s deformity had been made. Clinical
examination showed a rather severe deformity of
the right shoulder, the right acromion being
about 2 inches (5.08 cm.) higher than the left
(Fig. 1). There were visible and palpable
prominences in the right supraclavicular area,
and a roentgenogram (Fig. 2) showed abnor-
mally high, curved, right first and second ribs.
In addition to the elevated scapula, the fouth,
fifth and sixth right ribs were fused, and a right
upper dorsal scoliosis was present. No attempt
had been made to correct the deformity.

1t was felt that local resection of the supero-
medial scapula would only bring the high cervi-
cal ribs into further prominence and would not
lower the acromial level (Fig. 1). In reviewing
the roentgenograms (Fig. 2), it was evident that
a considerable length of the brachial plexus and
. B LT T Ba) 1 .

a

£ ! : .
length and mobility to move the scapula down-
ward. Accordingly, it was elected to perform a
preliminary cervical rib resection, to be followed
by transplantation of the scapula.

The patient was admitted to the hospital on
July 16, 1953, and the ribs were operated on the
following day (by G.ILW.C.) under ether-
nitrous oxide-oxygen anesthesia, following an
induction with intravenous Pentothal Sodium.?
Through a posterior incision, portions of the first
and the second right ribs were resected subperi-
osteally. The operation was interrupted by a
generalized convulsion and a high rectal tem-
perature of 40° C. (104° F.). While the cause
was unknown, it was speculated that it might be
an ether convulsion. The wound was closed as
rapidly as possible, and a small rent was tomn in
the pleura to cause some pneumothorax, which
was treated in the usual manner. Raentgeno-
grams showed the ribs to have been well excised;
the patient’s postoperative course was good. She
feft the hospital on July 29, to return for the
scapular transplantation within the next few
weeks.

On January 5, 1954, the patient was next seen,
Roentgenograms at this time showed the ribs to
be reforming to such an extent that re-excision
was advisable; this was done on May 28, 1954.
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Developmental failure of the scapula to
descend completely to its normal adult posi-
tion has long been known as Sprengel’s
deformity. Associated with scapular de-
formity, frequently there are connections
between the scapula and the spine which
may be osseous (“omovertebral bone”), car-
tilaginous or ligamentous. Cervical ribs may
be present in as many as 31.4 per cent of
the cases and other rib abnormalities in 48.5
per cent of cases.* Various operative pro-
cedures®3%%7 have been described for “un-
descended scapula,” but, undoubtedly, that
of Schrock® has been recognized most
generally. Surgery is neither necessary nor
desirable in every case of Sprengel's de-
formity; the operative indications are
marked deformity, pain and limitation of
motion. These have been emphasized re-
cently by Greville and Coventry.?

It is to those cases, where operation is
indicated and abnormal cervical ribs are
present, that our attention is focused in
this discussion.

The pressure produced by cervical ribs on
adjacent nerves and vessels is well known.
The postoperative complication of brachial
paralysis in Sprengel’s deformity has long
been recognized. As recently as 1952 a
report of this postoperative complication in

ity was made. In these cases various opera-
tive procedures were used to move t.he
scapula and the shoulder caudally. No dlls-
cussion of the problem of postoperative
paralysis was made, except to state that
attempts at overcorrection should be con-
demned. In 4 cases, the same author re-
ported that no attempt was made to correct
the abnormal position of the scapula. In
these 4 cases surgery was restricted to bony
resection of the superomedial portion of the

Fig 1. Nine-y:
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ion of the scap-

12.5 per cent of cases of Sprengel’s deform-
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ula, the right acromion being
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left



Case Report 159

Fio. 2. Roentgen-
ogram showing, in
addition to the ele-
vated scapula, abnor-
mally curved and
high right 1st and
2nd ribs, fusion of
4th, 5th and 6th right
nbs and an upper
dorsal scoliosis

scapula and excision of an omovertebral
bone in 3 cases. Abduction was increased
in 2 of 3 patients in whom it had been
restricted before operation,

1t was the opinion of one of us (R.E.V.)
that the abnormal ribs in the cervical area
might well be one of several factors contrib-
uting to the postoperative paralysis following
transplantation of the scapula, and excision
of the abnormal rib or ribs, as a preliminary
procedure, was worthy of consideration. Ac-
cordingly, in 1953, it was clected to excise
the abnormal ribs through a posterior inci-
sion, which later was used for transplanta-
tion of the scapula. The case is reported
as follows:

CASE REPORT

The patient, a white female child of 9 years,
was born with a marked deformity of the right
shoulder. At the age of 5 months, a diagnosis
of Sprengel’s deformity had been made. Chnical
examination showed a rather severe deformity of
the right shoulder, the right acromion being
about 2 inches (5.08 cm.) higher than the left
(Fig. 1). There were visible and palpable
prominences in the right supraclavicular area,
and a roentgenogram (Fig. 2) showed abnor-
mally high, curved, right first and second ribs.
In addition to the elevated scapula, the fouth,
fifth and sixth right ribs were fused, and a right
upper dorsal scoliosis was present. No attempt
had been made to correct the deformity.

It was felt that local resection of the supero-
medial scapula would only bring the high cervi-
cal ribs into further prominence and would not
lower the acromial level (Fig. 1). In reviewing
the roentgenograms (Fig. 2), it was evident that
a considerable length of the brachial plexus and
vessels was expended in arching upward over the
abnormally high ribs; it appeared that the exci-
sion of the ribs would afford considerably more
length and mobility to move the scapula down-
ward. Accordingly, it was elected to perform a
preliminary cervical b resection, to be followed
by transplantation of the scapula

The patient was admitted to the hospital on
July 16, 1953, and the 1ibs were operated on the
following day (by G.LW.C.) under ether-
nitrous oxide-oxygen anesthesia, following an
mnduction with intravenous Pentothal Sodium.*
Through a posterior incision, portions of the first
and the second right ribs were resected subperi-
osteally. The operation was interrupted by a
generalized convulsion and a high rectal tem-
perature of 40° C. (104° F.). While the cause
was unknown, it was speculated that it might be
an ether convulsion. The wound was closed as
rapidly as possible, and a small rent was torn in
the pleura to cause some pneumothorax, which
was treated in the usual manner. Roentgeno-
rasag abonee ad 4l L1 08 = ised;
e She
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scapular transplantation within the next
weeks.

On January 5, 1954, the patient was next seen.
Roentgenograms at this time showed the ribs to
be reforming to such an extent that re-excision
was advisable; this was done on May 28, 1954.
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Developmental failure of the scapula to
descend completely to its normal adult posi-
tion has long been known as Sprengel’s
deformity. Associated with scapular de-
formity, frequently there are connections
between the scapula and the spine which
may be osseous (“omovertebral bone”), car-
tilaginous or ligamentous. Cervical ribs may
be present in as many as 31.4 per cent of
the cases and other rib abnormalities in 48.5
per cent of cases.* Various operative pro-
cedures®?3%7 have been described for “un-
descended scapula,” but, undoubtedly, that
of Schrock®™® has been recognized most
generally. Surgery is meither necessary nor
desirable in every case of Sprengel's de-
formity; the operative indications are
marked deformity, pain and limitation of
motion. These have been emphasized re-
cently by Greville and Coventry *

It is to those cases, where operation is
indicated and abnormal cervical ribs are
present, that our attention is focused in
this discussion.

The pressure produced by cervical ribs on
adjacent nerves and vessels is well known.
The postoperative complication of brachial
paralysis in Sprengel’s deformity has long
been recognized As recently as 1952 a
report of this postoperative complication in
12.5 per cent of cases of Sprengel’s deform-
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ity was made. In these cases various opera-
tive procedures were used to move 1¥1e
scapula and the shoulder caudally. No q:s-
cussion of the problem of postoperative
paralysis was made, except to state that
attempts at overcorrection should be con-
demned. In 4 cases, the same author re-
ported that no attempt was made to correct
the abnormal position of the scapula. In
these 4 cases surgery was restricted to bony
resection of the superomedial portion of the

Fio. 1. Nine-year-old girl with
congemital elevation of the scap-
ula, the right acromion being
about 2 inches higher than the
Ieft
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Abnormal Ribs with Sprengel's Deformity

Fia. 3. Postoperative appearance of
patient.

A small amount of pneumothorax occurred dur-
g the operation, which was controlled at the
site. Plugging of the intratracheal tube inter-
rupted the operative procedure temporarily.
Check-up roentgenograms appeared to be good,
and the patient’s course was uneventful. She
was dismissed from the hospital on July 6, 1954,

Following readmission to the hosprtal on July
8, 1934, the transplantation of the scapula was
performed (by R.E.V.) according to the method
of Schrock. No evidence of nerve disturbance
was seen postoperatively Roentgenograms at
this time showed that the elevation of the shoul-
der had been reduced considerably.

1t has been stated that the results of treatment

are better if 1t is carried out early, since the
operation 1s more difficult as growth progresses
and, ultimately, the displ b unt
correctable.” In the case presented, transplanta-
tion at 10 years was followed by definite jm-
provement in the appearance of the shoulder
(Fig. 3). The roentgenograms (Fig 4) Jikewise
showed improvement; there was some new bone
formation at the site of the previous upper mar-
gin of the scapula, Function of the shoulder is
excellent in all respects.

COMMENT

Jeannopoulos stated that transplantation
of the scapula is most successful in children
before the age of 5 years. Prelimmary cer-
vical rib resection may increase the age limit
when transplantation can be performed
safely. Greville and Coventry feel that the
ages of 8 to 14 years are best for resection
of the prominent portions of the scapulae
and the omovertebral boaes. It is our opin-
ion that, particularly in adults, resection of
associated abnormal cervical ribs might be
carried out optionally through the same in-
cision jn those cases with visible supracla-
vicular rib prominences. In this manner
obvious deformity is eliminated and future
complications from these ribs prevented. Re-
section of the superomedial scapula and the
omovertebral bone is indicated particularly
in older wndividuals with limitation of motion

Fi 4 Postopera-
tive roentgenogram
following subtotal
exciston of the de-
formed upper Tight
nibs and transplanta-
tion of the scapula.
A small strip of myo-
sitis osstficans has oc-
curred along the pre-
vious site of the su-
penior margin of the
scapula,
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due to the omovertebral bony conncction
with the spine. Rib excision may be per-
formed through a posterior incision, or an
anterior approach may be used. The ready
reformation of excised ribs in children re-
quires the prompt performance of the scapu-
lar transplantation. In view of the high inci-
dence of neurologic complications following
transplantation, preliminary rib excision
should be seriously considered in all cases
where abnormal ribs are present in the cer-
vical region and scapular transplantation is
to be performed.
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Anormal Costas Cervical e le Deformitate de Sprengel

Summario in Interlingua

Le deformitate de Sprengel es associate
con costas cervical in 31,4 pro cento del
casos. Le pression effectuate per costas cer-
vical super le adjacente mervos e vasos es
ben cognoscite. Iste pression es augmentate
quando le scapula es transplantate in direc-
tion caudal. Paralyse del plexo brachial oc-
curre  possibilemente como complication
post-operatori in 12,5 pro cento del casos
de deformitate de Sprengel que es subjicite
al transplantation del scapula. Le excision
preliminari del costa o costas provide un

augmentate extension e mobilitate del nervos
¢ vasos post transplantation del scapula. In
Ie caso hic reportate le excision preliminari
del costas permitteva transplantation del
scapula sin complicationes, a un etate plus
avantiate que lo que es ordinarimente com-
patibile con tal successo. Excision de omne
visibile costas cervical pare etiam recom-
mendabile in gruppos de etate plus avantiate
pro qui le excision del scapula superomedial
e del osso omovertebral es le manovra de
election.
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A Destructive Lesion Involving

the

Intervertebral Disk in Children

S. S. MatHEWS, M.D,, L. L. WiLTSE, M.D., AND M. J. KARBELNIG, M.D.*

During the past several years we have
observed a lesion that occurs in the inter-
vertebral disk space in children, which we
believe to be a separate clinical entity. Qur
findings suggest that it is definitely inflam-
matory in nature. The exact cause of the
inflammatory pracess is uncertain. Seven of
these cases were seen at the Children’s Hos-
pital of Los Angeles and 2 are from the
private practice of one of us (L.L.W.).

A similar finding has been reported in the
literature, but, thus far, we have not found
a completely accurate description.

A typical case is that of a young child, 2
to 3 years of age, who is brought to the
doctor complaining of pain in the back,
stiffness of the back and the legs and often
exhibiting a definite imp. The family gives
the history that the child had been entirely
well until a few days previously when he
became ill with a fever and signs of an
upper respiratory infection. Then, during
the next few days, the back, the neck and
the leg symptoms appeared.

On examination, the child is not acutely
ill. The temperature is elevated only about
a degree or two. Flexing the neck causes
pain in the back, and straight leg raising is
very limited Careful examination reveals
no leg or neck muscle spasm, the only mus-
cle spasm being in the back. Reflexes are
found to be normal, and there is no demon-

strable muscle weakness. It is important that

* Long Beach, Calfornia,
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the examiner differentiate voluntary abdomi-
nal splinting due to back muscle spasm from
true muscle weakness, Sensation is normal.
The white blood count is elevated, with a
shift toward the polymorphonuclear series.
The erythrocyte sedimentation rate is in-
creased uniformly, and urinalysis is negative.
Blood chemistries in those cases in which
it was performed also were negative,
Roentgenograms of the spine, when taken
immediately upon the start of symptoms, are
entirely negative, but after about 2 weeks,
a mild narrowing of 1 disk space is noted.
This narrowing progresses for another few
weeks, then remains stationary, and, in some
cases, actually appears to reconstitute
stightly. Some irregularity or fuzziness of the
contiguous borders of the bony vertebrae
may disappear in 3 to 4 months. Al that
remains is some slight to moderate sclerosis
of the bone adjacent to a narrowed disk.
The child is never acutely ill, but the back
may remain stiff for 3 to 5 weeks. There
is often a considerable limp—the “hip joint
syndrome”~but the pathology never has
been demonstrated in the hip. Under adequate
treatment, including rest in bed, a Bradford
frame and/or a cast and antibiotics, the tem-
perature returns to normal in about 7 to 10
days, while the sedimentation rate returns to
normal in about 6 weeks. Between 2 to 3
weeks after onset, the child seems quite well
and would be up and around if permitted 10
do so. In one case there was recurrence of
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FiG. 1, See text (p. 167)

symptoms after 13 months, but a long-
range follow-up of this case and all our other
cases indicated that after the episode sub-
sides the healing is complete, although the
roentgenographic narrowing persists indefi-
nitely.

REVIEW OF THE LITERATURE

In 1933, Smith!* described a benign form
of osteomyelitis of the spine with thinning
of the intervertebral disk as a typical sign.
He described cases in which the disk was
merely thinned and some with thinning and
partial destruction of the adjacent joint mar-
gins. Some of these patients went on to
bony ankylosts, an occurrence which we
noted in only the carliest cases (possibly be-
cause of the early use of antibiotics). Flem-
ming* noted similar lesions in adults but did

not include children in his series. Kulow-
ski® reported on 102 cases of osteomyelitis
of the spine and admitted that a more be-
nign form had been recognized. The age
span jn his group was 8 to 62.

In 1940, Ghormley, Bickel and Dickson®
discussed a_condition which js probably
similar to the disease entity we are pre-
senting, but their age group (9 to 59 years)
again was primarily in adults. These authors
referred to the condition as “infectious spon-
dylitis” and felt that only after extensive
bone jnvolvement occurs should it be called
osteomyelitis. If only the intervertebral disk
and adjacent vertebral borders were in-
volved, then it was not a true osteomyelitis
of the spine. Guri® and Martin'® also re-
ported pyogenic osteomyelitis of the spine
but did mention a milder form of the disease
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FiG. 2. See text (p. 167)

which could have been similar to the entity
we are reporting.

Bremner and Neligan! reported 7 cases
with an age span of 9 months to 2¥2 years,
and Saenger'® also reported a similar dis-
ease process, using the term “spondylarthri-
tis” to describe it.

The lterature review illustrates that here-
tofore considerable confusion existed be-
tween this condition and osteomyelitis of the
vertebrae. These able investigators seem to
touch all around this condition, but only the
article by Saenger actually described this
entity. We believe 1t to be a primary

disease of the intervertebral disk, a dis-
tinct clinical entity, which is quite defi-
nitely infectious, possibly due to' a strepto-
coccus, although in no case was the organ-
ism isolated or identified. Qur cases have
led us to the conclusion that this condition
is curable, that the patient recovers com-
pletely and has no further trouble unless he
may have some later sequelae which might
accrue from a narrowed disk.

On page 166 there is a presentation in
tabular form of the 9 cases seen by us:

Our patients range from 22 montits to 14
years of age and represent follow-ups from
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F16. 3. See text (p. 167)

3 months to as long as 14 years from the
anset of our eardiest case. One of the most
important facts about the condition is that
the tuberculin shin tests were negative.
Lumbar punctures, when done, showed nor-
mal dynamics and celtular counts, Qne case
(T.C ) had a recurrence of an identical syn-
drome after 13 months, but his follow-up for
16 months since that episode has shown
complete healing, as did all the others in
the group. That is, each child returned to
complete well-being, with only the persistent

intervertebral space narrowing remaining as
a stigma of this disease. One case (G.H.)
went on to almost bony fusion. This patient
did not receive antibiotics but did receive
sulfathiazole for 1 month. Interestingly
enough, another case (1.G.) did not receive
antibiotics but did not go beyond mild nar-
rowing of the disk space.

In all cases the sedimentation rate re-
turned to normal and stayed there after a
few weeks. Febrile agglutination tests, when
performed, were always negative.
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‘Un Lesion Destructive in le Discos Intervertebral de Infantes

Summario in Interlingua

Es reportate un serie de nove casos de lation de un sol morbo que es separate ¢
lesiones destructive primari observate in le  distincte ab le ostcomyelites, Hio occu
discos ntervertebral de inf Le tabl \ in le spina lumba-r e es ch o

o o " ) . arac-
clinic es si uniforme que illo suggere e stipu- terisate per un restriction progressive del
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spatio del disco intervertebral e in certe
casos per alicun destruction del adjacente
margines ossee. Radiographias subsequente
demonstra un curation progressive, sed un
certe grado de restriction del interspatio
persiste. Le lesion es non-tuberculotic, ¢ le
exacte etiologia remane incerte. Un del
patientes habeva un elevate titro de anti-
streptocysina, sed nulle streptococcos esseva
trovate in culturas sanguinee de tres de
nostre patientes.

In le caso typic, un infante de duo o tres
annos de etate disveloppa subitemente un
leve grado de febre, dorsalgia, irritabilitate,
e anorexin  1i pote haber rigiditate solmente
nuchal o rigiditate del spina integre. In certe
casos on nota claudication, non associate
con ulle constatationes coxal. Le refiexos e
le sensation es intacte, sed il pote occurrer
un certe grado de spasmo de musculo para-
vertebral.

11 ha leve grados de leucocytosis con devi-
ation sinistrorse, sed le tests del urina, le
serologia, € le test cutanee a tuberculina es
omnes negative. Punctura spinal es negative.
Altere tests cutance esseva negative in omne
le casos testate. Le sedimentation esseva
uniformemente accelerate durante le phase

active del morbo, sed in le curso del me-
horation clinic jllo retornava a nivellos
normal.

Le periodo del observation consecutori
variava inter plure menses e dece-quatro
annos. Le etates del patientes variava inter
22 menses e dece-quatro annos al tempore
del declaration del disordine. Le curso hos-
pitalari esseva routinari. Le patientes esseva
tractate con, antibioticos e allectation usque
le sedimentation habeva retornate a tempo-
res normal. In le majoritate del casos Je
tractamento includeva le application de un
apparato gypsate. Ambulation esseva ini-
tiate quando le symptomas habeva regredite.
Nulle del casos monstrava suppuration, for-
mation de abscessos o sinos, o altere indica-
tiones pro un intervention chirurgic.

Nos opina que iste casos representa un
invasion primari del disco intervertcbral a
base infectiose. Le condition responde al
tractamento, Si le tractamento es adequate,
le condition non recurre in le casos typic.
Tlo es appar auto-li ¢ lassa
le patiente con solmente in restringite spatio
discal con un certe asperitate del adjacente
superficies ossee. Il pare que il se tracta de
un condition que es satis commun.
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The Management of

Idiopathic Scoliosis*

- Joun H. Mog, MD.§

DEFINITION

When the cause of a structural lateral
curvature of the spine cannot be determined,
a diagnosis of idiopathic scoliosis must be
made. Unsatisfactory as this terminology
may be, one has no choice but to continue
the use of this term, for it represents a rea-
sonably specific entity. However, the border-
tines of definition are indistinct, Many of
the “typical” idiopathic patterns of curvature
are found in patients having a definite his-
tory of poliomyelitis. Some of the early
severely structural curves show abnormal
facets at the apex of the primary curve when
operative exposure is made. The presence
of congenital anomalies elsewhere in the
body may raise the question of their rela-
tionship to what appears to be an idiopathic
curve, Likewise, on rare occasions a typical
idiopathic curve pattern may be found in
patients having the stigmata of neurofibro-
matosis.

PATTERNS OF IDIOPATHIC
SCOLIOSIS

The right thoracic curve is the most com~
mon pattern. The Sth and the 12th thoracic
are commonly the end vertebrae of this
curve pattern, but variations include the T-4

* From the Scoliosis Service of the Gillette State
Hosputal for Crippled Children, St Paul, Minn,
and the Dwision of Orthopedic Surgery, Depart-
ment of Surgery, University of Minnesota.

 Professor and Director, Diviston of Ortho-
pedic Surgery, Department of Surgery, University
of Munnesota, Mmneapolis, Minn.
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to T-10, the T-4 to T-11, the T-6 to L-1, the
T-6 to L-2, or the T-6 to L-3 pattern (Fig. 1).

The double primary curve is difficult to
determine unless adequate roentgenographic
studies are made at an age when the curve is
just beginning. Many curves, initially right
thoracic, rapidly develop structural changes
in the left lumbar compensatory curve
below, and by the time thé patient is brought
in for roentgenographic evaluation, both
curves may be nearly equal in angulation,
rotation and vertebral wedging. In most in-
stances of this type, side-bending films will
show the left lumbar curve to be less fixed
than is the rigm thoracic curve (Fig. 2).

The double primary curve which leaves
no doubt as to its true nature begins at the
early age of from 6 to 9 years. Both curves
begin simultaneously and progress equally
(Fig. 3).

A Tleft, short, upper thoracic curve com-
bined with a much longer right thoracolum-
bar curve is seen occasionally. Apparently
this pattern is a variant of the donble pri-
mary curve, for it is always progressive, and,
fike the true double primary curves, both
curves must be fused if correction is to be
maintained.

The left thoracolumbar pattern of idio-
pathic scoliosis has its upper limit at the
8th to the 11th thoracic vertebra and its
lower limit at the 3rd, the 4th, or the 5th
lumbar segment (Fig. 4).

The infantile idiopathic curve described
by J. 1. P. James and by Scott and Morgan
rarely has been observed in the United
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Fi6. 1. The nght thoracic idiopathic curve pattern. M. H., age 11 yr., 5 mo. Right
curve T-5 to T-12, 60°, Maximal correction to 25°. Fusion T-5 to L-1. No loss of
correction 3 years later.

States. Typically, this is a left thoracic curve
noted before the age of 2 years, which was
described by these authors as usually being
progressive to a severe deformity. In over
500 scoliotic patients observed and treated,
the author has not encountered this entity in
the pattern described without evidence of

g 1 h

[ I anomalies €.

DETERMINATION OF TREATMENT

For all practical purposes, the correction
and the fusion of an idiopathic curve is done
for cosmetic reasons, although, occasionally,

the curve may be productive of pain There-
fore, the first determination should be an
evaluation of the visible deformity which the
curve will produce presently or in the future.

A most important factor js the status of
spinal growth, which can be charted only by
noting periodically the accurate sitting and
standing height of the patient. Risser has
pomnted out that spinal growth occurs in
periodic accelerations and idiopathic curva-
tures normally show progression during
these periods. There are many small, non-
deforming curves present in adults which,
no doubt, represent idiopathic curvaturcs
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Fic. 2. The right idiopathic curve with a structural left lumbar compensation curve.
M. W., age 12 yr., 6 mo, Rught primary curve T-4 to T-11, 63°. T-4 and T-11 are both
rotated neutrally. Lower curve T-11 to L-5 was shown to be 30° structural on left-
side-bending film. Maximum correction of primary curve obtained was to 35°; therefore,
fusion area selected was T-4 to T-11. Through miscounting the vertebrae at the time of
fusion, the actual fusion area proved to be T-5 to T-12 (note wire markers). No harm
resulted.

1t is necessary to fuse only the primary curve if its end vertebrae are rotated neutrally
and if the curve below has enough functional component to allow balance when maxi-
mal correction of the primary curve has been obtained

Total final correction 1n this patient was 25° in the pumary curve plus 17° in the
compensatory curve below. The advantage of limiting the fusion area to the primary
curve 1s obvious.

that began in childhood or adolescence, seen in adults, has stated that 80 per cent of
which did not progress sufficiently to pro- idiopathic curvatures do not progress to a
duce a cosmetic deformity. The author’s deforming state and, therefore, only 20 per
own experience and observations have led cent require correction and fusion. How-
him to agree with Risser that most idio- ever, general agreement concedes that the
pathic curves referred for an orthopaedic earlier the onset of the curve the greater the
opinion in the preadolescent and early ado- ultmate deformity.

lescent age already have progressed or will Risser has defined the sign of the iliac
progress so that deformity is obvious. Cobb, apophysis and has attested to its accuracy in
through inclusion of all the minor curves denoting the termination of growth of the
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Fi6. 3. The double primary idiopathic curve. 1. P., age 11 yr, 5 mo Both curves
severely structural. Roentgenograms taken 4% years before showed both curves equal
in structural and angular deformity. Maximum correction both curves and fusion of
both curves mdicated, Fusion area was T-4 to L-4. ’

vertebral column. He has stated further that
idiopathic scoliosis will not progress after
spinal growth is complete. From personal
experience, these statements are essentially
verified, noting only that there are occasjonal
minor variations, such as might be shown by
a 10° increase in an 1diopathic curve occur-
ring after the iliac apophyses have com-
pleted their excursion and have dipped
to show contact with the posterior 1liac
spine. From the same experience, it may be
stated that idiopathic curves do not neces-
sarily increase until the iliac apophyses have
completed therr excursion.

Deformity 1s dependent upon the length
and the location of the curve. A curvature
of 35° extending from T-6 to L-5 may be
accompanted by a considerable body list and

pelvic obliquity. The patient and the parent
may demand the right to have correction
and fusion carried out. A long curve is al-
ways more deforming, for it will not permit
compensation to occur within the spine
itself. On the other hand, a quadruple curve,
with the 2 center curves, the right thoracic
and the left lumbar, balanced at 45° or 50°,
often will be scarcely visible, and no treat-
ment will be desired or indicated. The
shorter the curves and the greater their num-
ber in a given spme the less the visible
deformity. Ponseti and Fricdman, as well
as James, have pointed out that primary
Jumbar curves are less deforming than pri-
mary thoracic or thoracolumbar curves.
Most of the lumbar curves analyzed by these
authors contained only 5 vertebrae, while the
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thoracolumbar curvatures were much longer.

Effcctive conservative cast correction must
give nearly complete or preferably overcor-
section of the primary curve. In the pres-
ence of structural chianges in the primary
curve, and mare particutarly in the compen-
satory curve, such complete correction of
overcorrection is impossible; thus, conservi-

tive treatment in structural curves seldom is
indicated, To be cffective, cast correction
must be continued over a period of many
months and it must be repeated at intervals
if improvement is not maintained.
Conservative efforts to control mild and
selatively flexible curves also may be di-
rected foward creating 2 temporary pelvic

L-fmé 0‘:. ;l;h: left primary thoracelumbar pattern. B. Z,, age 14. Left curve T-11 to
L, 607 L;;’;umr pl capping. indscating that hitle or no further progress could be
1hrposes e um correction 1o 30°. Imitial fusion T-14 to L-4 showed pseudar-
throses 1:\ ese mug::;x:;h;ypng;!ﬁgeratgz:;y.s hl;ipaxg of graft defects and extension of gratt
'n by roentgenogram 59 months after th

repair and the extension of the graft. Loss of correcti d d o,
bilization were mmimal, since the pseudarthrosis wa: d?n il s Of' o por.
l15rmedh|'e!:1uve!) early. The fusxonparea planned xnxéallyscs:‘(()eurleddhitg ;z:x[:e’;'%gm l{iﬂ‘*

ote that T-11 and T-10 are rotated and that T-9 is neutral. Also note lhattﬁ-4-?s.

rotated, but that because of its fow lu i ;i
mbar
to melude neutrally rotated L-5. location, fusion daes not have to be extended
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obliquity by means of a shoe lift on the side
of the convexity of the thoracolumbar curve,
When there is leg length discrepancy, the
short leg is on the side of the convexity of
the primary curve; hence, it is only rational
to suppose that correction of the leg length
discrepancy will correct the curve if it is
functional and crealing an opposite leg
length discrepancy will tend to improve it if
there are mild structural changes (Fig. 5).

Decompensation of spinal curvatures is

P. G, age 7 yr.,

indicated by a list of the body, a tilting of
the pelvis and a dropping of the shoulder.
Cobb noted that the body list is always to-
ward the side of the convexity of the primary
curve, and the high side of the pelvis 1s
always on the side of the concavity of the
primary curve. Such decompensation should
be considered as a clear-cut indication for
correction and fusion of the curve. It is of
great interest to note that a small amount of
correction may give a marked cosmetic im-

- s o

Fic. 5 Conjservative measures in treatment of mild early idiopathic curves
3 mo., had a mildly structural curve T-5 to L-1 nght

idtopathic, 25°. The night leg was minimally shorter than the left. Two and

one half years later the curve was 20°

and ‘was shortened by one vertebra.

Treatment during this period had been only the wearing of a Y-inch hift on

the right shoe
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Fic. 6. The degree of ic impr is not

ily proportionat to the
correction of angulation on rocntgenographic measurement of the curve. In this patient
the maximal correction of a 57° right idiopathic curve T-4 to T-11 was to 23°. Through
failure to recognize and protect a weak

fuston, a loss of 20° occurred. Never-
theless, the 12° measured gain resulted
n reg P pletely
and m a rather marked cosmetic im-
provement

provement through the regaining of com-
pensation (Fig. 6).

So long as the curves are relfatively flex-
tble, there is no objection to a policy of
watchful expectancy in a curve which may
not progress to a cosmetic deformity by the
tyme spinal growth 1s complete, for a flexible
curve can be corrected when the indications

for such correction are definitely established
(Fig. 7}

: 4350

Fasdl,

Conechin
U

METHODS OF CORRECTION

In the seties of scoliotic patients upon
which these expressed opinions are based




176 The Management of Idiopathic Scoliosis

Fi6. 7: A-C above; D and E on page 177. Progression of an idiopathic curve. (A

Left) M. S,, first seen in 1953. Idiopathic curve right T-3 to T-10. Age 11 yr., 2 mo.
Minmal deformity No treatment. (B, Center) 1954, age 12, Minimal increase in nght
thoracic curve Minmimal deformity. No treatment. (C, Right) 1955, age 13. Curve
ncrease to 38°. Cosmetic deformity becoming a problem but still not severe. Decision

made to correct and fuse.

there have been 3 methods of correction
used.*

1. A wedging cast was first used, applied
as recommended by Cobb, with the patient
first bent to the side which obtained maxi-
mal correction of the compensatory curves,
a full cast being applied in this position
including the neck, the head and one thigh.

* The total number of curves of all types cor-
rected and fused to date is 338 Of these, 126
have been classtfied as idiopathie,

Hinges and turnbuckles then were inserted
to correct the primary curve slowly. Later
this was modified to what may be termed the
“rapid wedging” cast in which the plaster is
wedged immediately after it hardens, using
the plaster as hinges. This rapid method
proved to be as effective in most instances
as the gradual correction by incorporated
metal hinges and the turnbuckle.

2. The Milwaukee brace of Blount and
Schmidt was used in a substantial number



Selection of the Fusion Area 177

of patients. When well fitted it proved to be
~ an cxcellent means of correction. The handi-
cap first encountered in its use proved to be
the inability of the brace shop to produce a
well-fitting  brace. More lately, the brace
shop has lcarned to follow the instructions
of Blount and Schmidt, but lack of time dis-
courages the brace shop personnel from
making very many of these braces,

Fis. 7

thoracic curve

3. The Risser Jocalizer cast has been used
almost exclusively during the past 3 years.
It has proved to be efficient and comfortable.
The resident staff very quickly learns the
technic of its application.

SELECTION OF THE FUSION AREA

A distinction must be made between the
measured curve and the area to be fused.

(D, Left) Compensatory curve below balanc i ‘

Le ed fairl i
apophyses nota visible. (E, Right) Fourteen months later the cl:r);ew;::s' ffxlsla;
soldly at 21°, while the compensatory curve below balanced the con'ect:d

Correction was by Russer localizer cast. Fusion was facet

method, with 1liac bone added. Total correction i

! - n is to 20° above a °
The' fusich area was p'lanned T-3 to T-11. Through miscoumll-.x;j 2; tPelow.
operatmn‘the actual fusion area was T-4 to T-12. Since T-4 : ime of
vertebra, it was felt that no loss of correction would occur. was & neutral
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The end vertebrae of the measured curve are
those which show maximum tilting. In addi-
tion, the interspace above and below these
vertebrae either are parallel with the end
vertebrae or show a reversal of the wedging
present within the curve area. Lines are
drawn along the superior border of the
upper ¢nd vertebra and along the inferior
border of the lower end vertebra. From
these himes perpendiculars which intersect
are erected The angle to be measured will
then be alternate or opposite to that which
would be formed by the intersection of the
lines drawn along the vertebral body mar-

Fro. 8. Selection
of fusion area. Right
idiopathic curve, T-5
to T-I1, 65° stand-
ing. Age of patient,
11yr, 3 mo. T-5 and
T-11 are rotated neu-
trally. Fusion area
Iimited to measured
primary curve, Maxi-
mum  correction to
25°. Loss durmng
plaster  immobiliza-
tion to 35°. Fmal
correction 4 years
after fusion 35°. Re-
sult rated excellent

gins. This is the method of measurement
popularized by Cobb.

The rotation of the vertebral bodies is
determined by the position of the oval
pedicle shadows in relation to the lateral
margins of the vertebral bodies. When the
pedicles are equidistant from the lateral ver-
tebral margin on either side the vertebra
may be said to be in neutral rotation. When
the lateral border of the body extends
further beyond one pedicle than the other
that vertebra may be said to be rotated.
Such rotation is toward the convexity of the
curve.



Solection of the Fusion Area 179

.
Y Clavding ol S Lo .. 0

Fic. 9: A-C above; D-F on page 180. The effect of too short a fusion area. H. M.,
age 13 yr.,, 6 mo. (A, Lefr) Patient had a 70° right idiopathic curve T-5 to T-12. Note
that rotation continues beyond the measured curve and that L-3 is the first neutrally
rotated vertebra below. This measured curve was used as a determination of the pro-
posed fusion area, overlooking the factor of rotation. (B, Center) Note that in the
sitting film the measured curve extends to L-1 and that rotation again continues on to
neutral vertebra L-3. Correction of T-5 to T-12 to 20° was obtamed. (C, Right) Six
months after fusion of T-4 to T-12 the patient was allowed up in a Risser localizer
cast. Note that the interspace between T-12 and L-1 opened rather abruptly, making
L-1 now an obvious part of the curve. T-5 to T-12 has maintained practically the
maximum correction which was obtained, but the inclusion of L-1 gave an increase of
over 10° of angular deformuty. (The fusion was planned for T-5 to L-1, but the
vertebrae were miscounted at operation, and T-4 to T-12 were fused instead, The error
was not discovered immediately.)

Rotation of the vertebrae is always 1, 2, or more vertebrae below the measured
present in a structural curve. Such rotation end of the curve,
may terminate with the end of the measured Several general rules may be followed in
curve, the end vertebrae of the curve then determining the length of the fusion area.
being rotated neutrally. On the other hand, 1. A right thoracic idiopathic curve in
rotation toward the convexity may continue which the end vertebrac of the measured
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1 §-5°
Stand g

Fi16. 9. (D, Left) Progresston of deformity continued, the patient finding it difficult

to make a decision to undergo further surge

ry. (E, Center) Increase in deformity now

was marked, and still another vertebra has been added below to the curve. The patient
now decrded to undergo an attempt at recorrection and extension of the fusion. (F,
Right) Recorrection to 35° was obtained by means of the Risser localizer cast, and on
March 19, 1955, the fusion was extended to include T-3 and L-3. A solid fusion was
noted a year later with some improvement in the amount of angular deformity.

curve are rotated neutrally requires only
fusion of the curve. A second necessity for
such a short fusion area is a sufficient func-
tional el in the c¢ ory lumbar
curve below, as shown on the left side-
bending roentgenogram, to allow balance
with the amount of correction which has
been obtained mn the right thoracic curve
(Fig. 8).

2. In a right thoracic idiopathic curve, if
rotation toward the convexity of the curve
continues beyond the measured curve, the
fusion area must be extended beyond the
measured curve to include all of the rotated
vertebrae and usually the first neutrally ro-
tated vertebra as well. “Fusing short” in this
type of curve will result 1 loss of correction
through the addution of the rotated vertebrae
below to the measured curve (Fig 9).

Where rotation continues beyond the
measured curve, not only the precorrection
roentgenogram but the correction film also
must be evaluated. It is generally true that
the fusion area must include all of the ro-
tated vertebrae and also the neutral end ver-
tebrae as seen on the precorrection fitm. It
is also true that the area may be shortened
if the “rotational lag” is eliminated and the
primary curve 1s shortened in the correction
film Shorteng of the fusion area in this
circumstance must never be by more than
1, or, at the most, 2 vertebrae. The long-
established rule of “fusion from paraliel ver-
tebra to parallel vertebra” is to be remem-
bered in dealing with these problems (Fig.
10).

3, In thoracic curves where the end
vertebrae of the measured curves also are
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P

Fig. 10. Selection of fusion area. P. 1., age 12 yr., 8 mo. Right idiopat

hic curve T-6

to L-1 standing, T-6 to 1.-2 sitting. L-1 and 1.-2 are rotated. L-3 is neutral. Fusion area
selected T-5 to 1~3. Full amount of correction maintained. Because of derotation

occurring with correction, a fusion area df

equally satisfactory ovtcome.

rotated neutrally, the fusion area can be
extended above and below the measured
curve without particular harm fo the patient,
provided that balanced correction s being
carried out in the Risser lacalizer cast of in
the Milwaukee brace (Fig. 11).

4, The younger the patient the more cer-
tain one must be to fuse long enough. When
n doubt, add a vertebra to the fusion area.

5. In g left lumbar primary curve, where
the measured curve extends to the 3rd or
the 4th fumbar vertebra and where rotation
continues beyond the measured curve so that
the neutral vertebra is L.~5 or even S-1, the
fustan area need mot include the neutrally
rotated vertebrae below but usually can be
fimited to the measured curve. The lower
the curve extends the more one can dis-
tegard totation. In the author’s experience,
it has not been found necessary to fust to

f T-5 to L2 probably would have given an

the sacrum in any idiopathic curve (Fig. 4).
6. The double primary curve should have
both curves fused i their entirety. The short
left high thoracic curve with the long right
thoracolumbar curve (a variant of the
double primary curve) also shauld have both
curves fused in their entirety (Fig. 3).

THE PROPER AGE FOR FUSION

Most patients with idiopathic curves pre-
sent themselves for treatment at ages be-
wween 11 and 14 years. In this age group
there should be no hesitation whatever to
recommend correction and fuslon if this is
indicated.

Also, in patients younger than this age
group, progressive curves should be treated
by correction and fusion. The production
of a deforming lordosis by the fusion has not
been observed in the author’s experience,
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although a slight reduction in the anteropos-
terior diameter of the thorax has been ob-
served very occasionally. 1f a thoracic lordo-
sis is already present before fusion, it will
not be improved by the operation and it may
progress somewhat following surgery. The
presence of a very narrow anteroposterior
diameter of the chest with a very flat or
lordatic thoracic spine, in a child of 10
years or younger shauld constitute a contra-

indication to immediate fusion, since the
curve -can be kept from progressing by
means of the Risser localizer cast vniil the
child is older,

CAUSES FOR FAILURES
AND POOR RESULTS

The most common reason for failure o

maintain correction of a fused curve is the
presence of a pseudarthrosis in the graft.

Fio. 31 C. S, age 13 yr., 1 mo Right idiopathic curve T-5 to "9‘-!2, 55° standing.
T-5 and T-12 are rotated neutrally. lliac apophyses not visible. Fusion area
1-1. Maximal correction to 30°. Final correction 3 years after fusion 35°.

was T-4 to
Fusion of

only the measured curve T-5 to T-12 would have given equally good results, but extend-

ng the fusion area did no harm.
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Tractamento de Scoliosis Idiopathic

Summario in Interlingua

Scoliosis idiopathic require mesuras cor-
rective principalmente pro rationes cosmetic.
Le majoritate del patientes qui es presentate
al orthopedista exhibi o va disveloppar
grados sufficientemente pronunciate de de-
formitate pro justificar correction e fusion.
Le deformitate depende mn grande mesura
del loco e del extension del curva., Correction
conservative per medio del apparato locali-
sante de Russer es efficace in casos de curva-
tura pauco pronunciate e flexibile, sed curvas
structural de grado moderate o sever deberea

esser tractate per correction e fusion le plus
promptemente  possible. In iste tracta-
mento, le etate del patiente non deberea
esser considerate como un obstaculo. Certe
regulas pote determinar le longor del area de
fusion. Le correction es melio obtenite per
medio del apparato localisante de Risser 0
del supporto Milwaukee. Non-mantenentia
del correction resulta quasi exclusivemente
del presentia de pseudoarthroses in le graffo,
de non protegite graffos immatur, o de un
non satis longe area de fusion.
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ROBERT E. CARROLL, M.D.

In rccons\mcf\on of the wpper extremitys attention pad beent given 10 ?YCC'ISC pos‘\ﬁon-
controt of the shoutdet joint is mandatory ing © the arm following operation- 1 the
for function © the cxtremity & a whole. end of an operations the pavient usually 8
When sufficient musculaluee is missing: the supine O the table. Hels swathed cop'\ous\y
contro} I8 obtained bY an arthrodesis of the with drapes which do mot alfow €asy palpa-

humeral hed ula at the g\eno’;d tion of th entire sCap! nd the upper ex:
10Cess of the utm! st ¥ nce that tremity the body i1 ed by § ndbags the
the proper positi gl union Y€ plane may b ecogmzed d con-
be obtait T is Giffy e, & the relation- sidered. studying arthrode the
ship of 3 P m underst! The choutder th uthor has 1 impresse y
urpose of the auth his chapter is to  the fact U e measy gle in the post
suggest 3 St p et y hich the proper operative tgenog! ue js far

osition MY btoined f Jowing the O different cstimated BY the surgeon
eration fof cthrodesis © he shoulder- in is report of the operat!

The ‘\myottanceo \he position of the aT™ Xm\umemblc methods 3¢ ruposed for
following operation is emyhasized by Stein fixation of the shouidet to promote arthro-
dler? Hehas yo‘mted out the jmportanc® of desis: with nic, sohd union is

function obtained bY ¢orward fiexion and obtained. 10 eneral,
external Totation of the arm, 2% welt as the per'\enced with obtaining the propet planes
. ion .

degree of sbductio e points out of posity ost of the edures Use nigid
a good tesult from shoulder acthrodesis i fixation © yumeral bead the scapi®
retatively ‘aiffcuit to obtat nless the 1aT8¢ This may be 't the form © bone—such 8 &
Yiead of the humerus ed Brmdy against graft, tock of 1n other Proce
(he smaller susface of th gleno or fixe a d\'xres the fixation is held ngxd\y > metal
10 the scapuie  other Way sints OUt ins, screws Of nails e methods have

that the plaster spicd is d;ﬁ'\cu\t 1o appl¥ one defect '“_‘ mmrgon. They do not pe:m'\\
e YPP
it relaxed under ne thesia. jed. Th®
1947, 2 ‘Research CE;“;;C:‘:;SmZSim;‘; operaﬁon desz.:r'\bed in this pap?r) perm'\ts a
can Orthopaedic Associat'xorﬂ made & stady (-;::a:“‘gf (1‘feyo;xlxon W“.“m“.mss of coaptation
of shoulder anhmdcs‘\s. 1t was their finding geno umeral Junction
\\:a(d a relatively 1arg® 9royomon of the cases PROCEDURE FOR OPERAT!ON
studied would have been ‘better jf more 'X:he paﬁ?m is Q\aced on the table in the
* From the New York Or\hopacdic Hospita\ at sque P(-‘S“'“m' A fracture table with 2
the Co\umb\a-l’rcsby\:n:m Medical Center, NeW canvas sting that can be "‘E‘“Em’d and also

York, N Y. semoved i8 much prefcned. A small pillow
185



186 Wire Loop in Arthrodesis of the Shoulder

Fia. 1. A tunnel js
made with a gouge
through the head of the
humerus and anterior
superior lip of the glen-
oid process A wire is
passed through these
holes and tied over the
anterior surface of the
joint,

or a folded sheet is placed under the scapula
and the hip of the side to be operated on
The upper extremity is draped free so that
it can be moved about during the operation.

