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1

Phemister, of Chicago (1882-1951)

Epcar M. Bick, M.D.*

Dallas Burten Phemister was born on a
farm in Carbondale, a rural town in south-
ern Ilinois, on July 15, 1882, After a nor-
mal boyhood, he went off to college at Val-
paraiso at the age of 16, He remained there
two years, when he moved on to finish his
undergraduate work at the University of
Chicago, receiving his degree in 1900, Next
came Raush Medical College for an M.D. in
1904, followed by an internship at the Cook
County Hospital. So ended his schooling,
Dr. Phemister then started out quite on his
own; immediately he entered the private
practice of medicine in LaGrange, near
Chicago, and here all resemblance to most
young practitioners of his age ends, and the
Phemister known to medical literature
begms,

Early in his practice he felt drawn to
teaching and went to hus alma mater as an
instructor. In 1908 he became Assistant
Climcal Professor of Surgery at Rush Medi-
cal College. His ambition Jed him to the
study of pathology, the science then consid-
ered to be basic to the practice of surgery.
Since it was all but mmpossible for a serious
student to obtain proper instruction in that
discipline in the United States, Phemister
followed other Americans of his day and in

1909 went off for a two-year period of study
abroad, He worked and observed in the
hospitals and the laboratories of Paris,
Vienna and Berlin.

Upon his return to Chicago he continued
his teaching at Rush and entered the surgj-

* New York, N. Y.

cal service of the Presbyterian Hospital.
From 1917 to 1919 he served overseas with
his hospital unit as a major in the American
Expeditionary Forees of World War I, Re-
turning to Chicago he continued, as before,
his practice, investigations and teaching. In
1926 came his first mark of academic dis-
tinction. The newly organized Medical
School of the University of Chicago was to
be opened, and, following the trend of the
progressive institutions of the time, a faculty
was gathered whose senior officers were to
be full-time educators, Phemister, now rec-
ognized as onme of Chicago’s outstanding
teachers and surgeons, was offered the
Chair of Surgery in 1926. Since the physi-
cal facilities of the school would not be
ready for students until the following year,
Phemister went back to the University Col-
lege of London for further work.

He remained Professor and Chairman of
the Department of Surgery at the University
of Chicago for 22 years, and in 1948 be-
came Professor Emeritus. During those
years he received many of the academic and
surgical honors of American and European
societies. Among them were the Presidencies
of the American College of Surgeans and of
the American Surgical Association, He was
elected Honorary Fellow of England’s Royal
College of Surgeons and member of the
Académie de Chirurgie of France. Although
in practice be remained a general surgeon,
the importance of his work in skeletal sur-
gery and the surgical pathology of bone
merited his election as Fellow of the Ameri-
can Academy of Orthopaedic Surgeons.



2 Phemister, of Chicago

Dallas Burton Phemister

Phemister applied himself to studies in
several surgical fields, especially during his
earlier years, While working at University
College in London (1926-1927) he con-
cerned himself with the problems of vascu-
lar physiology, especially those aspects re-
lated to shock. Somewhat later he became
interested, for a while at least, in the patho-
logic physiology of the gallbladder and the
gastro-intestinal tract, Some papers of his
earlier period reported passing interest in
the surgery of cancer. However, his real
contribution by far lay in the surgical pathol-
ogy of bones. In this field he earned a
permanent niche in the annals of American
orthopaedic surgery. It 1s proper that a
critique of that work should be published
before its references become too deeply em-
bedded in the prodigious skeletal literature
of the mid-century.

During Phemuster’s early years, the cen-
tury-and-a-half-old problem of bone trans-

plantation or bone grafting was being re-
examined actively by Axhausen and Lexer,
in Germany, and by MacEwen, in Scotland.
Ollier had just completed his extensive
studies in France. In 1914 Phemister
launched into the subject with his publica-
tion on The Fate of Transplanted Bone.l
He was among the first of the American os-
teologists to do so. Throughout his career
he retained an interest in bone grafts, which
became the subject of a number of succes-
sive reports'®® both in the laboratory and
operating. Subsequently he combired this
interest with his studies in the treatment of
bone tumors and described cases of bone
resections repaired by grafts.2122% Of these
papers, his early ones were of chief impor-
tance, since they served to stimulate interest
in the problems of bone transplantation in
the United States and acquainted his readers
with the advanced work of the time of the
men whom he had visited abroad.

Another subject which from the beginning
engaged his interest constantly was that of the
pathology of bone tumors, Here, however, he
followed the lead of Bloodgood, who at the
time was inspiring a very active and wide
study of these neoplasms. Although Phemis-
ter wrote of solitary bone cysts,” chondro-
sarcoma,!! round cell sarcoma,? fibrous os-
teoma of the jaws'® and, in general, the
treatment of bone tumors,?® his influence,
other than educational, cannot be said to
have been seriously contributory, excepting
possibly his work on chondrosarcoma.
However, in 1920 there appeared the first
of a lifelong series of papers on the subject
with which his name is inextricably associ-
ated—ithat of avascular necrosis. Axhausen’s
studies in this field were well known to
investigators. The necrosis of bone following
infection was a common experience. Ax-
havsen described quiet necrosis in the ab-
sence of necrotizing pus and referred to the
process as aseptic necrosis, due, as he be-
lieved, to the lodgment of miscroscopic em-
boli, bacterial or other, in the blood chan-
nels. These emboli were said to have pro-
duced intra-osseous infarcts in the localized
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areas served by the affected blood chunncls
and, when in sufficient numbers, caused the
effect of general arca necrosis. In later
years, beeause of the accepted microvasculat
nature of the process, the term avascular
necrasis came to supersede aseptic necrosis.

Axbausen further described the potential
process of healing by peripheral ingrowth of
new vascular channels and new trabeculae,
using the term schlcichender Ersatz. In
Phemister’s writings this term became the
creeping substimtion of common English
parlance, His paper on the comparative
studies of dead bone as seen in pathologlc
specimens and on roentgenograms, pub-
lished in the Annals of Surgery in 1920, was
his first important contribution to the sub.
ject® Tt caused considerable comment and
review and led to further publications in
both the surgical and the roentgenologic
fiteraturg. 2010202735 Subsequent  recogni-
tion of roentgenopraphic appearances of
avasewlar necrosis in its many phases was
due in great measure directly and indirectly
to this work

Phemister retained his interest in this
problem throughout his life. In his hands
the subject was expanded greatly and was
applied to the interpretation of lesians
hitherte inexplicable or otherwise misunder-
stood. During the 1920 and the early 30%
the group of diseases variously termed Legg-
Perthes’, Kienbick’s, Kohler’s, Osgood-
Schlatter’s and similar lesions were classified
as osteochondritis. They were believed fo
be manifestations of an inflammatory reacs
tion in bone. To Phemister they came to
represent locatized areas of avascular necro~
sis. Although this process explained their
pathology, it did not explain the etiology.
At one point Phemister followed Legg in a
belief that streptococci formed the emboli
causing the bone changes of Legg-Perthes’
disease and m related lesions elsewhere in
the skeletons.’® However, in Jater reporsts,
the avascular necrosis remained, and the
streptococei were Jost.*?

An early and a very important paper was
his discussion of radium necrosis in bone

published in 1926 In this he suggested
the mechanism of radivm destruction on a
vascular basis. In another paper he noted
that avascular changes in articular surfaces
could explain the pathogencsis of lesions
such as ostcochondritis-dissceans.¢ He saw
the process as the common denominator of
the changes in the head of the femur fol-
lowing fractures of the neck, dislocation of
the hip and morbus coxae senilis.®

Of particular interest was his repost with
Kahlstrom and Buston on the bone lesions
of cajsson disease.” A scrious explosion
near Chicago in 1938 presented an oppor-
tunity to study the discase, and Phemister,
concentrating on its bone lesions, offered the
pathogenic explanation of a lar necrosis
caused by emboli of concentrated mitrogen
bubbles in the blood stream. Although he
and his associates published only one report
on the subject, his view has remained fixed
in its literature.

1t is preatly due to Phemister’s recogni-
tion of the broad application of the concept
of avascular necrosis in bone that in the
decades which followed the 1930 this
process took its place with the waditional
school-taught processes of inflammation,
and neoplasia, as a basic phenomenon in
bone pathology. It is not enough to say
that he derived from Axhausen and Lexer.
As far as they wrote, aseptic necrosis was a
specific reaction in bone which served to
explain certain sharply demarcated lesions.
Phemi broadened the appli bility of the
concept to include a large vadety of still-
unrecognized affections of bone. His contri-
butjons to the literature of roentgenology in
this field went far in establishing roentgeno-
graphic criteria for its several phases. This
led to his becoming co-author of a textbook
on diagnostic radiclogy published in 1941.22

In 1933 Phemister published his classic
paper, Operative Arrestment of Longitudi-
nal Growth of Bones in the Treatment of
Deformities* This was the introduction to
the now commonly accepted surgical proce-
dure of epiphysiodesis and its derivatives,
There was no technical background o thig
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highly original surgical invention. In his
paper he discussed the several attempts
which had been made to equalize in-
equality of length of the lower extremities
in deformed children and adults. Following
the resections of Rizzoli in 1847, in which
equalization was attained by shortening the
sound side, Codivilla in 1905 suggested
lengthening the shortened limb by traction
after osteotomy, During the 1920°s several
attempts at improving the mechanics of this
procedure by Abbott and others increased
its fashion. However, neither of these opera-
tive technics presented sufficient success to
make them acceptable to the standard arma-
mentarium of the orthopaedic surgery of
their day, When successful the result was
gratifying; too often the risk outweighed the
anticipation,

To Phemister, who had spent years study-
ing the nature of growth of long bones!? and
was acquainted with experimental work in
epiphyseal growth, it occurred that control
of this growth plate might retard the devel-
opment of the normal limb sufficiently to
equalize length without the undue risk of the
more daring operations. Furthermore, he
had available and quoted recent studies on
the rate of longitudinal growth in children.
He therefore operated to destroy the epi-
physeal growth plate at an age calculated 1o
result in equality of length at the time of
skeletal maturity. The concept took root in
the arthopaedic literature. Eventually modi-
fications by Blount and others permitted
greater leeway in the matter of growth cal-
culations. Stapling superseded complete de-
struction of the plate and allowed for correc-
tion of judgment in the time factor. What-
ever the future of these procedures, and
Jater experiments in stimulating activity of
the plate on the shorter side may invalidate
the older technic, to Phemster is due the
concept of equalizing imb length by attack-
ing the physiologic mechanism of epiphyseal
growth

Spaced among the papers of his more
constant interests were a number of appar-

ently isolated studies of tangential problems
in bone pathology. Bone and joint tubercu-
losis,’* epiphyseal and arficular pressures,®
and fibrous osteomyelitis (a nonsuppurative
form)® were among these studies, Several of
his papers on tumors, and especially their
treatment by resection and bone transplant,
had some temporary influence, but his work
in the field of bone neoplasms was over-
shadowed by Bloodgood, Coley, Jaffe and
others, to whom bone tumors were a major
interest.

Phemister accumulated a bibliography of
some 150 papers. Many of these were
timely and spanned a rather wide range of
subjects. He worked constantly. As in all
creative and scientific efforts, from this large
schedule certain works have become well
ensconced in the literature. Others of per-
haps temporary interest in their day have
enjoyed less recognition. The following
twenty-eight publications are a selective list-
ing of Phemister’s papers on skeletal pathol-
ogy and surgery. In the literature of ortho-
paedic surgery they merit recollection,
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Developmemal Deviations
in the Carpus and the Tarsus

Ronan O'RaH

The chief developmental deviations found
in the skeleton of the hand and the foot in-
clude: (1) severe anomalies associated with
abnormalities in the forcarm or the leg and
in the digits; (2) structural alterations asso-
ciated with deformities such as talipes; and
(3) accessory elements, multipartitions, and
“fusions™ in the carpus, the tarsus or the
digits. This chapter deals with the third
category and is limited to a consideration
of the carpus and the tarsus. The anoma-
ties discussed are of embryologic, radiclogic
and orthopaedic interest, and possess a
medicolegal importance,

TERMINOLOGY

The names of the carpal bones are a
perennial trouble to medical students. Al
though the names of the tarsals date back
to classical times (with the exception of the
cuneiforms, which are attributed to Fallo-
pius), the carpals were named for the first
time by Lyser in 1653.3¢ In the 18th century
other names were added to the list, and the
sesulting confusion has persisted down to
the present time. Of Lyser’s terms, 1

Ly, M.D.*

There seems to be fittle further excuse for
confusion since the establishment of an in-
ternationally accepted anatomic terminology
in 1955, The Nomina anatomica terms,
which will be used throughout this chapter,
are listed below. 1n their preparation, how-
ever, it was intended that they be employed
in translated form where applicable (Fig. 1).

Ossa carpi: os scaphoideum, os lunatum,
os triguetruns, os pisiforme, os trapezium, os
trapezoidenm, os capitatum, os hamatum.

QOssa tarsi: talus, calcaneus, os naviculare,
os cuneiforme mediale, os cuneiforme inter-
medium, os cuneiforme laterale, os cuboi-
deum.

DEVELOPMENT

The carpus and the tassus can first be dis-
tinguished as condensed mesenchyme at
about 5 ovulation weeks of age, in embryos
of about 9 to 14 mm, CRR. fength. A few
days later (12-21 mm.) the individual car-
pals and tarsals begin to chondrify, with the
exception of the pisiform, which appears
several days later than the other elements.
The carpals and the tarsals chondrify in a
defini

is the only one now used for the original
bone (Lyser’s trapezium and trapezoideum
having been transposed in error).

ATl

quence, but the order is different
from that of ossification.®® Ususally ossifi-
cation does not begin in the carpus until
after birth. The capitate and the hamate,
however, may show ossific centers in the
newbom? Generally, the individual carpals
begin to ossify during the first 6 years, with
the exception of the pisiform, which com-
mences ossification at about 10 years.” Oc-
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Developmental Deviations
in the Carpus and the Tarsus

Ronan O'RadiiLy, M.D.*

The chief developmental deviations found
in the skeleton of the hand and the foot in-
clude: {1} severe anomalics associated with
abnormalities in the forearm or the leg and
in the digits; (2) structural alterations asso-
ciated with deformities such as talipes; and
(3) accessory elements, multipartitions, and
“fusions” in the carpus, the tarsus or the
digits. This chapter deals with the third
category and is limited to a consideration
of the carpus and the tarsus. The anoma-
ties discussed are of embryologic, radiologic
and orthopacedic interest, and possess a
medicolegal importance.

TERMINOLOGY
The pames of the carpal bones are &
perennial trouble to medical d Al~

There scems to be litle further excuse for
confusion since the establishment of an in-
ternationally accepted anatomic terminology
in 1955. The Nomina anatomica terms,
which will be used throughout this chapter,
are listed below. In their preparation, how-
ever, it was intended that they be employed
in transtated form where applicable (Fig. 1).

Ossa carpi: os scaphoideum, os lunatum,
os triquetrum, os pisiforme, os trapezium, os
trapezoideum, os capitatum, os hamatum,

Ossa tarsi: talus, calcaneus, os naviculare,
os cuneiforme mediale, os cuneiforme intec-
medium, os cunetforme laterale, os cuboi-
deum.

DEVELOPMENT
The carpus and the tarsus can first be dis-

though the names of the tarsals date back
to classical times (with the exception of the
cuneiforms, which are attributed to Fallo-
pius), the carpals were named for the first
time by Lyser in 1653.1¢ In the 18th century
other names were added to the list, and the
resulting confusion has persisted down to
the present time. OFf Lysers terms, lunat

ghished as condensed mesenchyme at
about 5 ovulation weeks of age, in embryos
of about % to 14 mm. CR. length. A few
days later (12-21 mm.) the individual car-
pals and tarsals begin to chondrify, with the
exception of the pisiform, which appears
several days later than the other elements.
The carpals and the tarsals chondrify in a

is the only one now used for the original
bone (Lyser’s trapezinm and trapezoideum
having been transposed in error).

. * Department of Anatemy, Wayre State Univer-
sity, Detroit, Michigan.

The embryologic work veferred to in this chapter
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Asthatis and Metabolic Diseases of she National
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quence, but the order is different
from that of ossification.” Ususally ossifi-
cation does not begin in the carpus uatil
aiter birth. The capitate and the hamate,
however, may show ossific centers in the
newborn? Generally, the individual carpals
begin to ossify during the first 6 years, with
the exception of the pisiform, which com-
mences ossification at about 10 years? Oc-
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casionally, some of the carpals, particularly
the lunate, the scaphoid and the pisiform,
may begin to ossify at two or more loci each.

In the case of the tarsus, ossification com-
mences before birth. An inconstant®® area
of ossification (Fig. 2), described as peri-
chondral' or parachondral,'* may be seen
as early as 13 menstrual weeks (95 mm.*).
It is lateral in position, appearing in a
groove between the lateral process of the
tuber (lateral tubercle) behind and the pero-
neal process in front.»* Thus it is behind
and not, as stated frequently, at the site of
the peronecal trochlea (trochlear process;
peroneal tubercle). Some workers'* con-
sider that the ossification of the calcaneus is
comparable with that of a tubular bone, in
that perichondral ossification is followed by
the appearance of an endochondral center.

Subsequently an endochondral ossific cen-
ter appears in the calcaneus (118 mm.;*
220 mm.2?), Apparently two such centers
may sometimes appear; at any rate, double
centers have been illustrated in infants by

sap

several writers.2

At about 5 to 9 years of age a center
appears for the tuber of the calcaneus; it
consolidates at puberty. In addition, a
smaller center for the top of the tuber ap-
pears about a year or two before puberty.®

The second tarsal which exhibits bone
formation is the talus, during the second half
of intra-uterine life (235 mm.*°). Its center,
however, is not always present in the new-
born? The talus also may present several
ossific points.®*

A center in the region of the lateral tu-
bercle of the posterior process (posterior
tubercle) usually appears at 5 to 13 years.
In most instances it fuses shortly before
puberty. Tt is said that frequently there is
a center for the medial tubercle of the pos-
terior process.!®

In some cases, the cuboid begins to ossify
before birth; in others, postnatally. It is
said to develop usually from several foci?*
The lateral cuneiform rarely presents a cen-
ter in the newborn,® but usually all the tar-
sals display ossific centers by 2 years.® The
medial cuneiform and the navicular may

MEDIAL INTERMEDIATE
GUNEIFORM GUNEIFORM
S ! . LATERAL
ﬁ 5~ GUNEIFORM
NAVICULAR
cuBoID
TRAPEZOID HAMATE
TRapeziuw | CAPITATE
N E
O PISIFORM

SGAPHOID
LUNATE

Nomina gnatomico emendata 1955
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Scheme of the carpus and the tarsus to show the internationally accepted

names of the various elements.
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cach develop from two centers. An isolated,
distal, accessory center for the medial cunei-
form has been described as common in
children.?

Race, sex and weight at birth are factors
which have been correlated with the inci-
dence of at least certain ossific centers (e.8.
capitate, hamate, talus, cuboid, lateral cunci-
form) found in the newborn® The impor-
tance of endocrine factors ¢an be gathered
from the results of high thyroid dosage in
cretinism: in one infant, six carpal ossific
centers appeared in the hand at the early age
of 15 months.!

ACCESSORIA

In addition to the eight carpal and sever
tarsal bones alrcady listed, and sometimes
termed canonical elements, about 60 named
inconstant ossicles in the region of the car-
pus and the tarsus have been recorded. For
the sake of brevity and without further im-
plication, these may be called accessory
carpal and tarsal elements, or ossa acces-
sofia

Although the inconstant bones since
named after him were featured by Vesalius
in 1543, scant attention was devoted to the
accessoria until the work of Gruber, Thile-
nius, Pfitzner, Dwight and Grumbach ap-
peared during the last hundred years., Pfitz-
ner’s monumental studies were marred, how-
ever, by his endeavor to consider each of
the accessoria as a bone of evolutionary
significance. Traces of this phylogenetic pre-
occupation are still found m many current
reports on anomalies. The ia are
primarily an ontogenetic problem and

although they tHustrate no phylogenetic princr-
ples . . . do make evident the ontogenenc truth
that promunent outgrowths of indivadual bones
often tend to have a separate centre of develop-
ment and, as Dwight says, they show “the
readiness of the elements of the tarsus to change
their shape according to the circumstances.”1

Comprehensive accounts of the accessoria

have been published during the last dec.
ade by Marth,” Trolle,® Werthemann,

PERONEUS
BREVIS PERONEAL PROGESS:
LONGUS,

RETROTROCHLEAR
EMINENCE
A

PERDNEAL TROCHLE

SITE OF PERIOSTEAL

OSSIFICATION
LAY, PROC, OF TUBER

F1o, 2. Lateral surface of the right cals
cancus 1o show the site of periosteal {peri-
chondral or parachondral) ossification
and of the peroneal process.

O'Rahilly*t and K&hler, as revised by Zim-
mer.,** The first two of these works concern
only the tarsal accessoria. A very extensive
bibliography can be obtained by a combined
perusal of these five sources; hence a de-
tailed list of references will not be provided
here. The reader should be cautioned that
much of the theoretic superstructure added
by Trolle is not admissible to the present
author, It is highly desirable that writers
acquaint themselves with the five works
mentioned above before publishing descrip-
tions of new cases. Three of the accounts
are available in English.

DEFINITION OF ACCESSORIA

The accessory ossicles (of the foot) have
been defined™ as follows:

Accessory bones are all inconstant, independ-
ent, well-defined bones-——in an otherwise nor-
mally developed foot—the existence of which
is not due to a recent minor fracture or other
definitely pathological condition, no matter
whether these bones bear no, or a Iess or more
intimate relationship to the constant bones, or
entirely replace them because of a division of
the latter 1nto several segments.

Certain of the accessory tarsal ossicles
are commonly referred {0 as sesamoid
bones, but generally it is difficult to make a
satisfactory distinction between accessoria
and sesamoids, In some instances it is diffi-
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CARPAL ACCESSORIA

TARSAL ACCESSCRIA

Fic. 3. Scheme of the carpus and the tarsus to show the sites of the various accessoria.

cult also to make a distinction between an
accessory element (e.g., tibiale externum)
and the smaller constituent of a bipartite
bone (e.g, naviculare bipartitum).

TERMINOLOGY OF ACCESSORIA

The nomenclature of the accessoria is
even more confusing than that of the canoni-
cal elements, and the names employed in
standard works (such as that of Kohlert)
leave much to be desired, Synonyms will be
given here, but an attempt will be made to
standardize the terminology of the acces-
soria. The two guiding principles used are:
(a) to retain conformity with the Nomuna
anatomica; (b) to avoid, where possible,

morphologic terms based on doubtful phylo-
genetic speculations. As an example of the
first principle, epitriquetrum is clearly more
informative than epipyramis, talonavicular
more in line with modern terminology than
astragaloscaphoid. As an instance of the
second principle, the term prehallux has
been scrupulously avoided; the justification
for this becomes apparent when it is real-
ized that the tibiale externum, paracunei-
forme, cuneometatarsale I tibiale and cuneo-
metatarsale I plantare have each been
claimed “to represent” a prehallux, Science
should be made of sterner stuff.

The following list of accessoria is ar-
ranged alphabetically. Synonyms, many of
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which are quite unjustifiable, are placed in
parcntheses for reference purposes. The let-
ters M., T., W., and K. stand for Maui,®?
Trolte,® Werthemann®® and Kihler,' and
they refer to the existence of reproductions
in these authors® works of radiograms of the
relevant accessoria. The locations of the
ossicles can be seen from Figure 3.

QOssa Carpalia Accessaria

Os capitatum sccundarivm (carpometacar-
pale V). K.

Os centrale (centrale dorsale, episcaphoid).
K.

Os epriunatum (centrale 1), K.

Os epitrapezium. XK.

Os epitrapezoideum (trapezoideum dor-
sale).

Os epitriquetrum (epipyramis, centrale 1V).

Os gruberi (carpometacarpale V1), XK.

Os hamulare basale (carpometacarpale
VII).

Os hamuli proprivm, K.

Os hypolunatum (centrale IIf). K.

0s hypotriquetrum,

Os metastyloideum.

Os parastyloideum (carpometacarpale IHT).

Os paratrapezium. K.

Qs pisiforme secundarium (ulnare ante-
brachii, metapisoid). K?

Os practrapezium (carpometacarpate I).

Os radiale externum (parascaphoid). K.

Os radiostyloideum. K.

Os étyloideum {carpometacarpale IV). W.

Os subcaptatum,

Os trapezium secundanum (multangulum
majyus secundarium, carpometacarpale
o). X

Os trapezoidewm secundarium (multangu-
fum minus secundariom). K.

Os triangulare (intermedium antebrachii, tri-
quetrum secundarnum),

Os ulnare externum, K.

Os ulnostyloideum

Os vesaliansm manus (vesalii, carpometa-
carpale VIH). K.

Osva Tarsalia Accessoria

Calcancus accessorius (os trochleae). K.

Calcancus sccundarius (calcancus bifidus,
calcancum surnuméraire, sccondary os
caleis), M, T.K.

Qs aponcurosis plantaris. T.

Os cuboideum sccundarium, K?

Os cuncometatarsale 1 dorsale fibulare.

Os cuncometatarsale I plamarc {pars pero-
naca metatarsalis 1, prachallux).

Os cuncometatarsale 1 tibiale (praehallux).
T.

Os cuncometatarsale 11 dorsale. T. K.

Os cuneonaviculare I dorsale (naviculocu-
neiforme | dorsale, infranaviculare, para-
cunciforme 1}, T. W. K.

Os infranaviculare. See Os cunconaviculare
1 dorsate.

Os in sinus tarsi.

Os intercuneiforme.

Qs intermetatarsale I (intermetatarseum
gruberi}, M. T. K.

Os intesmetatarsale IV, T. K.

Os naviculocuneiforme I dorsale. See Os
cuneonaviculare I dorsale.

Os paracuneiforme (praccuneiforme, prae~
hallux, ossicle of Cameron and Carlier).
T.

Os peronacum, See Os sesamoideum pero-
naeum,

Os retinaculi {patelia malieoli?). T.

Os sesamoideum peronagum (peroncale,
sesamum peronaeum, cuboideum acces-
sorium). M. T. W. K.

Os sesamoideum tibialis anterior. K,

Os sesamoideum tibialis postesior.

Os subfibulare (talus secundarius, patella
malleoli?). M. T. X

Os subtibiale (talus accessorius, talus secun-
darius, astragalus accessorius, astragalus
secundarius, tibiale inferius, os matleali).
T W.X

Os supranaviculare, See Os talonaviculare
dorsale,

Os supratalare (supertalare, talus secunda-
rius, astragakus secundarius, sometimes in-
correctly called Pirie’s ossicle), T. K.



14 Developmental Deviations in Carpus and Tarsus

Os sustentaculi (sustentaculi proprium, sub-
tibiale). T. K.

Os talocalcaneare laterale (talocalcaneus).
See Calcaneus accessorius.

Os talocalcaneare posterior. T.

Os talonaviculare dorsale (supranaviculare,
dorsal astragaloscaphoid ossicle, intertalo-
scaphoid, taloscaphoid, processus trochle-
aris of scaphoid or of talus, Pirie’s ossi-
cle). M. T.W. K.

Os talotibiale dorsale (talotibiale). T.

Os tendinis calcanei (tendinis achillis). T.

Os tibiale externum (naviculare accessorius,
naviculare secundarivs, accessory tarsal
scaphoid, tibiale anterior, tibiale, prae-
hallux). M. T. K.

Os trigonum (talus accessorius, talus secun-
darius, astragalus accessorius, astragalus
secundaris, intermedium tarsi). M. T, K.

Os trochleae. This term has also been used
for the calcaneus accessorius and for the
0s supratalare.

Os uncinatum (unci, processus uncinatus of
lateral cuneiform).

Os vesalianum pedis (vesalii). M. T. K.

Subcalcaneus (os subcalcis, os tuberis calca-
nei).

Supracalcaneus (os accessorium supracalca-
neum). K.

DEVELOPMENT OF ACCESSORIA

A number of accessoria have been ob-
served in a cartilaginous state in the hands
(e.g., by Thilenius) and feet (e.g., by
Trolle) of human embryos and fetuses. The
present writer has found, for example, the
centrale (numerous instances between 17 &
24,5 mm. C.R.), the hypolunate (28 mm.),
the triangulare (49 & 75 mm.) and the pisi-
forme secundarium (50 mm.) as independ-
ent cartilaginous elements. In the case of
the foot, he has seen a separate intermeta-
tarsale I (45 mm.). Although one wnter®®
did not find the trigonum as an independent
cartilaginous element, another® did so (39
mm.) In arecent observation!® of a trigo-
num (80.5 mm.) it is not stated whether or
not it was independent.

Because nodules of hyaline cartilage are
thus found in the embryo and the fetus at
sites corresponding to at least some of those
of the postnatal accessory ossicles, it may be
concluded that in many instances accessoria
have their origin in prenatal life. Not all
instances of prenatal accessoria would nec-
essarily have developed further, of course;
some might have disappeared. However, in
some cases the cartilaginous primordia may
develop independent ossific centers and
thereby constitute accessory ossicles; in
other cases a cartilaginous primordium may
fuse with an adjacent canonical element, in
which instance an independent ossific center
may still develop but will be united to the
canonical element by cartilage.

Independent ossific centers at the sites of
accessoria have been observed in children.
Thus a center at the site of an os tibiale ex-
ternum has been illustrated in a 9-year-old
girl whose mother possessed the ossicle.
However, that such centers do not always
remain independent can be appreciated from
the fate of a bilateral scaphotrapezial ossicle
observed in a boy aged 15; the ossicle fused
with the scaphoid one year later.”

The possibility of post-traumatic ossifica-
tion must also be considered. Thus, in one
patient, a month after contusion of the dor-
sum of the foot, bone appeared at the ap-
proximate site of a dorsal talonavicular
ossicle.'” In another patient, two years after
a fracture of the posterior process of the
talus from a fall down some steps, nonunion
resulted in a smooth-edged appearance
which “no longer suggested a fracture, but
was characteristically that of the so-called os
trigonum ”1* Another possibility is hetero-
topic ossification in synovial tags.®® It is well
to point out that “there is reason to empha-
size the fact that one and the same type of
accessory bone need not have the same
genesis in different individuals,”?

Some authors have published histologic
data concerning certain accessoria. There is
a great need for considerably more work
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along this line, pm\icui:\r!y when accom-
panicd by the reproduction of good photo-
micrographs.

GENERAL FEATURES OF ACCESSORIA

The incidence of accessoria is much
higher in the tarsus than in the carpus. In
one survey of the carpus? the incidence was
only about 1.6 per cent, whereas another
observer secorded only 0.4 per cent. In the
tarsus the incidences reported vary from
about 25 per cent to 75 per cent. Some
cases of accessoria have been shown to be
hetedofamitial.'®

Tt is important to note that the accessoria
may be found unilaterally as welt as bitat-
erally. The tarsal accessoria are said to be
unilateral in about half the cases, perhaps
in cven more than half, Several accessoria
may sometimes be observed in 1 single foot,
and accessoria are sometimes found to be
multipartite.  Although distocation is rare,
accessoria may be fractured, cither together
with fractures of adjacent tamsals or inde~
pendently; poor repair js usual. Pathologic
changes, such as those seen in arthritis, may
be observed in accessory clements,

At Jeast some of the accessoria display a

peculiar characteristic® which we may term
apparent bilocation. By this is meant that 2
piven ossicle may be found as (a} a free
element which, considered together with jts
adjacent canonical element, appears merely
to complete the usual form of the latter, or
(b} a free element which appears to be ad-
ditionat to the adjacent portion of its canopi-
cal element. An example’ will make this
clear. Thus, the tibiale externum may be
found as (a) 2 free element which appears.
to be, or to take the place of, the tuberosity
of the savicular, or (b) a free clement pres-
ent in addition to a well-developed tuberos-
ity. In other words, the tiblale externum
may oceur either as the tuberosity or merely
at the tuberosity.

Painful symptoms may arise spontane-
ously from the presence of tarsal accessoria,

sesamoids or “fusions,” even in the apparent
absence of accidental damage.’” The tibiale
cxternum is @ ease in point. On the other
hand, tarsal accessoria frequently are mute;
i.e., they become manifest and painful only
after trouma, which in itself may be very
stight. Recovery from an injury may be pro-
longed because of damage to an accessory
clement. In individual cases the following
question, posed by Marti, assumes a medico-
fegal significance: “Is the healing process, as
the result of an accident, complicated and
prolonged through the previous condition of
inconstant tarsal elements?”

The precise diagnosis is fargely radiologic,
and the differential diagnosis may be ex-
ceedingly difficult at times. General radio-
fogic criteria should be applicd (e.g., the
structure and the density of the ossifie Tocus
should be cousidered), and, in doubtful
cases, works such as that of Kéhler'* should
be consulted. Among the pitfalls may be
mentioned the false appearance of an ossicle
seen in certain views; e.g., the superimposi-
tion of the outline of the lateral cuneiform
on that of the navicular may simulate an ac-
cessory element distal and lateral to the
navicular (see Kohler,* Fig. 1139). Reli-
ance on only one view may lead to misinter-
pretation; e.g., in one case 2 lateral view
showed what appeared to be a calcaneus
secundarius, but a plantar film demonstrated
that the ossicle was actually a tibiale exter-
num (see Kohler,™ Fig. 1092).

MULTIPARTITION

Prescinding from the multipartite scaph-
oid, concerning which little agreement has
been reached, a number of instances of bi-
partite caspals and tarsals, apparently non-
traumatic in origin, have been recorded. The
bipartite medial cuneiform is an example.?
The present writer has seen a bipartite
medial cuneiform bilaterally at 18 mm. C.R.
It‘appears, therefore, that bipartition may
arise early in intra-uterine life. However,
this finding must not be assumed to favor
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the idea that the anomaly is “progressive.”
Many bones have been observed in a bipar-
tite condition, and the number of types of
multipartition, accessoria and “fusion” is
legion. These multifarious conditions may
arise early in prenatal life, as has been
shown. They must be accepted as anoma-
lies; they cannot all be assimilated into a
phylogenetic theory according to which they
are classified as “atavistic” or “progressive.”
In cases of apparent multipartition seen
in children (e.g., the calcaneus, referred to
already) and adults, if only radiographic
findings are available, the possibility that
several ossific areas are situated in a single
cartilaginous element must be considered.
As has been mentioned earlier, occasionally
some of the carpals and tarsals may begin
to ossify in two or more loci each. How-
ever, these areas may be merely multiple
calcific centers;
anatomically one should speak of two or more

independent ossification centers only when rest-
ing cartilaginous tissue is found between them.

CARPAL "FUSIONS"

Calcified foci are frequently observed in the
roentgenogram where they are often spoken of
erroneously as multiple ossification centers.
Anatomically, merely a simple ossification cen-
ter formation is present.s

FUSION

By carpal and tarsal “fusion” (Fig. 4) is
meant the occurrence as a single structure of
that which is usually composed of two (or
more) elements. In the case of the foot,
talocal and vicular fusions,
as is now well known, frequently are of clini-
cal importance. In the hand, probably the
most common fusion found is the os lunato-
triquetrum. This was observed only once in
743 wrists (0.13%) by the present writer,
but it has a distinctly higher incidence (6% )
in West Africans.®® Usually there is a distal
groove between the lunate and the trique-
trum in cases of lunatotriqutral fusion.

Instances of carpal and tarsal fusion have
been found in embryos and fetuses. Thus
“fusions” between the capitate and the third
metacarpal have been seen by the present

TARSAL "FUSIONS"

Fi16 4. Scheme of the carpus and the tarsus to show the sites of recorded cases
of “fusion ™
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writer at 24, 28 and 150 mm, C.R., and
“fusion” between the lunate and the trique-
tral at 156 mm. The first two of these cascs
were observed in hands prior to the occur-
rence of joint cavitation. It is quite likely,
therefore, that many cascs of “fusion” arise
in the embryo in the cartilaginous carpus or
tarsus, and that articular “interzones” and
cavities never form at these sites. In other
words, such instances arise probably not by
fusion but rather by nonseparation of two
clements. However, the possibility that in-
terzone formation without subsequent cavi-
tation may take place in some instances
must be allowed; this is what usually occurs
between the scaphoid and the centrale.

In the case of the foot, talocalcanean and
calcanconavicular unions have been re-
corded in embryos and fetuses.!®3?

There is little reason to believe that acces-
sory elements play a role in the development
of carpal and tarsal fusions, as has been
claimed frequently. However, because the
infl of an accessory el may be
postulated to take place at cartilaginous
stages, postnatal radiographic findings which
have been supposed®! to negative this idea
are, in point of fact, completely irrelevant.

After ossification centers have appeared
in the individual elements, the existence of
a single cartilaginous primordium, where
usually there are two, may well favor the
subsequent fusion of the two ossific centers

concerned. The situation then is somewhat
stmilar to the formation of the scapholunate
found in a number of mammals. Thus in
the cat®® and the dog® the scapholunate
(radiointermediocentrale) develops in what
seems to be a single area of cartilage, three
bony centers which fuse subsequently.

The progress of fusion of the ossific cen-
ters for the lunate and the triquetral has been
followed nicely in the hand of a girl by serial
radiography.3!

As in the case of the accessoria, it is not
necessary that all instances of fusion have
the same mode of development. In addition,

the existence of pathologic fusions must be
kept in mind.
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Deviationes Disveloppamental in le Carpo e in le Tarso

Summario in Interlingua

Iste articulo presenta un revista del anor-
malitates disveloppamental trovate in le
skeleto del carpo e del tarso, con referentias
particular 2 lor genese. Le deviationes es
principalmente accessorios, multipartition, e
“fusion” Le importante fontes recente de

information

es Marti (1947), Trolle

(1948), Werthemann (1952), O’Rahilly
(1953), e Kohler in le revision per Zimmer
(1956). Attention special es prestate hic al

nomenclatura.

Le standardisation termino-

fogic del accessorios, de accordo con le

Nomina anatomica de 1955, es proponite.
Le disveloppamento del carpo e del tarso es
summarisate, e le embryologia del varie ano-
malias es presentate. Exemplos de acces-
sorios, de multipartition, e de “fusion” ha
essite trovate per le autor in embryones e
fetos human de stadios primitive. Iste anor-
mal conditiones deberea esser considerate
primarimente como variationes ontogenetic.
Assi illos es de interesse a embryologos e
etiam o orthopedistas e radiologos.
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The Oxford Method
of Assessing Skeletal Maturity*

Roy M. AcHESON, D.M.1

During the postwar years a longitudinal
study of the physical development of over
650 healthy preschool children was con-
ducted in Oxford, England. One of the
facets of the developmental process which
received special attention was skeletal matu-
ration, and the hand and the knee were
chosen as body areas suitable for prelimi-
nary study. At the outset Todd's Atlas of
Skeletal Mauration® was used as a stand-
ard of reference for the hand; however, ex-
perience showed that this work, both in its
original version and in the revised edition
of Greulich and Pyle,” was not wholly suit-
able for the purpose. The reasons were two-
fold: first, the pattern of ossification of the

* The greater part of the work on the develop-
ment of the hip joint and the pelvis was performed
m the Department of Anatomy, Western Re§erve
Unversity Medical School, Cleveland, Ohio. T
should like to express my deep grau!ude't the
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which they do not agree and; finally, for giving him
permission to publish the Brush Foundation data.
Dr. Alce Stewart, of the Department of Social
Medicine, University of Oxford, very kindly allowed
me to assess and publish the Oxford Child Health
Survey material, and Dr. Harold Stuart, of the
Harvard School of Public Health, gave me free
access to his roentgenograms, which X used to check
the valudity of the indicators and assess the observer
error. Mr. E. H. Thornton gaye statistical advice,
and Dr. Mary Lemon assisted with the Ppreparation
of some of the tables.
 The Moyne Institute

b of Preventive Medicine,
iniversity of Dublin

English children differed considerably from
the standard pattern shown in the Atlases,
and, sccond, the concept of skeletal age,
upon which Todd’s work is based, scemed
to carry with it theoretic difficulties, which
will be discussed below. Therefore, a new
technic was developed which attempted to
pravide “skeletal maturation with its own
scale of measurement, It is the purpose of
the present chapter to describe this, the Ox-
ford, method, drawing examples from the
hip joint and the pelvis.

SKELETAL MATURATION AS A
PROCESS DISTINCT FROM
AGING OR GROWING

In the early weeks after Conception, carti-
lage starts to form from the mesenchyme of
the fetus. This differentiation of rudimentary
cells into definitive tissuc is the first stage
in the development of the skeleton, the first
stage in a complex of processes which will
determine whether the child is to be tall or
short, broad or slender, dpflos mais or
orohids als. Skeletal development is best
understood if it is realized that three quite
separate considerations must be taken into
account, namely, that each composite part
of the skeleton gets longer, that they all
become bone, and finally that time Ppasses.
Manifestly, these processes of growing, ma-
turing and aging are integrated because the
term a two year old brings to mind a child
of a certain height who can walk and, per-
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haps, talk a little; it may even suggest a
roentgenographic picture in which some os-
sific centers have newly appeared. But they
are also dissociable, because there is a very
wide range of sizes in perfectly healthy two
year olds, and those same ossific centers may
not yet be seen, or others may have made a
precocious appearance. If the pathologic is
included, the achondroplasic, the pituitary
giant or the pubertas precox, them it be-
comes apparent how widely dissociable
growth, skeletal maturation and aging can
be. Thus, since we are dealing with three
distinct variables in the developing human
skeleton, we must think of them separately
and, more important, measure them sepa-
rately. The variables are represented dia-
grammatically in Figure 1.

The first of them is increase in size, or
growth. Although it is true that remodeling
and thickening of bone are carried out by
osteoblasts and osteoclasts which are situ-
ated under the periosteum, increase in length
of the majority of bones is entirely a matter
of the proliferation of cartilage cells. In

utero it probably occurs throughout the
length of the cartilaginous skeleton but later
is confined to the growth cartilage plates
which lie between metaphyses and epiphyses
of the long and the short bones, and to the
periphery of the round bones. In a series of
studies of the rat which have continued over
many years, Evans and his group!®1%°1 have
published convincing evidence that this
process of chondroplasia is influenced pro-
foundly by the growth hormone of the ante-
rior pituitary, and in vitro confirmation of
their conclusion is to be found in the work
of Verdam.* Growth is relatively easy to
measure in meters or in any other standard
of length,

While this increase in size is going on,
the cartilage is invaded by calcium and
finally is replaced totally by bone. Osteo-
genesis is not, in the strict sense of the
word, a growth process but, on the contrary,
is eventually exclusive of growth, for, once
the pliable and proliferative cartilage has
given way to solid and permanent bone, the
faculty for physiologic growth has gone for

MATURATION

|. Osteogenesis

2. ? Thyroid control ?

3. No units of measurement

GROWTH

I. Chondroplasia
2. ? Anterior pituitary control ?
3. Measured in meters or feet

TIME
Meosured in days

THE CARTILAGINOUS AND

MEMBRANOUS

FETAL SKELETON

Fic 1. A diagrammatic representation of the three vanables to be considered
in the assessment of skeletal development, with a note on the possible endocrine

control and methods of measurement.
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ever, It is therefore appropriate to look
upon osteogenesis as 3 ripening of the skele-
ton and to describe it as skeletal mntura-
tion. In health there is a very close link be-
tween maturation and growth, and, although
the immediate stimulus to ostcoblast activity
may come from deteriorating cartilage,® !
osteogenesis cannot occur without adequate
thyroid function.)®% The fact that bone is
much more radiopaque than cartilage means
that the process of skeletal maturation can
be observed in the roentgenogram, and in
this way studies can be made of living
children.

The third, and final, factor which is essen-
tial to the analysis of skeletal development
is time, which allows the estimation of rate
of growth ond rate of maturation. The
measurement of time, like the measurement
of growth, presents no fundamental prob-
tfem. However, this is not true of matura-
tion. Although the process is clear concep-
tually, its exact measurement in the skele-
ton or in any other structure or organism is
extremely difficult. The commonest method
of overcoming the difficulty has been to as-
sume that maturation is so closely corre-
fated with increase in size, or with the
passage of time, that it is legitimate to
descnbe the maturity of the structure or
organism 1 terms of #ts size or its age. For
instance, it is still the practice to measure
the length of an embryo and from this to
deduce its age and maturity. However,
Streeter® examined the structural differen-
tiation (that is, the matwrity) of various
organs in a number of embryos and found
that the correlation between differentiation
and size was not sufficient to justify the as-
sumption He therefore developed his con-
cept of “horizons™ and put these forward as
a more relisble method of judging the ma-
turity of a small embryo.

In the field of skeletal maturation, Bayley
(unpublished data referred to in 1956°) has
used size as a yardstick for maturity. She
has argued that, since the process of skeletat
maturation is exclusive of that of growth

and both pracesses are complete at the same
time, there must be a constant relationship
between the two. She has pointed out, there-
fore, that knowledge of the maturity of the
skeleton at any stage in its devclopment
must have some value in the prediction of
final height, Thus, although she observes
the same indicators on the roentgenogram as
Todd and the Cleveland group, she ex-
presses her assessment as percentage of final
height attained instead of giving the “skele-
tal age.” However, in a longitudinal study
of a group of children followed for the first
20 years of their fives, she has found that
the estimated percentage of final height sug-
gested by the roentgenogram and the actual
pereentage of his final height that the child
had achieved at the time were not neces-
sacily the same. Presumably the reason for
this was that some dissociation had occurred
between the maturation and growth proc-
esses.

Time, the third variable, has been used
much more commonly as & measure of skele-
tal maturation, and so the concept of skele-
taf age has been developed. This approach
is no more logical, and, in the last resort, no
more accurate than that of using size as the
yardstick for maturity. However, although
the skeletal age technic is open to this and
other criticisms,® there is no doubt that the
Atlases of Skeletal Maturity produced by
the Cleveland group™®142¢ pravide the best
available measure for day-to-day clinical
use. Nevertheless, it is equally certain that
skeletal maturation must be provided with a
yardstick of its own if the processes of

physical development are to be fully under-
stood,

THE CLINICAL VALUE OF
ASSESSING SKELETAL MATURITY

Thus far it has been shown that skeletal
maturation is a distinct entity in the devel-
opmental process; however, before going on
to describe another technic for jts measure-
ment, it may be as well to consider its prac-
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tical applications in clinical medicine, and
these are three in number.

1. Estimation of Rate. When a child’s
skeletal maturity is assessed from a roent-
genogram and the resulting value js plotted
on a graph similar to that shown in Figure
2, the position of the point on the graph
gives some idea of how the skeletal maturity
of that child compares, age for age, with
that of the healthy children on whom the
standards were based. For instance, if the
point lies above the mean, but within the
range of plus or minus two standard devia-
tions, the implication is that the child is a
quick maturer, but not abnormally so. H,
on the other hand, the point lies right below
the “normal channel” for his sex, one must
conclude that the child is an unusually slow
maturer. Serial roentgenograms of the child
will be more informative, because, if there
is an adequate interval between them, they
will show not only how the child's rate of
maturation compares with that of other chil-

dren but whether or not it is maintaining ¢
reasonably constant rate itself,

2. Pattern. The relationship, in time, of
one maturity indicator series to another i
known as the pattern of ossification. This
varies considerably, even in normal subjects.
For instance, in the hand and the wrist it is
common to find one healthy child who
shows ossification in three or even four of
the carpals before any of the epiphyses of
the metacarpus or the phalanges have be-
come visible in the roentgenogram, while
another equally healthy child may show
bony centers in five or six of the short bones
of the hand before osteogenesis is apparent
in more than two carpals. It is commonly
agreed that, although there is wide physio-
logic range of pattern, the extremes of varia-
tion are due to pathologic causes. No stand-
ard Iimits of variation have been suggested
for any part of the body, but a technic for
recognizing and assessing variation in the
hand and the wrist has been described and



discussed by Pyle and her associates.™
The recognition of these disturbances of pat-
temn is of considerable value in the diagaosis
of the case in which physical development
has deviated from the normal.

3, Prediction. A knowledge of the rate
of maturation of any bong is valuable in the
prediction of the time when that bone wilt
be fully ossificd, and, morc important, when
Lnowledge of the rate of growth is added to
that of the rate of maturation it becomes
possible to predict the final tength of the
bone. Much sesearch is yet needed before
sach prediction can be carsicd out with real
accuracy, but it is important that this re-
search be done, for it will grea tly facititate
planning treatment in patients requiring 05~
wotomy. A similar understanding of the
rate of maturation of the whole body can
be used in the prediction of the age when
growth will cease and of final statre. It
must be realized, though, that intercurrent
illness ot other serious systemic disturbance
can cause a dissociation among the three
variables—growth, matugation and time—
and thus can throw out the most careful
prediction.

THE ASSESSMENT OF
SKELETAL MATURATION

THE CONCEPT OF MATURITY INDICATORS

The metamorphosis of cartilage to bone is
divisible into three stages which, although
they overlap, are fairly distinct. The first of
these, the ossification of the diaphyses of the
long and the short bones, is practically com-
pleted in utero. The second starts just be-
fore birth and is osteogenesis in the epiphy-
ses of these bones and in the round bones.
The thud, and final, stage is the mvasion
and the destruction of the growth cartilage
plates, which lead to “fysion” of epiphysis
and metaphysts. Therefore, with the excep-
tion of the primary centers in the pelvic
giedie, the estimation of skeletal maturity on
the roentgenogram depends upon the obser~
vation of changes which take place in the
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cpiphyscs (sccondary centers) throughout
the body and in the sound bones of carpus
and tarsus. The changes, both in shape and
size, occur while the ossificd tissue, as it
were, “flows out” from a tiny central origin
into the surrounding cartilage. When the
new bony tissue reaches the growth carti-
fage plate, it docs not invade it but defines
it as a radiotranstucent strip lying between
itsclf and the radiopaque metaphysis. Later,
when calcificd tissue reaches the articular
sueface of the epiphysis, irregularities, such
as the attachment of the cruciate ligaments
in the knee or the styloid process of the
ulna, which previously were modeled in car-
titage, become visible as bone on the roent-
genogram. Each of the new shape changes
chow that the bone concerned has advanced
one stage farther toward the time when it
will be totally ossified, and, therefore, ma-
twre. Some such shape changes are highly
individual and ase to be found only in cer-
fain persons of families, but some occur in
both sexes and are universal to all racial
groups studied so far. These particular
changes, which are neither stock limited or
sex limited, are known as matucity indica-
wors. In the words of Greulich and Pyle,®
they are

those features of wndividual bones which can be
seen in the roentgenogram and which, because
they tend to occur regularly and in a definitive
and irreversible order, mark their progress
toward maturity.

It is important to realize that increase in
size alone is not a maturity indicator; for
instance, in one child a large bony center,
totally devoid of shape differentiation, is less
mature than the same center in another
child in whom it is highly differentiated
though small, In the former case it is large
because the cartilage it is replacing is large,
but it is devoid of shape because it has nat
reached any of the parts of the cartilage
which themselves have shape. In the latter
the opposite is true; it is small because the
cartilage is small, but it is highly differenti~
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tical applications in clinical medicine, and
these are three in number.

1. Estimation of Rate. When a child’s
skeletal maturity is assessed from a roent-
genogram and the resulting value js plotted
on a graph similar to that shown in Figure
2, the position of the point on the graph
gives some idea of how the skeletal maturity
of that child compares, age for age, with
that of the healthy children on whom the
standards were based. For instance, if the
point lies above the mean, but within the
range of plus or minus two standard devia-
tions, the implication is that the child is a
quick maturer, but not abnormally so. If,
on the other hand, the point lies right below
the “normal channel” for his sex, one must
conclude that the child is an unusually slow
maturer. Serial roentgenograms of the child
will be more informative, because, if there
is an adequate mterval between them, they
will show not only how the child’s rate of
maturation compares with that of other chil-

dren but whether or not it is maintaining 2
reasonably constant rate itself.

2. Pattern. The relationship, in time, t?f
one maturity indicator series to another is
known as the pattern of ossification. This
varies considerably, even in normal subjecl.s.
For instance, in the hand and the wrist it is
common to find one healthy child who
shows ossification in three or even four of
the carpals before any of the epiphyses of
the metacarpus or the phalanges have b'e-
come visible in the roentgenogram, while
another equally healthy child may show
bony centers in five or six of the short bones
of the hand before osteogenesis is apparent
in more than two carpals. It is commonly
agreed that, although there is wide physio‘
logic range of pattern, the extremes of varia-
tion are due to pathologic causes. No stand-
ard limits of variation have been suggestcd
for any part of the body, but a technic for
recognizing and assessing variation in the
hand and the wrist has been described and
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discussed by Pyle and her associates™®
“The secognition of these disturbances of pat-
tern is of considerable valug in the diagnosis
of the casc in which physical development
has deviated from the normai,

3. Prediction. A knewledge of the rate
of maturation of any bone is vatuable in the
prediction of the time when that bone will
be fully ossified, and, more important, when
knowledge of the rate of growth is added to
that of the rate of maturation it becomes
possible to predict the final length of the
bone. Muck research s yet needed before
such prediction can be carried out with real
accuracy, but it is important that this re-
search be done, for it will preatly facilitate
planning tr in patients requiring os-
teotomy, A similar understanding of the
rate of maturation of the whole body can
be used in the prediction of the age when
growth will cease and of final stature. It
must be realized, though, that intercurrent
iliness or other serious systemic disturbance
can cause a dissociation among the three
variables—growth, maturation and time—
and thus can throw out the most careful
prediction,

THE ASSESSMENT OF
SKELETAL MATURATION

Tue ConcerT OF MATURITY INDICATORS

The metamorphosis of cartilage to bone is
divisible into thiee stages which, although
they overlap, are farly distinet. The first of
these, the ossification of the diaphyses of the
long and the short bones, is practically com-
pleted in wtero. The second starts just be-
fore birth and is osteogenesis in the epiphy-
ses of these bones and in the round bones
The third, and final, stage is the invasion
and the destruction of the growth cartilage
plates, which lead to “fusion” of epiphysis
and metaphysis. Therefore, with the excep-
tion of the primary centers in the pelvic
girdle, the estimation of skeletal maturity on
the roentgenogram depends upon the obser-
vaton of changes which take place in the

epiphyses (secondary centers) throughout
the body and in the round bories of carpus
and tarsus, The changes, both in shape and
size, occur while the ossified tissue, as it
were, “flows out” from a tiny central origin
into the surrounding cartilage. When the
new bony fissue reaches the growth carti-
lage plate, it does nat invade it but defines
it as a radiotranstucent strip lying between
itself and the radiopaque metaphysis. Later,
when calcified tissue reaches the articular
surface of the epiphysis, irregularities, such
as the attachment of the cruciate Jigaments
in the knee or the styloid process of the
uina, which previousty were modeled in car-
titage, become visible as bone on the roent-
genogram, Each of the new shape changes
show that the bone concerned has advanced
one stage farther toward the time when it
will be totally ossified, and, therefore, ma-
ture. Some such shape changes are highly
individual and are to be found only in cer-
tain persons or families, but some occur in
both sexes and are universal 10 all racial
groups studied so far. These particular
changes, which are neither stock fimited or
sex limited, are known as matrity indica-
tors. In the words of Greulich and Pyle,?
they are

those features of individual bones which can be
seen in the penogs and which, b

they fend to oceur regularly and in a definitive
and irreversible order, mark their progress
toward maturity.

It is important to realize that increase in
size alone is not a maturity indicator; for
instance, in one child a large bony center,
totally devoid of shape differentiation, is fess
mature than the same center in another
child in whom it is highly differentiated
though small, In the former case it is large
beca_use the cartilage it is replacing is large,
but it is devoid of shape because it has mot
reached any of the parts of the cartilace
which themselves have shape. In the lattgr
the opposite is true; it is small because the
cartilage is small, but it is highly differenti-
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tical applications in clinical medicine, and
these are three in number.

1. Estimation of Rate. When a child’s
skeletal maturity is assessed from a roent-
genogram and the resulting value is plotted
on a graph similar to that shown in Figure
2, the position of the point on the graph
gives some idea of how the skeletal maturity
of that child compares, age for age, with
that of the healthy children on whom the
standards were based. For instance, if the
point lies above the mean, but within the
range of plus or minus two standard devia-
tions, the imphcation is that the child is a
quick maturer, but not abnormaily so. If,
on the other hand, the point lies right below
the “normal channel” for his sex, one must
conclude that the child is an unusually slow
maturer. Serial roentgenograms of the child
will be more informatve, because, if there
is an adequate interval between them, they
will show not only how the child’s rate of
maturation compares with that of other chil-

dren but whether or not it is maintaining 2
reasonably constant rate itself.

2. Pattern. The relationship, in time, of
one maturity indicator series to another is
known as the pattern of ossification. This
varies considerably, even in normal subjects
For instance, in the hand and the wrist it is
common to find one healthy child who
shows ossification in three or even four of
the carpals before any of the epiphyses of
the metacarpus or the phalanges have b.e-
come visible in the roentgenogram, while
another equally healthy child may show
bony centers in five or six of the short bones
of the hand before osteogenesis is apparent
in more than two carpals. It is commonly
agreed that, although there is wide physio-
logic range of pattern, the extremes of varia-
tion are due to pathologic causes. No stand-
ard Timits of variation have been suggested
for any part of the body, but a technic for
recogmzing and assessing variation in the
hand and the wrist has been described and
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discussed by Pyle and her associates.™
The recognition of these disturbances of pat-
tern is of considerable value in the dingnosis
of the case in which physical development
has deviated from the normal,

3. Prediction. A knowledge of the rate
of maturation of any bone is valuable in the
prediction of the time when that bone wilk
be {ully ossified, and, more important, when
knowledge of the rate of growth is added to
that of the rate of maturation it becomes
possible to predict the final length of the
bone. Much rescarch is yct needed before
such prediction can be carried out with real
accuracy, but it is important that this re-
search be done, for it will greatly facilitate
planning tr in g requiring os-
teotomy. A similar understanding of the
rate of maturation of the whole body can
be used in the prediction of the age when
growth will cease and of final stature. It
must be realized, though, that intercurrent
iliness or other serious systemic disturbance
can cause a dissociation among the three
variables-—growth, maturation and time—
and thus can throw out the most careful
prediction.

THE ASSESSMENT OF
SKELETAL MATURATION

THE CONCEPT OF MATURITY INDICATORS

The metamorphosss of cartilage to bone is
divisble into three stages which, although
they overlap, are fairly distinet. The first of
these, the ossification of the diaphyses of the
long and the short bones, is practically com-
pleted in utero. The second starts just be-
fore birth and is osteogenesis 1n the epiphy-
ses of these bones and in the round bones.
The third, and final, stage 1s the invasion
and the destruction of the growth cartilage
plates, which lead to “fusion” of epiphysis
and metaphysis Therefore, with the excep-
tion of the pnimary centers in the pelvic
girdle, the esttmation of skeletal matusity on
the roentgenogram depends upon the obser-
vation of changes which take place in the

epiphyses (sccondary centers) throughout
the body and in the round bones of carpus
and tarsus. The changes, both in shape and
size, occur while the ossified tissue, as it
were, “flows out” from a tiny central origin
into the surrounding cartilage. When the
new bony tissue reaches the growth carti-
lage plate, it does not invade it but defines
it as a radiotranstucent strip lying between
itself and the radiopaque metaphysis. Later,
when calcified tissue reaches the articular
surface of the epiphysis, irregularities, such
as the attachment of the cruciate ligaments
in the knee or the styloid process of the
ulna, which previously were modeled in car-
tilage, become visible as bone on the roent~
genogram.  Each of the new shape changes
shaw that the bone concerned has advanced
one stage farther toward the time when it
will be totally ossified, and, therefore, ma-
ture. Some such shape changes are highly
individual and are to be found only in cer-
tain persons or families, but some occur in
both sexes and are universal to all racial
groups studied so far. These particular
changes, which are neither stock limited or
sex limited, are known as maturity indica-
tors. In the words of Greulich and Pyle,®
they are

those features of individual bones which can be
seen in the roentgenogram and which, because
they tend to occur regularly and in a definitive
and irreversible order, mark their progress
toward maturity.