With the arm at rest in a neutral position,
the skin incision is made over the lateral
aspect of the shoulder. This incision starts
in the area of the trapezius insertion and
curves anterior to the acromial process.
Then 1t is brought posteriorly over the del-
toid area This produces a flat or open semi-
circle. The deltoid can be identified through
this curved incision. The origin of the del-

Fic 2. The wire loop passes through
the head of the humerus and the anterior
superior lip of the glenoid process This
fixation holds the bones together firmly
while the plaster spica is applied. More-
over, it permuts a change in the plane of
position following operation without loss
of coaptation.
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Fig. 3. The functional pasition for arthrodesis of the shoulder approximates the pasi-
ton of salute. With a wire loop fisation, changes may be made postoperatively in each
of the three planes—abduction, external rotation and forward flexion,

toid is dissected free from the acromial proc-
ess. Then a longitudinal incision is made
distally along the shaft of the humerus to
complete the T-shaped opening. Further
dissection will free the legs of the T. The
deltoid can be dissected anteriorly along the
lateral clavicle and laid back. With a scis-
sors, the capsule is excised and discarded.
At this time the long head of the biceps
muscle should be transplanted to the cora-
coid process and short head of the
biceps if it seems necessary to preserve the
power. The glenoid Iabrum is dissected free
by the scalpel and discarded.

The next step is to remove alt articular
cattilage from the glenoid fossa. Long-
handled osteotomes and gouges are espe-
cially useful here. The surface is left with
roughened cancellous bone in all quadrants.
Then the arm is brought 1o the proposed
position of arthrodesis. It is easy to see how
much of the surface and the amount of articu-
tar cartifage on the head of the humerus that
must be removed This is temoved by means
of curved osteotomes, leaving a roughened
surface of cancellous bone. Next, the under-
surface of the acromial process is denuded
of cortex, With a curved osteotome, the
acromial process 1 fractured as it leaves the
seaputa. This will permit the acromial proc-

ess to be folded down in closing the wound.

Then the position of arthrodesis is chosen,
and the arm is held in this position. The
direction of a hole in the head of the
humerus can be selected. With a stout hand
gouge, a hole is made through the cortex of
the humerus into the shoulder joint. The
aim is roughly toward the anterior and supe-
rior quadrant of the glenoid. It is not neces-
sary to be accurate. Then the gouge js with-
drawn. Using the same gouge or a curved
gouge, the hole is made through the anterior,
superior lip of the glenoid process, emerging
beneath the coracoid process. Care must be
taken not to lever the gouge but to use it
with a twisting or a screwing method. Next,
a No. 22 gauge wite is then passed through
the opening in the head of the humerus and
on through the hole in the glenoid process
(Fig. 1). Avoid sawing the wire back and
forth in placing it through the holes in the
bone. The two ends of the wire are then
brought together over the anterior shoulder
joint and are tied together firmly. The head
of the humerns should sit snugly in the
glenoid fossa, Additional bone is not neces-
sary, but it can be packed around the joint
if so desired.

The wound is cJosed by suturing the del-
toid fascia to the insertion of the trapezius,
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FiG. 4. Solid union has been obtammed in 3 to 4 months, although a postoperative
manipulation may have been done. (Left) Anteroposterior view. (Right) Axillary lateral
view. These roentgenograms show the position of the wire loop used in this procedure.

If so desired, the fractured acromial process
may be wired mto the bumeral head; how-
ever, this is not necessary to secure the ar-
throdesis. The acromial process is fractured
so that the closing sutures will draw it down
into a rounded position over the humerus
and give a more natural appearance to the
shoulder. A plaster spica is applied with the
patient lying on the canvas sling (Fig, 2).
The plaster should extend to the hand, with
a support for the palm

POSTOPERATIVE MANAGEMENT

The wound can be inspected by a window
in the shoulder section of the plaster spica.
When pain subsides, a postoperative roent-
genogram should be ordered. Usually this is
in the 2nd weck after surgery. The film is
obtained with the pauent in the standing
position. The film must include the entire
scapula and the proximal humerus. The de-
sired planes can be ascertained from the
roentgenogram and the clinical position of
the extremity of the standing patient. If a
change 1s desired in one or more planes, it
can be obtmned The patient is given a
mild anodyne With a motor saw, a nng is

cut in the plaster cast at the junction of the
arm and the torso. The upper extremity can
be moved for correction in 3 planes (Fig.
3). The eccentric position of the wire loop
permits abduction, forward flexion and ex-
ternal rotation. The head of the humerus 1s
held against the glenoid. Then the rent in
the spica is sealed. This cast is maintained
for 3 months. At that time, roentgenograms
of the joint are taken to be sure that union
has matured enough to allow removal of the
cast,

CLINICAL EXPERIENCE

This type of arthrodess has been used in
15 cases. The length of time that they have
been followed extends from 1 year to 5 years
and 3 months. All have obtained solid bony
unjon between the 3rd and the 4th month
after operation (Fig. 4) This operation
was done in the process of upper extremity
reconstruction for paralysis resulting from
poliomyelitis or obstetric palsy. However,
on one case the operation was used to arrest
a joint tuberculosis,

In 5 cases the shoulder was manipulated,
and the position changed after operation.
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One patient required 2 sessions of positional
change 1o obtain the desired placement. In
the other 4 patients, a single change was
satisfactory. No difficulty was obtained in
changing the position in any planc. It was
not particularly painful for the patient. The
position of the humeral head in the glenoid
fossa was maintained, Solid fusion was ob-
tained between the 3rd and the 4th month
following operation.

Caution is advised against placing the
foop of wire across the neck of the glenoid
fossa and the head of the humerus in o trans-
verse manner, One colleague did this in per-
forming an operation for arthrodesis of the
shoulder. Exceltent and firm position of the
humeral head against the glenoid fossa can
be obtained; however, the transverse fixation
of the glenoid will permit a change only in
the angle of abduction.

SUMMARY

1, In arthrodesis of the shoulder joint, a
method of fixation of the humeral head to
the glenoid fossa with a wire loop is pre-
sented.

2. This procedure allows revision of the
planes in the postoperative state without loss
in the relationship of the humeral head to
the glenoid fossa.

3. Fifteen patients have been helped by
this method with no failure of fusion.
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Prosthetics in C

hild Amputees”

MiLo B. Brooks, M.D., AND ROBERT MAZET, Jr., M.D.

In recent years prosthetict progress has
resulted in significant improvement in pros-
thetic practice for the adult amputee. The
availability of better devices has stimulated
interest in the more or less neglected prob-
lems related to the child amputee. For all
practical purposes, only in the past 30 years
has any particular effort been directed
toward fitting the child amputee, and then
only by isolated individuals. The initial at-
tempts in this field were mostly the responses
of prosthetists to the anxious importunities
of a parent that something be done.®1*

Perhaps because child amputees demand-
ing attention appeared nowhere in large
numbers, perhaps because of the greater
urgency of trying to help adults presenting
prosthetic problems, perhaps because our
prostheses were too crude to inflict on chil-
dren, medicine and the prosthetic industry
were long content to tell parent and child to
wart until growth was attained before fitting
was attempted

The improved prosthetic devices and tech-
nics which have evolved in the past 10 years
have comcided with interdisciplinary efforts
on the part of engineers, surgeons, psychia-
trists, physical and occupational therapists
and prosthetists to develop prosthetic tech-

nics applicable to the child amputee,»%%%%
10,12 13

* From the Departments of Pediatrics and Surg-
ery (Orthopaedic), School of Medicine, University
of Caltfornia Los Angeles, Cal.

+ “Prosthetic 15 used here ta include those prob-
lems related 1o the medical treatment of patients,
procurement and chechout of the prosthesis, train-
sng in its use and ull indicated follow-up cate.
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The most significant of these pioneering
clinical studies has been that of the Juvenile
Training Center of the Michigan Crippled
Children’s Commission, 12561214 Prior to
the inception of this project, a gradual trend
toward the fitting of younger children with
lower extremity prostheses had taken place.
Most authorities now concur that children
should be fitted as soon as they commence
to stand. The Michigan group has revolu-
tionized our ideas as to when the upper ex-
tremity child amputee should be fitted. They
have felt for some time that fitting should be
done before the child enters kindergarten in
order that he may become accustomed to
prosthetic wearing before his introduction
into the enlarged world of the classroom
More recently they have been fitting patients
as young as § months with passive prosthetic
devices.5 Lambert reports fitting one child
of 22 months.®

The Michigan group has demonstrated
certain fundamental tenets for successful fit-
ting of children, which have been confirmed
by our experience.

1. The team approach is essential.

2. The parents and the child must be psy-
chologically prepared prior to prosthetic
fitting.

3. An adequate postfitting program of
prosthetic training is necessary. 3

4. Follow-up at 3-to-6-month peﬁods is
an jmportant adjuvamt,

5. The co-operation of parents and teach-
ers in the program is necessary.

6. The prosthesis must provide comfort
and function.
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Kessler! has stated that group meetings
for parents are valuable.

THE AMPUTEE PROGRAM

The Child Amputee Prosthetics Program
at the University of Calfifornia, Los Ange-
les,* is a joint venture of the Medical School
and the College of Engineering. The medi-
cal problems of each patient are investigated
and prescribed for by the Medical School.
Technical and enginecring problems relating
to the development and the fabrication of
prostheses and special prosthetic devices are
the province of the Prosthetics Laboratory of
the College of Engincering. The disciplines
within the Medical School which are partici-
pating actively in this venture are Ortho-
paedics, Pediatrics, Psychiatry, Social Serv-
ice and Physical Therapy. Other specialties
such as Re logy, Der logy, Urol-
ogy, Plastic Surgery, Newrosurgery, etc., are
asked to see patients when problems arise
within their particular specialty, The mini-
mum requirements for a well-functioning
prosthetic team are: patient and parents,
physician, prosthetist and amputee trainer.

New patients initially are given a general
work-up in pediateics. Next, they and theic
parents are interviewed by the psychologist
and the social service worker. The purpose
and the modus operandi are explained by the
administrator of the program. Roentgeno-
grams and other indicated laboratory work
or consultation with other medical special-
ties, if indicated, are secured.

_ Then the patient 15 seen 1n the Amputa-
tion Conference. Here the orthopaedic sur-
geon, the pediatrician, the engineer, the
Psychologist, the prosthetist, the amputee
trainer and the social service worker con-
sider the various aspects of the case If pre-
prosthetic physical therapy or other therapy
1s indicated, it is prescribed If the patient
1s ready for prosthetic prescription, such is
made. The prescribed device is fabricated,

B‘S“Ppm’ted by a grant from the Children's

“‘,"l’fall, Dep?rtmenl of Health, Education and

1y ¢llare, admimstered through the California State
ureay of Crippled Children’s Services.

then checked for fit and function, and train-
ing in its use is instituted. The child is fol-
lowed by the group at regular intervals.
Records arc kept on the efficiency and the
use of the prosthesis, the psychological ac-
ceptance by paticnt, family and friends and
the physiologic effects of its use. Mechani-
cal difficulties are corrected, and new devices
are prescribed as indicated. The majority of
the patients are referred by the California
Crippled Children’s Services. Others come
through physicians, prosthetists or other
hospitals.

SURGERY OF THE CONGENITALLY
DEFORMED EXTREMITY

Birch-Jensen® has made an exhaustive
study of congenital deficiencies of the upper
extremity in Denmark, classifying these ac-
cording to the anatomic defects observed.
He advances some theories as to etiology
and divides the deformities into (1) an
exogenous group, which he believes to be
true spontaneous amputation, and (2) an
endogenous group, which he believes to be
dug to disturbances in the development of
the Jimb.

We have divided the deformities into 2
principal types for purposes of surgical con-
sideration and for fitting,

1. The uncomplicated group is that in
which there is absence of a distal segment of
greater or lesser magnitude, with normal or
perhaps slightly underdeveloped elements of
the extremity proximal to the defect (Birch-
Jensen’s exogenous group). In instances of
this type surgery is rarely necessary. Fitting
is dependent on the level of amputation and
the age of the patient. The type of prosthesis
indicated for the various levels is formal-
ized™ to a certain extent. The factor of the
patient’s age is discussed below. The trau-
matic amputee is included in this group for
prosthetic purposes, since the fitting problems
are identical.

2. The second, or complicated group, is
that in which all sorts of grotesque malfor-
mations may be present (Birch-Jensen’s
endogenous group). The distal portion of
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the extremity may be fairly normal anatomi-
cally and functionally but is more likely to
be only partially complete. A finger, a toe,
a hand, a foot, a wrist, a forearm, leg bones
and other bones may be missing, with ac-
companying combinations of muscle anoma-
lies of divers types. Frequently, there is
maldevelopment, with limitation of function,
of a shoulder or a hip joint. These are much
more difficult problems. They may require
surgical extirpation of a distal segment which
cannot be fitted without employing some
awkward prosthetic apparatus, It may be
impossible to fit the part without irritation
by the prosthesis, The deformity may pro-
duce profound psychological disturbance,
particularly in the teenage child, If deformi-
ties are not too severe, surgical reconstruc-
tion sometimes results in functioning extremi-
ties not requiring prostheses, 1

Young children invariably make the maxi-
mum use of their appendage, be this little or
much. In infants we do not know the growth
potential of their extremities, Impaired joint
function, particularly of hip or shoulder,
may be improved by training. Sinularly,
muscular control over these joints may be
mereased significantly by training. Aitken
and Frantz' have stressed the desirability of
maintaining the epiphyseal growth areas in
these involved extremities. Jn any event,
growth n the affected member will lag. By
preserving whatever growth potential they
possess and by allowing maximum develop-
ment, a better functioning part pmbably will
result, if only because of a longer lever to
activate the prosthesis better by the time
puberty arrives, Then it may be feasible to
fuse a knee or an elbow, amputate below the
fusion area and give the child a better func-
tioning stump than he would have had if
earher amputation had been performed.

In general, we do not advise surgery in
these indviduals unul the overwhelming
desire not to be different from others is
induced by the self-consciousness of puberty.
Occasionally. if a deformed distal part is ex-
tremely unsightly, functionless, or interferes

markedly with prosthetic fitting, ablation
may be suggested at an earlier age.

Except in rare instances of extensive bi-
lateral involvement, we believe cineplasty
should be postponed until the child is about
15 yeass old. By this time he will have had
a fair trial of prosthetic wearing, he will have
had an opportunity to see and to talk to
others on whom cineplasty has been done,
his muscular development will be fajrly com-
plete, he will have analyzed his own prob-
lems and will have developed some judg-
ment.

The phocomelus, in which there is a flip-
perlike appendage usually close to the body,
is an exaggerated example of a complicated
type of deformity. These are highly indi-
vidual problems about which we can express
no general recommendations.

The following case reports represent typi-
cal problems of fitting, training and adjust-
ment to prosthetic wearing encountered in
our study.

CASE REPORTS

Case 1. G. C, a 14-year-old left-handed
boy, sustained a traumatic Tight wrist disarticula-
tion as a result of a home chemical explosion |
year before being seen in June, 1953 (Fig. 1 A
& B). He was a shy, introverted and dejected
boy who tended to avoid social contacts. A
prosthetic device with an interchangeable
APRL* hand and a No. $ hook was furnished,
and mtal tramming was given him. At first, he
tended to hide the deformity and the prosthesis
and became more introverted than ever. Under-
standing and patience on the part of the trainer
and the psychologist, plus parental help, resulted
in a gradual change in his outlook. He became
interested in socral activities and in using his
artificial hand. Some self-consciousness re-
mained. He wore the hand at all times except
for occasional work around the house, when
he used the hook.

When last seen, 32 months after the first
fitting, he was a good prosthetic user, he wore
his device at all times, he played the viofin in
the school orchestra, using a specially devised

*Army Prosthetic Research Laboratory,
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Fio. 1, Case 1. (A, Left) Right wrist disarticulation. (B, Center) Raentgenogram
showing this to be an anatomic wrist disarticulation. (C, Right) Same patient playing
violin with APRL hand and special bow holder,

PROS_
DATE2 7 *36

FIG. 2, Case 2. (A4, Left) Short below-elbow smputation. (B, Right) Patient wearing
standard short below-elbow prosthesis,
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bow-holder, and was manager of his high school
basketball team (Fig. 1 C).

This is an instance of anatomic wrst dis-
articulation which presented no unusual pros-
thetic problem, 1t illustrates the feasibility of
functional fitting at this level. It also demon-
strates the necessity for under: iing on the

stand the function and the manner of use of
his device. Upon his return to school he was
subjected to the repefitious questions of school-
mates, and, because he could not do many of
the things he had performed previously, he be-
came withdrawn, belligerent and resentful. In
his schoolwork suffered, and his

part of the parents, the trainer and the psycho-
logical counselor in converting a withdrawn
indvidual into an integrated member of society.

Case 2. M. B., an 8%:-year-old boy, was
first seen in March, 1955, 5 months after an
automobile accident which resulted in a short
left below-elbow amputation (Fig. 2 A). The
patient is a resident of a small town and was
a markedly confused child. Following his acci-
dent, he had been, while hospitalized, the center
of attention. After discharge from the hospital
this condition no longer pertained. He was not
able to understand the sudden withdrawal of
attention from himself and the indifference with
which his contemporaries regarded his loss.
He had obtamned a satisfactory standard below-
elbow prosthesis elsewhere and had been re-
ferred to us for training (Fig. 2 B).

Several training periods were held durmg his
initral stay with us. He quickly learned to under-

Fic 3, o3 (A, Left) Ve

wearng spht-socket prost

ry short below-elbow amputation. (B, Right) Patient

1!
Pparents were at a complete loss for a solution
to his behavior problem.

In his smalt home community psychofogical
counseling was not avatlable, Therefore, it was
necessary for him to visit us on several sub-
sequent occasions for psychotherapy and for
some additional training in prosthetic use

Ten months after his first visit there had been
a considerable improvement in his attitude
toward the world; he was much less annsocial,
his work in school had improved, and his rela-
tions with his contemporaries were much more
amicable. He is still under treatment.

This case presented 2 standard uncomplicated
below-elbow fitting problem. It was comphcated
by a very definite post-traumatic psychological
distutbance which necessitated constderable
therapy and is not entirely resolved.

Case 3. D. B., an 8%-year-old boy, with a
congenital right very short below-elbow am-

hests with step-up hinge
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Fi6. 4, Case 4. (A, Left)
Standard above-cibow am-
putation. (B, Right) Patient
wearing standard  above-
clbow prosthesis,

putation (Fig. 3 A), was fitted about 2 years
ago. His right ulna was 134 inches fong. He
ware his first very short below-clbow prosthesis
with a split sochet and step-up hinge (Fig. 3 B)
for 18 months before a replacement was needed
because of wear and breakage. He wore it

started more active training. He scemed to be a

natural wearer but did not realize the potential

uses of his prosthesis. With suppl y

traiming, plus associated adjustments of the

harness and the prosthesis, he became more

adept, cutting with a knife and a fork, using the
lonh

almost ly from the beg 2, in spite
of rather brief initial training. lts usefulness in
nding a bicycle seemed to furnish a strong 1n-
centive or “selling” factor. Following additional
training 3 months after fitting, he learned much
more about the usefuiness of the device. He
requested a change from an 88X hook to a
555K 50 that he could climb trees better,

This case iffustrates the ease and the feasibil-
My of fitting a prosthesis on the frequently seen
very short below-elbow 1on and em-

L , dressing himself, etc. He wears his
prosthesis most of the time and finds 1t particu-
larly valuable in daily home dehveries of the
morning paper.

He states that he can do everything without
his prosthesis but does things twice as well with
it. Two years after the initial fitting, he is an
excellent user. He presents an example of an
uncomplicated standard above-elbow amputee
type and of the humeral overgrowth which
oceurs,

phasizes the point that in the upper extremuty
there are no “sites of election” for amputation.
V\{\lh modern prosthetic skill and components,
highly satisfactory fittings can be made at almost
any level of amputation,

Case 4. C. D., a 13-year-old boy, was first
seen in March, 1954. He had a standard left
above-elbow amputation (Fig. 4 A) sustained at
the age of 7, when he fell from a tree and
suffered an infected open fracture of the wrist.
Humeral overgrowth necessitated 2 stump re-
visions, He was given a standard above-elbow
prosthesis with a No. 5 hook (Fig. 4 B). He
feceived relatively little training beyond the
tnitial checkout. When seen 19 months later, he

Case 5. J. R., a 4-month-old boy, was first
seen in September, 1955, He had a congenital
defect of the right hand and a shortened forearm
segment which was bowed toward the fiexor
surface 90° (Fig. 5 A). Distal to this was a
small soft tissue mass representing the vestigial
hand. consisting of a single element with about
45° flexion and no extension. Roentgenograms
showed a bowing of the forearm bones; no
calcified shadows were visible distal to the wrist.
A passive infant hand was prescribed (Fig. 5 B).

Several short periods of traming were given
the child and his mother Two months Jater he
was wearing the prosthesis for short periods in
the morning and the afternoon and was actively
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FIG. 5, Case 5. (4, Left) Congemtal de-
formity of right upper extremuty in 4-
month-old child. (B, Right) Patient wear-
ing prosthesis with infant passive hand.

using the device at play to push and pull. At 8§
months he was wearing the prosthesis almost
constantly during waking hours. At 10 months
he had outgrown the prosthesis and required a
new fitting,

In viewing the anatomic situation, it was
recommended that no surgery be done at the
present time, although it might be advisable

FIG. 6, Case 6. (A, Left) Congenital
absence of left upper extrermty and rud
mentary right upper extremuty. (B, Right)
Patient wearmg standard left-shoulder dis-
articulation and right above-elbow pros-
theses.
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later to osteotomize the forearm bones and
straighten them. He still uses the prosthesis
continuously and indicates his desire to have it
eeplaced when it is taken off..,

This child represents our cxploration of the

ini age for opti fitting and has
demonstrated that a simple, passive hand can
be useful at an carly age. The child seems to be
developing a concept of identifying himself with
his prosthesis.

The complicated cases which follow rep-
resent our efforts to help these badly handi-
capped individuals, They are not able to
obtain as much function from their artificial
extrenitics as the uncomplicated amputees.
We think that we have helped them, but
many problems in this group are still
unsolved.

Case 6. D. U., an 8-year-old boy, was first
seen in January, 1953. He was a congenital
teft-shoulder disarti and right-should
upper-extremity-with-flipper amputee (Fig. 6 A).
Function of the shoulders was much restricted.
A g am showed ab: of normal
glenchumeral articulations. He was fitted with a
left shoulder-disarticulation prosthesis and a
right standard ab b thesis  (Fag.

school, for cating, dressing, telephoning and in
many cveryday activities, Numerous minor
adj of the prosth and the harness
have been necessary during the child's prolonged
period of training. He was, by rcason of his
initial independence of prostheses, a challenging
training problem. He iliustrates the necessity
of an adequate training program, the desirability
of readily available prosthetic service and the
benefit derived from the co-operation of school
authorities.

Case 7. R. H., a 9-year-old boy, who, 2%
years before his first appearance at the Prosthetic
Conference in November, 1953, had been run
aver by a railroad train. As a result, he pre-
sented an amputation of the right upper extrem-
ity through the surgical neck of the humerus,
a right hip disarticulation and a left below-knee
amputation with 4 inches of tibia (Fig, 7 A).
Lower extremity prostheses had been provided
elsewhere. The right was a modified saucer-type
device with a shoulder strap, The left was a
standard below-knee device. The right humeral
segment had good strength, and there was un-
tmpaired shoulder motion. A shoulder-disarticu-
lation-type prosthesis was provided (Fig. 7 B).

This patient, despite intermittent training due
to transportation difficulties and his multiple
disabilities, has made an excellent psychological

6B) with No. 88 hooks. This fitting was done in
one of the prosthetic schoofs then in progress.
No training was provided. Conscquently, there
was practically no prostheuc function.

He was seen in'the Amputation Conference
2 years later when he was {0 years old. New
prostheses with No. 555 hooks were prescribed.
His agility and independence without the pros-
theses necessitated his having to be convinced
;lhial prosthetic function would be beneficial to

Hil

He was quite independent, well-adjusted, self-
n;hant and good in his schoolwork. He used
bis feet for almost cverything and he refused
all pity. There was no apparent psychologieal
prob)em.with this child, However, the mother
had a guilt complex. She was a somewhat high-
strung individual but she had sufficient insight
‘ﬁo desire prosthetic training for the boy. At
(\‘St the school authorities did not permit im
© Wear the artificial extremities at play. The
';‘:‘hef co-operated in the training program
(hiplte her feeling of gudt. Co-opesation of
°GS°h001 authorities also was secured.
e l’raduall): the boy became a good prosthetic
; e desp_ne the magnitude of his deformities
Wears his devices constantly, using them at

j . with the help of a rather remarkable
mother who has many other disttessing family
burdens. .

He obtans surprisingly good function from
his upper-extremity device which is, prostheti-
cally, a shoulder disarticulation. He walks quite
well, considering the fact that be has no right
lower extremity,

Twenty-eight months after s initial visit he
had outgrown the lower-extremity prostheses.
His new ones have been ordered. His principal
difficulty was an inability to wear his artificial
arm for more than 4 hours because of excessive
perspiration. The necessity for a large shoulder
cap in his device further reduces the already
much curtatled body surface through which this
boy can perspire, thereby compounding his
difficulties. This 1s an nstance in which a cou-
rageous youngster, with the help of an under-
standing parent, has attained independence
despite multiple amputations sustained at the
age of 7

Case 8. R. G., a 6-year-old girl, presents a
ital bilateral type of phoco-
melia. She also has an asymptomatic heart
defect (Fig. 8 A & B). She was first seen in
March, 1955, A standard above-elbow prosthesis
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Fic. 8, Case 8. (A4, Left) Bilateral phocomeltas of upper extremities (B, Center)
Roentgenograms showing congenital cardiac enlargement and rudimentary bone struc-
ture or extremities. (C, Right) Patient wearing left modified above-elbow prosthesis with
cutout for vestigial hand.

on the left, which was the shorter appendage
(Fig. 8 C), was prescribed, leaving the longer
(right) extremity to continue its useful but
Limited functions. The fingers on the left append-
age were utilized to opsrate the elbow-locking
device from inside the upper shell. A cutout on
the anteromedtal side of the socket permits some
function of the vestigial hand.

When seen after 6 months, she had had 25
training sessions. She was wearing the left pros-
thesis at school, and this side was becoming
domi The les of the shoulder had
developed noticeably. The questton arose as to
whether she should be fitted with a night pros-
thesis at this time, but 1t was decided to continue
with 1 prosthesis until greater skill had been
acquired. A new and lighter one was prescribed
to allow for the growth that had taken place.
Because of this short lapse in training and
because of chafing of the axilla loop, the pros-
thesis was not worn for a brief time, and her
progress regressed materially.

A year following the fitting she attends regu-

lar parochial school. Her adjustment seems to
be quite adequate. A visit to her school by the
project tramer was helpful mn her school adjust-
ment.

This case represents our attempt to approach
the problems of the complicated group of phoco-
melias, for whom lttle help has been available
in the past,

Case 9. D. F., an amazing 6-year-old gil,
was born with no lower extremities and standard
bilateral above-elbow amputations (Fig. 9 A &
B). Her extremely well-developed torso presents
a statuesque appearance. When first seen at
5 years of age she already had learned to ambu-
late with great dextenity by simple pelvic rota-
tion. She was fitted with bilateral standard
above-clbow prostheses (Fig. 9 C). With
patient training and conscientious support of her
parents, she achieved some dexterity, However,
for some time she tended to concentrate on the
right prosthesis and ignore the left.

After 6 months of training and use of the

Fic. 9, Case 9. (A4, Top, left) Absence of lower cx'xrernilies and bilateral above-clbow

of femora and short

amputations (B, Top, right) R ge
humeri. (C, Bottom, left) Patient wearing

£ 5
bilateral above-clbow prostheses. (D, Bottom,

right) Patient 1n bucket type lower extremity pylons.
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upper extremities, she expressed a desire for
something with which to walk. Realizing that all
walking must be accomplished with pelvic rota-
tion only, a bucket-type device strapped firmly
to the pelvis with rather short pylons that could
accommodate shoes was constructed (Fig. 9 D).
This gives her a great amount of self-confidence
and pride and permits her to “walk™ across the
room with relative ease.

She attends a schoo! for the handicapped,, is
able to hold a book and tumn the pages, write on
the blackboard. She assists, although not com-
pletely, in feeding herself. She would be able
to get out of her lower prostheses and into a
chair and back into her prostheses alone were
it not for the danger of falling,

She is a very bright, co-operative, persistent
and happy girl, who, with understanding pa-
rental help, should be able to progress. This is
an instance in which we were able to provide
some help with a distressing problem. (She was
fitted recently with Canadian hip disarticulation
type prostheses.)

SURGERY IN THE TRAUMATIC
AMPUTEE

Provided that the post-traumatic surgery
results in a good stump with normal sensa-
tion and adequate bone covering by skin
and soft tissue, subsequent surgery often is
unnecessary. The placement of the scar is
rarely of any significance. Spurs or neuroma
should be removed only in those instances
when prosthetic wearing causes pain. In
some instances the fibula and the humerus
will exhibit overgrowth as compared with
soft tissues and will have to be cut back
(Case 4). This tendency of fibula to over-
growth has long been recognized, and it is
recommended that at the time of amputation
it be cut 2 to 3 inches proximal to the tibia.

We should like to emphasize that there
are no “sites of election™ in the upper ex-
tremity.’® All possible length at every level
should be preserved. Even a half inch may
add significant leverage. Satisfactory pros-
thetic fitting of the wrist and elbow regions
is not difficult with the devices now available.

PROSY 1ETIC FITTING

As stated ab ve, in the uncomplicated
amputee the fitting problems are well under-

stood, and beyond the age of 4 we have an
adequate armamentarium to meet most of
the functional needs of these patients (Cases
1, 2,3 and 4).

In the younger children, neuromuscular
co-ordination for prosthetic function by the
amputee is not yet fully developed. There-
fore, the prosthesis must be tailored to the
developmental stage of the individual. When
the infant is about a year old he wants to
stand and will do so if he is given something
to stand on. Initially, a jointless leg is prob-
ably best, with the addition of an ankle as
soon as the child has good balance and com-
mences walking At about 3 years, a knee
joint may be added.

Upper extremity function is more compli-
cated. Before the age of 1 year, the child
will be able to push and pull and can profit-.
ably use the infant passive hand (Case 5).
He cannot yet purposefully activate a hook
or an elbow Jock. A small hook can be used
profitably by the child at about 212 years,
and the elbow Jock and the manual wrist-

“rotation unit at approximately 3% years.
When he is four, usually he can use a pros-
thesis with all its functioning components.
However, it is well to remember that the
child demands comfort and function. When
these are provided he will use the device. If
not, he will discard it.

In the complicated type, the ingenuity of
the prosthetist, the trainer and the surgeon
often is taxed severely. One can readily fit
an artificial arm on these children or fit
the stump into an artificial leg. However,
any lessened function of the shoulder seri-
ously impairs function of the arm. Impaired
hip function limits the function of the entire
extremity. The difficulties of providing
functioning prostheses are compounded if
there is 2 markedly deformed partial hand
or foot at the end of the extremity, or if the
condition is bilateral. In some instances of
upper extremity involvement, a special cut-
out on the sides of the device can be pro-
vided to accommodate the deformity (Case
8). It may be feasible to use a segment of
this type to activate the elbow lock.
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In the lower extremity, when much short-
ening is present, incorporation of the foot in
the socket in marked cquinus with some
heel-bearing is often helpful, or the com-
monly cmployed extension-type prosthcsi.s
with weight-bearing on a normally posi-
tioned foot can be used. This is cosmetically
undesirable, but functional; and when
growth has been attained, ablation of the
deformed distal portion of this extremity
probably will be indicated.

TRAINING

Previous articies in this ficld have empha-
sized the necessity for an adequate training
program. The Michigan group advocates an
in-training program. We have been oper-
ating an outpatient program. This has
proved to be disadvantageous for some of
the children who live at a distance from the
Medical Center. We have been strongly im-
pressed that sporadic periods of training,
interrupted by long intervals of sometimes
inndequate parental supervision, are detri-
mental to the best prosthetic function.

Training must be highly individualized to
meet the needs of the specific patient. In the
infant, its limitations are determined by the
physiologic development of the patient
(Case 5). His attention span is limited, his
co-ordination is undeveloped. He is difficult
to motivate, He needs supervised periodic
training for years. Changing training tech-
nics must be employed as his prosthetic
device is modified to accommodate the in-
creasing neuromuscular co-ordination of the
developing child.

In lower extremity amputees, training is
rarely a serious problem. Children will walk
and run on an artificial limb if they can.

Those under 3 may not be able to control
2 knee joint. Older children with short
above-knee stumps may have to learn to flex
the thigh rather than swing the pelvis in
advancing the prosthesis. Most children
need some initial help in stair climbing and
in leaming to fail properly. Ordinarily, afew
lessons are sufficient.

In the uncomplicated groups of amputees,

where there is unimpaired function of the
member proximal to the level of amputation,
training, in the abscnce of psychologlcal
complications, usually is accomplishgd read-
ily unless the child is a short, bilateral,
above-clbow or a shoulder-disarticufation
amputee. These children can be casily shown
the proper method of activating and control-
ling the component parts of the artificial
cxtremity. The bilateral amputee is immedi-
ately dependent on the artificial extremities
and, therefore, is sufficiently motivated 1o
translate this knowledge into useful pros-
thetic function. The unilateral amputee is
less dependent on his prosthesis, as has
been stated previously. He will utilize the
remaining portion of the amputated ex-
tremity to the best possible advantage with-
out the artificial member, In the lower
extremity, invariably he welcomes a device
which will permit more facile ambulation.
In the upper extremity, he must be con-
vinced that prosthetic wearing is profitable
to him (Cases 3 and 4).

We have observed that there are several
types of individuals who may eschew pros-
thetic wearing. These are:

1. Children in the negativistic stage of
development, about 2 years of age.

2. The child with an amputation at or
distal to the junction of the lower and the
middle thirds of the forearm, who has con-
siderable function in the incomplete mem-
ber, plus tactile sensation,

3. The older child, who over a period of
years, has learned 1o compensate for his
handicap and maintains that he can do
without an artificial arm everything that he
can do with jt.

4. The child who has absorbed from his
parents an attitude of concealing his deform-
ity rather than seeking an adjuvant device
which will permit increased function.

In these groups the training is a much
more fiilﬁcult problem Understanding and
inventiveness on the part of the trainer and
some psychiatric assistance frequently are
necessary.,

In the complicated group, the training
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also, of necessity, must be highly individual-
ized. The trainer must work within the
physical and the emotional capacities of the
patient, always seeking for means which will
motivate him to greater effort (Cases 6, 7,
8 and 9). No general program can be laid
out to fit all of the cases.

PSYCHOLOGICAL ASPECTS

The psychological impact of the loss of all
or a portion of an extremity on the child
and on the parents has not been stressed
sufficiently. One of the most fruitful aspects
of our program is the psychological study of
this group of people. We have recognized
the presence of a psychological impact but
we have been surprised at the depth of this
wound.

The congenital amputee very early learns
to think of himself without his missing ex-
tremity. He forms an amputated self-image.
The longer this attitude of mind continues,
the more difficult it is for him to change and
to think of using an artificial imb This is a
strong argument for early prosthetic fitting.
This is demonstrated fusther by the infant
who cries to have his arm or leg returned to
him when it is removed even for a short
time.

The guilt feelings of a parent and his
desire to hide the deformity or the prosthesis
may be transferred subtly to the child and
contribute subconsciously to his resistance
in accepting the prosthesis The younger
the child, the more susceptible he is to
parental moods For this reason, we en-
courage families to seck counsel and aid
from the prosthetic team soon after the birth
of a deformed child, even though a prescrip-
tion will not be contemplated for some
months.

Recently we have instituted small group
training classes for children with comparable
deformities, we believe that this creates a
salubrious atmosphere which contributes to
motivation toward better prosthetic func-
tion. The patients become less self-condcious.
They are stimulated and compete with one

another to improve the use of the device.
We have also aided the parents in organiz-
ing a group for the discussion of mutual
problems and what can be done to solve
them. This is definitely beneficial to the
parents and indirectly beneficial to the
children.

Prosthetic function is dependent not only
on the level of amputation but also on the
enthusiasm and the determination which the
patient exhibits in obtaining maximum func-
tion from his artificial extremity. Fitting of
the traumatic amputee occurs relatively soon
after the physical loss and the attendant
psychological trauma. He may need some
time to adjust and an understanding pros-
thetic team to counsel and guide him, one
which is not anxious to hurry him prema-
turely into a prosthesis.

A child’s attitude and acceptance of his
prosthesis is often a mirror of a parent’s
feelings and attitudes. An uninterested par-
ent, who is not convinced that prosthetic
wearing is helpful to the child developmen-
tally and physically, can negate all the efforts
of the best prosthetic team. Conversely, a
parent who co-operates in the training pro-
gram at home can contribute significantly to
efficient use of the new device (Cases 1 and
7). The attitude of school authorities to-
ward a child’s wearing his prosthesis and
using it to maximum advantage in school
also can be either very helpful or definitely
detrimental (Case 6).

In most instances, the school authorities
have acquiesced readily to the suggestion
that following prosthetic fitting the device
and the manner of its function be demon-
strated to schoolmates. This aids in accept-
ance of the prosthesis by playmates, lessens
curosity and obviates repetitious questioning
of the wearer.

REPAIR AND REPLACEMENT

Function, and therefare, prosthetic wear-
ing, is largely dependent on the proper con-
dition and the fit of the artificial extremity.
In active boys the devices frequently are
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subjected to hard usage. Ankle bolts and
bumpers may give way. Repeated wetting
makes rubber fect desirable. Cables and
screws in artificial arms need frequent re-
placement. Promptly available reparative
facilities must be provided.

With our present technics, growth neces-
sitates replacement of sockets at approxi-
mately yearly intervals.

SUMMARY

The study, the fitting and the training of
95 children with various types of amputa-
tion, congenital and traumatic, have dis-
closed several definite facts:

1. Children can be fitted successfully at a
much earlier age than generally has been
believed, i.e,, under a year,

2. The psychological effects of amputa-
tion on the child and the parents are of
much greater magnitude than was realized.
Psychotherapy may be indicated. The child
who is not prepared mentally should not be
forced into a prosthesis.

3. A definitive training program for
teaching the best use of these devices to
children is essential. The understanding and
the active co-operation of parents, school
authorities and playmates are very valuable
aids to good function. Discussion groups
for parents should be encouraged.

4. Follow-up visits at regular intervals
are mandatory to assure the proper fit and
operation of the artificial member, to re-
check the condition of the stump, to en-
courage maximum use by the patient, to
stimulate the patient and the parents and to
provide indicated therapy for the patient or
repairs and replacements of the prosthesis.

5. A conservative attitude toward sur-
gery is urged. In most cases little or no

§urgery is indicated before puberty. Except
In rare instances of bilateral involvement of
Upper extremities, cineplasty is not advised
before the 15th year and then only for care-
fully selected individuals, When surgery is
undertaken, growth centers should be pre-

served, if possible. All possible length
should be preserved at every Jevel,

6. The prosthesis must provide comfort
and function,

7. Best results are accomplished through
prosthetic team cffort,

8. Scale-down models of adult prosthetic
devices are not entirely satisfactory for chil-
dren. Special devices are needed.

9. A small-sized hand (now being devel-
oped) is a necessary requirement for adoles-
cent girls.

Two areas demanding immediate investi-
gation are now being explored by the proj-
ect. The first is the development of a ma-
terial which will permit remolding of the
socket to accommodate growth. The second
is finding a porous substance which will
obviate the accumulation of perspiration
within the socket.

Contributions to the care and the manage-
ment of these cases by the following members
of the project are gratefully acknowledged:
Harry Campbell, C.P., Prosthetist; Jeanine
Dennis, B.A., Amputee Trainer; Wilma Gurney,
M.A,, Social Worker; Gerald Gwynn, Engineer;
G. F. Harland, B.S., Project Administrator;
Robert Jones, B.A., Engineer; Murray Kahane,
Ph.D., Psychologist; Craig L. Taylor, Ph.D.,
Engineer.
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Prosthetica in Amputatos Juvenil

Summario in Interlingua

Le studio, equipation prosthetic, e traina-
mento de novanta-cinque juveniles con varie
typos de amputation traumatic e congenite
ha revelate plure definite factos.

1. Le equipation prosthetic de juveniles
pote esser interprendite con bon successo a
un etate multo plus precoce que lo que es
generalmente credite. Le manovra pote esser
executate ante le etate de un anno.

2. Le effectos psychologic del amputation
super tanto.le patiente como etiam le pa-
rentes es multo plus considerabile que lo que
ha essite comprendite in le passato, Le
parentes e le juvene patiente deberea esser
preparate psychologicamente pro le prothese.

3. Un programma de inseniamento in le

melior uso del apparato prosthetic es indis-
pensabile. Isto include regular visitas con-
secutori pro assecurar le correcte adjusta-
mento, uso, e conforto del proslhese.

4, Un attitnde conservatori verso metho-
dos chirurgic es recommendate urgente-
mente. Centros de crescentia debe esser
preservate, si del toto possibile, e omne le
longor possibile debe esser preservate.

5. Le melior resultatos es obtenite per
cooperative effortios prosthetic.

6. Copias, a dimensiones reducite, de ap-
paratos prosthetic usate per adultos non
es integremente satisfactori in le caso de
patientes juvenil, Apparatos special es
requirite.
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Skin Grafts in

Hand Surgery”

H. KELIKIAN, M.D., AND ARA DOUMANIAN, M.D.

Restorative surgery on crippled hands
often necessitates simultancous or prelimi-
nary skin grafting. Sometimes transference
of skin from a distant source may be obvi-
ated by focal shift; bones that cannot be
PUt to any use are sesected, and the skin
thus made available s utilized to cover re-
gional defects. In most instances it becomes
expedient to supply the hand with skin from
elsewhere—{rom a distant area.

FREE GRAFTS

Split-thickness free skin grafts are invala-
able as temporary dressings for fresh or sur-
gically revised wounds. Thicker free grafts
wan be used as permanent coverings for
deeper defects of such areas as the palm,
the digital pads, parieties of the fingers and
even the dorsum of the hand, Tt is not ad-
visable 1o apply free grafts on exposed ten-
d.cns. nerves and blood vessels, but it some-
times becomes expedient to do so as a tem-
Porary measure, Free grafts are also used
for covering defects Jeft in the donor arex
after Kfting a pedicled flap or tube. Some-
flm'es the undersurface of the pedicled flap
s lined with split-thickness skin graft, which
15 peeled off ater~—just before the denuded
surface of the fiap is applied to the defect
on the hand.

The technic of teansferring free grafts has
been perfected to the extent of being mech-
anized.  However, the general principles
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underlying the clevation and the shitting of
pedicled skin are understood but vaguely.

ATTACHED GRAFTS

In reconstructive surgery on deformed
hands we favor pedicled grafts for the simple
reason that they are more likely to survive,
and they convey an areolar seam which
permits the tendons to glide and the joints
to move. In children, when we cover the
hands with transferred skin, we have to
make allowance for growth, and pedicled
grafts provide more extensible skin than free
grafts, which tend to scar and bind, espe-
cially when they are thin.

VARIETIES OF ATTACHED GRAFTS

There are 2 main types of pedicled grafts:
tubes and flaps. On its undersurface a flap
may or may not be lined by split-thickness
skin, while a tube is closed on itself by
suturing together the cut edges so as to
hide its areolar interior. A small circular or
oval segment of an uncovered flap is called
petal-flap, and when it has a short tube for
a stalk it is named stermmed-petal (Fig. 1).

The general principles involved in raising
various types of attached grafts are the
same. Somewhat detailed descriptions of the
steps whereby each of them is lifted should
not be amiss, but first a few remarks about
their source of supply.

THE DoNOR SiTE

The abdomen constitutes the most con-
vepient region for elevation of pedicled
grafts to be attached to the hand, It is im-~
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portant that the area of the abdomen selected
as the donor site be free of hair and it should
bear a minimum amount of fat. A curious
phenomenon, often noted in pedicled grafts
transferred from the abdomen, is that in
time they become pigmented, especially in
brunettes, and they become fatter as the
abdomen—to which they are no longer con-
nected—becomes fatter. Disregarding this
latent potentiality, preliminary to reconstruc-
tive surgery, we try to pile up on the hand
more skin than we shall use, making allow-
ance for wastage and future refinements
After reconstructive work js completed, the
graft on the hand may need “defattening”
surgically; it may have to be revised and
readjusted for a better cosmetic appearance.

In adults one can see which segment of
the abdomen is hairy and which is hairless.
In children we may have some difficulty in
selecting an area that will not sprout hair

Fig. 1. Varieties of pedicled skin grafts at some future date. The sex of the child

Iifted from the abdominal wall and its ancestry will provide clues. In gen-
eral, hairy parents, especially those of

| | e

Yo e

Fic. 2 The donor site. (Left) Abds of a male showing the incisions placed in 2

hairless area. Note the paralfelogram pattern, which proflers wider bases to penetraling
vessels than would have beep possible had the incisions started and ended at 1h“c Saﬂ;(c
vertical fines  (Right) Abdomen of a female showing the s}:mt of the most eastly ph;lc -
able” fold of skin Note the comparative paucity of hair in contrast with photograp at
left
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southern European and Mediterrancan ex-
traction, beget hairy offspring. In males,
larger arcas of the abdomen will be covered
with hair than in females. 1n males one of
the upper quadrants of the abdomen, the
arca over the lower ribs and the adjacent
loin, constitute the best donor sites for ele-
vation of pedicled grafts to be attached to
the hand. In females, especially in blondes,
the skin supplied by the Jower abdomen and
the contiguous loins will serve equally well.
Needless to say, the pubic region should be
avoided. For comfort and convenience, the
side of the abdomen opposite to the hand
to which the graft is to be attached is se-
lected as the donor area.

When the mobility of the skin of the
abdomen is tested, it will be found that the
fold which is plucked most casily will stant
from its Jateral border down and medially
~—pointing to the umbilicus in the upper
quadrant and to the pubsis in the lower. The
abdominal wall receives its nutrient supply
from 2 main sets of vessels: epigastric and
lateral segmental arteries. The superior and
the inferior epigastric arteries pursue, more
or less, an axial course and supply the mid-
dle segment of the abdominal wall. The
segmental vessels—the lower intercostal and
the lateral lumbar arteries—pierce the deep
fascia along the outer border of the abdo~
men and run down and medially—parallel
with the tension lines of the abdomen and
in the same direction as the most easily
“pluckable” fold of skin to be used for eleva-
tion of an attached graft. For better nour-
ishment pedicled grafts must provide a wide
base that falls in the path of these segmental
vessels, and if the incisions are made parallel
with the tension lines of the area more pli-
able skin will be obtained (Fig. 2).

TUBE GRAFTS

For efevation of this variety of attached
skin graft, 2 parallel incisions are made in
the selected quadrant of the abdomen. The
length of these incisions may vary from 2
10 5 inches, depending on the amount of

skin needed; the interval between them
should not be less than one third of their
length. The closer “length to width ratio™
approacties 2 to 1 the better, The incisions
follow the direction of the tension lines of
the abdomen; they start from the lateral
border of cither quadrant and run down and
medially. The proximal incision starts at a
point 1 or 2 inches medial to the inception
of the distal incision and ends that much
closer to the mid-line. If one visualizes
imaginary lines connecting the beginnings
and the ends of the 2 incisions, the result
would be a parallelogram and not a rec-
tangle, in which, everything being equal, the
connecting lines are shorter. The parallelo~
gram pattern provides a broader base to the
outer pedicle of the graft and makes it avail-
able for a greater number of segmental
vessels,

The skin incisions are developed down to
the deep fascia—not through it—and the
interval between them is cleared by blunt
dissection. The skin between the 2 parallel
incisions is undermined, and the flap thus
procured is lifted and retracted by a tape.
The skin edges on the donor site are under~
cut and released by small vertical slits which
are placed at about 12 inch from where the
skin edge of the donor area joins the cut
margin of the lifted flap. The point made
by the inner end of the proximal skin cut
and its releasing slit is drawn under the
bridge of the flap and is sutured to the apex
of the angle produced by the 2 prongs of
the corresponding releasing slit of the distal
abdominal incision. This leaves a sharp
corner between the stitch and the inner end
of the distal abdominal incision. Medial to
the stitch, the opposing skin cuts face each
other in a zigzag fashion; they are approxi-
mated in such a way as to provide the ad-
jacent pedicle the broadest base possible. A
similar method is employed in closing the
gap under the outer pedicle of the graft:
here the point made by the releasing cut at
the lateral end of the lower incision is su-
tured into the apex of the prong of the
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corresponding slit of the upper leaf. The
sharp corners at the outer angle of the
proximal and the inner angle of the distal
leaves are trimmed and rounded; the mo-
bilized skin of the domor site is approxi-
mated under the bridge of the flap; the skin
edges are sutured together by interrupted
stainless steel wire. The cut margins of the
flap are now defatted and sutured together,
closing its areolar interior.

For attachment to the hand the pedicle
nearer the mid-line is disconnected from the

12 3456789

ry

abdomen—usually 2 or 3 weeks later—by
a half circular or an oval incision. The end
petal of the skin thus raised should be about
1% in. in diameter, The oval area of
defect on the abdomen is closed by under-
mining the skin edges and drawing them
together by interrupted wire sutures. Nearer
the mid-line there will be some puckering
which is done away with by running a small
slit from the dome of the oval cut toward
the mid-line and trimming the sharp corners
thus created.

10
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Fi6 3 Illustrating some technical points in elevating a tube graft. (A) "‘Leng(h tso
width ratio” of incistons; the interspace between them 1s show‘-n here as. being %1053,
almost 2 to 1. (B) Parallelogram pattern. (C) Relaxing slits and trimming sharp

corners made by the main incisions and the small vertical cuts, ( n
~lor:mal zkin edg::s. (E) Denuded donor area after the intervening skin hbad
' z2v hfted. (F) Approximation of the skin edges near the base of the hifted tube.

the

(D) Undermining of
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Fig. 5. Showing the transfer of the tube from abdomen to hand and from one hand
to another hand. (Top, left) Tube with incisions healed. {Top, center) The inner pedicle
of the tube has been freshly sutured to one of the web spaces of the hand. Wire sutures
are twisted and tted qver a catheter so as not to curl back and stick the patient. The
arrangement keeps the wound dry and obviates accumulation of moisture and macera-
ton (Top, right) Tube attached to the hand firmly enough to permit stretching.

(Center, left) Here the nourishing pedicle has been weaned from the abdomen, and its
end petal ts closed on itself because of precarious circulation—before the tupe js con-
nected to the other part of the same limb or to the opposite hand. (Center, right) Tube
treshly sutured from one hand to another.

ttached hand. Note the Kirschner

(Bottew, left) A method of immobilization of 2
wires  + g through two fingers h belonging to one hand—and the to
extern ' yurs for purposes of immobilization. (Bottom, right) Healed tnbe attached to

both L. ds—before it is dided and portioned between the two hands.
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FiG. 6. Showing elevation of flaps and their transference to the hand. (Top) (A)
Freshly lifted flap. Here the undersurface of the flap is lined with split-thickness skin.
(?3) Same with a “hook and eye” fixation over a pressure pad. (C) The flap has been
hinged on its pedicle; split-thickness graft has been stripped from its undersurface, and
ll'\e denuded strips of the flap are sutured to the volar surface of the fingers. (D) Same
Viewed from the volar aspect; note the Kirschner wire holding the two fingers separated.
This is another way of applying a spreader splint.

(Center, left) A flap folded on itself to cover its areolar interior; the donor area has
been Tined with free skin graft. (Center, right) Degloved hand is pocketed between the
folds of the graft shown at left.

(Bot{om) (A) Flap sutured over the defect created by the ablation of the thumb,
(1}) Bipedicled flap slung across the denuded area over the extensor surface of the
middle finger. (C) Tube converted to a bipedicled flap and bridged over the wound on
the dorsum of the hand. (D) Flap transferred to the dorsum of the hand.
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Fig. 7. Showing the elevation of the petal flap. (Left) Incision on the donor site.

{Center) Trimming of the dog-ears. (Right) Lifted petal and closure of the defect on the

donor area.

Tube is a valuable graft when a great
amount of skin is needed for reconstructive
work, especially when both hands are in-
volved. About 7 weeks after connecting the
end petal of the tube to one hand, the nour-
shing pedicle of the tube is weaned from
the abdomen and attached to the other hand.
After another 7 weeks the tube is divided in
the middle and portioned between the 2

PE———

hands. At the time of weaning the tube from
the abdomen, if its circulation appears pre~
carious the end petal may be closed on itself
or lined with split-thickness graft, Avascu-
lar skin will turn purplish or black in a
week; then the end of the tube is trimmed
down to a bleeding edge and is attached to
another part of the same limb or to the
opposite hand (Figs. 3, 4 & 5).

T Afga N
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Frg. ¢ Petal flap connected to the hand. {Left) Small petal flap sutur;d to the stump
finger. (Right) Larger flap sutured to the surgically decpened

of an a putated ndex
web space between the index

finger and the Jong finger in preparation for shifting the

former radalward to take the place of the missing thumb
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point somewhat medial to the inception of
the distal incision giving the pedicle of the
flap wider base; the inner ends of the inci-
sions may stop at the same vertical line. If
the flap is too long, or very narrow, it is
best to leave both pedicles attached for a
few weeks. In single-pedicled flaps the inner
ends of the incisions are joined, and the
skin outlined is undermined, lifted and
hinged laterally on its pedicle, The- defect
of the donor area is closed by undermining
and releasing the proximal and the distal
skin edges and approximating them. When

the defect in the donor site is too wide, the
skin edges are transfixed—sometimes partly
approximated — by subcutaneous sutures,
and the uncovered area is lined with split-
thickaess graft. The latter may be reflected
to cover the undersurface of the flap. A
pressure pad is applied on the donor area,
and the flap is turned back over this and
anchored by sutures or by a “hook and eye”
arrangement at each of its free corners.
Sometimes the flap is folded on itself in the
manner of a pillowcase. When there is good
healing and the wound is dry, the split-

i

Fi 10 Replacement of a dorsal scar. Cicatrix over the dorsum of the hand
due to 2n old burn; the extensor tendons of the three ulnar fingers were bound

to th

- zar and would not permit closure of the hand into a fist. (Top, left)

Show - ; the scarred hand and the abdominal tube vnder whi.cb the hand is to
be tunneled (Top, right) The tube has been converted fo a bnped:c}cd flap and
sutured to the denuded area left after dissection of the scarred skin. (Botiorm,

left & rieht) Functional results.
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with comtracty,
The hang before Surgery, (Ct’nler) The Same hang 4
surgical défecy With one epg of the
Weaned from

Practicaf Applicstions 2{s

€ of three miggle fingers, (Lefy)
Weeks afier excision of gony and
pedicied Braft, In thig Picture the
the abdomep, Part of hig tube

Was used 1o hpe the defect Created by th, extirpation of the scarreq skin of the palm.

(Right) The end-resyit,

thickness seam jg
Surface of the flap, and he denuded eng.
Petal is yseq ¢ cover the defect on the
hand, 1 fresh or Surgical woupds the un.
covered undessurface of the
applied directly to the wound on the hand
(Fig. 6)

Petalflay, Th Petal type of
pedicled grag ;o fashioneq bya Semicirculay

Convex dome; the dog-ears thys Produced
are trimpme, and the edgeg of the skip
on the donqge Site are g Proximateq by wire,

to ed, as the Up of 4
IZEr or the webspace (Figs. 78 g
S&emmed-pe al. This a petal-flap wigp
a short gment of 4 i

alle incisions 3 in, long are made over 1p,

the faterval pe, veen the 3 inci-
Stons shy, 2asure more than ope third
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start neare, the mid-line

fogether, Ieaving 2 circulyy prial for Coverin
n ¢ and\surgica} Or other-
the stem of the gra is long j
POstpone ¢p, attachmen of the
hand apg close the petal on
itself tg seq how mycp of the tip wilj slough
(Fig. 9y,
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confine oug dxscussion 10 those conditiong

where skin Brafting is pammount, if not ¢he
sole Procedura,

DEEP—SEATED Crearrrg Duz 1o Burn
In the Process of bealing of 2hird~degree
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F16. 12, Traumatic amputation of the distal phalan< through the matrix of the nail.

(Top, left) Showing the gangrenous tip of the middle finger. This portion of the finger
had been chopped off by a kitchen knife. It fell off and was picked from the floor and
taken to the family physictan, who sutured it back in place. (Top, center) The gangre-
nous fingertip, with a fragment of mecrotic bone, was removed; the nail matrix was
curetted, and a petal flap was sutured to the tip of the finger. Note the spreader splint.
(Top, right) Velpeau bandage starting from the spreader splint.

(Bottom) (A & B) The general course of the foundation of the Velpeay bandage.
(C & D) Fmal results; note the deepened pigmentation of the grafted sk

thermal injuries, thick welts of scar tissue
will settle on the dorsum of the hand and
bind the extensor tendons restraining the
flexion of the finger; on the volar aspect
they will bowstring across the joints as un-
yielding cords and prevent extensiop. In
both instances contracted skin and under-
lying scar tissue must be dissected and re~
placed by areolar tissue-bearing skin which
will allow the tendons to glide under and
the joints to permit full motion (Figs. 10 &
i1).

TRAUMATIC AMPUTATION OF THE DISTAL
PHALANX THROUGH THE MATRIX
oF THE NalL
This injury is seen often in? and
housewives incident to chop‘ ith
a hatchet. Laboring men u e

signed to having the remainder of the pha-
lanx whittled away; then the wound may
be closed with the skin thus made available.
It is to be remembered that the base of the
distal phalanx gives insertion to the long
extensor and the deep flexor tendons, and
it should be preserved. If the phalanx is
amputated near its base the unsupported
nail will keep growing and curl over the end
of the finger. The nail and its matrix shoufd
be removed thoroughly prior to the closure
of the stump by regional or by grafted in-
tegument. The germinal cells covered with
skin will keep on proliferating and cause

focal abs  es (Fig. 12).
[od RACTURES WHERE THE
s ARE EXPOSED

In trial injuries where there
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F16. 12. Traumatic amputation of the distal phalanx through the matrix of the nail.
(Top, left) Showing the gangrenous tip of the middle finger. This portion of the finger
had been chopped off by a Kitchen knife. It fell off and was picked from the floor and
taken to the family physician, who sutured it back in place. (Top, center) The gangre-
nous fingertip, with a fragment of necrotic bone, was removed; the nail matrix was
curetted, and a petal flap was sutured to the tip of the finger. Note the spreader splint.
(Top, right) Velpeau bandage starting from the spreader splint.

(Bottom) (A & B) The general course of the foundation of the Velpeau bandage.
(C & D) Final results; note the deepened pigmentation of the grafted skin.

thermal injuries, thick welts of scar tissue
will settle on the dorsum of the hand and
bind the extensor tendons restraining the
flexion of the finger; on the volar aspect
they will bowstring across the joints as un-
yielding cords and prevent extension. In
both instances contracted skin and under-
lying scar tissue must be dissected and re-
placed by areolar tissue-bearing skin which
will allow the tendons to glide under and
the joints to permit full motion (Figs. 10 &
11).

TRAUMATIC AMPUTATION OF THE DISTAL
PHALANX THROUGH THE MATRIX
Oor THE NAIL
This inury is seen often in butchers and
housewives incident to chopping meat with
a hatchet. Laboring men usually are re-

signed to having the remainder of the pha-
lanx whittled away; then the wound may
be closed with the skin thus made available.
1t is to be remembered that the base of the
distal phalanx gives insertion to the long
extensor and the deep flexor tendons, :m.d
it should be preserved If the phalanx is
amputated near its base the unsupported
nail will keep growing and curl over the end
of the finger. The nail and its matrix should
be removed thoroughly prior to the cIosgre
of the stump by regional or by graited in-
tegument. The germinal cells covered with
skin will keep on proliferating and cause
focal abscesses (Fig. 12).

ConMPoUND FRACTURES WHERE THE
BONES ARE EXPOSED

In war or industrial injuries where there
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Fi. 13. Compound fracture of the thumb where exposed bone is covered with
pedicled grait. (Top, left) Roentgenogram of the hand. (Top, right) Pedicled graft
attached to the hand. Note that the stem of the pedicle and the index finger serve
as side splints for the fractured metacarpal. (Bottom, left) Same, after weaning the skin
grafe; volar view of the hand. (Bottom, right) Dorsal view of the same; note the
ncreased obesity of the graft.

is a large gaping wound over the hand and  bone is not as important and it can even be
the fracwred fragments of bone are visible disregarded. When the fracture involves the
or protrude, timely covering of the area will metacarpal of the thumb, the pedicle of the
go a long way in obviating sepsis and loss of  skin graft on the one side and the index
substance. The alignment of the broken finger on the other will splint the broken
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Fi6. 14. Crushed hand with comminuted fractures of the phalanges and laceration
of second, third and fourth fingers. The hand got caught between two iron railings,
each weighing about 300 pounds. (Top, left) The hand 2 hours after the injury. (Top,
center) Same hand after revision of the wounds. Devitalization was more extensive than
was apparent, (Top, right) Covering the denuded areas with free grafts, the hand was
splinted. (Bottom, left) The same 3 weeks later. (Bottom, center} small pedicled graft
that was lifted from the abdomen at the time of primary surgery. (Bottom, right)
Pedicled graft attached to the long finger which had lost its volar skin down to the

tendon sheath.

bone. In fractures of the other fingers, es-
pecially when c inuted, connection of
the pedicled graft to the hand causes con-
siderable pain and inconvenience and should
be postponed unnl the broken bones con-
solidate (Fig. 13).

CRUSHED FINGERS SEEN SOON
AFTER INJURY

It is important to remember that crushed
skin dies more extensively than will be ap-
parent immediately after the injury. When
a hand is seen soon after a compression in-
jury—such as having been caught between
2 railings—our primary concern should be
to remove all of the devitalized skin and
subcutancous tissue down to bleeding points,

In revision of wounds, the nerves, the blood
vessels, the tendons and the bones must be
preserved if possible. Then iull-lhickn.ess
free sk graft is used as permanent covering
for the more superficial wounds, but whe{e
the tendons are visible a pedicled graft is
preferred. When there are associated Irac-
tures of the metacarpals or the phalanges
and connection of the hand to the abdominal
graft causes considerable pain and incon-
venience, it might be expedient to cover the
exposed tendon or its sheath with a tem-
porary split-thickness graft and splint the
hand. At the same time, a pedicled graft
may be lifted from the abdomen with the
idea that after the fractures have become
consolidated the intermediary split-thickness



Practical Applications 219

o
g~
2

FiG. 15. Mangled and degloved hands. (Top, left) Photograph of the hand and the
forearm a week after crushing of the hand by the rebound of an uncontrolled propeller
of a boat. Primary treatment had been given elsewhere. We could not ascertain what
had been done; the incision over the radial artery would make one suspect that this
vessel was ligated. (Top, center) Volar view of the hand. (Top, right) Dorsal view of the
hand. (Bottom, left & right) Volar and dorsal views of another degloved hand 6 days
after the' injury, The primary treatment had been given elsewhere.
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Fi16. 16. The management of a degloved hand after the avulsed skin had been sutured
back. (Top, left) Volar view of the hand when we first saw the patient. (Top, center)
Profile view of the hand. (Top, right) The dorsal aspect, (Bottom, left) The same hand
after gangrenous portions were removed. (Bottom, center) Abdominal flap folded on
itself simulating a pillow case; note that the defect in the donor area has been covered
with free graft. (Bottom, right) Denuded portions of the degloved hand were pocketed
between the folds of the flap. (Continued on next page)

graft will be removed and replaced with
areolar tissue-bearing integument (Fig. 14).

SEVERELY MANGLED AND DEGLOVED HAND

Crushed skin dies faster than the under-
lying tendons and bones. In severely crushed
hands one should not underestimate the
extent of devitalization and suture thick,
dead skin over partly damaged, but as yet
alive, structures such as the bones and the ten-
dons. Equally erroncous, and tragic in con-
sequence, is to lay back the skin that has
been avulsed from the palm down to the

fingertips. All that this accomp]ish'es is to
provide the injured fingers with 2 tight un-
yielding encasement, causing secondary
compression and thrombosis of the vessels
and inevitable necrosis of the tendons and
bones which otherwise might have survived.,
A safe procedure is to remove all the de-
vitalized skin, cover the hand with inter-
mediary split-thickness graft and raisc a
pedicled graft from the abdomen for future
use. When a degloved hand is seen after
primary closure has been performed else-
where, the best one can do is undo what
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Fi6. 17. Malpositioned, mummified thumb with gangrene of its tip due to injury to
the radial artery at the wrist. (Top, left) Diagram showing the radial artery and its
branches to the thumb. The thumb does not receive any tributaries from the ulnar artery
or its continuation, the superficial palmar arch. (Bottom, left) The hand when first seen
by us. (Top, center) Same hand, frontal view, showing the scar at the base of the thumb
and the indolent ulcer at its tip. (Top, right) The scar tissue was replaced by a pedicied
graft, which is shown here still connected to the abdomen. (Bottom, right) Final resql!.
After replacement of scar tissue at the base of the thumb with phable skin, a correetive
osteotomy was done through the metacarpal bone. Note that the ulcer at the termination

of the thumb has healed.

should be performed as eatly as possible—
even in infancy. We quote from our article
on this subject:

Fuonctional use is the greatest stmulus to
growth and muscular co-ordimation: fingers wiil
grow and learn to work if they are freed from
restraint and put in position for work.

In a considerable number of congenitally
malformed hands skin grafting is a subsidi-
ary link in the chain of procedures purport-
ing to restore to the maimed limb a measure
of usefulness and an appearance which is
not, to say the least, unsightly. In some
congenital anomalies, expeditious skin
grafting makes n.ore complicated operations
on the bones ard jomnts unnecessary.

Syndactylism provides a pertinent exam-
ple. It matters httle whether the adjacent

parietes of the separated digits are covered
with full-thickness free skin and the webspace
between them is lined with a locally fashioned
flap or by a pedicled graft, but it does make
a great difference as to how eatly in life the
confluent digits are separated and insulated
by pliable skin. Again we quote from our
article on the subject:

When two fingers remain connccted for 2
protracted period, the joints losc their moblity,
in the affected cleft the interosscous and fumbri-
cal muscles atrophy. (Fig. 18)

In children born with absent phalanges,
the hand is attached to a pedicled graft, and
sufficient skin is piled up on it to enable us
to deepen the webspaces between the fingers
and later to cover the sides and the dorsum
of the separated metacarpals. Skin supplicd



Fia. 18. Syndactylism treated with Jocal readjusiment of the available skin
and pedicled skin graft in a boy about S years of age. (Zop, left) Roentgeno-
gram of the hand prior to surgery; note the delayed ossification of the carpal
bones. (Top, right} Same hand 4 years after surgery; note the confluence of the
carpal bones on the wlnar side of the wrist. This boy also had diastasis at the
protimal tadio-ulnar artioulation. (Bottom, left) The hand before surgery.
(Bouom, right) Showing the range of flexion of the confluent fingers. (Con-
tinsed o1 next page}




FIc. 18 (Cont.). (Left) The
distal portions of the drgits
were insulated with skin Jo-
cally available; the phalanges
seen at top, left, which had no
supporting metacarpal bone,
were removed; the adjacent
bases of the two ulnar fingers
and the web space between
them were covered with a
pedicled skin graft. (Right)
Range of flexion 4 years later.

Frs, 19. Congenital ab of the phal of the four ulnar fingers treated by
piling enough pedicled skin on the dorsum of the hand to enable us to decpen and cover
the web spaces between the adactylic metacarpals. (Top; left) The hand before surgelry.
(Top, right) Palmar aspect of the same hand 3 years later. (Bottom) Functional results.
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Fi6. 20, Congenital absence of the thumbs in an infant 6 months old treated by deep-
ening and widening the web spaces between the two radial fingers and lining the surgical
cleft with skin supplicd by a pedicled graft. (Top, left) The hand before surgery. The
hand to the left had synostosis between the two radial metacarpals; these were separated
by a chisel. The hand to the right had three phalanges in the ulnar finger of the syndac-
tylized digits that had no supporting metacarpal; these phalanges were removed. (Top,
right) Pedicled graft attached to the surgically deepened and widened web space of one
hand. (Center, leff) The other end of the graft freshly connected to the opposite hand.
(Center, right) The undersurface of the same. (Bottom, left) The fonctional results of the
hand with four fingers. (Bottom, right) The functional results of the hand with two fingers,

S e, | S -

*{Y a pedicled graft is not used to cover the In adults and older children, transference
tlps.or the palmar surfaces of the newly of the index finger to take the place of a
ffxshmned digits as they are devoid of sensa- missing thumb is an elaborate undertaking
tions (Fig, 19), requiring as long as 6 or 7 months to finish,
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several surgical sittings and many proce-
dures: (1) deepening and widening of the
webspace between the index finger and the
long fingers; (2) lining the surgically deep-
ened cleft by a pedicled skin graft; (3) later
on, osteotomy of the index finger metacar-
pal and displacement of the distal fragment
radialward and connecting it to the remnant
of the first ray or to the greater multangular
bone; (4) still later, osteotomy through the
united metacarpal and gradual rotation of
the index finger until it comes to face the
other fingers; (5) sometimes delivery of the
extensor tendon of the index finger from
under the dorsal carpal ligament, shifting it
toward the radial styloid and holding it
there with a sling fashioned from part of the
tendon of brachioradialis to make extensor

serve as an abductor as well as extensor of
the substituted poliex.

In infants all that is needed is to widen
and deepen the webspace between the index
finger and the long fingers, cover the surgi-
cal cleft with a pedicled graft and later
locally tug and readjust the transferred skin
until the index finger turns against the other
fingers where it can function as a thumb—
without displacement and rotary osteotomy
of its metacarpal or extrication and transfer
of its extensor tendon (Fig. 20),
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Graffos Cutanee in Chirurgia del Mano

Summario in Interlingua

Chirurgia restaurative de manos mutilate
require frequentemente transplantationes cu-
tanee. Le technica del transferimento de
graffos libere ha essite perfectionate a un
grado que illo es un manovra routnari, sed
il existe ancora un confusion considerabile
relative al methodos del elevation e del
transferimento de graffos pediculate.

11 existe quatro utile typos de graffo pedi-
culate. Illos es (1) tubo, (2) panno, (3)
petalo, e (4) petalo petiolate. Le abdomine
es considerate como le plus commode sito
donatori pro le elevation de graffos pedicu-
late pro le mano. Le area contro-lateral del
abdomine es seligite como sito donatori. Le
area es disproviste de capillos. Le incisiones
es placiate de maniera que le graffo ha le

melior circulation possibile e possede un alte
grado de elasticitate.

Pannos pediculate es usate pro restaurar
profunde vulneres al asoecto dorsal e volz}r
del mano. Illos es etiam usate pro coperir
exponite tendones € nervos. Petaloslo peta-
los a petiolo es utilissime pro copertr mem-
branas interdigital post separation chirurgic
interprendite in le essayo de mobilisar le
0ssos metacarpal o in preparation al trans-
ponimento del indice al loco del .abseme
pollice. Digitos, specialmente le pollice, es a
vices mumificate in consequentia de lesiones
vascular. Nos utilisa transplantas cutanee
pro reimplaciar integumento cicatrisate ¢
executa le operation osteotomic plus tarde a
transverso le pelle transplantate.
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Total Excision of Semilunar Cartilages
Through a Small Anterior Incision

Duncan C. MCKEEVER, M.D., F.A.C.S.*

In some orthopaedic clinics it is customary
to remove only the anterior portion of the
semilunar cartilage, but in a large series of
cases it is necessary, at times, to remove the
posterior portion later. Various abnormali-
ties of traumatic origin may exist in the pos-
terior part and make its removal mandatory.
These are not always visible. Many experi-
enced surgeons feel that total excision always
should be done.

A wide variety of operative technics and
special instruments have been recommended
to facilitate total excision of the semilunar
cartilages. Vertical incisions from 2 to 9
inches in length, dual anterior and posterior
incisions and even transverse incision with
severance or detachment of the collateral
ligament have been recommended to obtain
this objective,

The advantages of a small anterior inci-
sion are obvious They are: early ambula-
tion, shorter hospitalization, easier rehabili-
tation and minimal permanent disability.
Economic factors enhance the importance of
all of these considerations.

The difficulty with an anterior incision has
b.een that it seldom permitted complete ex-
cision of the cartilage. Numerous clamps
and hooks, used to make traction on the
Cartilage during its excision, never were con-
sistently successful. Special knives and cut-
ting devices were either too cumbersome to
ise or they cut off the cartilage before reach-

* Houston, Tex.

ing the posterior attachment. Many are dan-
gerous, and serjous accidents have occurred
with some of them.

No claim to originality is made on the
cartilage knives presented herewith (Fig. 1).
When the author arrived at Navy Hospital
No. 10 in January, 1944, 2 of these knives
were among the orthopaedic instruments.
Their exact origin is unknown to me al-
though I have endeavored to ascertain it.
Their purpose was readily apparent. They
may be modified Breck knives.

The only change made in them has been
the addition of the small beads at the tips of
the V. This addition makes it somewhat
easier to follow the marginal attachment of
the cartilage and possibly may make the in-
strument safer, although no accidents oc-
curred incident to the use of the original
knives in over 200 cases. The technic was
developed to utilize fully the advantages of
the knives, and it has made total excision
possible, through a small anterior incision,
in almost 100 per cent of cases. The technic
is as follows:

‘With the knee fiexed over the end of the
table, an incision about 1%% or 2 inches long
is made over the anterior attachment of the
cartilage 2t the level of the joint or crossing
the joint. It may be oblique, vertical or
transverse, as the operator wishes. The cap-
sule may be opened in the same plane as
the skin incision or in a different plane.

It is the author’s custom to make an
oblique or nearly transverse skin incision

227
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Fi6. 1. (Left) Original knives. (Right)
Modified knives.

and to incise the capsule almost vertically
with the electric knife. Removal of the
ligament of Wrisberg and a portion of the
fat pad may be indicated, and this should
be done with the electric knife for better
hemostasis.

The secret of the success of the technic
lies in the next step, which, for emphasis,
is expressed in the following Latin phrase:
Facilium est extraheri retrorsum (*It is
easier to take it out backward”). We are
accustomed to attack that portion of a prob-
lem that first makes its appearance in an
incision, In this case the first thing we see 15
the anterior end of the semilunar cartilage,
so we sever this attachment. Then follows
the struggle to maintain some sort of grip
on the cartilage while part or, if possible,
all of the posterior portion is removed. This
is difficult and at times impossible.

It is casier to take it out backward. A
small incision is made along the anterior
inferior edge of the attachment of the carti-
Iage (Fig. 2). and a piece of gauze is passed
through this 1ncision and around the carti-
lage, leaving the anterior end of the cartilage

FiG. 2. Severing antero-inferior edge of
attachment.

:
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F16. 3. Picce of gauze passed around car-
tilage for traction.
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Fic, 7. Final step Severing anterior at-
tachment.

NN - “‘ }' ,ZAV
P’ ! 7 F s
[e AT L %4 A
RIS “ele 7 £ A;?
I { .

Fic. 9, Cartilages excised in foto by the technic deseribed.
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in some cases, where the joint is extremely
loose, the entire cartilage may be removed
with the scissors. However, after the an-
terior quadrant, or part of it, has been
detached it is easier to insert the special
knife, using one which best fits in the par-
ticular case. The knife with the greater
curve usually fits best for cutting the poste-
rior part of the marginal attachment. The
knife edge should be held away from the
cartilage, and the entire marginal attach-
ment should be severed with a single cut, if
possible, so that the beads will remain in
proper relation to the cartilage (Fig. 4).
After the marginal attachment is severed,
continued pull on the gauze strip passing
around the cartilage usually will displace it
into the intercondylar notch (Fig. 5). Tor-
sion on the lower leg to distract the joint
surfaces may facilitate this. Using the knife
with the smaller curve held with the blade
flat and the curved end up, it is passed along
the cartilage to the posterior attachment
which then is severed under continued ten-
sion (Fig. 6). The cartilage fiips forward
out of the joint and remains attached only
at the anterior end, which can be severed
with a scalpel (Fig. 7). The cartilage is
removed in toto, and the incision is closed
(Fig. 8).

In cases where the cartilage is badly dam-
aged, care must be used not to' make too
much traction because of the danger of pull-
ing the cartilage in two during the process of
its removal. It is also the author’s custom

to make an opening from the suprapatellar
space into the area beneath the quadriceps
muscle to permit any hemarrthrosis to
escape.*

A pressure bandage is applied for 24
hours. Quadriceps setting exercises, which
were started several days before the opera-
tion, are continued, and as soon as the
patient is able to raise the extended leg off
the bed he is permitted 10 walk without as-
sistance of any kind. This is usually some-
time between the second and the fifth days.
Then the patient is permitted to leave
the hospital. A simple cartilage excision
case will be able to walk with a normal gait
in 10 days or less, will be able to walk up
and down steps in 1 to 2 weeks and should
be able to return to office work or light work
in 2 to 3 weeks and to heavy labor sometime
between 3 and 6 weeks, depending on the
individual.

If hemarthrosis develops it is aspirated,
and a lytic enzyme is injected. Hydrocortone
may be used if desired but it is rarely neces-
sary.

SUMMARY

A technic to simplify total excision of
semilunar cartilages through a small ante-
rior incision is described. Knives designed
to take advantage of the technic are pre-
sented (Fig. 9). Cartilages are removed by
this technic.

* Cpqndler, Fremont A.: Closed drainage of the
knce joint following arthrotomy, J, Bone & Joint
Surg. 31A:580-581, 1949,

Excision Total de Cartilagines Semilunar a Transverso
un Parve Incision Anterior

Summario in Interlingua

Le majoritate del experte chirurgos ortho-
pedi? recommenda excision total quando
1 mia es indi Le previ
disponibile technicas de excision total re-
quireva incisiones prolongate ¢ a vices dual.

Un parve incision anterior rende possibile le
prompte restauration ambulatori, un breve
penf:do de hospitalisation, ¢ le facile re-
habilitation del patiente con minjme grados
de invaliditate permanente,
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attach,

Le majoritate del pr elaborate
instrumentos pro le ablation de meniscos a
transverso un parve incision anterior esseva
inadequate. Certes esseva mesmo periculose.
Cultellos in forma de ‘V’ (con non-acute
perlas guidatori al punctas def ‘V”) ha essite
usate cont bon successo pro excider meniscos
2 transverso un parve incision anterior. Le
technica usate es le sequente:

Le articulation es flectite a 90 grados, ¢
un incision vertical, oblique, o transverse de
un Jongor de 4 cm es facite supra le attacha-
mento anterior del menisco. Es effectuate un
parve incision que seque le margine antero-
inferior del menisco e rende possibile le pas-
sage de un pecia de gaza cirea Je cartilagine,
Traction es exercite per medio de iste gaza,
resultante in un tendentia del menisco a
displaciar se verso le wmcisura intercondylar.
Per medio del cultello in forma de 'V, le

» peripheric ¢s dissecate in un
sol tracto usque al attachamento posterior.
In iste manovra un del perlas se move supra
e menisco, le altere infra le menisco, Le
mesme cultello, in un rotation de 90 grados,
servi a separar le termino posterior del me-
nisco ab su attachamento. Iste separation
posterior rende possibile le ablation retrorse
del cartilagine. Post que le attachamento
posterior es separate, on separa le attacha-
mento anterior ¢ abfere le cartilagine, Le
secreto del successo de iste manovra jace in
le principio (hic formulate in latino pro
render lo plus emphatic): Facilium est
extraheri retrorsum, ie., “il es plus facile
extraher lo retrorsemente.” Multo plus
facile! Le ablation es plus complete, le re-
habilitation es plus rapide, e le resuitante
invaliditate permanente es minimal.
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Disability Following Crush Fracture

of the Calcaneus

C. F. Ferciot, M.D.*

The severe disability that follows crushing
fractures of the heel is a continuing chal-
lenge to the medical profession. A review of
the literature clarifies the evolution of our
present methods of management. At the
turn of the century, treatment consisted of
simple protection until healing had occurred,
with return to functional activity as soon as
possible. Later methods varied from gentle
manipulation to more complicated proce-
dures of reduction, some involving skeletal
traction and forceful molding of the frag-
ments. More recently, early open reduction
of certain fractures has been done with
bone grafting to replace the compressed
cancellous bone and to restore contour and
stability. In 1938, Goff published an excel-
lent review of the literature and described
a method of early manipulative reduction by
means of a modified carpenter’s clamp, fol-
lowed by plaster fixation until healing oc-
curred. Relatively early operative fusion of
certain severely compromised joints has been
advocated by various authors with encour-
aging reslts.

In 1935, Conn, reporting on a series of
fresh fractures treated by early subtalar
fusion, stated that “unsatisfactory feet” re-
sulted in approximately one third of his
cases On operative exposure of the subtalar
joint, he was impressed by the extent of
foint involvement found in contrast to the

* The Lincoln Orthopedic and Rehabilttati
Center, Lincoln, Neb. P bilitation
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roentgenographic appearance of the bones.
Suspecting that the same condition might
exist in relation to the talonavicular joint, he
began fusing this joint as well, and reported
that “though the expected roughening and
erosion of the joint was not often observed”
he, nevertheless, felt that the end results
following triple arthrodesis were superior to
those that he obtained by simple subtalar
fusion. On the basis of his experience, Conn
voiced hi§ firm conclusion that triple arthro-
desis was the procedure of choice in the
surgical management of severe crush frac-
tures of the heel. This opinion has con-
tinued to influence orthopaedic thinking to
the present time, In his hands I am certain
that the results were excellent, but the fact
remains that this method has not been
adopted generally. Clinical observation dis-
closed that a triple arthrodesis leaves much
to be desired from a fanctional standpoint,
since it necessarily restricts mobility of the
foot and makes walking on uneven surfaces
difficult. Doubtless, this well-known and
inevitable loss of mobulity and function has
been a deterrent to the more extensive use
of this procedure as a primary treatment.
Palmer, in a paper published in 1948,
clatified the mechanism of certain fractures
of the heel and reported his experience with
early operative reduction and bone grafting.
Early anatomic and functional results appear
to be very good, with all of the patients re-
turning to work in an interval of 4 to 8
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TABLE ]. SUBTALAR JOINT INVOLVEMENT

Minimal . .............. 23 26.3%
Moderate .. veo. 42 48.4%
Severedisruption .. ........ 22 253%

87 100.0%
Having associated fractures, . 1! 12.6%

months after surgery. Some restriction of
subtalar motion was present in most cases,
but he reported that such motion was pain-
less. It seems probable that this technic
offers a decided improvement in the treat-
ment of selected cases, particularly in the
younger age group, It does require the ex-
ercise of an unusual degree of judgment and
skill, and it seems certain that, were its use
general, a considerable number of compli-
cations would eventuate. Further experience
is necessary to evaluate properly its ulti-
mate merit.

A series of 87 fractures of the os calcis
seen in our clime were reviewed, and st was
found that over 97 per cent of these pa-
tients, regardless of their method of treat-
ment or the severity of their injury, had
returned to a good degree of functional
activity in less than 2 years. In this entire
group, 23 fractures were minimal, 42 frac-
tures showed definite impaction with prob-
able involvement of the subtalar joint and
22 cases were severe crush fractures with
complete disruption of the subtalar joint
Practically all of the second and third degree
fractures healed with a marked reduction of
subtalar motion, and several had a complete
Joss of this movement. The very satisfactory
function observed in this latter group of pa-
tients where subtalar fusion developed spon-

TABLE 2. UNILATERAL Cases HAVING

Fusiox
No.or RESUAL
Casgs  DISABILITY
Trple arthrodesis ... ... 4 26%
Limted fusion . ...... .3 17%

taneously certainly indicates that a triple
fusion operation is not necessary in every
case of severe crush fracture.

A review of the group of 7 unilateral
fractures having surgical freatment since
1951 showed that 3 of these patients had
associated fractures of other bones. These
patients all had involvement of the subtalar
joint, and a triple arthrodesis was carried out
in 4 cases, while a limited fusion procedure
was done on the other 3. Five of these
patients were treated for recent fracture, and
2 cases were treated for late disability. The
average disability in the 3 cases having
limited fusion was 17 per cent, while the
disability of those having triple arthrodesis
was 26 per cent. This 43 per cent higher
disability rating is not particularly conclu-
sive in a small series such as this, but I do
feel that it is significant.

A group of 10 patients sustained bilateral
fractures of the os calcis. Their average age
was 53.6 years. In only 1 instance was the
severity of fracture minimal. Only 3 of these
patients had assaciated fractutes of other
bones, but 5 af them required surgx’c{il
fusion. Of these 5 patients coming to sargr~
cal stabilization, 2 were treated primarily,
2 were referred to us late with residual disa-
bility and in 1 instance surgery was delayed
because of severe associated injuries.

Cases 1 and 2 in this serjes ilfustrate the
problem that arises in the management of
severe bilateral crush fractures of the heel
The fractutes were essentially symmetrical,

TABLE 3. CASES OF BILATERAL FRACTURL
OF CALCANEUM

NUMBER OF
CasES

Minimal subtalar involvement

1
One minimal with the other moderate 2
Both moderate . ..., ..o .. 2
Both severe disruption ... .. 5
Total .. . .. .. ..e.ca. .. 19 .
Feet having fusions .. ....c.. .. 6 or 30t
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FiG. 1. (Top, left & center) Showing severe bilateral crush fractures. (Top, right}
Left foot after manipulation and early healing. (Bottom, left & center) Note calcaneo-
cuboid involvement. This may result in persistng disability. (Bottom, right) Left foot
after subtalar and calcaneocuboid bone-graft fusion.

and disruption of the subtalar joints was
severe. These cases will be summarized
briefly. ¢

Case 1. A white male, aged 27 years, height
5 feet 7 inches, weight 190 pounds, This man
fell 15 feet from a ladder on October 24, 1953,
suffering bilateral severe crush fractures of the
heel Manipulative reduction under spmnal anes- -
thesia was done within 3 hours and the position
held in mild equmus by a snugly molded plaster
cast, Casts were changed 10 days later and were
femoved at the end of 534 weeks when roent-
Senograms showed satisfactory positioning but
with marked 1nvolvement of the subtalar joint

F16. 2. Severe crush fracture after re-
on both sides. Triple arthrodesis was done on duction and cast fixation for 5 weeks.
the right foot on December 3, 1953, and plaster General bony relationships have been re-
fixation continued for 8 weeks. The left foot

stored, and healing is taking place,
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Fic. 3. Involved subtalar and calcaneo-
cuboid joints have been stabilized, bone
graft being used to maintain normal archi-
tecture of the foot. Surgery is easier at
this stage due to decalcification of bone;
healing progresses rapidly.

had a calcaneocuboid fusion on February 22,
1954, and the cast was continued for 6 weeks.
The patient returned to work on May 18, 1954.
A settlement of his compensation claim was
made on June 16, 1954, with a disabdlity rating
of 18 per cent on the right foot and 15 per cent
on the left foot. When contacted February 19,
1956, he reported that he had been working
regularly as a truck driver and felt that the left
foot was more functional because of its greater
mobility.

Case 2. A white male, aged 49 years. This
man suffered severe bilateral crush fractures of
the heel on March 4, 1954, when he was thrown
from an earth-moving vehicle. He had an asso-
ctated minimal compression fracture of the body
of L-1 and a Grade 1 spondylolisthesis at the
lumbosacral level. He was admutted to the hos-
pital 1 day after injury with marked swelling
and was treated by elevation and compression
until March 9, 1954, when manipulative reduc-
tion was carried out under spinal anesthesia, fol-
lowed by fixation in molded plaster. The casts
were removed after 44 weeks, and roentgeno-
grams showed disruption of the subtalar jornt,
but with good general bony relationships. A
triple arthrodesis was done on the right foot on
April 5, 1954, and cast fixation was continued
for 10 weeks. Similar findings were present on
the left foot, and a talocalcaneal fusion with
bone grafting was done on this foot on April 29,
1954, and cast fixatton was continued for 10
weeks. Considerable tenderness under the left
heel persisted, and on April 7, 1955, the weight-
bearing surface beneath the Ieft heel was ex-

FiG. 4. Illustrating distortion of foot

that may follow fusion by simple joint
excision,

posed surgically, and the irregular bone was
smoothed. He returned to light work on August
15, 1955, and when last seen on February 13,
1956, he plained of some di fort and
tiring 1n the right foot after use. However, the
triple fusion was firm and painless. Good mo-
bility of the medial side of the left foot was
evident, and the patient felt this to be his better
foot.

In both of these patients it was obviously
undesirable to do a triple arthrodesis on
both feet, and for this reason a limited fusion
was done on the second foot. The general
architecture of the foot was first restored by
a manipulative reduction, and, when early
callus formation had occurred, the triple
fusion was carried out on the right side.
Later, a limited fusion was done on the Jeft
foot, utilizing hiac bone graft to stabilize the
foot and to maintain anatomic relationships.
In none of the ‘atients so treated has there
been evidence of progressive foot stmiq or
degenerative change involving the talonavicu-
lar joint

Review of the functional relationships of
the foot makes it evident that it is desirable
to conserve the flexibulity of the medial side
of the foot, especially when subtalar motion
is lost. The role of the peroneus longus mus-
cle in holding the first metatarsal head down-
ward in the standing or weight-bearing posi-
tion becomes very important with Joss of
subastragalar motion, and any impairment of
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jts function leads to foot strain, The result-
ant symptoms often are mistaken for signs of
talonavicular injury or strain. Immediate re-
duction of the fracture with careful molding
of the bulging bencath the lateral malleolus
will lessen the danger of adhesions to, and
bony impingement upon, this tendon as it
passes in close relationship to the talocalca-
neal joint. It is probable that one of the
most important accomplishments of open
reduction stems from the free release of the
peroneal tendons. Disruption of the cal-
caneocuboid joint must not be overlooked
as it is often an unrecognized source of
persistent disability.

In view of the very satisfactory results
that have been reported by others who have
utilized limited fusions and the good func-
tion that we have observed in our own cases,
I am firmly convinced that fusion of the
talonavicular joint should not be done unless
the fracture involves this joint, or unless this
step is necessary for the correction of faulty
weight bearing position of the foot.