It is important to realize that increase in
size alone is not a maturity indicator; for
instance, in one child a large bony center,
totally devoid of shape differentiation, is less
mature than the same center in another
child mn whom it is highly differentiated
though small. In the former case it is large
beczx'use the cartilage it is replacing is large,
but it is devoid of shape because it has mot
reached any of the parts of the cartilage
which themselves have shape. In the latter
the oppasite is true; it is small because the
cartilage is small, but it is highly differenti-
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tical applications in clinical medicine, and
these are three in number.

1. Estimation of Rate. When a child’s
skeletal maturity is assessed from a roent-
genogram and the resulting value is plotted
on a graph similar to that shown in Figure
2, the position of the point on the graph
gives some idea of how the skeletal maturity
of that child compares, age for age, with
that of the healthy children on whom the
standards were based. For instance, if the
point lies above the mean, but within the
range of plus or minus two standard devia-
tions, the implication is that the child is a
quick maturer, but not abnormally so. If,
on the other hand, the point lies right below
the “normal channel” for his sex, one must
conclude that the child is an unusually slow
maturer. Serial roentgenograms of the child
will be more informative, because, if there
is an adequate interval between them, they
will show not only how the child’s rate of
maturation compares with that of other chil-

dren but whether or not it is maintaining a
reasonably constant rate itself,

2. Pattern. The relationship, in time, of
one maturity indicator series to another is
known as the pattern of ossification. This
varies considerably, even in normal subjects.
For instance, in the hand and the wrist it is
common to find one healthy child who
shows ossification in three or even four of
the carpals before any of the epiphyses of
the metacarpus or the phalanges have be-
come visible in the roentgenogram, while
another equally healthy child may show
bony centers in five or six of the short bones
of the hand before osteogenesis is apparent
in more than two carpals. It is commonly
agreed that, although there is wide physio-
logic range of pattern, the extremes of varia-
tion are due to pathologic causes. No stand-
ard Limits of variation have been suggested
for any part of the body, but a technic fof
recognizing and assessing variation in the
hand and the wrist has been described and
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discussed by Pyle and her associates.™
The recognition of these disturbances of pat-
tern is of considerable value in the diagnosis
af the case in which physical development
has devisted from the normal,

3. Prediction. A knowledge of the rate
of maturation of any bonce is valuable in the
prediction of the time when that bone will
be fully ossified, and, mare important, when
knowledge of the rate of growth is added to
that of the rate of maturation it becomes
possible to predict the final length of the
bone. Much rescarch is yet needed before
such prediction can be carried out with seal
accuracy, but it is important that this re-
search be done, for it will greatly facilitate
planning treatment jn patients requiring os-
teotomy. A similar understanding of the
rate of maturation of the whole body can
be wsed in the prediction of the age when
prowth will cease and of final stature. It
must be realized, though, that intercurrent
illness or other serious systemic disturbance
can cause a dissaciation among the three
variables—growth, maturation and time—
and thus can throw out the most careful
prediction,

THE ASSESSMENT OF
SKELETAL MATURATION

Tue CoNcerr of MATURITY INDICATORS

The metamorphosis of cartilage to bone is
dwisible into three stages which, although
they overlap, are fairly distinct. The first of
these, the ossification of the diaphyses of the
long and the short bones, is practically com-
pleted in urero. The second starts just be-
fore birth and is osteogenesis in the epiphy-
ses of these bones and in the round bones.
The third, and final, stage is the invasion
and the destsuction of the growth cartilage
plates, which lead to “fusion” of epiphysis
and metaphysts. Therefore, with the excep-
tion of the primary centers fn the pelvic
girdle, the estimation of skeletal maturity on
the roentgenogrant depends upon the obser-
vation of changes which take place in the

cpiphyses (secondary centers) throughout
the body and in the round bones of carpus
and tarsus. The changes, both in shape and
size, occur while the ossified tissue, as it
were, “flows out” from a finy central origin
into the surrounding cartilage. When the
new bony tissuc reaches the growth carti-
lage plate, it does not invade it but defines
it as a radiotranstucent strip lying between
itsell and the radiopaque metaphysis. Later,
when caleified tissuc reaches the articular
surface of the cpiphysis, irregularities, such
as the attachment of the cruciate ligaments
in the knee or the styloid process of the
ulna, which previously were modeled in car-
tilage, become visible as bone on the roent-
genogram, Each of the new shape changes
show that the bone concerned has advanced
one stage farther toward the time when it
will be totally ossified, and, therefore, ma-
ture, Some such shape changes are highly
individuat and are to be found only in cer-
tain persons or families, but some oceur in
both sexes and are universal to all racial
groups studied so far. These particular
changes, which are neijther stock limited or
sex Yimited, are known as mamrity indica-
tors. In the words of Greulich and Pyle,?
they are

those features of individual bones which can be
seen in the roenigenogram and which, becayse
they tend to occur regularly and in a defnitive
and jmeversible order, matk their progress
toward maturity.

1t is important to realize that increase in
size alone is not a maturity indicator; for
instance, in one child a large bony center,
totally devoid of shape differentiation, is less
mature than the same center in another
child in whom it is highly differensiated
though small. In the former case it is large
because the cartitage it js replacing is large,
but it is devoid of shape because it bas not
reached any of the parts of the cartilage
which themselves have shape. In the latter
the opposite is true; it is small because the
cartitage is small, but it is highly differenti-
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tical applications in clinical medicine, and
these are three in number.

1. Estimation of Rate. When a child’s
skeletal maturity is assessed from a roent-
genogram and the resulting value is plotted
on a graph similar to that shown in Figure
2, the position of the point on the graph
gives some idea of how the skeletal maturity
of that child compares, age for age, with
that of the healthy children on whom the
standards were based. For instance, if the
point lies above the mean, but within the
range of plus or minus two standard devia-
tions, the implication is that the child is a
quick maturer, but not abnormally so. If,
on the other hand, the point hes right below
the “normal channel” for his sex, one must
conclude that the child is an unusually slow
maturer. Serial roentgenograms of the child
will be more informative, because, if there
is an adequate interval between them, they
will show not only how the child’s rate of
maturation compares with that of other chil-

dren but whether or not it is maintaining a
reasonably constant rate itself.

2. Pattern. The relationship, in time, of
one maturity indicator series to another is
known as the pattern of ossification. This
varies considerably, even in normal subjects.
For instance, in the hand and the wrist it is
common to find one healthy child who
shows ossification in three or even four of
the carpals before any of the epiphyses of
the metacarpus or the phalanges have be-
come visible in the roentgenogram, while
another equally healthy child may show
bony centers in five or six of the short bones
of the hand before osteogenesis is apparent
in more than two carpals. It is commonly
agreed that, although there is wide physio-
logic range of pattern, the extremes of vatia-
tion are due to pathologic causes. No stand-
ard limits of variation have been suggested
for any part of the body, but a technic for
recognizing and assessing variation in the
hand and the wrist has been described and
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discussed by Pyle and her associates.
The recognition of these disturbances of pat-
tern is of considerable valuc in the diagnosis
of the case in which physical development
has deviated from the normal,

3. Prediction. A knowledge of the rate
of maturation of any bone is valuable in the
prediction of the time when that bone will
be fully ossificd, and, more important, when
knowledge of the rate of growth is added to
that of the rate of maturation it becomes
possible to predict the final Jength of the
bone. Much research s yet needed before
such prediction can be carried out with real
accuracy, but it is important that this re-
search be done, for it will greatly facilitate
planning treatment in patients requiring os-
teotomy. A similar understanding of the
rate of maturation of the whole body can
be used in the prediction of the age when
growth will cease and of final stature. Jt
must be realized, though, that intercurrent
illness or other serious systemic disturbance
can cause a dissociation among the three
variables—~growth, maturation and time-—
and thus can throw out the most careful
prediction,

THE ASSESSMENT OF
SKELETAL MATURATION

THE CoNCEPT OF MATURITY INDICATORS

The metamorphosis of carilage to bone is
divisible into three stages which, although
they overlap, are farly distinet. The first of
these, the ossification of the diaphyses of the
long and the short bones, is practically com-
pleted in urera. The second starts just be.
fore birth and is osteogenesis in the epiphy-
ses of these bones and in the round bones,
The third, and final, stage 15 the invasion
and the destruction of the growth cartilage
plates, which lead to “fusion” of epiphysis
and metaphyss, Therefore, with the excep-
tion of the primary centers in the pelvic
girdie, the estimation of skeletal maturity on
the roentgenogram depends upon the obser-
vation of changes which take place in the

cpiphyses (sccondary centess) throughout
the body and in the round bones of carpus
and tarsus, The changes, both in shape and
size, occur while the ossificd tissue, as it
were, “flows out” from a tiny central origin
into the surrounding <artilage. When the
new bony tissue reaches the growth carti-
lage plate, it does not invade it but defines
it as a radiotranstucent strip lying between
iself and the radiopague metaphysis. Later,
when coleified tissue reaches the articular
surface of the epiphysis, irregularities, such
as the attachment of the cruciate ligaments
in the knree or the styloid process of the
ulna, which previously were modeled in car-
tilage, become visible as bone on the roent-
genogram. Each of the new shape changes
show that the bone concerned has advanced
one stage farther toward the time when it
will be totally ossified, and, therefore, ma-
ture. Some such shape changes are highly
individual and are to be found only in cer-
tain persons or families, but some occur in
both sexes and are universal to all racial
groups studied so far. These particular
changes, which are neither stock limited or
sex limited, are known as maturity indica-
tors. In the words of Greulich and Pyle,?
they are

those features of individual bones which can be
seen 1n the roentgenogram and which, because
they tend to occur regulatly and in a definitive
and irreversible order, mark their progress
toward matursy.

It is important to realize that increase in
size alone is not a maturity indicator; for
instance, in one child a large bony center,
totally devoid of shape differentiation, is less
mature than the same center in another
child in whom it is highly differentiated
though small. In the former case it is large
because the cartilage it is replacing is large,
but it is devoid of shape because it has mot
reached any of the parts of the cartilage
which themselves have shape. In the latter
the opposite is true; it is small because the
cartilage is small, but it js highly differenti-
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Fic. 3. Matunity indicators at the proximal end of the femur.

Head. (1) Small primitive center, which is usually round in shape. (2) Elongation
of the transverse axis. At this stage there often is a tendency to flattening of the aspect
facing the growth cartilage plate, with rounding of the acetabular surface. (3) Defini-
tion of the length and the depth of the growth cartilage plate. The opposing edges of
the epiphysis and the metaphysis now are parallel (4) Reduction of the growth car-
tilage plate to a thin hine with fuzzy, irregular edges. The outline of the articular surface
of the epiphysis now is smoothly continuous with that of the metaphysis. (5) The
development of a “beak™ at the lower medial corner of the epiphysis The growth
cartilage plate 1s no longer a straight line but has acquired a wavy appearance. (6) The
epiphysis is wider than the femoral neck and now, on its articular surface, has the contour
of the mature bone. (7) The first sign of osseous invasion of the growth cartilage plate.
(8) Total ossification of the growth cartilage plate.

Greater Trochanter. (1) Primitive center, which is irregular in outline. (2)
Acquisition of a smooth outline. This 15 rounded in its outer surface and straight in its
metaphyseal surface. (3) The outline of the lateral part of the epiphysis becomes
aligned and continuous with that of the upper, lateral part of the femoral shaft. (4) An
excrescence, or nodule, appears at the upper and medial angle of the eprphysis This
nodule may either form as a separate center or develop as an outgrowth of the epiphysis.
(5) The filling in with bone of the space between the nodule (indicator 4) and the neck
of the femur, (6) The first sign of osseous invasion of the growth cartilage plate. (7)
Total ossification of the growth cartilage plate

Lesser Trochanter. (1) Primitive center, which may be linear or rounded. (2)
Acquisition of defintte Linearity. (3) Acquisition of the shape of a “thumbnail cutting,”
sitting neatly over the metaphysis  (4) The first sign of osseous invasion of the growth
cartilage plate. (5) Total ossification of the growth cartilage plate. (After Acheson &
Duperts: Hum. Brol. 29:167)

ated because it has taken on a great deal of In the special case of the pelvic girdle,
the shape of the cartdage. Osteogenesis in  particular care is required in making a dis-
the second child is further advanced, and tinction between true universal maturity in-
that child’s bone is more mature (although dicators from shape changes which are seen
1t ts probably a smaller child). in one sex but not in the other. This is
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especially true of the pubic bone, in which
a great many such sex-connected character-
istics arc discernible.®* Nevertheless, there
are many stages in the ossification of all tllc
pelvic bones which do fulfill all the criteria
of maturity indicators,

Some maturity indicators are very casy
for even the most inexperienced observer to
pick out from a roentgenogram, and some
are so subtle that they can be seen only by
the practiced eye. Some are clearly visible
when the bone which is being studied is
roentgenographed from one angle and quite
indistinguishable when the same bone is
roentgenographed in a different plane. How-
ever, regardless of the part of the skeleton
or of the roentgenographic plane, the indi-
cators for each individual osseous center fol-
low each other in a fixed sequence. This
sequence is irreversible because, in health,
the process of osteogenesis is irreversible.
Once the cartilage has been replaced by
bone, there is no going back, and bone it
remains.

THE OXFORD METHOD

Study of serial roentgenograms of the
skeletons of a number of children, of both
sexes and different races, taken through the
growing years permits the definition of the
particular shape changes that can be de-
scribed as maturity indicators. For the ob-
vious reason that change cannot be recog-
nized in a single roentgenogram of a child,
cross-sectional material is quite inadequate
for this purpose. If each of the more easily
distinguished maturity indicators for any
center of ossification is numbered, a ma-
turity scale for that center is constructed.
For instance, a series for the head of the
femur is shown in Figure 3. Because the
process of skeletal maturation is irreversible,
a femoral head which is rated at Stage 4 in
a roentgenogram has necessarily passed
through stages 1 to 3; in fact, it can be de-
sctibed as having scored 4 maturity points.
However, it cannot be described as having
scored 4 maturity units, because this would
imply that it was four times as mature as a

femoral head in Stage 1, and there is no
way of knowing whether or not this is
true.* If indicators in other maturing cen-
ters in the pelvic region are defined and
numbered in this manner, maturity scales
can be constructed for them too. And,
finally, if all the points for ecach of these
serics are added up for any given roentgeno-
gram, the final total score is an index of the
skeletal maturity of the region shown in that
roentgenogram. This technic, which can be
applied equally well to any other developing
part of the body, was first described by the
author in 1954, when tentative standards
were published for the hand and the wrist
and for the knee of children up to 5 years
of age! Since that time the method has
been used successfully for a longitudinal
study of over 600 Oxford (England) pre-
school children® and for a similar study of
about 300 London children from birth to
the age of 3 years.” Tanner and his col-
leagues now are engaged in preparing stand-
ards for the hand and the wrist from birth
through maturity. In 1956 the present au-
thor had the opportunity of setting up
standards, hitherto unpublished, of the hip
joint and the pelvis,; and these are pre-
sented here to serve as a full illustration of
the Oxford Method.

HIP AND PELVIS AS A REGION
FOR STUDYING SKELETAL
MATURATION

There are obvious drawbacks to using the
pelvic region in routine assessment of skele-
tal maturity status. First, it requires a
larger roentgenographic plate than any
other region of the body and, therefore, is
more expensive; second, it entails the ex-
posute of the gonads to radiation (while
the risk entailed in the occasional roentgeno-

:]n an earlier publication these were described
as “Oxford Units,” but for the reason stated this was
ncorrect,

1’Ihis' Tesearch was carried out as Rochefeller
Foundation Travelling Fellow in Medicine, and

Radchiffe T i i i
oifgrld_c ravelling Fellow of University College,
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Fic. 4. Maturity indicators in the innominate bone.

Ilium. (1) Early definition of the acetabulum (2) First overlap of
tlium and sacrum in the region of the sacro-tliac joint, (3) Definition of the
anterior supenior jliac spine and the site of attachment of the long head of biceps
femonss. According to the position of the individual and to natural variation,

this stage may first be detected either as  * as a region of ! ity.
Both are indicated in the diagram, pearance of ary
center of the iliac crest. (5) Ossificati M crest throug ole
length. (6) The first sign of osseous the growth te.
(7) Total ossification of the growth carts

Ischium. (1) Appearance of a not ion, on th ct
of the ischivm ““on of the i ensity on r-
face of theschiu ~ uite distinct bular as is
and should not b ‘thit. (3) n of the
showing as a hoo t the Jowe c. (4)

‘nued
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Tanit 3. MATURITY SCORES TOR Hir JOINT AND PELVIS FOR OVER 500 AMERICAN AND
Bruristt CHILDREN

Bovs GIrLS
AL Maturity Score Maturity Score
in Points in Points
Total Mean  SD. Total Mcean

% 65 4.3 11 40 4.6 1.3
% 134 6.5 1.0 a9 6.6 1.2
kX 78 15 89 58 7.6 0.9

1 138 8.2 09 94 8.4 0.9
1¥s 128 9.2 09 108 94 0.8
2 133 10.0 1.0 108 10.7 1.2
2 138 1.0 1.2 112 1.9 it
3 141 12.0 13 114 129 13
3% 149 12.9 1.3 115 14.1 1.5
4 161 14.0 1.4 1t 15.2 1.6
4% 152 15.6 1.5 {16 164 1.7
s 157 16.1 1.4 113 17.5 1.6
[ 169 17.5 .5 101 19.1 1.7
7 164 187 15 101 20.4 1.6
8 164 19.8 1.4 101 219 1.7
9 347 209 14 109 234 1.8
10 145 220 1.6 126 25.0 24
11 116 233 17 125 e 24
12 114 250 21 124 299 29
13 102 268 24 96 2.6 33
14 86 29.7 2.6 86 36.7 3.2
15 72 3286 3.3 73 383 2.6
16 60 361 40 65 41.4 L7
17 41 39.5 3.2 43 42.5 1.4
18 31 418 21 20 436 14

FiG, 4 (Continued from facing page}

Iateral and superior aspect of the jschium and the head of the femur. (5) First appeor-
ance of the secondary center of the ischial crest. (6) Ossification of the ischial crest
as far as the ischial tuberosity, (7) Ossification of the ischial crest throughout its entire
length. (8} Total ossification of the growth cartitage plate.

Lip of Acetabulum, Appearance of the secondary center at the upper part of the
ip of the acetabulum. The time span between the first appearance of this center and its
fusion is a matter of only a few months,

Junction of Tschial and Pubic Rami. (1) The pointed ends of the two bones
are very closely apposed but are not yet in contact. (2} Ossification has proceeded
untit the outer margins of the bones are smaoth and 1 {3) The devel
of catlus at the site of union. (4) Final union with total absorption of caltus and smooth
PRI ton o e pub

Pubis, cfinition of the pubic ramus as a hooklike process at ¢ W i
pole of the bone. (2} Ossification of the acetabular p:mign of the l':]:ng.’ ';;ism :\:lgae'
can be recognized both by the definition of the pubic (fower) margin of the triradiate
Ca\:lll‘la'ge Snd of éhv. p;.\bic margin of the acetabulum,

riradiate Cartilage (the only parts of the cartilage visible in the i
view which is being stedied ate those lying berween %he fum and thr;) ?&g?: ofrl;gpg:‘e:
Yum and the ischium). (1) Final definition of the cartilage by total ossification of the
three primary centers which surround it. By the time that this occurs the bone margins
are ruffled. (2) The first sign of osseous invasion of the triradiate cartilage itself. g(3)

Total ficati iradi i i
By fa‘lo)m ication of the iriradiate cartitage, {(After Acheson & Dupertuis: Hum. Biol.
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Case No. Nave Sex Birrit Dare
| b ?
AcE ] FEMUR ! INNOMINATE BoME J Torar
[s I
it |
c | Lip | i Hecire
Yr. | Mo. || Head T Lt ium Isch. | Pubis| of |rad. _]unc H’omxs %
” Troc. | Troc. Acet. |Cart.{ tion

AL _\%_ I I,

rt*j"ﬁ

]

Fic 5 A score sheet suitable for entering assessments of the hip and the pelvis by the
Oxford Mcl;n"
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gram is negligible, it should not be forgot-
ten); and, finally, the child must remove at
least some of his clothes. On the other hand,
this region has several osseous centers which
are suitable for study and, even more impor-
tant, shows indicators over a very long
period. More indicators appear here during
the first six months of life than anywhere
else in the body, and others continue to ap-
pear after the majority of the bones of the
body are mature. Thus, practical difficulties
are balanced to some extent by definite ad-
vantages. It is probably fair to say that
roentgenograms of the hip and the pelvis
should not be used for maturity assessment
when apparently healthy children are being
screened, but they should be turned to with-
out hesitation in any case in which diagnosis
or interpretation of signs is otherwise diffi-
cult, or when a specific assessment of the
state of development of the femur js re-
quired.

STANDARDS I'OR Hip AND PELvVIS
AND How To Use THEM

The standards presented in this chapter
are the result of about 14,500 assessments
of some 8,500 serial roentgenograms of
healthy American and British children. The
roentgenograms were collected in studies
run by the Brush Foundation at Western
Reserve University, Cleveland, Ohio, and the
Institute of Social Medicine, Oxford, Eng-
land. The method was also checked against
rocntgenograms available in the Longitudi-
nal Studies of Child Health and Develop-
ment at the Harvard School of Public
Health.* The posiion of the child varied
slightly 1n the three senies; probably the
simplest and most satisfactory is lying
supine, with the beam directed just superior
to the symphysis pubis The heels should
be together, with the legs fully extended and
in moderate external rotation. Figures 3
and 4 show the matunty indicators sclected

* For further details of the sample and methods
see Appendix 1.

for the head of the femur and the pelvis,
respectively, and the mean maturity scores
with standard deviations are shown by age
and sex in Table 1. The way to use the
standards is to compare the roentgenoerams
to be assessed with the indicator serjes. If
there are several roentgenograms of one
child taken at increasing ages, it is desirable
to display these simultaneously on an jllumi-
nated strip. Then the respective indicator
series should be studied in turn, noting with
the appropriate number each shape change
as it occurs. Thus a full point is assigned
for each maturity indicator, and the score
for the center then remains unchanged until
the next indicator is plainly visible. Half
points should not be awarded, and no at-
tempt at interpolation should be made. As
the indicator series are assessed in turn, it
is convenient to enter the scores on a sheet
similar to that shown in Figure 5. When
all the roentgenograms belonging to a child
have been assessed, the total maturity score
for each is totaled and placed in the appro-
priate column on the score sheet. For a
truly objective assessment to be made, it is
desirable that the assessor should remain in
ignorance of the child’s age or height, swhick
can be entered afterward. Then the scores
can be plotted on a chart, such as that
shown in Figure 2, thereby enabling the
rate of maturation of the child to be com-
pared with the standard.

In order to make the total maturity score
comprehensible to a person unfamiliar with
the method, it is sometimes desirable to
convert it into a percentage * The final
adult score of 45 points is inevitable in all
healthy people, and so may be accepted as
the 100 per cent level. If O points is taken
quite arbitrarily as 10 per cent mature (that
is to say that about 10% of the maturation
of the hip joint and the pelvis is completed
in utero), then all other maturity scores can

* This device must not be confused with Bayley's
system, for, whereas her yardstick is “percentage of
predicted final height attained to date,” the present
scale is a direct measure of skeletal maturity status.
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be converted into pereentages by multiplying
the points valuc by two.

The pattern variation of the individual
indicator scries can be studied by using the
tables shown in Appendix 2; however, the
significance of such variation requires fur-
ther research before it can be interpreted
with confidence.

EVALUATION OF THE METHOD
OusERVATIONAL ERROR

Two assessors do not always give the
same rating of any roentgenogram; nor do
wvo scparate ratings made by a single ob-
server necessarily agree with cach other.
There are several reasons for this. To begin
with, although by definition maturity indica-
tors are universal, one indicator may look
different in two subjects. For instance, the
indicator shown as Number $ for the head
of the femur (Fig. 3) may be very distinct
and sharp in one case while in another it
may be smaller and rounded. Then these
differences may be exaggerated by minor
variations in the positioning of the limb, the
exposure used and in the manufacture or
the developing of the roentgenographic
plate. Finally, considerable variation lies
with the observer himself, both in his appre-
ciation of the indicators on the roentgeno-
gram and in the scores he assigns to them.
The skeletal age technic allows two alterna-
tive methods for assigning scores. The first
of these, devised by Todd*® himself, is to
make an over-all match between the roent-
genogram to be assessed and the standard
plate. When the pattern of the two roent-
genograrns is similar, the assesstment is accu-
rate, but when it differs the observer must
arbitrarily put more weight on the develop-
ment of some ossific centers than on others,
and so subjective error occurs,

Pyle and her associates™®® attempted to
overcome this by assigning an exact skeletal
age 10 every bone in the part of the body
being examined. In cases where the bones
do not match those shown in the standard
plates, these assessments ate made by inter-

polation, and this, cven to the experienced
assessor, is also a subjective and an errone-
ous procedure.

Mainland®? compared these two methods
and found that, in the hands of an inexperi-
enced observer, Todd's was more accurate
than Pyle’s, Weiner and Thambipiliai™* also
obtained morc consistent results using
Todd's technic.

The Oxford Method attempts to over-
come these errors. No interpolations are
ever made, and whole points are awarded
only to a center as cach distinet shape
change occurs, so that the weighting, albeit
arbitrary, is intrinsic to the method and,
therefore, consistent. It is not left to the
observer’s own judgment, Nevertheless, it
has already been stressed that the shape
changes are less distinct in some individuals
thon in others, and there are times when
opinion varies as to the appropriate score.

It is not easy to make a fair comparison
between the Skeletal Age and the Oxford
Methods because they use different scales
of measurement, For instance, Mainland, %13
in his excellent analysis of the former tech-
nics, expresses the error in terms of “skele-
tal months,” and these bear no constant
relationship to OQxford points. In order to
avercome this difficulty, the correlation co-
efficients r have been calculated for the data
set out by Weiner and Thambipillai®® and
compared with the correlation between two
a of 760 grams of the
pelvis from the Harvard collection by the
present author. These roentgenograms,
which ate not included in the standards pre-
sented in this chapter, were assessed individ-
ually and were not laid out simultaneously
on an iltuminated strip in the manner recom-
mended above. The correlation was higher
for the Oxford Method (see Table 2) than
for Todd's method in the hands of either
W. or T, and the difference was significant
at the 5 per cent level* for the comparison
between A, and T. It is a possibility that

* Fisher's® formula Zy2p > 20'2,_‘1.,
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TABLE 4. COMPOSITION OF THE SAMPLE
AcE NUMBER oF Boys NUMBER oF GIRLS
Cleveland Oxford  Total Cleveland Oxford  Total

Ya 65 65 40 40
¥ 69 65 134 53 36 89
¥ 70 70 58 58
1 78 60 138 59 35 94
15 88 40 128 77 31 108
2 96 37 133 80 28 108
2% - 104 34 138 84 28 112
3 108 33 141 86 28 114
315 111 38 149 90 25 115
4 126 35 161 87 24 111
414 128 24 152 92 24 116
5 139 18 157 96 17 113
6 169 169 101 101
7 164 164 101 101
8 164 164 101 101
9 147 147 109 109
10 145 145 126 126
11 116 116 125 125
12 114 114 124 124
13 102 102 96 96
14 86 86 86 86
15 72 72 73 73
16 60 60 65 65
17 41 41 43 43
18 31 31 20 20
TOTALS 2,601 384 2,985 2,072 276 2,348

this difference is due to the skill of the ob-
server; almost certainly this is the basis of
the superiority of W. over T. Furthermore,
there may be technical differences between
hand and hip. Therefore, the performance
of two assessors using the three methods on
the hand 1s shown in Table 3. Here, al-
though there is no significant difference be-
tween the correlations for the Todd and the
Oxford Methods, both are significantly
higher (at 5% level*) than the Greulich-
Pyle Method.

No firm conclusion can be drawn from
this analysis as to which of the three tech-
nics carries least observer error, but it can
at least be said that the Oxford Method
compares favorably with the older systems

* Sec footnote on page 31

In the study of the hip joint and the pel-
vis, the average difference between two inde-
pendent assessments was found to be about
0.75 points; less than one reassessment in
40 differed from the original assessment by
more than 2 points. The magnitude of the
assessment error was independent of sex or
of the total score, so that it is reasonable to
state that, when the maturity score assigned
to one roentgenogram differs from that as-
signed to another by 2 points or more, there
1s a significant difference between the ma-
turity status of those two roentgenograms.

CONCLUSION

The Oxford Method has a cardinal advan-
tage over any other inspectional method in
that it assigns to increasing skeletal maturity
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FRCENTAGE OF CHILDREN (BY SEX) SHowWING EACH OF THE
Various At Groups (Brust Data OSLY)

Tanet 5. Hrap or FiMur: P

Eight DEVILOPMENTAL STAGES AT THE

STAGLS

2 3 4 5 6 v 8
Ace MlF M F MF MF MF MF MTF M F
w7 38
% 80 87 10 34
¥ 99 99 62 79
1 100 99 84 93 4
114 100 99 97 7 2
2 100 100 20 60
Pz 53 87 1t
3 89 96 31
3va 98 100 5 28
4 100 22 56
4% 49 85 3
5 76 98 19
6 90 100 6 28
7 100 28 60 1
8 54 87 4
9 B6 97 3 19
10 95 99 13 45
tt 98 100 33 68
12 99 54 89 9
13 100 78 99 37 10
14 96 100 4 74 39
15 97 34 89 74
i6 100 72 96 2886
17 88 100 50 88
18 95 66 95

a scale of its own. Thus, in contrast with
the skeletal age technic, when the maturity
score in points is plotted against chrono-
logic age (see Fig. 2), periods of rapid
change are distinguished from periods of
stow change (for this reason the earlier
practice’ of weighting maturity points has
been abandoned), Each point is scored when
an ohvious indicator appears on the roent-
genogram, so that age periods when the
maturity score jncreases sharply, those when
many obvious changes are taking place, are
presumably periods of rapid maturation;
and, conversely, those years in which there
is little increase im score are periods of
slow maturation. Furthermore, a compari-
son of the rate between the sexes is greatly
simplified,

The observer error is no higher than that

found when skeletal age is used, and there
is reason to hope that the Oxford Method
will enhance the precision of the estimation
of skeletal maturity. However, it is slow to
use, in that a certain amount of simple cal-
culation is y in each

Thus, in making a quick clinical appraisal
of the developmental status of o child in
day-to~day pediatric practice, the method of
choice is to make an over-all match between
the child’s soentgenogram and the appro-
priate plate in the Atlases of Greulich, Hoerr
and Pyle.*1%1% However, in research, or at
any time when an exact measurement of
skeletal matarity of a single bone or a child
is required, it is felt that a method, such as
the Oxford Method, which allows materity
its own yardstick, has important advantages
over the older technics.
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TABLE 6. GREATER TROCHANTER (ANALYSIS As IN TABLE 5)

STAGES
4 5 6 7
M F M F M F M F

3 48 97 15 1

5 97 23 94 60
100 61 99 3 84

100 7 97
99 34 99

9 100 70 100

11 100

88 99 21 85 19
50 100 41 12
100 90 9 87 34
98 30 98 2
99 70 100 20 91
100 88 36 100
95 76

APPENDIX 1

MATERIAL AND METHOD

The exact composition of the sample
from which the standards were drawn up is
shown in Table 4. Further details as to the
purpose and the conduct of the two studies
are published elsewhere.1%20.22

A single series of Brush Foundation
roentgenograms representative of each of the
sexes at every age was examined, and shape
changes were selected which appeared to
fulfill the criteria necessary to be defined as
maturity indicators; a total of 54 such
changes were found. The roentgenograms
of 100 boys and 100 girls, a total of about
3,000 radiographs, then werc studied in
order to determine which of these changes
seemed to be universal, and as a result 45
maturity indicators were chosen (see Figs.
3&4).

Next, these selected indicators were vali-
dated against more than 3,500 roentgeno-
grams in the Harvard collection,®™ and they
were all found to be satisfactory. Then the
original 200 Brush cases were re-examined,
and maturity assessments were made of
each; to these were added a further 125
boys and 75 girls, making 2 total of 400
Cleveland children in all. (These cases do
not entirely correspond with the “Research
Series” upon whom the Atlases of Skeletdl
Maturation are based.?10.1420)

Some months later the 100 Boston cases
with the most complete records were evalu-
ated a second time without any reference t0
the previous assessments so that observer
error could be calculated. Finally, the roent-
genograms of just over 100 children in the
Oxford Child Health Survey (England) were
assessed.

The Cleveland and the Oxford data alone
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TABLE 7. L5SCR TROCHANTER (ANALYSIS As IN TABLE 5)

StAGLs
1 2 3 4 5
Act M F M F M F M F M F
Y
142
3
1
14
2
2%
3
314
4
4%
5
6 3
7 18 2
8 1 35 15 1
9 6 64 1 34 7
10 22 84 7 59 1 28
1 63 98 11 80 8 56 5
12 78 100 61 97 20 80 16 4
13 97 75 100 63 97 44 13
14 106 98 78 100 14 78 42
15 100 97 53 94 4 67
16 100 79 99 32 90
17 92 100 51 98
18 100 71 100

were available for the preparation of stand-
ards. Since the maturity scores in each were
very similar and all the children included
were considered to be “normal” and
“healthy,” it was decided that a combination
of the two might give the most useful “nor-
mal standards.”

APPENDIX 2

ANALYSIS OF THE APPEARANCE PATTERN
OF THE INDIVIDUAL INDICATOR SERIES

Tables 5 to 11 show the percentage of
children in whom each indicator was seen
in each of the bones for the first time; this
analysis has been made from the Brush data
only. The sexes are shown separately, and
it is a matter of considerable iaterest that
there is no sex difference in the timing of the
appearance of the indicators in the primary
ossification centers in any of the three com-

posite parts of the innominate bone. In this
respect this bone differs from any other part
of the skeleton of the human or the rat
studied by the Oxford Method so far.
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Le Methodo Oxford de Evalutar
le Maturitate Skeletal

Summario in Interlingua

Al minus tres factores variabile es a con-
siderar in le evaluation del disveloppamento
skeletal. Le prime es augmento in longor,
i.e., crescentia, que in le majoritate de ossos
depende del proliferation de cellulas carti-
laginose in le lamine epiphysee. Durante
iste processo, osteogenese occurre in le
epiphyses e in le metaphyses del ossos longe,
de maniera que ultimemente tote le cartila-
gine es reimplaciate e Je skeleto es com-
pletemente matur e adulte. Iste metamor-
phose de cartilagine in osso—le secunde
factor—es appellate maturation skeletal.
Crescentia € maturation es assi processos
distincte—ben integrate sub conditiones de
sanitate sed dissociabile sub conditiones
pathologic. Le tertic factor es le passage
del tempore con que le individuo deveni
plus vetere. Le inveteramento pote etiam
esser dissociabile ab crescentia e maturation.
Le passage de tempore e le augmento in
longor es relativemente facile a mesurar, sed
le maturation ha nulle immediate standard
de mesuration

Le maturation skeletal es un processo ir-
reversibile. Le indicios de matuntate in
omne osso es visibile i le radiographo, €
illos se succede in un sequenua fixe. Assi,
quando le plus obvie indiclos de un osso es

TaBLE 10. PuBis (ANALYSIS AS IN TABLE 5)

STAGES

AGE 1 2

M F M F
a 91 100
Y2 98
% 100
1
12
2 3 4
2 8 9
3 14 19
31 32 43
4 56 59
414 81 86
5 95 97
6 97 100
7 98
8 100
9
10
11
12
13
14
15
16
17
18

numerate, le presentia del indicio 4 inevita-
bilemente significa que le indicios 1 2 3 ha
jam apparite. Si tal indicios es clarment®
definite € numerate, lor summa total pro 12
gruppo particular de ossos es un mesurd del
maturitate de ille parte del skeleto. In plus,
iste valores de alicun indicationes del matu-
ration que varia in relation al avantiante
etate del infante. Un comparation directe
pote esser facite inter le stato de maturitate
skeletal de pueros e de pueras, € le “lim}'tes
del norma” pote esser estimate statistica”
mente.

Le standards de iste methodo—le me-
thodo Oxford—pro evalutar Je maturitate
skeletal es presentate pro le coxa e le pelve.
Le standards es basate super 8,000 mdl?‘
graphos de circa 600 pueros e pucras amerl-
can e anglese qui ha essite studiate serial-
mente ab le infantia usque al maturitate.
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Observations on the Growth of the Female
Adolescent Spine and Its Relation to Scoliosis*

L. J. CaLvo, M.D.¥

As poorly understood as it has proved re-
sistant to treatment, idiopathic scoliosis has
fascinated and baffled medical men through
the centuries. Efforts to deal with the prob-
lem have always been handicapped by a lack
of knowledge of what produces it, and the
development of a completely successful
method of treatment must await understand-
ing of the etiology.

For over 100 years the association be-
tween scoliosis and vertebral growth has
been described by various authorities. Some
have maintained that the development of
deformity was limited to the growth period
in general, while others have stressed its
relationship more particularly to the rapid
growth period.® Therefore, the importance
of predicting both duration and rate of ver-
tebral growth is evident. Risser and Fergu-
son® found that, on an average, vertebral
growth ceased at 14 years and 3 months in
females. Later, Risser” stressed the need for
phystologic rather than chronologic points
of reference in predicting growth cessation
and stated:

The pl of the excursion
of the tliac apophyses has becn proven to occur
1 ly with the letion of vertebral

P
growth and with 1t the curve is static.

* Research material from the Growth Labora-
tory, Newington Home and Hospital for Cnppled
Children, Newngton, Conn, sponsored by C W.
Gofl. M D, Visiting Orthopaedic Surgeon.

sn N | para la Rehabil
Habana, Cuba
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This appears to be the clinical consensus;
however, the author is unaware of any criti-
cal study to support this opinion.

An attempt will be made in this chapter
to answer the following questions: What
part does growth play in idiopathic scoliosis?
Do curves cease to increase before the ter-
mination of “the rapid growth” of adoles-
cence? What guides can be used to indicate
the growth activity of the spine? Of what
value can they be?

MATERIAL

Seventy-two adolescent females were
found who were suitable for study after re-
viewing the material from the growth labo-
ratory at the Newington Home and Hospital
for Crippled Children. All had periodic
roentgenograms of the spine and the hands,
among other studies, through an average
follow-up of 3 years and 11 months:

Females with normal spines
Females with diopathic scoliosts, not fused. . 17
Females with 1diopathic scoltosis, fused. . - -

Total .. .

The average tume span between successive
roentgenograms of individual patients was
10 months, although ranging from 6 1o 14
months.

PROCEDURE

Chronologic age, skeletal age® and stand-
g height of the patients at the time of every
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This curve contains about 30 determina-
tions per age group, The short lines be-
tween the numerals at the axis of the
abscissa indicate that the ordinates repre-
sent the time span between the inscribed
ages. For ple, the ordi 1 d
between age 12 and age 13 represents the
twelfth year of life or of skeletal matura-
tion, depending on which curve is studied.

spine roentgenogram, as well as the limits
and the values of the major curve,? were re-
corded On each roentgenogram the height
of 4 spinal segment, selected as characteris-
tic of the entire vertebral column, was meas-
ured in a particular manner. This consisted
of the eighth, ninth, tenth, eleventh and
twelfth dorsal vertebrae, D8-D12 segment,

On the roentgenograms of normal spines,
each one was marked by drawing a line over
the inferior margin of the body of the twelfth
dorsal vertebra and another over the supe-
rior margin of the eighth dorsal. The dis-
tance in millimeters between these two lines
was recorded as the height of the D8-D12
segment.

On the scoliotic spines, the upper and
the lower limuts of the segment were deter-
mined in the same manner as described
above. Then, with a small caliper, the dis-
tance between these two lines was measured
along the concave and also the convex mar-
gins of the vertebral bodies, as well as along
a line equidistant to these two margins.
These three determinations were averaged,
and the result was taken as the height of the
D8-D12 segment.

Fia. 2. The curve of incidence of com-
pletion of the ossification process at the
iliac apophyses is represented for com-
parison with that of the growth rate. Both
curves are based on skeletal age. The
growth rate curve does not have the same
shape as that of Figure 3 due to the fact
that a different scale was used for the
ordinates.

In addition, the following data were com-
piled:

1. A growth rate or differential height
per month at the D8-D12 segment, calcu-
lated for every interval between successive
roentgenograms, as well as the chronologic
and the skeletal age at which this growth
rate became equal to zero

2. The chronologic and the skeletal age
at the approximate time of inception and
completion of the ossification of the iliac
apophyses, as well as the time span between
them

3. The chronologic and the skeletal age
at menarche

All data recorded were divided for analy-
sis into eleven chronologic age groups, rang-
ing from 10 to 21 years, and into eight skele-
tal age groups, ranging from 10 to 1§ years.

RESULTS

The mean growth rates calculated accord-
ing to chronologic and skeletal age form two
roughly parallel curves, They descend
gradually from values of 0.60 and 0.90 mm.
per month, respectively, at the younger age
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Fic. 3. The curve formed by the age
group incidence of the onset of menarche
1s represented for comparison with that of
the growth rates. This curve has a wide
peak and a base still wider, which readily
suggests the poor value of the onset of
menarche as a growth indicator.

groups to zero when skeletal maturity is
reached (Fig. 1).

The highest incidence of completion of
ossification of the iliac apophyses occurred
at a skeletal age of 16 years, when the mean
growth rate was around 0.10 mm. per month
(Fig. 2).

The highest incidence of onset of me-
narche occurred at a skeletal age of 13

years, when the mean growth rate was about
0.40 mm. per month, However, the peak
of the curve was wide and comprised values
ranging from 0.70 to 0.30 mm. per month
(Fig. 3).

Using the onset of menarche of our sub-
jects as a point of comparison, it was found
that the inception of the ossification process
of the iliac apophyses occurred in 44 per
cent of the cases in the second year after
the onset of the menses. There were also
two sizable and almost equal groups, 28 and
25 per cent, respectively, in which it began
in the year after or the year before (Fig. 4).

The completion of the ossification proc-
ess was also correlated in the same way. It
was found that it occurred with the same
frequency in each of the three years after the
onset of the menses (Fig. 5).

Upon analyzing the interval between the
inception and completion of the ossification
of the iliac apophyses, it was found that 83
per cent of the cases required roughly a
year to a year and a half to complete the
process (Fig. 6).

DISCUSSION

It was found that the stature determina-
tions in the series were less reliable than

APPEARANCE OF 1. A, AND MENARCHE
AFTER BEFORE
28 10
e B FiG. 4. The irllgep-
tion of the ossihica-
o =t tion process at the
iliac apophyses in 36
patients of the series
1s compared with the
onset of mennrc:w. In
2 most cases, 72 Per
= < cent, the ossification
% begins after the onset
3% of menarche, nnd;g
the biggest group,
0% [—I per ce%gt, starts 1n the
2 ' 12 ® onn 6 12 18 24 second year after the

MONTHS

onset of menarche.
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Fie. 5. The completion of the ossifica-
tion process at the iliac apophyses is com-
pared with the onsct of menarche, There
is a httle difference between the number
of cascs that finish the ossification process
in the first, the second and the third years
after the onset of menarche.

what had been hoped for, as various techni-
cians had recorded the height at the time
that roentgenograms had been taken. For
greater accuracy this otherwise valuable de-
termination was deleted, although the size of
the series and the number of measurements
would probably have canceled out any error.

Routine anteroposterior roentgenograms
of the spine from the growth laboratory
were found to be acceptable for study. They
had been taken with a standardized technic
and were regarded as accurate,

It would have been preferable to meastre
the whole spine, but, in order to minimize
distortional errors, the segment formed by
the five lower dorsal vertebrae, D8-D12 seg-
ment, was selected. This particular section
of the spine forms a very flat curve in the
sagittal plane and is nearest to the cassette
when the roentgenograms are taken. It is
also situated in the central part of the roent-
genogram, being in the optimum position re-
garding the central ray An added value to
this choice is the fact that it is involved in
most cases of idiopathic scoliosis.?

The findings at the D8-D12 segment were
Presumed to give an adequate representation
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INTERVAL BETWEEN (NCEPTION AND
COMPLETION OF ILIAC APOPHYSIS
32 CASES

49%

6 1218 24
MONTHS

Fi6, 6. The time interval between the
inception and completion of the ossifica-
tion process at the jliac apophyses seems
to be around a year or a year and a half.
The illustration covers 32 cases. It should
be pointed out that the later the ossifica-
tion starts the shorter it takes fully to os-
sify, and vice versa. This explains the
apparent lack of relation between Figures
6 and 7.

of the growth activity of the entire spine and
were translated into a growth rate (milli-
meters per month) in order to make them
more meaningful in terms of growth activity.
It was found that when discrepancies existed
between the chronologic and the skeletal age
of an individual, the growth rate was con-
sistently in accordance with the latter, as<
may be seen in the following examples:

Case 1. In June, 1952, this girl had a
chronologic age of 13 years and 10 months, a
bone age of 16 years and a D8-D12 segment of
142 mm. If one were to follow the indications
of her chronologic age, one would expect her to
continue to grow, but 25 months later—July,

1954—the D8-D12 segment was shll 142 mm.
(Fig. 7, left)

Case 2. In July, 1949,
chronologic age of 15 years
bone age of 13 years and 6 months and a
D8-D12 segment of 126 mm, One would not
expect much growth in a gitl of this chrono-
logic age, but, in August, 1950, her D8-DI12
segment measured 133 mm., or a growth rate of
053 mm. per month. Nine months later—in
May, 1951—she had grown another 3 mm. or
a growth rate of 0.33 mm. per month, These

this girl had a
and 3 months, a



44 Growth of Female Adolescent Spine

Fia. 7.(Left) Case 1. Roentgenograms taken 25 months apart and superimposed to
demonstrate absence of growth at the D8-D12 segment. On the earlier roentgenogram
the patient was 13 years and 10 months old, but her skeletal age was 16 years. The
lumbar vertebrae do not supesimpose due to the mobility of the lumbar spine and distor-
tion. (Right) Case 2. Roentgenograms taken 22 months apart and superimposed demon-
strate marked growth at the D8-D12 segment On the earlier roentgenogram the patient
was 15 years and 3 months old, but her skeletal age was only 13 years and 6 months.
Note that although the iliac apophyses are complete (the one on the nght corresponds
to the earlter roentgenogram and that visualized on the left to the later), the patient
grew 10 mm at the D8-D12 segment There are a right dorsal (D6-D11) curve of 50°
and a left lumbar (D11-L4) curve of 56°, which have mamntained therr Iimuts and values

in spite of marked growth.

were thr with her
skeletal age and not with her chronologic age.
(Fig. 7, right)

For this reason one should always deter-
mine the skeletal age of a scoliotic patient.
When it corresponds with the chronologic
age it will not furnish any added informa-
uon, but when it does not correspond,
growth activity will follow the skeletal age
more closely than the chronologic.

A point to be emphasized is that the

find.

growth rate curves in Figure 1 are formed
by the mean computed for each particular
age group. In the individual case its particu-
lar curve may be above or below that of the
mean, but would be roughly parallel to it.
From this standpomnt these curves have a
clinical application, as they permit one t0
predict within reason the remaining growth
activity of any adolescent female from onc
single determunation.

Considering now the relationship of the
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progress of the iliac apophyses to the growth
of the spinc (Fig. 2), the peak of the curve
of incidence of completion of the ossification
of the ilinc apophyses occurred at a bone
age of 16 years with average growth rates
of about 0.10 mm. per month. However, in
some cases ossification was completed at an
carlier bone age, when growth rates of about
030 mm, per month were the average.
From the individual analysis of these dis-
crepant cases it was concluded that growth
activity followed more closely the indication
of the bone age than that of the iliac apoph-
yses when a difference existed.

Upon studying the incidence of menarche
(Fig. 3), it did not scem that sexual ma-
turity in the female was very closely related
to skeletal maturation, In this series

menarche occurred at the average age of .

12 years and 9 months, which is in accord-
ance with most published figures, but the
individual variations were so great as to
make this particular criterion valueless.

The interval between the inception and
completion of ossification of the iliac apoph-
yses was found to be an additional indicator
by which one could evaluate a patient
further, but it did not seem to have any
advantage over the determination of the
skeletal age, which is considerably more
accurate and easier to determine,

The different indicators and their value
regarding growth prediction at the spine
have been discussed. The really important
matter, however, is the information one can
derive from them when studying scoliotic
patients. It is evident that some scoliotic
patients, in spite of continued growth of
their spines, do not progress to greater de-
formity, as seen n Figure 7, right, so that
one may say that growth alone is not the
primary factor in the progression of idio-
pathic scoliosis. It seem to be only the in-
strument by which other causes, unknown at
this time, produce deformity and make them-
selves evident.

It is postulated here that one of the un-
known factors may be a localized or seg-
mental epiphysitis with a different growth

rate on one side as compared with the oppo-
site. Once the epiphysitis subsides, the spinc
resumes its normal growth. Whether or not
this is duc initinlly to pressure, as pointed
out by Arkin' and Nachlas,? still remains to
be determined,

It was found in the cases of this series
that the progression of scoliosis was always
associated with growth rates of at least 0.30
mm. per month. However, growth rates
higher, than this were not necessarily asso-
ciated with progressive curves.

So far as the value of the completion of
the iliac apophyses as an indicator of cessa-
tion of progression of scoliotic curves is
concerned, it is clearly valid, but in this
serics more than half the patients had non-
progressive curves one year or more before
this time, which makes one feel that it is a
somewhat late sign. On the other hand, all
these patients had nonprogressive curves at
the skeletal age of 15, and only one out of
four (23.1%) showed evidence of progres-
sion during the skeletal ages of 13 and 14
years, The skeletal age of 15 is reached
when the epiphyses of all the long bones of
the hand appear to be fused to their respec-
tive shafts. The value of this finding is that
it permits one to predict the static charac-
ter of a scoliotic curve as soon as a matura-
tion plate of the hands shows a skeletal age
of 15 years. In 35 per cent of the patients
this occurs about a year earlier than the
criterion described by Risser.

SUMMARY

An attempt has been made to determine
the value of various maturation guides such
as skeletal age, growth rate of the spine, iliac
apophyses and menarche in relation to the
prognosis of scoliosis. For this purpose,
normal individuals as well as those with sco-
liosis were studied to determine mean growth
rate values, thus establishing a baseline for
comparison. A segment of the spine from
the eighth to the twelfth dorsal vertebra,
D8-DI2 segment, was selected, and thé
growth rate of this segment was determined
in all cases. From these values curves were
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plotted, aiding in the analysis of the different
indicators.

CONCLUSIONS

1. The growth rate of the female adoles-
cent spine is easily determined and is a use-
ful index in evaluating the remaining growth
of the spine.

2. In the study of spinal growth, chrono-
Iogic age seems to be an inadequate meas-
ure, and skeletal age should be used.

3. Growth does not cease in the spine in
all instances in which the iliac apophyses
complete their ossification.

4. For practical purposes, growth activity
ceases in the spine at a skeletal age of 16
years; when growth rates are in the vicinity
of 0.16 mm. per month.

5. Menarche is not an adequate indicator
of spinal growth activity.

6. Scoliotic curves do not necessarily con-
tinue to increase while there is growth activ-
ity in the spine.

7. Scoliotic curves do not increase when
the growth rate of the D8-DI2 segment is
under 0.30 mm. per month,

8. Progression of many scoliotic curves
ceases before completion of the iliac
apophyses.

9. Scoligtic curves do not increase after
the skeletal age of 15 years, and in 35 per
cent of the cases this skeletal age appears a
year earlier than the completion of the iliac
apophyses.
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Observationes in Re le Crescentia del Columna Vertebral del
Adolescente Feminin ¢ in Re su Relation a Scoliosis

Summario in Interlingua

Un studio esseva imterprendite pro deter-
minar le valor de varie indicios de matura-
tion—le etate skeletal, le ecrescentia del
columna vertebral, le completion del ossi-
fication del apophyses iliac, le menarche—
in relation al prognose de scoliosis.

Esseva studiate individuos normal e etiam
individuos con scoliosis. Le valores del
crescentia medie esseva determinate pro
obtener un base de comparation.

Un segmenta del columna vertebral ab le
octave al dece-secundo vertebra, D8 a D12,

esseva seligite e le rapiditate de crescenti2
de iste section esseva determinate in ompe
casos Ab iste valores esseva delineate
curvas que esseva utile in le analyse del
varie supra-mentionate indces.

Le conclusiones de jste studio es Je s¢-
quentes:

1. Le rapiditate del crescentia del ¢o
lumna vertebral del adolescente feminin €5
facilemente determinabile ¢ es un indice utile
in evalutar le r cr ia del spina.

2. In le studio del crescentia del columna
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rertebral le ctate chronologic pare esser un
nesura inadequate; e ctate skeletal debe
ssser empleate.

3. Le crescentin del columna vertebral
non cessa in omne casos con le completion
del ossification del apophyses iliac.

4. Le activitate de crescentia in Ie co-
lumna vertebral practicamente cessa al etate
skeletal de 16 annos, quando Je rapiditate del
crescentia cs approximativemente 0,10 mm
per mense.

5. Le menarche non es un indice ade-
quate del activitate del crescentia del co-
lumna vertebral.

6. Le curvas scoliotic non nccessarimente
continua augmentar s¢ dum le activitate de
crescentia continua in le spina.

7. Le curvas scoliotic non se augmenta
quando le rapiditate del crescentia del seg-
mento D8 a DI2 es infra 0,30 mm per
mensc.

8. Le progression de multe curvas sco-
liotic cessa ante le completion del apophyses
iliac.

9. Le curvas scoliotic non se augmenta
post Ie etate skeletal de 15 annos; in 35 pro
cento del casos isto etate skeletal ocurreva un
anno ante le completion del apophyses iliac.
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plotted, aiding in the analysis of the different
indicators.

CONCLUSIONS

1. The growth rate of the female adoles-
cent spine is easily determined and is a use-
ful index in evaluating the remaining growth
of the spine,

2. In the study of spinal growth, chrono-
logic age seems to be an inadequate meas-
ure, and skeletal age should be used.

3. Growth does not cease in the spine in
all instances in which the iliac apophyses
complete their ossification.

4. For practical purposes, growth activity
ceases in the spine at a skeletal age of 16
years, when growth rates are in the vicinity
of 0.10 mm, per month.

5. Menarche is not an adequate indicator
of spinal growth activity.

6. Scoliotic curves do not necessarily con-
tinue to increase while there is growth activ-
ity in the spine,

7. Scoliotic curves do not increase when
the growth rate of the D8-D12 segment is
under 0.30 mm. per month,

8. Progression of many scoliotic curves
ceases before completion of the iliac
apophyses.

9. Scoliotic curves do not increase after
the skeletal age of 15 years, and in 35 per
cent of the cases this skeletal age appears a
year earlier than the completion of the iliac
apophyses.
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Observationes in Re Ie Crescentia del Columna Vertebral del
Adolescente Feminin e in Re su Relation a Scoliosis

Summario in Interlingua

Un studio esseva interprendite pro deter-
minar le valor de varie indicios de matura-
tion—le etate skeletal, le crescentia del
columna vertebral, le completion del ossi-
fication del apophyses iliac, le menarche—
in relation al prognose de scoliosis.

Esseva studiate individuos normal e etiam
individuos con scoliosis. Le valores del
crescentia medie esseva determinate pro
obtener un base de comparation.

Un segmenta del columna vertebral ab le
octave al dece-secundo vertebra, D8 a D12,

esseva seligite € le rapiditate de c;:escentla
de iste section esseva determinate i ‘omnc
casos, Ab iste valores esseva delmcalt;
curvas que esseva utile in le analyse del
varie supra-mentionate indices.

Le conclusiones de iste studio es Je 5
quentes: .

1. Le rapiditate del crescentia d.el. €0-
lumna vertebral del adolescente feminin il
facilemente determinabile ¢ es un indice lflﬂe
in evalutar le remanente crescentia det spind-

2. In le studio del crescentia del columnd
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vertebral Ie ctate chronologic parc esser un
mesura inadequate; le etate skeletal debe
csser empleate,

3. Le crescentia del columna vertcbral
non cessa in omne casos con le completion
del ossification del apophyses iliac.

4. Le activitate de crescentin in le co-
lumna vertebral practicamente cessa al ctate
skeletal de 16 annos, quando le rapiditatc del
crescentia es approximativemente 0,10 mm
per mense.

5. Le menarche non ©s un indice sde-
quate del activitate del crescentia del co-
lumna vertebral,

6. Le curvas scoliotic non necessarimente
continua augmentar se dum le activitate de
crescentia continua in e spina.

7. Le curvas scoliotic non s augmenta
quando lc rapiditate del crescentia del seg-
mento D8 a DI2 es infra 0,30 mm per
mense.

8. Le progression de multe curvas sco-
liotic cessa ante le completion del apophyses
liac. i

9. Le curvas scoliotic non sc augmenta
post Je etate skeletal de 15 annos; in 35 pro
cento del casos isto etate skeletal ocurreva un
anno ante le completion del apophyses iliac.



Etiology of Spondylolisthesis®

Leon L. WILTSE, M.D.}

It is the purpose here to discuss the etiol-
ogy of spondylolisthesis and to present con-
sanguinity studies bearing upon this disease
in 24 families. In these 24 families the inci-
dence of defective neural arch at the pars
interarticularis was found to be very much
higher than in the general population. We
shall concern ourselves only with that type
of spondylolisthesis which is associated with
a lesion of the pars interarticularis. Further-
more, the defect in the pars will be consid-
ered as the fundamental lesion. Whether or
not there is forward slip of the anterior part
of the affected vertebra, will be a secondary
consideration. It is true that spondylolis-
thesis, when considered simply as luxation
forward of one vertebra upon another, may
result from a number of causes other than
a defect at the pars. Examples would be
severe fracture dislocation or in severe bone
disease such as tuberculosis or cancer. Gen-
erally in these the etiology is fairly clear and
needs no further discussion.

H. F. Kilian® gave us the classic descrip-
tion of spondylolisthesis i a paper pub-
lished in 1854. One year later, Robert of

* Read at the meeting of the Western Orthopaedic
Association held at Phoentx, Ariz., on October 31,
1956.

The author wishes to thank Dr. Tom A. Kendig,

preting the family histonies from the standpomnt of
genetics
+ Long Beach. Califorma
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Coblenz!® established the location of the
fundamental lesion in the pars interarticu-
laris.