CONCLUSIONS

1. Severe crush fractures of the calcaneus
should be treated by immediate reduction,
utilizing spinal anesthesia or paravertebral
block to improve the circulation and to
lessen soft tissue swelling,

2. Reduction can be maintained by a
snugly molded plaster dressing until callus
formation becomes firm after 5 weeks, at
which time the cast can be removed and the

relationships of the calcaneal joints re-
evaluated,

3. Severely disrupted joints evident at this
time should be treated in patients of all ages
by early bone grafting fusion. This preserves
the normal architectural relationships of the
foot and favors an early return to functional
activity,

4. A satisfactory degree of function usu-
ally follows adequate management.
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Invaliditate post Fractura Comminutive del Calcaneo

Summario in Interlingua

Post presentar un revista del litteratura, le
autor argue in favor del tractamento con-
servative de sever fracturas comminutive del
calcaneo,  Certe principios fundamental
deberea esser observate:

1. Sever fracturas comminutive del cal-
caneo deberea esser tractate per reduction

immediate. In isto anesthesia spinal o bloco
para-vertebral deberea esser utilisate pro
meliorar le circulation e reducer le intumes-
centia del histos molle.

2. Le reduction es a mantener per un ben
adjustate application gypsate usque al prime
formation callose post un periodo de circa
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cinque septimanas. A iste tempore le rela-
tiones del articulationes calcance es a
re-evalutar,

3. A jste tempore, severmente disrumpite
articulationes es a tractar per medio de un
typo de fusion a graffo ossee que preserva
le normal relationes architectural del pede
¢ promove le retorno a activitates functional.

Le autor opina que arthrodese triplice es

rarmente necessari e que solmente le dis-
rumpite articulationes deberea esser stabili-
sate. Le articulation talo-navicular es rar-
mente implicate directemente e fusiones de
iste articulation es rarmente necessari. Un
revista de 87 casos indica que un grado satis-
factori de function resulta de adequate
formas de tractamento in plus que 95 pro
cento del casos.
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Avulsion of the Ischial Apophysis®

EDGAR A. ROGGE, M.D., AND

Avulsion of the ischial apophysis is rela-
tively infrequent; only a few cases have been
reported in the medical literature, The
first case was recorded in the American
literature by Berry in 1912.% Since then, less
than 2 dozen cases have been reported.

All of these cases are markedly similar in
both their mechanism of production and in
symptomatology; the syndrome is quite
characteristic. They have occurred while the
individual was engaged in strenuous activity
such as playing football, running the high
hurdle, acrobatic dancing or during any
activity in which there is sudden extension
of the knee with the thigh flexed, or sudden
flexion of the thigh with the knee extended.
In other words, the mechanism is that of
sudden straight leg raising which snaps the
hamstrings tight with consequent avulsion of
their origin from the ischial tuberosity.

. The age of fusion of the ischial apophysis
is described as being between 18 to 25 years.
The reported cases have been prior to the
age of 25, most of them occurring between
1.4 and 24 years. Thus, the upper age
limit corresponds closely with that of fusion
of the apophysis. While McMaster® and
SC_OIIS Taise the question of epiphysitis as an
etiologic factor in this syndrome, Milch? and
thers believe that trauma, due to muscular
violence, is the sole cause. In our experience
of 2 cages, together with a review of the

literature, we believe that trauma is the
cause.

*From the Division of Orthopaedic Surgery,

Universit, . e
Seatlle,\ga;;f Washington School of Medicine,

23¢9

RoBERT L. Romano, M.D.

The usual situation occurs in an individual
under 25 who forcibly stretches his ham-
strings during a maximum effort. There is
a sudden pain in the region of the buttocks
with localized tenderness over the ischial
tuberosity and pain on stretching the ham-
strings. Following this, any activity, such as
sitting, which puts tension on the hamstrings
produces pain because of direct pressure on
the ischial tuberosity.

The clinical course depends on the degree
of separation. An avulsion of the jschial
apophysis appears as an irregular crescentic
shadow on roentgenographic examination.
In one case there appeared to be some perios-
teal new bone formation. A tumor was con-
sidered by the roentgenologist. The fragment
was excised, and the subsequent clinical
course ruled out such a possibility.

If the fragment (the apophysis) is slightly
separated, union will usually take Pplace fol-
lowing rest. If there is a wider separation,
healing by fibrous union may occur with a
good clinical result assured. However, some
cases apparently go on to nonunion with per-
sisting pain  In such instances excision of
the fragment is probably the treatment of
choice. One case demonstrates the chronic-
ity or prolonged disability that may be en-
countered; this boy was unable to participate
in sports for 3 years following his ischial
apophyseal avulsion but became completely
asymptomatic following excision of the non-
united fragment.

Two cases are presented, with the hope
that interest may be stimulated in recogniz-
ing the entity more often.
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Fic. 1. (A, Top) Roentgenogram taken
shortly after injury (B, Center) Appear-
ance of lesion 2¥2 years later. (C, Bor-
tom) Postoperative appearance,

CASE REPORTS

Case 1. M. K,, a 16-year-old boy, was exam-
med March 2, 1954, He complained bitterly of
pamn in the right hip that had become increas-
ingly severe following an old football injury
3 years before The pamn m his hip had become
so severe that it was necessary for him to give
up high school footbsll. He was also unable to
participate in baseball the following spring.

In 1951, this youngster was playing touch
football and, after runmng 10 or 15 yards, he
tripped on the turf His right leg “bent back-
ward” as he fell, and a sudden severe pain was

felt in the back side of his right hip. He was
carried off the field. During the next 2 weeks
he walked with the aid of crutches. He limped
for several months. It was necessary for him to
give up all sports for the next 1% years. Roent-
genograms of the pelvis taken shortly after the
injury revealed the detached fragment of bone
t}'l;gr)n the apophysis of the right ischium (Fig

He again participated in sports, but a recur-
rence of pain while playing baseball caused him
to give it up.

This well-developed husky male, 5 feet 10
inches tall, weighing 175 pounds, appeared rela-
tively normal; the only abnormal findings were
confined to the region of his right hip. On deep
palpation there was tenderness over the right
gluteal fold. There was no restriction of hip
motion. Straight leg raising was possible to 90°,
Reflexes were normal. There were no inequalities
of leg length, nor was there any evidence of
atrophy. Roentgenograms of the pelvis taken at
this time and compared with previous films
showed that the detached fragment of the is-
chium was now approximately 2 inches in diam-
eter and was separated from its intended attach-
ment (Fig. 1 B and C).

Surgical exploration of this area was done
3 years after injury. A curved incision was made
parallel to the gluteal crease. The detached
fragment was revealed to be densely adherent to
the tendinous origins of the hamstring muscles.
Before the fragment was dissected and excised it
was grasped with a towel clip to demonstrate its
mobility. The postoperative course was un-
eventful. There was some muscle spasm and
pain during the 4 days following surgery, but it
was not constdered necessary to immobilize the
extremity. The specimen consisted of cortical
and cancellous bone; no abnormalities were re-
ported by the pathologist.

The patient was ambulatory without crutches
2 weeks after surgery and played high school
baseball and football later the same year. The
only residue following surgery has been a mild
paresthesia, limted to the right thigh, believed
to be due to compression of the posterjor fem-
oral cutancous nerve. The skin sensation was
otherwise normal. There were no abnormalities
of the musculature. A normal range of motion
of the hip and the knee followed recovery.

Case 2. D. R., a 15-year-old boy, sustained
an injury while pole vaulting, He came down a
distance of 9 feet, landed on his feft leg, then
fell over on his left side. This was followed by
a dull, aching pain on the side of the left hip.
This pain was constant and was especially aggra-
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FiG. 2. (A, Top) Appearance of lesion
6 months after injury. Note elevation of
the periosteurn (arrow). (B, Bottom}
Postoperatlve appearance.

vated by sitting and running. Sitting proved to

bea handicap at school and also at home, where

he was able to sit only long enough to have his

;neals, preferring at other times to le on the
oor.

He was a well-developed boy for his age of
15 years, 5 feet 10 inches tall, weighing 135
pounds. A general physical examination proved
the patient to be normal, with the exception of a
mild case of acne vulgaris. There were no pain-
ful areas except along the posterior aspect of the
left hip, which was moderately tender on deep
Palpation. Moton of the hip jomnt was normal
on both sides, Straight leg raising was possible
to 85°, The patellar and the ankle tendon re-
flexes were normal, Leg lengths were equal,
and there was no muscular atrophy or weakness.
Roeatgenograms showed an irregular shaving of

one from the tuberosity of the ischum on the
Ieft}lde (Fig 2 A and B). There existed also a
cutious elevation of the periosteum of the supe-
HOr border of the ynferjor ramus of the 1schium.

eCause of the irregular bone formation and a

FiG. 3. (A, Top) Appearance at opera-
tion, showing close relation of the femoral
cutaneous nerve (dotted area) to the ischial
tuberosity (1.t.). (B, Bottom) Cartilagi-
nous fragments removed at operation.

superimposed shadow, the question of chondro-
sarcoma was raised.

This patient had been under a conservative
regimen of treatment for 6 months, which in-
cluded 2 month of bed rest, and was becoming
very discouraged because of his prolonged inac-
tivity. Blood sedimentation rate, alkaline phos-
phatase, acid phospbatase and urinalysis alf
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were normal. A surgical operation/ was done
8 months after the injury, This time a more
extensive exposure was accomplished in order to
visualize better the sciatic and the posterior fem-
oral cutaneous nerves. This was accormplished
by extending the curved incision, used in the
first case, proximally to and along the greater
trochanter and dstally to the mid-line of the
thigh. This incision permitted the gluteus maxi-
mus to be reflected, avoiding the posterior cuta-
neous nerve (Fig. 3 A).

The avulsed fragment was free, consisting of
both bone and cartilage (Fig. 3 B). It was found
to be incorporated firmly in the tendinous origin
of the hamstring muscles, as in Case 1. Histo-
logic sectioning revealed the specimen to be an
epiphysis with evidence of growth, but not of
neoplastic character.

The patient was able to leave the hospital a
week after the operation and was ambulatory
without crutches after another 10 days, remain-
ing completely asymptomatic, He returned to
competitive sports,

DISCUSSION

From the infrequency with which such a
detached apophysis leads to surgical re-
moval, it would appear that minor separa-
tions may require little or no treatment.
Most of such avulsions will reunite, mani-
festing their disturbance at a later date only
by chance when a roentgenogram may reveal
a broadening of the lower ramus of the
ischium. Only those individuals who have
detached a substantially Iarge fragment and
are having symptoms should undergo opera-
tion,

In Case 1 the avulsed fragment probably
healed by fibrous union so that the patient
was asymptomatic when he first returned to
sports 1% years following his injury. He
again expetienced pain on resumption of
vigorous muscular exertion due, presumably,
to a rupture of the fibrous union, It would
seern that solid union is necessary before an
individual may return to active, competitive
sports  Excision of the fragment may be
necessary if separation has prevented bony
union An individual who does not resume
active sports may remain completely asymp-
tomatic with a fibrous union and need no
further treaiment.

In both of these cases only the detached
portion of the apophysis was removed. No
attempt was made to smooth the irregular
border of the epiphysis because only the
detached fragment seems to caus¢ pain,
This apophysis can be avulsed by a sudden
stretching of the hamstring muscles or it
can be separated by direct trauma. Why this
is not more frequent is not clear. For ex-
ample, in cerebral palsy with hamstring
muscle spasm, this condition conceivably
might occur, yet it apparently is not reported,

Abnormalities of the development of
epiphyses are considered under the general
term of osteochondroses. Dr. Charles W.
Goff® has studied and further classified these
as being derived from (1) pressure epiphy-
ses, (2) traction epiphyses, (3) atavistic
epiphyses. From the pressure epiphyses are
seen true types of osteochondroses such as
Freiberg’s, Kohler’s and Calvé’s and, most
important, the Legg-Calvé-Perthes syn-
drome. Much study has been given to eti-
ology. The factors usually stated have to
do with trauma, infections, endocrine dis-
turbances and nutritional factors. In Goff’s
series growth charts of 152 children and
youths with Legg-Calvé-Perthes syndrome
and other true osteochondroses showed that
the children with Legg-Calvé-Perthes syn-
drome had depressed growth prior to and
after the onset of this disorder.

The false osteochondroses occur in nor-
mally developing children and involve the
traction and the atavistic epiphyses, as seen
in Osgood-Schlatter’s disease and the ischial
tuberosity which we are discussing. Trauma
seems to be the only etiologic factor oper-
ating to cause these distubrances. One might
conjecture as to whether or not unknown
growth factors may influence both the truc
and the false osteochondroses.

Dr. J. E. Markee and associates® have
demonstrated that muscles extending across
both the hip and the knee joint have multi-
ple levels of nerve supply. When these
nerves are stimulated individually an isolated
segment of muscle will contract, and at the
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Ankle Fusion in the Absence of Talar Body

ELHU FRIEDMANN, M.D.,* AND Jock DunN, M.D.}

Arthrodesis of the tibia to the os calcis in
the absence of the body of the talus always
has presented a technical surgical problem.
The use of an inverted fibula graft is hereby
presented as another approach to obtaining
fusion in such cases.

The technic is a variation of the fusion
described by Adams® in which an osteotomy
of the fibula is performed above the ankle

* Attending in Orthopedic Surgery, Veterans
Hospital, Wilkes-Barre, Pa.

t Assistant Chief, Surgical Service, Veterans
Hospttal, Wilkes-Barre, Pa,

joint, and an onlay fibula graft is screwed
to the tibia and the talus after the articular
cartilage of the ankle has been removed. In
the case presented this procedure could not
be used because the cortex of the os calcis
projected lateral to the tibia, causing the
graft to be held away from the Jower portion
of the tibia when in contact with both bones.
Therefore, to obtain satisfactory approxima-
tion to the 2 bones involved, the fibular

 Adams, ¥, Crawford: Arthrodesis of the ankle

joint, expertences with the transfibular approach,
J. Bone & Joint Surg 30B:506, 1948.
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Introduction: Prevention of Accidents

Jacos Kurowski, M.D,

Let the mind rise from victory fo victory
over surrounding nature . . . yet the same
human creature . . . produces for itself . . .
losses and pain . . . science . . . will purge
him from his contemporary shame in the
sphere of interhuman relations.

—PavLov

Born of violence, the problems of motorist
accidents have developed a dynamic con-
cept and unifying effect upon individuals
and groups who are trying to bring these
casualties under control. This is the more
remarkable because motoring accidents com-
prise only one particular facet of the “traffic
problem.” In point of fact this problem
itself is actually the sum total of several
problems: congestion and delay; lack of ter-
minal or parking facilities; and traffic acci-
dents. The incredible growth of motor-
vehicle transportation helps to explain the
magnitude of this problem. In the past 55
years our population has doubled (64%
urban), but the number of motor vehicles
has increased more than 7,000 fold. It also
helps to explain why this symposium has
cf)ncentrated upon motorist accidents as dis-
tinguished from pedestrian accidents.

. Above all, this staggering accident and
Injury potential continues to underscore the
fundamental nature of primary accident pre-
vention  Accident prevention has been the
special field of endeavor of the National
Safety Council for many years. The efforts
of this admirable organization have culmi-
nated in its famed tridimensional approach
to the problem: the three E’s, or Education,

25t

Enforcement and Engineering. On this basis
or classification and isolation of the various
parts of this area of motorist safety, preven-
tion has been raised to a very high point as
an art. Can this art be transformed into a
more effective and vigorous science?

The answer to this question is bound in-
evitably to answers to the question, Why do
accidents occur? Thus far the latter are
absent, scarce or controversial, There is a
real need for research to determine which
human and/or inhuman faults or failures
cause greater-than-chance accidents. In the
same way that the how of injury production
is being clarified by crash-impact engincering
studies, so must the why of accident occur-
rence be amplified through valid investiga-
tive findings along these lines. Admittedly
this phase of the problem may be more diffi-
cult to pursue and prove. However, some
work is in progress through epidemiologic
technics. In the meantime there is much to
be said from the standpoint of intuitive and
deductive thinking and on the basis of com-
mon experience: Until more valid data are
forthcoming to bridge existing gaps in our
knowledge, the beginnings and the early de-
velopment of progress along lines of accident
prevention will have to be made on this
basis.

This kind of intelligence never should bs
underestimated anyway. Good examples of
the validity of such thinking are furnished by
uncontrolled fast driving and drunken driv-

‘ing, in regard to which accumulating data

overwhelmingly support previously held
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opinions that speed is the number one killer;
also, that drunken driving is the number one
cause of accidents,

This statement and common experience
support the opinion held generally that the
“behavior of the driver en masse” deter-
mines largely the results of motoc-vehicle
teansport from the standpoint of accidents
and injuries, If that is true, then the chief
efforts toward alleviating the accident prob-
lem must be concentrated upon this not-so-
mythical driver. The magnitude of the prob-
lem looms ever greater in view of the in-
creasing gap between automotive advances
and human capabilities to cope with them.

The point to remember with regard to this
phase of motorist safety is this: primary
safety is dependent upon the relationships
that exist (and that can be altered within
certain limitations) among the driver {and
other drivers), his vehicle (and other ve-
hicles about him) and the immediate high-
way facility (as well as that at intexsections).
Even thus categorically stated, the impor-
tance of driver proficiency (education, train-
ing and psychosomatic fitness), enforcement
and engineering cannot be di d. Alf have
10 be integrated. Until engineers can offset
the element of human error, however, en-
forcement will gain inevitably in scope and
effectiveness in any program of accident
contral.

Enforcement—as defined by the Interna-
tional  Association of Chiefs of Police
(ICAP) and approved at its 1950 confer-
ence~~means compelling obedience to stat-
utes and ordinances by citation or arrest and
penalization for disobedi of such regu-
lation This applies to statutes, ordinances
and legally authorized regulations relating to
the use of streets and highways, to ownership
and operation of motor vehicles, In a gen-
eral way this involves two official functions:
(1) police traffic law enforcement—the detec~
tion and apprehension of violators; and (2)
court traffic law en‘orcement-—prosecution,
adjudication and penalization of violators.

In the past police traffic law enforcement

has been greatly misunderstood-~and un-
justly feared by many motorists because of
some unfait practices with regard o so-
called speed traps in some localities. This
has been overcome targely by modern police
policies toward informing the public in ad-
vance when crack-downs are to be made
against wnsafe driving practices, Also, by
this attitude the police gain the deterrent
effects that they wanted in the first place.

A part of driver education should be the
indactrination of individuals that the safety
and the welfare of a community are the basic
responsibility of the police. Since accident
experience is a constant threat to the entire
community, police traffic law enforcement is
a basic police function,

The purpose of traffic law enforcement is
to induce safe, legal driving habits through
proper conduct and seli-discipline by deter-
rents adequate enough to enforce compli-
ance with regulations even when there is no
one on the spot to uphold the law, Effects
sought, therefore, are direct (on the viola-
tors) and indirect (for some potential vio-
fators). This idea may be based upon the
well-known principle of conditioned reflexes
But admittedly it is true that under present
conditions self-imposed deterrents, such as
fear of accidents, sense of social respousi-
bitity, pride in one’s driving record of safety,
¢te., ate not enough and must be bolstered
by traffic faw enforcement in order to help
keep accidents 10 a tolerable Jevel.

Be that as it may, the gradual encroach-
ment of enforcement is 2 sobering thought to
both officials and the driving population—or
it should be, This trend, however essential it
may appear to be, can be minimized through
adequate standards of driver licensure, as
well as improved automotive and traffic en-
gineering,

The medical aspscts of driver Jicensure
are considered elsewhere.

Antomotive safety engineering and design
have already bzen discussed at some Jength.
Human engineering has been defined. What
about the traflic engineer?
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The limitations of drivers—and vehicles—
are being taken into consideration by high-
way cngincers and designers. The concept
here is dynamic as well as geometric. The
magnitude of this facet of the problem also
has led to the development of so-called
traffic engineers. By official definition traffic
engincering is
that phase of engincering which deals with the
planning and geometric design of strects, high-
ways and abutting lands, as their use is related
to safe, convenient and cconomic transportation
of persons and goods.

Thus the mixture of human behavior and
the physical laws of time, space and motion
permeates the thinking and the planning of
traffic engineers (as it must also all individ-
uals and groups interested in traffic safety).
In a general way their efforts involve “con-
structive” and “regulatory” methods. Regu-
latory methods (in addition to those of the
police and courts of law) seek to control
road-user behavior to meet the conditions of
traffic and the physical limitations of the
road.

It is evident, even from this brief intro~
duction, that accident prevention—like re~
duction of injuries and aids to recovery—
Tequires a multifaceted approach. As prog-
Tess is made, the real and the imagined
frontiers of these different methods will tend
t? disappear into the whole endeavor. Prin-
ciples and philosophy have been established.
Theories have been pronounced; correlations
are needed to make these work. This will
adYance us another step toward the quanti-
fative stages of traffic safety control and de-
velopment. This ultimate goal will probably
derive from the domain of engineering. Its
essence will be the reduction of driver-
critical decisions. Put another way, this

Mmeans making dangerous acts impossible
and right ones easier and more natural.
4 Al this is predicated upon the fact that

fvers have certain natural limitations with
Tegard to reaction time, power of judgment
and power of observation. For this reason

One it is necessary to establish minimal

standards of driver licensure, The need in re-
gard to those actually handicapped psychoso-
matically becomes even more urgent from
this viewpoint. This should be introduced
first on a voluntary basis, in the democratic
tradition. It may be that introduction of this
kind of curtailment with the *fifth freedom”
might lead to an honest nation-wide partici-
pation in motoring self-preservation.

But all this takes time and treasure, and
time is taking an increasing toll of life and
limb from the American driving population.
Until the ideal envisioned above can be
attained, another stopgap must be put to
work-—Enforcement. The state of Connecti-
cut is proving that a sound traffic enforce-
ment program saves lives.*

On this subject the words of Mr. Boate

serve well to end this chapter:
. . . a strict traffic law enforcement program . . .
using suspension of the driving privilege . . .
brings about an immediate reduction of traffic
accidents, injuries and deaths. There is also evi-
dence that the vast majority of the public does
not oppose strict enforcement programs, but ac-
tually seeks the protection they afford. . . . The
Connecticut program . . . is credited with being
largely responsible for a 14% decrease in that
state’s traffic fatalities during the first quarter of
1956. . . . The Connecticut reduction . . ., was
made . . . when accident experience increased by
11% in all other parts of the nation. Under the
Connecticut enforcement program, the operating
licenses of all convicted speeders are suspended
30 days for the first offense and 60 days for the
second offense. . . . Since the introduction of the
strict enforcement program in Connecticut, the
number of arrests . . . has decreased.

The Connecticut program, and earlier pro-
grams, prove two things: first, that a suc-
cessful method for immediately reducing
traffic accidents, injuries and fatalities does
exist; and, second, that the public accepts
firm and impartial enforcement. All that
remains is for state officials to adopt policies
of strict enforcement and driver conirol
through license suspension,

* Connecticut Proves Traffic Law Enforcement
Saves Lives (Brass Button 5:1, 1956—Thomas N.
‘Boate, Mgr., Accident Prevention Dept., Assn. of
Casualty and Surety Companies).
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reverse, if we are to hold the linc in 1966 at
the 1955 and 1956 death totals of 38,300
and 40,000, the exposure death rate 10 years
hence will have to decrease approximately
one third to 4.6.

This is the highway safety situation con-
fronting the nation's traftic authoritics and
citizens during the next 10 years.

COMPLEX PROBLEM

By its very nature highway transportation
is one of the most complex government-
citizen problems today. It concerns not only
the economy of the country and its defense
mobility in the event of encmy attack but,
most importantly, the safety and the welfare
of the people. It involves the laws of nature,
including time, space and motion plus the
frailties and the complexities of human na-
ture and the interrclations and the competi-
tion of human beings living together. When
one reflects upon all the shortcomings of
human beings, his own driving experience
and the freedom inherent in motor-vehicle
travel, the wonder is that the accident expe-
rience is not many times that currently
recorded.

ENVIRONMENT AND MOTIVATION

In recent years much has been written
and spoken about the three “E’s” of traffic
safety—Engineering, Enforcement and Edu-
cation. All three, of course, are necessary
and important, and without proper applica-
tion in the degree necessary of each of the
three the traffic accident problem cannot be
Curtailed Ppermanently.

It .is neither the intent nor the desire to
Oversimplify the problem; nor is it possible
1o sum up in a few words a solution to our
t{aﬁic difficulties. However, from the opera-
tional viewpoint, it is possible to consolidate
1 two words the broad basic approaches of
attack for traffic safety improvement: En-
tvalranmem (improved), lessening the impor-
N ;:)C;v of the human element factor; and
~ ation (proper), encouraging through

tcation and supervision good highway

habits and proper attitudes on the part of
all highway users. .

Each of these two broad approaches in-
volves many kinds and facets of activity
and cndeavor, some in one field, some in
the other, while still others concern environ-
ment as well as motivation, Collectively, all
these activities make up the action program
sponsored by the President’s Committee for
Traffic Safety, endorsed and supported by
traffic authorities, as well as by national traf-
fic organizations.

Space does not permit of a detailed dis-
cussion of all the elements that make up
these two approaches. Suffice it to say, how-
ever, that Environment, in the broad sense,
concerns all those things of a scientific and
engineering nature that make it less possible
for highway users to become involved in
accidents despite the frailties of human be-
ings. These include highway and motor-
vehicle design and maintenance, traffic engi-
neering and the realistic application of regu-
Iations and restrictions. Motivation factors,
on the other hand, are in many respects less
exacting from the scientific point of view.
They are, however, equally important and
not only concern informational and educa-
tional endeavors designed to improve user
habits and attitudes from the standpoint of
instruction and moral suasion but also in-
clude authoritative control, supervision and
punishment serving as deterents to improper
roadway use causing accidents,

ENGINEERING DESIGN

The effectiveness of environmental im-
provements has been well illustrated in the
past, and especially in recent years. Specifi-
cally, the design changes in the automobile
and the highway have proved their worth,
not alone in the area of more comfortable
and more expeditious traffic movement but,
most importantly, in the potential and actual
reduction of accidents through automatic
features of design, construction and control.
For example, the mere physical segregation
of opposing flows of traffic along multilane
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reverse. if we are to hold the line in 1966 at
the 1955 and 1956 death totals of 38,300
and 40,000, the exposure death rate 10 years
hence will have to decrease approximately
one third to 4.6.

This is the highway safety situation con-
fronting the nation’s traffic authoritics and
citizens during the next 10 ycars,

COMPLEX PROBLEM

By its very nature highway transportation
is one of the most complex government-
citizen problems today. It concerns not only
the economy of the country aud its defense
mobility in the event of enemy attack but,
most importantly, the safety and the welfare
of the people. It involves the laws of nature,
including time, space and motion plus the
frailties and the complexities of human na-
ture and the interrelations and the competi-
tion of human beings living together. When
one refiects upon all the shortcomings of
human beings, his own driving experience
and the freedom inherent in motor-vehicle
travel, the wonder is that the accident expe-
rience is not many times that currently
recorded.

ENVIRONMENT AND MOTIVATION

In recent years much has been written
and spoken about the three “E’s” of traffic
safety —Engineering, Enforcement and Edu-
cation. All three, of course, are necessary
a_nd important, and without proper applica-
tion in the degree necessary of each of the
three the traffic accident problem cannot be
curtailed permanently.

It is neither the intent nor the desire to
oversimplify the problem; nor is it possible
to sum up in a few words a solution to our
\‘.}'afﬁc difficulties. However, from the opera-
tional viewpoint, it is possible to consolidate
In two words the broad basic approaches of
attack for traffic safety improvement: En-
vironment (improved), lessening the impor-
tanc? of the human element factor; and
Mom'a_rion (proper), encouraging through
education and supervision good highway

habits and proper attitudes on the part of
all highway users.

Each of these two broad approaches in-
volves many kinds and facets of activity
and endeavor, some in one ficld, some in
the other, whilc still others concern environ-
ment as well as motivation. Collectively, all
these activities make up the action program
sponsored by the President’s Committee for
Traffic Safety, endorsed and supported by
traffic authoritics, as well as by national traf-
fic organizations.

Space docs not permit of a detailed dis-
cussion of all the clements that make up
these two approaches. Suffice it to say, how-
ever, that Environment, in the broad sense,
concerns all those things of a scientific and
engineering nature that make it less possible
for highway users to become involved in
accidents despite the frailties of human be-
ings. These include highway and motor-
vehicle design and maintenance, traffic engij-
neering and the realistic application of regu-
lations and restrictions. Motivation factors,
on the other hand, are in many respects less
exacting from the scientific point of view.
They are, however, equally important and
not only concern informational and educa-
tional endeavors designed to improve user
habits and attitudes from the standpoint of
instruction and moral suasion but also in-
clude authoritative control, supervision and
punishment serving as deterents to impmper
roadway use causing accidents,

ENGINEERING DESIGN

The effectiveness of environmental im-
provements has been well illustrated in the
past, and especially in recent years. Specifi-
cally, the design changes in the automobile
and the highway have proved their worth
not alone in the area of more comfortable’
and more expeditious traffic movement but
most ifnpommt]y, in the potential and ac!uai
reduction of accidents t.hrough automatic
features of design, construction and control
For exan.lple, the mere physical segregation.
of opposing flows of traffic along multilane
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roadways by the application of 2 medial strip
of appropriate design lessens substantially
the frequency and the consequence of
head-on collisions. The present-day express-
ways of controlled access type have to an
even greater extent brought about a larger
reduction of accidents by making it less pos-
sible for drivers to have accidents despite
fittle, if any, change in driver habits and
attitudes through elimination of the many
possible vehicular conflicts existing on the
older type of roads. Some of the recently
constructed turnpikes now are experiencing
accident rates of a quarter to a fifth of the
rates of the older type of surface roadways
subject to frequent marginal and internal
conflicts. This despite heavy volumes of
traffic moving at times at speeds 30 per cent
to 50 per cent higher than on the older type
of facilities.

Regardless of these and future environ-
mental improvements, including the possible
development and application of electronic
vehicular controls, for the immediate future
and many years to come the user factor
{drivers and pedestrians) will continue to be
the greatest challenge in the increasing prob-
lem of traffic safety,

THE HUMAN ELEMENT

Because of the place of the automobile in
our everyday living and by the very nature
of the problem, all of us, except the bed-
ridden and infants, have a concern and a
responsibility in the incidence of traffic acci-
dents.

True, for any one year only a smail per-
centage of the nation’s licensed drivers are
involved in accidents. And, contrary to the
belief of some, the bulk of the nation’s acci-
dent drivers in a single year have never
before been involved in a reportable acci-
dent, or at least sufficient years have lapsed
between accidents so that they are not re-
corded as accident prene.

Since 1t has not been possible up to this
time to screen out potentially dangerous
drivers at the time of initial licensing by

means of precise and valid scientific tests, it
has been customary to license all comers
until such time as they have acquired a bad
driving experience of repeated accidents and
violations. The few exceptions include those
with obvious physical or mental handicaps.
The traffic-accident problem, therefore, in-
volves all the elements of human behavior,
including physical, mental, emotional and
educational, as well as health and medical,
factors. To what degree and in what manner
these elements and factors are involved, and
their interrelation to safe driving, have not
yet been determined accurately, and there-
fore, are subjects for further scientific re-
search and study,

NEED FOR RESEARCH

Why do drivers drive at speeds “too fast
for conditions”™ Why do drivers “drive to
the left of the center line” when approaching
hills and curves, despite inadequate sight
distance? Why do dnvers fail to “obey”
regulatory devices erected for their protec-
tion? Why do drivers “compete” for the
same roadway space in defiance of the com-
mon law of physics that two objects cannot
occupy the same space at the same time?
These and many other guestions can be
answered only through greater knowledge of
human behavior as it relates to the use of
the motor vehicle.

Further research in the area of human
behavior involves:

Intelligence. An evaluation of the rela-
tionship, if any, between intclligence and
traffic behavior. Incidentally, traffic Jaw
knowledge tests have indicated that, by and
targe, habitual offenders score high in their
knowledge of the traffic laws and rules of
the road.

Education. The degree to which learn-
ing and practicing the skills and the habits
of safe driving are interrelated to accidents.
This, too, concerns behavior responses re-
Jated to past experiences and the ability
always to react properly in comparable cir-
cumstances. For example, “secing” is not
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Conclusion

alone a prerequisite of safe driving; equally
important to proper vision is good “secing
habits"—in other words, knowing what is
going on around the driver (all four points
of the compass)—within vision of driving
range, of course—and reacting to avoid con-
flict with others.

Emotion. The correlation of attitudes,
moods, tolerance of others and the com-
plexities of competitive living in a modern
world and traffic accidents. Is it a fact that
as we live so we drive?

PHYSICAL, HEALTH AND
MEDICAL FACTORS

What is the relationship between the
physical well-being of drivers and traffic
accidents? Should physical examinations be
a prerequisite of a driver’s license? If so,
what are the standards?

To what extent are ailments such as cer-
tain heart diseases, diabetes, epilepsy and
others related to accident incidences? Are
patients under medical care and receiving
treatment for these and other ailments a
better or worse driver risk than those not
receiving treatment?

The use of alcohol and stimulating drugs,
such as barbituates, and their relationship to
the incidence of accidents warrant further
study.

CONCLUSION
. Since the advent of the motor vehicle and
5 rapid growth in popularity, traffic author-
itles and others have learned much about the
broad aspects of the problem, including

knowledge of circumstances and situations
surrounding  accident occurrence.  This
knowledge has brought about the develop-
ment and the application of substantial cor-
rectives which in a broad sense have proved
their cffectiveness. The “Action Program,”
sponsored by the President’s Committee for
Traflic Safety and backed by traffic authori-
ties, for example, well illustrates this fact.
However, for further improvement there is
need not only of more intensive and realis-
tic application of all the elements of the
“Action Program” in practically every juris-
diction of the nation but particularly of
greater knowledge of man—his capabilities
and his shortcomings as they relate to the
safe and expeditious use of streets and high-
ways.

Specifically, we are in need of more ex-
tensive and accurate evaluation of accident
causes related to human factors—the sus-
ceptibility of man to accidents, the human
and the physical elements involved, and their
degree of importance.

Next, we need to know more about acci-
dent-prevention measures, their application
relnted 10 the fundamental principies of the
laws of nature, the human characteristics of
highway users and predriving as well as in-
service screening and training of drivers. .

This is a field for constructive research
not alone by government but by individuals
and organizations able and willing to par-
ticipate in this most important humanitarian
social and economic problem facing the
nation.
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Human Engineering and Automobile Safety

Ross A. McFArLAND, PH.D., Sc.D.*

INTRODUCTION

A new discipline has been developing in
recent years in which the engineering and
the biologic sciences are being integrated.
This field of study is commonly referred to
as human engineering or biotechnology, One
of its primary objectives is to improve safety
by designing equipment in terms of human
capabilities and limitations.!® From the
standpoint of human engineering, it is essen-
tial that the mechanical design of automotive
equipment be related intimately to the bio-
logic and the psychological characteristics of
the drivers. The effectiveness of the man-
machine combination can be greatly en-
hanced by treating the operator and an auto-
mobile as a unified system Thus, instru-
ments should be considered as extensions of
the driver’s nervous and perceptive systems,
and controls as extensions of the hands and

* Associate Professor, Harvard School of Public
Health, Boston, Massachusetts

(No one else writing in the field of motor-vehicle
safety has quite Dr. McFarland's ability to isolate,
classify and relate the data relevant to this highly
complex subject. He presents admirably a highly
convincing argument in favor of the value of human
engineening 1n 1ts relationships to the various phases
of accident prevention on our highways. At the
same time he manages to paint an integrated
canvas that embraces all important facets of acci-
dent p from the h g point
of view. Thus, he points out the role of the chnician
and medical groups even in this more recent and
specialized field of endeavor. All readers interested
in traffic safety, and espectally the surgeon in indus-
try, will find much to ponder and act upon in this
excellent discussion by the world-renowned investi-
gator in the domain of human engineering. (E4.])

the feet regarded as simple tools. Other-
wise, it is hardly fair to attribute so many
accidents to human failure alone, as is usu-
ally done. If motor vehicles are designed
from the driver outward, there should be
fewer errors in operation and a reduetion
in accidents.

To state the problem more specifically, it
seems reasonable to cxpect that the design
of equipment should be based on an under-
standing of the sense organs and the charac-
teristics of human perception if satisfactory
information is to be supplied from sounds
and lights m the operation of equipment.
For example, auditory signals might be in-
troduced with frequencies difficult to hear,
or in a range to pznalize the older driver.
Illustrations in other sensory fields—for ex-
ample, vision and tactual sensitivity—will be
given in subsequent secttons of this chapter.
Secondly, the engineer should not make ex-
cessive demands upon a driver in regard to
the physical responses, that is, in reaching
or operating a control or lever. Finally,
switches, handles and knobs should be
clearly distinguished. Otherwise, an inad-
vertent operation may occur.

Furthermore, it should also be realized
that frequently dnivers of automotive equip-
ment are suffering from temporary impair-
ment of functions causing inefliciency, such
as fatigue. Also, there may be changes as a
result of aging. Thus, the cumulative effects
of undue burdens imposed by poor design
features are surc to result in an overwall
deterioration of driving efficiency and per-

280
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haps lead to an accident. In general, any
control which is difficult to reach or operate,
any instrument of poor legibility, any seat
inducing poor posture or discomfort, or any
unnecessary obstruction to vision may con-
tribute directly to an accident because of the
difficulty of operation by the driver.!! .

In applying the concepts of human engi-
neering to the design of automotive equip-
ment, there must be an effective working
relationship between the engineer and the
biologic scientist. Most of the data thus far
have been contributed from the fields of
psychology, anthropology, biophysics and
physiology. Obviously, however, the physi-
cian should participate as a member of the
team because of his training in the areas
mentioned above.

The control of accidents falls within the
province of preventive medicine because of
the important role played by human vari-
ables. Although the host is of primary medi-
cal concern, the agent and the environment,
if analyzed from the point of view of human
engineering, must also be considered in effec-
tive preventive measures.’®

THE ADVANCE ANALYSIS OF
AUTOMOTIVE EQUIPMENT
FOR DESIGN FAULTS

The concept of design defect 15 relatively
new and unexplored in the automotive field,
partly because accident reports have failed
to identify this source as a cause of acci-
dents. Design failures may be so subtle that
those responsible for reporting accidents may
not even be aware of them, particularly if
they are not trained in the field of human
engineering. An advance analysis should be
made, therefore, of all aspects of design in-
volving human behavior, If defects are pres-
ent, it is only a matter of “time” before some
driver “fails” and has an accident. An out-
line of the principles and the chief consid-
erations in the advance analysis of equip-
ment for design faults is shown in Table 1.1

Many examples can be given of the way
in which automotive engineers have made

TasLE 1. ADVANCE ANALYSIS OF
AutoMoTIvE EQUIPMENT

I. Operational job analysis:
1. Requirements of driving
2. Dnwver's area in the vehicle
3. Characteristics of instruments,
displays and controls

1. Blueprint phase:
1. Prediction of performance
2. Human limtations
3. Anticipation of errors

III. Mockup stage:

. Performance of duties
2. Physical size of drivers
3. Skill requirements

4. Age considerations

5. Interfering structures
6.

7

. Physiologic stress
. Errors or near accidents

advances to meet human limitations and
improve safety. Hydraulic four-wheel
brakes, power steering and automatic shift-
ing are excellent examples. However, care-
fully controlled mockup studies, in which
the nature and the range of human abilities
can be tested, might aid in making the most
of these advances. How fast should the
brakes operate in relation to the age, sex,
size and strength of the driver? How much
“feedback™ should be present in the power-
steering system, and how should the auto-
matic shifting device be designed for great-
est ease of operation and standardization?
If the biologic scientist were present during
the mockup stages, he might aid the engi-
neer in regard to the ranges of abilities and
limitations of the driving population,

The physician, with his background in the
biologic sciences, is in an excellent position
to recognize errors which have been incor-
porated in equipment and report them to
the automotive engineers for improvement
in subsequent models. An extensive research
program has been carried out at the Harvard
School of Public Health during the past ten
years in an attempt to develop essential
human{ngineering principles in the design
of motorized equipment. Representative
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Anterior Sitting Eye
Percentiles Arm Reach Knee Height Level Height
Inches Inches Inchea
5 32.95 20.08 27.72
10 33.46 20.43 28.11
15 33.94 20.63 28,39
20 34.33 20.83 28.58
25 34,65 20.98 28,74
30 34. 88 21,18 28.98
35 35,12 2}.30 29.13
40 35,32 21.42 29.29
45 35,51 21.58 29.45
50 35,75 21.69 29.61
55 35.94 21.81 29.72
60 36.14 21.93 29.88
65 36.38 22.05 30,00
70 36.58 22.16 30,16
75 36.85 22.24 30.43
80 37,13 22. 36 30.55
85 37.44 22.56 30.75
90 37.87 22.84 30.98
95 38.42 23.50 31.61
Number: 312 Number: 301 Number: 309
Range: 30.66-41.67  Range: 19,29-25.98 Range: 26,35-32.68
Medifan: 35.75 Median: 21 69 Median: 29. 61
5 ot P st
Average Avarage \
L
i |
3{1 3‘2 3% 3E, 3‘5x ]!6 4’7 B in Sl 2 ,& z’z Js 29 30 31 32 )}
nches
Anterior Arm Reach Normal Smmg Eye Height

Fio, 1. Percentle dustributions of anie . T D i
for profcssxonal buys and truck drivers. o ' A
Capabtlities in the Design and Opera .

Schoot of Public Health)

human-body size, it 15 necessary to measure
not only the dimensions of the vehicles but
also the body sizes of the operators, The
measurements of the human body necessary
THE APPLICATION OF HUMAN for establishing the dimensions of the working

BODY SIZE DATA TO THE space and Iocatmg controls are as follows:
DESIGN OF MOTOR VEHICLES () the maximum arm reaches attainable
without altering the position of the body;

findings from these and other studies of
direct interest to the medical profession are
given below.

In osder to evaluate vehicles in regard to



Application of Human Body Size Data to Design of Moter Vehicles

263

(b) the extension of these reaches which
can be attained by the movement of the
trunk or body; (c) the eye level of the man
in the operating position; (d) body dimt.:n-
sions in the operating position, i.¢., sitting
heights, fore and aft and lateral measure-
ments at various levels; () the leg reaches
attainable without altering or disrupting pos-
ture.1®
THE USE OF STATIC
ANTHROPOMETRIC DATA

A great deal of human-sizing data has
been obtained for pilots in connection with
cockpit design, but Yitle specific informa-
tion is available on motor-vehicle drivers.
To acquire these data, an anthropometric
team from the Harvard School of Public
Health conducted surveys in the field. Meas-
urements of 32 different body dimensions
were taken on a representative sample of
approximately 400 bus and truck drivers in
ail parts of the country, including 100 cham-
pion truck drivers competing in a National
Roadeo of driving skill. These data were
supplemented by measurements taken on a
large sample of military drivers. Compa-
rable distributions for the general driving
population are not available at present.

In Figure 1 the percentile distributions of
three body dimensions are given: anterior
arm reach, knee height, and sitting eye level
height. These are known to be important in
regard to the location of the seat and the
controls in vehicular equipment. Two of the
distributions ate also shown graphically.*

The data are not presented in terms of
averages, for the use of average values may
account for many defects in vehicle design.
The mean should not be employed directly,
since, by definition, arrangements for the
person of “average size” would be suitable
for only 50 per cent of the operators in a
normally distributed group. Provision for 90
or 95 per cent, or any other predetermined
proportion of potential operators, will re-
quire identifying the correct cut-off points,
For example, where arm reach for the op-
eration of controls is under consideration,
the cut-off point should be well below the

average reach, In other situations, due con-
sideration must also be given to the 25 per
cent of the drivers whose dimensions exceed
the average values, as well as to the 25 per
cent whose measurements are below the
average.

Many serious errors were observed in re-
gard to human sizing. In several models, for
example, only 5 per cent of the drivers could
comfortably reach and operate the hand
brake. In others, only 60 per cent could be
accommodated for knee height between the
pedals and the steering wheel. Many of the
taller drivers are unable to adjust their sit-
ting position to obtain maximum visibility
with regard to their instruments and the
road ahead.'®

Failure to provide for adequate seat ad-
justment to allow for variations in human
size frequently was reported by the drivers
interviewed and from the objective studies of
working areas. Probably the most striking
defect was that the front of the seat could
not be lowered for shorter individuals to
enable them to operate the pedals without
excessive pressure under the knees. Some
of the medical problems frequently observed
in truck drivers are believed to be related to
poor seat design and to failure to provide ade-
quate shock absorbers1?

On the basis of static anthropometric data
it has been possible to specify dimensions for
certain distances and clearances within the
driving cab to accommodate the middle 90

per cent of the drivers with respect to body
size 16

DYNAMIC ANTHROPOMETRY AND THE
Use oF Mockups

The problem of integrating anthropo-
metric data with the static dimensions of
cabs is one of varying complexity. The
reason for this is that most body measure-
ments are made under static conditions. On
the other hand, if a man is driving he is in
a dynamic situation. As a result, the static
d.a!a cannot always be applied without addi-
tional study through the use of mockups in
connection with subjects representing known
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Fi16. 2. Shows how the knee of a taller
driver is trapped under the steering wheel
when the shift lever 1s 1n a left position,
so that he cannot raise his foot to the
brake without first shifting gears. (McFar-
land & Moseley: Human Factors in High-
way Transport Safety, Boston, Harvard
School of Public Health)

points in the distribution of body measure-
ments.

Similarly, faulty design may be overlooked
without direct observation of the driver op-
erating his equipment For example, when
one truck model was evaluated, it was dis-
covered that taller drivers could not operate
the foot brake when the gear lever was in
either of the two left positions (Fig. 2). It
was impossible for a driver to put his foot on
the brake pedal without first shifting gears.
For 80 per cent of the drivers the distance
between the brake pedal and the bottom of

Fi. 3. Schematic ditagram of the
mockup truck cab. Shows the vanous
adjustments available to the subject and
the manner 1n which each was measured.
(cf. McFarland, R, A.: Soc. Automotive
Engineers Tr 64:737)
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located directly beneath the foot pedals,
close to the steering post (Fig. 4). In these
models the driver may inadvertently operate
the air horn or the foglights while attempting
to dim his headlamps. Even when he oper-
ates correctly, more complex motions and
longer reaction times are required to avoid
the pedals. Since many accidents occur
when approaching another vehicle, the loca-
tion of the switch underneath the pedal may
cause undue delay in pedal operation. Ade-
quate shape coding for the accurate identi-
fication of knobs and switches by feel or
touch might be used to great advantage
(Fig. 5). Also, greater standardization in
the location of switches might aid in the
reduction of accidents which are attributed
to the inadvertent operation of a wrong
control. The use of these principles might
have prevented the accident described earlier
m this section.

THE DEeSIGN oF Foot PEDALS sND LEVERS

The various pedal relationships offer a
promising area for study and improvement.
In some instances the brake and the acceler-
ator pedals are so placed that they force the
driver to make lengthy movements in three
directions before the brake can be activated,
i.e., up, over and then down. Sometimes the
two pedals are of identical design and ma-
terial, making it almost impossible for the
driver to distinguish between the pedals by
“feel” alone. Undoubtedly this feature has
been responsible for many critical situations
and probably a certain proportion of real
accidents as well, especially with drivers new
to a particular vehicle.

Individual muscle groups may become
acutely fatigued from holding a steady posi-
tion, especially if at a cramped angle. The
lower right leg and foot, for example, may
react slowly in emergency situations after
maintaining  steady continuous pressure
against the accelerator pedal. In some situa-
tions, as on runs in mountainous country,
continuous turning and shifting are required.
Mechanized or hydraulic aids to steering will
continue to reduce the possibility of errors
during such combined maneuvers.

HUMAN LIMITATIONS IN RELATION
TO THE DESIGN OF INSTRUMENTS
AND WINDOW AREAS

A driver must receive clear and unam-
biguous information concerning his automo-
bile and must have an unobstructed view of
the surroundings for efficient and safe opera-
tion, The driver receives by far the greater
part of this information via visual percep-
tion; thus an important area of consideration
is the visual display.

‘THE DESIGN OF INSTRUMENTS
AND DispLAYS*

Often a driver spends too much time

* The following factors are important in regard
to ease of sceing: (a) size and spacing of critical
detail, especially in mstrument markings and fig-
ures; (b) contrast between object and immediate
background, (¢) amount of illumination, including
the use of color; {d) contrast between the objects

tob ) ™ sign enteria
for Cor numbering
of i . . -gible width
and length of pointers, have been determined

experimentally, Figure 6 illustrates a few of these
principles 5 27

TOPEY

Fi6. 5. Shape coding of knobs and handles. Shown are several shapes
which can be distinguished easily from each other by touch, without the
aid of vision.? (After Chapanis, Garner and Morgan: Applied Expenimental
Psychology—Human Factors in Enginecring Design, New York, Wiley)
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Unpatterned Dial Display

Fi6. 6. The design of dsals for case of re

Patterned Dial Display
ading. In the top row of dials, that at the

left can be read most quickly and with fewest errors. In the bottom row of dials,
detecting the instrument showing  deviation from the normal range is more rapid in
the patterned display at the right3 (Chapanis, Garner and Morgan: Applied Experi-
mental Psychology—Human Factors in Enginéering Design, New York, Wiley)

reading an illegible instrument or looking for
a specific switch or instrument among athers
of the same size, shape and general design.
At other times the dials may be behind the
steering wheel or too far away to be read
easily, All of these items—design, place-
ment and legibility—may seem trivial, in that
improvements may result in saving only
one tenth of a second, but, at 40 miles an
hour, a tenth of a second can well mean the
difference between life and death.

Almost all automatic instrumentation is
of the numeral, marker, pointer type. This
necessitates  direct reading of numerical
values However, many of the instruments
may be more usefully designed for check
reading, with normal values indicated by a
common position of the pointers, requiring
scrutiny only when a marked deviation of
pointer position occurs. The nine o'clock
position has been shown to be satisfactory
for this purpose, since the zero or normal
position is at nine o'clock and the needle

rises or falls for an increase or a decrease in
value.*

DESIGN FOR VISION OF THE ROADWAY
AND SURROUNDINGS

The design of windshields, side windows
and rear-vision mirrors represents one aspect
of the visual display. Studies of operating
efficiency and accidents indicate that addi-
tional research should be carried out in these
areas. Adequate vision from the vehicle re-
mains a serious problem in some auto, bus
and truck models, although marked im-
provements have been made in others.?®

Man’s Area of Vision in Relation to
Windshield Design. The range and the
field of view for drivers from all types of
vehicles is an important area for the applica-

* Although visual displays are more common,
anditory signals can also” be used if they are
recognezable against the general sound background,
In such cases an attempt should be made (o use a
frequency range where the ear is most sensitive and

shows least masking by the noise background, or is
least subject to hearmg changes due to age.
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Fi6. 7. Dark adaptation in relation to age and the tinted windshield.
Threshold mtensities of light during the course of dark adaptation are

N shown by the curves for the first 40 minutes. A slight rise in the light
required for perception occurs at 41 mil , when clear windshield
i glass was introduced. The larger increase at 46 minutes demonstrates
X the added effect of tinted windshield glass, (McFarland, R. A.: Am.
J. M. Sc. 234:1)
Y -
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tion of human-engineering research. In a
study associated with the Harvard project,
methods are being developed for the objec-
tive rating of vehicles of various kinds in
terms of the visibility from the eye position
of the driver. An instrument has been de-
vised by King and his associates which per-
mits numerical comparison of the outside
physical area visible through various ar-
rang of windshields, windows and
supporting structures with the total area man
is capable of viewing. This study is con-
cerned with improving the design provisions
for seeing other vehicles and stationary ob-
jects in time to introduce appropriate
action ! The effect of curvature in the wind-
shield on the accurate perception of the loca-
tion and the distance of objects represents
another factor requiring study.’®

Visibility Through Tinted Wind-
shields at Low Illumination. There is no
better example of the importance of the
interrelationships between the operator, his
equipment and the environment than the use
of tinted windshields on vehicular equip-
ment. These windshields have been widely
accepted in America, and certain advan-
tages may be obtained in reducing the glare

from bright sunlight and aiding in the con-
trol of temperature within the car. Since
the National Safety Council reports that
accident rates are three times higher at night
than in the daytime, this design feature
deserves careful consideration in order to
utilize the principle to the greatest advantage
without introducing hazards.*

Age is an important consideration in
evaluating the significance of these find-
ings. 1t 15 now well established that with
increasing age there is a decrease in the
sensitivity to light of the retina under low
levels of illumination. The correlation for
this relationship in our experiments was
found to be .895, one of the highest yet
reported between age and a biologic func-
tion. From the data it was calculated that
for every increase of 13 years in age, a
doubling of the intensity of dim lights and
Tt 1 ¢ e et b
mate " .
asec .
glass, Carefully controlled tests in the Harvard
project indicated that, at low levels of 1llumination,
objects just perceptible without the glass could not
be perceived through the tinted windshicld unless
l]h:isrigrighlness was increased by a factor of about
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would be required for them lo be

jec
objects e

just above the threshold of perception.

THE CONTROL OF ENVIRON-
MENTAL FACTORS, INCLUDING
DECELERATIVE FORCES

Ax additional factor influencing the effi-
ciency and the safety of the driver is the
physical variables of his environment. These
may be broken down into the major aseas of
temperature, humidity and ventilation, noise,
vibration, carbon monoxide and the forces
involved in deceleration. Extremes in any of
the variables will result in the discomfort
and the lowered efficiency of the driver, as
well as the discontent of the passengers. For
ench of these variables there are reasonably
well-defined ranges of comfort and discom-
fort, and extremes which may give rise to
aceidents*®

TEMPERATURE, HUMIDITY
AND VENTILATION

A change in any one of these varlables
wilt affect the other two insofar as they
determine comfort. Hence, all three must be
considered as a unit. Composite curves have
been developed by the American Society of
Heating and Ventilating Eagiueers to show

* When the decrease in light sensiuwvity of the
older eye is combined with the reduced transmission
of jight by the tinted glass, a senous question of
safety during mght driving may be raised. Carefully
controlled operational studies will be required to
determine the practical significance of the findings
in this atea. At present the results of our laboratory
studies indicate that at any age the eflect of the
tinted glass at night is to reduce the visibility of
lights and objects fiear the th d of i

the various comfort zones and the typical
subjective responses to heat, cold and bu-
midity.** .

One of the most important requirements
for driver and passenger comfort relates to
air movement and the amount of fresh air
used jn ventilating the car, Very low rates
of air movement will produce a fecling of
stuffincss, and body odors and tobacco
smoke may become very irritating. Opti-
mally, from 35 to 40 cfm of fresh air should
be supplicd per individual at velocities of
between 20 and 60 fpm in order to main-
tain a sense of freshness without creating
undesirable drafts. 1t should be remembered
that increased air velocities tend to have a
preater cooling effect, which may be advan-
tageous in summer but uncomfortable in
winter,

‘The most important implication of the
atmospheric variables, however, is the fact
that human performance has been shown to
deteriorate significantly at temperatures of
about 83° Effective Temperature and above
(the equivalent of 83° F. at 100% humid-
iy).®* Of the different types of skills which
show detecioration, many are activities hav-
ing direct relationships to safe driving. These
results were obtained with industrial work-
ers, and the same procedures should be car-
sied out with drivers. Poorly ventilated ve-
hicles undoudtedly give rise to lethargy and
sleepiness, and thus contribute to accidents.

Norse

The noise levels in most passenger auto-
mobiles are sufficiently low to require few

and that though the influence of age is of gfeazer
Mmagatude than that of the glass m reducing visi-
bility, the effect of the glass is relatively preater for
oldes persons. Figure 7 usteates these findings,
The first partion of the curves shows the course of
the senuitivity threshold for groups of subjects cov.
eting the age range of 16 to 89 years during 40
munutes of dark adaptation. The slight vise in the
thresholds at 41 minutes results from the introd

design from the point of view of
driver health and safety. This is in marked

* The aptimum range for winter is from 48° F. to
72 1: (dry bulb}, and for summer from 74° F.
0 78° F. A relative humidity of 30 per cent to 70
per cent is quite acceptable in these 2ones, Exces-
swely high humidities ate uncomfortable ot hph
temperatyres and result in feehings of coolness or

tion of clear windshield glass, while the substantial
nse At 46 quautes follows the viewing of the test
Yights through tinted windshield glass.t

paess at fow . When the i
are below 15 per cent, the membranes of the eyes,

glrey .Sose and the throat become vacomfortably
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contrast with the situation of some com-
mercial vehicles.*

An octave band analysis of the noise out-
side heavy and medium trucks made by Cal-
laway revealed heavy trucks to reach a peak
of 93 decibels in the 75 to 100 cps frequency
band, dropping to 80 decibels in the 600
to 4,800 cps bands. Those taken on a pas-
senger automobile during the same investiga-
tion reached a maximum of only 64 decibels
in the 150 to 300 cps band.® Only in the
latter vehicle has a sufficiently low noise
level been maintained. The noise from
trucks is a serious problem to residents of
many communities. The wide range of dif-

* In seven current truck models which were tested
for over-all noise Jevels w:tiun the cab by the Har-
vard research group, 1t was found that the range
was from 48 to 89 dectbels with the cab closed and
the engine jdhng. On those models which were

ferences in noise levels from the quietest and
the noisiest trucks indicate that some de-
signers at least have been able to make great
improvements. Suggested criteria for the
denssigner in this respect are shown in Figure
8.2

VIBRATION

The human body is very sensitive to the
various types of vibration encountered in
motor vehicles, especially to those in trucks.
There is no doubt that excessive vibration
leads to discomfort and fatigue in driving
operations, Evidence is also accumulating
that serious physical disorders may result
from protracted exposure to excessive vibra-
tion.* Under less extreme conditions, visual
acuity is affected, and certain reflexes are
diminished,® The physiologic limits of toler-
ance to vibration are thus of great impor-
tance, and collaborative medical and engi-
neering studies are especially needed on the
effects of vibration beyond the limits toler-
able for health, safety and efficiency.

The subjective reaction varies with the
frequency and the amplitude of the vibra-
tion. In general, the higher the frequency,
the Jower the amplitude must be to main-
tain a given level of comfort. Also, as fre-
quencies increase, the effect tends to be
more localized. With slow frequencies the
whole body may be involved. Most of the
frequencies encountered in motorized equip-
ment are relatively slow, ie, 8 cps or
]ess.ua,u

CARBON MONOXIDE
Carbon monoxide poisoning is an ever-

* The subjecti p to vit as deter-
mined by several investigations, is shown in Figure
9. Thus, a vibration of 8 cps becomes percepuible at
an amphtude of .0008”, unpleasant at .009”, and is
judzed mtolerable at 06", Similar himits may be
read from the chart for any given amplitude and
12 In general, where one is excessively

road-tested under normal of the
secoud and third gear noise fevels were between 80
and 95 decibels and Just below 90 decibels in fourth
gear.

hiv}n thciolh:r must be made correspondingly low.
Ideally, of course, both amplitude and frequency
should be reduced as much as possible.
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present possibility in the operation of motor
vehicles. The concentration in areas of
heavy traffic is being reduced by improved
engine, carburetor and muffter design. The
problem is becoming increastngly important,
however, in relation to smog and heavy de-
celeration and idling in traffic in metropoll-
tan areas.” The influence of carbon monox-
ide fram this source is known to be serions,
and it is a health hazard in areas of high
waffic density. Also, there are large amounts
of hydrocarbons which are discharged into
the air from the use, the storage and the
transportation of gasoline.

It is well known that small amounts of
carbon monoxide will be absorbed rapidly
by the blood stream, resulting in an oxy-
gen deficiency which may at fiest be un-
voticed by the individual. The injtia) reaction
of carbon wenoxide poisoning consists pri-
marily of lowered attention, difficulty in
concentragion and retention, stight muscular
m-co-ordination, sleepiness and a mental and

physical lethargy. These symptoms could
easily fnvalve a driver in hazardous situa-
tions.”™** Qne of the earliest demonstrable
effects of carbon monoxide is o reduce the
sensitivity of the eye under fow illumination,
as in driving at night. For example, chronic
cigarette smokers are known to have from
4 1o 8 per cent carboxyhemoglobin in their
blaod, which would correspond in effect to
an altitude of about 7,000 feet, If additional
amounts are present from the exhaust sys-
tem of the vehicle, a state of oxygen defi-
ciency having serions implications for safety
may result.2®

In motor vehicles danperous concentra.
tions of carbon monoxide usually result from
leaks in the exhaust system and openings in
the floor boards or other parts of the vehicle
body. Exposure to even as small a con-
centration as 0.01 per cent (100 ppm}, al-
though having no perceptible effects for
several hours, should not be permitted over
long periods of time, ¥t is desirable to limit
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the amount of carbon monoxide to .003 per
cent (30 ppm).*713

DECELERATIVE FORCES

The decelerative forces involved in sud-
den stops will result in bodily injury to the
occupants if they are thrown forward against
the windshield, the dashboard or other struc-
tures or projections. The degree of safety is
dependent in large part upon the rate at
which the vehicle stops. Ideally, the brakes
of a modern vehicle are capable of produc-
ing a deceleration of up to 1 g (32 feet/
sec?), but in practice it has been found that
20 feet/sec® is the maximum that can be
expected in most circumstances. This figure
is considerably higher than those determined
for the points at which a person riding in a
vehicle feels discomfort gr must prepare to
avoid bodily injury.

A series of controlled braking stops were
made from a speed of 70 mph, and the
subjective responses of the drivers and the
passengers were recorded. On the basis of
the data obtained, the maximum limits of
deceleration for comfort can be set slightly
below 11 feet/sec®. However, as these
forces approached 14 feet/sec?, the reaction
was judged severe, and the passengers had
to prepare to avoid injury.®® Since high
decelerative forces will occur only during
conditions of emergency, they cannot be
controlled completely through driver choice.
The ultimate solution then is to prevent
injury to the occupants of the vehicle insofar
as is possible once such conditions occur.

* Studies made at the Harvard School of Public
Health indicate that air leakage into moving vehicles
will often suffice to keep carbon monoxide fumes at
a safe level. However, there is some chance that
drivers entering closed truck cabs left standing with
the engine idhing may be affected by the accumulated
carbon monoxide 13 There 1s also a possibility that
dnivers who remain in a closed idling cab for more
than 15 minutes will be affected by the gas, There
have been some cases of drivers found dead at the
wheel from carbon monoxide poisoning. Exhaust
systems should be made mare resestant to the loss or
the leakage of fumes, and drivers should be well
indoctrnated in the procedures for aring vehicles
left standing with idling motors,

Research by Stapp, DeHaven, Dye and others
on the ability of the human body to with-
stand sudden deceleration and impact forces
has indicated that the force of many acci-
dents that are now fatal may be within the
physiologic limits of survival.42%.

It was found, for example, that 2 human
being can withstand very high decelerative
forces without injury if he is properly re-
strained. On the other hand, a speed of 15
miles per hour can cause death if the mo-
mentum of the head is not checked during
rapid deceleration of the vehicle. If a 10-
pound object, the approximate weight of a
human skull, falls 1 foot and strikes an area
1 inch square, the deformation would be
very slight. On the other hand, under the
same conditions, if an object 1 centimeter
square is struck, a puncture fracture would
result.

Controlled research in this area is defining
not only the tolerances which the human
body can stand but also the variables within a
decelerating vehicle which result in injury.
This requires a uniform system of obtaining
data on the causes of injury within automo-
biles in crashes. At the Automotive Crash
Injury Project at Cornell Medical College,
case histories are being accumulated at a
rate of 8,000 a year, from twelve states.!
Some of the findings which have resulted
from the correlation of injuries with data on
the portion of vehicle structure involved are
as follows: One or more front doors opened
in from 44 to over 50 per cent of the injury-
producing accidents. Rolling over of the car
significantly increased the frequency with
which front doors opened. When front doors
opened, one out of four occupants was com-
pletely ejected from the car. Complete ejec-
tion through opened doors approximately
doubled the risk of sustaining moderate
through fatal injuries.2

Studies of the specific features of vehicu-
lar designs that cause injuries in crashes offer
considerable promise in reducing fatalitics.
Obviously, automotive engincers can make
a great contribution to reducing these in-
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jurics and fatalities if preventive action can
be taken at the source, namely, the vehicle
itself. The role of restraining devices also
offers a promising field for alf those con-
cerned with automobile safety.

In order for the designers of motor ve-
hicles to reduce injurics in future vehicles,
it is neccssary that they be given data con-
cerning the magnitude of the energy and its
rate of absorption which result in definite
injury. Physicians especially may make a
contribution by helping to define the stress

characteristics of the human body and the
injury thresholds of its parts. For example,
recent research has yielded some quantita-
tive data on the variables involved in two
kinds of injuries of the human head, ie.,
cercbral concussion and skull fracture.!

THE LIMITS OF PHYSICAL VARIABLES
FOR DRIVING COMFORT AND SAFLTY

A schematic interpretation of the various
stimuli encountered in driving is given in
Figure 10 in terms of limits for comfort, dis-

PHYSIOLOGICALLY :
HARMFUL ZONE

HUMIDITY

->70%
«<t5% <30

Fie. 10. The physical variables of the environme:
safety. These values must be considered approximat

dependent on one or more dditi
Engincers Tr, 64:630) oo (octors. (MeFarland, R. A.: Soc. Automotive

nt influencing driver comfort and
1003, since each variable is inger.
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comfort and physiologically harmful zones.
The values indicated in the figure cannot
always be considered as rigid standards be-
cause of the interdependence of one variable
with another. The difficulty of giving a single
numerical value as a standard is exemplified
in the limits for carbon monoxide. The gen-
erally accepted maximum value is 100 ppm
of carbon monoxide in circulating air for
prolonged exposures. This figure may be
satisfactory for a person sitting quietly at
sea level, but it should be reduced if the
amount of exercise, the degree of ventilation
or the length of time increases. The permis-
sible amplitudes for vibration, on the other
hand, apply only at frequencies of 8 cps or
less. Frequencies higher than this are prob-
ably not a major factor in automobile opera-
tion. The same complexity characterizes
almost every other function that has been
discussed.® Linear scales or straight-line
functions are not so adaptable to the study
of human variables as are nomograms, in
which one can ascertain the effects of alter-
ing any one of the variables upon the others.

SUMMARY AND CONCLUSIONS

1. A new approach has been developed
which emphasizes the collaboration between
the biologic and the engineering sciences in
highway safety. This may be referred to as
human engineering or biotechnology. Al-
though it is recognized that most accidents
result from human causes, it has been pro-
posed that an additional way of .advanc.ing
highway safety is to increase the integration
of the driver with his vehicle. It was stressed
throughout that mechanical design should b‘e
based upon the biologic and the psychologi-
cal characteristics of the drivers, and that
vehicles should, therefore, be designed from
the man outward with instruments and con-
trols considered as extensions of his nervous
system and body appendages.

2. Physicians and surgeons, because of
their training and background in the biologic
sciences, can make an important contribu-
ton 10 the human engineering team. Al-

though the medical scientist is not respon-
sible for design defects, he can collaborate
with automotive engineers in bringing about
improvements. Not only can he help in
discovering the causes of accidents from this
source, but he can aid in preventing them by
adequate indoctrination of his patients.
Finally, a knowledge of biotechnologic prin-
ciples may assist the physician in treating
highway injuries most effectively.

3. The advance analysis of automotive
equipment in the interests of safety was em-
phasized. Defects in design can be antici-
pated and avoided before the vehicle is put
into production by these methods. This re-
quires (a) an operational job analysis, (b)
a functional concept of accidents, (c) an
awareness of human lmitations and (d) the
provision of wide tolerances, or margins of
safety.

4. Some general principles were discussed
for the arrangement and the design of the
driver’s working area. These included the
use of human body size data to indicate the
location and the relationships of seats and
the various foot and hand controls, human
capabilities in relation to the design features
of the controls, and the human factors to be
considered in the design of instruments. In
general, any control that is difficult to reach
or operate, any instrument that is difficult to
read, any seat inducing discomfort, or any
obstruction to vision may contribute directly
or indirectly to decreased driver efficiency
and eventually to accidents.

5. Such environmental variables as tem-
perature, humidity, ventilation, noise and
vibration were discussed with reference to
the comfort, the health and the safety of
the driver. Data were presented to show the
desirable and the undesirable limits of these
factors as an aid to the designers of auto-
motive equipment.

6. Attention was also directed to the fact
that the decelerative forces of many fatal
accidents theoretically have been within the
physiologic limits of survival when the indi-
viduals can be given the proper protection.
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Current rescarch on relationships between
crash injuries and the design of vchiclc's
then was reviewed bricfly, Important appli-
cations from these studics have already been
made in some automobiles.

7. Significant advances in awtomobile
safety can be achieved when the basic physi-
cal, physiologic and psychological charac-
teristics of drivers are associated with the
specific design characteristics of motor ve-
hicles under given environmental conditions
and at particular times and places. Factual
information of this type can be discovered
only by carefully controlled experimental
and clinieal studies, epidemiologic surveys
and statistical analysis. A dynamic and con-
tinwous safety program can produce positive
results only by the constant application of
the fundamental principles resulting from
such studies,
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steering and safe highway construction. Ob-
viously, the road was banked the “right”
way. Surgeons must co-operate in a formal
way with those leaders who are endeavoring
to get safer roads.

Let us next consider the people who drive
the vehicles on our highways.

The basic idea of licensing drivers of
motor vehicles is to ensure that these people
are (1) physically able, (2) morally respon-
sible and (3) mentally capable of perform-
ing this potentially dangerous activity.

This means that the right to drive a
motorcar is a privilege that must be earned
by each individual; it is not a God-given
right!

It has been shown that young people who
have had a course in driver training meet
with far fewer accidents than those who have
been taught by their parents or some friend,
or who have “just learned.” We must im-
plement this altogether logical bit of infor-
mation. I believe that this training should
take place in the public schools, even if this
will require additional time, money and rooms
or even buildings. But, even a tremendous
expenditure will be far less costly than our
present outlay, which is estimated to be five
times our annual loss by fire. I call for
legislation requiring that every new applicant
for a driver’s license present a certificate of
driver education from either the public
school or other approved source,

We now come to the complex and intri-
cate matter of driver examination, which
cannot be discussed adequately here. But,
first, we all recognize the importance of ade-
quate vision. 1 shall not go into details. The
burden of my remarks in this area is that
the members of our profession who special-
ize in this field must get into the dust and
the hurly-burly of practical politics. At

safety conferences and meetings of highway
groups, the speaker in this field almost
always is an optometrist. When any pro-
nouncements are made in the press about
drivers and vision, they emanate from an
optometrist. There is a significant area of
study in regard to adequate rear-vision mir-

rors, etc., which should challenge our opthal-
mologic groups. Qur profession must retake
the lead in the visual testing of drivers and
endeavor to develop new and more adequate
visual aids in motorcar driving.

We now come to a real “toughie”—the
psychological testing of drivers. It has been
shown in industry that money can be saved
by weeding out the drivers with psychologi-
cal difficulties. The City of Detroit, at the
Psychopathic Clinic attached to the Re-
corders Court, has shown the wisdom of
channeling the repetitive offender through a
clinic rather than round the circle again con-
sisting of court, jail and another accident.

The booklet entitled Accident Facts, pub-
lished annually by the National Safety Coun-
cil, deserves a place in every doctor’s library.
According to reports from 22 states, in 24
out of 100 fatal accidents a driver or an
adult pedestrian had been drinking. Among
the drivers involved in fatal accidents for
whom the condition was stated, 20 out of
100 had been drinking. The driver’s condi-
tion was not stated in 24 per cent of the
cases, and it is safe to assume that several
of these also had been drinking. After all
that has been written and said about mixing
gasoline and alcohol, and in view of the fact
that such a high percentage of drivers in
fatal accidents have been drinking, it would
seem that the situation should be reconsid-
ered.

We must deal more harshly with the
drinking driver than is the case at present.
That we are so lenient with such people is
because the great majority of us—the baker,
the doctor and the candlestick maker—drink
and drive. I have watched juries in alcohol
cases, and their decision “Not Guilty” in the
face of flagrant evidence means simply that
they said to themselves, “There but for the
grace of God go L” But I think we must
go farther than that, and deeper than that,
and see to it that any drinking driver at the
time of his first accident, no matter how
minor, is compelled by law to undergo a
psychological examination.

One of the most important arguments for
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positive lead in its resolution of February 19,
1955, and it is to the surgeons in each lo-
cality that we must look for leadership. This
does not imply that the American College
of Surgeons is recommending legislation in
this field, because it is not; it hopes to
stimulate competition among the various
manufacturers in the field of safety. As I
survey the last 25 years of automotive his-
tory and the scores of suggestions for safety
that have been rejected by the motorcar in-
dustry, it is clear to me that specific legisla-
tion in each state is the only means by which
automobiles will be built that can crash with-
out danger to the occupants. What are the
specifications that the lawyers and the legis-
lators would expect us as medical men,
familiar with the actual facts of trauma, to
suggest?

Everyone knows that the instrument
panel is the cause of some of the most hor-
rible injuries. These are inflicted by the
knobs and other protuberances which, at
only 11 miles an hour, can produce a skull
fracture Dye, of Cornell, has shown that a
human skull can be hurled at a speed of 70
miles an hour against a steel plate without
imury if a pad 4 inches deep is interposed.
In other words, the padding on the instru-
ment panel, composed of the newer plastic
foam, should be at least 2 inches deep and
have a backing of metal whose curves are
no sharper than a radius of 2 inches. Be-
hind this metal there should be no fixed
structure, so that the metal will be able to
deform another 2 inches under the more
severe impacts. This same depth of plastic
padding should be provided over the corner
posts, over the windshield frames and back
along the roof for a distance of at least 4
feet, for it has been shown that the rear-
seat passengers strike the roof in about this
area. As newer substances are devised,
these depths and thicknesses may change,
hence they should not be incorporated into
law. The specific wording in the legislation
should be. “embodying structures and sur-
faces which may yield to a sufficient extent

that the human skull may be decelerated
from a speed of 65 miles an hour (or other
current maximum speed limit) to zero with-
out injury.”

Obviously, it is impossible to make the
basic structure of the windshield frame with
corner posts that will yield on impact; there-
fore, measures should be taken to keep peo-
ple from striking these structures at all,
Some form of restraining device, which may
take the form of a bar extending from the
door of the car, or a shelf that may be pulled
toward the passenger after he is seated, or
the current seat belt, must be provided. Ac-
tual mechanical details should not be speci-
fied in laws, but the specific measure, ie.,
“personnel restraint,” or “passenger stabiliz-
ing device,” should be insisted upon and the
degree of restraint specified, ie., “a mini-
mum of 4,000 pounds.” This figure may be
changed as time goes on; for example, for a
long time aviation belts were officially 2,000
pound belts; later they were raised to 3,000
pounds; and further changes probably will
be made as aviation safety progresses. There
is every evidence that motorcar belts should
exceed aviation belts and have a minimum
strength of 4,000 pounds.

One of the most impostant details of
motorcar safety is the need for doors that
will stay shut on impact. This year most
manufacturers are providing safety door
locks. They are of uneven quality, but some
are very good In order to get uniform pro-
tection, we must have laws governing this
detail of construction. T think that this pro-
tection should operate at all speeds specified
as legal within the state, hence the law
should read something like this: “The doors
of all motor vehicles sold as new within the
borders of the State of Nebraska after July 1,
1957, shall remain closed upon impact of
the automobile with 2 standard concrete and
steel barrier at all speeds up to and including
65 miles per hour. The construction shall be
such that after said impacts the doors may be
opened from within or without with no more
than a 100-pound force.”
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essentially a police function, it must be
managed by the authorities. In Colorado,
the very people whose cars need inspection
find ways of nullifying it.

One suggestion that has been made is that
cars up to 3 years of age be absolved from
inspection. These new cars in the hands of
original owners should not be forced to
assume costs of an inspection that they do
not need and that properly should be borne
by the cars that need inspection.

Whatever mode of administration is de-
cided upon, my study of the matter indicates
that big, heavy inspection machines are
needed plus a mode of administration with
no loopholes.

It is all very well to say, “Let there be
a Jaw,” but to get one enacted js another

thing. The minute it becomes apparent that
something is afoot regarding the motorcar,
the automobile manufacturers fly their agents
in. These men are suave, friendly, very wise,
and one must not think that they do not
have power. It is not an accident that we
have many laws about roads and drivers
but very few about motorcars.

Finally, when you find the going tough,
recollect the annual death and injury toll
that you are trying to ameliorate, that doc-
tors drive automobiles too, and that the lack
of crash padding and an energy-absorbing
steering wheel may become an intensely per-
sonal affair. Therefore, install belts in your
car, and in your wife’s car, and see that
they are fastened every time before the
engine is started,
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TABLE 3. ACCIDENT RECORDS IN 70
AMPUTEES (26 ACCIDENTS—17 DRIVERS)

Minor Major

Legal respoosibility ....... P 2
. Not responsible .......... oo 15 3
Responsibility in question..... 1 0
No. injuries «......... -0 0
No. deaths .. 0 1

Calculations were made and compared with
the over-all figures of normal drivers in the same
areas. The above were not over those of normal
drivers. Average number of years of driving was
10 years. (After Shannon: Canad. Serv. M. J.
12:464, 1956)

such afflictions do not result in greater-than-
chance number of accidents (Tables 2 and
3). Since the comparison is made with the
general driving population—among whom
are some who ultimately will be restricted
and/or eliminated from this privilege—these
data are no more valid than statements
based on intuitive thinking. Stated another
way, if the general driving population can do
no better than amputees or paraplegics, then
surely, if for no other reason than this, a
closer psychosomatic screening is indicated.
Be that as it may, clinical and other experi-
ences in fact point to this requirement.
Who is to achieve it?

The start must come from county medical
societies, where both general practitioners
and specialists can lend a hand (Fig. 11).
This program is basic and will need the
wholehearted support and co-operation of
the public, as well as the sponsorship by
county medical societies and individual phy-
sicians. Without medical elucidation and
support, progress in driver licensing will be
haphazard, and refinements, however desir-
able, will not be uniform or lasting. Public
support will be sought through properly pre-
pared propaganda by every means of com-
munication (to be paid for by interested
commercial carners and other industries).
Medical groups and individual doctors are
the only types of citizens who can handle
this tricky issue without political repercus-
sions. In my opinion, civic groups will wel-

come such cultural and intelligent interven-
tion by doctors.

As a beginning, and more specificaily, we
can do the following to aid official licensing
agencies:

1. Caution a patient under treatment
when such treatment includes medicine or
other therapy that may temporarily affect his
ability as a driver.

2, Assist in the training program for ex-
aminers, furnishing lecturers in order to
improve the training afforded them.

3. When the patient authorizes the giving
of information to constituted authority (li-
censing) for determination of driving privi-
lege, assist the special examiner in arriving
at a sound conclusion as to whether or not
the driver will be a safe risk on the highway.

However, the epidemic number of acci-
dents, injuries and deaths demand something
more in the way of medical screening as an
aid in bringing these events under better
control,

WHAT HAS BEEN DONE: AREAS TO
BE EXPLORED AND DEVELOPED

In general, the following standards quote}i
from the Uniform Vehicle Code are appli-
cable throughout the various states regarding
medical standards for drivers:

The department shall not jssue any license
hereunder

To any person who has previously been ad-
judged to be afflicted with or suffering from any
mental disorder or disease and who has not at
the time of application been restored to com-
petency by the methods provided by law;

To any person when the commissioner has
good reason to believe that such person by
reason of physical disability (physical or mental)
would not be able to operate a motor vehicle
safely upon the highways

The American Association of Motor Ve-
hicle Administrators recommends that per-
sons who are not physically or mentally
capable of operating a motor vehicle safely
be not licensed.

Almost without exception, states do r.mt
license persons who have been adjudged in-
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sane and have not been restored to compe-
tency. Considerable variations exist in the
handling of persons suffering from mental
disorders, not adjudged insane, who have
found it necessary to emter institutions for
treatment. Also, institutions discharge many
arrested cases because of crowded conditions
~2 definite problem to driver license ad-
ministrators because the status of these pa-
tients is not clearly defined by the institu-
tions,

Moreover, there are many people suffer-
ing from mental disorders who are operating
motor vehicles, but there is not enough evi-
dence 1o establish that there is u correlation
between mental disorders and traffic acci-
dents and violations. Further research is
veeded here before definite restrictions or
disqualifications can be made on the basis of

this element of human personality as it is
related to motor-vehicle driving.

Epilepsy has presented all driver license
administrators with grave problems. Appli-
cants for driver licenses who admit that they
are suffering from epilepsy are not granted
the driving privilege unless they can estab-
ish that they are under treatment and have
been without seizures for some time. There
are variations in practice. Some states do
not license the spplicant if he admits 1o
being so affficted. Others Yicense if the appli-
cant presents medical statetments to the fact
that he can drive safely. The better prac-
tices followed by several states require evi-
dence that the applicant has responded 10
treatment, is continuing under treatment and
has not had seizores for periods of fime
varying from 1 to 3 years, The best studies
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and practices have been developed in Cali-
fornia and Wisconsin. From evidence de-
veloped in California, it appears that free-
dom from epileptic seizures for 3 years under
treatment can be accepted as evidence that
a seizure will not occur if medical treatment
is continued. The Special Committee on Epi-
lepsy Legislation of the American League
Against Epilepsy recommends a seizure-free
period of 1 year for a controlled epileptic
for him to receive the driving privilege.

The general standard for physical condi-
tion, except visual efficiency, requires that
the person be of such physical condition that
he can control a motor vehicle with safety.
The driver must have sufficient strength to
control the vehicle: turn the steering wheel
and apply the brakes sufficiently to slide the
wheels (Fig. 12). He must be able to reach
all controls required in the operation of the

vehicle, whether by mechanical means on the
vehicle or by suitable prosthetic devices.

If drivers with physical deficiencies apply
for the driving privilege, they are required to
demonstrate successfully that they can oper-
ate a motor vehicle. If mechanical or
prosthetic devices are needed, the driver is
limited to the use of these devices while
driving by suitable restriction on his driver’s
license.

Many unusual cases with handicaps have
been noted, and are probably familiar to
readers of this chapter. This attests to the
need for the highest type of individualization
in the proper evaluation of applicants for
driver permits. In Wisconsin, a man was
licensed even though he had been born with-
out arms: he demonstrated successfully that
he could operate a motor vehicle safely with
his bare feet. Not long ago the newspapers

Fic 12 Should this man be granted the dnving privilege? He has a good
driver record but does littie or no dniving n the city
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reported 2 high-speed violation by such a
driver.

Deficiencics in hearing do not present
problems, and drivers so affticted are re-
stricted merely to an outside mirror on the
car that they operate. On the other hand,
some deficiencics in other senses—for exam-
ple, fecting (tactile, heat and kinesthetic)—
could cause difficulties in driving if the con-
dition were well advanced. A severe loss of
kinesthetic sense could be very critical in
driving, but, since this is true, such people
are not found on the highways; actually,
they are scldom found walking because of
the locomotor difficultics involved.

The function of vision in regard to driver
proficiency has been given more considera-
tion—and rightly so—than any other ele-
ment of human physiology in the solution of
the driver problem. Almast every state gives
some kind of vision test, visual acuity getting
more attention than any other aspect of
visual efficiency. Although many other
phases of visual physiology (and psychol-
ogy) have been pointed out as essential to
safe driving, none has been correfated with
accident experience, It is realized, of course,
that there must be some visual acuity if the
driver is to negotiate his vehicle safely in
traffic,

The American Association of Motor Ve-
hicle Administrators and the American Op-
fometric Association recommend a minimum
visual acuity of 20/40 (Snellen rating) for
general driving, with or without glasses.
However, states vary from 20/30 to 20,70,
w.uh or without glasses, as the minimum
‘:tsua! acuity standard. Some states will not
license any driver whose vision is worse than
20/70, while athers will take under consid~
eration cases as bad as 207200 and license
with highly specific restrictions if the driver
¢an establish the need to drive.

Standards for other clements of visual
cfﬁcxency have not been established, or they
::’: :elry genteral in nature. Many states test

ce colar perception, b‘m‘ccular distance per-
Ption and field of vision, but still license

the deficient driver because there is no evi-
dence that such deficiencics cause traffic ac-
cidents, 1 such drivers can demenstrate sue-
cessfully that they can distinguish traffic
lights, pass other vehicles safely or other-
wise comp for their deficiencies, they
are granted the driving privilege and asked
to excrcise care while driving,

Although night blindness, glare recovery,
glare resistance and muscular imbalance and
suppression are critical, no standards have
been established, and very few states test for
these elements of visual efficiency, Natu-
rally, when these functions are gravely de-
pressed the driver will be found rarely on
the highways, Thus, for example, marked
degree of night blindness would keep the
driver off the road at night because he could
not compensate for this defect.

Oddly enough, almost nothing has been
done in the domain of heart conditions, dia-
betes, alcoholism, drug addiction, cerebral
arterjosclerosis, catalepsy, encephalitis, Park-
inson’s disease and similar afflictions ia re-
gard to driver Heensure. However, if evi-
dence is reccived that a driver is suffering
from a disease that affects his driving ability,
most states require a driving test to deter-
mine how well that person drives and a
medical statement from a physician regard-
ing his physical condition,

No state requires a physical examination
of its drivers prior to licensing unless there
is evidence (definite) of a disease that might
interfere with safe driving,

OBSTACLES TO BE OVERCOME

Better licensing control is not forthcoming
largely (in addition to lack of medical sup-
port) because of the lack of carefully se-
fected trained and well-supervised examiners
and driver-improvement officers in adequate
number to meet the demands of an increas-
ing driver population.

In contrast with this situation, the funda-
mentals of driver license examinations are
well known. But many items of physical
condition are not checked at the examining
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station because the tests would be too in-
volved and time consuming, or a definite
correlation between the element of person-
ality and the driving task has not been estab-
lished. Therefore, when cases get too
involved, they are sent to a physician for
diagnosis and prognosis. This calls for better
orientation for clinicians in this regard, since
more and more such cases will be referred to
them as the examiner load increases, This,
also, can best be done at the county medical
society level.

One problem currently facing examiners
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~—and one to be reckoned with by physicians
in due time—is the finding of adequate time
for testing and medical examinations, The
former can do little good when the exammer
load allows only 20 minutes of examiner
time for each applicant. The problem will
resolve itself for doctors on two counts: first,
family physicians must be given key posi-
tions in the examining program but must be
well indoctrinated in regard to this vital
function; secondly, it is to be hoped that
more effective screening will cut down the
number of accidental injuries to the point at
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which clinicians now burdened with the care
of crash victims will have more time to
devote to the prevention of accidents and
injuries through participation in community-
wide programs of medical screening.

SUMMARY

Medical standards for driver licensure
have been established only in a general way
and vary widely from state to state, If the
physician’s report indicates that the condi-
tion in question is not progressive and that
the person ought to be able to drive a motor
vehicle, he generally is hcensed with suitable
restrictions if he can demonstrate success-
fully that he can operate a motor vehicle
safely.

CONCLUDING OPINIONS

Does the expansion of our clinjcal borders
to include medical screening of motor-vehicle
drivers as an aid in preventing traffic acci-
dents mean new frontiers in medicine? Tt
does, but only in a strictly narrow clinical
sense  Epidemiologists, who, after all, are
just another brand of individual and collec-
tive medical practitioners, paved the way for
us some years ago when they conquered

other grave threats to our individual and
public health and safety. From that stand-
point, the modern clinical life history of
motoring blurs into the psychosomatic-
mechanical factors that govern the preclini-
cal and the postclinical phases of it (Fig
15). Be that as it may, a four-dimensional
medical approach to the problem of motorist
accidents and motorist injuries promises to
fulfill an important niche in the fight for
safety which the National Safety Council,
along with its subsidiary branches and other
affiliated individuals and groups, has waged
for so many years. Thus, the etiology and
the pathology of motorist accidents and in-
juries—in the broadest meaning of the words
—are being brought into sharper and proper
focus with aids to recovery and ultimate re-
habilitation of crash victims,
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Medical Aspects of Motor-Vehicle

Accident-Prevention.

Study of the Driver

HaroLp Branpareong, M.D, FACP#*

The importance of motor-vehicle accident
prevention is obvious when we realize that
in 1954 there were 36,000 motor-vehicle
deaths and 1,250,000 disabling injuries as a
result of motor-vehicle accidents at a cost of
$4,400,000,000.2

* Medical Director, Third Avenuc Transit Sys-
tem, and United Parcel Service, New York City. The
author is indebted to Dr. Gerald J. Friedman,
Assistant Medical Director of Third Avenue Transit
System and United Parcel Service, and to Edward
Flamm, Rescarch Assistant to the Exccutive Direc-
tor of Third Avenue Transit System, for their assist-
ance in this work, :

(How large o stake industry has in primary and
secondary motorist safety may be readily appre-
clated from a study of this admirable contribution
10 thic commnst w® e gpaan nternist,
the potential 1n-
practice toward

The human clement, the major factor in
the cause of motor-vehicle accidents, needs
the attention of the medical profession, The
National Safety Council reported in 1955
that 1 out of every 14 drivers involved in
fatal accidents had a physical condition that
could have contributed to the accident. Ac-
cording to reports from 22 states, lack of
sleep and fatigue were present in 60 per cent
of the cases, with defective vision, illness and
defective hearing next in that order.

In 1954 the Industrial Medical Associa~
tion established a Committee on Standards
for Vehicle Drivers.® The purpose of this
committee was to create medical standards
for drivers of all types of motor vehicles. It
was the hope of the committee that its rec-

the solution of many of the medical g with
Tegard to motar-vehicle safety that await solution.
He has worked over the years to that end and has
e e .

teduce the accident rate on our highways. More-
over, Dr. Brandaleone supports—at least indrectly
~this editor’s plea for greater partcipation by
Industry 1 the indoctrination of the public regard-

ions would be used as a guide to
physicians, industry and safety organizations
in driver evaluation. This committee divided
motor vehicle drivers into 3 categories and
made recommendations. The categories
were:

1. Transportation vehicle operators (bus,
trolley, taxi and railroad engineers)

Ing voluntary medical ing for dnver §

laﬂf( maintenance]. This seems to be the only
vational approach to this phase of motonng safety
and would serve to der full-scale participati
of the driving population, More important than
that, such a program ultimately would ealist the
Imterest and the efforts of family doctors—the
Yentable medical grass roots of the project It is
the hope of the editor that this article will 1

2. Cc cial vehicle operators (carry-
ing no passengers, such as trucks)

3. Private vehicle operators

Recently the New York University-Bele-
vae Medical Center and the Center for
Safety Education sponsored a symposium

ll!x;edical seaders to make similar studies in order that
: ;: full ‘mpact of Dr. Brandaleone's work will be
“itin legislative and Icensing quarters {Ed ]}
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that recc ded an interim list of criteria
for motor-vehicle operators, but stressed the
need for basic research!* The Massachu-
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setts Motor Vehicle Bureau has established
a practical method of licensing disabled per-
sons: this plan allows temporary licenses for
3 months with re-examinations by qualified
specialists. The Medical Society of the State
of New York is co-operating with the State
Department of Health and the Motor Ve-
hicle Bureau in developing standards for
drivers. The American Medical Association
has appointed a “Committee on Medical As-
pects of Auto Crash Injuries,” under the
chairmanship of Dr. Fletcher Woodward, to
study this complex problem and to dissemi-
nate education to the laity and physicians.
Special studies are being performed by highly
trained specialists like Dr. Ross A. McFar-
land, of the Harvard School of Public
Health, and, Dr. Herbert S. Gaskill, at the
University of Colorado Medical Center.,

The importance of the physician to motor-
vehicle accident prevention can be seen from
the results obtained in the studies of the
Medical Department of the Third Avenue
Transit System, New York City. In 1947,
when we were asked to reorganize the medi-
cal department of this company, they had a
very high accident rate that had to be re-
duced. We decided that the best approach to
the problem lay in the medical (and other)
screening of the operator, with particular
stress on the medical and the mental prob-
lems involved This required 3 major steps:

1. The establishment of rigid preplace-
ment examinations as part of an improved
driver selection program

2. The institution of periodic medical ex-
aminations of operators

3. The creation of a comprehensive medi-
cal program for employees.

These procedures reduced the accident
rate over 50 per cent!