Over 100 years have passed since the
original description by Kilian, yet the exact
etiology of the lesion in the pars remains int
doubt. Several theories have been advanced
1 will mention the more prominent ones:

1. Theory of Separate Ossification
Centers. In 1859, Schwegel! announced
that he had found in several fetuses tWo
separate centers of ossification, one on each
side of the neural arch. Therefore, he ¢x-
plained that failure of fusion of these t¥O
centers was the cause of the defect, This
has proved to be a fallacy, because in the
years since it has been well established that
each half of the neural arch ossifies as on¢
single center—Noback!! and others—(Fig-
1). Accurate records have been kept on 509

Fic. 1. Three primary ossification cen-
ters of the vertebra, Note that there is n0
line of fusion near the pars.
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fetuses which have been sectioned from the
sixth month of gestation to shortly after birth.
In not one single case was there evidence of
separate ossification centers, nor in fact was
there any evidence even to suggest a defect at
the pars interarticularis. This work was done
by men whose reputation as researchers can-
not be questioned (Batts,® Chandler,* Fri-
berg® Hitchcock,” Mall,? Sensing,'” and
Rowe & Roche?®).

2. Birth Fracture Theory. It has been
postulated that this lesion is due to a frac-
ture at birth. Rowe and Roche'® put this
theary to rest when they experimented with
stillborn infants and could not produce frac-
ture through the pars interarticularis, either
by hyperextending the spine to where the
buttocks came against the upper lumbar
region or by putting the symphysis pubis
against the abdomen,

3. Fracture During Postnatal Life
Theory. The fact that the incidence of
defect is zero at birth (Rowe & Roche,’®
Stewart!®) and ncreases to adulthood has
led many to believe this to be an ordmary
fracture ‘which fails to heal. The evidence
against its being an ordinary fracture is that,

Fia. 2. (Top, lefr) Spondylolisthesis fol-
lowing severe injury. (Top, right) Same
case after reduction. (Bottom) Line defect
through pars after reduction.

in review of many skeletons showing this
lesion, there never is any evidence of at-
tempted repair, whereas, in lesions in any
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Frc. 3. Right and left pars 5 months after injury showing complete healing of both pars
interarticularis.

other part of the neural arch, there is prac-
tically always evidence of attempted repair.
In Stewart’s™® work on the Eskimos, he
noted that whenever there was a defect in
the arch other than through the pars (not
including spina bifida), there was attempted
healing, but never in defects through the
pars.

Roche’® reported a case in which there
was known to be a fracture through the pars
interarticularis, and it healed. Figures 2 and
3 show a case where there was defimite
fracture through the pars interarticularis
with spondylohsthesis resulting, caused by
an oil-well derrick having tipped over and
fallen on the man. The spondylolisthesis
was reduced, and the fracture healed. Thus,
the only two cases of undisputed fracture
of which we are aware healed.

4. Stress Fracture Theory. The 1dea
that this is an ordinary stress fracture has

been advanced by several. Here again the
problem is to explain why there is no at-
tempt at repair, since stress fractures usi-
ally have considerable callus round therfl.
There is some evidence that constant strail
may cause the pars to separate without ar;)’
definite severe injury. Unander-Scha.n.n *
reported a case of spondylolisthesis aquSlilil
In this case spondylolisthesis of the third
lumbar vertebra was noted five years after
fusion of the third, the fourth and the fifth
lumbar vertebrae to the sacrum. Previous
roentgenograms had revealed no evidence of
lesion. This would suggest that the. added
strain on the pars of having the Jamina and
the inferior facets of L-3 solid to the verte
brae below, and all the weight of the body
above, caused the pars to separate. Al[dff‘
son* also reported a case of spondylolysis of
L-4 when L-5 had been fused to the sacrum-
In this case, of course, the element of strain
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FiG. 4 (All 3 illustrations are of the same
case). (Tap, left) Spondylolisthesis in a
case of unilateral defect. (Top, right)
Defective pars on left. (Bottom) Elon-
gated and attenuated, but intact, pars on
the right. This patient underwent surgery,
at which time it was noted that the poste-
rior element was solid, thus proving the
defect to be unilateral.

is not as precise, because the vertebra in
which the lesion occurred was free. There
are cases of unilateral defect along with
forward slip of the veriebrae where the
intact pars is longer than it should be, as
compared with the vertebra above. This
would suggest that the pars on the intact side
tended to crack through and heal in an elon-
gated position (Fig. 4) Occasionally, we
see forward ship of a vertebra with both pars
Itact, but elongated and often attenuvated
(Fig. 5).

5. Weakness of Supporting Structure
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Fic 5. Spondylolisthesis with both pars
intact.

Theory. P. H. Newman'® has advanced the
theory that the characteristic lesion in the
pars interarticularis is secondary to insta-
bility in the low back. He believes that ac-
quired deficiency of the lumbodorsal fascia,
other posterior spinal ligaments and the
intervertebral disk contribute to this insta-
bility. The pars defect, he says, is not the
cause of spondylolisthesis but is a secondary
result of instability. Presumably the insta-
bility puts extra stress on the pars, so that
it breaks. He believes that originally there
was nothing wrong with the pars. Against
P. H. Newman's theory must be considered
the following:

(A) We often see defective pars in young
children who seem to be perfectly well
formed, have goor -osture and have none
of the so-called t ! build of the person

with spondylolisthesis. It is difficult to see
how the factor of extra strain or weakness is
at work here.

(B) Women have a much lower incidence
of defect than men, yet women have more
relaxed ligaments than men and more of a
tendency toward lumbar lordosis. Bosworth
et al® found that as regards the amount of
slipping of the affected vertebra in the aver-
age female with spondylolisthesis, the ver-

“tebra had slipped forward 25 per cent,

whereas in the average male it had slipped
14 per cent in their series. They suggested
that this might be due to Iess efficient liga-
mentous, muscular and bony supporting
structures in the female.

(C) In cases where the back muscles have
been paralyzed by polio, defects have not
been noted to develop more often than
average. It would seem that these polio vic-
tims might develop defects due to the fact
that the muscles are not doing their work
and more strain goes on the bony parts.

(D) Pars defects occur occasionally in
parts of the spine where there is very little
strain.  Stewart® found the incidence in
ather parts of the skeleton than the lower
fumbar to be fairly high.

(E) Friberg® reported the case of an “.-
month-old infant which had spondy]olisthesw
of five vertebrac. The child never had sat
up, nor had it been exposed to tmum.a-
There never was any possibility of strain in
this child.

6. Pathology at Pars. The idea that
there is aseptic necrosis, laking of blood of
cyst formation in the pars has been ad-
vanced, but on microscopic examination of
many specimens no evidence of such can be
found. i

7. Lumbar Lordosis. Lumbar lordosit
as a precipitating factor has been studied ex-
tensively by Stewart®! in the Eskimo skele-
ton. According to his findings, there does
seem {0 be some relationship between Tum-
bar lordosis and spondylolisthesis, although
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Fic. 6. Eight of the families studicd arc
shown above. Roentgenograms of two of
the famulies, 1 and 11T, are presented.

Bosworth ef al. could not make such a cor-
relation in their studies.

NATURE OF THE LESION

The defect itself has been reported upon
by a number of observers. Gill® believes that
the defect is most commonly filled with a
mass of fibrocartilaginous tissue. Roche!*
found the ligaments bridging the defect to be
heavier than average but no evidence of cal-
lus formation or anything that would sug-
gest a fracture.

Bosworth, et al.? found the following four
different types of situation at the defect:

L. Thin, tenuous, fibrous bands bridging
the defect

2. Thick and heavy fibrous columns in
the same location

3. A bony bridge across the portion of
the arch where a defect had been suspected

4. A false joint

Combinations of these such as fibrous at-

tachment and pseudojoint on the other side
were also found.

Fic 7. (Top) Line defect in pars of
oldest (age 21) member of Family I.
(Bottom) Severe spondylolisthesis in 17-
year-old female member of Family 1.
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We studied the defect grossly and micro-
scopically in six cases where the posterior
element had been removed at surgery. Great
care was taken to orient the sections so as to
follow the transition from bone out into the
defect. In no case was there endochondral

or intramembranous ossification. No osteoid
or cartilaginous callus was seen, nor was
there evidence of cystic change. There was
no periosteurt over the end of the bone at
the defect. There was no evidence of at-
tempted healing. One outstanding finding

Fio. 8. (Left) Severe spondylolisthesis in 16-year-old boy of Family I (Right)
Definite pars defect in 14-year-old boy of Family I.

S U -
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FIG 9 (Left) Severe spondylobsthess in 11-year-old boy of Family I. (Right)
Only negative member of the six children of Family I
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Fi6. 10, (Top, left) Female, age 53, second generation of Family 111, sho

N

WS

spondylolisthesis. (Top, right) Female, age 35, third generation of Family I1I,
shows spondylolisthesis. (Bottom) Male, age 10, fourth gencration of Family

I, shows definite defects with muld slip.

was finely fibrillar fibrous connective tissue
completely acellular extending right up to
the bony cortex at the defect.

PRESENTATION OF NEW MATERIAL

In1950a 15-year-old boy who had severe
spondylolisthesis was seen in the office. The
family requested that roentgenograms of the
other children in the family be taken. There
were six children, five of whom had defects
at the pars interarticularis. This aroused my
Interest in the possible familial aspect of
this condition; therefore, during the next few
years roentgenograms were taken of ten
mare families. In these first 11 families the
incidence was very much higher than the
usual incidence of 5 per cent. We then went
through the cross index and were able to get
13 more families to submit to the taking of
;Oel}t.genograms, thus making a total of 24
amilies. The only families chosen were
those in which there was definite spondylo-
llS}h'eSlS with forward shp 1n the patient who
Originally had come to the office. We did
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not roentgenograph families in which there
was only spondylolysis in the original pa-
tient, because we wanted to be absolutely
sure that there were defects in the original
patient. These families were called in rou-
tinely by the x-ray technician. The majority
could not be located or, for one reason or
another, could not bring their families in for
roentgenograms. In those families studied,
of course, we could not get all the members
either, but included in the study are all
members who did come in. Thus, from a
statistical standpoint, we believe it to be
accurate, There is one factor which should
be mentioned; that is, that when families
were contacted routinely without a great deal
of special explanation of what the study was
all about, there was a tendency to bring in
only the younger members. This happened
because they were the ones about whom
there was concern. This tended to weight
the statistics with younger members, and, as
has been noted before, the incidence of the
defect is low in children and increases up to
adulthood.

Six views were taken routinely—large
anteroposterior and lateral, spot lateral right
and left lateral obliques, and 20° anterior
oblique views of the Iumbosacral area.

In collecting the statistics, only siblings,
direct descendants or direct forebears were
included. Of these 24 families, 67 relatives
were roentgenographed. The initial patient
of each family who prompted the study of
that family was not included 1n the statistics
because he was selected.

Figure 6 shows consanguinity studies of
eight of these families, Figures 7 to 9 show
roentgenograms of the five positive members
of Family I, and Figure 9, right, shows the
one negative member; incidentally, the
youngest, age 8.

Figure 10 shows the roentgenograms of
the positive members of Family III. Only
one of this family was negative, a 13-year-old
boy. The roentgenograms of the oldest
member were not available, but his records
were; a spinal fusion for spondylolisthesis
had been performed on him over 20 years
before.

Age and sex distribution of the 21 rele-
tives showing defects is shown in Figure 11.

STATISTICS FROM OUR STUDIES

TOTAL INCIDENCE

Relatives
Families Roentgenographed Defects Incidence
24 67 21 3L34+%

INCIDENCE As TO SEX
Positive Incidence

Males v
roentgenographed 33 14 42.1%
Females "
roentgenographed 34 8 23.5%
INCIDENCE OF SLIP AS TO SEX

Total defects Shp Incidence

Males 14 8 57.1%
Females 8 6 75.0%%

DISTRIBUTION AS TO AGE AND SEX

acE OV [2|3fa|s|6|7 |8 |9 (1o 12]3311a]15[16]17 |1B|19)2:

OVER 20 YEARS OLD

é| || le|o|o|o| |c|e|s]e|sle| | oo
@ e O

© DEFECT ONLY
@ DEFECT WITH SUP

Fic 11

L 4

Note the paucity in younger members. The incidence huts its stride at

about age 10 and continues to adulthood in this study.
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INCIDENCE IN Casts UNDER 20
CoMrARED WiTit Tiost OVER 20

Defects  Incidence

No. under 20 42 13 30.9%
No. over 20 25 8 32.0%

INciDENCE oF UNILATERAL DErLCTS

Unilateral
Defects  Incidence
Total number 21 5 23.8%

Figure 12 shows a further study of Fam-
ily 1. It is to be noted that the mother in
the first generation has a thin attenuated
pars, Then her daughter is negative as well
as the daughter’s husband in the second gen-
eration. All members of the husband’s fam-
ily of that second generation are negative,
but his children are positive in the ratio of
five to one. This suggests that the mother in
the second generation is a carrier of the
defect.

CONSANGUINITY STUDIES

Our material, along with all the available
material in published reports, was subjected
to consanguinity studies to try to determine
whether the trait is dominant or recessive.
Dr. Philip Hildreth, of Long Beach State
College, assisted in this phase of the work.
It was found to be impossible to determine
definitely which it is The greatest weight of
evidence is on the side of its being due to a
recessive gene. If it is recessive, then about
34 per cent of our population are carriers of
the trait and are heterozygous. If a hetero-
Zygous person marries a normal, then the
offspring will be affected at the rate of 25
per cent. If two heterozygotes marry, then
this chance is 50 per cent, The chances of
two heterozygotes marrying are about 34 per
cent in our population, when the total inci-
dence in the general population 1s 5 per cent.

Unilateral defects and variation in the
amount of slip 1n the involved vertebra indi-
cate that the trait is capable of different
expression. It 1s not sex linked.

Sorsby'® in his book Clinical Generics
cites the extensive work of T. D, Stewart®

FAMILY T
s

THiN PARS OM LEFT

0 maLe

O FEMALE

OOHnEGaTIVE

[CIQ DEFECTIVE PARS ONLY
MO sue

(DD UNILATERAL DEFECT
D x-RaY NOT TAKEN

Fia. 12. Note that the female in the first
generation has a thin attenuated pars.
Her daughter 1s negative as well as the

e oL . .

[PPSR s

R
ratio of 5 to 1. This suggests that the
mother in the second generation is a car-
rier of the defect.

on Eskimos. It was felt by him that the
trait in both minor and severe degrees was
the result of gene influence, most likely
dominant, with varying degrees of expres-
sivity, but with good penetrance.

A separate study is being conducted on
this question of gene dominance and will be
reported in the next year.

DISCUSSION

In cases studied, only siblings, direct fore-
bears or direct descendants were included in
the statistics. The patient who came origi-
nally was not included as he was selected in
that he came to the office because of back-
ache. It is believed that, except for the fact
of being related to a person with spondylo-
listhesis, these relatives simply represent a
segment of population, and, if no familial
factor were present, the incidence of defec-
tive pars would run around 5 per cent.

It should be noted that in families in
which the incidence of Jesj
high, it is in the youngest
defect can be detected. It

on is running very
members that no
s the plan to wait
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about 10 years, then call in these younger
members who now are negative and see how
many have become positive. We now have
good roentgenograms of a rather large num-
ber of young children from families with a
high incidence of lesion. If it can be proved
that a fair number of these previously nega-
tive children have become positive, we shall
have gone a step farther in discovering the
origin of this baffling lesion.

Before postulating on the etiology of this
condition, let us review some of the estab-
lished facts about this disease.

1. No evidence of defect at birth

2. Incidence of defect increases to adult-
hood in Caucasians and Negroes, and to 34
in Eskimos.

3. Very scant roentgenographic evidence
of the defect under 4 or 5 years of age. Our
youngest was 5; Hitchcock had a case 4;
and Friberg had one 11 months.

4. The incidence of defect varies consid-
erably in different races. It runs as high as
50 per cent in some Eskimos. Rowe and
Roche quote the incidence in Americans as
white male, 6.4 per cent; Negro male, 2.8
per cent; white female, 2.3 per cent; and
Negro female, 1.1 per cent. Orientals range
about 3.5 per cent to 4 per cent.

5. The only unquestionable pars frac-
tures we know of have healed.

6. Defects in other parts of the neural arch
attempt to heal, but there is practically no
attempt at healing of the pars.

7. Only rarely does the amount of shp
increase.  Apparently, sip occurs shortly
after the appearance of the defect.

8. No evidence of cystic condition, asep-
tic necrosis or laking of blood in pars from
studies so far.

9, From our studies the disease would
appear to be familal.

Taking all the above facts into account,
the following concept of etiology has been
formulated: the defect through the pars
interarticularis is due to a congemtal weak-
ness or dysplasia at this point Due to the
particular stresses upon this segment of the

spine, gradual lysis occurs. Occasionally,
instead of complete Iysis, healing takes place
which accounts for the elongated pars in
some cases and may account for the uni-
lateral defect (other cases of unilateral de-
fect may be dysplastic only on one side).
Due to the peculiar construction of this area,
attempt at repair with callus formation does
not occur as it does in other parts of the
body. A certain congenital element is nec-
essary or this fracture would not occur from
simple stresses, or, if it did occur from
severe trauma, it would heal as it did in the
two cases cited. The exact nature of this
*“congenital weakness” is unknown.

CONCLUSION

Consanguinity studies were done on 24
families in which the initial patieat had a
defective pars interarticularis. Only direct
forebears, siblings and direct descendants
were included in the statistics, but all of
these in all the families were. The original
patient never was included because he was
selected. In these relatives, the incidence of
defective pars was 31.3-- per cent as com-
pared with 5 per cent in the general popu-
lation,

From these studies it would appear that
the lesion in the pars results from dissolu-
tion of continuity of the bone due to a con-
genital weakness at this point. It cannot be
said definitely from these studies whether the
trait is dominant or recessive, but the great-
est weight of evidence is on the side of its
being recessive. It can be stated that 1t. is
not sex linked and has varying cxpressivxty.
The exact nature of this “congenital weak-
ness,” which permits this breakthrough of
dissolution to occur, remains an enigma
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Etiologia de Spondylolisthese

Summario in Interlingua

Studios de consanguineitate in re iste
morbo esseva executate in 24 familias. Es-
seva constatate que le incidentia de defectos
del arco neural al parte interarcticular esseva
multo plus alte que in le population general.

In sex casos, le defecto in le parte inter-
articular esseva studiate macro- e micro-
scopicamente. Nulle signos de ossification
endochondral o intramembranose esseva
notate. Periosteo non se presentava supra le
termino del osso al sito del defecto. Nulle
manifestation de un processo de curation

esseva notate, Un constatation eminente es-
seva tessuto conjunctive fibrose fibrillar, que
esseva acellular e se extendeva al cotice os-
sose del defecto.

Vinti-quatro familias esseva subjicite a
studios radiologic ¢ gencalogic. Solmente
ancestres directe, fratres e sorores, e descen-
dentes directe esseva includite in le statis-
ticas. Le patiente original esseva semper
excludite, progue su caso representava ab le
puncto de vista statistic un caso seligite. In
le gruppo total del consanguineos le inci-
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dentia de defectos amontava a 31,3 pro
cento. Le valor correspondente in le popu-
lation general es 5 pro cento.

Il non esseva possibile determinar con
certitude si le tracto es dominante o reces-
sive, sed le peso comprobatori del datos
colligite favora le conclusion que illo es
recessive, Un studio separate es in progresso
pro clarificar iste puncto. Illo va esser re-
portate le anno proxime. Defectos unilate-
ral e variationes in le grado del dislocation
indica que le tracto es capace de expres-
siones differente. Illo non es ligate al sexo.

Super le base de iste studios, le autor
formula le sequente concepto del etiologia:
Le defecto a transverso le parte interarticu-
lar es le resultato de un debilitate o un
dysplasia congenite a iste puncto. A causa

del stress particular a que iste segmento del
columna vertebral es exponite, il occurre un
lyse gradual. A vices il occurre in loco del
lyse complete un processo de curation, Isto
explica le elongation del parte que es incon-
trate in certe casos. Possibilemente illo
etiam explica le occurrentia de defectos uni-
fateral. In consequentia del construction
peculiar de iste area, essayos de reparo con
formation de callo non occurre, per con-
trasto con lo que es le norma in altere por-
tiones del corpore. Il es necessari supponer
un certe elemento congenite. Sin un tal, iste
fractura non occurrerea in consequentia de
simple stresses. E si illo occurreva in con-
sequentia de trauma sever, illo se curarea.
Le natura exacte de iste “debilitate conge-
nite” remane un enigma.
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Legg-Calve-Perthes Disease—
Results of Treatment

Jacos F. Katz, M.D.*

BACKGROUND

Legg-Calvé-Perthes disease remains the
same etiologic enigma since its recognition
as a clinical entity in the classic descriptions
of Legg,!! Perthes'® and Calvé.? The gamut
of causative relationships has run from tu-
berculosis, with which it was classified con-

similarity of Perthes disease to that of known
femoral head vascular loss in extensively
slipped femoral capital epiphyses and fem-
oral neck fractures provided suggestive col-
Iateral confirmation.

For the past decade the emphasis in the
literature has shifted to the evaluation of

fusedly at first, to less specific infl tions,
metabolic abnormaljties, vascular inadequa-
cies, idiopathic or hereditary predilections,
hormonal imbalances!® and injury. Each of
these theoretical possibilities has had its
champion at one time or another, but none
has received general acceptance.

From a teleologic point of view there is
agreement that the mechanism of the Perthes
change is consistent with avascular necrosis,
This was ably shown by Lippman'® in his
animal experimentations, in which he created
a Perthes-like process in the femoral heads
of rabbits after ligating the ligamentum teres.
Confirmation by him subsequently was pos-
sible on human material,’® when femoral
heads in Legg-Perthes disease were made
available because of reconstructive surgical
procedures then performed. Using needle bi-
opsy®*¢ and curettage® technics, many others
also have demonstrated since a presence of
noninfected dead bonme in the proximal
femoral epiphysis. Observations of the

* Blvth b dic H.

: Orthop pital and Rehabili-
tation Center for Children, Valhalla, New Yorh.
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therap dalities. Unfortunately, no
greater agreement existed here than in the
etiologic studies. Wide disagreement was
found to exist. This ranged from a nihilistic
point of view which questioned the value of
any treatment to the extreme conservative
viewpoint which required strict, systematic
immobilization for prolonged periods of
time. In a Jong-term analysis of 153 cases,
Sundt®® concluded that “measures of treat-
ment failed to prevent the occurrence of the
secondary arthrosis which is the cause of the
trouble that follows in the wake of the dis-
ease.” As far back as 1927, Legg,? report-
ing on the end-results of coxa plana, stated
that “relief from weight bearing has in no
way affected the end result.”

That this point of view was not generally
accepted was well emphasized by those who
discussed Legg’s paper. Dr. F. C. Kidner,
in commenting, stated, “I do not agree with
Dr. Legg that protection is not necessary.”
In his discussion at the same time, E. W.
Ryerson stated that “weight bearing should
not be permitted in cases of Legg’s disease,
because the femoral head is softened and
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will become flattened if allowed to press
against the acetabulum.”

A survey of the world literature on the
therapy of Legg-Calvé-Perthes disease only
confirmed the tug of war that has been
going on in battling the problem of therapy.
That Sundt cannot be accepted as the Scan-
dinavian spokesman is emphasized by a
recent report coming out of Norway, by
Hauge,” who found after investigating 100
patients that results with 1 year’s bed rest
were “better than those of non-treated pa-
tients, if weight bearing ceases early in the
disease—about 60% against 25%.”

Since the integrity and the caliber of the
many investigators engaged in Perthes re-
search cannot be impugned, one must seek
the explanation of the contrary viewpoints
elsewhere, Certain deficiencies are obvious
in an examination of the various study re-
ports. One of these is the matter of treat-
ment which, at times, is very loosely inter-
preted. Sundr’s series, for example, included
patients kept in bed from 1 to 4 weeks as
treated cases He recognized this defect but
felt that the expediency of his study made
the division between treated and nontreated
cases an arbitrary and necessary one.
Another factor of significance is the stage of
disease at which treatment first is started.
Many investigators have taken this into con-
sideration. A third important defect lies in
the multiplicity of methods of evaluating the
results of therapy. It is unusual to find two
reports in which similar criteria for meas-
urement of end-results have been used. It
has been a common experience for authors
to develop rather arbitrary standards to suit
their own purposes, thus making it difficult
to translate their experience to that of
others, This lack of standardization and es-
tablishment of criteria by which one series of
cases can be compared with another repre-
sents the greatest difficulty. Only when bases
for comparison have been drawn meticu-

lously and utilized by all workers can some
resolution of the present existing confusion
come about.

METHODS UTILIZED FOR THE
CALCULATION OF END-RESULT

Sundt developed four categories. He la-
beled these CF I, CFILCF Il and CF
IV to represent the approximate shape of
the head at the termination of the disease
The Roman numeral I indicated a spherical
head; Roman numeral I, an ovoid; Roman
numeral III, a cylindrical head; and Roman
numeral IV, a quadrangular-shaped head
For the end-result, which did not clearly fall
into any of these four categories, he created
combinations so that a given result could be
labeled either II (III) or TII (IV) or other
combinations, depending on the many pos-
sible transitions. This was clearly a subjec-
tive type of analysis, and in the hands of 2
careful observer undoubtedly merited con-
sideration. Its limitation to duplication by
others is self-evident.

Hauge, in his study, devised three cate-
gories for his analysis: a ball-shaped epiph-
ysis as one representing a good result; 2
flattened, but evenly rounded, epiphysis as a
fair result; and an angular epiphysis as 2
poor result,

Jonsater suggested tentatively an index
which he called the Caput Index, based on
the relationship between the height and ﬂ}C
width of the shadow cast by a diodrast hip
arthrogram, Since this required highly spe-
cialized study technics, not usual in any
routine, it had limited application

Goff* favored a description evaluation for
his end-results in a manner resembling
Sundt’s classification. He also suggested 2
separation into spherical, mushroom an
malum coxae juvenilis types, each of these
major groupings having subdivisions of dif-
ferent severity. :

Eyre-Brook? suggested the use of an I%pl'
physeal Index, which he felt would s:zmsf)’
the requirement of statistical amalysis. It
represented the relation of the height of the
regenerated epiphysis to its width multlp!lcd
by 100. It was a measurable mathcrfmhcal
entity and could be duplicated. In his c\‘:’"
material he found that a reliable relationship
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Fie. 1 (After Heyman & Herndon: J. Bone & Joint Surg. 32-A:767-778)

existed in the epiphyseal indices of children;
those under 7 years of age normally had an
index of from 45 to 55, while those over 7
years of age fell in a range between 35 and
45, In an analysis of his own cases treated
in recumbency in traction, using this index
he found that “the resuits are definitely supe-
rior to those obtaned by other methods.”

Sjovall!? expressed the residual deformity
in Legg-Calvé-Perthes disease as the quo-
tient of the epiphyseal index of the involved
side, as determined by Eyre-Brook, with the
epiphyseal index of the hip on the uninvolved
side.

Heyman and Herndon® proposed making
their determination more inclusive by taking
into account in the final determination the
composite influence of the shape of the
head, the neck and the acetabulum as 2

numerically recorded comprehensive quo-
tient. In Figure 1 I have redrawn from their
publication the details involved in the meas-
urement of these many quotients, which,
when averaged together, resulted in a com-
prehensive quotient.

Thus we see that the problem of deter-
mining suitable means of communicating the
end-results has stimulated considerable
thought, but the solution has been varied
and uncertain. It is evident that the transla-
tion of the results from one set of material,
using a given criterion, is extremely difficult
if the results of another are expressed differ-
ently.

As a device for measuring accurately the
end-result in Legg-Calvé-Perthes disease, the
method devised by Heyman and Herndon
seemed to be most impressive. All the cases
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under analysis in this study were examined,
using the method leading to a comprehen-
sive quotient. When this rather extensive
calculation was completed, it became appar-
ent that, despite the claims of the origina-
tors, a striking relationship existed between
the epiphyseal quotient and the final com-
prehensive quotient. Figure 2 shows the
practically linear relationship which was
present when the epiphyseal quotient was
plotted against the comprehensive quotient.
Possibly this could have been anticipated,
since there has been general agreement that
the major component of the final result is
contributed by the perfectness of the recon-
stitution or degree of deformity of the femo-
ral capital epiphysis. In view of the demon-
strable close relationship between the epi-
physeal quotient and the more difficultly
determined comprehensive quotient, the sub-

sequent major statistical analysis of the cases
in this report was computed on the basis of
the epiphyseal quotient alone. As mentioned
earlier, this consisted of the ratio of the epi-
physeal index of the involved side to the
epiphyseal index of the uninvolved side.
Utilizing this method, bilateral cases could
not be compared. It is because of this objec-
tion that Goff had questioned the universal-
ity of such mathematical treatment.

MECHANICS OF STUDY

All the children included in this report
were treated at Blythedale, This institution
affords the opportunity for protracted in-
hospital stay while at the same time offering
a country, convalescent setting with available
formal schooling, physical therapy, medical
supervision, group and recreation {herapy,
social service and psychiatric supervision.
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The patients come from many different
sources, mostly from the large hospitals
of Metropolitan New York. Recommenda-
tions for their therapy, in general outline,
usually come with the patients. In prior

years, prescription for therapy included bed
rest, alternating with other compromisc ther-
apies, such as wheel-chair, crutch or brace
ambulation. In the past 8 years, becausce of
my interest in this disease, the direction of

F1o. 3. These photographs demonstrate the traction device, which consists of
shoes attached to a crossbar.
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therapy was slanted specifically toward pro-
longed continuous bed rest in order to test
the thesis that Perthes end-results could be
influenced by such discipline. In addition
to bed rest, a device was used which con-
sisted of shoes fastened firmly to a wooden
crossbar through which a small amount of
traction, 3 to 5 1bs., was applied to the lower
extremities of the children. Such a small
amount of weight could only elicit light
traction, and it is for that reason that it
could be applied safely through shoes. No
claim is made that the traction diminished
effectively much of the muscle pull normally
serving to hold the upper femur to the pelvis.
It was felt, rather, that the traction appa-
ratus served to make the enforcement of
bed rest a little easier while contributing
munimal pull. Even under this arrangement,
meticulous foot care was necessary to ensure
that no skin pressure areas developed. That
no significant complication in this direction
was ever any problem was due to excellent
nursing supervision. Figure 3 demonstrates
the shoe-traction apparatus. As will be seen,
this device permitted children to sit in bed
during the day and to allow active hip
motion. This arrangement did not interfere
with the molding between the acetabulum
and the femoral head that inevitably took
place in this controlled situation. In addi-
tion to the active movement possible in bed
within the limitations of traction, a short
specifically prescribed period of formal ac-
tive non-weight-bearing exercise was con-
ducted under physiotherapeutic guidance
daily.

An additional group of patients now
are being treated concurrently at Blythedale;
they are immobilized in a metallic frame
which similarly permits hip movement but
selectively places the limbs in abduction
without traction. The results of therapy with
this variation are not included here.

In this study, we decided upon the fol-
lowing arbitrary subdivisions of the epi-
physeal quotient, which followed approxi-
mately the suggestions of Herndon and

Heyman for their comprehensive quotient:
A good result was one with an epiphyseal
quotient between 75 and 100; a fair result,
from 50 to 75; a poor result, from 35 to 50;
and a bad result, from 0 to 35. The com-
bination of the fair and the good groups we
considered to yield a satisfactory result. The
poor and the bad categories were deemed to
be unsatisfactory. Although some of the
cases included in this study were completed
many years ago, and afforded us reasonably
good long-term follow-up, it was not the
point of this chapter to conduct a long-term
follow-up study of the end-result. By spe-
cific choice the limitation set for this study
was that of judging the roentgenographic re-
sult of the femoral capital epiphysis at the
termination of therapy when stabilization
occurred in the femoral head changes.

It has been stated many times in the litera-
ture that the roentgenographic result is not
necessarily consistent with the clinical result.
However, the margin of deviation is such
that the clinical picture 1s usually better
than the roentgenographic evidence Would
indicate. By making the x-ray the basis for
the present evaluation, the study was defi-
nitely only an interim one. However, the
experience obtained from our limited long-
term follow-up was such that we were con-
vinced that our satisfactory results would
stand up under the test of time. The femoral
capital epiphyses of minimal deformity, a5
indicated by the epiphyseal quotient, pre-
sented good joint congruity and a well-
restored femoral epiphysis, and were ]eﬂff
likely to develop major secondary arthritis
in later hfe.

As will be evident from a study of the
reproductions of the roentgenograms, the
descriptive categories of spherical, ovoid,
cylindrical and quadrangudar or other mflh'
ods can be identified with the numerical
ratings adopted here. It should be men-
tioned that one or two of the cases included
in this study had had drilling, surgical op-
erations (Fig. 4) on the neck and 'lhc
epiphysis, but the results were not convine-



Fic. 4 G. W. Age at onset, 4 years Symptoms started 'with right-sided
linp and pain following fall out of bed n July, 1938. Limp disappeared until
another fall, in April, 1939, when it returned. Roentgenograms were positive
for Perthes’ disease. In May, 1939, patient had dnlling of the femoral head
and plaster cast application. She was admitted to Blythedale in June, 1939,
where the plaster cast was kept on until July, 1940, Thereafter she was fitted
with a caliper brace until January, 1941, when she was discharged.

On the last follow-up vistt on November 6, 1956, the patient noted occasional
paimn in the right hip in damp weather but was able to do everything. There was
%-nch shortening of the right leg without atrophy. There was a 10° loss in
abduction and a 15° loss 1n internal rotation

The epiphyseal quotient 1n 1940 was 64 and in 1956 was 68. The hip has held
up reasonably well The only roentgenographic change of note 1s the small Jateral
prominence of the acetabulum on the right, suggesting osteophyte formation,
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therapy was slanted specifically toward pro-
longed continuous bed rest in order to test
the thesis that Perthes end-results could be
influenced by such discipline. In addition
to bed rest, a device was used which con-
sisted of shoes fastened firmly to a wooden
crossbar through which a small amount of
traction, 3 to 5 Ibs., was applied to the lower
extremities of the children. Such a small
amount of weight could only elicit light
traction, and it is for that reason that it
could be applied safely through shoes. No
claim is made that the traction diminished
effectively much of the muscle pull normally
serving to hold the upper femur to the pelvis,
It was felt, rather, that the traction appa-
ratus served to make the enforcement of
bed rest a little easier while contributing
minimal pull. Even under this arrangement,
meticulous foot care was necessary to ensure
that no skin pressure areas developed. That
no significant complication in this direction
was ever any problem was due to excellent
nursing supervision. Figure 3 demonstrates
the shoe-traction apparatus. As will be seen,
this device permitted children to sit in bed
during the day and to allow active hip
motion. This arrangement did not interfere
with the molding between the acetabulum
and the femoral head that inevitably took
place in this controlled situation. In addi-
tion to the active movement possible in bed
within the limitations of traction, a short
specifically prescribed period of formal ac-
tive non-weight-bearing exercise was con-
ducted under physiotherapeutic guidance
daily.

An additional group of patients now
are being treated concurrently at Blythedale;
they are immobilized in a metallic frame
which similarly permits hip movement but
selectively places the Jimbs in abduction
without traction. The results of therapy with
this variation are nor included here.

In this study, we decided upon the fol-
lowing arbitrary subdwisions of the epi-
physeal quotient, which followed approxi-
mately the suggestions of Herndon and
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Heyman for their comprehensive quotient:
A good result was one with an epiphyseal
quotient between 75 and 100; a fair result,
from 50 to 75; a poor result, from 35 to 50;
and a bad result, from 0 to 35. The com-
bination of the fair and the good groups we
considered to yield a satisfactory result, The
poor and the bad categories were deemed to
be unsatisfactory. Although some of the
cases included in this study were completed
many years ago, and afforded us reasonably
good long-term follow-up, it was not the
point of this chapter to conduct a long-term
follow-up study of the end-result. By spe-
cific choice the limitation set for this study
was that of judging the roentgenographic re-
sult of the femoral capital epiphysis at the
termination of therapy when stabilization
occurred in the femoral head changes.

It has been stated many times in the litera-
ture that the roentgenographic result is not
necessarily consistent with the clinical result
However, the margin of deviation is such
that the clinical picture is usually betier
than the roentgenographic evidence vyotﬂd
indicate. By making the x-ray the basis for
the present evaluation, the study was defi-
nitely only an interim one. However, the
experience obtained from our limited long-
term follow-up was such that we were con
vinced that our satisfactory results would
stand up under the test of time. The fc.muml
capital epiphyses of minimal deformity, a5
indicated by the epiphyseal quotient, pre-
sented good joint congruity and a well-
restored femoral epiphysis, and were 18.3.5‘
likely to develop major sccondary arthrilis
in later life.

As will be evident from a study of the
reproductions of the roentgenograms, 1?“’
descriptive categories of spherical, ovoid,
cylindrical and quadrangular or other msﬂ’l'
ods can be identified with the numerical
ratings adopted here. It should be men
tioned that one or two of the cases included
in this study had had drilling, surgical op-
erations (Fig. 4) on the neck and .1he
epiphysis, but the results were not convinc-



FiG. 4. G. W. Age at onset, 4 years. Symptoms started with right-sided
limp and pain following fall out of bed 1n July, 1938, Limp disappeared until
another fall, m Apnl, 1939, when it returned. Roentgenograms were positive
for Perthes’ disease. In May, 1939, patient had dnlling of the femoral head
and plaster cast application  She was admutted to Blythedale in June, 1939,
where the plaster cast was kept on until July, 1940. Thereafter she was fitted
with a caliper brace until January, 1941, when she was discharged.

On the last follow-up visit on November 6, 1956, the patient noted occasional
pam in the right hip 1n damp weather but was able to do everything There was
%8-inch shortening of the right leg without atrophy. There was a 10° loss in
abduction and a 15° loss in internal rotation.

The epiphyseal quotient 1n 1940 was 64 and 1n 1956 was 68. The hip has held
Up reasonably well. The only roentgenographic change of note is the small lateral
Prominence of the acetabulum on the mght, suggesting osteophyte formation,
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Fic. 5. D. B. Age at onset, 42 years. How-
ever, treatment was not commenced until 1
year later, in April, 1950, This consisted of
crutches and a shng, until February, 1951. Then
a plaster cast was applied. This was kept on
until the patient’s transfer to Blythedale m June,
1951. He was kept mn bed with traction until
March, 1952, and then on crutches until dis-
charged in November, 1952, Crutches were continued until January, 1953, after which he
walked without restriction, Treatment here was erratic and included plaster cast fixation. Epi.
physeal quotient—A47.
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ingly different from thosc in which no such
procedure was performed. The majority of
our cases were treated purely conservatively
with restriction of weight-bearing. Bozsan!
and Howorth® especially had cxperience in
the surgical adjuvant in the therapy of
Perthes' disease, but this has not gained
wide compliance. A few of our patients
were also treated in plaster casts (Fig. 5)
while resting in bed, and, since these also
were found to contribute no advantage over
those treated more conventionally, these
were not regarded differently in the statistical
analysis.
RESULTS OF STUDY

Onc hundred and eleven cases formed the
basis of this study. Elcven of these cases
were bilateral with major involvements in
both hips and were excluded from this
analysis, leaving 100 cases of unilateral epi-
physeal involvement. Ninety of these patients
were males and 21 were females. No signifi-
cant localization between the left hip and
the right hip was found. The average age
for the entire group was 6.7 years, with a
range extending from 3 years to 12 years
and 9 months, indicating that the disease
occurred  preponderantly in the younger
child.

Figure 6 shows the breakdown of our
material according to epiphyseal quotient.
The 32 good and the 49 fair cases contrib-
uted 81 per cent satisfactory results. The 15

poor and the 4 bad cases made up 19 per.

cent unsatisfactory results. Relating those
categories to total non-weight-bearing treat-
ment, including all forms of relief of weight-
bearing, it was found that the 32 good cases
were treated an average length of 25.6
months, The average length of treatment,
ncluding all forms of therapy, for the 49
fair cases was 29.9 months. In the 15 poor
cases, the average length of total treatment
was 31.7 months In the 4 bad cases, the
average length of treatment was 195
months. In this last category, the explana-
ton for the shortened, total treatment lay
mn the fact that treatment essentially had
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started late and was continued for less addi-
tional time.

Sundt stated it “to be a general experi-
ence that the younger the patient is, the
better is the prognosis in this disease.”
Herndon and Heyman stated that the only
factor of real, prognostic importance was the
age of the patient. They found that, with
few exceptions, the younger the patient the
better the result. In Figure 7, in the 28
good cases in which the information was
available, the average age at onset was found
to be 5.9 years, with the range extending
from 3 to 11 years. In the fair category, in
the 47 cases, where the information was ob-
tainable, the average age at onset was 6.9
years, the range being 3 years and 9 months
to 12 years and 9 months. In the 15 poor
cases, the average age at onset was 7.5
years, and in the 4 bad cases, the average
age at onset was 6.2 years. Although the
discrepancy in ages was not overwhelming,
the trend indicated that the younger the
child the better the prognosis and agreed
with the consensus in the literature.

The duration of the disease prior to the
onset of therapy has been held to be an
important factor in the prognosis, Mindell
and Sherman! in their study of the late
results in Legg-Perthes disease found that
patients should be treated ecarly. Hauge
also found in his study that the number of
good and fair results increased considerably
if treatment commenced early. In Figure 8
we have shown graphically the distribution
of our results according to the interval be-
tween symptoms and diagnosis. In the good
category, where the nformation was avail-
able in 26 cases, the average interval be-
tween symptoms and diagnosis was 4.5
months, the range bemng from 2 weeks to

13 months In the 39 fair cases in which
this information was available, the average
interval was 4 8 months. In the poor and
the bad categories, the average intervals were
8 and 159 months, respectively. Although
the ranges indicate wide variability, the figures
suggest rather definitely that the earlier the
disease is treated the better is the end-result.

The final facet which should alter the
prognosis and the end-result in Legg-Calvé-
Perthes disease is the efficacy of the therapy.
We have already indicated that 81 per cent
of our cases were satisfactory, as judged by
the epiphyseal quotient at the termination of
treatment. In analyzing the facts to deter-
mine what part bed rest played in the satis-
factory group of cases, we find in Figure 9
that of the good cases in which information
was available in 29, the average time spent
on bed rest was 18.3 months. In the far
category, in which the information was
available in 48 patients, the average Jength
of bed-rest therapy was 20.3 months. In
this group, which comprised 80 per cent of
the total cases, the over-all average time in
bed was 19.5 months. In the 15 poor cases,
the average length of bed rest was 154
months In the 4 bad cases, the average
length of bed rest was 12 months. In this
unsatisfactory group, which represented 20
per cent of our total number, the average
period spent in bed was 14.6 months !n
order to test the role of bed-rest therapy in
a little more detail, Figure 10 was preparcd.
Of the 33 cases, where 2 or more years were
spent on bed-rest therapy, there were 7 good
and 21 fair cases, representing 29 per cent
of the total number in the satisfactory cate-
gory. In the 17 patients spending from 1%
years to 2 years in bed, 15 per cent of the
total number were in the satisfactory rangé,
and the 21 cases spending from 1 year 10
1Y% years in bed, simularly approxima!gly
17 per cent of the total number were satis-
factory. Finally, in the 25 cases where 1
year or less was spent in bed, again about
18 per cent of the total number of cases
were satisfactory. This analysis leaves 10
doubt that in the group in which 2 or mor¢
years of bed-rest therapy was employed, the
targest number of acceptable end-resulls at
the termination of the treatment taok place

DISCUSSION

This study points out the complexities of
the problem in Legg-Calvé-Perthes qxscasF.
Were a specific cause-and-effect relationship
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Fic. 11. D. M. This patient had had some vague symptoms referzble to his left hip
at 4 years of age. Roentgenograms taken on May 18,.1946, were dragnosed as early
Perthes with changes of questionable degree. The patient was not treated, and pre-
sumably he remained symptom free until he jumped off a wall in October, 1949, and
developed pain and limp on the left side. Roentgenograms then indicated a far-advanced
Perthes’ disease, for the treatment of which he was transferred to Blythedale in Decem-
ber, 1949. He was kept in bed until September, 1950, and then allowed up on crutches
for several additional months.

He had %-inch shortening and 20° restriction n internal rotation with 1% -inch
atrophy of the left thigh.

Epiphyseal quotient—28; this indicated a bad result and a poor prognosis for future
function.
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Fia. 12. A. L. Age at onset 6 Yyears wit

Legg-Calvé-Perthes Disease—Results of Treatment

of pain and limp on left side. The patient was admitted initially to hospital in January,
1952, and placed on bed rest and traction. This was continued at Blythedale, where he
was transferred July, 1953, and remained until his discharge in March, 1955. He con-

tinued on crutches for an additional Yyear,

In November, 1956, he was found to walk well and Ppresented
moderate residual atrophy of the Jeft thigh and calf. Motons

10° loss of internal rotation and abduction.
The ecarliest roentgenograms showed a

quently, the neck broadened and the head fiattened, even

Epiphyseal quotient—62,

operating, the conclusions would necessarily
be in one direction without leaving room for
argument. Regrettably it must be conceded
that there is considerable latitede for dis-
cussion in considering the role of therapy.
In scrutinizing minutely the figures depicting
the several factors affecting the prognosis,
it is noteworthy how broad and extensive are

Y2-inch shortening with
were satisfactory with

prominent metaphyseal rarefaction. Subse-

though treatment was prompt.

the ranges and latitude. We arc in complete
agreement with those who hold that there
is wide variability in this disease and with
Goff who proposes the appellation syndrome
rather than disease, As examples of incon-
sistencies, we have had patients with symp-
toms dating back short intervals who ex-
hibited advanced changes in the femoral
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Fi6. 13 1. C. Age at onset 4% years with history of left limp of 6 months’ duration.
The patient was admitted to hospital August, 1941, and treated with bed rest until
September, 1942. Then he was transferred to Blythedale, where bed rest was con-
tinued ungl February, 1943, when he was discharged.

On follow-up examination 1 October, 1956, he was found to be symptom free,

There was ¥2-1nch shortening of the left leg with good musculature. There was 5°
internal rotation. Roentgenograms showed very satisfactory result without deterio
Epiphyseal quotient—79.

loss in
ration.
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capital epiphysis (Fig. 11). We have had
our share of patients who were received
for therapy early jn their disease, treated
with bed-rest therapy prompily and consist-
ently until termination of the active process
in the femoral head and ended with a fair
result and, at times, even a poor one (Fig.
12).

It should again be emphasized that this
is a short-term evalnation recording the
state of the femoral capital epiphysis at the
termination of treatment. In the few cases
that have presented the opportunity for
long-term follow-up, we have been encour-
aged to find that early estimates of the epi-
physeal quotient held up very satisfactorily
in final evaluation. Instead of finding that
cases deteriorated with the passing of time,
surprisingly we found in many instances an
improvement in the final picture (Fig. 13).

This experience coincides with that of
Eyre-Brook, who found that some change
for the better can result by increase in depth
of the epiphysis from natural growth, espe-

cially in the younger-age group, where addi-
tional growth has yet to ensue. Contrari-
wise, where the immediate result was poor
or bad, the follow-up result tended to be
equally poor or bad (Fig. 14), sometimes
worsening because of shortening of the
neck. In none of the good and the fair
groups was any appreciable neck shortening
found to be present because of severe epi-
physeal or metaphyseal change (Fig. 15).

We have purposely eliminated discussion
of the changes in the cycle in the Perthes
process, since these have been described very
adequately and amply many times in the
literature, In the cases in which the epiph-
ysis disappeared entirely and became in-
volved in massive thinning and waferlike
fragmentation (Fig. 16), the end-result
usually was poorer than in those in which
the necrosis appeared to be less severe. The
extensiveness of the metaphyseal rarefaction
and cyst formation also provided poor prog-
nostic signs (Fig. 16).

Fic. 14. Age at onset 9 years. Admitted to
Blythedale in November, 1935, The patient was
kept on bed rest until March, 1936, and in 2
wheel chair and on crutches until March, 1937
He was discharged from Blythedale on March 7,
1937, on full ambulation.

On last follow-up—on January 6, 1951—
when he was 25 years of age, he complained oé
pain in the right hip on unusua) exerton am
fn inclement weather. He had ¥i-inch shorten-
ing and about 50 per cent reduction sn motion
of the right hip, At 18 years of age he 5p€j'"§
short period in the Marine Corps but receve!
a disability discharge. The final result is poor
and was forecast m the marked deformuty evi-
dent in 1936. Epiphyscal quotient—33.



Diseussion 75

Our patients demonstrated variability in the
fength of time necessary for the cycle to be
complete, In the good and the fair groups,
generally the cycle ended carlicr than in the
poor and the bad groups. It should be re-
catled that in this treated group, in about
half the cases the total treatment was sub-
divided into several categories of non-

weight-bearing, In more secent years the
treatment tended to more consistent total
bed rest. The real purpose of this chapter
rests in its prospective usefulness as a basis
for comparison with large groups treated in
other or similar fashion. Mindell and Sher-
man were quite confident that, although
treatment was felt to be important, it did

Fic 15. M. M Age at gnset S years with history of right-sided Hmp not related to

injury 1n Septeruber, 1952. Interval between symptoms and dignosts, 2 months, Ad-
mitted to Blythedale in December, 1952, and treated with bed rest and tractson until
April, 1954." After an additional period of 4 months 1 wheel chair he wag permitted

{ree ambulation on August 8, 1954,
Early ams show
much metaphyseal change. The

| deformity of the right femoral epiphysis without

£

m on N c 10, 1956, shows very

a;
satisfactory nght constitution with nuld broadening of the femoral head and neck.

Epiphyseal quotient—75.



FiG. 16 P. V. Age at onset 7 years and 9 months with p,xm and Lmp on the nght
mn January, 1954 Admutted to Blythedale i in December. 1954, and kept on bed rest and

traction until Sep ber, 1956. At ter of t he presented Y2-inch
shortemng of the right leg, 1-mnch atrophy of the ng,hl thigh and 1%-inch atrophy of
the night calf. He lacked 30° in internal rotation and 15° in abduction of the right hip.
The mitial roentgenograms showed a dense femoral epiphysis with concomitant meta-
(Continued on facing page)
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not matter, according to their analysis,
whether it was ambulatory or nonambula-
tory.
CONCLUSION
A statistical analysis of 100 cases of Lepg-
Calvé-Perthes disease has been presented.
The results were obtained from roemtgeno~
grams taken a1 the completion of the Perthes®
cycle. The method of measurement chosen
was the determination of the epiphysenl guo-
tient. This quoticnt stated mathematically
the percentage restoration of the involved
side in comparison with the normat hip. There
were 11 bilateral cases with gross involve-
ment of both hips; these were excluded from
the detailed cafculations made in this study.
The patients treated more recently were
confined to bed with light bilateral traction.
The patients treated in carlier years received
some bed-rest therapy, but this was alternated
with such compromise methods as the use of
cruiches, braces and wheel chair to avoid
weight-bearing. In the total picture presented
by the patients in this study, including all
forms of therapy, the results obtained from
roentgenographic analysis were: satisfactory,
81 per cent; nnsatisfactory, 19 per cent, In
the group spending 2 or more years on bed
rest and mild traction, the results were satis-
factory in 29 per cent. In the groups spending
1% years, 1 year and 6 months in bed with
traction, the percentage of satisfactory results
was significantly Jower for each subgroup.
Although Legg-Calvé-Perthes disease has
many variables and unpredictable attributes,
amongst which may be mentioned age at on-

sct, time when treatment was started, and
severity of disease, it can be concluded that
a small but definite advantage in therapy is
afforded by prolonged bed rest.
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Morbo Legg-Calvé-Perthes—Resultatos de Tractamento

Summario in Interlingua

Es presentate un analyse statistic de 100
casos de morbo Legg-Calvé-Perthes. Le re-
sultatos esseva determinate super le base de
roentgenogrammas prendite al completion
del cyclo de Perthes. Le methodo de me-
suration seligite esseva le determination del
quotiente epiphysee. Iste quotiente provi-
deva un expression mathematic del procen-
tage de restauration del latere implicate in
camparation con le coxa normal. Esseva in
le serie 1l casos bilateral con grossier affec-
tiones de ambe coxas, Istos esseva exclu-
dite ab le calculationes detaliate del presente
studio.

Le patientes le plus recentement tractate
esseva allectate con leve traction bilateral.
Le patientes tractate in previe annos reci-
peva un certe therapia a reposo in lecto, sed
isto esseva alternate con methodos compro-
missori. per exemplo. le empleo de crucias,
apparatos de supporto, e chaises rolante, pro

evitar le portar de peso. Le analyse del
roentgenogrammas de omne le patientes de
iste studio, sin reguardo al methodo thera-
peutic usate, monstrava resultatos satisfa-
cente in 81 pro cento del casos e resultatos
nonsatisfacente in 19 pro cento. In le
gruppo tractate con reposo in lecto con leve
traction durante duo annos o plus 29 pro
cento habeva resultatos satisfacente. Le
procentage de resultatos satisfacente esseva
ignificati te (e progressi ) plus
basse in le gruppos a 1¥2 annos, 1 anno, €
1 anno de reposo in lecto con traction.
Ben que le prognose del morbo Legg-Calvé-
Perthes ha muite variabiles e attributos jm-
predicibile—etate al inception del moxb?,
tempore del initiation del therapia, severi-
tate del morbo, etc,—nos conclude que pro-
longate reposo in lecto offere un parve sed
definitive avantage therapeutic.




Revascularization of the Neck of the Femur
in Legg-Calvé-Perthes Syndrome*

A New Surgical Technic—Experience of 80 Cases

Fravio Pires pe CAMARGO, M.D.

Among all ostcochondroses, undoubtedly
the Lege-Calvé-Perthes discase is the onc
which is of most interest and has been stud-
ied more particularly. This is because, in
spite of all efforts, its ctiology still remains
obscure, ‘The large number of methods of
lreatment, conservative or surgical, have had
litle influence on the slow evolution of the
disease, and as a result patients discontinue
treatment. That is the reason for such a
high percentage of bad final results with the
appearance of malum coxae juvenilis when
the child completes his growth,

We have been studying this disease from
several angles. In 15 years we gathered
about 300 patients from all strata of society
and in an age range of 3 to 15 years. Many
of them were followed for more than 10
years, until their growth was completed. In
e great majority of cases conservative
lreatment was chosen, that is, rest in bed,
Plaster immobilization or supportive walk-
ing. - Conservative therapy will give good
final results when the disease is treated in
the early stages, so long as there is complete
Jownt rest and the rest has been long enough

¢ main clinical symptoms, pain and
—

* From the Clintc of Orthopaedics and Tranma-
g’,“’BY (Service of Professor Godoy Morcira) of the
Bigz%’aulo University Medical School, Sao Paulo,
1,

kA

Himping, disappear after 4 or 5 months® rest
of the hip joint. In spite of this clinical im-
provement, the lesions, especially those of
the cpiphyscs, continue their evolution, in
three typical steps—the initial period, frag-
mentation, reparation, These three phases
are observed by roentgenologic or pathe-
logic examination. Generally, each stage
Iasts from 1 to 4 years, even 5 years in some
cases.

As this evolution is slow and the clinical
symptoms disappear after a few months of
therapy, the majority of the patients aban-
don treatment. Afterward, osteoarthrosis
develops slowly, with an evident clinical
picture after the age of 18. All those famil-
far with the treatment of Perthes® disease,
especially in Brazil, know the difficulties of
keeping a child immaobilized or maintaining
him in supportive walking for months or
yeats. A number of factors count definitely
in the interruption of treatment,

Nearly all the surgical treatment proposed
up to now for Perthes® disease, such as de-
scribed by Kidner, Phemister, Waldenstrom,
Levy and Girard, Steele, Howorth and
Pitzen, have as the main goal the quick
revascularization of the epiphyses. This re-
vascularization slows down the evolution of
the discase and avoids deformation of the
epiphyses so that osteoarthrosis does not
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Fi6. 1. (Top, left) The cortex of the bone is perforated, and the trephine 1s pushed
in only a few centimeters. (Top, right) Once the position is correct, the trephine con-
tinues to be pushed in another 4 or 5 em., until the epiphyseal Ime js reached. This is
done under roentgenologic control. (Bottom) The bone cylinder inside then is taken out

with the special impactor.

develop. All these methods have not been
used routinely, due either to the insufficient
number of operations performed or to the
anticipated result which does not allow of
our recommending them,

For the last 9 years we have used with
good results a new technic which consists of
re blishing the cc ion between
the living bone tissue of the neck of the

femur and the necrotic epiphyses on.thc
largest possible area, so as to permit a
quicker revascularization. For this purpose,
using a set of hollow and measured tre-
phines, we take out nearly all cancellous bone
from the neck of the femur, in thickne5§ as
well as n length, up to the epiphyseal linc.
The region is reconstituted, turning around
the bone cylinder that was taken out and



Technic 8l

Fia. 2. (Top, left & right)
Through the tunnel opencd up
in the neek of the femur, ma.
terial may be taken out for
pathologic cxamination, (Bot-
rom) The bone cylinder then
is put back again the other
way round,

putting it back again, so that the healthy pletely and guided back again. One should
bone tissue of the trochanteric region sub- not correct the position by maneuvering the
stitutes for the diseased area of the neck. trephine sideways, downward or upward.
Once the position is correct, the trephine is
TECHNIC pushed in another 4 or 5 cm. (the trephine

The position of the patient on the table is is graduated on the outside). Another
the same as for the operation on the neck of ~roentgenogram is taken to make sure that

the femur: the inferior limbs are fixed in a
moderate abduction and internal rotation.
External incision is at the greater trochanter
Of the trephines we choose one whose diam-
eter is nearest that of the neck of the femur,

the trephine has reached the epiphyseal line
(Fig. 1, top, right). It is then taken out
with the bone cylinder inside, which is ex-
tracted with the special impactor (Fig. 1,
bottom). Sometimes, when the trephine is

The cortex of the bone 1s perforated, and  withdrawn, the bone cylinder does not come
the trephine is pushed in only a few centi- out. In these cases the trephine is reinserted
meters (Fig 1, top, left). Roentgenologic to where it was before, turning it sideways
control is one of the most important parts and with rotatory movements,

o'f the operation to ensure the correct posi- Through the tunnel opened up in the neck
tion. Should the trephine not be in the de- of the femur, material may be taken out for
sired position, it ought to be taken out com- pathologic examination (Fig. 2, top, left &
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F16. 1. (Top, left) The cortex of the

bone is perforated, and the trephine is pushed

in only a few centimeters, (Top, right) Once the position is correct, the trephine con-
tinues to be pushed 1n another 4 or 5 cm., until the epiphyseal ].mg is reached This is
done under roentgenologic control. (Bottom) The bone cylinder inside then 1s taken out

with the special impactor.

develop. All these methods have not been
used routinely, due either to the insufficient
number of operations performed or to the
anticipated result which does not allow of
our recommending them,

For the last 9 years we have used with
good results a new technic which consists of
re-establishing the cc ication between
the living bone ussue of the neck of the

femur and the necrotic epiphyses on.lhc
largest possible area, so as to permit 2
quicker revascularization, For this purpose,
using a set of hollow and measured tre-
phines, we take out nearly all cancellous bone
from the neck of the femur, in xhickncs? as
well as in length, up to the epiphyseal lm;.
The region js reconstituted, turning :lround
the bone cylinder that was taken out an
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right), The bone cylinder then is put back
again the other way round (Fig. 2, bottom).
The operation is easy for those accustomed
to surgery of the meck of the femur. The
insertion of the trephine is guided by lateral
and anteroposterior roentgenograms. Of
course, one must be careful to avoid any

FiG. 3. Four-year-old male, April,
1953. (Top) Symptoms started 2 months
before. Roentgenogram shows necrosis
and flattening of the epiphysis on the right
side, Operation performed April, 1953.
{Bottom) Three and a half years after op-
eration there is almost complete reconsti-
tution of the epiphysis.

damage to the cartilage. This happens when
the trephine is not well centered. 151 these
cases a mnecrotic process of the E?lph}’ses
appears later and worsens the previous ne-
crosis. This happened three times among
our cases (Case No. 5).

COMMENT
Examining the patients who underwent
operation we could see by roentgenogram 2

FiG. 4. Nine-year-old male, ]anuarg’.
1950. (Top) Symptoms started 6 mm'“hi
before. Operation performed on the.ng‘
side, where the lesion was worse chmically
and roentgenologically. (‘L?otmm) Fou:‘
years after operation. In spnte'oi the grz:as
initial flattening of the epiphysis, there wlc:
a partial reconstitution of its shape. Ontl ﬁ
left side the deformuty 1s worse, althoug
initially the lesion was less marked.
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Fr. 6. Fourteen-year-
old male, October, 1949.
(Top) Symptoms started 2
years before. Roentgeno-
gram shows serious lesion
of the epiphysis of the left
side. Operation performed
October, 1949. (Right)
Roentgenogram taken 8
years later. Deformity of
the head of the femur, with
evidence of osteoarthritis
In this case the operation
did not interfere with the
evolution of the disease 1
L.
growth, shall we be able to report results
with assurance. However, what we have

been able to observe in the past 9 years in
the 80 patients who underwent operation

permits us to draw some conclusions which
we think are important and interesting:

First, in all the cases there was a quick
revascularization of the epiphyses, although
there was not always a reconstitution of the
primitive anatomic form.

Second, in the cases in which operation
was performed in the initial phases of the
disease we obtained the best results. In
these cases the epiphysis was not yet de-
formed, or at least showed little change in
its form, By roentgenologic checking in

3 5

Fie. 7 Eight-year-old male, September, 1954. (Left) Symptoms started 2 ycars
before. Operation performed December, 1954, {Righs) Roentgenogram 1% years later

Partial necrosis of neck an
articular cartilage.

d head due to technical error. The trephine reached the
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series we observed its revascularization in a
few months, its anatomic form being main-
tained.

Third, when the operation was performed
in the fragmentation period or at the final
stage of the disease, the results were not
good. In spite of the quick revascularization
of the epiphysis, it continued to be de-
formed, evoluting up to the final phases of
growth with a typical roentgenologic aspect
of an osteoarthrosis. In some cases the epi-
physeal line disappeared early. Up to a
certain point this is good, as it avoids a
worsening of the shape of the epiphysis.

Fourth, in all cases there was an efficient
clinical improvement, with disappearance of
pain, limping and the contraction of the
adductor muscles. This clinical improve~
ment did not correspond to the roentgeno~
logic aspect, where we could observe ne-’
crotic areas and large deformation of the
epiphyses.

These are the principal conclusions that
we have drawn to date from the cases that
underwent surgery. As we have already
said, only in later years shall we reach final
conclusions when all the patients have com-
pleted their growth. At present, with these
results, we operate only in the initial stage

when the epiphysis is not very deformed, as
there is no reconstitution of the anatomic
form from the operation. We have also de-
cided to lengthen the period of articular rest
after the operation, which was 4 months, to
10 months. With this we hope to better the
results obtained,
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Revascularisation del Cervice Femoral in le Syndrome de Legg-Calvé-Perthes.
Un Nove Technica Chirurgic. Experientias in 80 Casos.

Swmnmario in Interlingua

Depost 9 annos nos usa un nove technica
pro le revascularisation del cervice femoral
in le syndrome de Legg—Calvé-Penhes: Us-
que nunc le technica ha essite usate in 80
casos. Iilo consiste del sequente manovia.
Per medio de un trephina cave un cylindro
es excavate ex le cervice del femore usque al
profunditate del Iinea epiphysal. Iste cylin-
dro comprende quasi omne Ie osso cam:f:I-
lose in le cervice del femore. 1llo es revertite
¢ re-inserite. Le resultato es que le tessuto
ossec vascular in le vicinitate del linea epi-
physal es reimplaciate per 0S50 salubre.

Super le base de plure annos de,
rientia nos formula Je sequente concl

1. In omne nostre casos un rapide revas-
cularisation del epiphyse esseva constatate.

2. Le melior resultatos esseva obtenite in
le casos in que le operation esseva executate
durante le phase initial del morbo, quando le
epiphyse esseva non ancora deformate.

3. Quando le operation esseva executate
durante le periodo de fragmentation o le
periodo final del morbo, le resultatos non
esseva bon.

Iste conclusiones es non ancora definite.
In Ie curso del niente, quando un
alte procentage tes operate com-
leta lor cresc a esser possibile

rmular concl ite.
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The Normal and the Abnormal Calcaneal
Apophysis and Tarsal Navicular®

ALBERT BB, FrrGUsoN, Ik, M.D,, and Rarri Max GincrichH, M.D.

The dicases of the tarsal navicular
termed Kéhler's discase, or osteochondritis,
and apaply sitis of the os caleis are brought
together here because both should be re-
evaluated in the light of present-day knowl
edge. Many children ace subjected to un-
mecessary treatment because of the finding
of normal changes in the tarsal navicular
and calcaneat apophysis which have been
confused with disease. These findings are
iregular ossification of the tarsal navicular,
which occurs normally in one third of the
l:;:ﬂdrcn observed, and increased density of

¢ caleaneal apophysis in relation to the

'y of the os calcis, which is a normal
stage of development,
Wf:vt;h.cmcm of the tarsal navicular with
Xbm: inical and roentgen findings related to
ﬁmesris dx]scasc has been scen only five
@® 624" a lurge pediatric orthopacdic clinic
an;on ;ﬂSCS pcr(ycar) in 3 years. Even
o ‘ga ; ose -spf:czﬁca'll}' presenting for foot
pr gm rmsclhxs is an incidence of only .002
cen .an alcaneal apophysitis has not been
Hildren o The cause of painful heels in
Ppears o Yie principally in another
cribed in this chapter,

entity des,
TXEOISATURAL HISTORY OF THE
HYSIS OF THE 0S5 CALCIS

The
coures EMgenograms of the feet in the

183 3.
22tse of their development in 100 children,

* Fr
V:rsi\yo.:; gf“g“h;wdic Department of the Uni-
fdven's HGSpi‘gf and The Orthopedic Service,
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niaking up a random sample of the popula-
tion of an area, have been studied in the
past. From obscrvation of these roentgeno-
prams some stalements regarding the nor-
mal desclopment of the caleancal apophysis
can be made.

In the male the center appears between 6
and 10 years, averaging 7.9 yeass. The
apophysis in the female was 2.3 years earlier
in its appearance, averaging 5.6 years. In
this serics it vaned between 3.0 and 8.5
years,

1t takes an average of 7.1 years for the
apophysis to develop and fuse to the body
of the os calcis.

The growth center fist appears as a few
flecks of calcification of lesser density than
the surrounding bone. It is located uni-
formly m the distal third of the posterior
surface of the os calcis. The onset of this
calcification usually is heralded approxi-
mately 2 to 4 years previously by the grad-
uaj development of a deep scalloping of the
posterior surface of the os caleis.

For from 2 to 3 years following its first
appearance the apophysis may remain in 2
flecky, hazy state, during which time it is
not increased 1 denssty  Then it passes to
a stage wherein 1t occupies more than one
falf of the posterior surface of the calcis, is
increased n density over the surrounding
bone, and has definite osseous texture. The
bone stria of the apophysis run in its long
axis.
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There may be a deep and narrow cleft
or clefts in the apophysis dividing it into
two or three segments,

An apophysis which occupied more than
one half of the posterior surface of the os
calcis and yet remained in a flecky, dis-
ordered state of lesser density was not seen
in this series. The apophysis was umformly
increased in density at this stage, but never
so much so that bony trabeculae could not
be seen.

In this homogeneous state it occupies
from two thirds to three fourths of the pos-
terior surface of the os calcis in a C shape
Over the following 2 to 4 years it extends
a thin finger of calcification over the postero-
superior surface of the os calcis and in 1 to
2 years thereafter fuses with it.

THE CLINICAL ENTITY

PAINFUL HEELS IN CHILDREN

As every pediatrician and orthopaedist
knows, painful heels in children are com-
mon. Usually this complaint is found in the
over § year age group and centers at the
posterosuperior angle of the os calcis. Two
types of pathology are most usual as the
cause of the complaint:

Fia. 1. Increased density of the devel- Prominent Posterosuperior Angle. The
oping calcaneal apophysis. This 1s 2 n0f- e, of posterosuperior angle of the os calcis
mal feature in the growth of this bone. may be covered by thickened skin or callus

8. ter) Male, age - !
%f’p()gifﬂ,'ﬁff‘piﬁm 222”1;? e, 28 which is tender to direct pressure and may

FiG 2. (Left) Promment posterior superior angle of os calcis associated with

disabling  symptoms. Quotient—70  (Right) Postoperative view following
removal of this promim:nt area. (Dr. Wilam Donaldson)
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appear inflamed, There is not an abnormal
growth in this area, but the configuration of
the os caleis and the falling away of the
soft tissues about it leave this angle jutting
out prominently to form a Jocal tumor,

Prominence of the posterosuperior angle

of the os enleis and secondary symploms
from irritated callus over it obviously de-
pend on a number of factors, However, it
is helpful to evaluate the prominence of this
area of the os calels by a ratio. This ratio
is obtained by taking the length of a line
(centimeters) drawn from  the posterior
angle of the subtalar joint line to the pos-
teroinferior angle of the os calcis and divid-
ing this figurc into the length {in centi-
meters) of a perpendicular erccted to the
most prominent part of the posterosuperior
angle of the os caleis. The quoticat runs
from 0.52 to 0.58 for the median grovp. A
quotient above 0.59 to 0.60 has been found
in those patients who have been scen be-
cause of symptoms at the posterior angle
of the os caleis.

1f the prominence of the pasterosuperior
angle of the os calcis coincides with the
top of the heel counter of the shoe the rub-
bing of this area may be enough to bring
about 5 Such sy are re-
lieved by removing the stiff counter from
inside the heel leather and procuring shoes
with either a higher or a lower heel upper
50 that pressure is not brought to bear di-
tectly on this prominence.

Achilles Tenosynovitis. Swelling and
tenderness of the Achilles tendon mimeds-
ately above its insertion are not uncommon.
Symptoms m this aren apparently are
brought on by excesswve activity and are re-
hieved by rest, non-weight-bearing and heel
elevation, In many cases a tight heel cord s
found on physical examination limiting dor-
sfiexion. "Such tight heel cords may be
stretchied once the symptoms have subsided
™ order to avoid a recurrence. However,
heel-cord stretching when symptomatic will
accentuate the symptoms.

At the time of physical examination ten-

Fic 3. Method of measuring relative
prominence of this aren of the os caleis.
A hne (A) is drawn from the posterior
edge of the subtalar articulation of the os
calcis to the posterior inferior anple. A
perpendicular fine (B) 15 crected from this
linc to the apex of the posterosuperior
angle. A quofient obtained by dviding
the length of (A} in centimeters into the
measurement of (B) in centimeters usu-
afly lies betwcen 0.52 and 0.58.

derness and swelling are confined to the
lower end of the Achilles tendon and ap-
pear to be consistent with a tenosynovitis,
Occasionally the swelling of the distal tendon
muay obliterate the angle formed between it
and the os calcis.

Fi6. 4. Tenosynovitis of Achilles tendon
at 1ts insertion into the os calcis. Note the
increased soft-tissue swelling lying just
above the posterosuperior angle of the os
calcis.
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Fi6. 5. The normal development of the tarsal navicular. (Left) Male, age 4. Irregular
ossification of the navicular from multiple centers of ossification on the right, Note
narrowed appearance and irregular ossification in cuneiforms. Narrowed appearance
alone is not reliable. (Right) Female, age 2 years and 7 months. Ossification of the

navicular from a single center

APOPHYSITIS

No case has been seen of swelling center-
ing about the apophysis of the os calcis or
involving symptoms related to this area.
Two cases of osteomyelitis of the os calcis
have been seen, but in both of these swelling

Fic. 6 Male, age 7 years. Denuty |
pearing in the navicular as multiple cent
coalesce to form a single ossificati

centef.

and tenderness centered over the meta-
physeal area of the body of the os caleis
and were appreciated exther laterally or medi-
ally over the os calcis. In no case has a
roentgen variation from the normal heavy
density been visualized from which it could
be inferred that the apophysis of the os
calcis was undergoing aseptic necrosis,

The observation period when this entity
was searched for actively wvolved a 3-year
period and 25,874 patient observations, and
during that time it was not found. As a re-
sult, it 15 possible to question the existence
of the enuty as a cause of heel pain in
children.

NATURAL HISTORY OF THE
NAVICULAR

In reviewing the roentgen picture of the
development of 100 tarsal naviculars, the
large number of instances of development of
this bone by multiple ossification centers is
at once apparent Thirty-seven ossified from
muitiple centers and °, a single center.

equently overlap Itiple centers

s a false appear eascd density
fragmentation.
the navicular

of appeara

one center,
s quite e 1o
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averaging 2% years in males and 2 years
1 month in females.

The naviculars ossifying from multiple
centers were delayed markedly in their ap-
pearance time by comparison, In males the
average was 4 years and 4 months; in fe-
males, 3 years and 3 months, However, the
multicentered type of growth rapidly became
a single center at 6 ycars and 6 months
(average) for males and § years for females,
The time when confusion in the diagnosis of
Kohler's disease might arise because of the
appearance of fragmentation and increased
density which multiple centers of ossification
may produce is roughly between 342 and
6% years.

CLINICAL INVOLVEMENT OF
THE TARSAL SCAPHOID

In reviewing actual cascs of Kéhler's dis-
ease there are features which cnable this
condition to be picked out from the normal
variation in scaphoid ossification.

During the same period when no cases of
calcaneal apophysitis were seen, five cases
which were diagnosed as Kohler's disease
were seen. All cases had definite clinical
signs.

¥10. 7. Multiple centers coalescing, giving
the navicular an irregular appearance,

The clinical signs were localized swelling
and tenderness over the tarsal navicular
which was most marked medially. In addi-
tion, there was peroneal muscle spasm in
one foot, which limited inversion completely.
Inversion often is painful, but there was no
deformity of the foot associated with the
disease, except in one case, with fixed ever-
sion due to pull of the peroneals which
resuited in a severely pronated foot.

The age group varied from 3 years and
6 months to 4 years and 8 months, three of

Fics 8 and 9, Kohler's disease Fig. 8 (Above) (Left) Anteroposterior view at onset
1{‘;{ female aged 3% years with soft-tissue swelling and density of the entire navicular,
ight} Lateral view at onset showing narrowing and increased density.
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FI1G. 9. (Left) Three months later with further narrowing and density. Note loss of
convexity of cuneiform surface of navicular as compared with Figure 8 (right). Other
foot included for comparison. (Right) Six months later showing rapid reconstitution of
navicular. Very minimal narrowing still remains,

FiG. 10 Male, 4 years and 7 months.
Reconstitution 1n Kohler's disease with ini-
tal radiolucency appeaning centrally.

the four cases occurring in girls. All were
unilateral.

None of the cases exhibited multicentered
ossification in the opposite navicular by
roentgenogram.

In all, the entire bone became dense.
There was a difference in measurement of
the width of the navicular running in 2 plane
between the talus and the cuneiform of at
least 2 mm, between the abnormal and the
normal sides when first seen. In three of
the four the difference progressed sull
further under roentgen observation. \Yheﬂ
the bone lost its increased density, this diam-
eter was reconstituted rapidly to within 5/10
mm. of the normal side. All were accom-
panied by easily recognized deep soft-tissue
swelling on the roentgenogram. Fragmenta-
tion was not a marked feature, although the
increased density did not disappear through-
out the bone evenly, Often radiolucency first
appeared centrally.

The time interval for these changes ap-
peared to be extraordinarily rapid when
compared with conditions such as Legg-
Perthes disease. One case was noted 10
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Fig. 11. Kéhler's discasc in female 4 years and 8 months of age. There was associated
peroncal muscle spasm, holding foot in pronated position. (Left) Anteroposterior view.
Note contrast in density of entire bone on lcft as compared with tarsal navicular on right.
(Right) Lateral showing incrcased density of navicular and pronated positions of foot.

Fi6. 12, Density and narrowing with
soft-tissue swelling about navicular in boy
i"gf:d 4years. Involved foot, right; normal,

Progress to still further narrowing in a
3-mo.mh period and 7 months later was re-
Constituted equivalent to the normal side.
f.Cal:eful measurement of naviculars ossi-
r{)l‘!;‘g irregularly rev_eals that progressive nar-
sucling O_f the bone is not a feature, although
aviculars appeared to lie on the narrow

Fic. 13. Osteochondritis dissecans of
the tarsal navicular with area of subchon-
dral bone separated from parent body.

side in the lateral roentgenogram as com-
pared with those coming in from a single
center. Other diseases of the navicular, such
as osteochondritis dissecans, are readily dif-
ferentiated by their localized involvement on
the articular surface of the navicular, the
increased density of the subchondral bone
tending to occur on the talar face of the
navicular and to be demarcated from the
parent bone by a crescent-shaped area of
radiolucency.
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MALES—SINGLE CENTER

MALES—MULTIPLE CENTERS

AGE LiMits AVERAGE AGE Limirs AVERAGE
2 .1 to .3 2

214 q 5 .25

3 d 6 33 3 1 oto .1 .
3 .1 6 .39 31 1 .1 1
4 2 38 52 4 .1 4 27
4y 4 .8 58 4v; .1 S 32
5 5 .9 .64 5 .1 .65 38
515 6 9 Ny 5% 2 7 45
6 6 9 74 6 2 .8 46
61 7 1.0 .78 (373 K] 8 53
7 a 1.0 .84 7 3 9 58
7% N 1.0 87 TVs S 9 69
8 8 L1 .94 8 5 1.0 74
815 9 1.1 97 814 .6 1.1 .85
9 Lo 1.2 1.04 9 7 1.2 94
915 1.0 1.2 1.05 9% .8 1.2 99
11 10 1.3 1.1 11 9 1.3 1.04
13 1.1 1.5 1.28 13 1.0 15 135

FEMALES-—SINGLE CENTER

FEMALES—MULTIPLE CENTERS

Act LiMirs AVERAGE AGE LiMiTs AVERAGE
1 d to .1 1

1% 1 3 2

2 .1 4 28

21 1 .6 36

3 2 6 .44 3 1 to 4 23
31 3 7 .53 315 .1 6 .25
4 3 8 .56 4 1 7 36
415 4 8 .63 415 .1 7 4
s 45 .85 .66 5 3 8 53
515 5 9 70 5% 4 9 59
6 6 1.0 76 6 4 9 63
6% 6 10 82 615 510 7
7 7 10 87 7 610 73
TV T 11 .89 TV 6 10 77
8 8 LI 93 8 71t .82
[:323 8 115 .95 815 8 L1 8
9 9 12 1.04 9 8 12 E:
9 0 12 11 9% 8 12 Loz
1t 1.0 13 1.15 11 .0 13 114
12 1.0 15 1.25 13 1.0 15 1.3
FIG. 14 Measurements of navicular width in | ! plane by age, by sex and by

This chapter questions seriously the exist-
ence of such an entity as apophysitis of the
os calcis. In our experience, the most com-
mon cause of painful heels in childhood is

development from multiple and single centers

SUMMARY

described as excessive prominence of the
posterosuperior angle of the os calgis. Meas-
ures to relieve it are given, Density of lhcr
apophysis of the os calcis as an i'ndlcalo.r :c
apophysitis is shown to be unreliable, sin
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Summario in laterfingua

all os calci pacs through this change as pant
of its normal development.

Rohler's discase apparently does occur ac
a definite chinical and roentgen diagnosis. Tt
should not be confured with the pormal da-
velopment of the o< navicular from muliiple
centers of owification which evenrs in ape
proximately one third of normal children.
Narrowing of the amvicular, increased dens
sity and <ofttiscue wwelling ate alt pre<ent
with the diccase. In this small series of cates

Kihlers direase occurred only in naviculars
daveloping from a single owification center.
The relatnely short span of the full course
of the disease is noted. The patient shoald
be Lept non-weight-bearing to allow recon-
stitution of the navicular, There ic no clue
as to the reason for this change in the
tiavicular. Careful attention to the normal
dovelopment of the amvicular will prevent
unnececeary  treatment of the  normal
child.

Normalitate ¢ Anormalitate del Apophise Caleance

¢ del Osso Navicular Tarsal

Summario in Interlingua

!flc articulo questiona seriemente e exis-
tentia del entitate “apophysitis del calcanco.”
'Lc’plus commun causa de dolores del calee
In juveniles es, secundo nostre experientia,
un prominentia excessive del angulp postero-
Superior del caleanco, Mesuras de allevia-
mento es presentate. Es monstrate que den-
sitate del apophyse calcanee es pauco secur
mo indication de apophysitis, proque
omne caleaneos experientia iste alteration
como parte de Jor disveloppamento normal.

1 pase que morbo de Kohler corresponde
2 un definite diagnose clinic e roentgeno-
logic. Mo non deberea esser confundite con
le disveloppamento del osso mavicular ab
multiple centros de ossification, proque isto
€ occurrentia normal que pote esser obser-

vate in circa un tertio del juveniles sin
pathologia. Striction def osso nanicular, augs
mento de densitate, e tumescentia de essuto
molle es omnes presente in casos del morbo.
In lc presente pauco numerose serie de
casos, morbo de Kihler occurreva solmente
in ossos navicular que se disveloppava ab un
sol centro de ossification. Le relativemente
breve durantia del curso complete del morbo
es notate. Le patiente debe esset prategite
contra cargas de peso pro permitter le re-
constitution del osso nmavicular. I existe
nulle signo que identificarea le rationes de
iste alteration in le osso navicular. Per
prestar le plus caute attention al disveloppa-
mento normal del osso navicular on evita le
tractamento innecessari de juveniles normal.
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Avascular Necrosis of the Carpal Lunate

FREDERICK M. MAREK, M.D., F.A.C.S.*

Kienbock’s disease, avascular or aseptic
necrosis, osteochondritis, post-traumatic ma-
lacia of the carpal lunate, lunatomalacia, are
only some of the labels applied to a lesion of
the carpal lunate bone which so far has
defied accurate analysis of its pathogenesis
and has presented largely unsolved therapeu-
tic problems, A voluminous partisan Jitera-
ture has accumulated, emanating mainly
from the Scandinavian countries and Ger-
many. There are only a few British and
American reports>#1438 T have seen seven
patients with avascular necrosis of the carpal
lunate in my private practice; four of these
have been followed adequately and form
the basis of this report.

PATHQGENESIS AND PATHOLOGY

There is now almost universal agreement
that the carpal lunate infrequently becomes
more or less completely necrotic, Kien-
bock!? and Axhausen! deserve credit for
establishing this firm pathologic cancept.
Later pathalogic reports have confirmed this
fact.36:9141%20  The traumatic etiology of
this lesion 15 also accepted generally. Other
theories, such as Axhausen’s arterial em-
bolism, infection and various constitutional
abnormalities, do not seem to be tenable.
However, there is very active discussion as
to whether Kienbock’s disease presents a
simple compression fracture with nonunion
and pseudarthrosis formation®47.1%11.36.17,39
or whether necrosts occurs primarily and is
in turn followed by secondary compression

* Mt Sinan Hospital, New York City.
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and crumbling of the bone. In 1910 to 1911
Kienbock established the characteristics of
the condition and propounded an explana-
tion, He thought that an injury, possibly a
perilunar subluxation of the wrist, interfered
with the circulation of the lunate with subse-
quent necrosis of the bone and secondary
fractures and compression. The strongest
argument against this hypothesis by many
authors™1%1136.0219 stemg from the fact that
even complete dislocation of the lunate is
rarely ever followed by the classic picture of
Kienbock’s disease. Occasional bilater™
cases and the frequent absence of any signi
cant trauma also are cited against tt
theory. In favor are the undeniable pr
ponderance of young manual Iaborers wi
the predominant right wrist involved muc
more frequently, Stahl® and Dederich? &
convinced that the entire condtion is due |
a primary compression fracture wh'{&'.h dot
not heal because the wrist js not immob
tized. Necrosis of the bone and secondar
fracturing folfow in due time. However, 1
pathologic matesial has been presented i
support of this primary-fracture theory, an
even Stahl could demonsteate only for
plausible fresh fractures out of 184 case
presented. Miuller,’ Huylten:! and Per:
soni61? believe that a step formagion at th
distal radio-ulnar joint with shostening ¢
the ulna as compared with the radius (th
so-called minus variant) plays a major n'ﬂ‘
in the genesis of Kienbock's disease, wit
the lunate supposedly broken against th
protruding edge of the radivs.
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Fie. 1. Enfarged views of
the small periosteal volar and
dorsal surfaces of the carpal
lunate showing entrics of ves-
sels.

Trying to distill all these reports, I have
come to the tentative conclusion that avas-
cular necrosis occurs primarily. This may
be due to solitary or repeated trauma of the
bone, the vascular supply of which is as pre-
carious as that of the proximal portion of
the carponavicutar, the body of the talus or
the head of the femur. Examination of the
lunate reveals extensive cartilaginous sur-
facing of the bone, which actually articu-
lates with six other bones (Fig. 1). There
is only a small dorsal and slightly larger
volar surface of periosteal covering where
the blood supply enters. In cadaver arterial
injections, Stahl'® in 31 experiments found
only one or two narrow arteries entering the
Iunate from the volar side, and he was able
to demonstrate only one dorsal artery. While
these results are to be accepted with caution,
apparently there was considerably more
blood supply to the navicula in these same
specimens, indicating the relative precarious-
ness of the arterial supply to the lunate.
The absence of necrosis following volar dis-
1OCat{ons of the Iunate is explained by pres-
ervation of the volar blood supply in the
majority of cases. Watson-Jones2 illustrates
tl.us with clarity and also states that in “total
fils}ocation of the lunate” avascular necrosis
1s inevitable. The primary interference with
the blood supply is also suggested by patho-
logic examination,1# My own roentgeno-
&rams and published roentgenograms almost
always suggest widespread necrosis of the

lunate, quite frequently without any appre-
ciable compression, It is also common clini-
cal experience that, apart from an occasional
chip fracture, fractures of the lunate are ex-
tremely rare. Bohler,® who certainly has a
large fracture experience, comments that he
has secn only one clear-cut fracture of the
lunate (associated with a fracture of the
radius.) Watson-Jones®® does not even men-
tion fractures of the carpal Iunate in the 4th
edition of Fractures and Joint Injuries. All
seven patients seen by me recalled a definite
injury to the wrist, What is even more sig-
nificant is that all injuries (my case material
allowed intensive questioning) consisted of
forcible and excessive dorsiflexion of the
wrist. It seems logical to deduce that this
excessive dorsiflexion injured the important
volar arteries to the lunate. Finally it is
difficult to explain the clinical course of
these patients on the basis of a primary frac-
ture. Frequently the original injury is of
considerable severity, but symptoms seem to
diminish with and without treatment in a
relatively short period of time. Many pa-
tients seem to be unaware of symptoms for
months or years (unless questioned very
closely) and then develop pain and disability

after another minor injury, or simply after

doing unaccustomed manual work. This

classic clinical history and course deserve re-

newed emphasis, since many cases are

missed and the causal relationship to the

initial trauma is of legal importance. The
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absence of severe pain and disability ini-
tially and in the interval stage is probably
again due to the anatomy of the lunate,
which has so very little periosteun (which
has been demonstrated repeatedly to be the
pain-sensitive structure). It is not surpris-
ing, therefore, that these frequently stoic
heavy laborers do not complain severely
immediately following the injury and are
quite likely to forget about any such in-
cident. In this connection I think that it
is quite essential to make a diagnosis of
sprain of the wrist with utmost reluctance
and to roentgenograph these wrists periodi-
cally to exclude, amongst other serious in-
juries, avascular necrosis of the lunate.
Actually there is no reason to assume that
compression fractures of the lunate cannot
occur, as Stahl'® demonstrated. However, I
do want to emphasize that these cases con-
stitute a very small minority. Once the
lunate is necrotic, it is quite likely that the
so-called minus variant predisposes to com-
pression of the proximal radial surface of
the Junate. The position of the Iunate as the
“keystone” of the wrist accounts for the
severe stresses imposed on the borne.

DIAGNOSIS

All my patients were quite emphatic in
their complaints of pain and disability at the
wrist. Symptoms were relieved temporarily
by inactivity and immobilization but re-
curred promptly on activity. There was al-
ways some local heat, swelling, direct and
indirect tenderness over the lunate and, fre-
quently, loss of strength of the hand. Diag-
nosis can be suspected strongly on the basis
of the dorsiflexion injury to the wrist, fol-
lowed by a relatively pain-free interval or
directly by persistent pain and disability of
the joint Climcal findings scem to be iden-
tical in all joints. However, diagnosis rests
primarily on roentgenographic examination
of the wrint in multiple projections.!* The
appearance of the lunate then will vary,
depending on the seventy and the age of the
injury. There may be early faint density of

the Junate as compared with the other carpal
bones, usually associated with haziness of
the bone structure. Usually density is quite
marked later because of atrophy of the other
carpal bones. Often fissure fractures are
seen only with difficulty and only on roent-
genograms of good quality, Frequently fis-
sures are transverse, but later vertical
fissures and irregular oblique fissures often
are noted. A mottled appearance of the
bone may be due to incomplete necrosis, fo
compression of some bone Jamellae, and jn
later stages to some attempts at repair,
which, however, is usually most incomplete.
Compression in the proximodistal axis oc-
curs regularly, usually associated with an
increase in the dorsovolar diameter. The
outline of the lunate often is quite irregular
with spur formation and local compression,
particularly in relation to the radius. ‘In
early stages there is no significant alteration
of other bones or the wrist or the forearm
In late stages osteoarthritic changes aré
common and are of significance.

OPERATIVE FINDINGS

At operation in all my cases there wer
some irritative changes of the synovial 11m.ng
of the wrist, frequently associated with
excess joint fluid. All cultures from the
joint were negative. Usually the Iunflte can
be grossly identified without any difficulty
when good exposure is obtamed through an
adequate mid-dorsal incision. Illl on?er to
make absolutely sure about identification, it
is good practice to verify the dis.eased b.ont‘:
by roentgenographic control; this cen:.unly
should obviate such difficulties as Bohler
seems to have encountered. Usually the
lunate is deformed, crumbly, and obviously
fractured. The articular cartilages of the
bone are dull, fibrillated and irregular. The
necrosis is quite obvious, since 10 bone
bleeding is encountered in the more severe
and older cases. The bone can hardly var
be extirpated en masse, and usually it 18
necessary to remove it piecemcal. The
wound is closed readily in layers. Care
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should be taken to repair the cut dorsal
ligament, as otherwise bowstringing of the
extensor tendons will leave an unsightly,
though not too important, functional defect.
Pathologic examination of the removed bone
showed avascular necrosis, more or less
complete in all my cases. Attempt at repair
was poor, usually arising from the edge of
the bone by ingrowth of granulation tissue.
Fractures were microscopic and macro-
scopic. ‘There was never any evidence of
infection or any “malacia® not explained on
an avascular traumatic basis.

TREATMENT

Treatment of patients with avascular ne-
crosis of the lunate presents great uncer-
tainties and difficult problems. It is possible
that prolonged immobilization of the wrist
in an early stage of ncerosis of the lunate
may prevent deformity, allow improved re-
vascularization and increase the chances of
reconstitution to an essentially normal bone.
Unfortunately, patients usually do not pre-
sent severe symptoms early. Attention
should be focused on sprains of the wrist,
and early case finding should be made pos-
sible by repeated serial roentgenographic ex-
amination, even if the original roentgeno-

Fios 2 and 3. Case 1. Fig. 2 (Above) October 2, 1941 Oblique and antero-

graphic examination of the spraincd wrist
were negative. It should be realized that
avascular necrosis of the lunate is by no
means rare. Revascularization of the lunate,
unfortunately, would probably  require
months or ycars and would not be adequate
in a significant pereentage of patients. Treat-
ment of the later stages of avascular necro-
sis of the lunate by prolonged conscrvative
immobilization secms to me to be unsatisfac-
tory because these deformed necrotic bones
provoke rcaction in the rest of the joint.
For this reason also I should not favor the
radial shortening advocated by Hulten1012
or the ulnar lengthening proposed by Pers-
son.!%1% These ostcotomics apparently are
not casy and occasionally are followed by
deformity, dclayed union and nonunion.
When avascular necrosis is severe and ac-
companicd by crumbling of the bone and
deformity, excision of the lunate is advis-
able. Admittedly this is a mutilating pro-
cedure; however, it seems to give satisfac-
tory practical results in the majority of
patients. The operation is simple and should
never be complicated by such catastrophes
as excision of the wrong bone. Convales-
cence from the operation is fairly prompt,
but the patient should probably not be al-

posterior views of the night wrist showing generally increased density of lunate
with haziness of bone structure. There is compression of the radal portion of
the lunate with step formation. Bone fragment protrudes radially. A transverse
fracture line separates the small proximal compressed segment from the main
body. Two small round areas of translucency are present The distal end of
the ulnar surface 15 2 mm. proximal to the radus (minus varant). Proxmmal
edge of caputate 15 11 mm. from radius  Width of wrist, 47 mm  No arthritis.
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lowed to return to heavy work for several
months. Significant arthritis has not devel-
oped in my patients, nor has there been
much widening or subluxation of the wrist.
The capitate bone moves proximally to only
a very limited extent. If arthrodesis of the
wrist becomes necessary, this should not be
considered a terrible tragedy. I have been
impressed by the relatively small disability
entailed by a wrist fused solidly in good
position,
CASE REPORTS

Case 1. M.M., a male aged 21, truck driver,
was first seen by me on October 2, 1941. He had
fallen while playing handball in 1938. Trying to
break his fall, the right wrist was dorsiflexed
acutely. He had considerable pain and disability
at the wrist and was treated elsewhere for an
acute sprain by immobilization in a splint for
3 weeks, Then he was completely asymptomatic
until he started to drive a truck and lift heavy
paint supples in May, 1941. After 2 weeks on
this new job he noted increasing pain and disa-
bility at the right wrist, associated with swelling
and restriction of motion.

My initial examination disclosed slight swell-
ing of the middle of the dorsum of the right
wrist. Motions of the wrist joint were severely
restricted: dorsiflexion, 25° (left, 90°); palmar
flexion, 5° (left, 80°); radial deviation, 5°
(left, 15°); ulnar deviation, 5° (left, 15°).

Motions of the right forearm were free. There
was marked direct tenderness over the Iunate,
and by jarring the middle finger indirect tender-
ness could also be elicited.

Roentgenographic examination of the right
wrist (Fig. 2) revealed almost complete necrosis
of the lunate with considerable compression in
the proximodistal axis and a step formation
apparently due to compression of the bone by
the distal end of the radius. A roughly trans-
verse fracture line was visible. There was no
evidence of any true pseudarthrosis.

A diagnosis of Kienbsek’s disease was made
by me, and the patient’s right wrist was immo-
bilized in a below-the-elbow plaster of Paris cast
for 2 months. After removal of the cast the
patient was improved initially, but pain and dis-
ability of the right wrist recurred promptly. The
patient then was hospitalized, and the wrist was
explored through a dorsal incision on May 1,
1942, The lunate was found to be completely
necrotic. There were microscopic and gross
fractures with very poor repair. There was no
evidence of a true pseudarthrosis * The patient
had an ful i diate postoperative con-
valescence. He was inducted into the Armed
Forces about 1 year after operation :}nd was
able to get through the basic training period with
little difficulty. He then had a 2-year tour of
duty in the Signal and Air Corps. Eventually he
returned to his work as a truck driver and was

= Pathology of this case was described in detarl
by Dr F Roth 18

Tic 3 March 16, 1957. Fifteen years after operation. Anteroposierior alnd
lateral views of the right wrist. Lunate 15 absent. There is a roughly triangular

volar hone chip of fairly normal density clos¢ to radius and navicular.

The

capitate bone has moved to within 2 mm. of the fadius. The wrst, howev;r.
has not widened appreciably; 15 now 50 mm. Little .rcncnvc changes at the
radual surface No carpal arthriis. Minus vanant has increased to 5 mm
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Fios. 4 and 5. Case 2.

Fig. 4 {Abavey Apnl 23, 1952, Supposedly 21 days after

injury. Anteropasterior, lateral and oblique vicws of sight wrist showing geaeratly in-
creased density of lunate with haziness of bone structure. There is some, though slight,
compression of the Junate, A roughly transvezse fracture fine divides the bonce into a
narrow, ghtly wlnarward displaced provimal fragmeat and a trinngular distal {rag.
ment. The provimal uinar corner of the bone seems to be separaied by another fissure.
Minute bone chips fic between triangular and funate and proumal to jusate. The uina
is ¥ mm. shorter thon the radws. Capitate s 8 mm, from the radius. Width of the wrist,

43 mm. No anthritis.

Fia. 5. Aprif 14, 1954, Twenty-once months after operation. Anteroposterior
and laterat views of the right radius  Lunate s absent except for minute bone
chip. Capitate bone has moved proximally 2 mm. to wathin & mm. from radius.
Wrist has nat widened appreciably (44 mm.}. No significant arthritic changes
Munus vasiant has sacreased to 2 mm

f:le to Continue in this job requiring heavy Lift-
. eg Iun}ﬁ The preseat. The pauent thought that
: avored the right wrist at times and had
arned 10 yse the left hand pred atly. He

©o appreciable tenderness anywhere about the
wrist The gnip of the right hand was excellent;

stronger than that of the jeft. Roenigenographic

ad very litle pain, but occasonally the night
“513t would ache on weather chnngey ¢
195 ; Wlas re-cxamined by me on March 16,
vas o k3 1’:mst 1S years after operanon. There
appre libt‘ a&roph)" of the night forearm but no
cuble swelling of the right wrist jot.
ﬂOrsiﬁE;'O{ the jomm were somewhat restricted:
evxatinwn' ;10 3 palmar flexion, 259 raqm
of the %, 10°; ulnar deviation, 10°  Rotation
night forearm was complete. There was

tion of the right wrist (Fig. 3) revealed
absence af most of the junate exceps for a small
volar fragment. There was slight change of the
s=lative position of the other carpal bones, but
these was no evidence of any sigmficant arthritis
of the jomnt.

Case 2. LP., a male, aged 25, was seen by
me on April 28, 1952, for pain and disability of
the right wnst. Thus followed forcible dorsi-
fiexion of the right wrist when the patient pushed
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Fros, 11 and 12, Case 4. Fig. 11 (dbove) November 6, 1954. Four months after
injury. Anteroposterior and oblique views of right wrist, Lunate irregularly dense and
hazy. Deep indentation of prouimal surface near radius with horseshoe appearance
and fairly smooth margins (other wrist showed normal tunate). Several fracture lines
irregularly vertical and oblique. Cyst formation. Zero variant. Capitate 11 mm. from

radius, Width of wrist, 42 mm, No arthritis,

Fi6 12. March 16, 1957, Twenty-eight months after excision. Anteroposte~
rior and lateral views of night wrist. Absence of lunate. Minute bone fragments
present. Capitate moved down 3 to 7 mm. from radws. Width of wrist has
increased from 42 to 45 mm  No arthritis

exused. The patient had a rapid convalescence
and returned to Jight house painting about 3
months after the operatton. He continued this
work despite defintte signs of teritation of the
wrist,

He was Jast seen by me on March 16, 1957,
whea he expressed himself as being extremely
Pleased with the result of the operation. He
had continued to work as a pater, and, because
of a good deat of Jocal construction work i his
neighborhood, he frequently had to do extra
heavy Pplastering jobs for days. O {ly he

after operation, revealed shght soft-tissue thick-
ening of the ulnar compartment of the right
wrist. There was no definite atrophy of the
forearm. Motions of the wnst were restricted:
dorsifiexion, 35°; palmar flexion, 25°; radial
deviation, 10°; ulnar deviation, 10° Identical
motions on the left wrist. 70°; 70°; 15°; 15°,
Motions of the forearm were free. Grip of the
right hand was good, still considerably stronger
than that of the left hand. There was no defi-
nite tenderpess anywhere about the wrist, Roent-

used an elastic support but continued to use the
right hang predominantly. There was very lttle
thscomfort on weather change

Examination on March 1€ 1057 78 months

enc examination (Fig. 12) revealed
absence of the lunate with minute bone frag.
ments in the defect. The wrist had shortened

and widened shightly. There was no evidence of
arthritis.
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SUMMARY

The pathogenesis of avascular necrosis of
the carpal lunate has been discussed and
explained by traumatic interference with the
arterial biood supply, followed secondarily
by compression and fragmentation of the
bone. The typical course of the lesion has
been sketched, Treatment of later stages of
avascular necrosis has been illustrated by 4
case reports.
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Necrose Avascular del Osso Lunate

Swummario in Interlingua

Le pathogenese e le pathologia de necrose
avascular del carpal osso lunate es discutite
in le forma de un revista critic del litteratura
¢ super le base de mu restringite experientias
personal.

Es concludite que vulneres per dorsi-
flexion del carpo obstrue le importante fluxo
volar de sangume al osso lunate. Le resul-
tante necrose es postea sequite secundari-
mente, in le majoritate del patientes, per
compression e fragmentation del osso. Le

curso clinic es frequentemente characteristic.
Le lesion initial es sequite per incerte s_ymp'
tomas e plus o minus non-dolorose inter-
vallos de septimanas e mesmo annos de d.ura-
tion e finalmente per persistente incapacitate
e dolores post un secunde lesion de grados
minor o post un inusual effortio manual. Le
tractamento non es multo satisfactori.

q que le

ES Iel( I.llc .
effortio es facite de recognoscer iste condi-

tion promp post torqui

o luxa-




0sso lungge
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Treatment of Avulsion of the
Ischial Tuberosity

THOMAS A. MARTIN, M.D.,* AND GARRETT PIPKIN, M.D.{

THE PROBLEM

Opinions in the literature vary as to the
necessity of treatment, other than rest, in this
rare syndrome, due to failure to distinguish
between the stage of apophysiolysis and that
of actual avulsion.

It is our purpose here to show that when
such a distinction is made, indications for
treatment are clear cut and follow closely
the same general principles already estab-
lished for the treatment of injured traction
epiphyses elsewhere in the body.

MATERIAL

The material for this chapter consists of a
review of the twenty previously reported
cases on which sufficient data have been
recorded to permit analysis. An additional
eight cases are added for study, three from
the authors’ private practice and five others
from their private correspondence.

CLASSIFICATION

Stages of this syndrome may be divided
into: (1) apophysiolysis; (2) avulsion frac-
ture; and (3) ununited (old) avulsions
(Fig. 1).

1. Apophysiolysis. Goff® considers the
ischial apophysis an atavistic epiphysis, rep-
resenting a structure that was formerly a
full-fliedged bone in some other species. In

* Portland, Maine
t Kansas Cuty, Mo
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this particular instance he suggests a rudi-
ment of a bone originaily designed for at-
tachment of the massive tail muscle in the
larger reptilian forms.

Goff continues:

The ossification rate of the ischial apophysis
has never been timed with accuracy and, further-
more, never can be. Each individual youth will
have an indwidual onset time, depending upon
maturation rates and steroid growth factors.
These disturbances are false osteochondroses,
observed in early adolescence, and nsually de-
pendent upon trauma as an exciting agent. Such
thin centers are apt to be overlooked by roent-
genograms. Close studies are frequent.ly rcward-
ing, showing zones of irregular density, which
gradually coalesce as osstfication is completed
Healing results when union has taken placg with
the main substance of the bone. Trauma is the
accepted causal agent, with local tenderness and
tissue thickness apparent. Sitting and forced
resistance prove difficult. Usually the courses are
of short duration and frequently classified as
functional. The antique assumption that suchg
child 1s having “growing pains” 1s 10 dxsrcgﬂrd
a possible osteochondrosis. Fortunately, bet
rest and time usually bring about a complete
recovery (Fig. 2 and 25817.20),

2. Avulsion Fracture. Such an outcome
as Goff describes is not always the case. Tht‘:
inadequate epiphyseal plate may give wiy
under mechanical overloading, resulting i1
avulsion fracture with gross separation. (See
Figs. 7, left, & Fig. 8, left; Case 3)i
Such cases may or may not have prodroma
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symptoms of apophysiolysis. Hellmer re-
ported such a case with prodromal or pre-
slipped symptoms.?®

In his case, a 17-year-old athlete, while
running the 400 meters on uneven ground,
suddenly experienced a pain in his left but-
tock, which continued for a month. This
pain was aggravated by abduction and ex-
tension of the thigh, such as used in jumping
especially, Two months after the initial epi-
sode, the athlete again was running the 400
meters. After running about 40 meters,
there occurred a sound like a pistol shot,
which could be heard 40 meters away. The
athlete experienced a severe pain in the left
buttock, was unable to move and had to be
transported to a hospital, where a diagnosis
of avulsion of the left ischial epiphysis was
confirmed by roentgenograms.

From a theoretic anatomic standpoint, an
avulsion could be partial. Roughly, the
ischial tuber is divided into two portions,

one for the insertion of the hams, the other
for the insertion of the adductor magnusi!
Thus, a high hurdler would produce a differ-
ent pattern of injury from a dancer doing a
split (Fig. 2; Cases 1 & 2).

Orr?? reports 2 third type of force result-
ing in avulsion of the ischial tubers:

The most striking instance that I have en-
countered of this type were the cases of a mother
and daughter (ages 45 and 20) who were back-
ing their car on to a highway. It was sideswiped
from the side and rear by another car at high
speed. The women slid from the front seat, out
of the side door, violently along the ground,
avulsing all four ischial tuberosities (Fig. 3).
Casts were applied, as I have previously de-
scribed.?® Good position was obtained. They
made very good recoveries.

3. Old Ununited Avulsions. An un-
treated avulsion fracture has two possible
outcomes: it may unite spontaneously, or it
may go on to fibrous union with subsequent

TaBLE 1. UNUNITED (OLD) AVULSIONS OF THE. ISCHIAL EPIPHYSIS

AGE or AGE OF Pr.
ONSET WHEN
AUTHOR (INJURY) SEX REPORTED SYMPTOMS TREATMENT RESULT
McMaster 14 M 19 Acute lame back &hip 8 weeks’ Evacuated as unfit
bed rest for combat duty
Scott 15 M 22 Pain in thoracic spine Evacuated from
attributed to old verte- combat area
bral epiphysitis, hmp
& 1%4” shortening . . ted
Labuz 16 M 24 Pain on stooping & on Diathermy ~ Assigned to Jimite
sitting service X
Abate 16 M 22 Pain on sitting & rising  Rest, heat, Symptoms continue
procaine i
Winkler 14 M 39 Pam on sitting Excision  Relieved of symp-
& Rapp of tuber toms )
Berry 23 M 26 Pain & disability Excision Relieved of symp
of tuber toms
Lewin & 17 M 18 Pain on running or Excision Not recorded
MacLeod sitting advised
Hamsa*  Unknown M 24 Pain on 'sitting Excision Unknown
advised
Ullrieh* 16 M 23 Pain on working & Excision Unknown
sitting advised y
Prphin* 15 M 15%  Pamn onsitting & work-  Excision Relieved of symp
1ng. Backache. of tuber toms

Growth discrepancy

* Not previously reported
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Fio. 2. A graphic record of athletic stress on the sschial tubers. (Wide World Photos,
New York)
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tuber enlargement. A summary of the “old”
cases is contained in Table 1. These cases
all represent avulsions of the ischial epiphy-
ses, which developed a fibrous union with
enlargement of the tuber. The symptoms of
these cases are all very similar; viz., inability
to sit comfortably on the enlarged, ununited
tuber, and pain with lameness in back or
limb, especially when under burden. The
subsequent enlargement of the tuber may be
so gross and irregular as to suggest a tumor.
The case illustrated in Figure 4 was re-
ferred as a possible sarcoma.®> Growth dis-
crepancies of the limb or back may develop
(Case 3 & %),

The “old” cases represent a group of
fibrous unions which have a follow-up pe-
riod varying from one to twenty-five years
which became, or continued to be, sympto-
matic. Hence, fibrous union cannot be con-
sidered the criteria of a satisfactory result.
Particularly noteworthy is the failure of this
group of “old” cases to stand up under the
stress of military duty.112.10.24

Bechtol® suggests even another possible
disability as a result of such an injury,
namely, improper prosthesis fitting, should
such a case at a later date become an am-
putee. We quote:

I have had a considerable interest in the
ischial tuberosity, since 1t is the main point of
weight bearing 1n the suction-socket type of
aruficial leg.

One observatjon of some interest in the am-
putee cases has been that the majority of ischial
tuberosities do not have muscle attachment ex-
tending to their posterior angle. This avea, which
is free of muscle attachments, is a very satisfac-
tory weight bearing area. There is, however,
somewhere between 10 and 20 per cent of such
cases who have muscles attaching clear back on
the ischial tuberosity, This muscle attachment is
tender and is not satisfactory for weight bearing,
and such cases require a dfferent type of fitting
in the socket.

1 pass this bit of ischialteric information onto
you at no extra charge.

COMMENT

When the existing cases are divided into
two major categories, apophysiolysis and
avulsion fractures (Tables 2 & 3), the ques-
tion as to whether or not more definite treat-
ment than rest should be instituted is imme-
diately clarified.

Cases of apophysiolysis obtain excelfent
results on a protective program (Table 2).
Cases of avulsion fractures have all requifed
more definitive treatment or fibrous union
has resulted (Table 3). Thus, no actflfﬂ
discrepancy exists in the literature regarding
indications for treatment.

TREATMENT

Treatment is divided into three categories,
dependent upon the diagrosis, and should be
governed by the same principles which have

Ullrich)
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Tanr 2. Cases OF AroriysioLysis

PATHNT'S
AUTIIOR Ace Six Inaury TREATMLNT ResuLt
Casteltana 15 M Jumping Cast Reported satisfactory
Cohen 16 M Footcaughtina 3 weeks' rest Bony union
hole
Goff* 14 M Football Progressed through  Bony union
avascular necrosis
Milch 12 T Split dancing None Bony union
Milch 16 M Multiple, athletic  Rest Bony union
Hamsa* 16 M High jumping Rest Presumed to be satisfac-
tory
Urist* Soldier M Notstated 6 weeks' rest “Slight displacement—

reattached”

* Not presiously reported

TanLe 3. Casrs oF AVULSION FRACTURE

PATICNT'S
AuTHoR At Six INJURY TREATMENT RESULT
Gutschank 17 M Running Unsuccessful attempt Fibrous union with
(bilateral) at closed reduction enlarged tubers and
peri-ischial soft.
tissue calcification
Hellmer 17 M Running Open reduction Excellent; resumed
competitve sports
. in 5 mos.
Karfiol 19 M Running fast None for 5 mos. Excellent after 8
Fibrous union found weeks. Resumed
at operation. Tuber sports.
. removed.
Martin* 16 M Running Open reduction Excellent; 5-yr.
! follow-up
Milch 11 F  Dancing split Bed rest for 4 weeks 4-week follow-up only
Mooney 16 M Football Plaster spica 4 weeks  Fibrous union
Mo‘:“ey 16 M Football Taping and crutches Fibrous union
Orr 20 F  Auto (bilateral)  Double abduction casts “Very good recovery”
Ot with good position
ey 45 F Auto (bilateral)  Double abduction casts  “Very good recovery”
Pinki with good position
ipkin* 14 F  Dancing spht Spontaneous anatomic

reduction, plaster
spica

Bony union; follow-up
10 yrs. later reports
that she is a profes-
siona] dancer in
Paris.

* Not previous)
tSea lgxt ly reported

been established f

y or the treatment of injured

traction e

L. Ca;
well on 5
Ideally,

Piphyses elsewhere in the body.

ses of apophysiolysis uniformly do
Test and protective program.
reasonable bony union should be

demonstrable by roentgenograms before
strenuous  exercise is permitted. Milch’s
(Figs. 5 & 6) excellent follow-ups have
indicated that this may require from 2 to
4 years in the younger age groups. Urist
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records excellent recovery in the older
group in 6 weeks.

Failure to follow a protective program
could result in an avulsion fracture of the
apophysis from a second injury.

The possitility of contralateral involve-
ment should be kept in mind. Gutschank®
recorded a case with right-sided symptoms.
Roentgenograms confirmed the diagnosis
and, in addition, revealed identical involve-
ment of the left apophysis. Concurrent in-

‘ Fig. 5. Apophysiol-
ysis. (Milch, Henry:
Clinical Orthopaedics
No. 2, Philadelphia,
Lippincott)

Fic. 6 Same cas¢
as in Figure 5 two
years later. Bony un-
jon of the epiphysis
with slight deformity
of the tuber. (Milch,
Henry: Clinical Or-
thopaedics No. 2.
Philadelphia, Lippin-
cott)

volvement of epiphyses elsewhere in the
body has been reported by Scott.2
Medical management with small do:
certain antibiotics (postulated growth fac-
tor) and vitamin By, as advocated by 90ﬂy7
would appear to be a worth-while adjunct.
2. Cases of avulsion fracture should
be treated as a fracture and reduced ana-
tomically either by closed or open reduc-
tion. Thus far, no one has reported 2
purposeful closed reduction in the literaturc.

ses of



Treatment

F16. 7. (Left) Avulsion fracture of ischial tuberosity in an 11-year-old girl. (Center}
Anatomic restitution by spontancous reduction. (Right) End-result 214 years later.

Fic. 8. (Left) Avulsion fracture of ischial tuberosity in a 16-year-old boy.
(Right) Anatomic restoration by open reduction and nternal fixation.

Spontaneous anatomic reduction of an

avulsion fracture occurred in one of our
cases,

Case 1. G. S, a 14-year-old guirl, doing an
acrobatic spht at a lawn fete, slipped on at-
‘Emptﬁd Tecovery on wet grass, experienced a
Sensation of something snapping and thereafter
fSl;veloped 2 severe pain in her right buttock.

e 12y on the grass uatil transported to 2 hos-
E;tal by ambulance, where roentgenographic
is;’rpmat[on disclosed an avulsion of the right

tal epiphysis (Fig. 7). She was administered
sem)’pcdermiz: of morphine sulfate, gr. 1/6, and

10 her ward on a stretcher While being

assisted from the cart to a bed, she felt another
sudden snap in her buttock, experienced great
relief from pain, and developed ability to move
her injured extremity freely. She slept well with-
out further sedation. Fluoroscopic check the
next morning, at the time she was scheduled for
attempted closed reduction, showed that the
avulsed epiphysis had already been reduced
spontaneously. The patient was placed in a
walking hip spica, extending from ankle to
nipple line, which she wore for a month. A
roentgenogram made 48 hours after injury,
through her plaster hip spica, showed that the
avulsed eprphysis had been restored to its ana-
tomic position. After removal of her cast, she
was placed on graduated exercises for 6 months.
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A roentgenogram 2Y2 years after injury showed
that the epiphysis had united solidly and without
deformity (Fig. 7, right). She was not avail-
able for follow-up 10 years later, as she was then
a professional dancer 1 Paris.

This fortunate case indicates that an at-
tempt at manipulative reduction, under anes-
thesia, with one finger in the rectum, should
be worth while.

Fresh cases of avulsion fracture which
cannot be reduced by closed methods should
be treated by open reduction and internal
fixation. Milch,® although he has never
reported attempting such a case, states cate-
gorically that “surgical reattachment js not
to be recommended. It is technically diffi-
cult and would seem to be contraindicated.”
We regard this as an unfortunate statement
and an unwarranted conclusion. Using
Milch’s approach!®1® to the ischium, we
consider open reduction of an avulsion frac-
ture a relatively straightforward procedure
for an experienced bone surgeon. The fol-
lowing case is illustrative (Fig. 8):

Case 2. On May 24, 1952, W. F., a 16-year-
old male, while running developed a severe pain
in his left hip, referred into the left buttock. He
was transported by ambulance to the hospital.
He was unable to move his leg, which was held
in abduction, with slight flexion of the hip and
the knee. There was exquisite tenderness and
pain on any attempted rotation of the left hip.
Locally, there were swelling, fullness and ex-
quisite tenderness of the left buttock. Roent-
genograms revealed an avulsion fracture of the
left ischial tuberosity (Fig, 8, left}. Open reduc-
tion was performed on May 29, 1952, using
Mileh’s approach. The avulsed fragment was
reattached by two stamless steel screws The
immediate fixation was so satisfactory that no
postoperative cast was needed. The patient was
discharged ambulatorily on the tenth postopera-
tive day and graduated to light athletics in 8
weeks. He returned to a full athletic program
the next fall (8 months after operation).

The other open reductions of avulsion
fractures reported in the literature have
turned out equally well (Table 3).

3. Symptoms of “old” ununited cases of
ischial eprphyseal avulsion are relieved by
excision of the unumted tuber and repair of

the tendinous origin of the hams (Table 1).
The following case is also pertinent:

Case 3. D, T., 2 white 15-year-old male, had
prodromal vague pain in the general area of hrs
right hip for 2 months, One day, while broad-
jumping, he felt a sudden snap n the right but-
tock and developed a severe pain in this area.
He was carried to a physician, who diagnosed
“severe sprain.” The doctor did not take roent-,
genograms and gave dtathermy treatments over
the next 3 weeks Partial recovery gradually re-
sulted so that the boy could walk and even run
a little. He could not sit with comfort, and on
moderate exertion he had pain.

Six months after injury the patient began to
develop backache so that his family took him
to a chiropractor. The chiropractor noted that
the boy had a slight curvature and that his right
leg was ¥ inch longer than the left. Survey
roentgenograms of spme and pelvis revealed the
enlarged mass of an avulsed and ununited ischial
epiphysis. Consultation with a bone surgeon
was advised.

When first seen, additional medical history
was of interest in that he had grown between 3
and 4 inches during the previous 6 months and
had gained between 30 and 40 lbs. in werght.
Physical examination revealed a well-built and
well-proportioned, almost mature, white male,
height 6 feet 2 mches, weight 165 Ibs. He local-
ized his pain and discomfort to the right ischial
tuberosity and, more vaguely, to his low back
Pressure on the right ischial area did not elicit
tenderness. He volunteered that jt required from
10 to 15 nunutes of sitting to produce pai.
There was a palpable enlargement in the nght
ischial area. Motion of the right hip was not
Iimited. There was % inch atrophy of the right
calf and 1 inch atrophy of the right thigh The
right inferior extremity was ¥z inch longer than
the left On standing, this mcreasc in length
produced a pelvic obliquity with subsequent
compensating slight scoliosis. The scoliosis was
relieved by recumbency.

Roentgenograms reveal
ischial epiphysis with peri-ischial calcxﬁcal:qr}]

Surgical removal of the avulsed mass, witt
repair of the tendinous origins, relieved the boy's
symptoms.