Prior to medical screening, under the im-
proved selection plan of our company, the
candidate for the position of bus opetator
also is interviewed in great detail by the
Personnel Department, His previous em-
ployment record 1s investigated. Police files
and military medical records are requested.

Military records are invaluable in determin-
ing the physical and the emotional status of
the applicant.

Then the applicant is required to take the
American Transit Association motorability
tests,>1° as well as a group of vision tests on
the Keystone telebinocular. He is also ex-
amined for glare resistance, peripheral vision
and color blindness. Following that the can-
didate is given a group of psychological tests.
If the candidate passes the psychological
tests, he is referred to the physician, who
takes a detailed medical history, and mental
and physical examinations are performed.
A roentgenogram of the chest, a urinalysis,
serology and electrocardiograms are ob-
tained.

When the examinations are completed
and the military records received, the re-
ports are studied by the Medical Director,
and the employability of the candidate is
determined. We have established a list of
minimal physical requirements for candidates
and record the findings according to a profile
system.® The profile (Table 4) is based on
a system used in World War II by the Air
Force. "It includes a physical and a mental
examination, and is divided into 6 categories
Each category is subdivided into 4 classifica-
tions: (1) representing the highest and (4)
the lowest grade in each category. A grade
of (4) in any group disqualifies a candidate.
A grade of (3) in two or more categories
may cause rejection.

Briefly, we eject any candidate who might
present 2 disability that would suddenly in-
capacitate him and be the direct cause of an
accident. However, we also disqualify candi-
dates for conditions that may be indirectly
incapacitating. For example, severe hemor-
rhoids may cause a bus operator so much
discomfort that his attention may be diverted
and cause him to be involved in an accident.
A candidate for the job of a commercial
vehicle or truck driver who has tuberculosis
or a severe low back syndrome should not
be qualified for the job if he is required to
do heavy lifting. In industry, a thorough
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TABLE 4. THIRD AVENUE TRANSIT SYSTEM
MEDICAL DEPARTMENT
PROFILE CLASSIFICATION

—P— —0— —H~
PRoFILE Prysical Caraciry QRGaNIC HEARING — Ears
CLAsS OR STAMINA Derects
1 Able to perform maximum sus- Auditory acuity: soft whisper audible
tained effort over extremely long each ear at 2 feet
periods Audiometric: 0-20-decibels Joss
SEE Organic defect: none
2 Able ta perform sustaned effort Auditory acnity: loud whisper audible
over long periods each ear at 2 feet
DETALED Audiometric: 25-35 decibel Joss

Organic defect: no active or progres-
sive organic disease

LisT
OF
3 Able to perform sustained effort Auditary acuity: normal spoken voice
for moderate periods ORGANIC audible each ear at 2 feet
Audrometric: 40-50 decibel loss
Organic defect; acute nonprogressive
DeFeCTS.® organic disease

Auditory acuity: loud voice audible
each ear at 2 feet
Audiometric: above S0 decibel loss
Organic defect:
Acute or chroni¢ suppurative otitis
media
Perforation of membrana tympant
Severs fungus or other severe
chronic infection of the external
auditory casal
Chronic mastoiditis

4 Below minimum standards for
employment

FaCTORS Age, build, strength, stamina, Seventy in relation Auditory acuity and organic defects of
ToBE  height, weight, agility, energy, to job the ears
Co~SIDERED muscular  co-ordination  and
functions




TrOFILE RATING

\ ) y N m . P
At LT an LN [ ~ » “" - R
R ' s s . "o [ -
{ } } 4 { { i }
[ i | | ! o ]
e N —D e
MororaniLiry
Viston —Firs NEUROFSYCHIATRIC GRavr
Visal acuity: 20720 in cach eyc tn- No psychiatric disorder 9t — 10
torrected
Orpanic defect: none
Visual acuity: Mild transient psychoneuratic 7190
20740 correctadle to 20730 in cach reaction
e Mild character and  behavior
20/100 in one eyc correctable to disarders
20730 Borderl ental deficienc
(Provided defective vision s not orderhine m tency
due fo active or progressive
organic disease)
Organic defect; mild superficial tn-
fection of Jids
Visual acuity: Mild chronic psychoneuroses 65— 70
20/41 not correetable Moderate  transient  psycho-
20/1:0 in one cye plus 20750 in neurotic reaction Py
other, ; N .
20, :0 Both eyes correctable (o Mental deficiency, mild degree
(Provided defective vision is not
due 1 active or progressive
organje disease)
Organic  defect:  Astigmatism  or
muscle imbalance correctable
Visnal actity: below sbove standards Psychosis Less than 65
Organic defect; Moderate severe chronic psy-
Any severe active or chronic pro- choneuroses
gressive disease of the eye
Matked musele imbalance and/or Severe transient psychoneuroses
astigmatism (situationa)
Marked nystagmus Marked degrees of character
PN £
Diplopia and behavior disorders
Impaiced depth perception, glare Marked mental deficiency
Tesistance or peripheral vision
Severe colar blindness
Visuat acity and organic defects of Type, sevenity and duration of American
eyes and lids the psychiatric symptoms or dis- Transit
Special visi , order existing at the time the Association
pT:‘e,oi;;:&:“' profile is determined Mctorability
Depth perception Amount of external precipitat- Test
Glare resistance Ing stress
Penpherat vision Predisposition as defermined by

Calor bhing tests—Ishihara

the basic persomality makeup,
intelligence, performance and
history of past psychiatric dis-
orders

Impairment of functional capacity
Psychological tests
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the psychological tests. This group had a
total accident frequency of .497 A/M/M.

In Group 3, 51 candidates passed the
motorability tests and did not take the psy-
chological tests, This group had an accident
rate of .412 A/M/M.

Group 4 consisted of 31 candidates who
passed the psychological tests and did not
take the motorability tests. The accident
frequency in this group was .349 A/M/M.

In Group 5 there were 69 candidates, who
passed both the motorability and the psy-
chological tests. The accident frequency in
this group was .308 A/M/M, the lowest in
the study.

The results indicated that those operators
selected under the new method, which in-
cludes psychological tests, had a lower acci-
dent frequency than those selected under the
old method. Those who passed the motor-
ability tests had a better accident rate than
those who did not take the tests. Psychologi-
cal testing seems to be a finer discriminant
than the motorability tests, and both are
better than either alone.

The statistical evaluation of the results of
categories 3 and 5, using standard statistical
methods,t established a critical ratio of 2.
This indicated that only in 1 case in 20
could this difference in group accident rate
have occurred by chance. Therefore, com-
paring these 2 groups (3 and 5), in 95 cases
out of 100 the new selection method (Group
5) selects a group of operators who have a
lower accident rate than a group selected by
the old method (Group 3).

Tt is our opinion that the future develop-
ment of a motor-vehicle accident-prevention
program will depend on a better understand-
ing of the psychological problems involved.

RESULTS

The comprehensive medical program we
established resulted in:

1. A reduction of accidents of over 50
per cent

2. A decrease in absenteeism as a result
of improved employee health

3. Substantial financial savings by the
company

Operator selective control definitely re-
duced the frequency of accidents. In 1946
there was a total of 6,377 accidents. This
number was reduced to 3,608 in 1950; to
2,568 in 1953; and to 3,130 in 1955, We
believe that this reduction in accidents re-
sulted from the detailed medical program, the
profile classification and the introduction of
psychological testing.

IMPROVED EMPLOYEE HEALTH

It was shown that there was a decrease in
illness following the development of a com-
prehensive medical program.” In addition,
there was a substantial reduction in the num-
ber of industrial accidents. Payments made
to employees for sick wages and association
benefits for time off due to illness have been
reduced since 1947. This is further evidence
of reduced absentecism and improved em-
ployee health.

EcoNoMIc RESULTS

The economic results are of particular im-
portance fo industry because of the substan-
tial saving in money. There was a reduction
in medical costs to our company after the
Medical Department was reorganized in
1947. In 1946 the total medical cost was
$256,424.71. Since 1947 the cost has been
greatly reduced and in 1954 was $149-
161.93. In 1955 it increased to $172,976.92.
The over-all substantial reduction was ef-
fected in spite of the increased medical fees,
compensation costs and sick benefits. These
savings were accomplished by decreased ab-
senteeism as a result of employee health,
reduction in compensation costs and the
reduction in accidents.

From our figures it is obvious that the cost
of maintaining a medical department is less
than the cost of one severe accident.

We feel that only a mentally and a physi-
cally healthy individual should be allowed to
drive a motor vehicle, since medical fitness is
the keynote of accident prevention,
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The Role of the Coroner
in Motor-Vehicle Deaths

S.R. GERBER, M.D,, LL. B.*

This mounting problem of motor-vehicle
deaths has confounded everyone to the ex-
tent that all too many people have developed
a fatalistic philosophy and have shirked all
responsibility in the search for the true etiol-
ogy and effective remedies. They hide be-
hind such alibis as “the enormity of the
problem,” “the multiplicity and the diversity
of the factors involved” and “the ever-
recurring element of the instability of human
nature.” Many who have attacked the prob-
lem have studied it from the approach of
individual and specific interests. While such
individual approaches are necessary, there
must be correlation of information and some
degree of unification in the final analyses.

* Coroner of Cuyahoga County, Cleveland, Ohie.

(In an era when the gross autopsy examination
had fallen to ever lower levels of misunderstanding
and mdifference, Dr. Gerber's approach apd re-
action to his job and to his broader responsibilities
in connection with it are most illuminating and re-
freshing, The fact that the autopsy mvestigation—
and all it implies—is gradually regaining its former
rank may be attributed largely to the keen interests
of this kindly and self-driving personality toward
Truth in all 1ts varied forms. Dr. Gerber's analysis
of the motor vehicle accrdent problem is a revealing
one, which will be read with increasmng interest
and admiration. It 1s most regrettable that his article
could not be presented here 1n its entirety; limita-
tions of space prohibited this. At any rate, the

~

problem at the comml'muy level more than a knowl-
cdge of what this single doctor has done in this and
related fields [Ed.])

Basically, most of the factors involved
have legal and/or medical implications.
Logically, then, it should be the duty of the
medicolegal authority, the coroner, to take
the lead in his jurisdiction in stimulating co-
operative effort to ascertain the basic causes
for motor-vehicle accidents which cause
deaths.

In many jurisdictions of the United States,
the coroner is charged with the legal duty of
determining the mode and the manner of
death, as well as the anatomic cause. The
determination of the anatomic cause of death
requires the recognition and the evaluation
of evidence presented by the dead body and a
clinical history of the decedent. This is the
medical phase of the coroner’s responsibility.
The mode and the manner of death are de-
duced from analysis of reports of investigation
into the attendant circumstances correlated
with results of studies of scientific evidence
and facts developed from thorough examina-
tion of the body. When all factors are taken
into consideration, the final verdict as to the
cause, the mode and the manner of death is
incorporated into an official document which
may be used for legal purposes. It is appar-
ent that the medical and the legal aspects of
the coroner’s duties are integrated to such
an extent that one cannot be given pre-
eminence or be disassociated from the other.

Coroners’ investigations must be strictly
unbiased and free of preconceived opinions.
Rumors and clues must be sifted for facts.
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All available facts must be sought out, re-
corded accurately in detail and considered
carcfully, Every conclusion must be the re-
sult of only a logical study of the facts. No
statement should be made that cannot be
substantiated by the facts. The final deci-
sion must be free of all influence of preju-
dices, hunches or assumptions,

In no ficld of the coroner's investigations
is this more important than in cstablishing
whether or not death was caused by accl-
dent. Murders and suicides may present the
appeatance of accident. Only a thoroughly
objective investigation will disclose the actual
situation. The failure to recognize murder
is quitc obvious. Where it is known that
murders will be detected and the perpetra-
tors punished, the community enjoys a greater
sense of security than where there is pre-
sentiment that the cleverly conceived and
concealed murder will not be detected. In
ascertaining that death was caused by acci-
dental means, rather than by murder. the
coroner dispels the clouds of suspicion and
unwarranted ignominy and disapprobation.

Attention must be directed to determining
whether or not death during, following or
even prior 1o an incident involving a motor
vehicle was due to injury or natural disease.
It must be taken into consideration that
while driving or riding in a motor vehicle
pessons may be stricken with fatal “heart
sttacks,” spantancous cerebral hemorrhages
or other sequelae of natural diseasc or previ-
ously inflicted violence. The vehicte with a
moribund persont at the wheet or as 2 pas-
;E“BEr may become involved in a collision

£750ns run aver while lying in the roadway

o falling into the path of a moving vehicle
3}‘:::}1:: ;:ar:r:’itnzci thoroughly to determine

N ath might have occurred

PRer to the time of the apparent accident.

Eni‘;;{;?:-:l;gh a;ltopsy st be_ performed

na moior-ve‘;;l{ d:a:]h I.:'IIowmg involyernent

of duty 0 1 ccident. 1t is a neglv?cl

e a death 4 e part of the\corone‘r to attrib-

itis actuat 0 & motor-vehicle aceident when

ally due to pre-existing natural dis-

case, suicidal polsoning or violence of homi-
cidal origin,

The coroner must bear in mind that he
has a responsibility to the welfare of all peo-
ple, not only to those in his immediate
jurisdiction but also to the country as a
whole, The shortsighted coroner or physi-
cian would believe that the need for com-
plete accuracy in determining the cause of
death in these cases is purely academic. The
many ramifications of erroncous certifica-
tions of causes of death are too numerous to
mention here. However, one aspect should
receive attention; that is where sympathy for
the surviving relatives obstructs the long-
range view of ultimate justice. With the
thought that these persons ought to benefit
from any possible financial settlement, death
is attributed to the motor-vehicle accident
involved. Where such remuneration is not
warranted, it is an injustice to the company
or the individual who is required to pay.
The coroner should be aware of the fact that
his decisions not only will affect the parties
immediately concerned but, where an insur-
ance company is invelved, for example, they
will have a bearing on the national economy.
Every individual should realize that the purse
of every insuree is affected by the number
of payments made by insurance companies,
When the number of deaths attributed to
motor-vehicle accidents increases, the cost
of protection for each insuree increases
accordingly

Motor-vehicle deaths are classified statis-
tically as “accidental,” that is, due to acci-
dent as contrasted with deaths due to homi-
cide, suicide, natural disease, etc. An erro-
neous concept of etiology leads to an out-
moded fatalistic attitude toward accidents.
An analysis of the true meaning of the term
accident would seem in order. The Cyclo-
pedic Law Dictionary defines an accident as

an event which, under the circumstances, is
unusual and unexpected by the person to whom
1t happens.

The happening of an event without the con-
currence of the will of the person by whose
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agency it was caused; or the happening of an
event without any human agency. . . . In Equity
Practice: Such an unforeseen event, misfortune,
loss, act or omission as js not the result of any
negligence or misconduct in the party.

Tt must be inferred that few deaths in
which motor vehicles are involved are caused
by accident literally and in the full connota-
tion of the definition. It is true that the
event is unexpected by the victim but, in the
circumstances, is it unusual? The happen-
ing of the event may be without the concur-
rence of the will of the person by whose
agency it was caused, but in most instances
the ultimate causation can be attributed to
human failure, negligence or misconduct.
That this interpretation is commonly ac-
cepted is demonstrated by the number of
civil and criminal court actions against per-
sons who were, or were thought to be, re-
sponsible for fatal or nonfatal injuries or
property damage produced by motor ve-
hicles. In the interest of civil as well as crim-
inal justice, the coroner in his investigation
to determine the responsibility of a motor~
vehicle accident in causing death must be
equally as thorough and objective as in the
investigation to determine whether or not
death was due to murder, suicide or natural
disease.

In this age of science, few people believe
that anything “just happens.” The public,
generally cognizant of the inexorable laws
of cause and effect, rightfully expects that
individuals who have the responsibility of
making decisions will do everything in their
power to search out all factors contributing
to ultimate causation. People of this era
refuse to accept complacently lethargic or
fatalistic attitudes toward these “accidental”
deaths

Since accidents do not “just happen” but
are caused by factors which must be sought
out, those directly responsible for public
welfare must give attention to the remote,
proximate and final causes of accidents. In
discharging his duties the coroner must con-

sider all aspects, not only of each case but
of the summation of similar cases as well.

The coroner has a moral as well as a
legal responsibility to conduct a thorough
scientific investigation into all factors in-
volved in causing the death of those persons
who come under his jurisdiction. Further-
more, it is his duty to ensure that the specific
information which he obtains is compiled in
such a manner that it can be utilized to the
best advantage in studies of related prob-
lems.

Information gathered and correlated in
the coroner’s investigation may be divided
into two categories: (1) medical informa-
tion—{a) anamnestic and (b) direct exami-
nation of the victim; (2) information ascer-
tained in investigation of the accident and
the attendant circumstances. To have any
value in general studies, this information
must be reduced to concise terminology
which will facilitate statistical classification.
Every coroner and coroner’s physician m.ust
study the regulations of the Burcau of Vital
Statistics and be familiar with the Interna-
tional Statistical Classification of Diseases,
Injuries and Causes of Death.* Every cor-
oner must understand thoroughly the Unf-
form Definitions of Motor Vehicle Acci-
dents.t Only those rulings conforming to
these definitions and classifications can be
used correctly by other agencies interested
in studies of traffic accidents, .

There has been a growing interest in
studies that attempt to correlate injuries in-
curred in automobile and aviation accidents
with their causation. The coroner should be
cognizant of the point of interest of .thesc
study groups and accordingly record infor-
mation which can be integrated in such re-
search. Actually, the coroner should be able
to direct attention to further study of factors
which in his experience he finds commonly
recurrent in statistics compiled from ex-

* Bulletin of the World Health Qrgnnizatmn.
+ United States Government Printing Office.
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able to state the cold facts in answer to such
questions as: Are the driver fatalities on the
increase in the current year as compared
with last year at this same date? What age
group is represented most frequently in the
driver or the pedestrian fatalities? What in~
juries are observed most frequently in the
pedestrian fatalities?; in the driver fatalities?;
in the passenger fatalities? How many driver
and pedestrian fatalities were under the in-
fluence of alcohol at the time of the accident?

Pertinent information obtained from re-
ports of accident investigation entered on the
same page with the medical facts facilitates
correlation of such data with the injuries.

The examination of clothing is a detail

that frequently is neglected. In the inter-
ests of safety education and automotive
engineering, it would be important to ascer-
tain whether or not protection against
impact injury was provided by clothing, ac-
cessories or articles carried in clothing. It
might be assumed, for example, that heavy
overcoats would offer such protection. On
the other hand, accessories or articles car-
ried in clothing might contribute or actually
cause serious injuries, such as sharp objects
which might be driven into the chest wall.

At the Cuyahoga County Coroner’s Office
a separate record for statistical purposes is
made for each case. Pertinent information
is copied from the coroner’s records and the
police reports onto keysort cards. It has
been found that this procedure provides a
reliable method of quick reference to furnish
information on many specific questions as
well as to facilitate compilation of accurate
statistics.

Although the National Safety Council has
been compiling detailed statistics on motor-
vehicle accidents in the United States since the
late 1920's, a study of their annual publica-
tion demonstrates that even though there has
been a steady increase in the number of
furisdictions reporting, there is still a great
need for more consistent wniform reporting.
Coroners should co-operate fully with their
local Safety Councils and be able to supply

them with statistics in the forms that they
require. The need for more thorough inves-
tigation into the contributory factors in-
volved in motor vehicle accident causation
and reliable reporting of statistics is seen
when one studies the reports on alcohol in-
cidence in vehicular accidents.

At the very beginning of the studies into
the problem of vehicular accidents it was
recognized that the driver and the pedestrian
under the influence of alcoholic beverages
constituted a factor that warranted attention.
In spite of the fact that tests for alcohol are
reliable, comparatively simple to perform
and accepted as court evidence, too few
jurisdictions have taken full advantage of this
scientific aid to establish evidence that is
important not only to the individual case
but also to the problem as a whole. In some
jurisdictions such tests are employed only in
the case of the obviously intoxicated driver.
In other places, only the questionable cases
are tested. Some police test only the drivers
involved in fatal accidents. The 1956 edition
of Accident Facts, published by the National
Safety Council, reflects how inadequate are
the statistics on this problem. On page 53 of
that publication, the following statements
are made: ‘

In 26 out of 100 fatal accidents, a driver or an
adult pedestrian had been drinking, according to
reports from 20 states.

According to reports of the National Sa{ely
Council’s Committee on Tests for Intoxica-
tion, chemical tests to determine the degree
of intoxication in suspected drinking drivers
were used in 45 states during 1953, and as
of July, 1955, 21 states had chemical test
laws.+ It is apparent that many jurisdictions
using the tests are not supplying the Naliofml
Safety Council with the information which
they need.

The report from Accident Facts con-
tinues:

Among the drivers involved in fatal accidents
for whom condition was stated, 22 out of 100

* 1953 Uses of Chemical Tests for Intoxication
+ Test Talk, July, 1955,
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mission to the hospital would contribute
valuable information for such a study.

To summarize, the role of the coroner in
motor-vehicle deaths is:

1. To determine accurately the anatomic
cause of death in every case by complete and
thorough autopsy examination of the body
and study of the clinical history.

2. To require a detajled report of the
investigation of the accident and all factors
involved.

3. To study and evaluate critically all
medical and investigative information,

4, To base all official rulings on facts
alone.

5. To record all facts in a manner that
can be utilized efficiently (Table 6) (a) to
substantiate the official ruling and (b) to
supply statistical data that can be utilized by
departments and organizations engaged in
national surveys of this problem.

6. To instigate and participate actively in
studies to determine the true etiology of
these unnecessary deaths.

If the coroner’s investigations are to serve
a broader purpose than the mere solution of
the immediate individual case, it is apparent
that he must have the active assistance of
many people who have specialized knowl-
edge and experience in the diversified fields
of interest involved directly or indirectly.
Some of these include law-enforcement offi-
cials experienced in accident investigation,
physicians treating the victims, pathologists
trained in medicolegal examinations, statis-
ticians and safety educators.

Some physicians who read this treatise
may consider that this is a wholly idealistic
approach practicable only in a Iarge metro-
politan area. Many of the physicians and

surgeons who read this text may practice in
jurisdictions where the coroner is not a phy-
sician; therefore, they may regard such an
approach impossible in their communities.
It cannot be stressed too strongly that this
program calls for ccmplete co-operation,
mutual understanding and interest.

As stated previously, the coroner’s office

is both medical and legal in its duties and
responsibilities. Neither the medical nor the
legal aspects can be neglected; nor can one
be given pre-eminence. To function at its
best, the office requires the co-operation of
representatives of both the medical and the
legal professions in the community. It is
recognized that in many states there is need
for modernization of laws governing medico-
legal investigations of deaths in which vio-
lence is suspected to be involved. Te nation-
wide increase in deaths due to motor-vehicle
accidents should arouse every community 1o
action. Practicing physicians should acquaint
themselves with the legal implications which
the coroner must consider. Attorneys should
become familiar with the problem of evaluat-
ing the medical aspects involved. The coro-
ner, if he is neither a physician nor an attor-
ney, should consult experienced members of
both professions. Individual members of the
legal and the medical professions will find
that through such co-operation they will gain
valuable practical information. The com-
munity as a whole will be benefited.

Through the media of the press, radio and
television, the public is being warned of the
ghastly spectre that statks our highways,
causing more civilian casualties in one year
than our military casualties of 3 years’ action
in Korea. The estimated monetary loss re-
sulting from motor-vehicle accidents in one
year ($4,500,000,000 in 1955) is so enor-
mous that the average person does not grasp
the significance. Such statistics have little
effect on the irresponsible driver. Fatal
motor-vehicle accidents that occur in or near
smaller communities are much more realistic
to the residents, many of whom may have
some personal relationship or contact with the
victims. (The National Safety Council re-
ports that in fatal accidents 62 per cent of
the drivers lived within 25 miles of the
accident and 20 per cent lived elsewhere in
the state.)

The total number of accidents in one of
the smaller communities may scem relatively
small when compared with the toll in a large



city. Howcvcr, three fourtp of the motor. safety of the comm nity Mmuse g

vehicle daggns in the Uniteq States jn 1955 ltention nog only go Penmaltjeg g, nfraction
resulted frop, accidengs i ural areys, Ob. o cxisling laws gy,
viously there ¢ more fural areys, This Yentive Measures,
Mlustrages the relagive signiﬁcancc of isolateg The Commiucc on Pupjic Info
2nd compiteq Statistics, Also, it CMphasizes Porteq ¢, the py sideng’s Highw,
the neeq for ccurate gary on mo!or-vchiclc Conrcrcncc in 1949

accidenys ;; ral arcs
., P The rcsponsibilily is Clear i the case of publis
1Y citizen m‘m( .mmilc 0 realize the oflicials 4, mak adily availablo ¢, Public
Significance Cidents i, his oy tommy.

e
L el B c a Pertinep, facys conccming thejy highw,
nity, Safety education through mformmg the safety ACtivitjes, v
i Y here

public of A, where | d how accidenys A
occurred i he Munity Mmore
eflective th taggering sy i

Scope, 1se, §

% DL‘CREASE
FRronz 1937




9y3 uonesyisse(d , Amfuy adnjnu,

5 U] salnfur Ajuo 9y se panagsuod 2q 03 30u s pue

"UIB3P JO 5NED 2y1 B PIAIIs 9 PNod Anfug Sue ou

teadsoy 1e feate uo peaq—voQ,

PEYE UIWOPQE puE 35343 03 A1nfuy 219495 YaNs paa1ddas sases 10 Aypofew

PANQUUT T Yreap yorgm o1 Lafur 353838 1sowm ssywlss | Linfuy sofegy,, ra10pp

St sc et # wwlo|e v 9 £ wgfo|v £ T ot 6 LI S 1€ oz : . © Imio puerg
T € 0 . T je 3 1 1 1 ‘ BT e 1N
T T 1 08 e Tz iz e o 2 16 ¢la : ssunfin aduyngy
[ (4 LI € SMIUINXS O,
¥ £ 1 9 g 61 i I 1 1 € ¢ LI A1 E : | LCA
1z Z €18 1 1 1 2 T z e . o sugad jo amamy Jnoyyey
€ 11 F T | t 21 1y oz lwm si4(ad Jo 2amdey Ay
uwopqe of,
T s ¢ § 81 1 ¢ S 16 1 € L (A € T 9 18 N R A
1 14 1 1 1 i ** 38ed opEIoy) jo aamriy oI
vy £ S 8ljo¢ 1 € S 6 1 € L an T 2 9 401 © "°ofed aumiays jo ANUdE YIIAY
nsIyd o,
1 L 8 1 £ ¥ vo|r o oy,
’ 4 *RIGIIA JO JIMIDBLY MOYHAY
1 L 8 1 € v v by . RIGINIIA JO NI YUAY
‘piod jeunds oy,
9 91 8 LT 1f|88 Lz € L 6 @Wll 9 2 9 6 Yo v 8 L2 4 B O 42 . jeio],
12 ¢z v 1 o1 [ S € [ S AR € 1 s oy Apoq Inq NS jo a1 MOYIAY
I v 1 T 8 1 1 [4 1€ ¥ 1 L qe o " U Jo amidedy wnatpuy
oL T ¥l Gligr € ¥ 4L < 1 ¢ 9 AR IR 1 8 ¢ |z © o tsampey ;vaa.ﬁvcu 1Inys Jo 2mMOBI iy
I3 1 St Ao nys jo umivey yipy
€ £ € 6 6 fx4 t 11t ¢ ¥ jol € ¢ 9 (A4 4 (4 i “Urean o,
P T P = gl = = - o ” Z 208 0 glg Aunh fviy
mwzgmmwwq,MmewmmOmwmmmom Aol wofvig
d g R 4 >iEr3 g0 g B8 v R 5 »IE|R g 8 g
g 5 B
) - E - £} o
3 s % 5 % g 5 8
g B g FOLOR F ¥ F
3 i v :
1viog, WADNISV ] wTARI([ NvIaLsIa g

IVAUZLN] TVAIAUNS UNY AANCN] YOLVI —4S6 1 STILITVLY,] dVINOIHIA 9 T8V






308

The Role of the Coroner in Motor-Vehicle Deaths

of death for pedestrians, drivers and passengers
with 53.8 per cent of the fatalities due to brain
injury. The survival period may be construed
as indicative of the severity of the injury, It is
seen that 71,7 per cent of the drivers whose
death was attributed to brain jnjuries died im-
mediately or within 12 hours, 41.5 per cent of
these individuals were dead on arrival at the
hospital. In the passengers it is noted that 67.3
per cent died immediately or within 12 hours,
and 36.7 per cent were dead on arrival at the
hospital.

Injuries to the chest caused the death of nearly
one fourth (24.3%) of the drivers, with 85 per
cent dying immediately or within 12 hours; 59.3
per cent of whom were dead on arrival at the
bospital. The passengers closely approximated
the drivers, The pedestrians presented a strik~
ingly different picture, with 13 per cent of these
fatalities attributed to chest injuries, 61.5 per
cent dying immediately or within 12 hours, and
23 per cent of these being dead on arrival at the
hospital.

Major injury to the abdomen and major in-
jury to the chest were seen with equal frequency
in pedestrians, but more of the persons with ab-
dominal injuries survived more than 12 hours.
About 3 per cent of the passengers and 3.6 per
cent of the drivers died because of major injury
to the abdomen. None of the passengers but
about one half of the drivers died within 12
hours after receiving such injurjes.

. In about one seventh of the vehicular fatalities
in the 2-year period, injuries to both the chest
and the abdomen were so severe that the cause
of death in these cases was attributed to “multi-
ple injuries of chest and abdomen.” The inci.
dence of pedestrians and drivers in this category
was nearly the same—16.7 per cent and 16.2
per cent, respectively. The proportion of persons
dying immedzately or within 12 hours was like-
wise similar—72.7 per cent of the pedestrians
and 72,2 per cent of the drivers. However, a
lower percentage of pedestrians sustaining such
injuries were found to be dead on arrival at the
hospital (21.2%) as compared with 38.9 per
cent of the drivers. While only 7.7 per cent of
the passengers sustained this type of injury, the
severity is to be noted in that none survived
more than 12 hours.

The correlation of the age group, survival
period and major injuries to pedestrians, drivers
and passengers is included in this report for those
who are concerned with crash-injury studies
We do not feel that ia this 2-year study of 400
cases there is a sufficient number of cases in each
age group on which to draw definite conclusions
and interpretations. The age incidence in pedes-
trran, driver and passenger fatalities, however, is
of general interest. It is seen that in the 2 years
nearly 71 per cent of the pedestrian fatalities
were over 50 years of age, while 78 per cent of
the drivers and nearly 52 per cent of the passen-
gers were between 20 and 50 years of age.
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juries, poisonings or other causes, the rate
being 62.3 per 100,000 average strength.1®
Of these, the ratio of off-duty to duty acci-
dents was higher than 2 to 1. For 1953, 1.3
individuals per 1,000 strength were sepa-
rated from the Army for physical disability
incident to nonbattle injury.!* Figures of
other years reflect similar experience.

There is little question, then, that motor-
vehicle trauma is an important cause of mili-
tary noneffectiveness. Such manpower losses
are of grave concern to military commanders
and civilian leaders. The agent is new, but
it is well known that uncontrolled nonbattle
losses can be catastrophic. For example, in
218 BC, in war against Rome, Hannibal
started over the Alps with 46,000 men.
Fifteen days of the steep and treacherous
trails are said to have cost him 20,000 acci-
dent victims and to have had a major effect
upon his campaign. There can be little
wonder that the commander has always been
concerned with such losses.

For many years military physicians were
among the more vigorous advocates of cor-
rective programs to reduce avoidable man-
power losses, especially needless injury and
death caused by preventable accidents. That
interest in losses due to accidents goes to the
beginning of United States military history
is borne out by von Steuben’s first Army
Regulations, in which he required physician
attendance to their regiments on the march
as well as in camp for the specific purpose of
providing immediate proper care to accident
victims.’* There is further evidence in the
writings of the military surgeon James
Thacher. This physician described his expe-
riences with accidental trauma in his Military
Journal, covening the period 1775 to 1783
during the American Revolutionary War.*

During the 19th century and early in the
20th century, accidents were considered by
many to be caused by events beyond con-
trol, they occurred despite preventive plan-
ning. Phystcians were on the verge of the
discovery of the causative organisms of dis-
ease and later, of the development of pre-
ventive medicine technics and procedures

(Walter Reed and William Crawford Gor-
gas). However, the successes of these medi-
cal efforts gradually narrowed the gap be-
tween death rates for disease and nonbattle
injury.® This focused the attention of mili-
tary medicine upon the toll of accidents and
stimulated preventive-medicine approaches
to the problem. In the Annual Report of
the Surgeon General, U. S. Army, 1932,
note was made of the increase in relative
importance of injuries as a cause of death,
and the role of automobiles, as well as air-
planes, in contributing to manpower loss was
the subject of comment.)® In the 1930's
reporting systems were improved to provide
better epidemiologic type information con-
cerning accidental injuries. The 1940 An-
nual Report of the Surgeon General of the
Army emphasized the importance of indi-
vidual study of each case by commanders
and medical officers in order to develop pre-
ventive measures.!

Military physicians, writing in The Mili-
tary Surgeon in 1940! and 1942,° empha-
sized the roles of the medical officer and the
commander in the study of accidents and
the development of prevention programs.
The role of the automobile and the truck
again was emphasized.

As has been indicated, prior to mobiliza-
tion for World War 11, safety activities in the
United States Army were carried out in vary-
ing degrees by organizational segments, the
emphasis naturally being placed on those
hazards peculiar to the indwidual segment.
The first co-ordinated Army safety program
as such was established in 1942 as part of
the Plant Protection Program of the War
Department. This later became the Internal
Security Program.’®

Of greatest concern in the first year of
World War II was the prevention of losses
from sabotage and subversive activities in in-
dustrial plants engaged in war production. It
soon became evident, however, that the
greatest production losses and delivery de-
lays were due to accidents. The safcty por-
tion of the program developed to meet this
situation paid great dividends among the
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are pedestrians. In each instance these indi-
viduals become part of the national traffic
stream and a national motor vehicle acci-
dent potential.

Most civilian employees of Army installa-
tions travel to and from work in motor ve-
hicles. The post complement who live on
the post also drive automobiles. Many posts
have troop populations that run well into
five figures. The day-to-day business of a
post, in terms of vehicular movement of
personnel and supplies, is comparable with
that of a city equal in size with its road sys-
tem, congestion and complexity.

Driving conditions outside the United
States require that additional instructions be
furnished Army motor vehicle operators. In-
digenous personnel in many areas have a
marked disregard for safety precautions.
Speed limits do not exist in many countries.
Often there are narrow cobblestone roads
and streets, which can be blocked by a single
vehicle. Frequently buildings are found to
be built flush with the roadside with doors
opening outward. In many areas there are
practically no shoulders on roadways and
no sidewalks to handle the flow of foot traffic
through towns and villages. A great many
of the vehicles in operation are slow-moving
contrivances, including many unlighted
animal-drawn or human-propelled convey-
ances. In some countries there are as many
as 13 to 14 million bicycles in use. This
situation is further complicated during night-
time by poor street-lighting facilities and the
custom of wearing dark clothing.

Experience continues to indicate that hos-
pitalization for motor-vehicle injuries im-
poses a greater workload on Army medical
treatment facilities than do injuries from
other nonbattle causes. To illustrate: in

1954 the average duration of stay in Army
medical treatment facilities for all nonbattle
injury admissions was 22 days. During the
same period noneflectiveness produced by
motor vehicle accidents averaged 38 days
per admission  These figures include some
bias, since they do not include patients sepa-

rated from service and transferred to Veter-
ans Administration facilities in patient status.

SELECTION AND LICENSING
OF DRIVERS

Any person operating an Army motor ve-
hicle must possess a valid U. S. Government
operator’s permit secured under the provi-
sions of the standards established or main-
tained for other agencies by the Army. These
standards concern selection, testing and
training of drivers.

RECORDS AND PERMITS

A record is maintained of each individual
qualifying for an Army driver’s permit.
All test scores, remedial training, retesting
and other qualification data are kept on this
record throughout the driver’s employment
or assignment. This record is analyzed pe-
riodically to determine expiration date of
permit and need for remedial training. Itis
also reviewed immediately after an accident
or upon reassignment to determine the need
for re-examination, corrective measures or
other specific remedial training.

Drivers’ permits are renewable every 2
years unless otherwise prescribed. The re-
newal procedure consists of an examination
of the driver’s record card to ascertain his
accident record and extent of traffic viola-
tion. Renewal may be denied on the basis
of accident record and traffic violation and
upon the rec lation of the medical
officer in case of physical limitations.

Permits may be suspended and revoked
for cause at any time.

DISPATCH AND MAINTENANCE

Before any Army vehicle is taken from a
motor pool, the driver must possess a “Ve:
hicle and Equipment Operational Record”
authenticated by an authorized dispatcher.
One portion of this form pertains to preven-
tive maintenance services that must be per-
formed by the driver before, during a{ld
after operation. In addition to these daily
maintenance checks, the driver is also re-
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Motor-vehicle safety training is integrated
into the orientation program of overseas re-
turnees. The remedial driver training classes
previously discussed are also widely utilized
for military personnel apprehended for mov-
ing traffic violations or other citations by
military or civilian police. Some large instal-
lations also utilize these remedial driver
training classes for dependents of personnel
stationed at the installation.

Installation commanders have initiated
and are maintaining a continuing program
of orientation and discipline to eliminate the
practice of soliciting rides on public high-
ways and thoroughfares by Army personnel
signaling vehicles in any manner or by
standing or walking on the traveled portion
of the roadway in the direction of traffic.
On the other hand, the establishment and the
use of properly authorized and established
“share-the-ride” or similar stations are en-
couraged.

Pre-embarkation training in driving cus-
toms of the country to which the individual
is ordered is conducted. Other positive steps
taken in overseas areas include closer liaison
with foreign country traffic officials and or-
ganizations; active participation in periodic
traffic safety campaigns conducted by coun-
tries in which United States troops are lo-
cated; safety educational campaigns in for-
eign country schools and for the general

public; continuing Army motor vehicle oper-
ator education; safety poster programs with
the poster message printed in the particular
foreign language; special accident prevention
courses for indigenous driver personnel; talks
on motor vehicle accident prevention as part
of the troop Information and Education Pro-
gram; meetings to discuss accidents and acci-
dent causes, participation by Army person-
nel in local civic group meetings; utilization
of foreign country press and radio; augmen-
tation of civil enforcement personnel by mili-
tary police, and improved planning of Army
motor vehicle reaffic to meet foreign country
road and traffic control hmitations.

ARMED FORCES EPIDEMIOLOGICAL
BOARD

The Armed Forces Epidemiological
Board, the successor of the “Army Epidemi-
ological Board,” founded in January, 1941,
is a joint agency of the Army, the Navy and
the Air Force under the management and
the control of the Secretary of the Army.
The purpose of this board is to provide the
mulitary departments with scientific and re-
search assistance and advice on matters per-
taining to problems in Preventive Medicine.
The board is made up of several commis-
sions, one of which is the Commission on Ac-
cidental Trauma. This commission has taken
cognizance of the morbidity and the mortal-
ity resulting from accidents caused by land
vehicles and mechanical equipment in gen-
eral. The individual projects of the commis-
sion have been developed to constitute a
broad program and to utilize differing 2p-
proaches to the problem of accidental in-
jury. The mathematical and the analytical
studies of accident causation have now
reached the point where pilot applications
have been made of technics for evaluating
risk-taking in industrial and highway situa-
tions, An application of statistical quality
control methods for the reduction of high-
way accidents has been demonstrated to be
vseful in accident prevention.

In the survey of personnel and interper-
sonnel factors in highway accidents, d':\m
have been collected through comprehensive
psychiatric and psychological measures on
subjects having varied accident experiences-
Progress has been made in the develup.mtm
of adequate criteria of accident expersence
and in the statistical analysis of the relatton-
ships between the accident criteria and the
psychological characteristics.

In the study of man’s area of vision, em-
phasis has been placed on the development
of better windshield-wiper patterns and in-
stallation. Marked improvements in the
areas of visability result from the variable
angle wiper design, using arrangements of
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meet traffic emergencies; and they will have
a fuller appreciation of the importance of a
unified effort in the community accident pre-
vention program.

SUMMARY

Motor-vehicle accidents are a major cause
of manpower loss to the military from non-
battle injuries. Prevention is the most re-
munerative approach to the problem. The
military commander is responsible for this
activity at all echelons. Command emphasis
has been applied from the civilian Secre-
taries of the Department of Defense and the
military departments and the military heads
of those departments.

Prevention is based upon posttive meas-
ures of driver selection, training and retrain-
ing; traffic control; research and develop-
ment to reduce or minimize causative fac-
tors; transportation control and supervision;
and other measures. Like the mai nce

Vehicular Equipment, Cambridge, Mass,,
Harvard, 1953 (revised 1954).
McFarland, R. A, Dunlap, J. W., Jr., Hall,
W, A., and Moseley, A L.: Human Fac-
tors in the Design of Highway Transport
Equipment: A Summary Report of Vehicle
Information, Cambridge, Mass., Harvard,
1953,

. McFarland, R. A., Moore, R. C., and

Warren, A. B.: Human Variables in Motor
Vehicle Accidents, Cambridge, Mass,,
Harvard, 1955,

McFarland, R. A, and Moseley, A. L.:
Human Factors in Highway Transport
Safety, Wakefield, Mass., Murray Printing
Co., 1954,

., Manual on Uniform Traffic Control De-

vices for Streets and Highways, Public
Roads Administration, Federal Works
Agency, Washington 25, D. C,, U..S‘ Gow{-
ernment Printing Office, 1948 (with revi-
sion supplement of 1954). t

. Medical Statistics of the United States

Army, Annual Report of The Surgeon
General, Calendar Year 1953, Frontispicce
—Admissions for Disease and Non-Battle

of health, the maintenance of an effective
accident-prevention program is dependent
upon the individual in large measure. Edu-
cational and supervisory programs must be
aimed at the individual.

Motor accident prevention activities in the
Army are carried on by concerted and inte-
grated action on the part of many staff agen-
cies of the Commander. Command action
puts the program over. The Army Safety
Program is producing positive results in the
reduction of motor vehicle accident rates be-
cause of these features,
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The Role of Safety Belts in the Motorist's Safety

One example is the separation of opposing
lanes of traffic to prevent motorists from
indulging in head-on collisions.

While the automotive industry has a very
direct responsibility to those who purchase
automobiles, up to the moment it has given
very little consideration to safe design modi-
fication of the vehicle that would result in
some protection to the passengers in the
event of a mistake in operation. There is no
question that automobiles can be made safer
in the event of an accident. Despite this,
some recent models have been styled and
furnished inside without sufficient regard for
simple safety considerations. Yet the per-
formance ability of most modern vehicles
has been steadily increasing to a point where
control becomes ever more difficult by the
average man under some operating condi-
tions, While it is true that over the past
years valuable features have been introduced
to minimize component failures that undoubt-
edly would end in injury or death to the
operators of these vehicles, we cannot wholly
construe these features as safe design modi-
fication The introduction of four-wheel
brakes might be mentioned under this head-
ing, although we cannot be concerned here
entirely with technical innovations,

Considering the performance character~
istics of our automobiles over the past 10
years, we have seen a steady increase in
this area. Yet these same automobiles are
incapable of providing passengers with
even the mimmum protection in the event
of a fixed-object low-speed collision. Re-
cently buyers have been offered various
safety modifications by several manufactur-
ers which now are proving to be token offer-
ings rather than a direct approach to the
problem based on experience and basic laws
of physics It is very difficult to understand

the motivatng forces that prompt individu-
als and agencies to use any particular series
of events to indicate a trend without con-
sidering all controlling factors, For example,
there was widespread editorial treatment of
the fact—latter 1955 and early 1956—that
a greater number of miles were being cov-

ered by more automobiles with no increased
rate in injury or death. Suddenly there was
a very substantial increase in motor vehicle
accident injuries and deaths. Yet a corres-
ponding increase in mileage was not present.
Perhaps, in the first instance, too little con-
sideration was given to the medical profes-
sion for preventing deaths by means of new
drugs, technics, etc. It now appears that the
rate of increase in injuries and deaths sud-
denly became greater because the facilities
of the medical profession were overtaxed.
This seems to be true in spite of the fact that
to a large degree the medical profession has
advanced faster in the last 25 years than
any other science. Briefly, we might say that
the increased use of the automobile by the
average man, together with increased per-
formance characteristics, has resulted in an
increase in injury and death in spite of the
valuable accelerated efforts of the medical
profession. This particular phenomenon
might be likened to a man’s attempting to
bail out a well whose input of water was
greater than the man’s ability to remove the
same in a given length of time,

With this increase in accident trauma,
many individuals, including the manufac-
turers of automobiles, have hastened fo
adapt hang-on safety features to an obsolefc
vehicle from a standpoint of protection in
the event of a crash deceleration. Thus,
automotive seat belts currently offered as
optional equipment by car manufactur.ers
and others clearly indicate that a need exists
for car-occupant restraining devices. Ulti-
mately the true value of these devices to
protect car occupants in crash decelerations
will be found from a study of thousands of
case histories of accidents in which belts
were used On this basis the true value of
restraining devices may not be discovﬂ?d
for many years. Fortunately, there are avail-
able data of a significant nature dealing with
seat belts and restraining harnesses used
by human beings during aeroplane crashes,
which can serve as a guidepost for future
investigators. Some of these studies indicate
that seat belts have a limited ability to pro-
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tect occupants in crash decelerations of cer-
uin magnitedes and impact angles. There
is a substantial amount of cvidence that
dearly defines the protective qualities of
seat belts, even though these qualities arc
limited and are operative only under certain
conditions, Other studics show the inherent
lack of protection and injury-producing
qualities of scat belts in some circumstances.
Somewhere in between lies the answer 1o
the true value of seat belts as safety devices.

Considering the dynamic effects of im-
pact forces when applicd to a complex clas-
tic system such as the human body, all test
devices, including anthropometric and an-
thmpomorphic dummies (Fig. 16), have
limited value in rescarch ficlds dealing with
festraining  devices, Dummics serve as a
guide for the time-motion historics of a
mass during a deceleration but fail to re-
spond to dynamic forces in the same manncr
as the human body. Most studies of scat
belts and harnesses employing simulated hu-
man bodies cannot be considered wholly
valid when the human body is basically what
s under study,

_The differentials found in the interior en-
viconments of present-day automobiles might
cause some investigators to report a seat-
belt installation the primary reason for pas-
Senger protection, when some other factor
fon{ributed a large percentage of this pro-
fection in_combination with the seat belt.
Dlﬁ.erentials in impact angles of the same
vehicle can confuse investigators and might
lead to the abandonment of restraining de-
Vices now under consideration or to the
limited use of them.

. Present data indicate the limited value of
eat be.!It.v and should be given consideration.
Varliigllmited work is in.tended to show d{e
dons Y¢S encountered in auto.mol.)il&a?cx-
n O!HVesngatmn and may assist in point-
seg ut featurey generally overlooked when
A belts are evaluated at accident scenes.

CRASH DECELERATION

eThe rapid and ungoverned dissipation of
vast amount of kinetic energy a vehicle

Fic. 16 Anthropometric and anthropo-
morphic dummy used by M.V.R. to study
Kinematic behavior of a human being
during a crash deceleration.

possesses at high speed usually results in
extensive structural deformation and death
and serious injury to the occupants of the
vehicle in a crash deceleration.

Preventing the collapse of the structure
surrounding car occupants and restraining
them from c ing this ing
structure is a direct method of reducing the
highway toll of human life. Structural col-
lapse (Fig. 17) includes the prevention of
the opening of doors in all types of acci-
dents. Large factors of safety are basic
principles of engineering and can be built
into our automobiles,

DESIGN CONSIDERATION
The design and the installation of re-

straining devices such as seat belts require
consideration of the many force-angle fac-

surr



320

The Role of Safety Belts in the Motorist's Safety

Fia. 17. Structure was incapable of withstanding (crash) forces, and passenger was badly
crushed and dred. Driver was ejected and received only minor scratches.

tors included in a crash deceleration. It is
highly improbable that any one make of
vehicle will impact objects in the same man-
ner during a series of accidents. To a Jarge
degree the contact area of the impacted ob-
ject will control the forces acting on vehicle
occupants.

These forces are also controlled by time-
distance relationship and sheet-metal defor-
mation factors included jn the deceleration.

Consideration should be given to the pre-
impact position of the occupants, together
with crash-awareness tension or the bracing
of the occupants

It 1s known, also, that the forces acting
on occupants in vehicles involved in fixed-
object head-on types of crashes will be
higher than those found in a two-vehicle
crash. This 1s due to the fact that when two
vehicles collide, one or both vehicles usu-
ally come to rest some distance from the
initial point This distance (decelerative)

tends to reduce forces acting on the occu-
pants because the kinetic energy of the ve-
hicles is dissipated over a longer period of
time and over a greater distance. However,
especially in multivehicular accidents of this
type, occupants sometimes are subjected to
radical changes in direction during the de-
celeration time because some peak-force in-
tervals are acting upon them in many planes
It is obvious, therefore, that restraining de-
vices should be designed to cope with these
variable forces within the limit of tolerance
of normal and even subnormal riders,

INTERIOR ENVIRONMENT
AND STRUCTURE

The severity of injury in automobile acci-
dents is rarely in direct ratio to crash force.
When vehicular body structure remains sub-
stantially intact, crash injuries are prin-
cipally the result of the individual’s being
thrown against objects inside the compart-
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ment. Wide variations in the extent and the
soverity of injury among several people who
trve been in the same erash are not uncom-
mon, Variations olten arc due to the “in-
jury potentials™ (of interior design) of the
objects which each person struck rather than
the foree of the crash,

REAR-PASSENGER BEHAVIOR
DURING FINED-OBJECT CRASH

it is difficult to predict kinematic behavior
of rear-seat passengers during a fixed-abject
erash; it is dependent on many factors: angle
of ehicle contact; area of impacted object;
application of brakes prior 1o impact; and
others,

Frontseat passenger wearing seat belt
would receive energy of rear-seat passenger’s
weight less seat frictional Josses of rear pas-
seager in this type of crash, Rear-seat pas-
semger, weight 87 Ibs. (semiarticulated
dummy anthropomorphic type). Force was
sufficient to increase head blow of front pas-
seager on dashtop and face, causing denting
of metal area contacted. Additional abdom-
inat Joad is impaired on front-seat passenger
atbelt area,

From-seat back is hinged for entrance
and exit of rear seat passengers. Force re-
Quirements to move seat back was negligible
(static test),

Jackknife action of front-seat passenger
would cause pressure point on abdominal
22 by buckle of seat belt.

NORMAL WEAR FACTOR
OF WEBBING AT
FLOOR ANCHOR PQINTS

bd?;e desig{l of floor zmch'ot poinl's of seat-
Somes:;m'bhes should receive consideration.

esigns allow the shoes of rear-seat
s:srengers o contact the web loop. Abrasive
dt cﬂm} deftnormion from moisture and
soles :i“i)ed into the compartment on the
) Odtwear can cause webbing failure

nder loading,

m‘::‘i;{:ge motorists might not inspect belt

©s and anchor points on a periodic

basis fo determine normal wear factor, Belt-
webbing failure in crash may result, Desiga
should include protection of floor anchors
and webbing exposure to moisture, ete.

KINEMATIC BEHAVIOR OF
PASSENGER IN CRASH

Unrestrained rear-scat  passengers  are
acted upon by a vertical component of a
crash, causing them to continue forward
and upward. Restraint by means of a seat
belt properly installed would reduce injury
potential to some degree, provided that no
head contact was made to a structural or
high-pressure point,

HunMAN EXPOSURES 7O
LiNCar DECELERATION®

The Lap Belt. Assuming the usual width of
2 inches, the average occupant of an aircraft
seat equipped with a lap belt will impinge
against approximately 20 inches of its length
across the anterior aspect of his trunk, In order
that it can have any protective function against
ctash facces, the occupant must have at least
40 inches of forward clearance to aveid strik-
ing his head agamst obstructions as his trunk
swings in an arc around the belt as a fulcrum;
the belt must pass through the crease of the
hips to avoid bearing against the abdomen, and
the Joad must rest against all 40 square inches
of presenting surface, not against an upper
edge, or a doubled belt. Under these ideal con-
ditions, the 200-pound occupant will sustain
a load across hiy pelvis of 5 pounds per square
inch per g. At 20 g, this is 100 pounds per
square inch, and at 40 g it 1s 200 pounds per
square inch. The maximum pressure listed in
Tabte 2, Column K [aot repraduced herel,
15 36.5 pounds per square inch under actual
test conditions. Whale this is by no means the
hmit of tolerance, it would be rash to recom-
mend more than three times this value as the
extreme limit for the safety belt alone, op-
erating under ideal conditions, such as in a
laboratory. In actual practice, the occupant
seldom js given 40 inches of unobstructed for-
ward clearance in which to jackkaife his body;
the angle of application of force may pull him
partly or completely out from under the belt,
or impinge his lower abdomen along one edre
or a doubled V of the webbing, or the belt

*Excerpt from AF Technical Report 5915, Part
2, December, 1951, by John Paul Stapp, Lieu-
tenant Colonel, MC, USAF.
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may catch under the margins of the ribs across
the upper abdomen. The effect of 100 or 200
pounds per square inch in shear on these soft
tissues and the organs underneath is almost
certainly to rupture and tear.

FREQUENCY OF HEAD INJURIES
IN ACCIDENT AND POSTACCIDENT
COMPLICATIONS

Numerous statistical studies disclose the
high incidence of fatal and nonfatal head in-
juries in automobile accidents. Medical data
indicate that the dynamic energy input re-
quired to cause head fracture is much lower
than the energy requirement of a static load
to cause a similar fracture, No significant
data have come to light disclosing the con-
tribution to death or mental complications
thar may result from a head blow recerved
m an awomobile accident many years be-
fore. However 1n the field of boxing there is

Fra. 18. Dashtop
deformation by dum-
my’s head after wind-
shield penetration.

ample evidence of the postaccident com-
plications that can occur when a blow or
repeated blows to the head have been re-
ceived. Since 1900, over 300 men have died
from injuries incurred in the ring. No count
of those who died months and years before
they were buried 1s available. An article in
The Journal of the American Medical As-
sociation, by Dr. Frank Ferlaino, shows the
need for boxers’ gloves so designed as to
afford the hand less protection and the head
more. In this respect the same consideration
is needed in designing the automobile dash-
board top and face and other surrounding
structures that might be impacted by the
head during a crash. This is imperative be-
cause seat belts will not restrain the upper
torso in most crashes

Brain-wave tracings by Dr, Harry A.
Kaplan and Dr Jefferson Browder, sum-
marized in The Journal of the American
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Medical Association, showed that only a few
of the 1,000 boxers examined dircetly after
a fight had the type of brain wave that might
be termed classic,

Some human heads are more vulnerable
to blows than others, Usually this is traced
to the thinner frontal bonc shiclding the
brain behind the forchead.*

The majority of solid blows to the head
are apt to cause minute hemorrhages on
the brain sutface, It may take years for the
effects of such hemorrhages to reveal them-
sehes. Damage to the brain through hem-
orthage or otherwise is irreversible. Unlike
other parts of the body, the brain cannot
repair itself.

Itis probable that no head blow is taken
with impunity, Unconsciousness from a head
blow usually results in irreparable brain
damage. {7}

Since protection for the head cannot be
provided by scat belts (Fig. 18), internal
structure design and proper restraint for
the upper torso seem to be the logical ap-
proach. Injury to most other parts of the
body, while crippling and disabling, have
lrgely been circamvented by modern tech-
nelogy. Almost any damage to the body
can be repaired by surgery, but damage to
the brain cannot be repaired.

Because head blows dominate the list in
almil.nobile-accidt’.nt injuries, it is well to
:’Dnsldel‘ the limited ineffectiveness of seat

elis as a protective measure.

HEAD-INJURY CONSIDERATIONS

[mlitc:ailhreasonabl)f be coneluded from sta-
08 g at head injurics predominate in
o sesb?f d?a!h or injury to occupants
ttons ;’{’:0 llles. involved in crash decelera-
ot seat ngmmg thellower bndy by means
ties tel't alonle will not reduc; head in-
ure g ;te‘:_“‘u)’ it the surrounding struc-
trash H'l 10 range of the head during a

- High-pressure structural points would

also § .
—_ herease the injury exposure materially.

* Tests at
the Universit Cincinnati D
Urence B, Chenoweth. y of Cincinnati by Dr.

Fi5. 19. Side view of steering-wheel con-
dition after impact by dummy.

Disregarding the crashworthiness of the
car-body structure surrounding the occu-
pants, which of course should be a primary
consideration, we must view the internal
envir as an i source of in-
jury potential (Fig. 19). It is this source
that should receive consideration when seat
belts are involved, because of their inter-
relationship. Why restrain the lower-body
section when the head is most vulnerable
to impact? To restrain the lower body and
allow the head to impact a knob or dash
contour that will cause a localized high-
pressure force to be transmitted to a body
section so sensitive to injury seems to defeat
the purpose of a seat belt.

Moderation of the mechanical causes of
head injury is so closely related to seat-belt
protection that it cannot be ignored. In some
accident cases it might well be proved that
a seat belt was the cause of death or injury.
For example, a fixed object crash occurs at
a relatively low speed. The passenger’s body
is restrained with a seat belt that functions
properly within the limits of the forces in-
volved. The upper part of the passenger’s
body jackknifes and his head strikes a nar-
row dash contour or knob with a force suf-
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Fig. 20, Specially
designed harness un-

ficient to cause an undetected brain hemor-
rhage. He dies a month or a year later, al-
though no damage was evident at the time
of the accident. This injury condition may
occur also were the head to strike a crash
pad designed for protection at Jow-velocity
impacts In the same crash without a seat
belt this passenger might have impacted the
same area or some other area with apother
part of his body less vulnerable to injury,
or the force might have been distributed
over a greater body area that would materi-
ally reduce the injury potential. The seat
belt, therefore, could be the direct cause of
death or serious njury. The answer obvi-
ously is not any kind of restraint!

Our studies indicate clearly that the mod-
ern automobile 1n a crash deceleration into
a fixed object will not provide a passenger
with any protection at impact speeds even as
fow as 13 nules per hour. These studies

der evaluation.

show clearly that the frontal area and struc-
ture composed of the grill, the fenders, the
bumper, etc., absorb a minimum of the ki-
netic energy available when a car is decel-
erated by means of contact with a fixed ob-
ject. Moreover, our studies clearly support
prior studies in this particular area, While
it is true that the sheet metal and grill area,
etc., of the modern automobile absorb some
energy, the percentage that it absorbs is
negligible in protecting the passengers of
the vehicle,

The immediate dangers to fliers from
rapid deceleration resulted in the develop-
ment of an effective restraining harness. This
harness consists basically of straps that hold
the body firmly in its seat, controlling both
the upper “shoulder” and the fower “peivis”
portions of the body (Fig. 20). Previously,
a simple lap strap was used, but this offered
some protection in low-speed crashes only
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Europe it is required by law that boat drills
be held, both for crew and passengers,
within a very short time after the ship leaves
port. All persons are required to present
themselves at an allotted boat station wear-
ing correctly a regulation life jacket. Per-
haps the most vivid memory of these occa-
sions is the sight of the very differently clad
crew and passengers, who, however, show a
distinct uniformity of appearance because of
the same type of life jacket, a jacket that
has proved its worth and whose-use is man-
datory by maritime officials.

It js with considerable wonder that a
casual shopper sees a variety of seat belts
and harnesses on sale in various shops at
prices ranging from approximately $3.00 to
$25.00 and all carrying claims of excellence
in well-worn sales phrases. The analogy be-
tween life jackets and seat belts should be
very close. Both are designed specifically
to save life. However, in practice the analogy
breaks down completely, for the former are
demanded by law and are approved after
testing, while serious doubts have been
raised as to the efficiency of the Jatter, which
do not have to meet practical or official
specifications as to design or the materials
used in their construction.

A restraining device is, or should be, a
scientifically designed article produced with
the clearest concepts in mind of what it has
to do and how it is to do it. Consideration
should be given to its particular adaptation
to particular vehicles. Unfortunately, judg-
ing by the multitude of materials, and even
the basic designs of restraining devices that
are offered, it is abundantly clear that these
concepts have been neither understood nor
investigated, and, so far as officials are con-
cerned, no practical law exists to ensure that
even the mimmum of safety is provided by
a safety belt. A survey of the few laws re-
garding safety belts and test procedures for
approval indicates that those directly con-
nected with the creation of these Jaws have
little or no conception of what a seat belt

should provide in order to provide even the

minimum of protection. Therefore, it is not
surprising that the public buys according
to its pocket, in sartorial fancy, acquiring all
too often no more than an illusory pro-
tection, facts about which coroners recently
have made pungent remarks when investigat-
ing fatalities on the road. This position then
is rendered more tragic when it is remem-
bered that the dead motorist bought this
restraining device with the express idea of
protecting himself from such a fate,

Several of our tests have shown that, with
impact velocities below 30 miles per hour
in a crash deceleration into another vehicle,
the seat belt, which was standard and pur-
chased on the open market, failed to re-
strain the dummy occupant of the vehicle
used in the' test. Further dynamic crash
tests of the various types of seat-restraining
devices should indicate clearly the effective-
ness of such devices. Manufacturers have
been explicit in their literature concerning
restraining devices for children that these
will provide protection and prevent injury
even under most severe crashes. Such sales
claims, influencing public thinking, are cer-
tainly a clear indication that the commer-
cial aspects of human safety. are more im-
portant than the basic concepts of it, How
can we, then, openly endorse present-day
restraining devices and even predict that
these devices have protective qualities when
the human tolerance to forces produced by
crash deceleration are practically unknown?

There also have been numerous studies
that indicate that prevention of ejection dur-
ing crash decelerations of car occupants
would reduce the number of killed or in-
jured each year. These studies are not valid
in view of the fact that no data concerning
the condition of the occupant of the vehicle
are available immediately prior 10 the ejec-
tion,

Our studies show that in a head-on type
of crash the passenger continues forward,
impacting the windshield or dash area prior
to ejection. Is it not worth considering
whether this particular passenger was in-
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Fia. 21. Rest position of vehicle in roll-over.

jured critically or fatally prior to'the cjection
or whether the primary impact was a posi-
tive factor in death or injury and not con-
tact with some extesnal eavironment?

Our field studies at this time involving

late-model vehicles show decisively that our
present-day door focks arc not safety door
locks and provide little protection in most
Crashes,
. Without question our roof structures ate
inadequate (Fig. 21), and we are fast ac-
Cu}nulating valuable data from our studics in
this pasticular area, In order to satisfy rock-
battom requirements for safety, a reinforced
ompanment must be provided that is a
strong crashoresistant  compartment  that
might be termed a capsule for maximum
OCClpant progection.

B%Sically, up to this time we have not
PTO\‘}ded our vehicles with any crash design
:‘;d;ﬁ‘i:‘mﬂv and, unless such modifications
il ndertaken and incorporated in our ve-

s, the accident trauma will continue at
':g n?:e:;rated rate until the automobile be-
duced bf most IeEhal insfrumenx ever pro-
nologic )dﬂ'lan. It is amazmgtthax our tech-
vaiiexax ‘a‘f!:es in automotive design can
o oner l;(;'n!} accelerations and top speeds
for wfen § miles per hour, yet m.y provixsryn
torpomgdu-! the event of an accident s in-

I the over-all design.

Editorial comment lauding the crash-
worthiness design of an automobile only
delays much-needed action and puts off
until tomorrow what we should do today.
During this time interval many thousands
of people will be severely injured or killed,
and this will persist until such time as pub-
fic indignation is aroused and steps are
taken to tackle the problem and demand
safety designing in our vehicles.”

However fast our scientific rescarch pro-
vides safety at certain velocities, we cannot
hope to countesact successfully the increase
in operating speeds of vehicles and in im-
pact velocities. In other words, we may pro-
vide protection for passengers by means of
design at impact velocities of 20 miles per
hour while the designers of automobiles are
contemplating an increased performance ve-
hicle for the following year that will provide
impact velocities of 75 miles per hour.
There must be a very close relationship be-
tween safe design modification engineering
and performance engineering if we are to
attack the problem and hold the line on in-
juries and deaths due 1o the accident trauma
on our highways,

A series of fixed-object crash-deceleration
tests at impact velocities of 13.1, 14.3, 14,7,

* Totsl particigation it rieeded. (£d.]
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Europe it is required by law that boat drills
be held, both for crew and passengers,
within a very short time after the ship leaves
port. All persons are required to present
themselves at an allotted boat station wear-
ing correctly a regulation life jacket. Per-
haps the most vivid memory of these occa-
sions is the sight of the very differently clad
crew and passengers, who, however, show a
distinct uniformity of appearance because of
the same type of life jacket, a jacket that
has proved its worth and whose- use is man-
datory by maritime officials.

It is with considerable wonder that a
casual shopper sees a variety of seat belts
and harnesses on sale in various shops at
prices ranging from approximately $3.00 to
$25.00 and all carrying claims of excellence
in well-worn sales phrases. The analogy be-
tween life jackets and seat belts should be
very close. Both are designed specifically
to save life. However, in practice the analogy
breaks down completely, for the former are
demanded by law and are approved after
testing, while serious doubts have been
raised as to the efficiency of the latter, which
do not have to meet practical or official
specifications as to design or the materials
used in their construction.

A restraining device is, or should be, a
scientifically designed article produced with
the clearest concepts in mind of what it has
to do and how it is to do it. Consideration
should be given to its particular adaptation
to particular vehicles. Unfortunately, judg-
ing by the multitude of materials, and even
the basic designs of restraining devices that
are offered, it is abundantly clear that these
concepts have been neither understood nor
investigated, and, so far as officials are con-
cerned, no practical law exists to ensure that
even the minimum of safety is provided by
a safety belt. A survey of the few laws re-
garding safety belts and test procedures for
approval indicates that those directly con-
nected with the creation of these laws have
little or no conception of what a seat belt
should provide in order to provide even the

minimum of protection. Therefore, it is not
surprising that the public buys according
to its pocket, in sartorial fancy, acquiring all
too often no more than an illusory pro-
tection, facts about which coroners recently
have made pungent remarks when investigat-
ing fatalities on the road. This position then
is rendered more tragic when it is remem-
bered that the dead motorist bought this
restraining device with the express idea of
protecting himself from such a fate.

Several of our tests have shown that, with
impact velocities below 30 miles per hour
in a crash deceleration into another vehicle,
the seat belt, which was standard and pur-
chased on the open market, failed to re-
strain the dummy occupant of the vehicle
used in the’ test. Further dynamic crash
tests of the various types of seat-restraining
devices should indicate clearly the effective-
ness of such devices. Manufacturers have
been explicit in their literature concerning
restraining devices for children that these
will provide protection and prevent injury
even under most severe crashes. Such sales
claims, influencing public thinking, are cer-
tainly a clear indication that the commer-
cial aspects of human safety. are more im-
portant than the basic concepts of it. How
can we, then, openly endorse present-day
restraining devices and even predict that
these devices have protective qualities when
the human tolerance to forces produced by
crash deceleration are practically unknown?

There also have been numerous studies
that indicate that prevention of ejection dur-
ing crash decelerations of car occupants
would reduce the number of killed or in-
jured each year. These studses are not valid
in view of the fact that no data concerning
the condition of the occupant of the vehicle
are available immediately prior to the ejec-
tion.

Qur studies show that in a head-on type
of crash the passenger continues forward,
impacting the windshield or dash area prior
fo ejection. Is it not worth considering
whether this particular passenger was in-
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Fia. 21, Rest position of vehicle in roll-over,

jured eritically or fatally prior to'the ejection
or whether the primary impact was a posi-
tive factor in death or injury and not con-
tact with some external environment?

Our field studies at this time involving

late-model vehicles show decisively that our
present-day door Jocks are mot safety door
locks and provide little protection in most
Crashes,
_ Without question our roof structures are
Madequate (Fig. 21), and we are fast ac-
Cumulating valuable data from our studies in
this particular area. In order to satisfy rock-
bottom requirements for safety, a reinforced
Compartment must be provided that is a
stfong  crash-resistant compartment  that
might be termed a capsule for maximum
occupant protection.

Basically, up to this time we have not
Provided our vehicles with any crash design
Modification, and, unless such modifications
afe undertaken and incnrporated in our ve-
hicles, the accident trauma will continue at
z: r:ccelermd rate until the automobile be-
duc:; ;’he most leghal instrument ever pro-
B 'y man. It Is amazing that our tech-

OOglc advances in automotive design can
g;“:‘l,de ;ls with accelerations and top speeds
for s:fret 29 miles per hour, yet no provisi.on
o y in the event of an accident is in-

Tporated in the over-all design.

Editorial comment lauding the crash-
worthiness design of an automobile only
delays much-needed action and puts off
until tomorrow what we should do today.
During this time interval many thousands
of people will be severely injured or killed,
and this will persist until such time as pub-
lic indignation is aroused and steps are
taken to tackle the problem and demand
safety designing in our vehicles.*

However fast our scientific research pro-
vides safety at certain velocities, we cannot
hope to counteract successfully the increase
in operating speeds of vehicles and in im-
pact velocities. In other words, we may pro-
vide protection for passengers by means of
design at impact velocities of 20 miles per
hour while the designers of automobiles are
contemplating an increased performance ve-
hicle for the following year that will provide
impact velocities of 75 miles per hour,
There must be a very close relationship be-
tween safe design modification engineering
and performance engineering if we are 1o
artack the problem and hold the line on in-
juries and deaths due to the accident trauma
on our highways.

A series of fixed-object crash-deceleration
tests at impact velocities of 13.1, 14.3, 14.7,

* Total participation is needed. [Ed.]
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Fic. 22. Thirty-one milliseconds after contact was made.

15.4, 17.9, and 18.1 mph, using anthro-
pometric and anthropomorphic dummies
fully articulated and weighing 165 pounds,
have provided valid data regarding the kine-
matic behavior of front-seat passengers
wearing commercial seat belts.

A study of a motion-picture record of
these tests recorded on 16 mm. film exposed
at 9,000 frames per second revealed inter-
esting data concerning the time-motion his-
tories of the dummies and showed clearly
that the front-end structures absorbed a
negligible amount of energy by deformation.
This plastic deformation absorbs much less
energy than the elastic deformation of the
vehicle mass that is present during a crash.

A reference fence positioned between the
high-speed cameras and the crash vehicle
provided a displacement record that was
correlated with a time record made on the
motion-picture film by means of a pulse gen-
erator. This generator supplied a pulse mark
at the rate of 1,000 marks per second on a
400-feet roll of film.

The preimpact velocity of the vehicles and
the deceleration rate of the dummies and the
various sections of the vehicles have been
studied by means of ume-motion projectors
These studies have shown the following:

1. Front end structure deformation ab-
sorbs a negligible amount of energy.

2. Elastic deformation is more effective
in absorbing energy than plastic deforma-
tion.

3. Jackknife action of the passengers re-
strained with seat belts during a fixed object
crash at 13.1 mph exposed the face and l_he
head to violent deceleration by contact with
the windshield and then caroming off to the
dashboard top (Fig. 22). This condition €x-
isted even under an average deceleration of
less than 6 g and does not consider several
peak decelerations that occurred during the
entire phenomenon.

4. The vertical components given to pas-
sengers in a fixed object crash at 13.1 mph
are of a negligible nature and do not con
trol the direction in which the passenger
travels during a crash deceleration of this
type at this velocity.

5. The coefficient of restitution of the ve-
hicle at 13.1 mph impact was too small to
have meaning. !

6. Tests at somewhat higher impact
speeds revealed factors not found at 13.1
mph. The vertical components given to the
passengers were of a magnitude that con-
trolled the direction of the passenger 10 @
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Jarge degree, and the coeflicient of restitu-
pon was of 4 nature that warranted con-
sderation,

7, Tests ot 18.1 mph (preimpact ve-
locity) using a standard mylon seat belt an-
chored fo the frame of the vehicle and
fositioned across the lap area of the pase
seager ot an angle of approximatcly 45°
were incflective in resteaining the upper
torso of the passenger. During the decclera-
tion, the passenger remained in his pre-
impact seat position for 18 milliscconds,
while the front end of the vehicle deformed.
The velocity of the vehicle in the seat arca
did not diminish wntil the front-end defor-
mation was almost complete and the non-
yielding vehicle component of the mass was
stressed, The passenger imposed a Joad on the
seat belt that cawsed clangation of the web-
bing that reached an estimated 18 inches at
one point in the deceleration, The head of the
passenger penetrated the windshicld approxi-
mately 7 inches. The clastic deformation of
the windshield was considerable, yet the
Standard aluminum helmet was scarsed and
dented,

Knee-dash contact was present, and the
hiead caromed to the dashtop, denting it
:l:ep;oxxmatcly 7 of an inch over a wide
ds;“:;x::hsc(ions were' fol]o.wcd by a vertical
macly 1 ;3 passenger’s entire body approxi-
Squabyun ,Iu\ches from the top of the seat
Wt o t}l‘ the body was atmost horsizontal
com ead, near the center of the rear-

Tpartoient area above the seat back top.
cyclse !ﬂ)gt;gn was followed by a one half
e 1 r:sii{sz action before the passenger
Wsition ht%m relatively the same scating

Althout niupxcd belore the impact, .
forees invgu et altempt to rcl?l.e the various
ertien, g s mhpassenger injury was un-
ceming injuric: tht lack of valid data con-
bave 1eceiveq int(:'t actual human bc{ngs
% %35 concluded is type of deceleration,
R Was fatai S‘fb'jectxvcly that the pas-
%25 bageq on 4 y ln)urgd. ;I'h)s conclusion

ata that indicated that 400-

Fic. 23. Popular restraining seat for
children used in collision tests (M.V.R.)
with ¥-ton sruck (collisions).

inch pounds is sufficient to cause fracture
to some human skulls, and any force above
600-inch pounds is sufficient to cause ir-
reparable dantage.

Another test at 17.9 mph using the same
dummy showed that the large chest area of
the dummy made contact with the dash-
board face and reduced the head contact
to the windshield and dashtop. The vertical
component was reduced, and the dummy did
not assume a horizontal attitute at any time
during the deceleration.

This study clearly indicates a need for
further investigation of seat belts before any
valid conclusions can be reached regarding
their usefulness. These studies now are under
way, and a detailed report will be available
sometime during the early part of 1957,

A series of crash tests of an exploratory
nature have been made using various re~
straining devices for small children (Fig.
23), and results to date show a need for
i diate full-scale investigation of these
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154, 179, and 181 mph, using anthro-
pometric and anthropomorphic dummies
fully articulated and weighing 165 pounds,
have provided vahd data regarding the kine-
matic behavior of front-seat passengers
wearing commerctal seat belts,

A study of a motion-picture record of
these tests recorded on 16 mm. film exposed
at 9,000 frames per second revealed inter-
esting data concerning the time-motion his-
tories of the dummies and showed clearly
that the front-end structures absorbed a
negligible amount of energy by deformation.
This plastic deformation absorbs much less
energy than the elastic deformation of the
vehicle mass that is present during a crash.

A reference fence positioned between the
high-speed cameras and the crash vehicle
provided a displacement record that was
correlated with a time record made on the
motion-picture film by means of a pulse gen-
erator. This generator supplied a pulse mark
at the rate of 1,000 marks per second on a
400-feet roll of film.

The preimpact velocity of the vehicles and
the deceleration rate of the dummies and the
various sections of the vehicles have been
studied by mieans of time-motion projectors.
These studies have shown the following:

HIGHWAY RESEARCH PRO gy
14

CONDUCTED BY
'MOTOR VEHICLE RESEARCH.
L e

Fi6. 22. Thirty-one milliseconds after contact was made.

1. Front end structure deformation ab-
sorbs a negligible amount of energy. .

2. Elastic deformation is more effective
in absorbing ¢nergy than plastic deforma-
tion.

3. Jackknife action of the passengers re-
strained with seat belts during a fixed object
crash at 13.1 mph exposed the face and t.he
head to violent deceleration by contact with
the windshield and then caroming oﬂ. to the
dashboard top (Fig. 22). This condim?n ex-
isted even under an average deceleration of
less than 6 g and does not consider .several
peak decelerations that occurred during the
entire phenomenon.

4. The vertical components given to pas-
sengers in a fixed object crash at 13.1 mph
are of a negligible nature and do not con-
trol the direction in which the passenger
travels during a crash deceleration of this
type at this velocity.

)’PS. The coefﬁcig’nt of restitution of the ve-
hicle at 13.1 mph impact was too small to
have meaning. i

6. Tests at somewhat higher me“cll
speeds revealed factors not fouvd at 13?.1
mph, The vertical components given to tl f
passengers were of a magnitude that con
trolled the direction of the passenger toa
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large degree, and the coeflicient of restitu-
tion was of a natare that warcanted con-
sideration.

7. Tests at 18,1 mph (preimpact ve-
locity) using a standard nylon seat belt an-
chored to the frame of the sehicle and
positioned across the lap arca of the pas-
seager at an angle of approximately 45°
were ineflective in sestraining the upper
torso of the passenger. During the decelera-
tion, the passenger remained in his pre-
impact seat position for 18 milliscconds,
while the front end of the vehicle deformed.
The velocity of the vehicle in the scat area
d&id not diminish until the front-end defor-
mation was almost complete and the non-
yielding vehicle companent of the mass was
stressed. The passenger imposed n load on the
seat belt that caused clongation of the web-
bing that reached an estimated 18 inches at
one point in the deceleration. The head of the
Passenger penctrated the windshield approxi-
mately 7 inches. The elastic deformation of
the windshicld was considerable, yet the
standard aluminum helmet was scarred and
dented,

Knee-dash contact was present, and the
head caromed to the dashtap, denting it
approximately 7 of an inch over a wide
area,

_ These actions were followed by a vertical
fise of the passenger’s entire body approxi-
mately 11 inches from the top of the seat
$quab until the body was almost horizontal
With the head, near the center of the rear-
Compartment area above the seat back top.
S action was followed by a one half
Syele of the first action before the passenger
€ame 10 rest in relatively the same scating

Position he occupied before the impact.
forﬁ:h?,:lgt; 1O attempt 10 relate the various
dmaken"% ved in passenger injury was un-
cerning : due to the lack of valid data con-
have rec’}]‘“{;e? tha_t actual human be!ngs
¥ was cswi in thls.ty[?e of deceleration,
senger wncfuded syl:gecttvely Fhat the pas-
was basefis atally mlure.d‘ This conclusion
on data that indicated that 400-

Fig. 23. Popular restraining seat for
children used in colfision tests (M.V.R.}
with 34-ton truck (collisions},

inch pounds is sufficient to cause fracture
to some human skulls, and any force above
600-inch pounds is sufficient to cause ir-
reparable damage.

Another test at 17.9 mph using the same
dummy showed that the large chest area of
the dummy made contact with the dash-
board face and reduced the head contact
to the windshield and dashtop. The vertical
component was reduced, and the dummy did
not assume a horizontal attitute at any time
during the deceleration.

This study clearly indicates a need for
further investigation of seat belts before any
valid conclusions can be reached regarding
their usefuiness. These studies now are under
way, and a detailed report will be available
sometime during the early part of 1957.

A series of crash tests of an exploratory
nature have been made using various re-
straining devices for small children (Fig.
23), and results to date show a need for
immediate full-scale investigation of these
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devices, especially those sold bearing a guar-
antee of safety in the event of a crash. In
these exploratory tests, all seven devices
failed to provide even the slightest protec-
tion in a fixed object crash at 8 to 14 miles
per hour.

Our field investigations of actual accidents
now indicate that a large number of both
passengers and drivers survived because
they were ejected from the vehicle. This is
in direct conflict with some studies but tends
to question the validity of some subjective
data used in those studies.

In a number of accidents the passengers
and the drivers were ejected and survived,
while those who remained in the vehicle re-
ceived fatal injuries. Conversely, some peo-
ple who were ejected died, but we were
unable to determine whether or not they
received fatal injuries prior to ejection or
by contact with some external environment.

The problem is one of obtaining an abun-
dance of valid data before a conclusion can
be reached. In the meantime it would be
most desirable to delete publication of ques-
tionable data and the advocation of seat
belts in the absence of data that cannot be
challenged.

Some of our studies of passenger behavior
during fixed-object crashes at low-impact
velocities have revealed interesting data and
lead us to the conclusion that preimpact
seating position of vehicle occupants, the

angle of attack of the decelerated vehicle,
crash-awareness tension of the passenger
and the impact velocity of the vehicle con-
trol the kinematic behavior of such occu-
pants. Prediction of this behavior, even un-
der controlled conditons, is not possible
when a slight change in one condition occurs.
This change affects all other conditions to
varying degrees, and it is impossible to pre-
dict the effect of these changes.

Our investigation included the mounting
of a high speed missile camera on the frame-
work attached to the rear section of various
automobiles. This camera recorded the ac-
tions of occupants wearing seat belts dur-
ing fixed-object crashes and collisions with
other vehicles and trucks. No two time-
motion histories could even approach uni-
formity; in fact, the differences were so
widespread that no prediction of passenger
behavior could be made even if the angle of
attack, preimpact seating positions and
many other factors were almost identical.
This tends to support my theory that acci-
dent analysis studies reported are defective
to some degree.

The most important consideration con-
cerning seat belts used in automobiles is
that data regarding these safety devices be
valid and capable of withstanding investiga-
tion by further research, Until such data are
to hand, all research groups should refrain
from advocating such devices.
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Concluding Opinions: Some Orthopaedic
Aspects of Motor-Vehicle Accidents

Jacon KuLowski, M.D.

Orthopacdic aspects—like those of medi-
cine in general—of moter-vehicle accidents
are inextricably related to the extraclinical
factors that govern the causation and results.
Stated in chronologic order, the integrated
clinical life history of motoring comprises
preclinical, paraclinical, clinical and post-
clinical phases.

PRECLINICAL: ACCIDENT
PREVENTION

Properly any orthopacdic inquiry into
fundamental etiologic patterns of accident
causation must consider one chief parameter
—the motorskeletal fitness of drivers. A de-
gree of correlation between physical diseases
‘anq accidents was deduced from the high
lncgdence of spinal arthritis in a series of
residual neck and low back disabilities that
resulted from motor-vehicle accidents.*

Appruximmely 50 per cent of these per-
sons We.re found to have had varying degrees
of .cervxcal and lumbar arthritis (osteoar-
lhx:ms for the vast majority). Drivers with
spinal arthritis of the cervical region were
i":l': prone to rear-end and angular types of
mtzrscets" especially those that occurred at
o Ctions, etc., than were those without

Wieal arthritis, To a lesser extent the
—

* N

Obs‘::,r::rfs series of 230 cases with 275 lesions

Same e Tom 1947 unul July, 1956 Durmng the

skelg(a{’ irmd there were 375 cases with motor-

mmpﬁseglunes (458 mjuries) The spinal series
about 65 per cent of the total number
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same thing was noted with regard to lumbar
arthritis. This was assumed to have been
due to some limited peripheral vision inci-
dent to loss of rotatory (and other) move-
ments of the arthritic spines.

By implication it may be deduced that
other physical conditions that tend to inter-
fere with the dynamic requirements of driv-
ing may cause greater-than-average acci-
dents, This dynamic concept regarding
riders other than guest passengers (drivers),
who sit more or less statically (and re-
laxed), needs further exploration and de-
velopment. To the many human variables
already known, another has been added.

PARACLINICAL
PATHOGENESIS, INJURIES

This phase of the situation has focused
attention upon equations between human
tolerances to decelerative and/or accelera-
tive forces and injury potentials of the ve-
hicle (Fig. 24) Stapp has defined human
tolerance as the limit of reversible incapaci-
tation (approximately 50 g’s when properly
suspended).  Accident configuration is
largely a function of the nitial and/or prin-
cipal impact (Fig. 25). The repetitive nature
of the impacts and patterns of injury would
seem to impugn force magnitudes no less
than design factors of the vehicle. But the
direction of forces 1s nowhere better illus-
trated than n the rear-end types of collisions
(Fig. 26). On the clinical side, in the series
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Fi6. 26. Reactions in forward and rear impacting vehicles n experimentally con-
wrolled rearend collisions, (Severy, Derwyn M., ¢f al.; Controlled automobile rear-end

collisions, Canad. Serv. M, J. 11:727)

:’,C“‘{S f\‘f?ndy_ mentioned with respect to
vl’m‘ injuries, it was also found that the
st majority of so-called sprains (and some
lg;;“ ;\L‘:’clnl injuries) of the neck—and the
angur;C'm—ﬂ'vcrc caused by rear-end and
deng mn‘ﬁ pacts, Huwcvc'r, all Kinds of acci-
Cliniegl 3;"3“0_35 may give the same results
i t{"’.‘\‘cor thxs‘ feason, engincering safety
Prosehes ms ch"B“‘Za"C? of all available ap-
Crah s the reduction of injuries under

conditions. In other words. the vari-

ous kinds of forces operative are counter-
balanced in one way or another (Fig. 27)
in so far as they can be moderated in their
actions upon the rider.

A, 1. White (MVR]} has also suggested
marginal plantings of high energy absorbing
shrubbery at strategic points on the highway.

The introduction of safety belts may pose
some dingnostic problems (Fig. 28). On
the other hand, another driver wearing a
safety belt in a stock car race, in which his

TanLr 7. PriNCIPLE OF COUNTERBALANCE

Fi
ORCES AcTing on Riore

PRINCIPAL INJURIES

COUNTLRFORCES
THROUGH ENGINEERING

Impulsive -
Cmshmg ractures
Inertiat Internal

Combineq (ejection)

Internal and sprains
Internal and fractures

Energy-absotbing surfaces
Stiffen body of vehicle
Controlled deformation
Restraints; door lochs
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Fia. 27. Severe forward crash of 1956 mode! car Drwer received injuries to right
hip (dwslocation), right arm, face, scalp and chest. Lifeguard steering wheel is seen to
have withstood the dnver impacts, although it was eracked in three places,

car rolled several times, received only a
4 lumbosacral sprain, despite his increased
vulnerability to low back injury due to the
presence of a spondylelisthests (Fig. 29).
Be that as it may, much remamns to be done
along hines of reduction of ijuries

The case mentioned above (Fig. 29) in-
troduces a crash-impact point of view in
reverse, 1.¢, connections between physical
diseases (or condiions) and mctdence of
greater-than-average injuries (increased vul-

Fic 28. Abdomunal adhesion from
snubbung action of safety belt worn during
panic braking and severe (orward vehicu-
tarcollison £ © 3 momhs after injury).

Jperation " - the chronic partial
w inal &
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nerability).  The 230-casc serics already
mentioned with spinal injuries also showed
many concurrent or accessory  diagnoses
(spinal and extraspinal), of which arthritis
was the critical factor, Therc can be no
doubt that many scvere clinical reactions to
accident configurations relatively moderate
in scope were contributed to by the compli-
cating spinal arthritis.

FIrRsT Atn

The rules of the road in this respect have
been motivated by humanity, spansored by
ity, and d by ity. More-
over, for the most part their execution is
carried out by laymen. Orthopaedic sur-
geons can help to improve first aid in the
Tollowing ways: they can speak against con-
version of simple fractures to compound
ones through poor handling (with er without
splinting); they can work toward improving
{racture splinting; and they can even accom-
pany severe fractures to x-ray departments
in order to instruct hospital personnel in the
proper handling of these victims.

Rudes of the Road

1. Remave victims from wreckage.

2. Keep the severely injured on the side
for easier breathing,

3. Apply clean dressings.
. 4. Apply tourniquet only for brisk bleed-
ing that cannot be controlled by simple com-
pression dressings.

5. Splimt obvious fractures of the lower
extremity,

6. Use sling for fractures of the upper
extremity.

7. See that transport to physician and/or
hosputal is rapid (safe).

CLINICAL
EMERGENCY CARE
The basis of emergency care is derived
from the concept of primary shock. It has
been augmented by the concept of secondary
shock (Fig. 30)." The clinical implications
were nioted in 19 fatalitics (with postmortem

Fi6. 29. This wearer of safety belt in
multiple roll-over suffered only a moderate
lumbosacral sprain despite the predispos~
ing congenital lesion to more than average
injury. Also notable was evidence of old
injury to L-4.

studies). Ten died from primary shock
within a few hours after admission to the
hospital; 9, from secondary shock within 48
hours afterward:

TABLE 8
SecoND- TaTat
PRIMARY PRIMARY  ARY  No. Who
INTERNAL INJURY SHoCk Ssock  DIED
7 6 13
4 9 13
3 3 [
Massive hemorrhage 5 3 8

It is helpful to recall (from Section I)
that the ranking severity of injury involves
the chest in the early stages after accidents.
The head gains ascendancy a little Jater due
to the space occupying complications. The
delayed effects of hemorrhage are gaining
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Fi6. 30. Classic example of delayed
death from secondary shock (about 10
days after admussion with severe multiple
injunies) despite adequate awrway. Micro-
scopic examination showed fibrinoid em-
boli in the lungs (thought climcally to
have been an aspiration pneumonia); and
kidneys (collagen reaction?); and an in-
farction of the pituitary gland.

attention A persistent low red blood count
and other signs of anemia may spell varying
degrees of nephrosis. The major complica-
tion noted in 30 fatalities was: hemorrhage,
66 per cent; all others, 34 per cent. Sec-
ondary or indirect complications included:
infections, 39 per cent; pulmonary, 25 per
cent; embolic, 16 per cent; nephrosis, 6 per
cent; and degenerative states, 4 per cent.