Sufficient follow-up time has not elapsed
to report on the effect of this repair on the
boy’s growth discrepancics.

Some patients who have symptoms from'
an “old,” ununited avulsion are apparently
unwilling to undertake the expensc and haz-

led an enlarged avulsed
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ards of surgery. Presumably they have
modified their pstivity so as 1o obtain com-
fort (Table 1).

CONCLUSION

1. Sharp distinetion should be made be-
tneen cases of apophysiolysis and avulsion
fracture of the ischial epipliysis,

2, Cuses of apophysiolysis usually pro-
gress to bony union without deformity on a
rest and protective regimen.

3. A case of spontancous reduction of an
avulsion fracture of the ischial tuberosity is
reported. We believe this to be the first re-
ported case of closed reduction.

4. Accumulated experience indicates that
unreduced avalsion fractures of the ischial
epiphysis result in fibrous union, uncom-
fortable for sitting, and painful under bur-
den. The bony fragment enlarges so that it
forms an ischial mass. Subscquent growth
discrepancics of the limb and the back have
been reported.

S. In acute cascs, should an attempt at
closed reduction fafl, the ecpiphysis should
be restored anatomically by open reduction
and internal fixation.

6. Symptoms in “old” unumted cases of
ischial epiphysenl avulsion are relicved by
excision of the ununited tuber.
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Le Tractamento de Avulsion del Tubere Ischial

Summario in Interlingua

Pro objectivos therapeutic, apophysiolyse
e fractura avulsional del epiphyse ischial es
distinguite nettemente.

Casos de apophysiolyse debe esser trac-
tate como un osteochondrosis que require
reposo e un regime protective. Union ossee
con deformitate minimal es usualmente le
resultato.

Multiple experientias indica que mnon-
reducite fracturas avulsional del epiphyse
ischial resujta in union fibrose que causa

disconforto in seder ¢ dolor sub carga. Le
fragmento ossee se aggrandi de maniera que
illo forma un massa ischial. Discrepantias
de crescentia secundari in extremitate o
dorso pote evenir. Casos acute debe esser
tractate como fracturas requirente un reduc-
tion claudite o aperte e un adequate periodo
de immobilisation subsequente.

Symptomas in “ancian” casos de non-
union es alleviate per excision del non-unite
tubere.
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Epiphyseal Injuries About the Hip Joint®

W. R. Hamsa, M.D.

. Ccmidcring the frequency and the vary-
ing force of muscular contraction, traumatic
incidents in the muscular, the tendinous or
the epiphyseal area are rarc indeed. Today's
athletic endeavors are commonplace, and
the resultant “Charley-horse™ cpisodes are
not particularly disturbing to cither paticnt
or physician. ~ Although one may assume
that most injuries about the hip in the child
or the adolescent are limited to soft tissues,
¥ith a reputation for rapid recovery, the
force may expend itsclf in a growth plate,
cither epiphysis or apophysis. Early recog-
mu.on of the latter group is paramount if
serlous disability is to be avoided. This rec-
ognition follows if the growth in pelvis and
femur is visualized and related to the age
of the patient under consideration.

The fetal cartilaginous pelvis and femur
change into maturc bone by an orderly
Sequence of growth in primary and in sec-
ondary centers of ossification; these centers
develop in the prenatal and the postnatal
Pperiods, respectively.!  Primary centers,
Present at birth, appear 1n the femoral body
at 7 weeks, in the 1lium at 9 weeks, in the
Ischium at 3 months and 1n the pubis at 5
months (Fig. 1). Subsequently three sec-
ondary centers appear in the upper femur,
uniting with the body center when growth is
completed, The femoral head, the greater
trochanter and the lesser trochanter centers
appear at 1 year, 4 years and 13 years, re-
——

* From the Umiversity of Nebraska College of

Medicine and The Bishop Clarkson Memorial
Hosputal, Omaha, Nebraska

e

spectively, fusing with the body of the femur
at 20, 19 and 18 years, respectively (Fig.
2). Two or three centers appear in the tri-
radiate cartilage at 12 years, fusing ilium,
ischium and pubis together at 17 years.
Centers for the jliac crest, the antero-inferior
tliac spine, the ischial tuberosity and the
symphysis pubis appear at puberty, fusing
at 20 to 25 years (Fig. 3). Prior to the time
of bony union, all cartilaginous areas are
vulnerable to injury.

F16. 1. Prenatal appearance of centers:

(1) ilum at 9 weeks; (2) pubis at 20
weeks; (3) ischium at 12 weeﬁs.
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F1c. 2. Appearance and fusion ages of
centers: (1) greater trochanter, 4 to 19
years; (2) head, 1 to 20 years; (3) lesser
trochanter, 13 to 18 years

UPPER FEMORAL EPIPHYSIS

The gradual or the sudden slip of the
upper femoral epiphysis is common between
the ages of 10 and 17 years. The prepon-
derance of males mvolved suggests a trau-
matic etiology. Endocrine  deficiencies,
however, may contribute to this change, as
evidenced by the frequently associated obes-
1ty and hypogonadism. The traumatic change
may be preceded by a period of rapid
growth in an apparently normal but tall
angular adolescent.? Here the susceptibility
of the epiphyseal plate to traumatic changes
is understandable. Early symptoms are parmn,
limp, suffness and deformaty. Associated
findings of tenderness over anterior joint
capsule, limited internal rotation and abduc-
tion, and muscle spasm suggest detailed
roentgenographic studies of both hips in
extended and n flexed positions. The latter
view is particularly ymportant in the early
stages, as asymmetry of the femoral head-
neck ahignment and widening of the epiphys-
eal line are readily discernible (Fig. 4).

FiG. 3. Secondary centers at age 13
years: (1) anterosuperior spine; (2) an-
tero-inferior spine; (3) trradiate carti-
lage; (4) pubis; (5) 1schivm

Fic. 4. Anteroposterior and lateral
views of early shpping upper left femoral
epiphysis.
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Protection in this carly slipping stage by
crutch support or brace may suffice in co-
operative youngsters. The un-co-operative
and physically vigorous individual with simi-
lar early findings is a candidate for skeletal
fixation by pins, screws or triflanged nail.
Obvious displacement of the femoral head is
treated by carly manipulative reduction sup-~
plemented by open skeletal fixation (Fig. 5).
Inability to reduce the displacement by

closed maneuvers suggests fixation in a dou-
ble hip spica cast in best obtainable position
until healing occurs, Should the final healing
be unsatisfactory, a late intertrochanteric os-
teotomy will realign the femoral neck and
head functionally, Early wedge resection
of the femoral neck to obtain good head
and neck relationship is followed all too
often by late aseptic necrosis of the femoral
head,

Fig 5. Slipped upper femoral epiphysis before and aft,
and skeletal fixation,

er closed reduction
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i

Fic. 6. Healed avulsion of lesser trochan-
ter apophysis.

LESSER TROCHANTER
APOPHYSIS

This apophysis is injured rarely; the
author has seen only one patient with this
change. A 19-year-old male, complaining of
recurring pain in his right groin of one-year’s
duration, dated the onset of discomfort to a
violent exertion while high jumping. Recur-
rent attacks of pain followed each jump.
The usual trainer’s massage for a “Charley-
horse” failed to relieve him On examina-
tion the hip joint was free. Pain was

reproduced by active hip flexion against
resistance. Roentgenographic study demon-
strated a lesser trochanter elongated upward
in the direction of the iliopsoas tendon with
irregular outline (Fig. 6). Suspecting a
healing stage of a partial avulsion of the
apophysis, all physical exertion was discon-
tinued for 4 months. Symptoms regressed,
and the hip joint regained full strength
without pain.

THE ANTEROSUPERIOR ILIAC
SPINE APOPHYSIS

This prominence develops as a part of the
iliac crest. Sudden powerful flexion of the
hip places heavy stresses at both anterosupe-
rior and at antero-inferior iliac spines
through the tendons of rectus femoris heads
and of sartorius muscle groups. The antero-
superior spine is injured much oftener. A

Fic 7 (Left) Acute avulsion anterosupertor tliac spmne apophysis (Right) Healed
displaced avulsion anterosuperior ihac sptne apophysis.



The lschial Tuberosity Apophysis

Fic, 8. Healed displaced avulsion an-
tero-inferior iliac spine apophysis. (Mil-
gram, J. E.: Am. Acad. Orthop. Surgeons
Instructional Course Lectures 10:240)

classic picture is the 15-year-old sprinter
who felt a sudden sharp pain in the groin on
leaving the blocks at the starter's gun. This
pan was reproduced by active flexion of the
hip and tenderness localized over a swelling
above the hip joint. Roentgenographic
studies demonstrated a separation of the
anterosuperior spine portion of the iliac
crest (Fig. 7, left). Following a week of
bed rest with the hip in flexion, recovery
occurred in 6 weeks.

Of interest 15 an incidental finding in an
adult male of a long bony bar in the region
of the anterosuperior iliac spine. This bar
was asymptomatic, Its etiology was inter-
preted as trauma to this apophysis in pu-
berty (Fig. 7, right).

THE ANTERO-INFERIOR ILIAC
SPINE APOPHYSIS

A similar force in this same age group
may expend itself chiefly in this region Mil-
gram® descnibes such a patient with carly
hmited active hip flexion because of pain.
This flexion continued to be restricted after
cessation of pain. Roentgenographic studies
showed a mass of new-formed bone in the
shape of a beak, 2 or more inches long,
lying on the anterior hip joint capsule (Fig
8). Attention was called to the apophysis at
the tip of this beak that might lead to the
mistaken diagnosis of an osteochondroma.

Fic. 9. Displaced avulsion ischial tuber-
osity apophysis,

The size of the bony mass blocked hip
flexion mechanically. Following surgical re-
moval, reattachment of rectus femoris ten-
don to a higher level, and with cortisone
therapy, full recovery of hip motion occurred
without further bone formation.

THE ISCHIAL TUBEROSITY
APOPHYSIS

Equally rare is injury to this structure;
only two cases have been seen. Milch® de-
scribed this entity in great detail recently.
Typrcal is the 18-year-old hurdler who had
gradual onset of pain deep in the right but-
tock, which was his leading leg. This pain
was particularly aggravated by the usual pre-
paratory hamstring stretching exercises.
During a hurdling event the patient expe-
rienced sharp pain on clearing one hurdle
and was unable to continue. Swelling, ten-
derness and discoloration over the right but-
tock and saddle area were associated with
hamstring spasm and weakness. Bed rest
with hip extended and with local heat appli-
cations caused symptom regression in from
10 to 14 days, after which the patient re-
sumed all activities. When seen 2 years later,
the chief symptom was pain in the right but-
tock on prolonged sitting. The hamstring
muscles were strong and without spasm on
stretching. Tenderness about right ischial
tuberosity was mild. Roentgenographic
study demonstrated a crescent-shaped mass
of bone, 3 inches long, below and lateral to
the ischium, suggestive of an old avulsion of
this apophysis (Fig. 9). The patient refused
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surgical removal of the free fragment. Clini-
cal reasoning suggests that the major dis-
placement was related in part to the early
return to activity; a longer period of protec-
tion should favor healing of a clinical entity
that probably is much commoner than is
recognized now.

CONCLUSION

Injury to the wpper femoral epiphysis is
commonplace. The disability associated with
a marked displacement is severe; hence, the
physician is alert for early signs of this
change. Equally important, however, are
other growth centers which doubtless also
are injured frequently; being apophyses, i.e.,
not a joint component, these disabilities are
less severe. Protection from repeated injury

to a suspected epiphyseal or apophyseal
region should further decrease these disabili-
ties.
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Lesiones Epiphysee Circa le Articulation Coxal

Summario in Interlingua

Sin reguardo a lor location, le epiphyses
es specialmente susceptibile a lesiones.
Omne clinicos incontra multe casos de le-
siones al regiones de crescentia, specialmente
a 1llos circa le articulation coxal. Lesion
del epiphyse supero-femoral es ben recog-
noscite, probabilemente a causa de su pre-
coce disturbation del symmetria del gambas.
Per contrasto con isto, le lesiones del altere
apophyses circa le articulation coxal non es
promptemente recognoscite, con le conse-

quentia de un progressive displaciamento de
iste centros per le active functionamento del
musculos ¢ le production de massas 0Ssee
que pote obstruer le movimento del articu-
lation. Signos climic de leston supra un
apophyse e de su aggravation per le contrac-
tion del musculos attachate a illo indica le
necessitate de reposo absolute pro le struc-
turas 1mplicate usque Je resanation del tes-
sutos molle es adequate pro prevenir un dis-
placiamento additional.
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The Effect of Alternati
on the Epiphyseal

ng Distracting Forces
Plates of Calves;

A Preliminary Report®

WiLLIAM S. SMiTH, M.D.,} AND JAMES B. CUNNxNGHAM,'M.D.i

The growth-arresting effect of a compres-
sive type of force across the epiphyseal plate
has been well outlined by Haas’. and
others.14 Lattle is known about the applica-
tion of the opposite type of force, tension or
distraction, across the epiphyseal plate, Volk-
mann,? in 1862, suggested alterations in the
growth of long bones as a result of tension
and compression on the epiphyseal plate.

In our experiments we sought to deter-
mine the effect of the addition of a force in
the same direction as the already existing
force at the epiphyseal plate (Fig. 1).
Gelbke* utilized a heavy wire attached to
an apophysis and to the diaphysis of the
adjacent proximal long bone in dogs. Gelbke
concluded that “strong and permanent ten-
sion does not increase enchondral bone

growth; on the contrary it has nearly the
same effect as compression.”
Figure 2 shows the long-term functional

T, . . -

[V

patterned after the coaplatur—d‘xs‘traclor used for
many years by Dr. Carl E, Badgley and was con-
structed and supplied by courtesy of the Zimmer
Manufacturing Co, Warsaw, Indiana.

t Division of Orthopedic Surgery, Department of
Surgery, College of Medicine, The Ohio State Uni-
versity, Columbus, Ohio

% Ventura, California,
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adaptational changes of clongation which
have taken place in the apophysis of the
greater and the lesser trochanters of two
juvenile amputees. Both cases now are
adults in whom above-the-knee amputa-
tions were performed at the ages of 3 and 6.
The extra load required of the iliopsoas and
the gluteus medius and minimus produced
a situation of continual increased tension on
the epiphyseal plates of their respective
apophyses at their attachments.

If it can be assumed that the lesser tro-
chanter has been elongated as a result of
long-standing tension in the case of the
juvenile amputees, then underdevelopment
of the lesser trochanter might be anticipated
where the influence of the iliopsoas has been
removed. Such is the case of poliomyelitis
with severe involvement of the iliopsoas in
childhood followed into adult life. Figure 3
illustrates the severe underdevelopment of
the lesser trochanter in a long-standing case
of poliomyelitis. Nevertheless, the effects on
endochondral growth exclusive of the epiph-
ysis itself remain in question.

Lacking further clinical cases illustrating
the tension phenomenon, aftention was
turned to the situation of an absence of
pressure to an epiphysis where such pressure
t_exnsted normally.® Three separate clinical
incidents satisfying this condition were found
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occurring in the spine, two from the litera~
ture®? and one from our own cases. In all
of the cases there was either previous de-
struction or diminished growth of the ante-
rior vertical height of the vertebral body,
either from an old epiphysitis or some other
destructive process. So far as the vertebrae
above and below the involved body are con-
cerned, this could be regarded as an example

a, NORMAL GROWTH IN A
LONG BONE. GROWTH 1S
ASSOCIATEDP WITH SEVERE
FORCE IN THE DIRECTION OF
THE METAPHYSIS AT THE
EPIPHYSEAL PLATE.

GROWTH,

b COMPRESSIVE FORCE AP-
PLIED TO EPIPHYSEAL PLATE
RESULTS IN ARRESTED

of a “lack of normal pressure” phenomenon.
Here the anterior portion of the end plates
is unopposed, due to the destructive process
occurring in the adjacent vertebral body
(Fig. 4). Note how the anterior vertical
height of the vertebral bodies above and
below the involved anteriorly narrowed body
is clearly increased There is an unsatisfied
pressure deficit. It is also possible that this

f et

N s

\ [

e. DISTRACTING FORCE AP-
PLIED ACROSS THE EPIPHYSEAL
PLATE N ADDITION TO NORMAL
FORCE ALREADY PRESENT.

Fic. 1. (Left) Normal growth in a long bone. Growth is associated with
severe force mn the direction of the metaphysis at the epiphyseal plate. (Center)
Compressive force apphed to epiphyseal plate. Results mn arrested growth.
(Right) Distracting force applied across the epiphyseal plate in addition to nor-

mal force already present.

Fio. 2. Elongation of the lesser trochanter 1n adults who had above-
the-knec amputation very early in childhood. (Dr. Charles Frantz,
Grand Rapids, Mich.)
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Experimental Methods of Study

Fio. 3 (Left). A 3l-year-old female who had poliomyelitis
at the age of 4. There 1s no function of the iliopsoas or the
ip adductors and only a trace of function of the gluteus

medius and minimus.

FIG. 4 (Right). A 30-year-old female with an old de.formity
of L2, due presumably to a welldocahzed epiphysitis. The
increased growth of the anterior portions of the adjacent verte-

Bral bodies 18 easily seen.

effect has followed an abnormal pressure
placed upon the posterior portion of the
end plates by virtue of the deformity result-
ing from the diseased vertebrae with un-
opposed anterior growth.

Another clinical variety of lack of pres-
sure stimulus on an epiphyseal plate may be
found in untreated congenital dislocation of
any of the major joints. At a glance, con-
genital dislocation of the hip would appear
to fulfill the requirement, but, because of the
number of variables, space does not permit
further discussion.

EXPERIMENTAL METHODS
OF STUDY
Holstein calves were selected for study
because of the same advantage noted by
Strobino, French and Colonna,® namely, the

rapid growth rate of the long bones, the
large size of the animal facilitating mechani-
cal application of equipment, and the ad-
vantage of an isolated epiphysis in the
absence of a fibula. Seven amimals in all
were used. In three animals a type of ex-
ternal fixation was utilized with a Y-inch
Steinmann pin centrally located in a Jongi-
tudinal plane parallel to a similar pin in the
metaphysis. In the first animals the meta-
carpal was selected primarily because of the
ease of application of the apparatus. By
incorporating a turnbuckle apparatus, the
distracting force across the epiphyseal plate
could be increased easily at daily intervals.
Steinmann pins alone were inserted in a
similar manner on the opposite side for
controls. Two of the animals became in-
fected within 2 weeks, and the third suc-



128 Effect of Alternating Distracting Forces

hali}
:
;
FiG. 5. The apparatus in place. Note ?
the bowing of the pins, indicating the
distracting force obtained. '

Fic. 6. Autopsy specimen after 30
days. Note the increased height of the
proximal tibial epiphysis compared with
the opposite side. The epiphyseal plate
also 1s widened. Migration of the pin
away from the epiphyseal plate is noted.

Fic 7. (Left) Microscopic section of epiphyseal plate, control, (Rught) Microscopic
section of epiphyseal plate, experimental side.
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ceeded in kicking off the apparatus. It was
clear that the apparatus was 100 bulky 1o
employ in a distal cpiphysis, and, therclore,
subsequent experiments were performed on
the proximal 1ibial cpiphysis, & small buried
apparatus being vscd (Fig. 5). Shasp edges
were efiminiated in this apparatus in order to
minimize postoperative trauma at the sitc
of application. Great care was taken to
avoid stripping at the epiphyseal plates. At
the first application the pins were distracted
to a point of moderate bending. The wounds
were re-entered ut 10- to 14-day intervals
in ordet to incrense the amount of tension.
Although it was felt that infection was inevi-
table by this method, nevertheless, two and
three ze-entries with the application of severe
tension could be nccomplished,

RESULTS OF STUDY

Of the entire group of antmals, the ob-
servations reported are based wpon the find-
wgs in two animals with internal fixation
applied at the titnal epiphysis. At each suc-
cessive examination of the apparatus at 10-
10 14-day intervals, no tension was found on
the apparatus, indicating that at some tune
during this period the force associated with
growth exceeded the distracting force ap-
phed initiplly. After two re-entries, roent-
genographic examination showed a widened
epiphyseal plate. At necropsy, epiphyseal
separatton was expected, but imstead a
wideming of the epiphyseal plate was found
{Fig. 6). In one case there was a J-mm.
inctease in length in the experimental side
as compared with the control. Further ex-
amination of the roentgenograms showed
that this ncrease came from an incremse in
the height of the epiphysis stself This closely
parallels the findings in the two juvenide
amputees shown previously.

Microscopically a difference was noted
between the experimental and the controf
sides (Fig. 7). On the experimental side the
columns of cartilage cells of the epiphysenl
plate were large, rectangular and elongated
as compared with the closely packed plump
cuboidal cells mn the control side. Clefts were

found between the columns of cartilage on
the experimental side,

SUMMARY

1. Clinfcally, cvidence is presented to sug-
gest that alterations in growth of the epiphy-
sis exist as a result of increased tension on
the epiphysis or as an absence of tension
where this exists rormally, No conclusions
can be drawn as to the effect of such 2 force
with relation to metaphyseal growth.

2. In two out of seven Holstein calves
suitable for study, an increase in the width
of the epiphysis was noted following the
application of an intermittent distracting
force at 10- to 14-day intervals.

3. In the latter amimals the epiphyseal
plate was widened slightly but definitely as
compared with the control side.

4. Microscopically the cartilage cells of
the epiphyseal plate were elongated where a
distracting force was applied at the epi-
physeal plate as compared with the control
side,

5. Further study, with improvements in
apparatus and possibly application to an-
other animal, will be required before it can
be concluded that metaphyseal growth is
either retarded or accelerated by applying
tension to an epiphyseal plate,
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Le Effecto del Application de Alternante Fortias Distractori
a Placas Epiphysal in Vitellos; Reporto Preliminari

Summario in Interlingua

Le arresto de crescentia effectuate per le
application de un fortia de typo compressori
al placa epiphysal ha essite ben describite
per Haas ¢ alteres. Pauco es cognoscite in
re le application al placa epiphysal de fortias
del typo contrari, i.e., de tension o distrac-
tion.

In le presente studio nos ha tentate deter-
minar le effectos del addition de un fortia
equidirectional a illo jam existente como
resultato del crescentia in le placa epiphy-
sal. Le studio usava un total de septe vitel-
los de Holstein. Le alterationes del dimen-
sion del epiphyse e del placa epiphysal

esseva notate insimul con alterationes micro-
scopic al placa.

Supporto clinic del constatationes experi-
mental es citate ab duo casos de amputatos
juvenil qui esseva observate posteriormente
usque a etates adulte, ab un caso de polio-
myelitis a longe durantia, e ab un numero de
casos representante certe typos de deformi-
tate vertebral. Le exacte relation inter iste
casos clinic e Ie problema sub investiganon
es analysate. Le deductiones experimental
e etiam le deductiones clinic contribue al
explication de certes del alterationes a longe
vista con respecto al adaptation functional
que es vidite in nostre clinicas.
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The Effect of Juxta-epiphyseal Pyogenic
Infection on Epiphyseal Growth®

ROBERT S. SIFFERT, M.D.

The earliest accarate description of the
pathogenesis of acute hematogenous osteo-
myelitis in infancy and in childhood by
Starr?® has been confirmed repeatedly, and
the clinical picture has been described time
and again.10,14,15,2‘2,‘.‘4,?0,31,32 Il was recogA
nized that the seeding of infection in bone
was only one manifestation of a generalized
septicemia; treatment, therefore, was primar-
ily that of a sick child and secondarily that of
an abscessed part. Green!! pointed out the
difference between the disease in infancy
when compared with later childhood and
emphasized the benignity of the condition
at the earlier age.

With the introduction of antibiatics, the
incidence of mortality fell precipitously, and
with better control of the foci of infection
(skin, respiratory, mastoid, umbilical infec-
tions, etc.), which were recognized as the
source of the septicemia, the over-all mor-
idity of acute hematogenous osteomyelitis
declined. In the 19 years between 1935 and

1954 the number of deaths each year in the
United States from this disease dropped
from 1,103 to 8.1* In spite of this fall in
morbidity and mortality, antibiotic therapy
alone has not offered the total solution of
the control of the disease and its complica-
tions. The resistance of the organism, the
degree of general toxemia, the amount of
bone and soft-tissue involvement, the age of

* From the Orthopedic Service, The Mount Stnai
Hosputal, New York, New York,
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the child and the anatomic location of the
disease process are all factors that must
enter into the clinical judgment as to whether
or not surgical intervention to evacuate sub-
periosteal, soft tissue or joint abscesses is
indicated.141428  Attention also must be
paid to intelligent general orthopaedic care,
such as proper immobilization to prevent
further local spread of the infection, to avoid
joint dislocations, particularly in hip involve-
ment in infants, and to prevent pathologic
fractures, epiphyseal slips and other compli-
cations of the disease.!!

During the last few years the experiences
of antibjotic therapy in acute hematogenous
osteomyelitis have been evaluated.>> In
general, they indicate that there has been an
alarming and steady increase in the resist-
ance of a large number of strains of bacteria
to the antibiotics, making more difficult the
treatment of established bone infections, as
well as foci of infection elsewhere that are
potential sources of hematogenous spread to
bone. The staphylococcus, which is most
prone to develop resistance to the anti-
biotics,® is the organism involved most com-
monly in acute hematogenous osteomyelitis
in children over the age of 2.2 Some ob-
servers feel that the staphylococcus accounts
for a large percentage of bone infections in
infancy as well,>'® while others have re-
ported that either the streptococcus™% or
a great variety of organisms'® may be in-
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volved as the etiologic organisms during this
early period of life.

The antibiotics are reported to have made
little or no difference in the incidence or the
course of acute hematogenous osteomyelitis
in infants under 1 year of age.® In fact, it
has been suggested that an actual increasing
incidence in the disease might be expected
in the future, since more infants are surviv-
ing bouts of overwhelming septicemia be-
cause of the antibiotics, and a certain per-
centage of these will have residual bone
infections as a result of hematogenous seed-
ing of resistant bacteria to bone.?

In the differential diagnosis of a painful
extremity, the clinician must be aware of
the changing character and behavior of vari-
ous organisms, grown partly or completely
resistant to the antibiotics, creating a totally
different picture of the disease, It is pos-
sible, therefore, to develop acute or masked
subacute bone jnfections via the hematoge-
nous route, even though the patient is being
treated with antibiotics for a primary focus
of infection or septicemia. Rather than the
classic picture of primary acute septicemia
followed by metaphyseal localization, meta-
physeal tracking with cortical rupture and
subperiosteal abscess formation, osteomye-
Iitis developing under antibiotic therapy and
due to resistant organisms, may result solely
in areas of sharplv localized bone destruc-
tion and abscess formatjon. Symptoms then
may be insidious in onset, or the lesion may
become walled off and remain quiescent,
only to flare up after antibiotics have been
stopped or at a later period corresponding
to an increase jn virulence of the encapsu-
lated organism or decrease resistance of the
host. Trueta?® emphasized the varjability in
potential activity of the implicated organism
with its antibiotic resistance and the varia-
bility in seventy and clinical picture of the
disease 1n different geographic locations. Gil-
mour, 1n Australia,® noted that whereas 10

years ago the disease had been well con-
trolled by penicillin, since 1950 it was vir-
tually the same as it had been before peni-
cillin, due to the increasing prevalence and

changing character of the staphylococcus,
the increase in incidence in young children
and the increase in severity of the disease.

In general, the seeding of bacteria during
a bout of septicemia may occur in almost
any organ. Bacterial growth localizes and
gains a foothold in the metaphyseal area of
a long bone, apparently primarily because
of the slowed circulation in tite metaphyseal
sinusoids® in the presence of degenerating
elements of epiphyseal cartilage. Fixation of
infection in these areas by the rich reticulo-
endothelial activity, lack of phagoeytic ac-
tivity and trauma with formation of small
intra-osseous hematomas have been impl-
cated,2%1 but for the most part all are
conjectural. Once a small metaphyseal ab-
scess has formed. the amount of future
involvement depends upon a large number
of variable factors. These include the loca-
tion of the lesion, the age of the child, the
organism involved and its virulence, host re-
sistance and susceptibility, antibiotic resist-
ance and the time that therapy was begun
Green and Shannon' demonstrated that in
infants and in children below the age of 2,
the disease was of brief duration with rapid
local healing, infrequent sequestration and
rate recurrences, whereas over this age the
disease was of longer duration with slow
healing, a tendency toward sequestration,
sinus formation and residual sclerosis with
frequent recurrences.

THE EFFECT OF LOCAL PYOGENIC
INFECTION ON EPIPHYSEAL
GROWTH

‘The large sinusoidal channels, loose meta-
physeal cancellous structure, thin cortex and
foosely attached periosteum of infancy per-
mit early decompression of an intra-0sseous
abscess, with tracking of the pus into tvhc
subperiosteal area, local soft tissues of adj:}-
cent joint.!* Therefore, although there is
relatively little Jocal metaphyseal bonc de-
struction, this process predisposes toblhc tw.o
most common complications affecting epi-
physeal growth in infancy, nnr_nely, pyogenic
arthritis and epiphyseal slipping.
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ACUTL PYOGENIC ARTIRITIS

Entrance of pus into an adjacent joint
generally occurs in those areas where the
epiphyscal plate is partly (knee, shoulder) or
wholly (hip) surrounded by capsule and,
therefore, partly or wholly intra-articu-
lar."42* Drainage of the mctaphyseal abscess
occurs directly into the joint. It is uncom-
mon to observe rupture of a subperiosteal
abstess through the dense periosteal attach-
ment at the epiphyseal plate in those areas
where the plate is extra-articular. It has
been suggested that occasional pyogenic
arthritis might develop as a result of epi-
physeal slips'? or direct extension along
infected lymphatics, thrombi and, possibly,
local cellulitis associated with the pyogenic
process in the metaphysis and subperiosteal
areas®* In instances of secondary pyo-

Fi6. 1. (Left) Roentgenogram of the hip of a I-year-
hematogenous osteomyelitis of the upper femur wi
The femoral capital epiphysis has been destroyy
capsular and surrounding extracapsular structure:
hip. (Right) Roentgenogram of the same patient a
the deformity tesulting from the destruction of th
well as the extra-articular apophysis of the greater trochanter,

genic arthritis, the infection usually is vire-
lent and resistance low, since it is a compli-
cation of a well-established rapidly tracking
metaphyseal abscess. The hip is the joint
involved most commonly in infancy, and the
degree of destruction of the capsule and
the epiphysis itself bears a direct relation-
ship to the virulence of the organism, the
stage at which therapy is begun (aspiration
and/or surgical drainage, as well as anti-
biotic therapy) and the resistance of the
organism to the antibiotic used. Virulent
attack upon the joint in infancy and in early
childhood usually results in partial or com-
plete destruction of the epiphysis and the
epiphyseal plate, along with its growth po-
tential (Figs. 1 & 2). Tt is generally agreed
that a large number of cases of apparent
primary pyogenic joint involvement are

ar-old child following acute
th involvement of the hip joint.
ed completely, along with the
s, resulting in dislocation of the
t the age of 4, demonstrating,
¢ femoral capital epiphysis, as
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truly instances of small localized and unrec-
ognized foci of bone infection that have
extended into the joint.1,710.17.20.23

Probably because of the small amount of
ossification of the infant pelvis and the large
amount of cartilage making up the acetabu-
lum, bony ankylosis in infancy does not
occur.®® However, there may be capsular
destruction, with rupture of purulent mate-
rial into the surrounding soft tissues. If de-
compression occurs spontancously by this or
by surgical means, the epiphysis itself may
be spared partly or completely, but later epi-
physeal growth disturbances, secondary to
dislocation, subluxation, acetabular irregu-
larity or aseptic necrosis, with resultant de-
formity, may be observed.

In the older child, the relatively thin ar-
ticular cartilage is more vulnerable, and
bony ankylosis is not an uncommon sequel
to secondary pyogemic arthritis, Infections

..

Fia. 2.

(Left) Roentgenogram of the hip of a 1-year-old child following

of sufficient virulence to cause bony ankylo-
sis usually result in destruction of some por-
tion of the epiphyseal center and the growth
potential of the epiphyseal plate (Fig. 3).

EPIPHYSEAL SLIPPING

The confinement of bone destruction to
the metaphyseal area, with local cortical
perforation and periosteal stripping, may
produce a mechanical loosening of the
epiphysis.3* In spite of attempts at adequate
immobilization, slipping of the epiphysis,
often with concomitant septic arthritis, may
occur. In simple epiphyseal slips, where the
infection comes under control either by sur-
gical drainage of the abscess or effective
antibiotic therapy, without further damage
to the normally resistant epiphyseal cartilage
or joint surfaces, the bone usually heals
without sequestrum, and the only residual
deformity is the tilt of the epiphysis equal

- i

pyogenic involvement of the upper femur, where the infection has been conﬁned
10 the hip jomt without involvement of the extra-articular structures. (Right)
Roentgenogram of the same patient at 6 years of age. The femoral capital
cpiphysis has been destroyed, while the extra-articular uminvolved apophyses
of the greater trochanter and the lesser trochanter have contmued to grow,

causing this charactenstic deformity.
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to the degree of original slipping. Since
slipped epiphysis due to juxta-epiphyseal
pyogenic infection is almost exclusively a
complication of infancy or of early child-
hood, complete remodeling usually occurs.

INVOLVEMENT OF THE EPIPHYSEAL PLATL
AND THL EPIPHYSIS

Because of the extreme resistance of the
epiphyseal plate to infection, only occasion-
ally does a virulent infection involve the
plate directly. The bone abscess in a child
of any age usually comes to rest against the
epiphyseal plate,” and local inflammatory
changes can be seen in that area of the
metaphysis where destruction of cartilage
cells is occurring as the final stage in the
physiologic process of enchondral ossifica-
tion. These changes do not affect epiphyseal
growth itself, since the proliferating and the
palisading cells, which are responsible for
initiation and maintenance of epiphyseal
growth, are on the epiphyseal side of this
avascular resistant barrier. Occasional tem-
porary stimulation of growth occurs, due
probably either to hyperemia of the local
inflammation or thrombosis of the medul-
lary vessels?® Wilson and McKeever™
noted that growth stimulation was related
more commonly to diaphyseal than to juxta-
epiphyseal foci of infection. When the in-
fection is localized eccentrically beneath the
epiphyseal plate, eccentric stimulation and
angular deformities may occur, particularly
in the lower femoral and the upper tibial
epiphyses, with the production of genu val-
gum. Stimulation ceases when the inflamma-
tory phase is over and osseous vascularity is
restored to normal. Permanent discrepan-
cies in actual bone length due to epiphyseal
stimulation, where there is no actual destruc-
tion of the plate, have not been noted.?

In the young child the abscess is confined
to the metaphysis for a brief period before
egress is found into the subperiosteal area,
the soft tissues or the joint. Epiphyseal de-
struction usually occurs as a result of over-
whelming secondary pyogenic arthritis® or

Fic. 3. R

am of an 1
case of pyogenic infection of the upper
femur in childhood with joint involvement,
ankylosis and complete destruction of
growth from the upper femoral epiphysis.
A draining sinus of 30 years’ duration was
explored, and a sequestrated intact fem-
oral head, the size of that of a child of 6,
was removed from the base of the sinus.

locat abscess formation. Primary epiphyseal
foci, direct extension of the infection from
the metaphysis into the epiphyseal plate and
secondary pyogenic arthritis resulting from
extension of a metaphyseal abscess through
the epiphyseal plate into the epiphysis and
then into the joint are all rare.20

In older children there is a distinct differ-
ence in the complicating effects of juxta-
epiphyseal infection on epiphyseal growth,
The bone itself is larger, and the metaphysis
consists of a more complex and denser tra-
becular pattern. Therefore, a small localized
abscess cannot expand within the metaphysis
as easily as it can within the bone of an



Fi1G. 4. (Lefr) Roent-
genogram of a l-year-
old child who developed
acute Staphylococcus
aureus involvement of
the lower medial femur
during the first few
weeks of life, with ap-
parent complete destruc-
tion of the medial half
of the lower femoral
epiphysis. The genu var-
um deformity has re-
sulted from continued
normal growth from the
uninvolved lateral half
of the epiphysis (Right)
Roentgenogram of the
same patient at the age
of 8, demonstrating an
amazing degree of res-
toration of the architec-
ture of the knee. Spon-
taneous correction of
the genu varum has oc-
curred by growth of the
medtal penpheral por-
tion of the lower fem-
oral epiphysis, which was cartilaginous at 1
year of age (left), when it appeared as though
this section had been destroyed completely.
At that time osteotomy designed to correct
the genu varum would have been an unnec-
essary procedure and might have resulted in
secondary genu valgum due to later normal
growth of the medial section of the epiphysis

infant, There is local necrosis of bone by
edema, thrombosis, pressure and the de-
structive effect of bacterial toxins, with the
formation of a metaphyseal abscess. The
abscess may become completely resolved
under antibiotic therapy with no effect on
the epiphyseal plate, or may remain as a

F16.5 Roentgenogram of the knee in 2
10-year-old child complaining of local
pam for one year. A juxta-epiphyseal ab-
scess has extended to mvolve a locahized
central portion of the epiphyseal plate, re-
sulting in a serpentine abscess channel in
the metaphysis as normal growth con-
tinued. There was no leg-length inequality
or angulation at the knee. At operatron
Staphylococcus  aureus was  recovered
from the abscess, and, in spite of cen-
tral curettage of the epiphyseal plate, no
disturbance in growth occurred.
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Fi6. 6. (Left) Roents
genogram of the fore-
arm of a2-ycar-old child
with Staphylococcns an-
reus infection of the
upper end of the ulna
and secondary {nvalve-
ment with periosteal re-
action along the entire
shaft of the bone. There
is an angulated patho-
logic fracture of the
uina shaft and of the
involucrum. (Right)
Roentgenogram of the
forearm in the same
child taken 6 months
fater, demonstrating
healing of the fracture
with residual angular
deformity at the frac-
ture site. A secondary
curve of the lower ulna,
due to compensatory
epiphyseal growth has
occurred in order to
maintain the normal in-
tegrity and alignment of
the wnst joint. As re-
modeling of the fracture
angulation occurs, asso-
ciated straightening of
the lower compensatory
angulation will also take
place.

well-walled-off Brodie’s abscess growing
away from the plate as normal growth con-
tinues. However, virulent infections, locally
confined because of mechanical resistance to
spread, often result in adjacent epiphyseal
plate and epiphyseal involvement, Fre-
quently the amount of irreparable damage
done to the epiphyseal plate cannot be deter-
mined at the time of the original infection,
since much of the involved structure in the
younger child is cartilagi and does not
show up on rc logic ex ion
Often it is surprising to note the degree of
apparent regencration of bone-growth poten-
tial, which in reality represents areas never
completely destroyed (Fig. 4). Therefore,
deferment of reconstructive and stabilizing
procedures, particutarly at the hip, should

ey e

be emphasized

until adeq time has
elapsed to assess the actual degree of dam-
age suffered by the growth center,

The amount of growth disturbance is di-
rectly related to (1) the total area of the
cartilage plate destroyed in relation to the
total size of the plate and to (2) the actual
anatomic location of the destroyed area in
the plate. In these respects the effect of
destruction of areas due to pyogenic infec-
tions is similar 1o the effect of traumatic
injuries to the epiphyseal plate. Centrally
involved areas of small degree, like transepi-
physeal curettings or local central epiphyseo-
desis due to transepiphyseal nails or wires,
have litle or no effect on epiphyseal
growth?127.3¢ (Fig. 5).

Larger central defects may retard growth,
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Juxta-epiphy

but usually there will be no angular deform-
ity, since there is even and concentric growth
from the uninvolved peripheral portions of
the epiphyseal plate. However, eccentric or
peripherally destroyed areas of the plate,
with or without involvement of the adjacent
epiphyseal bone, when large enough, will
cause eccentric epiphyseodesis and result in
increasing angular deformity and shortening.

SECONDARY EFFECTS ON
EpPIPHYSEAL GROWTH ~ .

Pathologic Fracture. A less important
complication occurring usually in early
childhood is that of fracture of the shaft of
the involved bone through an area weakened
by extension of the juxta-epiphyseal infec-
tion to the subperiosteal area and diaphysis.-
Malalignment causing secondary abnormal
pressures on the epiphyseal plate of the frac-
tured, and often the adjacent articulating,
bone as well often results in gross deformi-

ties. Since this complication is most com- |

mon in the younger child, deformities of this .
nature, where there is no actual destruction
of the epiphyseal plate, usually are resolved
by periosteal remodeling and minor compen-
satory alterations in epiphyseal growth, so
that little or no permanent abnormality
exists (Fig. 6).

Effect on the Epiphysis of Companion
Bones. Juxta-epiphyseal involvement of the
lower tibia in the presence of a healthy
fibula, or similar involvement of the lower
radius with a healthy companion bone, is
not uncommon Simple stimulation of growth
due to subepiphyseal hyperemia or dia-
physeal extension is associated almost in-
variably with concomitant increase of the
companion bone with no deformity. How-
ever, when virulent infection results in local
cessation or retardation of epiphyseat growth
in one bone, the rate of growth in the un-
infected companion bone usually is either
not retarded or actually is accelerated. The
continued growth of the healthy bone, then,
may producc a “pulsion” force®* which

exerts angular pressure on the end of the
involved bone, resulting in angular deformi-
ties at the epiphyseal plate and alterations
in alignment of the articular surface.?8

SUMMARY

A brief outline is presented describing the
more common effects of juxta-epiphyseal
Ppyogenic infection on epiphyseal growth,

It is suggested that the universal security
felt initially with the introduction of the
antibiotics in the treatment of acute pyo-
genic bone infections in children be tem-
pered, and that the disease be considered
seriously in the differential diagnosis in all
cases of painful lesions in the extremities of
children in the light of increasing bacterial
resistance to the antibiotics and the asso-
ciated changing clinical picture of acute
hematogenous osteomyelitis.
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Le Effecto de Juxta-Epiphysal Infectiones Pyogene
Super le Crescentia del Epiphyse

Summario in Interlingua

Le introduction de antibioticos in le trac-
tamento de affectiones pyogene de ossos ha
grandemente reducite le morbiditate de in-
fectiones chronic. Tamen, le staphylococco
—que es le organismo le plus frequente-
mente implicate—es etiam le organismo
con le plus forte tendentia a devenir resis-
tente contra le antibioticos. Le resultato es
que (1) pauc differentia es a notar in le
incidentia ¢ le curso de acute osteomyelitis
hematogene in infantes, durante que (2) un
alteration marcate ha occurrite in Ie tableau
clinic de acute infectiones ossee con focos
de resistentia que se disveloppa durante le
therapia a antibioticos,

Infectiones juxta-epiphysal in infantes ha
lor plus grande effecto destructive super le
placa de crescentia in le presentia de un
complicante arthritis pyogene. Del altere
latere, dislocate epiphyses que non es asso-
ciate con virulente affectiones articular, re-
sulta usualmente in pauc o nulle deformitate,
Quando in juveniles de etate Pplus avantiate,
le infection es satis virulente Pro superar Je
resistentia natural del placa epiphysal, varie
grados de arresto epiphysal pote occurrer.
In isto le resultante deformitate depende del
quantitate total e del Joco del destruite carti-
lagine epiphysal,
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Effects of Trauma Upon Epiphyses

WILLIAM N, HaRsHA, M.S,, M.D.*

The purpose of this chapter is to review
some better-known facts of epiphyseal
growth and their relationship to traumatic
disturbances as seen in a common clinical
practice. T will relate this review to some
recent irivestigative studies and, Jess fre-
quently, to used therapeutic technics.

As the skeleton matures from its fetal
period to completion of growth, the epiph-
yses play the most important part in regu-
Tating linear growth and the contour of bone
ends. As a corollary, abnormality of epi-
physeal growth affects bone length or joint
contour, modifying the walking patterns,
cosmetic appearances and the ability prop-
erly to use the extremities.

For the purpose of this chapter, trauma
may be defined as a force tending to shear,
compress or distract a segment of the body
unduly. Such trauma may consist of a single
acute blow or many small repeated insults

SPRAINS

The medical literature is rematkedly de-
void of dissertations dealing with sprains and
their sequelae. The orthopaedist is all too
familiar with the laissez-faire attitude of
many practitioners toward sprains of ankle,
knee or wrist. This attitude is even more
manifest 1n dealing with similar injuries of
childhood. A spran is the result of a force

attach on the epiphyseal side of the epiphys-
eal plate. Structurally, the metaphyseal
aspect of the epiphysis is weakest, and dis-
ruption of the epiphyseal plate is a real
possibility. It has been shown that the
strength of the fibrous capsule is from two
to five times greater than that at the meta~
physeal-epiphyseal junction.®® Many authors
believe that it is possible to disrupt the
epiphysis completely from its metaphyseal
face and yet not displace it, owing to the
balanced muscular, periosteal and perichon-
drial anchors.

Frequently the orthopaedist, interested in
athletic injuries, finds that carefully taken
roentgenograms of so-called sprains in the
child, particularly about the ankle, show not
disruptions of ligamentous structuses but
actually periosteal tears, together with par-
tial separations at the metaphyseal-epiphys-
eal junction, yet without loss of anatomic
position.!*

Supparting this thesis, the so-called simple
sprain in a growing child with open ?plph'
yses merits a careful roentgenographic €x-
amination and therapeutic care. We see 2
large number of growing childeen who have
developed an asymmetric plane at the knee
joints. On close questioning they can recall
trauma to the knee that was interpreted as
a sprain. The possibility that these sprains
represented a partial disruption at the meta-

that tends to pull apart the lig >us Sup-
porting structures of a joint or fibrous inser-
tions of a tendon. Most joint capsular fibers

* Oblahoma City, Okla.

physeal-epiphyseal | must be con-
sidered. These areas are devitalized tem-
porarily, alfowing the opposite side ‘o[ the
epiphysis to continue its growth. An irregu-
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Sprains

Fic. 1, Nine-ycar-
old boy. Strain injury
to right knee with
pain along inner as-
pect at 6 years of age.
No treatment. At 9
years of age there is
10° greater varus de-
formity of the right
knee than the left.
15 this retardation of

medial femoral or
tibial epiphyses due
to trauma?

larity of growth of that part of the j'oint
usually occurs. These asymmetries of joint
lines generally are minimal, yet they may be
of such magnitude as to predispose to
future arthritic changes.

It is well known that a fracture, including

cartilage, bone or the metaphyseal-epiphys-
eal plate, is subject to slow union or nonunion
if movements are permitted. This is especially
true if motion is superimposed upon normal
or abnormal stresses such as weight-bearing
The same type of injury not subjected to
weight-bearing or undue motion heals regu-
larly. It re-establishes its circulation and
for all practical purposes is indistinguishable
from its counterpart. An example of this is
seen in slipped capital femoral epiphysis
where, if kept moving under weight-bearing,
a marked deformation of the femoral head
takes place.

The author believes that all sprains of
weight-bearing joints in children must be
considered to be severe injuries. He prefers
to immobilize them in plaster, usually carry-
ing them non-weight-bearing for from 7 to 14
days. Then, continuing the immobilization,

weight-bearing is permitted for an additional
7 to 14 days. Periodic roentgenograms dur-
ing the entire growth period are routine
procedures. Any irregularity of epiphyseal
growth at the injured area will be detected.
If it develops, proper care is indicated. The
author believes that it is reasonable to treat
a child who is developing a varus or a valgus
deformity of the knee by the application of
counterposing shoe wedges or braces. More
severe cases require arresting epiphyseal
staples properly inserted.

Case 1 (Fig. 1). A 9-year-old boy first was
seen after complaining of pain along the inner
side of his right knee which had become pro-
gressively more severe during the preceding 9
months At times 1t was severe enough to cause
him to limp. There never was swelling or de-
formity of the joint. The mother did recall a
specific instance, at 6 years of age, when the boy
jumped from a tree, twisting lus night knee, He
had some swelling and soreness on the medial
aspect. The family doctor stated that it was a
sprain and that he should run it off. No further
treatment was given Roentgenograms at our first
contact revealed 10° more varus of the right
knee than of the left. This is entirely consistent
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with diminution of epiphyseal growth of the
medial femoral condyle for an indefinite period
before it continued at the same rate as the lateral
condyle. Such asymmetric weight-bearing is a
well-known predisposing factor in degenerative
changes

This boy was treated with a medial heel and 2
sole wedge. At the end of 4 months he had
gained a significant degree of symp ic relief.
It is anti d that his r will
show a tendency toward correction of his varus
deformity. If the varus deformity were more
severe, there would be no hesitancy whatever
about staphing the medial femoral condyle until
growth had equalized.

EPIPHYSEAL DISRUPTIONS

The same type of trauma that produces a
strain, if more severe in character, will sepa-
rate the epiphysis. Usually a small triangu-
lar piece of cortex at the margin of the
epiphysis is fractured. One margin of the
epiphyseal plate is subjected more to com-
pression than to a shearing force. A shear-
g force is rarely applied alone to any unit
of the body. Usually trauma is a combina-
tion of a torsional and a compressive force.
In epiphyseal-metaphyseal fractures, the
blood supply to the epiphysis from the
metaphysis 1s completely divided. The
growth 1s stopped in that part of the epiphy-
sis that faces the metaphyses. This period
of growth cessation is proportional to the

am;

Fi6.2. An 11-year.
old boy with a pos-
terolateral epiphyseal
displacement of right
ankle. Roentgeno.
grams 2 years later
show valgus deform-
ity due to asymmetric
arrest of distal tibial
epiphysis.

degree of trauma and separation. In situa-
tions where a substantial triangular piece of
metaphysis remains attached to the epiphy-
sis, circulation to that area remains intact.
Growth will continue at this point but cease
at other areas of the epiphysis where sepa-
ration occurs.*

Epiphyseal fractures may occur at the
distal end of the radius and the distal and
the proximal ends of the tibia.

Case 2 (Fig. 2). While playing football, an
11-year-old boy twisted his right ankle and had
immediate pain and swelling. Roentgenograms
revealed a posterolateral displacement of the
metaphyseal-epiphyseal junction with the tri-
angular portion of the anteromedial tibial cortex
included. This was reduced under anesthesia and
held by non-weight-bearing plaster for 4 weeks.
A stable union of the mctaphyseal-eplphysﬂ‘
j i lted. R g ams at 6 months
showed a satisfactory alignment and no apparent
growth irregularity. 'Roentgenograms 1% years
later showed a siight valgus deformity of the
talotibial joint and a1 2 years a severe Valgus
of the tibial mortise.

These findings demonstrate that the meta-
physeal-epiphyseal area on the po.stenor
aspect of the tibia was completely divested

* The editor cannot agree with this statement but
holds that every writer is entitled to express his
opinion.
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Fi6. 3. (Top, left & right) A displaced
distal femoral epiphysis, fixed with crossed
Kirschner wires after two unsuccessful

at closed ipulation and plas-
ter immobilization. (Bottom) Roentgeno-
gram taken 2 years later; no evidence of
asymmetric growth.

of its apposition with the metaphysis. Its
growth potential was disturbed for a period
substantially longer than that portion of the
epiphysis attached to the triangular meta-
physeal fragment of bone. Certainly no
criticism of the treatment in this could be
made, but it is important for the ortho-
paedist 1o recognize this possibility.

RECURRENT DISPLACEMENTS
OF EPIPHYSES

These unstable disruptions require fixa-
tion to prevent recurrence. There are a num-
ber of situations where the fracture disloca-
tion has been reduced, though impropesly
immobilized. Recurrent slipping will occur.
Notable in this category is the slipped capital
femoral epiphysis. There may be a primary
metabolic defect that makes the metaphys-
eal-epiphysis junction more labile to stress.
Many in their early teens who sustain suffi-
cient injury may slip the capital femoral
epiphysis. Otherwise they do not present
stigmata of a metabolic disorder. Regardless
of the ectiology, an acute slipping of the
capital femoral epiphysis may be reduced by

manipulation followed by nailing. This is
accepted rather generally as the best form of

treatment
regarded.

Recurrent slipping also occurs at the distal
end of the tibia, the distal end of the femur
and, more often, the distal end of the
radius.! Open reduction with internal fixa-
tion of these lesions is not the usually ac-
cepted treatment. There is a tendency to
accept from 10° to 50° angulation in the
expectation that the body will correct such

and the only epiphysis so
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F16. 4. (Left) An epiphyseal displacement of distal left radius, fixed with crossed

i

Kirschner wires after unsuccessful attempt at closed reduction, (Right} Roentgenograms
taken 2 years later; no evidence of growth disturbance,

an angulation in due time. If this angulation
occurs in a young child and is in the plane
of motion of the joint, remolding of the
epiphysis will occur, and open surgery is
contraindicated. This has been emphasized
by Watson-Jones'* and Blount.* The author
is entirely in accord with this. There are
instances of gross displacement in which
even partial alignment cannot be achieved
and held by a closed method. Epiphyseal
fractures that occur in later childhood do
not permit an ample growing time for recon-
struction. Inevitably such cases result in
deformities. When instability exists, the
fracture may be held by crossed Kirschner
pinning of the epiphysis.

Case 3 (Fig. 3). A 4-year-old boy fell from
his tncycle and sustained a fracture dislocation
of the nfenor femoral epiphysis with anterior
displacement of the distal fragment. This frac-
ture was reduced under general anesthesia and
ummobilized 1 plaster. Forty-eight hours Jater
1t shipped back to 1ts original position It was
again reduced, and the boy was placed in a hip
spica with the knee flexed 45°. Reduction was
not d. A third was required,
and the fracture dislocation was stabilized by
crossed Kiurschner wires Two years later no
evidence of growth disturbances exsted.

Case 4 (Fig. 4). An 11%-year-old girl fell
from a water tank on her outstretched right fore-
arm, sustaining a dislocation of the distal radial
epiphysis. This was reduced, and a cast was
applied. Within 12 hours the deformity had
recurred. It was remanipulated and pinned
blindly with Kirschner wires The wires were re-
moved in 4 weeks. The patient has been followed
2 years without evidence of growth disturbances.

Unstable epiphyseal fractures are indica-
tions for Kirschner wire fixation, A more
assured holding of the fracture in a satisfac-
tory position becomes possible. To bind the
joint in forced abnormal positions that tend
to compromise the circulation, stretch hga-
ments and tendinous supports is not desirable.

SURGICAL TRAUMA

Deliberate surgical trauma injures epiphy-
ses. However, in recent years it has been
shown that some trauma can be imposed
upon epiphysis without altering the contour
of bone ends. It may be necessary to areest
epiphyseal growth completely in some Cases.
Stripping of the periosteum about the cdgc.s
of the metaphyseal-cpiphyseal junctlon,.lf
complete, will arrest the epiphysis.® Phemis-



Fi6. 5. Showing
placement of metallic
rod across the center
of epiphyseal plate of
expenmental rnbl.)its
and demonstrating
the extrusion of the
rod as cpiphysis
grows in asymmetric
manner. (Siffert, R.
S: I, Bone & Joint
Surg. 38-A:1077)

ter’® and others have demonstrated that re-
versing mortises of cortical bone crossing
epiphyseal lines will produce epiphyseal ar-
test. Any surgical procedure that might
destroy the epiphyseal plate is fraught with
danger. Open reduction of fracture disloca-
tions of epiphyses is a procedure to be car-
ried out with particular care but is preferable
to accepting irreversible deformities. Passing
a large metallic nail through the mid-portion
of a growing epiphysis will destroy that sec-
tion of the epiphysis of which the object
occupies but does not destroy the remaining
portions.®1* The epiphysis will continue to
grow and in time will extrude the nail
(Fig. 5).

Relying on this type of experiment, more
orthopaedic surgeons should be able to
transfix  epiphyses with fixing devices.
Closed reductions of fracture dislocations at
the metaphyseal-epiphyseal junction may be
fixed with cross Kirschner wires without
danger Better results will be achieved. The
necessity for repeated anesthesias and ma-
nipulative trauma will be avoided.

Blount,® Haas® and others have demon-
strated that it is possible to place metallic
staples across the peripheral epiphyseal lines
and arrest their growth for varying lengths
of time.> Complete arrest is possible if they
are left in place long enough, This occurs

by creating great compression at the epi-
physeal-metaphyseal zone.

Colonna!? and his co-workers have shown
that there is a critical degree of compression
in which epiphyseal growth will cease, and,
if this compression is maintained for a suffi-
cient period of time, complete epiphysiodesis
may occur. The amount of compression nec-
essary is equal, roughly, to three times the
body weight. The current metallic staples
used in epiphyseal stapling are those sug-
gested by Blount which, in the author’s
hands, have required about 450 pounds of
traction to spread.

SUMMARY

1. The metaphyseal-epiphyseal junction
in growing children is more labile to partial
and even complete disruption by shearing or
compressing forces than are the ligamentous
structures supporting a joint. A plea is
made for adequate roentgenograms at the
time of injury and, more important, for ade-
quate follow-up of all minor sprains and
nonfracture injuries about joints of growing
children. Only by a roentgenographic
follow-up can irregularity of the joint con-
tour be demonstrated and proper steps be
instituted early enough to reverse the
tendency.

2. It is possible and practical to cross



146 Effects of Trauma Upon Epiphyses

central portions of the epiphyseal-metaphys-
eal junctions with smooth metallic wires,
fixing fracture dislocations of the epiphysis
easily and securely. This produces far less
trauma than repeated forceful manipulations
and maintenance in extreme positions during
healing.

3, It has been shown that epiphyseal
growth can be diminished by bridging the
metaphyseal-epiphyseal junction with staples.
Usually this is temporary, but jt will become
irreversible if appositional bone forms across
the epiphyseal line. Complete arrest of the
epiphysis is accomplished by altering the
arrangement at the metaphyseal-epiphyseal
margins so that appositional bone growth
will occur.
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Effectos de Trauma Super le Epiphyse

Summario in Interlingua

Le sequente observationes es describite e
discutite:

1. In juveniles ancora crescente le junc-
tion meta-epiphysal es plus exponite a dis-
ruption partial o complete per un effortio
tangential o fortias compressori que le struc-
turas ligamentose que supporta le articula-
tion per se. Es recc date urg
le adequate examine roentgenologic al tem-
pore del trauma e, ancora plus urgente-
mente, I effectuation, durante un periodo
adequate, de observationes post-tractamental
de omne minor contorsiones e non-fractu-
rate lesiones in le vicinitate del articulationes
de juveniles in stadio de crescentia, in con-

sideration del possibile occurrentia de irregu-
larjtates crescential. Il es solmente per f6gu~
lar examines roentgenologic post le tracta-
mento que tal disturbationes del contorn®
articular pote esser demcnstratg e'q\fe le
appropriate mesuras pote esser msmm}\‘-‘ﬁ
un tempore quando il es ancora possibile
reverter le tendentia in question,

2. Es signalate que il es possibile ¢ prac-
tic de passar lisie filos metallic a trm.ﬁVt’-TSO
le portiones central del junctiones epi-meta-
physal e de fixar assi dislocationes de frac-
turas del epiphyse facilemente, securmente,
¢—al longo—con le production de multo
minus trauma que lo que resulta pecessart-
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mente ab repetite manipulationes fortiate ¢
Ie mantenentia del dislocationes in un posi-
tion extreme durante le processo curatori.

3. Es monstrate que le crescentia epi-
physal pote esser relentate per dispositivos
fixatori trans Ic junction meta-cpiphysal, i.e.,
usualmente, crampas que cffectua inter epi-
physe ¢ metaphyse un compression suffi-
ciente pro arrestar le crescentia epiphysal.

Iste arresto del crescentia es temporari usque
a un certe puncto, sed illo deveni irreversi-
bile quando osso appositional es formate a
transverso le linea epiphysal. Es etiam mon-
strate que le arresto complete del epiphyse
es effectuate per alterar le anatomia del
margines meta-epiphysal de maniera a ren-
der possibile le effectuation de epiphysodese
per le crescentia de osso appositional.



15
Slipping of the Upper Femoral Epiphysis

BECKETT HoworTH, M.D., Med.Sc.D.

HISTORY

The early history of slipping of the upper,
or capital, femoral epiphysis, or epiphysio-
listhesis, is confused because of the variety
of names applied to the disease, a lack of
clear differentiation betweeen this lesion and
other diseases and abnormalities of the hip,
the lack of roentgenography, the paucity of
observations of the pathology and the diffi-
culties arising out of the publication of the
early reports in several different languages
or as obscure paragraphs in some other
report. This slipping epiphysis was also
called traumatic epiphyseal separation, epi-
physeal fracture, adolescent rickets, bending
of the neck of the femur, adolescent or epi-
physeal coxa vara, arthritis deformans and
femoral osteochondritis of adolescence.

The author has located and read in the
original all the early references in English
and French, except the cases credited to
de Hilden and to Verduc, which could not
be found. It appears that the earliest recog-
nition of displacement of the capital feroral
epiphysis occurs in the French literature.
Paré (1572) says, “The epiphysis of the
head of the femur sometimes separates in
such a way that the surgeon is misled, think-
ing there is a dislocation instead of a sepa-
ration of the epiphysis™ In the middle of
the 17th century de Hilden is credited by
Rognetta with reporting a case of shpping
epiphysis, and Verduc, about 1694, with
another by Spillman. Petit, in 1709, in the
chapter on fracture of the neck of the

femur, discusses shpped epiphysis, the ex-
amunation and the differentiation from frac-

ture of the neck of the femur. There is a
similar discussion by Duverney in 1751, al-
though he considered the slipping to be
related to disease, such as vérole (syphilis
or tuberculosis) or scurvy, Sabatier, in
1768, in writing on the subject of fracture
of the neck of the femur, includes the case
report of a boy 15 years old, very likely a
slipped epiphysis. Richerand’s discussion of
epiphyseal displacement in his thesis on
fracture of the neck of the femur (1796) is
essentially a restatement of the obsetvations
of Paré, Petit and Duverney. This is also
teue of Boyer’s account in his Treatise on
Surgical Maladies (1814). Dupuytren
merely calls attention to epiphyseal displace-
ment as a consequence of faifs on the hip
in children (1832).

Sir Astley Cooper does not mention epi-
physeal shipping in his Treatise on Disloca-
tions and Fracture of the Joints. Liston
simply ventures the statement that it may
occasionally occur. Post, in 1840, presents
a case report with the correct diagnosis-
Single-case reports were added by South
(1847); Hutchinson (1866); Bousscau
{1867); Maunder (1875); Stetter (1877);
Wardner and Smith  (1877); Barton
(1883); Hamilton (1884); Ashurst (1884)
—he believed that violence to the hip was
the etiologic factor, as indeed it must have
been in his case and some of the othess;
Smuth (1886); and Monks (1886), who de-
scribed bilateral slipping but ascribed it to
arthritis deformans with softening of the
neck. Fiorani, in 1881, reported 15 young
children with a special form of limping, but

148
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it appears that nonc of these was a slipped
epiphysis. Colignon, in 1869, collected 10
cases from the literature.

Bousscau'’s (1867) was an autopsy report
of a boy 15 years old with a severely trau-
matic displacement of the epiphysis; the
boy was badly mauled by the wheel of a
heavily loaded cart, and he died the next
day. Wright, in 1887, recorded the autopsy
of a woman 40 years old with a complete
separation of the femoral head, apparently
since childhood, but no history was avail-
able. Miiller, in 1888, reported from Bruns’
clinic 4 cases of “bending of the neck of the
femur.” One had been resected under the
mistaken diagnosis of tuberculosis, and the
pathology was described, the first true patho-
logic report of the disease which we are
discussing.

The 1890°s were years of activity and
progress in the understanding of slipping of
the capital femoral epiphysis. Case reports
were added by Rotter in 1890, Hamilton
(3) in 1891, Bradford (3), Davies-Colley,
Hutchinson and Mayland in 1892, Battle
(4), Whitman (4), Sturrock, Hoffa, and
Hofmeister in 1894, Harte in 1897. Resec-
tion of the head of the femur as a surgical
procedure was done more frequently in this
decade, especially in Germany, and provided
an opportunity for further gross and micro-
scopic studies of slipping epiphysis. Davies-
Colley removed a femoral head in 1892,
described the gross deformity and stopped
at that. In the same year Schultz performed
a resection 3 years after the onset of symp-
toms 1n a girl of 14, and after careful study
of the specimen concluded, as Miuiller had,
that the lesion was a late form of rickets.
Rushmore in the same year resected a fem-
oral head, but in this case the separation
was induced surgically. A boy of 16 dis-
located one hip doing a split; an open reduc-

tion was done, but the dislocation recurred.
A closed reduction was attempted. Subse-
quent open reduction revealed separation of
the head from the neck, and the head was
removed. Kocher, in 1896, removed two

displaced femoral heads, describing and dis-
cussing the deformity. Maydl reported a
resected head in 1897, Hofmeister in 1898 a
traumatic displacement as well as a necrotic
head following surgical infection. Sprengel
in the same year described two removed
heads following acute traumatic slips.
Vigorous discussion took place during
this decade regarding etiology and terminol-
ogy. The disease was ascribed variously to
late rickets, osteochondritis, arthritis defor-
mans, a mysterious bending of the neck of
the femur of unknown origin, or acute
trauma, The last-mentioned etiology was
sometimes correct, as 2 number of the cases
had had severe falls downstairs, from a
height of 15 to 20 feet, or had been struck
by carriages. The term coxa vara was sug-
gested independently by Hofmeister and by
Kocher in 1894 and for some years domi-
nated the literature but added to the con-
fusion by its lack of specificity. The subject
of coxa vara was reviewed by de Quervain
in 1898, and by Joachimsthal and by Als-
berg in 1899 and 1900. Poland, in 1898, in
his classic monograph Traumatic Separation
of the Epiphyses reviewed the literature of
slipping of the capital femoral epiphysis,
from which he had collected 31 cases, and
added a case of his own. However, it was
the advent of roentgenography in 1895
_which paved the way for a really great
advance in the diagnosis, the understanding
and the treatment of epiphysiolisthesis.
Keetley, in 1888, reported a girl 20 years
old with deformity of the femur and wedging
round back which he ascribed to adolescent
rickets He performed a subtrochanteric
wedge osteotomy of the femur for correction
of the deformity; the follow-up period was
6 weeks. This deformity may have been due
to an old slipped epiphysis. The femoral
head resections in the 1890’s have been
mentioned. Sturrock, in 1894, used a pin
for internal fixation of the epiphysis to the
neck of the femur but had to remove it 2
!:]ays later because of infection, Bradford
in 1895, performed an osteotomy of r_hé



150 Slipping of the Upper Femoral Epiphysis

femoral neck for correction of the deformity.
Poland, in 1898, resected the protruding
anterosuperior corner of the neck. These
operations presented mew opportunities for
studying the deformity and the disease.

In the next two decades there were further
reports of interest. Additional specimens
were secured by resection of the femoral
head by Rammstedt (4) in 1900, one each
by Haedke in 1902, Schlesinger in 1905 and
Helbing in 1906, and Frangenheim (6) in
1909. Curiously, only the bone and the carti-
lage were examined; no attention was paid
to the soft tissues, the synovial membrane,
the periosteum and the blood vessels. The
clinical reports of this period included some
roentgenographic findings, sometimes repro-
ductions of the roentgenograms. The series
reported were more clearly differentiated
from other diseases and abnormalities of the
hip. Interesting reviews were made avail-
able by Zesas (1) in 1904 and 1911, Per-
rin (4) in 1912, Kermisson (5) in 1897,
1912, 1913 and 1918, Drehmann (3) in
1911 and Elmslie (2) in 1907 and 1911.
Hoffa reported the results of resection of the
head of the femur in 4 cases and of subtro-
chanteric osteotomy for correction of de-
formity in 2 hips. Whitman, in 1909,
reported 8 hips treated by open reductjon of
the slipping, and Wilson in 1924 presented
7 hips so treated. Additional pathologic and -
clinical data were accumulated, and further
discussions regarding etiology appeared, but
the specific cause of the lesion was not dis-
covered,

Key, in 1926, presented his candidate’s
thesis for the Americant Orthopaedic Asso-
ciation, an excellent review of the literature
of slipping epiphysis, with a report of 24
cases observed at the Massachusetts General
Hospital in the years 1904 to 1922, fourteen
of which had been followed long enough for
evaluation of treatment. This remains the
classic report on the subject in the Ameri-
can literature. Ferguson and Howorth, in

1931, reported 70 cases seen at the New
York Orthopaedic Hospital in the previous

20 years, treated by various methods. The
clinical data were analyzed, and a clear pic-
ture of the disease was presented: four prin-
cipal stages of the disease were identified,
and the roentgenographic features of the vari-
ous stages were reported; its natural course
was described, and the results of the various
treatments were evaluated in relation to the
natural course. Further, the operation of
inserting bone pegs across the epiphyseal
plate to produce healing of the disease and
union of the epiphysis was reported. These
features have been developed further by
Howorth in subsequent reports, with special
emphasis on the gross and the microscopic
soft-tissue pathology which had not been
reported previously and the results of the
pegging operation in about 200 cases. In
the past 25 years the literature has contained
reports of additional series of cases, mostly
small, treated by the methods reported
carlier, and recently there have been at-
tempts to revive open reduction as a treat-
ment of choice, but we do not yet know
the exact cause of the disease or how to
prevent it.

ETIOLOGY

Slipping of the upper femoral epiphysis
is ome of the group of osteochondroses,
which include at the hip coxa plana and
coxa magna, at the knee Osgood-Schatter
and Blount-Barber disease, in the foot apoph-
ysitis of the calcaneus, Kéhler’s disease of
the navicular and Freiberg’s infraction of the
second metatarsal head, also epiphysitis. or
Scheuermann’s disease of the spine, Kien-
béck’s disease of the carpal navicular and
osteochondritis dissecans of various epiphy-
ses, as well as several minor and rare en-
tities. All are characterized by a vascular
disturbance, trauma being a variable factor,
and each by a typical age distribution; only
Freiberg’s and Kienbdck's disease occur In
adults.

Epiphysiolisthesis is slightly more com-
mon in boys than in girls, whereas coxa
plana is six times as common in boys. The
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age distribution was 8 to 17 years, but the
two youngest cascs, 8 and 9, were assochs
ated with frank severe trauma, The pre-
slipping stage begins about one year carlier
than the slipping stage, especially in the
younger children, the average age b.eing 12
years, The average nge for shipping was
13.5 years, about two years earlier in girls
than in boys, because of the carlier skeletal
development. The right hip was involved in
38 per cent of the eases, the feft in 48 per
cent, whereas 14 per cent were bilateral.
Bilaterality is less common with early diag-
nosis and consequent protection of the
second hip.

Sixty-five per cent of the children were
significantly above average height or weight,
but only half were of the endocsine type.
Since half of the children were not of the
endocrine type, and the disease is prepon-
derantly unilateral, it is difficult to explain
it on a purely endocrine basis Tonsillec-
tomy had been performed within a few
months of onset in half of the children, and
other infections were present in 20 per cent
of the cases, but no specific relationship of
infection to the disease could be demon-
strated, and there were no bacteriologic or
pathologic findings in the hips to indicate
infection. Trauma was absent in mast of the
cases at or near onset, and when present
was usually trivial, e. g, stepping off the
curb or slipping on the pavement. Although
trawma does sometimes initiate a slip in a
vulnerable epiphysis, in the vast majority of
cases it is really an mcident in the course
of the disease rather than the cause. It
appears that the most important factor
in the etiology of the disease is rapid growth
and excessive vascularization of the epiphys-
eal plate, with consequent softening and
weakening at the junction of the neck with
the capital epiphysis; the strains of weight-
bearing and activity are contributory.

The typical child with shipping epiphysis

15 talt for ns age, overweight, or both, often
of the flabby type, with weak arches and
hnock knees, and clumsy in physical activ-

ity. Many of them walk with the legs in
external rotation, and poor posture is
common,

PATHOLOGY

Open operations were done at the New
York Orthopacdic Hospital on nearly 200
hips with stipping epiphysis in various stages.
The soft tisstes, as well as the head and the
neck, were studied grossly, and microscopic
sections were made of the soft tissues, as
well as sections from the neck across the
epiphyscal plate into the head. In the pre-
slipping stage the synovial membrane is
swollen, edematous, vascufar and villous.
There are similar but milder changes in the
capsule. Microscopic sections reveal hyper-
vascularity with perivascular lymphocytic
infiltration, wandering cells and scattered
plasma cells. At the junction of the head
and the neck a bluish zone is seen, and there
are decalcification and hypervascularity at
the junction of the neck and the epiphyseal
plate. The femoral head and the acetabu-
Jum appear to be normal,

Displacement of the head is characteristi-
cally downward and backward on the neck,
with a tilt into varus. Sometimes the down-
ward displacement is predominant, at others
the backward displacement. Rarely s a
valgus displacement seen. Displacement
varies from a minimal amount to cc
displacement of the head under the neck.
However, without surgical intervention,
separation of the head from the neck is rare,
as the slipping usually is gradual, often in
stages, and the periosteum of the neck tends
to keep up with the shipping. Furthermore,
the inferior angle between the neck and the
head tends to fifl promptly with callus, so
that there may be one or more zones of
callus of different ages. The callys becomes
mature and strong in 2 or 3 months, tending
greatly to interfere with reduction but not
prever_ning further displacement unless the
softem}'\g of the epiphyseal junction heals.
'ljhe slip may be recognized by a3 jog supe-
riorly and anteriorly at the junction of the
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head and the neck, and by the sharp angle
between the head and the neck inferjorly,
unless it has been smoothed out by callus.
There is a wider bluish zone at the junction,
often punctuated with small islands of bone
projecting through it. There is a redundant
mass of synovial tissue in the inferior angle.
Microscopically, the synovial membrane
tends in time to become less edematous and
vascular, somewhat scarred and inelastic.
There is separation between the neck and
the epiphyseal plate, in some cases suggest-
ing avulsion, with degenerative changes in
the cartilage of the plate.

After several months the inflammatory
process tends to subside and the softening
at the epiphyseal junction to heal, earlier
in the older children. However, healing and
further slipping may overlap somewhat.
The synovial membrane and capsule become
more scarred and inelastic. The epiphyseal
junction heals and becomes firm again, pres-
ently closes and ossifies, but this process
may require from 2 to 3 years. The jog
superiorly and inferiorly tends to become
smoother, and the periosteum heals over
the slip. Degenerative changes do not occur
in the head unless the head is separated
from the neck in the course of treatment, as
the circulation to the head remains ade-
quate. The residual deformity remains, and,
with a moderate or a severe slip, osteo-
arthritic changes may be seen in middle or
late adult life. These changes tend to occur
earlier and to be more severe with surgical
intervention. There 1s osteophytic produc-
tion at the junction of the head and the
neck, often at the superior acetabular mar-
gin. The head may become flattened supe-
riorly, with degenerative changes and thin-
ning of the articular cartilage.

STAGES
The disease may conveniently be divided
into the preslipping, the shipping, the healing
and the residual stages The preslipping
stage is characterized by mild symptoms and
signs, due to synovitis, with early pathologic

and roentgenographic changes. The slipping
stage is marked by similar but mare pro-
nounced changes, with the clinical, the
pathologic and the roentgenographic evi-
dences of slipping. In the healing stage the
inflammatory symptoms and signs subside,
and the epiphyseal junction heals and closes.
The residual stage is marked by the evi-
dences of deformity and later may be asso-
ciated with osteoarthritis.

SYMPTOMS

The early symptoms are those of mild
synovitis: slight pain, limp, stiffness and
disability. The pain is worse with activity,
relieved by rest. It is located in the groin,
front or inner side of the thigh, or inner side
of the knee. This radiation of the pain some-
times causes confusion, especially when ex-
amination js limited to the knee and the
thigh, and thus the diagnosis may be missed.
When slipping occurs, the symptoms tend to
become more evident; if the slipping is
sudden or marked, the pain may be severe,
and the child may be unable to put weight
on the leg. As the disease heals the symp-
toms tend to subside. However, with suc-
cessive slippings there may be exacerbations.
The residual symptoms are those of de-
formity, varying in degree, such as limp due
to shortening and external rotation of l.he
leg. Later the pain, stiffness and disability
of osteoarthritis may supervene.

SIGNS

The early signs of the preshipping stage
are a slight limp and limitation of abduction
and internal rotation with slight pain and
spasm at the extremes. Slipping res‘ul(s in
further limitation of motion, increase in pain
and spasm, shortening due to dxsplaccmc:nl.
and the typical limp due to pain, shortening
and external rotation deformity. Flexion of
the hip is associated with external rotation
and abduction, whereas straight flexion is
not possible. The femoral head can be felt
in the buttock, especially on rotation Th?st
two signs are pathognomonic. As healing
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proceeds, the acute signs subside, but some
fimitation of motion, shortening and limp
persist, due to the mechanics of the deform-
ity. Later, osteoarthritis develops and is as-
sociated with increasing pain, limp and
restriction of motion.

LABORATORY TESTS

The blood count, blood calcium, phos-
phorus and phosphatase and other common
{aboratory tests have been consistently nor-
mal. The erythrocyte sedimentation rate
usually is elevated slightly, sometimes mod-
erately. Coltures of the synovia, synovial
membrane, cortilage and bone from the
hip have uniformly yielded no growth.

ROENTGENOGRAMS

Roentgenograms are most helpful in con-
firming the diagnosis of slipping of the
epiphysis and in following its course and the
effects of treatment. They are particularly
valuable for the early diagnosis of the dis-
ease, when it is important to include roent-
genograms of the opposite hip for compari-
son. Anteroposterior and lateral views
should be obtained; the latter can best be
obtained with the hip flexed to 90° and ab-
ducted about 40°, with the patient, the film
and the roentgen tube in the same position
as for the anteroposterior view. However,
when there is much pain and spasm or limi-
tation of motion, the position must be modi-
fied accordingly.

The early toentgenographic changes are a
globular swelling of the hip~joint capsule and
decalcification, widening and irregularity on
the neck side of the epiphyseal line, without
displacement of the epiphysis. Slipping is
downward or backward, or both. Down-
ward slipping is evident in the anteroposte-
rior view, whereas posterior displacement

often is recognized more easily in the laterat
view; in doubiful cases the latter view, with
the normal hip for comparison, often is more
helpful. The changes in the curves of the
bead and the neck in the anteroposterior
view, flattening superiorly and abruptness

inferiorly, and in the lateral view a jog an-
teriorly with overriding posteriorly are dis-
tinctive. The tilt of the head posteriorly and
into varus is also recognizable. Soon, how-
ever, the prominent superior corner of the
neck begins to smooth off by absorption and
the abrupt inferior angle to fill in with calus,
so that the displacement is not as conspicu-
ous, but the distortion of the basic curves
persists.

In the healing stage the swelling of the
capsule subsides, the epiphyseal junction re-
calcifies and heals, and in time the epiphys-
eal Yine is obliterated, only the deformity
remaining. If there has been damage to the
blood supply of the epiphysis in the course
of treatment, the joint space may become
thinner, and the degenerative changes char-
acteristic of aseptic necrosis in various
degrees appear in the head, with marginal
lipping, These changes may be obvious in
a few months, or they may be delayed for a
year or more. The residual stage is charac-
terized by deformity, sometimes also by the
quiescent phases of aspetic necrosis; even-
tually some degree of ostcoarthritis with
thinning of the joint space, marginal lipping
aof the head and acetabulum, condensation
of bone at the articular surfaces and, some-
times, cystic degeneration may supervene.
Slipped epiphysis is probably the most com-
mon cause of osteocarthritis of the hip, often

in the past called by the nonspecific term
malum coxae senilis.

DIFFERENTIAL DIAGNOSIS

Any child between the ages of 8 and 17
years with a limp, pain in the thigh and, on
careful examination, limitation of motion at
the hip with pain and spasm at the extremes
sh(_)uld be suspected of having a slipping
epiphysis; he should immediately be taken
completely off weight-bearing, and roent-
genograms should be made of the hip. If
rhe.re is doubt, the child should be kept off
weight-bearing, for several weeks if neces-
sary, until symptoms and signs have sub-
sided, until serial roentgenograms can be
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had and until the diagnosis can be estab-
lished or disproven. Slipping epiphysis is
the most common disease of the hip in
children of this age group, but the diagnosis
often is missed, at least until there has been
a serious slip. It is most important that the
diagnosis be made early, for the results of
proper treatment in the early stage are excel-
lent, but it is difficult to ensure a good result
after moderate or severe slipping has oc-
curred. The features of the other diseases
that affect the hips of children of this age
group, such as tuberculosis and other infec-
tions, are so characteristically different and
so well known that differential diagnosis is
rarely a problem. True fracture of the neck
of the femur is rare in children of these
ages. The most important aid in diagnosis
is to think of the possibility of slpping
epiphysis, examine the hip carefully and
obtain good roentgenograms.

EVALUATION OF TREATMENT

The essentials for proper evaluation of the
results of treatment are a knowledge of the
natural course of the disease and careful,
accurate appraisal of the hip with the nor-
mal hip as a standard. It should be recog-
nized that the disease always heals, regard-
less of treatment, and that the results of
untreated hips often are good, sometimes
better than some of the results of treatment
Treatment is of no value unless the result is
better than if the hip were not treated.
Further, it should be recognized that aseptic
necrosis does not occur in the untreated hip
and that untreated hips rarely cause serious
trouble before middle or late adult hfe. An
excellent result is a child with a hip which,
with a careful and an honest appraisal, has
no limp, pain or disability for walking, run-
ning or sports, no shortening, full and free

Fic. 1. A 14-year-old boy. A moderate slip with no treatment and a good

result (Left) July, 1946. A moderate inR dov{nw
physeal line 1s wide, with irregular decalcification on
mature callus in the inferior angle. (Right) Sgptembcr,
leston healed nicely without treatment and without degeneral

ard and backward, The epi-
the distal side. There is
1949, 3 years later. The
tive changes n the
ligible. Abduction

head The patient had no pain and no d
and internal rotatton were slightly limi
tually because of incongruity of the
acetabular margin, but the symptoms v
The effects of treatment should be eva

treated hips and i terms of the normal hip. (Howorth,

Surgeons 20:717)

bility; limp was

&

ted Osteoarthritis may develop even-
head-peck junction with the superior
will be shight, at least until middle life.
luated m relation to the results of un-

B.: J. Internat. Coll.
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motion and no deformity. After the untreated
hip heals symptoms and signs will be only
those of the residual deformity, and if the
slip is Jess than V% inch they will be slight
and not disabling. It is difficult to secure a
better result by treatment.

The prime purpose of treatment shauld
be to prevent significant slipping of the
epiphysis. If this is accomplished, no other
treatment will be necessary, and the result
will be excellent.

TREATMENT BY PROTECTION
OF THE HIP

Since the disease always heals, it may be
treated by bed rest. However, many months
may be required for healing, and there is
some nisk that the epiphysis will slip even
in bed, especially if the child is vigorous and
acttve. Normally this epiphyseal plate closes
at about 16 years of age in gixls, 18 in boys,
The younger the child, the longer the inter-

immobiized in a cast. The resolt was

FI6. 2 (dbove). (Left) Septemt

Fios, 2 and 3. A 13-year-old girl. Partial closed

val for healing, Additional protection may
be secured with a plaster cast on the hip,
but there is o marked tendency for this to
produce permanent limitation of motion,
so that this method is to be condemned.
Wright and King have just reported a 10-
year experience with 35 hips employing
short leg casts with cross bars to maintain
internal rotation without attempting reduc-
tion of displacement, with satisfactory results
in a large percentage of the cases. Kite reports
a favorable experience with 9 hips treated
similarly, except that an attempt was made
to reduce acute slips by gentle manipulation.
Certainly methods of this sort are to be pre-
ferred fo vigorous manipulation, open reduc-
tion or complete immobilization,

Some protection may be obtained by
means of traction on the affected leg; this
method is to be recommended for a week or
two when there js much pain and spasm, but
prolonged traction is not advisable. After

reduction of a moderate slip,

fair, as usual wi
{Howorth, B.: I. Internat. Coll. Surgeons 20:718) it 10 type of reatment.

zones of callus. Heal
ton November, 1930,
of the downward disl

of mation, 95. Mod Pt

» 93, Moderate posterior displacement R
head and the elhiptical eprphyseal )ine.PTrca!.ed '-fisthml;’em
after which weight-beaning was begun, The epiphyseal Iine
(Raght) November 14, 1930, Three wer
nounced further shp, 35 mdicated by the new position of t

for 3 months; index
ated by the shallow
d rest for 6 months,
appears to be healed.

eks after weight-bearing there was a pro-

he head, as well as the

ng wath bed rest alone way require
3 many months, -
A closed reduction was a!len?pted, Y " e

ocation. A double plaster spica wa

with partial reduction
s worn for 3 months.
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Fic. 3. (Left) March 5, 1931.

Four months after reduction. The epiphyseal plate

has healed and is closing There are mild degenerative changes in the head, and
the joint space is slhightly thin, (Center) November, 1932. Two years after reduction.
The epiphyseal plate is closed and obliterated. There is moderate decalcification at the
hip, also slight irregular ossification, and the jomnt space is thin superiorly. Pain, mp
and disability are present, The index of motion is 50, (Right) October, 1945. Fifteen

years after reduction. The contour of the

head is jrregular, with moderate marginal

lipping. Ossificatron is slightly irregular, and the joint space is thin superiorly. Pain,
Imp and disability have increased The index of motion is 40.

pain and spasm have subsided, the child
may be ambulant with crutches, with or
without a leg sling of the Sam Browne belt
type, without weight-bearing on the affected
side, but it must be realized that children
are not always dependable and that a large
clumsy child usually is in danger of falling,
with consequent slipping of the eptphysis. A
truly non-weight-bearing brace may be em-
ployed, with a built-up shoe on the normal
side, but again there is some risk of injury
to the hip, and extension is not the most
favorable position for the compromised circu-
lation of the hip joint. Such methods of
treatment may well be combined with pool
exercises, if safety can be ensured. The
major disadvantage of such methods is the
long time required, with the consequent
waste of time for other purposes, extra ex-
pense and the many psychological, as well
as physical, disadvantages of converting the
child into a long-term invalid.

CLOSED REDUCTION BY
MANIPULATION
Whitman, mn 1894, advocated reduction

of the displacement by manipulation, abduc-
tion and internal rotation, followed by fixa-

tion in a plaster spica. This method of re-
duction is successful only if there is o single
very recent slip, with no callus in the inferior
angle. The manipulation should be gentle,
not forceful. Immobilization in plaster, of
even in prolonged traction, is likely to result
in a partially stiff hip. Accordingly, internal
fixation, as recommended by Wilson w.lth
the Smith-Petersen nail, or with small n:ul§,
wires or screws, is preferable, as motion is
permissible and stiffness is less likely. Un-
fortunately, only a small percentage of the
hips with moderate or more slipping are of
this easily reducible type. We have shown
that those with callus in the inferior angle
or with partial union of the epiphysis ar®
not reduced by this method; only two of
seventeen hips were anatomically improved.
One may be deceived by the changed post-
tion of the hip when the roentgenogram is
made after manipulation. Aseptic necrosis
followed the manipulation in several hips.

REDUCTION BY TRACTION

The single recent slip, without callus, may
be reduced by manual or skeletal leg
traction and immobilized by internal fixa-
tion. However, in most cases very strong
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Fias. 4 and 5. A 13-year-old boy. Closed reduction and fixation with Smith-Petersen
nail. A good clinical and anatomic result, usual for this type of treatment .wnh a fresh
slip “and no callus. No degenerative changes due to treatment. (Howorth, B.: J. Internat.

Coll. Surgeons 20:720)

3 ove), (Left) December 27, 1940. Symptoms, 3 We.eks; inde{c oi‘ motion, 15.
Heifdi}gggcé r;ovsnwlaid ¥ inch, posteriorly 34 mnch. The epiphyseal line is wxge, ;vnh
irregular decalcification distally. The joint space js normal, Operation .[am;:ry , 1 4I'i
Closed reduction with traction, internal rotation and abqucuon. Smith-Petersen nai
inserted. (Center) January 17, 1941. Nine days afer reduction. A fairly good reduction,
but slight downward and moderate posterior displacement remain, due to the old callus.
The nail is well placed; the epiphyseal line is healing. (Right) June 18, 1?41. Five
months after reduction. The epiphyseal line has healed and closed. The head is healthy,

Fia. 5. April, 1945. Four and a half years after reduction. The nail has
been removed. The epiphyseal hine is obliterated
joint space is normal. There are slight residual d
at the posterior margin. No pain or imp;
working as a messenger without handicap,

traction is required to overcome the resist-
ance of the callus inferiorly. The author
employed this method in seven cases, ob-
taining reduction of the downward but not
of the posterior displacement. The hips were

3

, the head is healthy and the
eformity and moderate lipping
index of motion, 95. The patient is

immobilized for from 10 to 12 weeks. The
final range of motion was good in only one
bip, poor in seven; aseptic necrosis occurred
if six of the hips, due to circulatory damage.
This is certainly not a good method. The



FiG. 6. A 13-year-old boy. Reduction by strong traction with plaster immo-
bilization. A fair clinical and anatomic result, one of the better results of this
type of treatment, However, degenerative changes developed in the head, and
the result became much worse.

(Top, left) March 9, 1931, Symptoms, 6 months; index of motton, 22. Head
displaced downward and posteriorly % inch. There are two zones of callus
indicating an old slip as well as a fresh one. The joint space is normal. Opera-
tion, March 18, 1931, Closed reduction by strong traction, with immobulization
i a double plaster spica for 3 months (Top, right) June 23, 1931. ‘Three
months after reduction. A fair reduction with slight downward and moderate
posterior displacement The epiphyseal line has healed and is closing. Slight
decalcification  The joint space is thin. (Bottom, left) November 18, 1933.
Two and a half years after reduction. The epiphyseal Iine is closed and obliter-
ated. The head is healthy; the deformity is unchanged. The index of motion is
34. (Bortom, right) Apri, 1945. Fourteen years after reduction. There arc
moderate cystic changes in the head and the acetabular roof. The joim.spa_ce is
thin superiorly The index of motion is 20. Moderate pain and disability.
(Howorth, B : J. Internat. Coll. Surgeons 20:719)
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results might have been better with internal
fixation and carly motion, but it is prob-
able that the traumatism of the reduction
was the major factor in the poor results.

OPEN REDUCTION

Open reduction of the displaced epiphysis
was advocated by Whitman in 1909 and
by Wilson in 1924. Open reduction was

Fie. 7. A 17-year-

Head separated from neck at operation. A fair clinical a;
average for this type of treatment. (Top, left) Octob

months; index of motion, 48. Head d " vy o S
¥z inch. Shaft in external rotation Epiphyseal line wide ;
fied, but healing. Mature callus in in?ef y AR
tion October 31, 1932, Open reduction,

right) Apnil 22, 1933, Six months afte;

valgus. Epiphyseal line healed and closed, i
space thin. (Bottom, Jeft) December 27, 1933. Fourteen m

Epiphyseal line obliterated. Head fiat

years after operation. Head be))
at margins of head, Neck sh
Timp, but active,
J. Internat. Coll, Surgeons 20:721)

I shaped, well ossified. Jomnt 5
ort, shaft in external rotatio
Index of motion, 40. Co i

done for 31 hips at the New York Ortho-
pacdic Hospital in the period 1920 to 1946,
The head was Irced and replaced on the
neck in 25 hips, and the deformity was cor-
sected by cuneiform osteotomy of the adja-~
cent neck in six. The anatomic results were
good in nearly all the hips. Twenty were
immobilized in casts for from 10 to 12
weeks; good clinical results were obtained in

old boy. Open reduction with plaster immobilization.

nd anatomic resul,
ymptoms, 6

isplaced downward % inch, posteriorly

, irregular and decalci-

onths after aperation,

fateral fourth. Joint space very thin, ;;t;;fgrl;‘:) righy) Seonar decalifcation o

right) September 24, 1938, Six
pace thin. Lippin,
tation. Shght pain :lnc%
mpare with Figue 1. (Howorth, B,
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Fic. 8. A 14ye:
nail A poor clinical and roentgenographic

-year-old boy. Open reduction; head separated from neck; fisation with
i f

il

result b of d to circul o

head. (Left) February 20, 1940, Symptoms, 4 months. Head displaced downward ]
inch, posteriorly 1 inch. Mature callus inferiorly. Epiphyseal line healed, probably closed.
Joint space normal. Operation February 28, 1940. Open reduction, fixation with nail.
(Center) Apnil 5, 1940, Six weeks after operation. Well reduced in shght valgus, but

slight downward and posterior displacement,
i (Right) Septemt

dec ion.

er 27, 1940,

Epiphyseal line healing and closing. Slight
Seven months after operation, Head flat

superiorly, cortex irregular, wrregular decalcificatton Joint space very thin Pain, limp,

disability. Index of motion, 20. A hip

fusion operation was done in October, 1941

(Howorth, B.: J. Internat, Coll. Surgeons 20:722)

only two of these; marked limitation of mo-
tion and aseptic necrosis were the rule, In-
ternal fixation with a Smith-Petersen nail
was obtained in seven hips, with a small nail
in two, and with a Lippmann screw in two.
The range of motion was better in this
group than in those immobilized, but de-
generative changes occurred in four of the
hips, and arthritic lipping was common in
those followed for several years. The op-
erations were done with gentleness and care
by orthopaedists skilled in hip surgery, to
avoild damage to the blood supply of the
hip. In recent years several attempts have
been made to revive or justify open reduc-
tion, but aseptic necrosis and arthritic lipping
have been seen in a fair portion of the
cases presented, and some of them had poor
reductions or so little slipping that reduc-
tion was not justified. The obvious cause
of the degenerative changes is the damage
to the blood supply at the time of surgery.
The risk of nailing is particularly great if
the nail 1s driven too far and must be with-
drawn, or if it is driven in the wrong direc-
tion and the nailing must be repeated. The
author has discussed open reduction with

many orthopaedists of this and other coun-
tries, and it is generally agreed that the inci-
dence of aseptic necrosis after open reduc-
tion is too great to justify its use Certainly,
the operation should not be used generally
and, if at all, only in the most favorable
circumstances and by the most experienced
and skilled orthopaedists.

PARTIAL OSTECTOMY OF THE
FEMORAL NECK

Poland in 1898, Whitman in 1909 and
Vulpius and Stoffel in 1913 repone_d one
case each in which, without attempting to
reduce the displacement, the projecting
anterosuperior margin of the neck was
trimmed away. Heyman, Herndon and
Strong have just reported favorable results
with this operation for 21 hips; in the carly
cases a bone graft also was used.

SUBTROCHANTERIC OSTEOTOMY

External rotation deformity may be cor-
rected, abduction improved and the fcmofal
head brought into better relationship \\'l(.h
the acetabulum by means of subtrochanteric



Fio. 9. A 17-year-old boy. Open reduction; head separated from neck;
fixation with Smith-Petersen nail, which entered acetabulum. A poor clinical
and soentgenographic result, with eatly degenerative changes. (Tep, left)

D ber 2, 1940. Symp ., 9 hs; index of motion, 15, Head disploced
downward 3% snch, posteriorly 34 anch, Mature callys in inferior angle; superior
angle of neck sounded Epiphyseat hoe wide and irregular, but bealing and
pa?\iany umited. Operation December 2, 1940. Open reduction; fixation with
Smith-Petersen naf 1 Top, right) December 9, 1948, Seven days afier opera-
tion Head m valgus but displaced posteriorly; shaft rotated externally. Nai
welf centered but enters acetabulum. (Bestons, lefr) Apnt 4, 1941, Four monhs
after operation  Nail removed  Head flat supenorly, with area of degeneration
and decaicfication suggestive of osteochondritis dissecans, Epiphyseal Yine
healed and closed. Joint space very thin, (Botrom, right) March 19, 1948.
Seven years after optration. Head wedge shaped. Epiphyseal line obluerated.

Joint space very thin. Shght lipping of acetabular margin. (Howorth, B,: 1.
internat Coll. Surgeons 20:723}
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FiG. 10. A 13-year-old boy. Open reduction; head separated from neck; fixation with
Lippman screw. A fair chinical and roentgenographic result, with early osteoarthritis.
(Left) August 14, 1936. Acute symptoms, 4 days; index of motion, 21. Head displaced
downward % inch, posteriorly ¥4 inch. Epiphyseal line wide and irregular. Mature
callus fills part of inferior angle and appears to be a part of the neck, but there has been
a further very recent slip. Jont space normal. Operation August 21, 1936. Open
reductron; fixation with Lippman screw. (Center) October 3, 1936, Stx weeks after
operation. Head very well reduced. Screw well centered and secure. Very shght
decaleification, Joint space normal. Screw removed 2 days later, (Right) September 20,
1939. Three years after operation. Head solidly united; epiphyseal line obliterated.
Head irregularly ossified and bell shaped with marginal lipping. Head subluxated
laterally. (Howorth, B.: J. Internat, Coll Surgeons 20:724)

osteotomy. The risk of aseptic necrosis fol-
lowing subtrochanteric osteotomy 1s mini-
mal. If the epiphyseal displacement is slight,
or even moderate, there usually will be
enough improvement with healing of the
lesion so that osteotomy will not be required.
With marked displacement osteotomy usu-
ally will be necessary, most of all for swing-
ing the jog at the head-neck junction supe-
riorly away from the acetabular margin. It
is preferable to defer the osteotomy until
pain and spasm have subsided and the lesion
has healed.

Subtrochanteric osteotomy was done in a
small series of cases with a long leg hip spica
including the opposite thigh for immobiliza-
tion. It was found that immobilization for
12 weeks tended to result in permanent
limitation of motion and that control of the
relationship of the fragments in the cast was
difficult or impossible. With the hip in ex-
tension the pull of the iliopsoas muscle re-
subied in forward angulation at the oste-
otomy site, thrusting the femoral head

further inferiorly in the acetabulum, short-
ening the femur and tending to increase ex-
tension at the expense of flexion of the hip.
Possibly this outcome conld be prevented by
placing the hip in the cast in moderate
flexion, but other difficulties would be en-
countered. Subsequently, internal fixation
of the fragments, employing various devices,
was employed with better control of t_hc
fragments and much less tendency to resid-
ual limitation of motion. However, Wi(l.‘l a
movable hip, adequate and accurate fixation
of the fragments technically is not easy and
should be undertaken only by orthopaedists
experienced in such methods. Although sub-
trochanteric osteotomy is an indirect mc.lhod
of correcting the deformuty, in most sitva-
tions it is the safest method and, therefore,
to be preferred.

INTERNAL FIXATION WITHOUT
REDUCTION

Fixation of the capital cpiphysis to lhs
femoral neck and prevention of slipping M2
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be secured with a Smith-Petersen nail, as
advocated by Wilson and others, or by one
or more pins, small nails or serews. Excel-
lent results have been obtained with such

methods in a large percentage of cases ina
numbet of series. Such methods are com-
paratively simple and reasonably safe in the
hands of orthopaedists experienced in hip

Fic. 11. A 14.year-old boy, Wedge osteotomy of neck; i i

Petersen nail The circulano}; was pareserved poysteriorelyf\,fx?;;fl; ‘;:;:dsimiltm'l
anatomic and ehinieal result, followed by aseptic necrosis and & poor clix:u lzl
result, not uncommon with this type of treatment. (Tep, left) April 7 1929
Symptoms, € months; index of motion, S0. Head displaced downward and
posteriorly 3% inch. Epiphyseal line wide, with irregular decalcification. Zonnes

of callus indicate an older and a fresh slip, Joint space normal

Qperation

April 8, 1949, Wedge osteotomy of neck; posterior atl H
pfeserved. Fixation with Smuth-Petersen ngil. Moliont?:gr:;xcxm rao“x: i;:cula]{xon
right) June 24, 1949, Ten weeks after operation. A moderatelyp oog yé o
One corner of the nai}4 enters the articular cartilage of the head. gE i }fes uclt;?m
t\as tEmaled and 15 closing. The head appears to be healthy. {Bongn}: lyefeS S:w
-;;n er 24, 1949. Six months after operation. The epiphyseat line’ is ¢l g.
ere are degenerative changes n the head, especially at its junct i b the
neck supertorly The jomt space ss thin, The index of mot%on ‘1020““h e
::re pamn, imp and moderate disability. (Bottom, right) Omollyse 9 ey
1ghteen months after operation. The eprphyseal line is obliterated SI‘h ! dtoon:
erative changes are healing, with moderate residual deformity. Th - tomen.
motion 15 30 Pamn, imp and disability have increased (Howo)r'th Be ’; dlext x
- , B2 I Inter-

nat Coll. Surgeons 20:725)
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Fic. 12. A 15-year-old boy. Subtrochanteric osteotomy, with plaster immobilization.
The coxa vara was improved, abduction and internal rotation were increased, but a
new deformity occurred at the osteotomy site  (Left) November 6, 1926, Symptoms,
2 years; index of motion, 68. The head 15 displaced downward and posteriorly ¥2 inch,
with mature callus in the inferior angle. The epiphyseal line 15 wide and irregular but
healing. The abrupt superior corner of the neck has absorbed, as usual. The head
appears to be healthy. Operation March 10, 1927. Subtrochanteric osteotomy; immo-
bilization 1n double plaster spica, with lower fragment abducted and rotated internally.
(Center) March 12, 1927. Showing position of fragments in cast. (Right) May, 1930
Three years after osteotomy. The upper fragment has flexed, but there is solid unton
with reduction of the varus and increase in abduction and internal rotation. The epi-
physeal line is closed. The head is healthy, and the joint space 15 normal, there is slight
marginal lipping. (Howorth, B.: J. Internat. Coll Surgeons 20:726)

Fi6. 13. Model of pegging operation,
showing fenestration at junction of head
and neck, through which three dnll holes
are made with a Nicola gouge, and bone
pegs from the illac wing are inserted.
There should be a mintmum of dissection
during the exposure so as to avoid damage
to the circulation of the head (Howorth,
B. Textbook of Orthopaedics, Philadel-
phia, Saunders)

nailing. However, the possibility of damage
to the circulation by such a procedure, par-
ticularly if a large flanged nail is driven in
incorrectly or more than once, must be
recognized. Occasionally the head has been
knocked loose from the neck in driving the
nail.  Such complications, with resultant
aseptic necrosis and tragic results, have oc-
curred in a disturbing percentage of rcporgcd
cases. Good roentgenographic control dunrllg
the operation and great care should r.csult in
virtual elimination of this co on. At
least two subtrochanteric fractures of the
femur through the site of nail entry have
been reported. Small nails or pins are
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Fic. 14. A 12-year-old boy. Pegging operation, slight stip. An excelient clinical and
roentgenographic result, with no degenerative changes. The usualAresuh with this
operation.” {Top, left & ceater) July 25, 1946, Symptoms., 7 weeks; _mdex of motion,
80. Shght posterior displacement. Epiphyseal line wid.e and irregolar, with decalcification
distally. Operation August 26, 1946. Bone pegging (Top, right, & bottom, lef1)
Qetober 21, 1946. Two months after operation Epiphyseal line healed and closed;
head healthy; pegs absotbmg, (Bottom, right) February 25, 1947, Six months after
operation. Epiphyseal hine healed and closed; head healthy; pegs being absorbed.
{Howorth, B.. J Internat. Coll Surgeons 20:728)

safer than the larger flanged nails. Ordi-
nanly, ths is the operation of choice
when there is a slight slip (less than 14
mnch) or n the preslipping stage. When the
disease is active chimcally and roentgeno-
graphuically, it is preferable that weight-
bearing be avoided unul pain and spasm
have subsided and the epiphyseal line has
healed. This usually requires from 3 to 6
months, longer with younger children or
more acuve disease Motion of the hip is
desirable during this convalescent period,

and supervised protected pool exercises are
advantageous.

BONE PEGGING WITHOUT
REDUCTION

It has been found in a series of more than
200 cases in the past 25 years, followed for
from 1 to 17 years with an average follow-
up of 7 years, that inserting bone Pegs across
the epiphyseal plate results in prompt heal-
ing of the disease, prevents fusther stipping
and is not followed by aseptic necrosis, The
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FIG. 17. A 16-year-old boy. Bone pegging operation; no immobilization A very
good roentgenographic and clinical result desprte slight slipping. (Top, left & center)
February 21, 1947. Symptoms, 7 months, Index of motion, 79. Head displaced down-
ward % inch, posteriorly % inch. Epiphyseal line wide and irrcgular. Mature callus
in postertor and inferior angle. Head healthy, joint space normal. Operation March 11,
1947 Three bone pegs placed across epiphyseal plate, no immobilization. Hip motions
begun second day. (Top, right & bortom, left) May 10, 1947 Two months after pegging
operation. Epiphyseal ine healed and closed No further displacement. Head healthy,
jotnt space normal. (Bottom, center & right) May 22, 1948. Fourteen months after
pegging operation. Epiphyseal line obliterated Head heaithy, joint space normal.
Shight deformity due to original displacement Index of motion, 90 No pain, limp or
gi)satsility Fully active, including sports, (Howorth, B.: J. Internat. Coll. Surgeons
20:730)

disability was unusval, never severe. There ging of itself promotes healing of the lesion

was slight marginal Jipping i some of the
hips, but no degenerative changes or aseptic
necrosis in any hip, even with the strictest
standards, This is in marked contrast with
the epiphyses which were reduced, whatever
the method The results for this entire
group were better than for any reported
group having internal fixation with nailing.
Heyman (1949) reported good results with
a similar operation for 19 hips Bone peg-

and closure of the epiphyseal plate, and
thus 1s more physiologic. Therefore. if the
surgeon is equally facile with internal fixa-
tion and bone pegging of the epiphysis, the
Jatter is the procedure of choice.

SUMMARY

The clinical features and the roentgeno-
graphic findings, the gross and the micro-
scopic pathology of the soft tissues, as well
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as the bone and the cartilage, and the natu-
ral course of slipping of the upper femoral
epiphysis have been well known for the past
25 years. The exact cause of the vascular

disturbance and the softening at the epiphys-
cal plate which precede the slipping is not
yet definitely known. It has been demon-
strated repeatedly in significant numbers of

Fig. 18. A 10-year-old girl. Pegging o] i
X il peration failed becau:
cross eplppyseal plate; operation repeated successfully, with prurfpfigeiﬂ?r:d ::x;
;Ile 5;3;]“;][;2::;:{ a;n;i};oegrgencgraphm result. No degenerative changes. %T op,
1, . Symptoms, 3 weeks. Index of motion,” 9 i 1
::x;i »I'xda;and ;rrlesgulla;é;vith decalcification distally. No d;s};;ce?neipl%]g:::l
: August 15, . Pepging of epiphysis. (Top, righ i1 .
Eight months after pegging. No evidence of h' e O oy 15,
h ng. ealing Operat :

1939‘dPegg:.ng of epiphysis. (Bottom, left) August 7, %939? %;22 rion]:l‘l?;flts’
s;;;::; Dpfc{:;%:\nbge‘r Epllpgg(s)ealéxne healing and closing Head healthy. (b’atto:ur
! » 1940. Eighteen months after second i Epi 1
l]:?:‘fzbhterated, head healthy, joint space normal. No paise%xgr(r:f ofgilsgz};:yf'eal
ions normal. (Howorth, B.: J. Internat. Coll Surgeon; 20:731) ey
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hips that separation of the epiphysis from
the neck by surgical means, whether ma-
nipulation, strong traction or open opera-
tion, is followed by aseptic necrosis of the
epiphysis with pain, limitation of motion and
disability in too large a percentage of hips
to justify such procedures except, possibly,
in very unusual circumstances. It has also
been demonstrated that the results of the
natural healing of the disease often are
better than the results following reduction
of the slipping and that aseptic necrosis does
not occur without surgical intervention.
Further, immobilization of the slipping
epiphysis, especially in extension, internal
rotation and abduction, causes permanent
limitation of motion.

Slipping of the epiphysis may be pre-
vented sometimes by protection of the hip
without immobilization, more surely by in-
ternal fixation with nails, pins or screws, or
by the insertion of bone pegs across the
epiphyseal plate. Internal fixation carries a
small risk of aseptic necrosis with its conse-
quent disability, whereas this complication
has not occurred with a large series of hips
treated by the bone-pegging operation. Best
results are obtained when the disease is rec-
ognized early and slipping is prevented.

Early recognition of slipping epiphysis
depends upon the education of the physician
who first sees the child after the disease
begins. Weight-bearing should be stopped
as soon as the disease is suspected. Discov-
ery of the exact cause of the disease and of
a method of preventing or at least healing
it promptly without surgery will be the
major contributions of the future.
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Olisthese del Epiphyse Supero-Femoral

Swronario in Interlingua

Le charactersicas clinic e le constatati-
ones roentgenographic, le pathologia macro-
e microscopic del tessutos molle como ctiam
de osso ¢ cartlugine, e Ie curso natural de

olisthese del epiphyse supero-femoral es ben
cognoscite depost vimti-cinque annos. Le
causa del disturbation vasculare del mollifi-
cation al placa cpiphysal que precede le
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olisthesc es non ancora ¢larmente definite.
On ha demonstrate repetitemente in nume-
ros significative de coxas que le separation
del epiphyse ab le capite per medios chirur-
gic—manipulation, forte traction, o opera-
tion aperte—es sequite per necrosis aseptic
del epiphysc, con dolores, limitation del
motion, ¢ invaliditate, in un si alte procen-
tage del casos que tal manovras es justificate
solmente sub le plus inusual conditiones. 11
ha etiam essite monstrate que le resultatos
del curation natural del morbo es frequente-
mente melior que le resultatos post reduc-
tion del olisthese ¢ que necrose aseptic non
occurre sin intervention chirurgic. In plus,
immobilisation del epiphyse olisthetic—spe-
cialmente in extension, rotation interne, e
abduction—causa un limitation permanente
del mobilitate.

Epiphysiolisthese es a vices prevenibile
per proteger le coxa sin immobilisation, plus

certemente per fixation interne per medio de
clavos o vites, o per le insertion de cavilias
de osso a transverso le placa epiphysal.
Fixation interne porta con se un certe (ben
que basse) risco de necrosis aseptic con in-
validitate conscquente, durante que iste
complication ha nunquam occurrite in un
numerose serie de coxas tractate per cavilia-
tion de osso. Le melior resultatos es ob-
tenite quando Je morbo es recognoscite in su
prime stadios de maniera que le olisthese
pole esser prevenite.

Le prompte recognition del epiphysiolis-
these depende del education del medicos qui
primo vide le juvene patiente post le co-
menciamento del morbo. Portation de peso
deberea esser eliminate si tosto que le pre-
sentia del morbo es suspicite. Le discoperta
del exacte causa del morbo e de un methodo
pro prevenir lo o a2l minus pro curar lo
promptemente sin intervention chirurgic va
esser le major contribution del futuro.
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Olisthese del Epiphyse Supero-Femoral

Summario in Interlingua

Le charactensticas clinic e le constatati-
ones roentgenographic, le pathologia macro-
e microscopic del tessutos molle como etiam
de osso e cartilagine, e le curso natural de

olisthese del epiphyse supero-femoral es ben
cognoscite depost vinti-cinque anmos. Le
causa del disturbation vasculare del mollifi-
cation al placa epiphysal que precede e
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olisthese ¢s non ancora clarmente definite.
On ha demonstrate repetitemente in nume-
ros significative de coxas que le scparation
del epiphyse ab le capite per medios chirur-
gic—manipulation, forte traction, o opera-
tion aperte—es sequite per necrosis ascptic
del epiphyse, con dolores, limitation del
motion, ¢ invaliditate, in un si alte procen-
tage del casos que tal manovras es justificate
solmente sub le plus inusual conditiones. Il
ha etiam essite monstrate que le resultatos
del curation natural del morbo es frequente-
mente melior que le resultatos post reduc-
tion del olisthese ¢ que necrose aseptic non
occurre sin intervention chirurgic. In plus,
immobulisation del epiphyse olisthetic—spe-
cialmente in extension, rotation interne, e
abduction—causa un limitation permanente
del mobilitate.

Epiphysiolisthese es a vices prevenibile
per proteger le coxa sin immobilisation, plus

certemente per fixation interne per medio de
clavos o vites, o per le insertion de cavilias
de osso a transverso le placa epiphysal.
Fixation interne porta con sc un certe (ben
que basse) risco de necrosis aseptic con in-
validitate consequente, durante que iste
complication ha nunquam occurrite in un
numerose seric de coxas tractate per cavilia-
tion de osso. Le melior resultatos es ob-
tenite quando le morbo es recognoscite in su
prime stadios de maniera que le olisthese
pote esser prevenite.

Le prompte recognition del epiphysiolis-
these depende del education del medicos qui
primo vide le juvene patiente post le co-
menciamento del morbo. Portation de peso
deberea esser eliminate si tosto que le pre-
sentia del morbo es suspicite. Le discoperta
del exacte causa del morbo e de un methodo
pro prevenir lo o al minus pro curar lo
promptemente sin intervention chirurgic va
esser le major contribution del futuro.
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The Long-Range Effects of Radiation on Bone

L. HENRY GARLAND, M.B.*

In 1903 Perthes demonstrated retardation
of bone growth in experimentally irradiated
chickens,’* Some 6 years later Cluzet
showed that callus formation following frac-
ture could be delayed by irradiation.® Since
that time there has been a mounting collec-
tion of experimental and clinical evidence to
show the deleterious effects of heavy doses
of irradiation on bone growth.>1¢

In 1929 Martland® summarized the
carcinogenic effects of large amounts of in-
gested irradiation in a careful report of
osteogenic sarcomas that developed in watch-
dial painters who had been using radio-
active materials. Subsequent to that time a
series of studies based on ngestion or injec-
tion of various artificial radioactive isotopes
have appeared.

While these examples of arrested bone
growth and late osteogenic sarcoma are of
considerable general interest, a more com-
mon problem encountered by practicing
physicians is that of bone necrosis following
curative or radical radiotherapy to lesions

such as carcinomas of the tonsil, the breast
and female adnexa.®1-!4 Intra-oral, mam-
mary and uterine carcinomas are relatively
Common; vigorous external radiation of the
primary tumor frequently is curative and is
followed m a small percentage of cases by late
radiation “osteitss,” necrosis or fracture.
Therefore, it is evident that there is a wide
spectrum of late radiation effect in bone for
consideration.

PATHOLOGY

The pathologic changes occurring in bone
depend on several factors, notably the dose
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absorbed, the time required for delivering
that dose, the volume of tissue irradiated,
the metabolic status of the bone at the time
of irradiation and the presence or the ab-
sence of associated lesions such as infection,
neoplasm or trauma.»*** The calculation of
absorbed dose in bone and cartilage presents
many problems. Most radiation-dose meas-
urements may be recorded in terms of rads
or absorbed roentgens, delivered in a certain
period of time to a certain volume. How-
ever, because of the increased scattering in
calcium-containing tissue when voltages be-
low about 500 KV are employed, the physi-
cal dose then absorbed in bone is believed to
be almost double that in adjacent soft tis-
sues. Conversely, in the megavoltage range,
when using beams of 2 million volts and
more, the dosage in bone is reported to be
essentially similar to that in adjacent soft
tissue  As a result, it is not easy in reading
reports of pathologic changes in the litera-
ture to estimate reliably the bone dose which
produced those changes.

In clinical practice the long-range effects
on bone are those of injury to the periosteum
(with variable degrees of edema, fibrosis and
avascularity), destruction of osteocytes, in-
hibition of osteoblast formation, obliteration
of vascular channels and variable degrees of
hyalinization and fibrosis. Growing cartilagi-
nous or bony structures may show inhibition
or arrest, depending upon the dose deliv-
ered. Heawly irradiated bone may undergo
necrosis and sequestration.®!3 Prior bony in-

* Clinical Professor of Radiology, Stanford Uni-
versity Medical School., &y, Stantord Unt
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volvement by infection, neoplasm or injury
will complicate or enhance the changes very
greatly. Spontaneous development of meta-
plasia and malignant change may also result.

ROENTGENOLOGIC CHANGES

The Iate effects of radiation parallel the
gross pathologic changes:

1. Epiphysis. The changes range from
delayed growth to complete arrest of epi-
physeal development.

2. Diaphysis. Roentgen examination
may reveal areas of decreased density (so-
called radiation osteitis), increased density
(radiation sclerosis or necrosis) or neoplas-
tic alteration. Radiation osteogenic sarcoma
is grossly similar to spontancously occurring
sarcoma. In this connection it should be
observed that post hoc is not always proctor
fioc. For example, it is known that a small
number of osteoclastomas or benign giant-
ccll tumors of bone eventually manifest
malignant characteristics; the percentage
given most frequently is 5. If a primary
benign giant-cell tumor of bone is treated
by irradiation with successful healing and
recalcification, and shows sarcomatous
changes 25 years later, who is to be certain
that these are not spontaneous changes in
some residual gant-cell-tumor elements?
This comment applies to properly treated
giant-cell lesions, and not to grossiy over-
irradiated ones, wherein there is reasonable
suspicion that the radiation may be sarcoma-
genmie,

DOSE AND LATENT PERIOD

Diagnostic Procedures. There are few
rehable reports of serious late radiation
effects on bone from properly performed
roentgen djagnostic procedures. However,
there are a few reports of osteitis from the
eatly days of radiology, when very long ex-
posures were required to secure roentgeno-
grams of thick parts on insensitive glass
plates.

Radiotherapy for Benign Lesions.
There have been an extensive series of re-
ports of epiphyseal arrest following large

doses of radiation for hemangiomas occur-
ring near growing cartilage. A small number
of tragic cases of radiation osteitis in the
calvarium following excessive and erroneous
radiotherapy for tinea capitis have been re-
ported. Finally, pituitary adenomas may be
classified as intrinsically benign lesions: cor-
rect roentgen therapy for these frequently is
successful in restoring vision and control-
ling endocrine changes. Many years after
such roentgen therapy it is not unusual to
have areas of decalcification in the temporal
bones and the frontal bone through which
the beams of therapy had been directed.
This type of silent decalcification of Jocalized
areas of skull is asymptomatic and does not
alarm the informed clinician.

Radiotherapy for Malignant Lesions.
As indicated in the introduction, late radio-
necrosis of mandible, rib, pelvic girdle and
some other structures must be regarded as
an unavoidable occasional complication of
properly given radiotherapy. By careful pro-
traction of treatment and reasonable re-
striction of dosage, the incidence can be
kept at a low figure. Furthermore, fre-
quently the bone changes that develop ar¢
silent and d d only in rc grams
of the area made at the time of perfodic
examination. Frequently the silent fractuzes
of the pubic rami heal during a period of
6 10 12 months. Silent fractures of the fem-
oral necks can be aided to heal by proper
immobilization.