Open Airway to Survival. The limits
of factors of safety of the human body are
best exemplified by the small airway at the
glottis. But the ensuing pulmonary embar-
rassment results most often from disturbed
physiology of the chest and pulmonary ven-
tilatory system from painful splinting be-
cause of blood, fluid or air in the pleural
cavities or from a shifted or shifting medias-
tinum.* In some of these people, tracheot-
omy—with or without other local measures
(usually, but not always, in the domain of
the thoracic surgeon)—may be lifesaving,
even when in extremis and death rattle,

The results of the insertion of the trache-
otomy tube are very dramatic (Fig. 32), but
the best results are obtained during stages of
hypoxia, not anoxia (elective insertion ver-
sus emergency insertion), Tracheotomy is a
simple procedure; jt is done easily at the
bedside when necessary, but it is eflected
most comfortably in the operating room.

It may be necessary to decide between
tracheotomy and intermittent (or other)
positive pressure breathing. This should be
Ieft to the judgment of an internist (when
available) if time permits.

In any case, a poor response to a trache-
otomy performed judiciously should alert one

*Relief of tension pneumothorax is best done
through aspiration with a thoracotomy tube. Me-
diastinal emphysema is detected by needle aspira-
tion in the second or the third interspace next to
the sternum and pointing the needle medialward.
Tracheotomy may reduce the “dead” space ia the
respiratory passages by 50 per cent or more, al-
lowing deécrease in tidal air but enough for pro-
vision of adequate oxygen.

TABLE 9. DicHoToMy OF EMERGENCY CARE (FIG. 31)

MEDICAL RESPONSIBILITY

HospITAL RESPONSIBILITY

Arrest bleeding

Provide adequate airway

Treat pnmary shock

Sedation (?)

Check uninary bladder for injury
Splint adequately or apply traction
Determine therapeutic priorities

Provide tools, space and personnel
Render first aid

Provide blood, plasma, plasma expanders
Provide clectrolytes

Provide adequate x-ray facilities

Institute routine laboratory tests

Provide gentle intramural transport
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Fua. 31. Unusual compound protrusion of the lower end of the femur due to severe

P

shearing forces cxerted on the fixed leg (closed kinctic chain?) during a forward vehicu-

lar and hnee-dash impact. C
orthopaedic surgery.

to laok for the causc in the mediastinum or
in the Jungs themselves.

DEFINITIVE DIAGNOSIS/TREATMENT

From the standpoint of survival the ortho-
paedist is involved to the same extent as
are other members of the team who undertake
10 treat the severely and dangerously injured
tiders. The critical factors, of course, are:

§ fractares fall naturally into the domain of

the internal injuries; immediate and delayed
complications and reactions to operative and
medical treatment. These untoward reac-
tions to treatment—especially surgical—
have not been adequately appraised. On the
other hand, surgical treatment was withheld
due to missed diagnosis in some cases; for
example, those with severe mediastinal
lesions (Fig. 33). In retrospect it is evident

- U

Fic. 32. The open
aurway 1o survival—
but in this case see
Figure 30, same case,
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CRITICAL FACTORS APE THE
INTERNAL INJURIES

10 15 20 25 30 35 40

FPERCENT 13

Fic. 33, Frequency
rates of primary in-
ternal injuries noted
at autopsy in a series
of 29 subjects (based
on injuries, not
cases).
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that not infrequently this was due to a mis-
taken idea that these patients were too ill to
risk movement to x-ray, where fluoroscopic
examination would have substantiated the
tentative diagnosis of mediastinal injury,
especially injury that interfered with cardiac
action It cannot be done with inadequate
portable x-ray films. Fluoroscopic inspec-
tion is required for the detection of pericar-
dial and other injuries of the heart and great
vessels. Tt can be stated almost axiomati-
cally that no patient is too critically injured
for diagnostic manipulations that may be
lifesaving. However, most acute injuries of
the motorskeletal system present prablems of
treatment and management rather than of

diagnosis for the orthopaedic surgeon. This
is evident in the pattern of frequency rates
for fractures in motorist casualty survivors
(Fig. 34).

Oddly enough, the more comminuted
fractures require the more conservative
forms of treatment, simply because most
operative procedures cannot be applied to
these fragmentary bones (Fig. 35). This is
especially true of fractures of the femur
from knee-dash impacts. Of late this condi-
tion seems to have been on the increase.
But it goes almost without mention that con-
servative measures may require even greater
versatility (and watchfulness) on the part
of the physician or the specialist than opera-

INCIDENGE OF FRACTURES

PLRCINT 5 10 52 2‘5 30 35 40
EXTREMITIES | o |

FACE [ — |

CHEST e o
LS e o egueney
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served in a senes of
more than 650 mo-
torist casualty survi-
vors.
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Figa. 35. The more severely comminuted

nvc.: fixations There must be careful super-
vision; for example, of the traction devices.
And of more importance, one must be on
the alert to distinguish between primary in-
jury manifestations and subsequent compli-
cations:  thromboembolic phenomena, fat
emb(}lism, pulmonary congestive and pneu-
monic states, nephrosis, infections (especially
2as bacillus), neurocirculatory disturbances
In extremities, and the effects of the treat-
ment itself in regard to rate and quality of

the fracture the more adaptable it 1s to older
and classic methods of skeletal traction. A balanced type of suspension and traction 1s
preferable to that shown above,

healing. Included in the last, of course, is
early functional return with prevention of
undue atrophy and deformity.

POSTCLINICAL: MEDICOLEGAL

About 50 per cent of patients with resid-
ual disabilities of the motorskeletal system
require some kind of medicolegal considera-
tion (rehabilitation). A good illustration of
this was noted in the author’s recent study
of 230 persons with so-called “minor” in-
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Fi6. 36. Early post-traumatic arthritis in the left hip 5 years after bilateral Anee-dash
impact dislocations, the left one being complicated by a small fracture of the femoral
head (closed reductions). The patient was the driver.

juries of the spine from motor-vehicle acci-
dents. As has been mentioned, this series of
neck and lumbar complaints comprised
about 65 per cent of the total number of
residual disabilities of the motorskeletal sys-
tem seen by the author from 1947 until July,
1956 (Fig. 36). It was found that isolation,
classification and correlation of these cases
with the accident configurations that pro-
duced the injuries were most helpful for the
diagnosis and medicolegal evaluation. This
was especially notable with regard to the
spinal series. Four chief categories emerged,
i.e., sprains, dislocations, herniated disks

and fractures. Admittedly, about thri
fourths were sprains (with about 1095 ol
in the Iumbar than in the cervical region,
However, the relatively large number ¢
grosser skeletal lesions—derived from sim
lar accident configuration patterns—serve
to temper one’s clinical judgment wi.th ¢
gard to medicolegal evaluation and dlSPO.Sl
tion when confronted by the patient wit
“negative x-ray findings.”

All kinds of accident patterns causc
these spinal injuries. However, the greatt
frequency rates of rear-end and angular col
lisions must be taken into special account

TABLE 10. ACCIDENT CONFIGURATIONS RELATED TO TYPE OF INJURY
IN 230 Cases WITH CERVICAL AND Low BACK DISABILITIES

ACCIDENT CONFIGURATION CervicaL LEsioNs LUMBAR LESIONS
(PERCENTAGES) SPRAIN GROSSER SPRAIN GROSSER
Rear-end collsion ............ . 36.55 31.82 22,02 17.24
Angular collision . . 2258 15.90 11.01 13.80
Forward collision . . ... ........ 18.28 15.90 25.60 1380
All others .. . . .. ........ 22.59 36.38 41.37 55.16
100.00 100.00 100.00 100.00
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F1e. 37. Graph
supplicd by A, L.
Haynes, of the Ford
Motor Company.
(Design Factors in
Auvtomotive  Safety,
SAE summer mcet-
ing, Junc 12-17,
1955,

DEATHS PER
100 MILLION
VEHICLE MILES

L

particularly with respect to cervical Iesions
(but less so for low back ones). This point
is stressed beeause “whiplashing” has been
presumed to be almost exclusively a function
of linear types of decelerative and/or accel-
erative forces. In point of fact almost every
type of collision and noncollision accident
has been known to produce almost identical
clinical patterns in regard to cervical and low
back sprains (and grosser skeletal injuries).
The frequency of angular collision forces has
been noted,

It is to be noted that the more mobile
cervical region is quite vulnerable to all
kmt.is of forces and directions of forces
{principal impacts), while the more stable
lumbar area appears to be chiefly vulnerable
to linear types of crash forces. This is re-
ﬁe_cted in the degrees of injuries received in
tlhlls) series of 230 spinal disabilities (Table

. Of the 16 herniated disks, only 1 occurred
in the cervical region, The low back disloca-
ltons.were all in the sacro-iliac joints (sub-
luxam.ms). Most of the fractures were in the
postt.:rmr and the lateral elements in the
cervical vertebrae (first and second as well
?S third and lower down). The low back

16}

1930 .1935 1940 1945 1950 1955 _

— TRAFFIC FATALITY
__ RATE TREND

1EACH 6,250,000 NIIES

V7 N

N v-.\

vam,
1 EACH 15,625,000 MiLES \d
60 % REDUCTION IIU 5 Y’EARS

L

TanLe 11. DI1AGNOSTIC CLASSIFICATION
(275 Lrsions) IN 230 CASES WITH
SeiNaL INJURIES (PERCENTILE VALUES)

Ducnosts  CErvicAL  LuMBar ToTaL
Sprain ...... 67.88 78.98 7345
Dislocation .. 18.90 291 10.91
Herniated disk 0.8t 10.78 579
Fracture .... 1241 7.24 9.85

fractures affected both vertebral bodies and
EXCESSOTY processes.

Certain deductions, based on the appar-
ent relationships that appear to exist between
accidents and injuries, are permissible with
regard to residual cervical and lumbar com-
plaints. First, there are the injuries that
occur in guest passengers. These persons are
relaxed (off guard) for the most part.
Therefore, it is likely that factors responsible
for the intrinsic stability of the spine—liga-
ments, joints, intervertebral disks—are sub-
jected to excessive stresses in these people.
The dynamic functions of the driving func-
tions may serve to modify both force appli-
cations and reactions to these forces. Be
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Fic. 38. Symbol of controllability of motor-vehicle accidents; historic full-scale auto-
mobile crashes studied by Herman Roth, then of the Institute of Transportation and
Traffic Engineering, University of California at Los Angeles. (Physical Factors In-

volved in Head-on Collisions, Highway Research Board Proceedings, Dec., 1951)

that as it may, in this series there were
slightly more passengers than drivers, It is
to be noted that every seat in the automobile
(and other vehicles) has similar injury po-
tentials in regard to this type of injury to the
spine.

Sometimes, in spite of the most careful
differential diagnostic procedures and exami-
nations, some doubt lingers in the mind of

the conscientious clinician with regard to
sprains (and even some grosser lesions),
Ordinarily this is intensified with respect to
medicolegal cases for obvious reasons. In
this series, however, the diagnostic assurance
was greater in the medicolegal cases than in
the private ones, probably because the for-
mer usually permit a better differential range
of consultations, etc.

Fic. 39 Symbol of preventioneering: plastic methods of suturing facial lacera-
tions (left) will prevent severe scarning {right).
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The chiel pitfalls to be avoided are the
accessory (concurrent) physical deficiencics
thus brought to clinical attention. Again, in
this serics, arthritis and related conditions
were the critical factors contributing to un-
certainty in regard to diagnosis and medico-
legal cvaluation. It is a striking fact that
uncomplicated cases are uncommon in both
private and medicolegal cases,

GENERAL COMMENTS

The cpidemic number of crash injuries
and deaths is tending to advance new hori-
zons of medical participation in reducing
accidents and injuries (Fig. 37).

In regard to accident prevention, there is
only one clear-cut approach for medicine,
ie, medical screening for driver licensure
(and maintenance of driver fitness). Admit-
tedly, the obstacles confronting physicians
here are formidable. The first step is not
difficult: a positive attitude. Sccondly, the
reduction of injuries is also largely depend-
ent upon medical screening of a sort, i.c.,
the accumulation of valid medical data with
regard to the physical condition not only of
drivers but of the motoring population in
g.eneral‘ ‘The high rates of physical disabili-
ties noted in the series of 230 cases with
spinal injuries intensify the need for the in-
corporation of ever larger factors of safety
ii.lm all ground motor vehicles. To be effec-
tive, demands in this direction must be based
upon scieatific facts (Fig. 38).

Preventioneering has been the physician’s
credo for many ages (Fig. 39). Yet, for
one reason or another, many physicians are
loath to accept one of the greatest challenges
along these lines ever to confront this coun-
try’s public and individual safety and health,

So great and widespread a problem can
be solved only by the parnicipation of the
general public. There seems to be no simpler
Or surer way to achieve this than through
{Cﬂl medical screening. The benefits accru-
mg from this kind of action are well known
to industry and the armed forces.

The physician's part has to do chicfly with
the human variables involved, It is signifi-
cant that the bulk of the driver responsibility
rests solidly with those between 21 and 45
years of age. The proximal and the distal
fringe-nge arcas also have their share in it,
but not the bulk of it (youths and geron-
tols). The implications regarding the share
that industry and the armed forces have in
motorist safety should be clear.

With regard to his patient’s immediate
automotive cnvironment, the doctor should
be concerned with automotive design for
survival. The fact that all types of motor
vehicles are involved in injury-producing ac-
cidents indicates that these must all be scru-
tinized from both the human and the crash-
impact engincering standpoints. However,
the fact that the vast majority are private
automobiles cannot be forgotten. But, since
trailers and station wagons are gaining in
popularity with private drivers, these two
designs or models should recejve the bulk of
attention from safety engineers in addition to
the regular automobiles. The fact that trail-
ers and station wagons have capacities that
approach those of commercial carriers is a
sobering thought from the standpoint of
injury potential,

CONCLUSIONS

The large number of acute and chronic
injuries of the motorskeletal system is alert-
ing orthopaedic surgeons (and others) to the
extraclinical as well as clinical and post-
clinical problems that these results of motor-
vehicle accidents are producing. ~

The chief preclinical areas that beg for
exploration and development include investi-
gations into connections between physical
deficiencies and greater-than-chance acci-
dents and accidental injuries.

Next in importance (chronologically) is
the need for improved first aid.

Thirdly, emergency care must be brought ’
up to levels of diagnosis and treatment in
keeping with modern advances along these
lines This means better admission services
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and better medical organization regarding
this service.

Fourth, the team approach for the dan-
gerously injured person must be recognized
Such cases require, among other attentions,
the services of an internist,

The increasing number of medicolegal
complications calls for a more equitable atti-
tude toward these problems by all those who
accept the responsibility of caring for these
victims in the first place.
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Arthritis (Continued)
post-traumatic, hip, after motor-vehicle
accident, 340
Arthrodesis of shoulder, wire loop method,
185-188
clinical experience, 188-189
postoperative management, 188
procedure for operation, 185-188
Autopsy, need for, in motor-vehicle deaths,
299-301

Back, injuries from motor-vehicle accident, 340

Bence Jones proteinuria in multiple myeloma,
107-108
Blood, alcohol, determination of amount, in
motor-vehicle accident cases re-
ceived at hospital, 303-304
on ration, h ic
regulation, 51-55
chemistry, in mycloma, multiple, 114
Bone(s), crystals, electron micrographs, 17,
18, 24, 26-28
density, loss in, from radiation, 120, 124
disease, and parathyroid glands, 55-56
disorders, metabolic, classification, of Baba-
iantz, 43
of Follis, 41-43
of Haldeman, 43
of Reifenstein, 38-43
of Stein, Stemn and Beller, 43
definitions and termmology, 30-38
dragnosis, 37
roentgenography, 37-38
generalized or systemuc, 30-32
dragnosis, differential, 30-32
localized, 31-33
diagnosts, differential, 32-33
specific entities, charactenstic features,

,
termnology, 33-38
marble. See Osteopetrosis
matrix, 24-25
calcification, 25-26
electron micrographs, 23-26
muneral, crystals, chemustry, 5-7
electron-microscope studies, 8, 9
size, 7-9
structure, apatite, 10
nonstoicheiometry, 11-13
carbonate, 10
surface, 11, 12
solubility, 13
structure, 5-13
historical considerations, 5
effects of v-rays on See X-rays, efects on

bone
islands, bemign, 92-93
pain, 1n muluple myeloma, 110

Bone(s) (Continued)
and parathyroid hormone, 46-57
resorption, mechanism, 48-49
spotted, 92-93
structure, general considerations, 26-28
Bone-graft, fusion, joint, calcaneocuboid, 235,
236

subtalar, 235-236

Brace, Milwaukee, of Blount and Schmidt, for
idwopathic scoliosis, 176-177

Brain, hemorrhage, from motor-vehicle acci-
dent, 324

Breast, carcinoma, metastatic osteoblastic,
differential diagnosis, from
osteopetrosis, 90

Burn, cicatrix from, deep-seated, skin grafts
for, 214-216

Cafley's disease, differential diagnosis, from
Engelmann’s disease, 97
from osteopetrosis, 91
Calcaneus, fracture, crush, disability after,
233-237
Calcium, in bone, effects of radiation, 121-123
concentration in blood, homeostatic regula-
tion, 51-55
of fluids of body, 50-51
Camurati-Engelmann’s disease, 95-97
Carbon monoxide poisoning, 270-272
Carcinoma, metastatic, osteoblastic, of breast,
differential diagnosis, from osteo-
petrosts, 91
of prostate gland, diferential diagnosis,
from osteopetrosis, 91
Cartilage, electron micrographs, 16, 20-22
matrix, 19-21
epiphyseal, calcification, 21-24
structure, general considerations, 26-28
Cast, Risser Jocalizer, for idiopathic scoliosts,
7

wedging, for scoliosts, idiopathic, 173, 176
Chick embryos, lathynism in, 139-140
Child Amputee Prosthetics Program, University

of California, Los Angeles, 191
Chondroma, periosteal (diaphyscal), of
adolescence, 151-156
analogics and possible unification with
metaphyscal vanety, 154-156
characteristics, anatomopathologic,
152-153
chnical, 152
roentgenologic, 152
notes from the hterature, 151-152
prognosis, 153
treatment, 153
Clavicle, Ewing's endothelioma of bone, R
retardation of growth from irradia-
tion therapy, 127-128
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Convulsive scizures, drivers of motor vehicles,
279

Coroner, tole in motor-vehicle deaths, 298-308
autopsy, 299.301
excerpts from statistical reports of
Cuyahoga County, Ohio, (1937.
55), 305-308
investigation, clothing, 302
drinking by driver or pedestrian, 302-
304
information gathered and correlated,
300-301
of mode, manner and cause of death,
298-299
reporting, 301
suggestions, 301
responsibility, moral and legal, 300
summary, 304305, 307
Corticoid therapy, for fractures, spontancous,
75-76
Cushing’s syndrome, osteoporosis int, 75
Cystine-storage disease, 70

Deladumonc therapy, osteoporosis, 79
Diet, aminonitriles, shelctal lesions produced
by. See Aminonitriles, sheletal lesions
. produced by
Dihydrotachysterol (Hytakerol) therapy, fa-
g\Gilinl vitamin D resistant nchets,

Disk, intervertebral, involvement in a destruc-
tive lesion in children, 162-167
review of the literature, 163-167
. summary of 9 cases, 166
Drivers of motor vehicles, accident-prevention,
cand}da(cs. minimum physical
requirements, 292-293
recommendations, 297
results, 296
psychologicat testing, 293, 296
study of driver, 291297
ird Avenuc Transit System (New York
City), Medical Department, 292,
295-295
See also Accidents, motor-vehicle,
prevention
medrea] screening, 283-290
achievements, 284-287
amputees, accident records, 284
areas tozlg%explored and developed, 284-
epilepsy, 285-286

Reneral shaonons . . ~r- 987

nght Dlindness, éB7

olaislacles. to be overcome, 287-290
Paraplegics, accident records, 283

Drivers of motor vehicles, medical screening
(Contintied)
recommendations, 297
vision deficiencies, 287
military, dispatch and maintcnance, 312313
engincering, enforcement and cducation,
313

incentives and awards, 313
off-duty accidents, 313-314
records and permits, 312
sclection and licensing, 312
proficiency, engincering design in vehicle
and highway, 257-258
environment and motivation, 257
human element, 258
need for rescarch, 258-259
physical, health and medical factors, 259
problem of, 257
as safety measure, 256-259
Drugs, cffects on drivers of motor vehicles,
need for study, 297
Dyschondroplasia, differential diagnosis, from
osteopoikilosis, 93
from Voorhoeve's disease, 92
Dysplasia, diaphyseal, progressive, 95-97
from ostcopetrosis, 91

Engelmann-Camurati's discase, differential
diagnosis, from osteopetrosis, 91
Engelmann’s discase, 95-97
characteristics, clinical, 96-97
radiologic, 95-96
differential diagnosis, 97, 104
from sclerosis, hereditary multiple
diaphyseal, 98
pathology, 97
skeletal differential charactenstics and distri-
bution patterns, 102
Engincering, human, and automobile safety,
260-274
Epilepsy, American League Against, Special
Commuttee on Epilepsy Legislation,
recommendations, 286
drivers of motor vehicles, 279
medical screening of drivers of motor
vehicles, 285-286
Epiphysts, slipped, from aminonitrile diet, 140-
141

Estradiol steroids, effects, 76

Estrogen, effects, 76

Ewng's endothelioma of bone, in clavicle,
retardation of growth from irradia-
tion therapy, 127-128

Fairbank’s disease, 100, 103

Fanconi syndrome, 70-71

Femur, fracture, comminuted, in motor-vehicle
accident, 332
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Femur (Continued)
head, fracture, in motor-vehicle accident,
340
neck, fracture, “fatigue,” from radiation,
-126
Finger(s), crushed, seen soon after injury, skin
grafts for, 218-220
fracture, compound, with exposed bone,
skin grafts for, 217
b ital, pedicle

hal
grafts, 224
traumatic amputation of distal phalanx
through matrix of nail, 216
Fluoride poisoning, differential diagnosis, from
osteopetrosis, 90
Fluorosis, differential diagnosis, from osteo-
petrosis, 90
Foot, distortion after simple joint excision, 236
Fracture(s), compound, of hand, with exposed
bones, skin grafts for, 216-218
“fatigue,” femoral neck, from radiation, 124-

femur, comminuted, in motor-vehicle acci-
dent, 332
head, in motor-vehicle accident, 340
neck, from radiation, 124-126
in motor-vehicle accidents, 338, 339
spontaneous, corticoid therapy, 75-76
Francolite, powered, x-ray pattern, 6, 10
Frog as experimental animal, lathyrism in, 139

Glycosuria, renal, in Fanconi syndrome, 70,
71
Gonadotropin, chorionic, effects, 76

Halliday’s disease, 100-101, 103
skeletal differential characteristics and distri-
bution patterns, 102
Hand, anomahes, congenital, skin grafts for,
221-226
degloved and mangled, skin grafts for, 219-
221

fractures, compound, with exposed bones,
skin grafts for, 216-218

mangled and degloved, skin grafts for, 219-
221

surgery, skin grafts. See Skin, grafts, in
hand surgery
Harness for restraint of occupant in motor-
vehicle accidents, 324-325
Head, injuries in motor-vehicle accidents,
frequency of complications, 322-
323

general considerations, 323-330
Hearing, deficiencies, medical screening of
drivers of motor vehicles, 287
Heel, fractures, crush, disability after, 233-237

Hemorrhage, brain, from motor-vehicle acci-
dent, 324

Hip, arthritis, post-traumatic, after motor-
vehicle accident, 340

Homeostasis, role of parathyroid glands in,
49-50

Hormone(s), corticoid, with anabolic gonadal
steroids, effects, 76-77
conditions with excess of, 77-78
effects, 75-76
protein depletion and osteoporosis in-
duced, anabolic steroid therapy,
75-80
gonadal, effects, 76
parathyroid, 46-47
and bone, 46-57
mode of action, 47
Hydroxyapatite, arrangement of constituent
atoms, 6-7
crystals, electron micrography, 18
Hypercalcuna, in asthmatic patients on chronic
corticoid medication, 76
Hyperosteogenesis, characteristic features, 34,
35

definition, 41
etiology, 41
Hyperostosis, corticalis generalisata, differential
diagnosis, from osteopetrosis, 91
variants, 100-104
flowing, 94-95
generalized, with neurologic changes, 101,

with pachydermia, 98-99
differential diagnosis, 104
skeletal differential characteristtcs and
distribution patterns, 102
with striations, 100, 103
Halliday's, skeletal differential characteristics
and distribution patterns, 102
infantile cortical, differential diagnosis, from
Engelmann’s disease, 97
from osteopetrosis, 91
Hyperparathyrodism, 46
and bone disease, 55-56
chinical manifestations, 56-57
Hypoparathyroidism, and bone disease, 55
Hypophosphatasia, 71-72
Hypophosphatemia, 61-72
in Fanconi syndrome, 70-71
Hytakero! (dthydrotachysterol) therapy, fa-
milial vitamin D restraint richets,
66

Internal Security Program, 310

Intoxication, Committee on Tests for, Natjonal
Safety Council, use of chemical
tests, 302-303
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Ischium, apophysis, avulsion of, 239-243
case feports, 240-242
tsotopes, radioactive, safety regulations for
handling, 219

Joint, caleancocubaid, bone-graft fusion, 235,
236
subtatar, bone-graft fusion, 235, 236
involvement in crush fractures of calcan-
cus, 234-237
Jurenile Training Center of the Michigan
Crippled Children’s Commission,
pioncering studics, 190
tenets for suceessful fitting of children, 190-
191

Key, John Albert, biography, 1-2

Kidneys, involvement in multiple myeloma,
110-111

Knee, cartilages, semilunar, total cxcision
through small anterior incision,

Kyphoscoliosis, in human patients, dissecting
. ancurysm of aorta with, 143
in rats, from aminonitrile diet, 135-137

Lathyrism, in man, 131
inthe rat (odoratism), 131-138
Law enforcement, traflic, for prevention of
accidents, 252, 253

Legg-Calvé-Perthes synd . hondroses
in, 242
Legg-Perthes discase, from aminonitrite diet,

i 141-542
Legislation, motor vehicles, 277-282
drivers, 278-279
convulsive discases, 279
drinking, 278-279
psychological tests, 278
young people, 278
highways, 277-278
inspection, periodic and adequate, 281-282
instrument panel, 280
100f of car, 281
safety locks for doors, 280
seat belt, 280, 281
steering wheel and column, 281
surfaces of interior, 279-280
. windshield frame, 280
Ll'gnac-Franccni disease, 70
Liver, enlargement, 1n multiple myeloma, 111
Lymph nodes, enlargement, 1n multiple mye-
loma, 111
Lymphohlastoma, differential diagnosis, from
osteopetrosis, 90

Marble bones. See Osteopetrosis
Mel'orheostosis, 94-95
differential diagnosis, 95

Meclorheostosis, differential diagnosis
(Continued)
from osteopetrosis, 91
skeletal differential characteristics and dis-
tribution patterns, 102
Mentat disorders, medical screening of drivers
of motor vehicles, 285
Michigan Crippled Children's Commission,
Juvenile Training Center, pioncer-
ing work, 190
tenets for successful fitting of children,
190-191
Military manpowcr losses, from motor-vehicle
accidents, 310, 312
from nonbattle injurics and discase, 309-310
prevention, 310
role of medical oflicer and commander,
310
safety programs, 310
Milwaukee brace of Blount and Schmidt, for
idiopathic scoliosis, 177
Mortality, motor-vehicle accidents, 256-257,
291

Motor vehicles, accidents. See Accidents, motor
vehicle
analysis of
faults, 261-262
application of human body size data to,
262-265
anthropometry, dynamic, and use of
mockups, 263-265
use of static data, 262-263
control of environmental factors, 269-274
carbon monoxide, 270-272
noise, 269-270
temperature, humidity and ventilation,
269

design,

quip for

vibration, 270
decelerative forces, 272-273
doors, inadequacy of locks, 327
human limitations in relation to, 266-269
instruments and displays, 266-267
vision of roadway and surroundings,
267-269
limits of physical variables for driving
comfort and safety, 273-274
operating controls, human capabilities and
biomechanics in relation to, 265~
266
roofs, inadequacy, 327
drivers. See Drivers of motor vehicles
legislation. See Legislation of motor vehicles
Myeloma, multiple, 107-115
Bence Jones proteinuria, 107-108
cell, 109
clinical features, 110-111
diagnosis, 115
etiology, 107
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Myeloma, multiple (Continued)
findings, laboratory, 114.115
miscellaneous, 111-112
roentgen, 112-114
incidence, 109-110
Liver enlargement, 111
lymph-node enlargement, 111
nervous system invofvement, 110
paramyloidosis, 108
pathology, 108-109
renal involvement, 110-111
serum proteins, 108
splenomegaly, 111
survival, 110
tumor formation, 110
Myelosclerosis, diagnosis, differential, from
osteopetrosis, 90
Myxoma, periosteal {(metaphyseal), of infancy,
147-151, 153-156
analogres and possible unification with
diaphyseal variety, 154-156
characteristics, anatomopathologic, 149-
1

clinical, 147
roentgenologic, 148-150
differential diagnosis, 149
incidence, 147
notes from the literature, 147
prognoss, 151
treatment, 151

National Safety Council, Accident Facts, drink-
ing drivers, 278
of pedestrian in fafaf motor-vehicle acci-
dents, 302-303
Commuttee on Tests for Intoxication, use of
chemical tests, 302-303
prevention of motor vehicie accidents, 251
Nervous system, involvement in multipie mye-
loma, 110
Night bhindness, medical screening of drivers
of motor vehicles, 287

Odoratism, 13{-138

Os calcs, arthrodests of tiba to, in absence of
body of talus, 244-246

fractures, disability after, 234-237

Ostecnrlhmpalhy {Continued)
B
dermia, 99
Osteochondroses, false, in Osgood-Schlatter’s
disease, 242
true, in Legg-Calvé-Perthes syndrome, 242
Osteomalacia, characteristic features, 34, 35
definition, 39-40
etiology, 40
with renal tubular acidosis and rickets, 67-70
Osteomyelosclerosis, differential diagnosys, 104
Osteomyelitis, sclerosing, chronic, differential
dtagnosis, from Engelmann’s dis-
ease, 97
Osteopathia, condensans disseminata, 92-93
hyperostotica multiplex infantalis, 95-97
striata, 91-92
differential diagnosis, from osteopetrosis,
1

9
skeletal differential characteristics and
distribution patterns, 102
Osteopecilia, 92-93
Osteopetross, 86-91
diagnosis, differential, 90-91, 104
from Engelmann’s disease, 97
from Voorhoeve's disease, 92
forms, adult, acute fulminating, 86, 87
benign, 87-89
skeletal differentral characteristies and
distribution patterns, 102
malignant, 86, 87
skeletal differential characteristics and
distribution patterns, 102
infantile, severe, 86, 87
Len type, 94-95
pathology, 89-90
Osteophytosis, tdiopathic familial generalized,
98-99

Osteopoikilosts, 92-93
differential dragnosis, 93
from osteopetrosis, 91
from Voorhoeve’s disease, 92
skeletal differential charactenistics and dise
tribution patterns, 102
is, ch 1stic features, 34, 35

1
0ses,

Osgood-Schl 's disease, i
false, 242
Ostetis, condensans disseminata, 92-93
fibrosa generalisata, characteristic features,
34,35
defimition, 40
etiology, 40-41
Osteoarthropathy, hypertrophic, dlﬁcrcplnal
diagnosis, from hyperostosis gen-
eralisata with pachydermia, 99
idwpatine, chrome, 98-99

n (r:\xshing's syndrome, 75

definition, 39

etiology, 39
Ostcosclerosis, charactenstic features, 34, 35

definition, 41

developmental affections of skeleton char-

actenized by, 85-104

etology, 41

fragihs generalizata. See Osteopetrosis
Osteosts, acromegalord, 98-99
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Paget's diseace, differential diagnosis, from hy-
; perostosis generatinata with pachy-
dermia, 99
from osteopetrosis, 91

Paralysis, spastic, in experimental animals on
aminonitrile diet, 138

Paramyloidosis, in multiple mycloma, 108

Paraplegics, records of motor-car accidents,
283

Parathyroid Extract, 46-47
Parathyroid glands, and bone disease, 55-56
in homeostasis, 49-50
hormone, See Hormone, parathy roid
hyperplasia, 46
hypertrophy, 46
neoplasia, 46
pathology, 46
Phalanx, of finger, traumatic amputation
through matrix of nail, skin grafts
for, 216
Phosphates, of fluids of body, 51
Plant Protection Program of the War Depart-
ment, 310
Plasmocytomas, solitary and multiple, in
X multiple mycloma, 115
Poisoning, fuoride, differential diagnosis, from
osteopetrosis, 90
heavy metals, differential diggnosis, from
. osteopetrosis, 91
President’s Highway Safety Confercnce
(1949), Commttee on Pubhe In-
formation, report item, 305
nd, carcinoma, metastatic ostco-
blastic, differential diagnosis, from
. _Osteopetrosis, 90
Prosthetics in child amputees, 190-203
CaSF reports, 192-200
Child Amputee Prosthetics Program, Uni-
versity of California, Los Angeles,

Prostate gla

19
fitting, 200.201
fundamentar tenets, 190-191
ndamental tenets for fitting, 190-191
Ploneering clinical studies, 190
Psychological aspects, 202
“¢pair and replacement, 202-203

surgery, of congenitally deformed extremt
T S ¥

in traumatic amputee, 200
aiing, 201-202 putees
Prot:;m' serum, in multiple myeloma, 108
nutia, Bence Jones, in multiple mycloma,
P 107.108
Sudarthro,

sis, n graft in fusion for idiopathic
scoliosis, 182-183

fus

Radupy, ;
™ Industrial use, safety regulations, 128

Radius, giant-cell tumor, destruction of normal
bone from irradiation therapy,
126-127
Rat as experimental animal, arthritis, degen-
crative, 138
dissecting ancurysm of aorta, 138-139
hyphoscoliosis, 135-137
odoratism, 131-138
paralysis, spastic, 138
shpping vertebrae, 135-137
Rescarch, proficiency of drivers of motor
vehicles, 258-259
Ribbing's disease, 97, 98
Ribs, abnormal, in cervical region, with
Sprengel's deformity, 158-161
casc report, 158-160
Rickets, etiology, 40
familial vitamin D resistant, 64-66
appearing at adolescence, 66-67
treatment, 65-66
with ostcomalacia and renal tubular acidosis,
67-70
chinical features, 68
diagnosis, 68-69
treatment, 69-70
vitamin D deficiency, 63-64
Sec also Ostcomalacia
Roentgen diagnosis, bone disorders, metabolic,
3738
Roentgen examination, myeloma, multiple,
112-114
osteosclerosis, developmental affections of
At .t I

Roentgen . * o ' n

Roentgen as umit of measurement, 119

Safety belts in motor vehicles, 317-330
behavior of passenger in crash, human expo-
sures to lincar deceleration, 321-322
rear seat, 321-322
crash deceleration, 319, 320
dangers and imitations, 323-326
design consideration, 319-320
harness for restraint of body, 324-325
head injuries, considerations, 323-330
frequency of, in accident and postaccident
complications, 322-323
nterior environment and structure, 320-321
lap type, 321-322
military use, 315
tests, 326-330
wear of webbing at floor anchor posts, 321
Sarcoma, osteogenic, experimentally induced in
animals by radwum or radioactive
strontium, 128
from industrial handling of radium, 128
from jrradiation therapy, 129
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Sclerosis, diaphyseal, multiple, hereditary, 97,
8

9
Scoliosis, idiopathic, definition, 169
patterns, 169-173
double primary, curve, 169, 171, 172
infantile curve, 169-170
Ieft primary thoracolumbar curve, 169,
173

right thoracic curve, 169, 170
treatment, causes for failures and poor
results, 182-183
determination of, 170-175, 177
fusion, proper age for, 181-182
selection of area, 177-181
methods, 175-177
brace, Milwaukee, of Blount and
Schmidt, 176-177
cast, Risser localizer, 177
wedging, 173, 176
shoe hit, 173.174
Shoe lift, for correction of idiopathic scoliosis,
173-174
Shoulder, arthrodesis, wire loop method, 185-
8

clinical experjence, 188-189
postoperative management, 188
procedure for operation, 185-188
Skeleton, developmental affections character-
ized by osteosclerosis, 85-104
Engelmann’s disease, 95-97
hyperostosis generalisata with pachy-
dermia, 98-99
melorheostosis, 94-95
osteopathia striata, 91-92
osteopetrosts. See Osteopetrosis
osteoporkilosis, 92-93
roentgen examination, 86
sclerosis, hereditary multiple diaphyseal,

variants of hyperostosis corticalis general-
isata, 100-104
Skin, grafts, attached, 205-215
varieties, 205, 206
donor site, 205-207
flap, 205, 206, 211-215
1n syndactylism, after surgical correc-
tion, 222
free, 205
in hand surgery, 205-226
practical applications, 215-226
cicatrix from burn, deep-seated, 214-
216
compound fractures where bones are
exposed, 216-218
congenital anomalies, 221-226
crushed fingers scen soon after injury,
218-220
mangle ! and degloved hand, 219-221

Skin, grafts, in hand surgery, practical
applications (Continued)
mummified thumb, correction of
position by osteotomy, 221, 222
lmg{;vemem of circulation, 221,

traumatic amputation of distal
phalanx through matrix of nail,
16

pedicle, in syndactylism, after surgical
correction, 222.224
petal-flap, 205, 206, 212, 215
stemmed-petal, 205, 206, 213, 215
tube, 205-210, 212
Sodium, therapy, rickets, with osteomalacia
and renal tubular acidosis, 69-70
Splenomegaly, in myeloma, multiple, 111
Sprengel’s deformity, abnormal ribs in cervical
region associated with, 158-161
case report, 158-160
Steroids, anabolic, therapy, for protein deple-
tion and osteoporosis-induced
corticoid hormones, 75-80
review of evidence, 78-80
dal bolic, in bination with corti-
coid hormones, effects, 76-77
Strontium-90, expected damage to bone in
atomic warfare, 129
Sulkowich test, 80
Syndactylism, correction, skin grafts, 222, 223

“Talus, body, absence of, ankle fusion in, 244-
246

case report, 245-246

Test, Sulkowich, 80

Testosterone compounds, effects, 76

Third Avenue Transit System (New York
City), Medical Department, studies
in accident prevention, 292, 294-
295

Thumb(s), absence, congenital, pedicle grafts,
225

transfer of index finger, skin grafis
after, 225-226
blood vessels, radial artery branches, 222
fracture, compound, with exposed bone, skin
grafts for, 217
mummufied, skin grafts, correction of mal-
posttion by osteotomy, 221, 222
for improvement of circulation, 221,
222

Tibia, arthrodesis to os calcis in absence of
body of talus, 244-246
Traffic, motor vehicle, enforcement of law, for
prevention of accidents, 252, 253
engineering, 252-253
Tumors, formation, in mycloma, multipte, 110
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Uchlinger's discase, 98-99

differential diagnosis, 104
Ulna, disintegration from irradiation, 126-127
Uniform Vehicle Code, standards, 284

Van Buchem's discase, 101, 103, 104
skeletal differentinl characteristics and dis-
tribution patterns, 102
Vertebrac, slipping, in rats, from aminonitrile
diet, 135-137
Vertebral column, injuries from motor-vehicle
accident, 340
Vision, deficiencics, medical screening of
drivers of motor vehicles, 287
Vitamin, D, therapy, Fanconi syndrome, 71
rickets, 65-67
with ostcomalacia and renal tubular
acidosis, 69-70
Voorhoeve's disease, 91-92
differential diagnosis, from osteopetrosis, 91

War Department Safety Council, 311
Water, content in bone, effects of radiation on,
121-123

Windshicld wipers, improvement in accident-
prevention program, 314-315
Wire loop in arthrodesis of shoulder, 185-188
clinical expericnce, 188-189
postoperative management, 188
procedure for operation, 185-188

X-rays, calculation of dosage in human bone
(Spiers and Wilson), 119-120
cffects, on bone, 118-129
animal, 121-123
bolic and bolic pre
120-122
damage, nature of, 120-121
human, 123-129
case studics, 122-128
damage, difliculty of predicting
amount likely to result, 123-124
tardiness of appearance, 123
demincralization, patchy, 124
fractures, pathologic, 120, 125
stunting of growth in children, 124,
127-128
on soft tissucs, 118-119
Tocntgen as unit of measurement, 119
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Sclerosis, diaphyseal, multiple, hereditary, 97,
98

Scoliosis, idiopathic, definition, 169

patterns, 169-173
double primary, curve, 169, 171, 172
infantile curve, 169-170
left primary thoracolumbar curve, 169,
173

right thoracic curve, 169, 170
treatment, causes for failures and poor
results, 182-183
determination of, 170-175, 177
fusion, proper age for, 181-182

Skin, grafts, in hand surgery, practical

applications (Continued)
mummified thumb, correction of
position by osteotomy, 221, 222
improvement of circulation, 221,
222

traumatic amputation of distal
phatanx through matrix of nail,
216

pedicle, in syndactylism, after surgical
correction, 222-224

petal-flap, 205, 206, 212, 215

stemmed-petal, 205, 206, 213, 215

tube, 205-210, 212
Sodium, therapy, rickets, with osteomalacia
and renal tubular acidosis, 69-70
Splenomegaly, in myeloma, multiple, 111
Sprengel’s deformity, abnormal ribs in cervical
region associated with, 158-161

selection of area, 177-181
methods, 175-177
brace, Milwaukee, of Blount and
Schmidt, 176-177
cast, Risser localizer, 177
wedging, 173, 176
. shoe kt, 173-174 . . case report, 158-160
Shoe lift, for c;:;_r;;gon of idiopathic scoliosis, Steroids, anabolic, therapy, for protein deple-
Shoulder, ar&]hg;desis, wire loop method, 185- ‘C'g;‘liz‘;?dlﬁgfg:;::s?;lggced
review of evidence, 78-80
gonadal, anabolic, in combination with corti-
coid hormones, effects, 76-77
Strontium-90, expected damage to bone 1n
atomic warfare, 129
Sulkowich test, 80
Syndactylism, correction, skin grafts, 222, 223

clinical experience, 188-189
postoperative management, 188
procedure for operation, 185-188
Skeleton, developmental affections character-
ized by osteosclerosis, 85-104
Engelmann’s disease, 95-97
hyperostosis generalisata with pachy-
dermia, 98-99
melorheostosis, 94-95
osteopathia striata, 91-92
petrosis. See Osteop
osteopoikilosis, 92-93
roentgen examination, 86
sclerosis, hereditary multiple diaphyseal,

Talus, body, absence of, ankle fusion in, 244-

246
case report, 245-246
Test, Sulkowich, 80
Testosterone compounds, effects, 76
Third Avenue Transit System (New York
City), Medical Department, studies
in accident prevention, 292, 294.

variants of hyperostos:s corticalis general-
isata, 100-104
Skan, grafts, attached, 205-215
varieties, 205, 206
donor site, 205-207
flap, 205, 206, 211-215
1n syndactylism, after surgical correc-
tion, 222
free, 205
1n hand surgery, 205-226
practical applications, 215-226
cicatnx from burn, deep-seated, 214-
216
compound fractures where bones are  Tibia, arthrodesis to os caleis in absence of
exposed, 216-218 body of talus, 243-246
congenital anomalres, 221-226 ‘Traflic, motor vchlc!e, cnforcgmcm of law, for
crushed fingers seen soon after injury, _ prevention of accidents, 252, 253
20 engineering, 252-253

218-2 r, 25 .
mangl.d and degloved hand, 219-221  Tumors, formation, in myeloma, multiple. 110

Thumb(s), absence, congenital, pedicle grafts,
225

transfer of index finger, skin grafts
after, 225-226
blood vessels, radial artery branches, 222 .
fracture, compound, with exposed bone, skin
grafts for, 217
mummified, skin grafts, correction of mal-
position by osteotomy, 221, 222
for improvement of circulation, 221,
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Uchlinger's discasc, 98-99

differential diagnosis, 104
Ulna, disintegration from irradiation, 126-127
Uniform Vehicle Code, standards, 284

Van Buchem's disease, 101, 103, 104
skeletal dufferential characteristics and dis-
tribution patterns, 102
Vertebrae, slipping, in rats, from aminonitrile
diet, 135-137
Vertebral column, injurics from motor-vchicle
accident, 340
Vision, dcficiencics, medical screening of
drivers of motor vchicles, 287
Vitamin, D, therapy, Fanconi syndrome, 71
rickets, 65-67
with osteomalacia and renal tubular
acidosis, 69-70
Voorhoeve's discase, 91-92
differential diagnosis, from osteopetrosis, 91

War Department Safety Council, 311
Water, content in bone, effects of radiation on,
121-123

Windshield wipers, improvement in accident-
prevention program, 314-315
Wire loop in arthrodesis of shoulder, 185-188
clinical experience, 188-189
postoperative management, 188
procedure {or operation, 185-188

X-rays, calculation of dosage in human bone
(Spiers and Wilson), 119-120
cffects, on bone, 118-129
animal, 121-123
anabolic and catabolic processes,
120-122
damage, nature of, 120-121
human, 123-129
case studics, 122-128
damage, difficulty of predicting
amount likely to result, 123124
tardiness of appearance, 123
demincralization, patchy, 124
fractures, pathologic, 120, 125
stunting of growth in children, 124,
127-128
on soft tissues, 118-119
Toentgen as unit of measurement, 119