So far as epiphyseal arrest is concerned,
we have seen no well-documented examples
of small doses (for example, less than 300 ¢
in one day to areas not over 15 cm, in di-
ameter) having produced any late effects-
Perhaps the mast accurate attempt relating
dose to growth disturbance is the stady .b}’
Wittenborg and Neuhauser on irradiation
effects of the spine in children.?> They point
out that in the treatment of neuroblastom?a
and Wilm's tumor there is unavoidable
radiation to the growing spine; if less than
1,000 r is delivered to the spine, no lat
roentgen or clinical effects on bone hQVC
been demonstrated. However, almost 10°
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variably a tissue dose of over 2,000 r pro-
duces discernible bony alteration. This
effect is related dircctly to the dosc deliv-
cred to the spine and related inverscly to
the age of the patient,

It is difficult to predict the interval be-
tween irradiation and the devclopment of
osteitis or necrosis. It may be as short as
6 months or as long as 25 years. In our
experience with some 200 patients treated
for various types of intra-oral carcinoma,
including tongue, tonsil, tonsillar pillar and
oropharynx, we have had only two disabling
cases of radionecrosis of the mandible, de-
spite a reasonably satisfactory cure rate; the
doses were in the neighborhood of 6,000 r
into the primary tumor in a period of 4 to
6 weeks.

In an experience with some 600 patients
with carcinoma of the breast, treated by
preoperative, postoperative or combined
methods of radiotherapy, we have had an
incidence of about 10 per cent of silent radia-
tion osteitis of the upper anterior ribs. The
actual incidence may well be higher, but
some of these women do not have roentgeno-
grams of their chest made several years
following treatment.

We have had an experience with some
350 women with carcinoma of the cervix,
treated by full courses of external roentgen
and internal radium therapy. In about 5
per cent of these women, variable degrees of
radiation osteitis have been manifest in pubic
rami or femoral necks, Only three have had
clinical fractures requiring treatment.

Most of these bone changes were mani-
fest between 3 and 10 years following treat-
ment. However, in the case of the mandible,
which has been the site of infection, and
especially in the mandible in which teeth
have not been removed prior to radiation
therapy, earlier evidence of injury often is
manifested.

We saw ane patient in whom osteogenic
sarcoma of the scapula developed 25 years
after intensive radium therapy at another
cty. This therapy had been given for a
glant-cell tumor of the acromion process,

using ong radium needles with light filtra-
tion. The patient had carly pulmonary me-
tastases and died within one year. Such
heavy local radium therapy is no longer
used for this lesion.

The problem of radiation changes follow-
ing injection or administration of radioactive
materials, either natural or artificial, is one
occupying the interests of many scientists.
Every worker in this field studies the classic
report of Martland® and the later important
reports of Aub, Evans e al} Their cases
were related mostly to the naturally occur-
ring radioactive isotopes of radium. How-
ever, there is every reason to believe that
comparable changes would occur following
large amounts of any radioactive isotope
that is deposited selectively in bone. As
previously stated, the calculation of bone
dose from injected radioisotopes is quite
difficult. It has been estimated that some
tumors have developed following doses as
low as 2,000 1, but most apparently require
larger doses. The latent period ranges from
5 tq 25 years. The site of development of
the lesions is varied, but there is a predilec-
tion for the mandible, the pelvis and the
long bones of the leg.

The question of whether milk drinkers are
ingesting too much radiostrontium (Sr%) js
currently under debate. Milk has always
contained minute traces of radiopotassium;
owing to nuclear bomb tests, it now con-
tains radiostronitium as well. The long-range
effects of significant doses of this radioiso-
tope include anemia, leukemia and bone
sarcoma. It is doubted that the present
situation is hazardous.

DISCUSSION

The late effects of properly employed
diagnostic roentgen radiation on human
bone are negligible. The radiologist knows
the output of his diagnostic apparatus, both
radiographic and fluoroscopic; he knows the
approximate dose in roentgens which bones
receive whenever diagnostic exposures are
made; he uses added aluminum filters of at
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least 2-mm. thickness, adequate cones and
the minimum number of exposures neces-
sary to secure the information required to
reach a diagnosis. He is taught that in the
past many thoughtless persons, including
professional men, kept their fingers in the
mouths of patients while making diagnostic
roentgenograms of the teeth and suffered
irreparable damage to skin, soft tissues and
bones. There 1s no excuse for such tragedies.
In radiotherapy of benign lesions, the
radiologist wses his beams with discretion
and directs the beam away from neighboring
cartilage or bone if amounts approach those
that may produce late changes. Usually,
when such cartilage or growing bone can-
not be shielded, he does not use radiother-
apy. In the treatment of malignant disease,
when cure is the aim, the radiotherapist
accepts a small percentage of late radiation
effects as unavoidable. The surgical cure of
many carcinomas carries a small morbidity
and mortality; similarly, the radiologic cure
of these lesions carries a small morbidity.
Careful placement of radiation, accurate
aiming of beams and judicious spacing of
treatments all help to reduce the incidence
of late changes. The fact that such can
develop after a latent period of many years
must be stressed contmuously, since, unfor-
tunately, radium and other radiating sources
are not restricted to those with adequate
training and experience in their use. Radium
can be rented by almost any person i the
United States. Powerful x-ray apparatus
is easily obtmmed. When either radiant
source is employed in excessive or unduly
protracted amounts, late effects may be
anticipated. It is possible to cure intra-oral
carcinoma with doses of 6,000 r given in a
single course during a pcrind of about 4 to 6
weeks. The adjacent mandible or other bony
parts may receive doses in this range or
Jower. Serious late effects are uncommon.
On the other hand, if 200 or 300 r is given
intermittently, say twice a week, for 20 or
30 weeks, the total dose 1s still only about
6,000 t, but the chance of serious late radia-
tion injury 1o bone is greatly increased. Ap-

parently such intermittent radiation has a
more harmful effect on the endothelium of
small blood vessels and is more apt to be
followed by Jate fibrosis of deeper structures,
including marrow.

In summary, late radiation effects on bone
range from minimal growth disturbance to
radiation-induced sarcomas. In the hands of
the inexperienced and untrained, the po-
tential frequency of these undesirable effects
1s increased many times. The occastonal
occurrence of radiation ostertis as a result
of radical radiotherapy for the cure of ma-
lignant disease is an unavoidable risk which
should be understood and accepted in the
same light as comparable risks following
proper surgical management of patients with
this disease. Long-range effects of radiation
in bone can be minimized by careful utiliza-
tion of all forms of diagnostic and therapeu-
tic irradiation.
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Effectos a Longe Vista Exercite Super le Ossos per Lor Irradiation

Summario in Interlingua

Le effectos a longe vista que le radiation
exerce super le ossos depende del dose de
rads absorbite, del tempore requirite pro le
application de ille dose, de! volumine de
tessuto irradiate, e del stato metabolic del
osso al tempore del irradiation. Altere fac-
1ores que exerce un influentia super le effec-
tos tardive include infection, trauma, € neo-
plasma, Le calculation del dose absorbite in
osso e cartilagine non es simple. 1llo deveni
specialmente complexe in le caso de admi-
nistrationes interne de isotopos radioactive.

In le practica clinic, le pathologic effectos
a longe vista es insultos del periosteo, de-
struction de osteophytos, inhibition del forma-
tion de osteoblastos, oblitteration de canales
vascular, e varie grados de hyalinisation e
de fibrosis. Post dosages adequate, struc-
turas cartilaginose o ossee exhibi varie
grados de inhibiton o de armresto, Post
multo forte doses, ambe le mentionate sitos
exhibi necrosis o sequestration. Metaplasia
¢ neoplasia maligne pote evenir in le curso

del tempore.

Le alterationes roentgenologic consiste de
vanie grados de discalcification, de sclerosis,

de atrophia, e—in le presentia de certe typos
de neoplasia—de neoformation ossose.

Le effectos tardive del correcte empleo
diagnostic de roentgeno-irradiation de ossos
human deberea esser negligibile. Tamen,
post irradiation therapeutic, specialmente in
le tractamento de certe typos de neoplasma,
un basse procentage de tardive effectos radi-
ational es inevitabile e debe esser acceptate
como parte del morbiditate de radiotherapia
correcte. Le intervallation judiciose del
doses, le evitar de forte grados de radiation
in Ie presentia de infection, e le evitar de
trauma durante le periodo de osteoporosis—
omne iste mesuras pote contribuer a un reduc-
tion del serietate del effectos tardive. On spe-
rava que megavoltages e le uso de fasces ab
cobalt radioactive resultarea in un reduction
significative del incidentia de non-expectate
osteonecrose, sed isto ha non occurrite.

Le diagnose differential de osteitis radia-
tional, infection, e primari o metastatic
morbo del 0sso pote esser extrememente diffi-
cile. Tllo require le consideration meticulose
de omne aspectos del caso ante le comple-
tion del diagnose radiologic.
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The Use of Corticosteroids in the
Treatment of Painful and Stiff Shoulders

T. B. QuiGLey, M.D.*

Six years ago when the supply of cortico-
tropin became great enough to include in
clinical study what might be called nuisance
conditions as well as the more serious colla-
gen and degenerative diseases, an investiga-
tion of its effect on painful shoulders was
begun at the Peter Bent Brigham Hospital.
All patients with painful shoulders, whatever
the cause, were seen, excluding only those
whose shoulder symptoms were part of a
generalized disease. All the usual causes for
shoulder pain were encountered, including
inner cuff tendon tears of varying degree,
extrinsic neuromuscular lesions of various
types, acromioclavicular abnormalities, a few
tumors and cysts, and a few previously un-
recognized minor fractures. For these,
standard methods of treatment were carried
out with standard results.

But most of the patients—and by far the
most interesting—fell into two groups: those
whose pain and limitation of motion were
caused by a sterile inflammatory reaction to
a deposit of calcrum at or near the greater
tuberosity of the humerus; and those whose
limitation of motion and pain were caused
by a contracture of soft tissues at the shoul-
der joint,

In the first group it was reasoned that
since there was little doubt that an inflam-
matory process was causing the patient’s

* Assistant Clinical Professor Surgery, Harvard
Medical School; Surgeon, Peter Bent Brigham
Hospital,

symptoms (albeit a somewhat mysterious
inflammatory process, since no bacteria had
ever been-incriminated), the antiphlogistic
properties of the hormones secreted by the
adrenal gland when stimulated by cortico-
tropin might be beneficial. Accordingly, 6
patients were admitted to the hospital, sur-
veyed carefully for contraindications and
given corticotropin. The following history of
the first patient so treated on April 9, 1951,
is typical:

Case 1. A 45-year-old housewife complained
of dull, gnawing pain at the right shoulder of
4-weeks’ duratron. There was no history of in-
jury. Active and passive abduction was limited
to 10°, external rotation to 35° and internaf
rotation to 90°, There was moderate tenderness
over the greater tuberosity of the humerus, and
roentgenograms disclosed a small calcific deposit
in the mner cuff tendons at this point. Procaine
was injected into the soft tissues about the
greater tuberosity with immeduate relief, which,
however, was only temporary. A week Jater the
patient returned to the hosputal, having fainted
from the severity of the pain. She was admutted,
surveyed for contraindications to corticotropin,
none was found, and she was given 10 mg infra-
venously over an 8-hour period in salme Fain
disappeared within a few hours, lzefore the in-

ma af ara

but again were suppressed by 30 mg ot corticv-
tropin administered intravenously. There has
been no recurrence in 5 years.

All 6 patients were relieved similarly,
more or less dramatically, depending on the
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Fie. 1. Case 1.
(Left} Severe acute
calcific tendinitis.
Pain restricts abduc-
tion and is reflected
in the patient’s pos-
ture. (Right) Four
hours after receiving
half of an intrave-
nous infusion con-
taining 10 mg. of cor-
ticotropin.

severity of symptoms.1? It was observed that
the shorter the duration of symptoms, the
more severe the pain, and the greater .the
tenderness, the more effective was cortico-
tropin in suppressing the inflammatory re-
sponse and restoring the shoulder to a nor-
mal, painless range of active motion.
When hydrocortisone acetate became
available in a form suitable for direct par-
enteral use, its advantages were immediately
apparent. Hospitalization was no longer
necessary. Contraindications to corticotro-
pin could be forgotten, and the great ma-
jority of patients with acute calcific tendinitis
could be relieved promptly by a simple office
or outpatient procedure. Our original im-
Pressions were confirmed promptly, and for
the past 4 years the treatment of choice for
acute calcific tendinitis of the inner cuff ten-
dons of the shoulder has been, basically, the
injection of hydrocortisone acetate into the
calcific deposit. This apparently has been a
general experience, but it has not been docu-
mented extensively in the literature,3%1418-20
Therefore, it seemed worth while to re-
view 25 consecutive personal cases of acute
cakific tendinitis treated between June,
1955, and October, 1956, and followed to
March, 1957.
The group consisted of 9 males presenting
8 involved right shoulders and 1 left, and
16 females with 10 right and 6 left shoulders

affected. The average age was 48.4 years, the
oldest patient being 74 and the youngest 33.
Eleven had symptoms for 1 week or less, 6
between 1 week and 1 month, 4 between 1
and 6 months, and 4 between 6 months and
2 years. Subjective pain and objective ten-
derness were practically equal in each case
and were graded on a scale of 1 to 4 in
severity. Five were classified as 1, 9 as 2,
7 as 3, and 4 as 4.

The more acute the symptoms and signs,
the shorter their duration. All the patients in
the Grade 4 category had suffered for less
than 3 days. Nineteen of the 25 patients
were relieved immediately by injection and
have remained symptom free to the present
time. Three were improved at a second visit
7 to 10 days after injection and refused a
second injection. One was not relieved by
the first injection and was relieved com-
pletely by a second. Another was Ppartiaily
relieved by the first injection and completely
relieved by the second. Only 1 patient’s
pain and tenderness failed to respond to
2 injections.

There were no complications; in fact, no
complication has occurred in at least several
hundred injections of hydrocortisone at the
Peter Bent Brigham Hospital in the Ppast
5 years.

The procedure used in this series for the
past 3 years has been the injection of a mix-
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ture of 25 to 50 mg. of hydrocortisone ace-
tate, 150 units of hyaluronidase and 6 to 10
cc. of 1 per cent procaine. The inner cuff
tendons are distended thoroughly with this
fluid through several 18 or 20 gauge needle
punctures focused at the point of greatest
tenderness, which is almost invariably the
point at which the calcium is seen to lie in
the roentgenogram. This seems to accom-
plish three things: (1) the capsule envelop-
ing the calcific mass is decompressed me-
chanically by the needle punctures; (2) the
subdeltoid bursa js somewhat stretched, and
the tissues of the inner cuff tendons them-
selves are distended by the injected fluid;
(3) the hydrocortisone is disseminated
throughout the inflamed tissues to exert its
anti-inflammatory effect to greatest advan-
tage. Almost invariably, return of symptoms
to a minor degree occurs a few hours after
injection as the effect of the procaine sub-
sides. Within 2 to 5 days at the latest, relief
or improvement follows. Hyaluronidase was
added to the mixture at first on purely em-
piric grounds but has since been supported
by the work of Glassman er al® These
studies show that the dissemination of try-
pan blue (the molecule of which is larger
than that of hydrocortisone) in the presence
of a sterile inflammatory reaction js en-
hanced considerably by hyaluronidase.
Certainly, all observers have agreed that the
clinical results have been enhanced by the
addition of hyaluronidase to the mixture.
Before hydrocortisone was available,
roentgen therapy was felt to be the most
effective and efficient treatment available.
But the clinical superiority of hydrocortisone
injections is now clear, and the disadvantage
of adding even small increments to the pa-
tient's total hfetme roentgen dosage is
avoided. We have had no experience with
diathermy or ultrasonic methods of produc-
ing deep heat The studies of Murphy
et al * have shown that none of these mo-
dalities with wavelengths between infrared
and 1,600 cm raises the temperature of the
tissues, even at depths of 3.0 cm., more than

2°. We have been impressed by the clinical
observation that simple hot wet packs are
as effective as any other source of heat in
the management of stiff and painful shoul-
ders, and no source of heat can be expected
to do more than produce a nonspecific
hyperemia and subjective sense of comfort.
Very few patients with painful shoulders
treated by hydrocortisone injection have re-
quired any sort of heat,

The injection of hydrocortisone or, for
that matter, anything into the human body
is not without its dangers as the following 2
cases will attest:

Case 2. A 70-year-old widow, who was in
good health except for moderately severe, rather
poorly controlled diabetes, visited her famuly
physician because of pamn in the right shoulder
on movement, There was no history of injury.
A diagnosis of “bursitis™ was made, and 150 mg.
of cortisone per day was given orally for the next
9 days. This did not produce relief within 2 or 3
days, and procaine was injected into the shoulder
on several occasions. After these injections her
shoulder became rapidly swollen, tender and
more painful. Nine days after the onset of symp-
toms the patient was admitted to the Peter Bent
Brigham Hospital 1n coma, with a temperature
of 103, which rose within 48 hours to 105.5.

Shortly after admission a subdeltoid abscess
was drained under local anesthesia of 600 cu.
cm. of pus Despite heroic efforts to control her
drabetes and very large doses of antibiotics to
which the Streptococcus viridans and the Strep-
tococcus zymogenes cultured from the wound
were sensttve, death from septicemia occurred
on the 7th day after admission to the hospital
and the 16th day after the patent first com-
plained of pam in the left shoulder.

Case 3. A middle-aged housewife in good
general health expetienced pain and tenderness
on the anterior aspect of her shoulder wihile
traveling abroad A cortisone compound and
an oily preparation of prednisolone were in-
jected into the tender area. Thirty-s1% hour;later,
n another European city, the shuulde.r pain was
very acute, and 48 hours after the injection .the
shoulder joint was explored. No gross infection
was encountered, but a culture was ta.ken \fzthh
subsequently produced a penicillin-resistant
staphylococcus. Shock and chnical evidence of
septicemia followed this operation. Erythro-
mycin was given, and the septicema was con-
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Fic. 2. A very large, dense calcific de-
posit in the inner cuff tendons in a small
woman which required removal to permit
normal shoulder motion.

trolled. The shoulder joint still was draining 6
months later.

The two tragedies can be considered only
as iatrogenic. In each case the infection was
introduced by the needle. It must not be
forgotten that from the bacteriologic point
of view, arthrocentesis is the same as ar-
throtomy, and the same basic precautions
must be observed. There is no substitute for
careful skin disinfection and scrupulous me-
chanical cleansing of needles and syringes.
The shortcomings of boiling as compared
with autoclaving are well known. Walter!
has pointed out the real possibility of bac-
terial contamination which is inherent in
the multiple-dose vial of biologicals and
other preparations, It is to be hoped that
manufacturers will supply injectable sub-
stances in single-dose packages.

Surgical removal of calcific deposits is still
occasionally necessary, when the size of the
mass interferes mechanically with shoulder
motion or its hardness resists dissemination
with the needle. Such a case is the following:

Case 4. A small, active mother of 4 children
experienced several episodes of annoying to
severe right shoulder pain over a 4-year period.
Injection of hydrocortisone on two occasions
produced only moderate relief. Some degree of

;
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Fi6. 3. True calcific bursitis. The in-
flamed calcific deposit has burst into the
subdeltoid bursa which is outlined as a
milky opacity.

pain and tenderness was always present, particu-
larly on abduction beyond 60°. At this point a
definite “catch” in motion was present, and grat-
ing could be felt beneath the acromion.

Roentgenograms disclosed a very large de-
posit of calcific material at the greater tuberosity,
which by its size alone could easily explain the
“catch™ and grating. (Fig. 2.)

The distal third of the acromion was removed,
the coraco-acromial ligament was divided, and
several very large, dense calcified plaques were
removed and their sites obliterated with fine
interrupted catgut sutures.

Convalescence was uneventful, a guided ex-
ercise program was followed faithfully, and
normal painless motion was present 3 months
later. No further symptoms have occurred in
3 years.

A few patients describe increasing pain
for several days followed by a sudden re-
mission. Tenderness is diffuse over the del-
toid, and, if the muscle is thin, fluctuation
beneath it may be discernible. Roentgeno-
grams (Fig. 3) show the entire subdeltoid
bursa outlined by milky opacity. Presum-
ably the inflamed calcific deposit in these
cases has burst into the bursa and has pro-
duced a true bursitis with effusion. Aspira-
tion and irrigation through 2 large-bore
r{eedles, followed by instillation of hydrocor-
tisone acetate, hyaluronidase and procaine,
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are very effective and are, in fact, the only
situation for which this 2-needle technic is
indicated in our experience.

The second large group of patients whose
symptoms were associated with contractures
of soft tissues about the shoulder joint were
at first classified as “frozen” shoulder. How-
ever, it soon became apparent that this was
too inclusive a term, of no greater precision
than “back strain,” “surgical belly” or
“Pott’s fracture,” including a rather wide
spectrum of causative factors, duration of
symptoms, pain and limitation of motion.
As experience increased, it became clear
that a considerable number of these “frozen™
shoulders fell into a standard pattern of
symptoms and signs., These patients re-
sponded well to manipulative rupture of
contracture of the antero-inferior aspect of
the shoulder joint and suppression of post-
manipulation pain by corticosteroids, and
the syndrome has been labeled checkrein
shoulder,15.18

The syndrome consists of a history in a
middle-aged person of several weeks of dis-
use of a shoulder imposed by an episode of
inflammation (“bursitis™), a minor injury,
sometimes a myocardial infarct, but often
no initiating episode at all. Gradually, the
most commonly used lower ranges of shoul-

ogy of “frozen" shoulder can be as various
as the degree of limitation of motion and
pain which the patient presents. Adhesions
across the subdeltoid bursa, generalized
“capsulitis” and adhesion of the tendon
along the biceps can all be present. How-
ever, the anatomic abnormality of checkrein
shoulder has been well described by Nevia-
ser'® as adherence of the antero-inferior
folds of the joint capsule to each other and
to the adjacent glenoid and humerus, Nevia-
ser’s studies were based on observation of
15 stiff shoulders manipulated after surgical
exposure of the joint. His findings have
been confirmed in one instance in the pres-
ent series in which the rigidity of the shoul-
der was so great that attempts at manipula-
tion were abandoned, and open division of
the contracture subsequently was carried out.
The generally accepted treatment of stiff
“frozen” shoulders has been gradual stretch-
ing by active exercise and traction, together
with appropriate heat, repeated procaine in-
filtration and, at times, roentgen radiation.
This program is effective and safe, but it
may require months and makes considerable
demands on the patient’s fortitude.
Manipulation with the patient under anes-
thesia has been almost universally con-
demned as dangerous and futile281? Pain
after pulation usually s so severe that

der motion return, and the less frequently
used upper ranges of motion are checked.
On physical examination both active and
passive motion are sharply limited at about
45° of abduction and 50 per cent of the
normal range of internal and external ro-
tation. Roentgenograms usually are not
remarkable, except occasionally, showing
demineralization from disuse and in 16 per
cent of cases calcific deposits at or near the
greater tuberosity which are not in them-
selves painful or tender.

Etiology is not clear. Generalized disease
is not associated with the syndrome, major
trauma is rarely a factor, and rupture of the
supraspinatus tendon and other elements of
the rotator cuff has been established as un-
associated with stiff shoulders.® The pathol~

active motion is difficult or impossible. By
the time pain has subsided, adhesions and
contractures can reform at times with mose
limitation of motion than before manipula-
tion, .
1t seemed reasonable to assume that pain
following the stretching or the tearing of soft
tissues would be suppressed by corticoste-
roids. This has proved to be the case. Iazo
case in the present series has medication
other than codeine and aspirin been.rc-
quired to control pain after manip.ulauoy
As in the first group of patients with pain
produced by acute inflammation of a ca!_cxﬂc
deposit, our first paﬁenls were given .com'co-
tropin either in a slow intravenous infusion
or as a gel. This was soon abandoned in
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Fig. 4. {Lef1) Incorreet method of m-mipu\av:ien of 2

“checkyein” shoulder. Fracture,

dislocation and stretch injury to the neur
New England . Med. 250:188-192)

bundle are i (Quigley, T. B.:

{Right) Correct method of manipulation of a “checksein” shou_ldcr. Force is ap.phe,d
with gentleness. The operator's forearm presses equally at all points along the patient’s
frumerus, and his opposite hand depresses the scapula and the clavicle. The humerus
is not used os a lever. (Quigley, T. B.: LAM.A, 161:850-854)

favor of oral cortispne, which was found o
be equally effective. More recently, the in-
jection of hydrocortisone acetate, hyalaroni-
dase and procaine into the shoulder joint
and hematoma formed by the ruptured
structures has been carried out immediately
after manipulation. This has proved ta be
quite satisfactory in suppressing paln, par-
ticularly when blood from the hematoma
can be aspirated from the needle.
The manipulation itself is carried out with
the patient under Night thiopental (Pento~
thal)-nitrous oxide anesthesia and is o pro~
cedure not to be considered Jightly, being
franght with obvious potential dangers.
Gentl in the application of force is
essential. The patient’s arm cannot be used
as alever. (Fig. 4.) The humerus is gently
but firmly abducted on the scapula through
the 10 10 20° occupied by the checkrein
contracture. A teating noise usually can be
heard, and a sudden release of resistance is
feh, followed by a free range of sbduction.
Further gentle manipulation in external ro-
tauon may be necessary, but no attempt is
made to increase the range of internal rota-
tion lest atrophic contracted rotator cuft
muscles and tendons be torn, A needle then

is introduced into the antero-inferior aspect
of the joint, and aspiration is carried out
until hematoma is encountered. A mixture
of 100 mg. of hydrocortisone acetate, 450
units of hyaturonidase and 10 to 15 cc. of
1 per cent procaine next is injected into the
hematoma and the joint.

An intensive program of active motion
begins as soon as the patient recovers from
the anesthetic, continues thronghout the pa-
tient’s stay in the hospits) for the next 4 or
3 days, and concludes in instruction in 2 15-
minute pattern of exercise which the patient
is advised to continue once daily indefinitely.

Sixty-six manipulations have been carried
out on 64 shoulders in 61 patients who have
received corticosteroids to suppress post-

ipulation pain. In 3 p both shout-
ders were manipulated, in 1 case on 2 occa-
slons. The follow-up has varied from S
years to 3 months. Of these 64 shoulders,
58 satisfied the criteria for the diagnosis of
checkrein shoulder. Forty-one of these
prompdy regained and maintained normal
active and passive motion. Seventeen were
improved, retaining some degree of limitation
of motion er pain, or both, The remaining
6 patients were all manipulated early in the
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serics, did not present a standard pattern of
pain or limitation of motion and did not,
therefore, fall into the group of checkrein
shoulders, Their shoulders were either un-
improved or made worse by manipulation.
Complications consisted of one instance of
sensory disturbance of the ulnar nerve, at-
tributed to too vigorous manipulation in
which recovery occurred after several
months, one psychosis apparently precipi-
tated by corticotropin which was success-

fully treated by psychotherapy, and one -

Tracture of the anatomic neck of the humerus
in a middle-aged housewife whose limitation
of motion followed prolonged immobiliza-
tion for fracture of the clavicle and was
much more severe than the standard check-
rein pattern.

Onc patient whose checkrein limitation
followed a severe injury and whose limita-
tion resisted attempts at manipulation was
operated upon, A mass of myositis ossificans
travmatica was removed from the subscapu-
laris tendon and anterior capsule, and ma-
nipulation was carried out undér direct
vision, confirming Neviaset’s findings.

It seems to be clear that those shoulders
in which the contracture resists manipula-
tion and those in which limitation of motion
does not fit the checkrein pattern should
have their contractures divided surgically
after a fair trial of traction, guided exercise
and other nonoperative measures.

The average duration of symptoms prior
to manipulation was 7 months. The major-
ity of patients had received previous treat-
ment, including massage, heat, diathermy,
ultrasound, procaine block of the cervical
sympathetic chain and a considerable gamut
of intramuscular injections, including vita-
mins, iron, corticotropin and other unspeci-
fied substances—all without relief. Many were
described as “psychosomatic,” but psychi-
atric symptoms disappeared promplly as
normal painless motion of the shoulder re-
turned. It would appear that the “periar-
thritic personality™ is at least as often the

result of the painful stiff shoulder as its
cause,

Another group of patients had been diag-
nosed as “shoulder-hand syndrome.” In
these also the stiff edematous hand and
forearm returned promptly to normal as
shoulder motion was restored. This experi-
ence has been confirmed by Moberg," and
it would appear that in many instances of
“shoulder-hand syndrome” the simple pro-
gression of events of dependency plus dis-
use producing edema, and edema plus time-
producing periarticular stiffness, explains the
clinical picture.

Lyons™ and Hayes® have called attention
to the occurrence of postoperative adrenal
exhaustion months or even years after ad-
ministration of corticosteroids. This has not
occurred in the present series of either acute
calcific tendinitis or checkrein shoulder
cases, probably because the total dosage
both in amount and time was small It
seems a most unlikely possibility following
one local injection of no more than 100 mg.
of hydrocortisone acetate,

Note: Hyaluronidase (Wydase) used in this study
was provided by the Wyeth Laboratories.
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Le Uso de Corticosteroides in le Tractamento de Spatulas Dolorose e Rigide

Summario in Interlingua

Es presentate le resultatos de un studio
sexenne del effectos de corticosteroides in le
tractamento de spatulas dolorose e rigide.
Le sequente conclusiones pare justificate:

1. Le injection local de un mixtura de
acetato de hydrocortisona. hyaluronidase, e
procaina es le melior therapia nunc disponi-
bile pro acute tendinitis calcific. In un serie
specimen de 25 casos consecutive, 24 mon-
strava un prompte alleviamento del dolores
e del limitation de mobilitate e manifestava
nulle complicationes. Tamen, le manovra
non es totalmente innocue, viste un caso de
morte per sepse in un patiente tractate alte-
rubi  Excision chirurgic remane le tracta-
mento de election pro certe grande e dense
depositos.

2. Inter le rigide e dolorose spatulas
“congelate,” un nove syndrome ha essite

definite sub le nomine de checkrein shoulder,
ie. “spatula a brida false” Iste syndrome
responde ben a manipulation e SUinreSSiOn
delores  post-manipulatori per administra-
tiones de corticosteroides. Sexanta-sex ma-
nipulationes esseva effectuate in 64 spatulas.
Cinquanta-octo de iste casos satisfaceva le
criterios del diagnose de spatula a brida
false. In 41, le stato normal esseva prompte-
mente restaurate, € 17 se monstrava melio-
rate. In sex casos, que non correspondeva al
criterios de spatula a brida false, nulle melio-
ration esseva notate. Quasi omne le compli-
cationes del serie total occurreva in iste
gruppo. Tal casos deberea esser tractate per
division chirurgic del structuras contrahite,
post que mesuras non-operatori ha essite
probate adequatemente,
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Calcium Metabolism in Relation to
Metastatic Malignancy™

WiLLiam H., BAKER, M.D.

Bone is a very frequent site of neoplastic
metastasis and Js surpassed in this respect
only by the lungs and the liver.’® In 1891,
von Recklinghausen presented his now clas-
sic pathologic analysis of metastatic cancer
in bone. By detailed study he indicated (1)
that metastatic growths of bone appeared
fiest within the bone marrow; (2) that they
were blood borne; (3) that subperiosteal
extensions appeared chiefly where main fora-
mina traversed the cortical bone; and (4)
that the order of frequency in different parts
of the skeleton was as follows: vertebrag—
proximal ‘ends of femur, pelvis, ribs, ster-
num; proximal ends of the humerus, skull
and other bones less frequently. All these
conclusions have withstood the test of time
and are as valid now as they were then®

Although any carcinoma may metastasize
to bone, the most frequent are those origi-
nating in breast, lungs, prostate, kidney and
thyroid.®® In carcinoma of the breast the

positive for cancer cells, and in 37 per cent
of these there was no radiologic evidence of
tumor metastases.® The presence or the
absence of tumor cells, as indicated by this
technic, may prove ultimately to be of prog-
nostic value.* Since a single bone-marrow
aspirate is only a small sample, it is quite
obvious that many more patients than these
10 per cent have carcinoma cells within
their marrow cavity during life. It is also
probable that subsequently these circulating
tumor cells within the marrow cavity may be
destroyed by an adverse host reaction. The
prevalence of tumor cells within the marrow
cavity must be due in large part to its rich
vascular supply with trapping of biood-
borne tumor cells. Extepsive venous anas-
tomoses from the inferior vena cava to the
lumbar spine, as demonstrated by Batsor,
must play a role in frequency of metastatic
disease in that area, especially with primary
tumors of the pelvic organs. Finally, the
bioct 1 nature of the soil, which nor-

incidence of skeletal in di

nated disease vaties anywhere from 50 to
75 per cent.2%%® In a recent study by bone-
marrow analysis on consecutive cancer pa-
tients admitted to a cancer hospital, 10 per
cent of all bone-marrow aspirations were

!
This 1s publicatton No 90/ of the
Cagcer Commission of Harvard University. This
investigation was supported by a National Cancer
Institute Research Grant, No, C 2421,

ton, Mass
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mally supports active mafrow proliferation
and cellular reproduction, constitutes a fer-
tile area for proliferation and reproduction
of tumor cells. As fumer cells encroach
upon the red marrow, new areas of marrow
production within the yellow or fatty marrow
may develop, and thus ultimately the mid-
portion of the Jong bone of the shafts be-
comes areas of increased vascular supply.
The amount of new marrow produced ust-
ally is inadequate to compensate for the
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shortened life span of the red blood cells,
and chronic anemia develops. That defec-
tive synthesis and formation is not a major
factor is indicated by the increased erythro-
poiesis in remaining marrow as measured by
Fedn 223

As bone is destroyed it is replaced by
connective-tissue stroma, and large numbers
of multinucleated cells resembling osteo-
clasts can be seen at the site of the bone de-
struction.®® The usual host reaction to such
bone resorption is that of bone formation or
repair, so that in most cases a mixture of
osteolytic and osteoblastic reaction is seen.
1f bone destruction exceeds bone production,
a net loss of calcium occurs, which is re-
flected by an increased excretion of calcium,
primarily in the urine but also in the feces.
In those tumors evoking a marked osteo-
blastic reaction, when bone production ex-
ceeds bone destruction, such as prostatic
carcinoma and an occasional case of breast
carcinoma, calcium excretion is decreased
and may be lower than normal. Indeed, in
some cases of prostatic carcinoma, with
serum calcium of 9 to 10 mg. per cent, uri-
nary calcium excretion after effective hor-
monal therapy may be as low as 5 to 10 mg.
per 24 hours (normal range of 100-200 mg.
per 24 hrs.) 8

Metabolic data show that parallel in-
creases and decreases of urinary phosphorus
accompany the calcium changes, most of
which can be accounted for by bone destruc-
tion or production 3940

OSTEOLYTIC VS. OSTEOBLASTIC
METASTASES

In general, metastatic bone cancer pro-
duces a roentgenographic picture of osteo-
lytic and osteoblastic reaction, but all varia-
tions exist (Fig. 1). Metastatic carcinoma
of the prostate usually evokes a predomi-
nantly osteoblastic lesion (Fig. 2) whereas
carcinoma of the thyroid characteristically
produces an osteolytic type of lesion. In
carcinoma of the prostate, the osteoblastic
reaction may be so pronounced that hypo-

Fia. 1. M. S, 56. Osteolytic and osteo-
blastic involvement of skull due to primary

breast carcinoma. (Top) Before Treat-
ment. (Boffom) Ten months after testos-
terone proy , 50 mg. intr larly
3 times per week. Note restoration of
bone structure. (Natbanson, I. T.: Ab-
stracts of Lectures, Fifth International
Post Graduate Assembly in Endocrinology
and Metabolism, p. 69)

calciuria and hypocalcemia occur. Intra-
venous administration of radioactive cal-
cium (Cat?) to such patients is associated
with an increased retention of administered
radioactivity with increased exchangeable
9-day pool.

In general, a slow-growing tumor will
evoke a desmoplastic reaction in soft tissue
and an osteablastic reaction in bone. These
two reactions are characteristic of the body’s
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Fic. 2. 1. C.,, 65. (Top) Extensive os-
teoblastic metastases from primary pros-
tate cancer. (Bortom) Marked improve-
ment and restoration of bone structure 34

months after castration. (Nathanson, I.
T.. Abstracts of Lectures, Fifth Interna-
tional Post Graduate Assembly in Endo-
crinology and Metabolism, p. 111}

reaction to imjury, which in the case of
fracture 1s callus, and in soft tissue, scar
formation. A recent pathologic analysis of
metastatic cancer 1n bone indicated that the
differences in bone response to various types
of neoplasm were quantitative and not
qualitative. The authors believed that the
type of reaction produced was due mainly
to rate of tumor growth and not to any ab-
normal substance produced by the cancer
cell.# Since slow-growing tumors of the
thyroid pmdUCe an osteolytic lesion, bio-

chemical characteristics of the tumor cells
must play an important part in determining
the type of host reaction in bone. One of the
many possible governing biochemical factors
could be the high level of acid phosphatase
which is found in prostatic carcinoma cells.2®
Acid phosphatase also has been demon-
strated in carcinoma cells originating in the
breast, "3 which produce a combination of
osteolytic and osteoblastic metastasis and, in
an occasional case, a complete osteoblastic
reaction. Carcinoma cells of the thyroid
and the kidney do not contain such concen-
trations of this enzyme, and, in addition,
they are notoriously poor in stroma, thus
failing to provide a matrix for calcium depo-
sition It is obvious that much more bio-
chemical knowledge is needed before we can
determine the factors responsible for the
differing bone response to different tumors.
In most cases the host reaction to jnvading
tumor cells is an attempt to confine and
slow down the growth. Eventually this
defense is overcome, and replacement of
bony tissue by neoplastic cells results in a
release of calcium and phosphorus in the
blood stream, which is then excreted pre-
dominantly by the kidney.6172%4° If the re-
leased calcium is not utilized in a repair
reaction of the host, it will exceed the ca-
pacity of the Kidney to excrete such large
quantities, and hypercalcemia and its at-
tendant symptomatology ensue. In most
cases the resultant hypercalcemia is associ-
ated with a normal or an elevated serum
phosphorus; rarely with a Jow serum phos-
phorus, particularly when severe cachexia is
present. When a low serum phosphorus ac-
companies the hypercalcemia, the blood-
serum values are identical with those of
hyperparathyroidism,® and there is difficulty
in exact diagnosis.®%%

Albright et al3 observed such blood-
serum values in a patient with renal cell
carcinoma and a single metastasis to the
ilium. Following roentgen therapy to the
ilium, the blood-serum values returned to
normat but with recurrence of the tumor
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hyper and hypophosph re-  cells elaborate a substance that stimulates

tufned At autopsy, a single bone metastasis
Wwas present. Recent analysis of the para-
thyroids in this case reveals a secondary
hyperplasia.? Secondary hyperplasia of para-
thyroids also has been found in other cases
of neoplasia with hypercalcemia with and
without bone metastases. In such cases it
seems reasonable to postulate that the cancer

the parathyroid gland to cause rapid bone
dissolution and resultant hypercalcemia.

RENAL EXCRETION OF CALCIUM

Endogenous calcium excretion in man, ex-
pressed as a ratio of urine excretion to fecal
excretion, is approximately 2 to 1.3 A simi.
lar excretion ratio exists in the monkey, but
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in the dog the ratio is reversed to 1 to 10
and in the rat 1 to 22,7 Consideration of
excretion ratios must be taken into account
when metabolic experiments in the dog and
the rat are translated to man. With per-
sistent hypercalcemia and hypercalciuria in
breast cancer, metabolic experiments reveal
no defect in absorption. When calcium in-
take is increased from 150 mg. to 1.0 Gm.,,
about 20 per cent of calcium in the intake is
absorbed and retained, producing a less
negative balance and very little or no in-
crease in urinary calcium excretion (Fig. 3).
In such patients the normal excretory ratios
usually are present, with the kidney playing
the major role. Pearson states that when the
urinary excretion of calcium exceeds 500
mg. per 24-hr, period, hypercalcemia oc-
curs.”! This is generally true, but in occa-
sional patients urinary calciums as high as
700 mg. per 24 hours have been found to be
associated with normal serum calcium.® In
most of these latter cases an osteoblastic
reaction is present within the bone, so that
bone production in the host may play a
part in keeping the serum calcium at a nor-

mal level. In addition, changes in renal re-
absorptive mechanisms and levels of ionjzed
calcium also must be important in regulating
the level of total serum calcium. The exact
mechanism of calcium excretion by the kid-
ney is not known, due primarily to difficul-
ties in measuring ionized and protein-bound
calcium. All evidence seems to indicate that
the calcium jon is filtered and partially re-
absorbed by the renal tubule.>* Indirect evi-
dence indicating that calcium probably is
reabsorbed can be seen in Figure 4, which
demonstrates the effect of Mercuhydrin on
calcium excretion. This patient was on a
constant calcium intake and was receiving
Meticorten, 20 mg. daily, orally for breast
cancer metastatic to lungs and bone, With
each injection of 2.0 cc. of Mercuhydrin, the
concentration of calcium in milligrams per
cent rose, accompanied by a moderate to
minimal diuresis with resultant increase in
total calcium output. A similar change has
occurred during administration of Mercuhy-
drin to four additional patients, two of
whom had no bope disease, but ail were
receiving cortisone therapy for varying rea-
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sons. Similar, although less marked, changes
in normal subjects not on cortisone therapy
have been reported elsewhere.®

During the acutc phasc of hypercalcemia,
symptoms of dry mouth, polyuria, polydipsia
and vomiting usually are present. We have
studied two cases during this phase, and
renal function studics have demonstrated a
decreased glomerular filtration rate and a
decreased renal blood flow with a normat fil-
tration fraction. Both paticnts were unable
to concentrate well but responded normally
to antidiuretic hormone.® When calcium lac-
tate infusions are given to normal subjects
in amounts sufficient to cause hypercalcemia,
increased urinary excretion of sodium and
chloride accompanies increased calcium ex-
cretion.* The exact significance of these
data is unknown but indicates a direct or
indirect effect of calcjum on kidney function.

With sustained hypercalcemia, deposition
of calcium occurs within the renal tubules
and in the pelvis with eventual nephrocalci-
nosis and at times stone formation, leading
to mechanical impairment of Xidney func-

tion with a rising nonprotein nitrogen and
serum phosphorus. In such a sitvation hy-
percalcemia is further aggravated, and ther-
apy must be directed toward its cause to
interrupt a vicious cycle.

HYPERCALCEMIA

An elevated blood calcium can occur in
many diverse pathologic states such as hy-
perparathyroidism, vitamin D intoxication,
milk-alkali syndrome, Boeck’s sarcoid and a
wide variety of neoplastic diseases metastatic
to bone.>® It is not the purpose here to
discuss the distinguishing features of each of
these conditions, and it suffices to say that
the conventional clinical history, physical
examination and laboratory analysis usually
are adequate to differentiate them.

Since the blood values of hyperparathy-
roidism and disseminated neoplasia, with or
without bone disease, may be identical, the
level of spinal fluid calcium has been advo-
cated as a means of differentiation.3t We
have been unable to confirm this, and Figure
5 shows the level of spinal fluid calcium as
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compared with the Ievels of serum calcium
in four different conditions. One can see
that level of spinal fluid calcium varies di-
rectly with serum level within a narrow
range.

Hypercalcemia occurring in the presence
of neoplastic bone involvement has been
well discussed by numerous authors. 1222457
It occurs spontaneously in about 10 per cent
of cases with disseminated breast cancer and
in about 20 per cent of breast cancers
treated with hormones.® It occurs occa-
sionally with hypernephroma, bronchogenic
carcinoma, multiple myeloma and other mis-
cellaneous tumors metastatic to bone, but it
is very rare in thyroid carcinoma and absent
in prostatic carcinoma. In prostatic carci-
noma, the excess calcium released by bone
breakdown may be compensated for by
the very active osteoblastic proliferation
of the host. On the other hand, in thy-
roid carcinoma with little osteoblastic pro-
liferation, reason for its absence may be
related to the very slow growth rate of thy-
roid cancer. As stated previously, hypercal-
cemia usually is associated with a normal or
an elevated serum phosphorus. In the
absence of liver or biliary tract disease,
hypercalcemia usually, but not always, is
accompanied by a normal or a falling serum
alkaline phosphatase, and remission from hy-
percalcemia by a rising alkaline phosphatase,
indicating bone repair,**37

In our experience we have now seen two
cases of hypercalcemia associated with can~
cer that have not shown evidence of bone
metastases, either by roentgenogram or at
autopsy.’#'* Very recently two cases of
bronchogenic carcinoma with hypercalcemia,
hypercalciuria and hypophosphatemia, with-
out evidence of bone disease, have been re-
ported.!® In one case, hypercalcemia subsided
4 days after removal of the primary lung
tumor but recurred with metastases to the
chest wall and then remitted prior to death.
Routine autopsy showed no skeletal metas-
tases, but areas of bone remote from the gri-
mary temor showed active bone resorption

wi}hout tumor cells, A second case showed no
evidence of bone metastases by biopsy or
roentgenogram, and with removal of the
primary tumor hypercalcemia subsided An
ndditio_nnl 10 cases of neoplasia with hyper-
calcemia and negative autopsy evidence of
bone metastases have been reported by
Plimpton and Gellhorn.® Three of these
cases involved the lung and seven were of
retroperitoneal origin, kidney, uterus and
ovary. In three cases hypercalcemia subsided
after removal of the primary tumor, It is
very difficult to explain the above cases
merely on the basis of tumor growth and
osteolytic destruction of bone by tumor cells.
As previously suggested by Albright,? jt sug-
gests that the tumor cells are elaborating
some chemical which is capable of causing
resolution of bone. The fact remains, how-
ever, that in many of these instances the
tumors described have a high frequency of
bone metastasis, and single small areas of
metastatic lesions may be missed at routine
autopsy. In addition, patchy necrosis is
common in osteoclastic tumors, and at times
this may be so extensive that tumor tissue is
replaced by a structureless debris of an area
several centimeters in diameter, so that the
edge of the neoplasm may be devoid of living
cells over a wide front.” Thus a small
biopsy site may not include the neoplastic
cells.” The decrease in hypercalcemia fol-
lowing removal of the primary tumor is very
good evidence that bone resorptton 1’§ related
definitely to the dividing neoplastic ce]lls.
Examination of the parathyroid glands in
our two cases and in one of Connor’s cases
has revealed secondary parathyrord hyper-
plasia. Swnce hypercalcemia would suppress
parathyroid activity, we believe, as stated
previously, that the tumor cells may elabo-
rate a substance to cause parathyroxd hyper-
plasia and resultant increase in bone re-
sorption

A few cases of metastatic bone cancer
with hypercalcemia and fow serum magne-
sium and mereased urinary magnesium have
been described recently. Convulsions oc-
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curred in two, presumably duc to the low
serum magnesium. The ratio of magnesium
to calcium in the urine was greater than
could be accounted for solely as a result of
dissolution of bone (Mg*+/Cat+=1/50)
and suggested that some of the magnesium
came from a source other than bone.® Since
similar changes in serum and urinary mag-
nesium occur after administration of para-
thyroid extract and rarely in hyperparathy-
roidism, secondary parathyroid hyperplasia
could be a regsonable explanation of the
findings.

Since sudden death may occur in hyper-
calcemia, successful therapy may be a life-
saving maneuver, Numerous methods to
lower the serum calcium with complexing
and chelating agents have been tried. The
administration of sodium citrate, a complex-
ing agent, has been advocated frequently.®
Very little lowering of the serum calcium
occurs with sodium citrate, since the citrate
is metabolized quickly. The attempt to lower
the serum calcium by means of chelating
agents such as sodium ethylenediaminetetra-
acetate (sodium EDTA) has not been suc-
cessful.193%55 - Although a proportion of the
serum calcium s bound and chelated by
sodium EDTA and thence excreted in the
urine, there is no change or an increase in
the total serum calcium. Associated with the
increase in serum calcium, an increase in
urinary calcium occurs ¥ Finally, sodium
EDTA, when given in amounts to bind the
excess ionized calcium, will produce renal
tubular damage with anuria and azoterma to
give further and sometimes permanent renal
impairment 1923

Use of oral agents such as sodwum phy-
tate or oral sodium EDTA to decrease
intestinal absorption of calcium may be of
temporary benefit.%** However, from a practi-
cal standpoint, many of these patients are
nauseated and vomiting actively, so that
the use of oral agents is not feasible. The
best available means to treat hypercalcemia
in breast carcinoma at the present time is to
admimster large amounts of intravenous

fluid to promote the renal excretion of cal-
cium and prevent, by Jowering of calcium
concentration, nephrocalcinosis. When hy-
percalcemia follows administration of hor-
mones, discontinuance of the offending
hormone is indicated, as well as administra-
tion of large amounts of fluid. In spontane-
ous hypercalcemia, shifts in the hormonal
eavironment by means of castration, adrenal-
cctomy, hypophysectomy or administration
of hormones may change the tumor-host rela-
tionship to favor the host, with subsequent
decrease of the elevated blood calcium.

THE EFFECT OF HORMONES
ON CALCIUM METABOLISM
IN CANCER

In the final analysis, very little is known
concerning the exact nature of action of
hormones on calcium metabolism in man.
Most of the information is derived from
indirect parameters, and thus the changes
that occur with administration or with-
drawal of hormones must be analyzed with
full awareness of the multiple known and
unknown factors involved.

Aub, in 1933, reported four cases of
breast cancer metastatic to bone which
showed slight increases in urinary calcium
that he interpreted to be due to the destruc-
tive effects of the tumor on bone. Parathy-
roid extract administered to these patients
produced the same effect as in control sub-
jects*

ESTROGENS

Administration of estrogen to some pa-
tients with breast cancer metastatic to bone
may be followed by a rapid appearance of
hypercalcemia. This type of reaction usually
accurs in 24 hours to 2 weeks after initiation
of estrogen therapy and usually is accom-
panied by severe aching bone pain, nausea
and vomiting, leading finally to stupor and
coma. Such a patient is depicted in Figure
6. Discontinuance of estrogen in this case
was followed by complete subsidence of
hypercalcemia and an improvement in clini-
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cal condition with rising alkaline phospha-
tase and lowering of the urinary calcium
Figure 7 represents an additional case of
rapid onset of hypercalcemia following stil-
bestrol therapy. Continued administration of
stilbestrol was accompanied by complete
subsidence of hypercalcemia and radiologic
evidence of recalcification of bone lesions in
4 months. Since this situation of hypercal-
cemia induced by hormones can be reversed

by stopping the hormones or, in an occa-
sional case, by continuation of hormones, it
is obvious that some other factor besides
estrogen is involved.

More recently, Pearson has shown by very
careful metabolic studies that fluctuations in
serum and urinary calciums in metastatic
breast cancer can be cosrelated with hor-
monal changes dunng menstrual cycles and
are indicative of hormone-dependent tumor
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cells.5* If urinary calcium rises prior to the
menses and falls following cessation of the
menses, beneficial effect as measured by uri-
nary calcium will occur after castration, On
the basts of urinary calcium change, he pos-
tulates that there are two types of breast
cancer: (1) those that are hormone depend-
ent and are 1nfluenced adversely by estro-
gens, and (2) those that are hormone
independent and are unaffected by estrogens.

Administration of estrogen also has been
used in breast cancer with skeletal metas-

*No Collechion

tases in an attempt to select patients who
will benefit from castration. If calcium ex-
cretion rises upon administration of estrogen,
this indicates hormonal dependency and thus
predicts those patients who will benefit from
removal of estrogen sources. Emerson and
Jessiman report a case of a 72-year-old
female who obtained a gratifying objective
response from castration after Pprevious estro-
gen stimulation had caused a rise in urinary
calcium.?! In our experience, these methods
for selecting patients for castration have
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been helpful predominantly in the postmeno-
pausal female. In the case of the estrogen
stimulation test, we have not had 100 per
cent correlation with the results predicted
on the basis of calcium excretion. A few of
our patients have had increases in urinary
calcium excretion following estrogen admin-
istration and have shown no benefit whatso-
ever from castration. On the other hand,
other patients who have had no increases in

MK MALE AGEE€6 MG /24 HR

calcium excretion at the dose range of 5 mg.
of stilbestrol daily have received definite
benefit from castration, with recalcification
of their bony lesions. In addition, we have
encountered two patients, one of whom is
depicted in Figure 7, who have demonstrated
an initial increase in serum and urinary cal-
cium but have received ultimate benefit from
continued administration of stilbestrol, Thus
the initial effect may not predict future bene-
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fit in all cases. The exact effect of estrogens
on bone metabolism in control subjects is
not known, but in those patients who have
postmenopausal osteoporosis a slight de-
crease in urinary calcium usually occurs,
which in most cases is interpreted as repair
of osteoporosis.® In such patients decreases
in calcium excretion cannot be interpreted
as complete evidence of beneficial antitumor
effect. Estrogen may also decrease serum
and urinary calcium in patients with meta-
static bone tumors which are not considered
to be hormone dependent (Fig. 8, %), In-
creases in calcium excretion following estro-
gen administration in mammary carcinoma
are associated most probably with increases
in growth rate of the tumor cells. In such
cases inhibition of pituitary tropic hormones
and/or growth hormones may be factors.
However, it is equally possible that necrosis
of tumor cells within the bone may occur
similar to the necrosis which is produced in
soft tissue and has been shown pathologi-
cally.2?
ANDROGENS

Early observations by Adair and others
that androgen administration in mammary
carcinoma frequently may cause exacerba-
tion of the disease, mamfested by hyper-
calcemia and hypercalciuria, have been
confirmed by many investigators.1%40,54
Indeed, in spite of marked symptomatic
relief obtained with androgen therapy, large
increases 1n urinary calcium excretion and
rapid dissolution of the bones can be seen
by roentgenogram.*™## In most of the care-
fully studied cases in which androgen ther-
apy has been continued, no reversal of
hypercalcemia or hypercalciuria has oc-
curred.%®® The cause of hypercalciuria and
hypercalcemia, induced by androgens, is not
known. Recent evidence has demonstrated
the conversion of testosterone to estradiol by
human tissue, and 1t is possible that such a
conversion could cause an increased growth
rate of estrogen-dependent cells with a re-
sultant dissolution of bone.* However, this
does not resolve the fact that in about 20

per cent of metastatic mammary cancers,
androgens produce a beneficial recalcifica-
tion of osteolytic lesions.*** In some cases
early increase in bone pain, nausea, vomiting
and fever may predict a future beneficial
effect of androgens, so that early sympto-
matic increase after administration of andro-
gens may be only temporary and may indi-
cate a future benefit in favor of the host and
an osteoblastic reaction.

CORTISONE

The beneficial effects of cortisone in breast
carcinoma have been well documented by
many authors,#%%% In many such cases
cortisone has produced a lowering of the
serum and urinary calciums. In a very few
of these cases recalcification of the bones
has occurred. We are unable to explain
completely this effect of cortisone. Cortisone
may act by inhibition of ACTH, with a re-
sultant decreased output of sex steroids by
the adrenal gland and thus decreased growth
rate of estrogen-dependent mammary carci-
noma cells. However, many other unknown
factors may be involved.

ABLATIVE THERAPY

Castration and adrenalectomy may exert
their beneficial effects upon caleium metabo-
lism in neoplastic disease by removal of
major estrogen sources which are stimulating
the tumor cells, thus tilting the dynamic
tumor-host relationship in favor of the host.
Hypophysectomy may benefit by removing
trophic stimulation of the adrenals and the
ovaries, with resultant decrease in estrogen
levels. In addition to the removal of gonado-
tropins, hypophysectomy removes thyrotro-
pin and somatotropin. Both these latter hor-
mones may cause increased urinary calcium
excretion; thus, to judge the effect of hypo-
physectomy by decrease in urinary calcium
may be hazardous In two patients, one re-
ported by Pearson and the other by Jessi-
man, administration of growth hormone to
hypophysectomized breast-cancer patients
resulted in increased calcium excretion.25.4°
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Administration of human-growth hormone
to a pituitary dwarf resulted in an increased
calcium excretion in urine but a greater de-
crease in fecal excretion, producing a net
positive calcium balance.’! In addition,
acromegaly is associated with an increase in
urinary calcium,’® so that the exact signifi-
cance of increased caleium excretion follow-
ing administration of growth hormone to
cancer patients cannot be determined,

SUMMARY AND CONCLUSIONS

The various factors governing the pres-
ence of metastatic cancer in bone have been
discussed. The reasons for this high inci-
dence seem to be related to the vasculature
and the fertile soil afforded by the skeletal
system. Reasons for the various types of
host reactions in bone are not fully explained
and probably are related to the growth rate
of the tumor cells and their individual bio-
chemical characteristics.  The dynamic
equilibrium that exists between bone dissolu-
tion and bone production in metastatic
mammary carcinoma is subject to spontane-
ous changes, at times in favor of the tumor
cells and at times in favor of the host, It
appears likely that hypercalcemia and/or
hypercalciuria represent a change in favor
of the tumor cells, usually accompanied by
increased growth rate of tumor cells with a
resultant destruction of bone and possibly of
the tumor cells themselves. Secondary para-
thyroid hyperplasia can exist in the presence
of hypercalcemia and neoplasia with or with-
out bone metastasis and may be the cause
of the hypercalcemia in such cases. The use
of calcium excretion as a guide to future
therapy is a gross but not unequivocal pre-
diction of future benefit. The multiplicity of
factors, both known and unknown, govern-
ing calcium excretion makes its use as a sole
measure of objective effect unwise, and other
parameters of antitumor effect should be
used in conjunction. Recent reports on bone
resorption effects associated with broncho-
genic carcinoma and other tumors may lead
eventually to a better understanding of os-

teolytic reactions produced by tumors remote
from bone.

REFERENCES

1. Adair, F. E.: The use of the male sex hor-
mone in women with breast cancer, Surg,,
Gynec. & Obst, 84:719, 1947,

2. Adair, F, E., and Herrmann, . B.: The use
of one propi in the

of advanced cancer of the breast, Ann.
Surg. 123:1023, 1946.

. Albright, F., and Reifenstein, E. C.; The
Parathyroid Gland and Metabolic Bope
Disease, Baltimore, Williams & Walkins,
1948.

4. Aub, I, C., and Smithwick, R. H.: Lead
treatment of cancer, New England J. Med.
208:310, 1933,

. Baggett, B., Engel, L. L., Savard, K., and
Dorfman, R. 1.: Formation of estradiol-178
—CH from testosterone-3 —CU, by sur-
viving human ovarian slices, Fed. Proc. 14:
1, 1955,

. Baker, W. H.: Unpublished data.

. Baker, W. H., and Castleman, B. J.: Un-
published data.

8. Baker, W. H., Stanbury, J. B., and Dow,
E. C.: The use of radioactive calcium in
the study of metastatic bone cancer, Proc
Am. A. Cancer Res. 2:186, 1957.

. Batson, O. V.: The function of the verte-
bral veins and their role 1 the spread of
metastases, Ann, Surg. 112:138, 1940,

10. Bauer, W., and Aub, J. C.: Studies of cal-
cium and phosphorus metabolism. XV
The influence of the pituitary gland. J. Clio
Tavest 20:295, 1941,

11. Beck,J. C., McGarry, E. E,, Dyrenfurth, L,
and Venning, E. H.: The metabolic effects
of human and monkey growth hormone 10
man, Program of the forty-ninth annual
meeting of Am Soc. Clin. Invest., . 9
May, 1957,

12. Blumgart, H. L., Gilligan, D. R., Levy,
R. C., Brown, M. G., and Volk, M. G
Action of diuretic drugs. I. Action of diu-
retics in normal persons Arch Int. Med.
54:40, 1934,

13. Bronner, F., Harris, R. S., Maletskos, C.l,
and Benda, C. E.: Studies in calcium me-

bolism; the fate of iatr ly injected
radiocaloium in human beings, J. Clin.
Invest. 35:78, 1956.

14. Case Records of the Massachusetts General
Hospital: New England J. Med, 248:248,
1953,

[

(7]

=

N




203

References

L.

: New England J. Med. 256:750,
1957,

16. Conmor, T. B., Thomas, W. C,, Jr., and
Howard, J. E.: The etiology of hyper-

leemi jated with lung carci N
1. Clin. Invest. 35:697, 1956.

17. Dent, C. E.: In Ciba Foundation Sym-
posium on the Kidney, p. 242, Boston,
Little, 1954.

18. Dent, C. E., Flynn, F. V., and Nabarro,
I. D. N.: Hypercalcemia and impairment
of renal function in generalized sarcoidosis,
Brit. M. J. 2:808, 1953,

19. Dudley, H. R., Ritchie, A. C., Schilling, A.,
and Baker, W. H.: Pathol h

29,

30.

31

excretion by oral sodium phytate, J. Clin.
Invest. 34:939, 1953,

Herrmann, J. B., Kirsten, E., and Krakauer,
1. 8.: Hypercalcemic syndromes associated
with androgenic and estrogenic therapy, J.
Clin. Endocrinol. 9:1, 1949,

Holland, J. F., Daniclson, E., and Sahagian-
Edwards, A.: Use of ethylene diamine
tetra-acetic acid in hypercalcemic patients,
Proc. Soc. Exper. Biol. & Med. 84:359,
1953.

Howard, J. E., Carey, R. A., Rubin, P. S,
and Levine, M. D.: Diagnostic problems in
pati with hyper ia, Tr. A. Am.

gl Ef

associated with the use of sodium ethylene
diamine tetr: tate in the tr of
hypercalcemia, New England J, Med. 252:
331, 1955,

20. Eliel, L. P., Smith, W. O., and Alvarez,
A. 8.: The pathogenesis and g1
of metabolic disturbances in osteolytic bone
disease, Proc. Am. A. Cancer Res. 2:198,
1957,

21. Emerson, K, Jr.,, and Jessiman, A. B.:
Hormenal influences on the growth and
progression of cancer, New England J.
Med. 254:252, 1956.

22, Emerson, W. J., Kennedy, B. J., Graham,
J. N., and Nathanson, I. T.: Pathology of
prnmary and recurrent carcinoma of the
human breast after administration of ster-
oid hormones, Cancer 6:641, 1953.

23, Foreman, H., Fmnegan, C., and Lush-
baugh, C. C.: Nephrotoxic hazard from
uncontrolled edathamil calcium-disodium
therapy, J.A M A. 160:1042, 1956.

24. Freid, J. R., and Goldberg, H.: Treatment
of metastases from cancer of the breast,
Am. J. Roentgenol. 63:312, 1950.

25. Griboff, S. I, Herrmann, J. B., Smelin, A.,
and Moss, J.: Hypercalcemia secondary to
bone metastases from carcinoma of the
breast. 1. Relationship between serum cal-
cium and alkaline phosphatase values. J.
Clin. Endocrinol. 14:378, 1954,

26. Gutman, E. B,, Sproul, E. E , and Gutman,
A. B : Sigmficance of increased phospha-
tase activity at the site of osteoplastic
metastases secondary to carcinoma of the
p;osta:e gland, Am. I. Cancer Res. 28:485,
1936.

27. Harris, R. S., ef al.: Species differences in
excretion of intravenously injected cal-
cium?’, Fed, Proc. 15:2, 1956,

28. Henneman, P. H., and Carroll, E.; Suppres-
sion of unnary calcium and magnesium

33.

34.

35

36.

37.

38.

39.

40.

41.

42.

62:264, 1949.

Phy

. Hyman, G. A., Elliott, R. H. E,, Ir,, and

Sawitsky, A.: Studies on anemia of dis-
seminated malignant neoplastic disease;
hemolytic factor, Blood 9:911, 1954.
Hyman, G. A., and Harvey, J. L.; A com-
parison of bone-marrow aspiration and
skeletal roentgenograms in the dragnosis of
metastatic carcinoma, Cancer 8:576, 1955.
Hyman, G. A., Harvey, J. E., and Geldner,
J. E.: The pathogenesis of anemia in pa-
tients with carcinoma, Am. J. Med. 19:350,
1955,

Jaimet, C. H., and Amy, H. E.: Cancer
diagnosis by bone marrow smears, Ann, Int.
Med. 44:617, 1956.

Jessiman, A. G., in Pearson, Q. H. (Ed.):
Hypophysectomy, p. 100, Springfield, I,
Thomas, 1957.

Kennedy, B. 1., Nathanson, I T., Tibbetts,
D. M., and Aub, J. C.: Biochemical altera-
tions during steroid hormone therapy of
advanced breast cancer, Am. J. Med. 19:
337, 1955.

Kennedy, B. J., Tibbetts, D. M., Nathanson,
L T, and Aub, J. C.: Hypercalcemia, a
complication of hormone therapy of ad-
vanced breast cancer, Cancer Res. 13:445,
1953,

Laszlo, D., Schilling, A., Bellin, J., Gottes-
man, E. D,, and Schulman, C. A.: Effect of
testosterone on patidnts with bone metasta-
ses: a metabolic study, particularly of breast
carcinoma, J.A.M.A, 148:1502, 1952.
Laszlo, D,, Schulman, C. A., Bellin, J. ., Got-
tesman, E. D., and Schilling, A.: Mineral
and protein metabolism in osteolytic metas-
tases, J.LA.M.A. 148:1027, 1952,

Lfemon, H. M.: Cortisone-thyroid therapy
of metastatic mammary ca

Med. 46:457, 1957, ) oroe Ane. Int
Lemon, H. M., Davidson, M. M., and



204

Caleium Metabolism in Relation to Metastatic Malignancy

43

44

45.

46.

47.

48.

49.
50.

5

—_

Asimov, L.: Acid-phosphatase activity of
normal and ncoplastic human tissues, Can-
cer 7:92, 1954,

Lemon, H. M., and Reynolds, M. D.: Re-

52

crine thetapy for advanced breast canter,
J.AM.A. 154:234, 1954,

Plimpton, C, H., and Gelthorn, A.: Hyper-
calcemia in malignant disease  without

gression of cancer mel.
following decline of serum acid phospha-
tase induced by anti-estrogen therapy, Proc,
Am. A. Cancer Res. 2:124, 1956,

Levitt, M. F., Halpern, M. H., Sweet, A. Y.,
and Gnibetz, D.: The effect of intravenous
calcium infusion on electrolyte excretion in
man, }. Clin, Invest, 35:721, 1956,

Mileh, R. A., and Changus, G. W.: Re-
sponse of bone to tumor invasion, Cancer
9:340, 1956.

Myers, W. P. L., West, C. D, Pearson, O.
H., and Karnofsky, D. A.: Androgen-
induced exacerbation of breast cancer
measured by calcium excretion, LAMA.
161:127, 1956.

Nathanson, I. T.: Clinical investigative ex-
perience with steroid hormones in breast
cancer, Cancer 5:754, 1952,

Nathanson, I. T., and Kelley, R. M.:
Medical progress, hormonal treatment of
cancer, New England J, Med. 246:135,
180, 1952,

Pearson, O. H. (Ed.): Hypophysectomy,
p. 100, Springfield, 1Il., Thomas, 1957.
Pearson, O. H., L1, M. C., MacLean, J. P,,
Lipsett, M. B., and West, C. D.: The use of
hydrocortisone in cancer, Ann. New York
Acad. Sc. 61:393, 1955,

Pearson, O H., West, C, D., Hollander, V.
P., and Treves, N. E.: Evaluation of endo-

53.

§4.
55,

56.

57.

58

59.

idence of bone destruction, Am. J, Med.
21:750, 1956.
Recklinghausen, von, F. D.: Die fibrose
oder deformirende Ostitis, die Osteomalacie
und dic osteoplastische Carcinose mn shren
gegenseitigen  Beziehungen, pp. 1-89, pl
1-5, Berlin, 1891. Dedicated to Rudolf
Virchow in celebration of his 71st birthday.
Smith, H. A.: Principles of Renal Physi-
ology, p. 105, New York, Oxford, 1956.
Spencer, H., Greenberg, J., Berger, E,
Perrane, M, and Laszlo, D.: Studies on
the effect of ethylencdiaminetetra-acetic
acid in hypercalcemia, J. Lab. & Clin. Med.
47:29, 1956,
Spencer, H., Samachson, I, and Laszlo, D.:
Clinical and metabolic studies of myta-
trienediol, Proc. Am A. Cancer Res, 2:252,
1957,
Swyer, A. 1., Berger, J. $, Gordon, H. M.,
and Laszlo, D.: Hypercalcemia in ostealyttc
metastatic cancer of the breast, Am. J. Med
8:724, 1950,
West, C. D., Li, M. C., MacLean, L P,
Escher, G. C., and Pearson, 0. H.; Corti-
sone-induced remissions 1n women with
melastatic mammary cancer, Proc. Am, A.
Cancer Res 1:51, 1954. i
Willis, R A.: The Spread of Tusmours in
the Human Body, ed 2, London, Butter-
worth, 1952,

Metabolismo de Calcium in Relation a Malignitate Metastatic

Summario in Interlingua

Le varie factores governante le presentia
de cancere metastatic in 0sso es discutite. Le
ratfones pro jste alte incidentia es apparente-
mente relationate al vasculatura € al climate
favorabrle representate per le systema ske-
letic. Le rationes pro le varie typos de
reaction in le ambiente ossee non es com-

ple

temente clar. lllos es probabilemente con-

nectite con le ntensitate del crescentia del
celiulos tumoral ¢ con lor charactensticas
biochimic individual. Le equilibrio dynamic
que existe inter le dissolution & fe production

de o0sso in metastatic carfinoma mammarl
es characterisate per alterationes spomtanee,
a vices in favor del cellulas tamorat € 2 viges

in favor del tessuto ambiente. 1les prob

abile

que hypercalcemia ¢/0 hypercaleiunia Tepre:

senta un alteration in favor del
moral, usnalmente accompantate de

cellulas tb-
un

crescentia accelerate del celtulas umoral

con resultante destruction de 0ss0 € pPs

sibi-

lemente del celtulas tumoral mesme. §ecu{!-
dari hyperplasia parathyroide pote exister i%
le presentia de hypercalcemia € neoplasia
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Summario in Interlingua

con o sin metastase ossee € es possibilemente
le causa del hypercalcemia in tal casos. Le
determination del excretion de calcium pote
esser usate como guida in planar le therapia
futur, sed como base del prediction de bene-
ficios futur illo es grossier e non inequivoc.
Le multiplicitate del factores—tanto cog-
noscite como etiam non cognoscite—que
governa le excretion de calcium argue contra

su uso exclusive como mesura de effectos
objective. Altere mesurationes del effecto
anti-tumoral debe esser utilisate in conjunc-
tion con illo. Recente reportos in re effectos
resorptional in le osso in association con
carcinoma bronchogene e altere tumores re-
sultara forsan al futuro in un meliorate com-
prension del reactiones osteolytic producite
per tumores de sito distante ab le osso.
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The Relationships of Steroid Hormones
to the Development and the Management
of Osteoporosis in Aging People®

EbpwARD C. REIFENSTEIN, JR., M.D.t

INTRODUCTION

All human fissues undergo changes with
aging which we shall group together under
the term atrophy. Bone is no exception, and
the skeletal atrophy produces the metabolic
bone condition which we call osteoporosis.
This chapter deals with our present concepts
of the relationships of steroid hormones (1)
to the development of osteoporosis in aging
people and (2) to the therapeutic manage-
ment of this osseous disorder.

BONE BONE
‘ oF
\P CALCIFICD A_
RESORPTION ’ FORMATION

RONE

L o]

DYNAMIC EQUILIBRIUM

ARROW A = ARROW B
BOTH ARROWS = NORMAL

Fia. 1. Schematic diagram illustrating
the dynamic processes affecting the bone
mass of the normal adult man  This shows
the mass of calcified bone in the normal
adult 1n a state of dynamic equilibrium
with the two separate metabolic processes,
bone formation and bone resorption, tak-
ing place simultaneously at equal rates

OSTEOPOROSIS AND METABOLIC
BONE DISORDERS
A short review of our interpretation of
osteoporosis and certain related disorders
will be presented in order to make clear
exactly what is meant by these condi-
ﬁons‘n,m-oo_os,wu

DyNaMic PROCESSES AFFECTING
BoNE Mass

The mass of calcified bone in the body of
an adult man in good health is in a state of
dynamic equilibrium (Fig. 1), since tWO
separate metabolic processes, bone forma-
tion and bone resorption, are taking place
continuously, simultaneously and at such
rates that the quantity of mineral that enters
bone is equal to the quantity of mneral that
leaves it. A change in the total mass of
ntitled “Steroid
” dehvered by
rman
Ger-

* Modified from an address e
Hormones and the Aging Skeleton’
Javitation at the annual meeting of the Gel
Endocrinological Society, Freiburg tm Bresgan,
many, March 8, 1957.
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calcified bone can be brought about in two  (Fig. 3):. (1) the laying do“in o(f1 the plr}c])-
ways, (Fig. 2) cither (1) by an alteration tein m;'llnx by the osteqb]asts, and (2) h_e
in the amount of bone formation or (2) by dcposition of the calcium salts into 't is
an alteration in the amount of bone resorp- matrix. Because of thesc two steps, it 1S
tion. Bone formation consists of two steps necessary to make a further division in the

: ‘______@______

(?) DECREASED FORMATION (2) INCREASED RESORPTION
ARROW A < NORMAL ARROW A = NORMAL
ARROW B = NORMAL ARROW B > NORMAL

INCREASED BONE MASS

| SO

L

() INCREASED FORMATION (3) DECREASED RESORPTION
ARROW A > NORMAL

ARROW A = NORMAL
ARROW B = NORMAL

ARROW B < NORMAL

Fio. 2. Schematic diagrams illustrating the mechanisms for changing the
total mass of calcificd bone in the normal adult man, There are four divisions:
(1) reduced calcified bone mass resulting from decreased formation; (2)
reduced calcified bone mass resulting from increased resorption; (3) increased
calcified bone mass resulting from increased formation; and (4) increased cal-
cified bone mass resulting from decreased resorption,

152155 [=]—acTive

5% MINCRAL
FI6. 3. Schematic dia-  |77227707%07 OSTEOBLAST SALTS
grams illustrating the Z?;,ﬂéiésm;' /
two steps of bone for- 7 : PR
A R PRS-
adult man. There are [ eoxe 7 (OSTEQID) ~
two divisions: (1) the |72zl
first step in bone for- f?ég;g;%;
mation—the deposition 22722724727 =
of the protein matrix

through the activity of

the osteoblasts; and (2) IN(;) FIRST STEP
the second step 1n bone ONE FORMATION
formation—the deposi-  pEposiTION OF MATRIX
tion of the mineral salts

into the matrix.

(2) sEconD sTEP
IN BONE FORMATION

DEPOSITON OF MINERALS

ARROW A = NORMAL



INADEQUATE INACTIVE ADEQUATE
MATRIX (- OSTEOBLAST MATRIX — Os::géﬁsr
¢-® ,i = | 4-® ;U
ADEQUATE
suprLY of = s
MINERALS MINERALS
N RODY ™ BODY
TLUIDS FLUIOS
(®) DECREASED FORMATION (2) DECREASED CALCIFICATION
OF MATRIX OF MATRIX
ARROW A < NORMAL ARROW A < NORMAL
ARROW B = NORMAL ARROW B = NORMAL

Fig. 4. Schematic diagrams illustrating the two mechanisms in man leading
to decreased formation of calcified bone. There arc two divisions: (1) de-
creased formation of calafied bone because of decreased formation of matrix,
in which the osteoblasts are mactive although therc is an adequate supply of
minerals in the body fluids; and (2) decreased formation of calified bone
because of decreased calcification of matrix, in which the osteoblasts are active
but there is an inadequate supply of minerals in the body fluids.

(@) NORMAL ADULT MAN () osteOPOROSIS
’ i
o o

ARROW A < NORMAL
ARRQW B8 = NORMAL

ARROW A = ARROW ©
BOTH ARROWS = NORMAL

() oSTEOMALACIA (@) osTEITIS FIBROSA GENERALISATA

o e |

ARROW A = NORMAL
ARROW B > NORMAL ,

ARROW A < NORMAL
ARROW 8 = NORMAL

Fc. 5. Schematic diagrams ilfustrating the 3 mechanisms in man feading to
“too little” calcified bone. There are four divisions. (1) the normal adult state
with the mass of calcified bone in dynamic equlibrrum; (2) the metabolic bone
disorder, osteoporosis, with 100 hittle calcified bone mass because of too Intle
formation of matrix, (3) the metabolic bone disurdcr,‘ osteomalacia, with too
little calcified bone mass t of too little of matnix; and (4‘)1
the metabohic bone disorder, osteius fibrosa generalisata, with tao lttle caleifie

bone mass because of too much resorption of bone
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the wrine. The discrepancy between bone
resorption and bone formation determines
the degree of hypercalciuria, When the os-
teoporosis develops gradually, the increase in
urinary calcium usually is not great; it may
be marked when the condition develops
rapidly. The reduced calcified mass of bone
is indicated microscopically by fewer and
less thick trabeculae rather than by a change
in the bone contour, which is prescrved until
fracture occurs. The reduced sheletal mass
is shown functionally by an increased sus-
ceptibility of the bone to fracture and com-
pression.

Chronic (Clinical) Stage. As the bone
mass steadily decreases, the skeleton be-
comes increasingly responsive to the stresses
and strains of weight-bearing and reacts by
applying a stronger and stronger stimulus to
the sluggish osteoblasts. In time, the bone
mass becomes so diminished that the skele-
ton responds to the stresses and strains with
a sufficient increase in osteoblastic activity
and bone formation so that (1) the bone
mass, although reduced in quantity, again is
restored to a dynamic equilibrium; (2) the
serum alkaline phosphatase level, which is
an index of osteoblastic activity, is within the
physiologic range; (3) the osteoblasts and
the osteoclasts appear qualitatively and
quantitatively normal upon histologic exam-
ination; and (4) the hypercalciuria of the
initial stage disappears.

THE DIAGNOSIS OF CHRONIC (CLINICAL)
OSTEQPOROSIS

There is no particular difficulty in diag-
nosing osteoparosis when skeletal deformi-
ties or clinical manifestations are present.
We have pointed out (see Table 1) that
too little calcified bone occurs in three con-
ditions: osteoporosis, osteomalacia, asteitrs
fibrosa generalisata. It is impossible to dif-
ferentiate these disorders merely from the
evidence of a generalized reduced bone dea-
sity in roentgenograms. Furthermore, all
strtictural deformities resulting from insuffi-
cient bone strength can arise in any bon.e
with a reduced calcified mass. Therefore, it

is not surprising that the same anatomic
defects (such as vertebral deformities) occur
in all three disorders. Some differences in
bore structure may be apparent to those ex-
perienced in interpreting roentgenograms.’
Roentgenograms are of greater assistance in
cstablishing the nature of bone disorder by
indicating the Jocation of the osseous lesions
and the presence of other associated mani-
festations (such as bone cysts in osteitis
fibrosa generalisata).

THE DIAGNOSIS OF EARLY Or MILD
OSTEOPOROSIS

Cases Difficult to Diagnose. The major
problem in diagnosing osteoporosis is in
identifying the cases with early stages or
mild states of generalized bone involvement.
The decreased bone mass that exists prior to
the development of structural deformities
usually is not detectable at present because
of the limitations in the technics currently
available for studying human bones during
life.

Diagnostic Value of Laboratory Pro-
cedures.  Osteoporosis is not recognizable
by clinical or laboratory procedures for sev-
eral years. The concentrations of mxflerals
in the body fluids are normal, even in the
presence of marked osseous involvement.
For this reason, serum determinations are
of no diagnostic value, The ability of the
skeleton to take up intravenously mfus.ed
stable or radioactive calcium® or radioactive
strontium2? has been proposed as a method
for detecting osteoporosis; these procedures
may be valuable but need further Stl'ldy-
Since the various areas of the skejeton dxffer
markedly in anatomic structure, chemlfal
composition and responsiveness 1@ ?hyslﬂ;
logic and pathologic influences, a piece O
bone removed by biopsy is not 2 representa;
tive sample of the entire skeletal mass oI &
the bone from which the specimen was
taken. Hence, data obtained from the study
of bone samples may not indicate t.he true
nature or degree of the generalized m\fulve-
ment. The technics for measuring mm;ml
and mitrogen balances are expensive time
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TapLt 2. MINiMuM AMOUNT aNp DuraTioN oF CaLctum Loss or GAIN THAT CAN BL
DELTECTED BY VISUAL EXAMINATION Of ROCNTGLINOGRAMS IN CHRONIC (CLINICAL)
OSTLOPOROSIS

AVERAGE NORMAL SKELLTON

“Total calcium content. «vovurevrresnnn et et ieraaas at feast {,150 Gm.
Mini tass d ble by « am (from studies)
Per cent of total calcium content. .. ... eveetraia s eaaas at least 30%
Amount of caleium. ... ..ovel Sre ettt s, atJeast 345 Gm.
fini gain d ble by roent am (
Per cent of total calcium content. . .. at {east 30%
Amount of calelIm. ., i v i e it at least 345 Gm,
Curonic (CLINICAL) OSTEOPOROSIS—UNTREATTD
Average daily loss of calcium in balance studies. ..ooovuivnsnnnn,, ., 0.1-0.2 Gm.

Average time required to lose 345 Gm.....

. 1,725-3,450 days

Minimum time for detectable loss by yoentgenogram.............,, . 4797 yrs.
CuroNic (CLINICAL) OSTEOPOROSIS—TREATED WITH STLROIDS

Average daily gain of calcium in balance studies. . .o...viiiien. ..., 0.1-0.2 Gm.
Average time required to gain 345 Gm ,........... » 1,725-3,450 days
Minimum time for detectable gain by roentgenogram .............. . 4797 yrs,

cansuming and not suitable for routine
evaluation of patients. The early stages or
mild degrees of osteoporosis are nat recog-
nized in roentgenograms, because it is not
possible to recagnize changes in bone density
with certainty until a considerable quantity
of the calcium content has been lost. Most
investigators!®427! agree that it requires a
minimum calowm loss of 30 per cent, and
possibly up to 50 or 60 per cent, before a
decrease in the calcified mass of bone can be
recognized roentgenographically.™

Amount and Duration of Calcium
Loss. Some calculations 1 Table 2 empha-
size this difficulty. The total skeleton of the
average normal mon contains about 1,150
Gm. of calcium 19 Thirty per cent of this is
345 Gm. The average calcium loss by pa-
tients with untreated clinical osteoporosis
during metabolc balance stadies is about
100 to 200 mg, per day."*' Therefore, the
average time required to lose 345 Gm. of
calcium would be from 1,725 to 3,450 days,
or from 5 to 10 years!®8t It should be
noted that it is equally, if not more, difficult
to detect repletion of the calcified bone mass
by roentgenogram becanse, again, a consid-
erable amount of caleium must be tegained
before an increase in bone density can be
recognized 65487

SENILE OSTEOPOROSIS

With these concepts as background, the
osteoporosis of old age now will be consid-
ered. We refer 1o the metabalic bone dis-
order that oecurs in persons over 45 years
of age. In earlier reports'®™ we divided the
elderly women with clinical osteoporosis ar-
bitrarily into two groups: (1) the postmeno-
pausal cases, in which the clinical manifes-
tations appeared before the age of 65; and
(2) the senile cases, in which the clinical
condition developed later. However, for this
discussion we shall speak of the osteoporosis
of old age as senile osteoporosis and include

I Steoporosis as a special
type of senile osteoporosis.

T
pausal

RELATIONSHIPS OF STEROID
HORMONES TO SENILE
OSTEQPOROSIS

Tn 1940 Albright called attention to the fre-
quent occurrence of osteoporosis in women
about 5 to 10 years after the menopause
and suggested that this bone disorder was
another manifestation of the decreased ovar-
ian hormone production that accompanied
the climacteric state 4 Subsequently, his
clinic and associates published additiona}
Teports  supporting  and extending this
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URINARY EXCRETION OF ANABOLIC 1ANDROSENIC PLUS ESTROGENIC) STERDIDS
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FiG. 6. Graphs tliustrating the effect of age and sex upon the urinary excretion of
steroids with anabolic activity (androgen plus estrogen).

The charts are dertved from the data of Pincus, Dorfman and assoctates.?-2 The graphs
were constructed after the following steps (sce Table 3): (1) the urinary estrogenic activ-
1ty excreted at various ages was calculated for each sex mn percentage of the amount ex-
creted by women at the age of 25 years, (2) the uninary androgenic activity excreted at
various ages was calculated for cach sex in percentage of the amount excreted by men at
the age of 25 years, (3) then for each sex the percentage excretrons thus derived were
added together at the respective age periods; (4) the resulting total excretion of androgenic
and estrogenic activities was recalculated for each sex 1n percentage of the total quantity
of steroids with these activities excreted by women at the age of 25 years; and (5) lfxe
resulting values were charted. The combined excretion of androgenic and estrogenic activ-
ities is assumed to be an index, if not a measure, of the production of anabolc steroid.s.

The graphs show that with declining years (1) the total production of anabolic
steroids dimuinishes n both sexes and (2) the decreased production occurs at an earlier
age, is more precipitous and reaches a considerably lower Jevel in women than m men,
For further discussion see text.

concept 1-9:8,10.16:46,47.54,03,61,76.70,54 06,08,100 The QUESTION 1: Is THERE A DEFICIENCY
major relationships of steroid hormones to OF ANABOLIC STEROID HORMONES
senile osteoporosis will be presented by dis- IN SENILE OSTEOPOROSIS?
cussing two questions (1) Is there a defi- 4 X 5

: N ! B nabolic Steroids
ciency of amabolic steroid hormones in The Nature of 'd
senile osteoporosis? (2) Is there an excess The androgeme and the estrogenic stergl]
of antianabolic steroid hormones in this hormones produced by the gonads a_nd f;
disorder? adrenal cortex stimulate the apabolism o
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Fia. 6. Graphs illustrating the effect of age and sex upon the urinary excretion of

sterords with anabolic activity (androgen plus estrogen).

The charts are derived from the data of Pincus, Dorfman and associates.-"2 The graphs
were constructed after the following steps (see Table 3): (1) the uninary estrogenic activ-
ity excreted at various ages was calculated for each sex in percentage of the amount ex-
creted by women at the age of 25 years; (2) the urinary androgenic activity excreted at
various agies was calculated for each sex 1n percentage of the amount excreted by men 2t
the age of 25 years; (3) then for each sex the percentage excretions thus derived were
added together at the respective age periods, (4) the resulting total excretion of androgenic
and estrogenic activities was recalculated for each sex m percentage of the total quantity
of steroids with these activities excreted by women at the age of 25 years; and {5) the
resulting values were charted The combined excretion of androgenic and estrogentc activ-
ities is assumed to be an index, if not 2 measure, of the production of apabolic steroids

The graphs show that with dechning years

(1) the total production of anabolic

sterords diminishes m both sexes and (2) the decreased production occurs at an earlier

age, 1s more precipitous and reaches 2 considerably lower I
For further discussion see text.
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senile osteoporosis will be presented by dis- IN SENILE QSTEOPOROSIS?
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£.3-D:10,16,46,47.54,63,67,1819,04 060300 The QUESTION 1: Is THERE A DEFICIENCY
OF ANABOLIC STEROID HORMONES

cussing two questions- (1) Is there a defi~ The Nature of Anabolic Steroids

ciency of anabolic sterord hormones in

senile osteopososis? (2) Is there an excess The androgenic and the estrog
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Fi6. 6 Graphs illustrating the effect of age and sex upon the urinary excretion of
steroids with anabolic activity (androgen plus estrogen).

The charts are derived from the data of Pincus, Dorfman and associates.?-2 The graphs
were constructed after the following steps (see Table 3): (1) the urinary estrogenic activ-
ity excreted at varjous ages was calculated for each sex in percentage of the amotint ex-
creted by women at the age of 25 years; {2) the unnary androgenic activity excreted at
various ages was caleulated for each sex in percentage of the amount excreted by men at
the age of 25 yeats; (3) then for each sex the percentage excretions thus derived were
added together at the respective age periods; (4) the resulting total excretion of androgenic
and estrogenic activities was recalculated for each sex in percentage of the total quanuty
of sterowds with these activities excreted by women at the age of 25 years; and (5) the
resulting values were charted. The combined excretion of androgenic and estrogenic activ-
1wes is assumed to be an index, if not a measure, of the production of anabolic steroids

The graphs show that with decliming years (1) the total production of anabolc
sterords diminishes in both sexes and (2) the decreased production occurs at an earlier
age, 15 more preciprtous and reaches a considerably lower level in women than in men
For further discussion see text,

concept 15/A101646.47.54,63,07,76,10,0400,95,100 The  QuEsTION 1: Is THERE A DEFICIENCY
major relationships of steroid hormones to OF ANABOLIC STEROID HORMONES
senile osteoporosts will be presented by dis~ IN SENILE OSTEOPOROSIST
cussing two questions, (1) Is there a defi~ 4 .

i : : nabohic Steroids
ciency of anabolic steroid hormones in The Nature of : )
senile osteoparosis? (2) Is there an excess The andragenic and the estrogenic stero)

of antianabolic steroid hormones in this hormones produced by the gonads and ﬂu;
disorder? adrenal cortex stimulate the amabolism ©
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F16. 6, Graphs illustrating the effect of age and sex upon the urinary excretion of
steroids with anabolic activity (androgen plus estrogen).

The charts are derived from the data of Pincus, Dorfman and associates.”™2 The graphs
were constructed after the following steps {see Table 3): (1) the urinary estrogenic activ-
ity excreted at various ages was calculated for each sex in percentage of the amount ex-
creled by women at the age of 25 years; (2) the urinary androgemic activity excrefed at
various ages was calculated for each sex in percentage of the amount excreted by men at
the age of 25 years; (3) then for each sex the percentage excretions thus derived were
added together at the respective age periods; (4) the resulting total excretton of androgenic
and estrogenic activittes was recalculated for each sex in percentage of the total quantity
of steroids with these actvities excreted by women at the age of 25 years, and (5) the
resulting values were charted The combined excretion of androgen¢ and estrogenic activ-
ities 1s assumed to be an index, if not a measure, of the production of anabolic steroxd.s‘

The graphs show that with declining years (1) the total production of anabolic
steroids drminishes in both sexes and (2) the decreased production occurs af an earlier
age, is more precipitous and reaches a considerably lower level n women than m men
For further discusston see text.

concept 1-%:510.16.40,47.54,63,67,78,79,91 96,95,100 The QuESTION 1: Is THERE A DEFICIENCY
major relationships of steroid hormones to OF ANABOLIC STEROID HORMONES
semile osteoporosts will be presented by dis~ IN SENILE OSTEGPOROSIS?
cussing two questions (1) Is there a defi~ .

i i ; The Nature of dnabolic Steroids
ciency of anabolic steroid hormones in e re of

senile csteopnrosis? (2) Is there an excess
of antianabolic sterord hormones in this
disorder?

The androgenic and the estrogenic steroid
hormones produced by the gonads a’nd the
adrenal cortex stimulate the anabolism of
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Fi6. 6. Graphs illustrating the effect of age and sex upon the urtnary excretion of
steroids with anabolic activity (androgen plus estrogen).

The charts are derived from the data of Pincus, Dorfman and associates,»->2 The graphs
were constructed after the following steps (see Table 3): (1) the urinary estrogenic activ-
ity excreted at various ages was calculated for each sex mn percentage of the amount ex-
creted by women at the age of 25 years; (2) the urinary androgenic actvity excreted at
various ages was calculated for each sex in percentage of the amount excreted by men at
the age of 25 years; (3) then for each sex the percentage excretions thus derived were
added together at the respectwve age periods; (4) the resulting total ion of 2
and estrogenic activities was recalculated for each sex in percentage of the total quantity
of steroids with these activities excreted by women at the age of 25 years; and !5) the
resulting values were charted. The combrned excretion of androgenic and estrogenic activ-
ities is assumed to be an index, if not a measure, of the production of anabolic sleroxdf

The graphs show that with dechning years (1) the total production of anabo}m
sterords diminishes in both sexes and (2) the decreased production occurs at an earlier
age, is more precipitous and reaches a considerably lower level in women than in men.
For further discussion see text.

concept.Hv"-l°-1°r*5v"~5‘-63:°7-78v7”.94 96,98,100 The QUEsTION 1: Is THERE A DEFICIENCY

major relationships of steroid hormones to
senile osteoporosis will be presented by dis-

OF ANABOLIC STEROID HORMONES
IN SENILE OSTEOPOROSIS?

cussing two questions: (1) Is there a defi- The Nature of Anabolic Steroids

ciency of anabolic steroid hormones in
senile osteoporesis? (2) Is there an excess
of antianabolic steroid hormones in this hormones produced by the gon

disorder?

The androgenic and the estrogenic steroid
ads and the

adrenal cortex stimulate the anabolism of
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cffects are induced by androgen and estro-
gen, the term androgenic cannot be cm-
ployed as a synonym for anabolic.

Primary Evidence Supporting Quiestion |

Anabolic Ster0id Deficiency in Aging
Persons. Some clinical features of aging
(such as the reduction in muscle mass, the
decrease in muscular power and activity, the
increase in fatigability and the susceptibility
of the bones to {racture) in themenlves sugr
gest a deficiency in anabolic steroids, since
these manifestations are the opposite of
those induced by these hormones 7123342
The decrease with age in ovarian activity is
clearly indicated by the cessation of men-

struation; the decrease with age in testicular .

and adrenal cortical anabolic function is less
easily recognized.

Recent studies on the urinary excretion of
anabolic steroid metabolites provide more
definitive evidence. These investigations
establish that the production of andragen
and of estrogen diminishes in both sexes
with declining years.51529092 The general
pattern of these changes in women and in
men at various ages is shown graphically in
Figure 6, which has been prepared from
data (Table 3) of Pincus, Dorfman and as-
sociates.”?*  The combined excretion of
androgenic and estrogenic activities is as-
sumed to be an index, if not a measure, of
the production of amabolic steroids. In
women, the level of estrogen is high in the
young adult and falls rapidly at the meno-
pause to a value below that of men. The

Jeve! of androgen in women also is high in
the young adult (although below that of
men) and, like that of estrogen, decreases
markedly at the mecnopause. In men the
level of androgen is high in the young adult
and decreases more gradually with age, while
the level of estrogen, which is low initially,
shaws little or no change throughout life.

The life history of the steroid anabolic
hormones in the female is presented sche-
matically ia Figure 7. In this sex, sterojds
of the anabolic group are first produced in
significant quantity at the time of puberty.
Since anabolic steroids in the female have
their origin both in the ovary and in the
adrenal cortex, this means that there is not
only a menarche with respect to the ovarian
anabolic steroid hormones but also an adre-
narche with respect to the anabolic steroid
components.* The production of ovarian
anabalic steroids falls rather precipitously at
the menopause. The amount of anabolic
sterojds produced by the adrenal cortex also
decrenses with age but less abruptly; this
decline has been termed an adrenopause with
respect fo these anabolic steroids.?

The life history of these steroids in the
male is presented schematically in Figure 8.
In this sex, steroids of the anabolic group
likewise are first produced in a significant
quantity at the time of puberty. Since both
the testicular Leydig cells and the adrenal
cortex contribute hormones with anabolic
activity, the events of puberty involving these
glands have been called a leydigarche and an
adrenarche with respect to the anabolic ster-

TaBLE 4, THE SEX DISTRIBUTION OF SENILE OSTEOPOROSIS

NuMBER oF

NuMBER OF Toray

INVESTIGATORS Men ‘WoMEN Caskes

Aloright, Smith and Richardson®® . ...... 2 37 39
Cooke™ ... ...... ... ... 7 43 50
Black, Ghormley and Campt? 41 167 208
Perlofl, Boutwell and Maas™? ... . 12 50 62
Totaleases ..... . . ... . eers il 62 297 359
Per cent of total cases . .. .. e e e . 17% 83¢p 100%
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TABLE 5. THE AGE DISTRIBUTION OF THE ONSET OF SENILE OSTEOPOROSIS

AGE RANGE

AGE RANGE

AGE RANGE AGE RANGE

INVESTIGATORS 30-39 4049 50-59 60-90 1(‘3?\2’3-
Women Men Women Men Women Men Women Men  ALL Aces
Albright, Smith and
Richardson®® ........ 0 0 10 2 15 0 12 0 39
Cooke?6 1 1 4 0 8 3 30 3 50
Perloff, Boutwell and
Maas$? ....... cevess 3 0 12 2 31 4 4 6 62
Total cases . 4 1 26 4 54 7 46 9 151
Total women . 4 26 54 46 130
Totalmen ......... 1 4 7 9 21
Total women and men .. . 5 30 61 55 151
WoMEN Men WOMEN AND MEN
ACERANGE Noof 6 of Total No of % of Total No of % of Total
) Cases Cases Cases Cases Cases Cases
4 2.6% 1 0.7% S 3.3%
26 17.2% 4 26% 30 19.8%
54 35.8% 7 4.6% 61 404%
46 30.5% 9 60% 55 36.5%
Total cases.. 130 86.1%% 21 13.9% 151 100.0%

oids.® The production falls gradually in the
aging male, approximately at the time of the
female adrenopause. Thus, the male has
an adrenopause and at the same time a ley-
digpause with respect to these hormones.
Association in Aging Persons of Os-
teoporosis with Deficiency of Amabolic
Steroids. Senile osteoporosis occurs much
more frequently in aging women than in
aging men.101%.2687 In 359 cases of senile
osteoporosis (Fig. 9 & Table 4), 83 per cent
were women and 17 per cent were men; that
is, there were five times as many cases in
women as in men. Furthermore, women de-
velop clinical manifestations of the bone dis-
order at an earler age than men.!'»*657 In
130 women with senile osteoporosis (Fig.
10 & Table 5), there was a rapid increase
in the number of cases to the age of 55 and
then a moderate decrease thereafter; while
in 21 men there was a gradual steady rise in
the number of cases as age advanced.12:57
Senile osteoporosis tends to be more
severe 1n elderly women than in aging men.

A survey of 136 ambulatory and apparently
healthy persons, whose ages ranged from 63
to 95 years, revealed asymptomatic vertebral
fractures by roentgenographic examination
in 29 per cent of the 82 women and in only
20 per cent of the 54 men.** Postmeno-
pausal women are more susceptible than
men of comparable age to the harmful effects
upon bone of immobilization!® or of chronic
corticoid therapy.®” Removal of the ovaries
accelerates the appearance of senile osteo-
porosis. In 10 women with artificial meno-
pause, the average age at the onset of the
osseous condition was 52 years, while in 27
women with physiologic menopause it was
56 years.1?

These observations indicate that during
the same period of aging two events take
place: (1) the anabolic steroid hormone
production decreases more abruptly and to
much lower levels in women than in men
and (2) semle osteoporosis develops more
rapidly and with much greater frequency.an.d
severity in women than in men. The simi-
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PER CENT
83%
WOMEN
NUMBER OF
297 PATIENTS 52
PER CENY OF
83 359 CASES 7
s RATIO 1

F16. 9. The sex distrsbution of senile
osteoporosis. This figure is based on ob-
servations of 359 cases of senile osteoporo-
sis coftected from the Inerature,10.29,26,87
The data are given in Table 4. The aver-
age age of the patients was approximately
60 years. It will be seen that approxi-
mately 5 times as many women (83% ) as
men (175 ) are affected. For further dis-
cussion see fext,

larity in the time sequence and the course of
these events suggests that they are related to
each other,

The relationships are shown graphically in
Figure 11, which 1s decived from the data in
Figures 6 and 10. In women the rapid fall
in anabolic steroid excreton o well below
the SO per cent baseline correlates in time
with the rapid and marked rise in the per-
cenlage of cases of senile osteoporosis, In
contrast, in men the more gradual falt
eacretion to 2 level only shghily below the
baseline correlates in fime with the more
gradual and less marked rise in the per~
centage of cases.

s

»

PER CENT OF CASES

AGE IN YEARS

Fio. 10. The age distribution of the
onset of senile osteaporosis. This is based
on observations of 151 cases of seaile
osteoporosis collected from the Iitera.
ture %2657 The data are given in Table 5.
1t will be seen that in the 130 women there
Was a rapid increase in the number of cases
fo the age of 55 and a moderate decrease
thereafter, while in the 21 men there was a
gradual steady rise in the number of cases

as apge advanced. For farther discussion
see text.

Effect of Anabolic Stexoid Therapy on
Osteoporosis in Aging Persons. In 1940
Albright made a preliminary report, 410 and
in 1947 Reifensiein and Albright® published
detailed observations extending over a pe-~
tiod of 8 years on the favorable effects of
androgen alone, of estrogen alone, and of
these two anabalic steroids in combination,
bpon the clinical manifestations and meta.
bolic balances of protein and osseous con-
stitvents in women and in men with senile
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F1c. 11. The association in aging persons of senile osteoporosis with anabolic steroid

deficiency.

The chart is derived from the data in Figures 6 and 10,10.20.87,90-92 The calculations
are given in the caption for Figure 6. However, in Figure 7 the baseline is constructed
so that it represents 50 per cent of the maximal amount of anabolic (androgenic plus
estrogenic) activity excreted by women at the age of 25 years, It will be seen that in
women the rapid fall in anabolic steroids to well below the 50 per cent baseline correlates
in time with the rapid and marked rise in the percentage of cases of senile osteoporosis.
In contrast, in men the more gradual fall in excretion to a level only slightly below the
baseline correlates in time with the more gradual and less marked rise in the percentage

of cases. For further discussion see text.

osteoporosis. These reports have been am-
plified in later communications,13.%8,54 96,100

We found that clinically the patients with
senile osteoporosis responded very satisfac-
torily to anabolic steroid therapy. In the
metabolic balance studies we evaluated rela-
tively large doses of estradiol benzoate, di-
ethylstilbestrol, testosterone propionate and
17-methyltestosterone; the minimum effec-
tive dosage was not determined, Our data
demonstrated that estrogen alone had a
greater effect on calcium retention than an-
drogen alone, whereas androgen alone had
a greater effect on nitrogen retention than

estrogen alone; however, the combination of
androgen and estrogen induced a greater re-
tention of calcium than either steroid alone.
Therefore, for therapy we recommend that
these anabolic steroids should be combined

A portion of one metabolic balance study
on a 72-year-old man with senile osteoporo-
sis8.0%90 is shown graphically in Figure 12.
The chart has two divisions: (A) the meas-
ured nitrogen balance and (B) the measured
nitrogen balance with superimposed theo-
retic nitrogen balance explainable by the
measured phosphorus balance (after the
phosphorus theoretically retained with cal-
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Fio. 12. The effect of anabolic steroid ther-
apy upon the nitrogen and the phosphorus bal-
ances of a man with scnile ostcoporosis,

This metabolic balance study of a 72-year-old
man with osteoporosis consists of 20 5-day
periods. The scales for the balances in grams
per 5-day period are given as the ordinates; the
scale of the S-day periods is given as the abscissa.
The horizontal line starting at zero on cach or-
dinate is the baseline of that particular balance;
bal ding from the basclines toward
the tops of the diagrams are positive; those ex-
tending from the baselines toward the bottoms
of the diagrams are ncgative. The balances are
charted as deviations from the average of the
control periods rather than as the balances actu-
ally measured. The scales are chosen so that
1 unit of phosphorus is equal to 15 units of
nitrogen to express the constant interrelation-
ship of these substances that exists in normal
protein tissues; thus the charted area of the
phosphorus balance (after the phosphorus theo-
retically retained with calcium has been sub-
tracted) should equal the charted area of the
nitrogen balance when protein tissues have been
retained. The factors for the calculations are
given in Table 8 in Albright and Reifenstein;3
the methods for the accumulation, the presenta-
tion and the iterpretation of these data are
discussed in detail in Reifenstein, Albnight and
Wells.9 Testosterone propionate and estradiol
t were administered intr: larly
during the periods indicated.

The figure has two divisions: (A) the meas-
ured nitrogen balance; and (B) the measured
nitrogen balance with superimposed theoretic
mitrogen balance explamable by the measured
phosphorus balance (after the phosphorus theo-
retically retaned with calcium has been sub-
tracted). It will be seen that there is a close
correspondence between the measured and the
theoretic nitrogen balances. This 15 evidence

cium has been subtracted). There is a close
correspondence between the measured and
the theoretic nitrogen balances. This is evi-
dence that testosterone propionate alone and
in combination with estradiol benzoate in-
duced a retention of nitrogen and phos-
phorus in the proportions that existed in
protein tissues.

Another portion of this balance study?®.93.09
Is given 1n Figure 13. This chart has two
divisions: (A) the measured calcium bal-
ance and (B) the measured calcium balance
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that testosterone propionate alone and in com-
bination with estradiol benzoate induced a re-
tention of nitrogen and phosphorus in the pro-
portions that exist in muscle protoplasm. For an
additional analysis on this patient see Figure 13.

(Data recharted from Case 6 in Reifenstein
and Albright: J. Chn. Invest. 26:24-56, For
further data on this patient see Albright;1-3
Reifenstein, Albright and Wells;®® and Case 13
(Figs. 78 & 155) in Albright and Reifenstein®)

with superimposed theoretic calcium balance
explainable by the measured phosphorus
balance (after the phosphorus theoretically
retained with nitrogen has been subtracted).
Again, there is a close correspondence be-
tween the measured and the theoretic cal-
cium balances. This is evidence that testos-
terone propionate alone and in combination
with estradiol benzoate induced a retention
of calcium and phosphorus in the propor-
tions that existed in bone.

Our observations on the effectiveness of

~
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Fic. 13, The effect of anabohe steroid
therapy upon the calcium and the phos-
phorus balances of 2 man with senile os-
teoporosis.

This metabolic balance study of a 72-
year-old man with osteoporosts consists of
20 5-day periods. The methad of charting
these data is described mn the caption for

anabolic steroids as therapy for senile osteo-
porosis have been confirmed by many inves-
‘igatorsll,la-lﬁ,Ql,ZG 45,46,50,53,54,€9,73,74,76,77,86, 87,
137.135,141,144 who have evalu-
ated the chnical response and occasionally,
metabolic balance studies. By combining the
published balance data that were reported in
detail* 11! with those from our own investi~
gations,”® we have calculated the average
retention of minerals and nitrogen during the
first 30 days of anabolic steroid therapy
(Fig. 14 & Table 6). The dosage of ana-
bolic steroids in these studies was: 25 to 50
mg. per day of testosterone propionate by

101,103,107-112,1

Figure 12. In this chart the scales are
chosen so that 1 umit of phosphorus is
equal to 2 units of calcium to express the
constant interrelationship of these sub-
stances that exists in normal osseous tis-
sues; thus the charted area of the phos-
phorus balance (after the phosphorus
theoretically retained with nitrogen has
been subtracted) should equal the charted
arca of the calcium balance when osseous
tissues have been retained. The factors for
the calculations are given in Table 8 in
Albright and Reifenstein;8 the methods
for the accumulation, the presentation and
the interpretation of these data are dis-
cussed in detail in Reifenstein, Albright
and Wells.?®

The figure has two divisions: (A) the
measured calcium balance; and (B) the
measured calcium balance with superim-
posed theoretic calcium balance explain-
able by the measured phosphorus balance
(after the phosphorus theoretically re-
tained with nitrogen has been subtracted).
It will be seen that there is a close corre-
spondence between the measured and the
theoretic calcium balance, This is evi-
dence that testosterone propionate alone
and n combination with estradiol benzo-
ate il a r ion of calcium and
phosphorus in the proportions that exist
1n bone. For an additional analysis on this
patient see Figure 12. For further dis-
cussion see text.

(Data recharted from Case 6 1n Rerfen-
stein & Albright: J. Clin. Invest, 26:24-56.
For further data on this patent see Al-
bright;i-? Reifenstein, Albnight & Wells;®
and Case 13 (Figs. 78 & 155) in Albright
& Rerfenstein®)

injection; 375 mg. of free testosterone as
pellets (evaluated during the first 21 days
after implantation); 40 to 100 mg. per day
of 17-methyltestosterone by mouth; 0.55 to
1.66 mg. per day of estradiol benzoate by in-
jection; and 6 to 7 mg. (average) per day ‘ff
diethylstilbestrol by mouth. The analysis
shows that estrogen alone induces a greater
retention of calcium and a lesser retention of
nitrogen than androgen alone. Although the
combination of both anabolic hormones does
not cause a greater nitrogen retention, it re-
sults in a considerably greater calcum reten-
tion than either estrogen or androgen alone.



FiG. 14. Anabolic steroid therapy in
senile osteoporosis: average retention of
minerals and mtrogen during the first 30
days of administration of large doscs.

The scales for the average net retention
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in mg. per Kg. per day arc givc{: as the
ordinates; the results for 5 patients on
androgen alone, for 9 paticnts on estrogen
alone and for 4 patients on both hormones
together are given on the abscissa. The
periods of analysis during therapy ranged
from 24 to 72 days. The data are given in
Table 6. The scales are chosen so that 1
unit of phosphorus is equat to 2 units of
calcium and 15 units of nitrogen to express
the constant interrelationships of these
substances that exist in normal protemn and
osseous tissues, thus the height of the
phosphorus column should equal the sum

il

of the columns for mitrogen and
when protein and osseous tissyes have
been retained. The factors for the calcu-
lations are given in Table 8 in Albright
and Reifenstein;® the methods for the
accumulation, the presentation and the
interpretation of these data are discussed
in detail in Reifenstein, Albright and
Wells.??

It will be seen that, when estrogen is
given alone, there is a greater retention of
calcium and a lesser retention of nitrogen
than when androgen is given alone. Note
further that, while the combination of both
gonadal hormones does not result 1n a
significantly greater nitrogen retention
than 1s obtained with androgen alone, the
combination results in a greater calcium
retention than with either estrogen or
androgen alone. These findings are evi-

These findings are evidence that androgen and
estrogen have qualitatively identical but
quantitatively different anabolic effects upon
protein and osseous tissues.

Some additional calculations from the
data in Figure 14 are of interest. The theo-
retic phosphorus retention* has been calcu-

T

G sy
the calelum retention divided by 2.3, the cafcium to
phosphorus ratio in normal bone) and the phos-
phorus that theoretically should have been retained
with mtrogen (that 15, the nitrogen retention divided
by 15, the nitrogen to phosphorus ratio in normal
muscle protein).

T
-
N
s
PHOSPHORUS . . . .
2
+
wiew
“q
350
2]
NTROGEN. . . . . . %
¢ 1 79 /
L %

“ANDROGENS Testosterone, Testosterone Propionate. 17-Methyitestosterane’
ESTROGENS Estratiot Benzoate, Diethylstibestrof

dence that androgen and estrogen have
qualitatively identical but quantitatively
different somatotropic effects on protein
and osseous tissues. For further discus-
sion see text,

(Modified from Reifenstein, E. C., Jr.:
Metabolic disorders of bone in Harrison,
T. R. (Ed.): Principles of Internal Medi-
cine, ed. 2, New York, Blakiston)

lated and compared with the measured phos-
phorus retention (Tables 6 & 7). The values
agree very well. In fact, the correspondence
is surprisingly good considering the difficul-
ties in carrying out balance studies in man!
This agreement provides strong evidence
that in patients with senile osteoporosis the
anabolic steroids induce a retention of nitro-
gen and phosphorus in the Proportions that
exist in normal protein tissue, and also a re-
tention of calcium and of additional phos-
phorus in the proportions that exist in nor-
mal bone, Furthermore, androgen alone,
estrogen alone, and both steroids in com.
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Figure 12. In this chart the scales are
chosen so that 1 unit of phosphorus is
equal to 2 units of calcium to express the

interrelationship of these sub-
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F1G. 13. The effect of anabolic steroid
therapy upon the calcium and the phos-
phorus balances of a man with senile os-
teoporosis.

This metabolic balance study of a 72-
year-old man with osteoporosis consists of
20 5-day periods, The method of charting
these data is described in the caption for

anabolic steroids as therapy for senile osteo-
porosis have been confirmed by many inves-
ngz\tors“r’a 15,21,26,45,46,50,53, 54,65,73,74,76,77,86, 87,
104,103,107 112,120,137,138,141,144 \VhD hm’e evalu_
ated the chinical response and occasionally,
metabolic balance studies. By combimning the
published balance data that were reported in
detail** 1'* with those from our own mnvesti-
gations,”® we have calculated the average
retention of minerals and nitrogen during the
first 30 days of anabolic steroid therapy
(Fig. 14 & Table 6). The dosage of ana-
bolic stereids in these studies was: 25 to 50
mg. per day of testosterone propionate by

stances that exists in normal osseous tis-
sues; thus the charted area of the phos-
phorus balance (after the phosphorus
theoretically retained with nitrogen has
been subtracted) should equal the charted
area of the calcium balance when osseous
tissues have been retained, The factors for
the calculations are given in Table 8 in
Albright and Reifenstein;® the methods
for the accumulation, the presentation and
the interpretation of these data are dis-
cussed in detail in Reifenstein, Albright
and Wells.??

The figure has two divisions: (A) the
measured calcium balance; and (B) the
measured calcium balance with superim-
posed theoretic calcium balance explain-
able by the measured phosphorus balance
(after the phosphorus theoretically re-
tained with nitrogen has been subtracted).
It will be seen that there is a close corre-
spondence between the measured and the
theoretic calcium balance. This is evi-
dence that testosterone propionate alone
and in combination with estradiol benzo-
ate mduced a retention of calcium and
phosphorus in the proportions that exist
1n bone. For an addttional analysis on this
patient see Figure 12, For further dis-
cussion see fext.

{Data recharted from Case 6 in Reafen-
stein & Albright: J. Clin. Invest, 26:24-56.
For further data on this patient see Al
bright;1-3 Reifenstemn, Albright & Wells,”
and Case 13 (Figs. 78 & 155) in Albright
& Reifenstein®)

injection; 375 mg. of free testosterone as
pellets (evaluated during the first 21 days
after implantation); 40 to 100 mg. per day
of 17-methyltestosterone by mouth; Q.55 to
1.66 mg, per day of estradiol benzoate by in-
jection; and 6 to 7 mg. (average) per day c_:f
diethylstilbestrol by mouth, The analysis
shows that estrogen alone induces a greater
retention of calcium and a lesser retention of
nitrogen than androgen alone. Although the
combination of both anabolic hormones does
not cause a greater nitrogen retention, it re-
sults in a considerably greater calcium reten-
tion than either estrogen or androgen alone.
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Fi6. 14. Anabolic steroid therapy in [FE—— Jnorocen [estmocen | aome
senile osteoporosis: average retention of LTy N s n
minerals and nitrogen during the first 30 - —
days of administration of large doses. -

The scales for the average net retention
in mg. per Kg. per day are givcp as the
ordinates; the results for 5 patients on
androgen alone, for 9 patients on estrogen
alone and for 4 patients on both hormones
together are given on the abscissa, The
periods of analysis during therapy ranged
from 24 to 72 days. The data are given in
Table 6. The scales are chosen so that 1
unit of phosphorus is equal to 2 units of
calcium and 15 units of nitrogen to express
the constant interrelationships of these
substances that exist in normal protein and
osseous tissues; thus the height of the
phosphorus column should equal the sum

CALLUM . ..... 21

»
PHOSPHORUS., . . .

of the columns for nitrogen and calci
when protein and osseous tissyes have
been retained. The factors for the calcu-
lations are given in Table 8 in Albright
and Reifenstein;? the methods for the
accumulation, the presentation and the
interpretation of these data are discussed
m detail in Reifenstein, Albright and
Wells, 90

It will be seen that, when estrogen is
given alone, there is a greater retention of
calcium and a lesser retention of nitrogen
than when androgen is given alone. Note
further that, while the combination of both
gonadal hormones does not result in a
significantly greater nitrogen retention
than is obtained with androgen alone, the
combination results in a greater calcium
retention than with either estrogen or
androgen alone. These findings are evi-

These findings are evidence that androgen and
estrogen have qualitatively identical but
quantitatively different anabolic effects upon
protein and osseous tissues.

Some additional calculations from the
data in Figure 14 are of interest. The theo-
retic phosphorus retention* has been calen-

* Tha thaneease ot 1

puvspuurus ratio 1 normal bone) and the phos-
phorus that theoretically should have been retained
with nitrogen (that is, the nitrogen retention divided
by 15, the mitrogen to phosphorus ratio in normal
muscle protein),

o
a8

RITROGEN. . .. ..

“ANDROGENS Testosterone, Testosterone Propionate, 17 Methyltestosterone
ESTROGENS Estradiol Benzoate, Diethylstibestrot

dence that androgen and estrogen have
qualitatively identical but quantitatively
different somatotropic effects on protein
and osseous tissues. For further discus-
sion see text,

(Modified from Reifenstein, E. C., Ir.;
Metabolic disorders of bone n Harrison,
T. R. (Ed.): Principles of Internal Medi-
cine, ed 2, New York, Blakiston)

lated and compared with the measured phos-
phorus retention (Tables 6 & 7). The values
agree very well, In fact, the correspondence
is surprisingly good considering the difficul-
ties in carrying out balance studies in man!
This agreement provides strong evidence
that in patients with senile osteoporosis the
anabolic steroids induce a retention of nitro-
gen and phosphorus in the proportions that
exist in normal protein tissue, and also a re-
tention of calcium and of additional phos-
phorus in the Pproportions that exist in nor-
mal bone. Furthermore, androgen alone,
estrogen alone, and both steroids in com-




222

Relationships of Steroid Hormones to Osteoporosis in Aging Peaple

TABLE 6. ANABOLIC STEROID THERAPY IN SENILE OSTEOPOROSIS: MINERALS AND

LARGE DOSES (AVERAGE

s Ropy Carcrum
cf Weir  DAYS NET NeT
:E INVESTIGATOR AND CASES (Approx.) OoN CoONTROL ~ RETENTION  RETENTION RETENTION
as 1]’< Y Tuenapy (Mg./ (Mg./ (Mg / (Mg /
i 24Hrs) 24Hrs.) 24Hrs)  Kg/Day)
ANDROGEN ALONE
F  Reifenstein & Albright®8
Case 42 ........... 48 24 — 146 + 77 + 223 +4.6
F  Recifenstein & Albright?$
Case 4b ....... cres 51 24 + 148 + 161* 4 13 +0.25
M Reifenstein & Albright?s
Case 6 ovvuvnvnnnn. 70 20 + 145 + 295% + 150 +2.1
M Shorr et al 11t
CaseJ.McD. ....... 70t 28 +4- 161 + 241 + 80 +1.1
F  Shorr et al.11t
Case M. O'H. ...... 70t 21 + 146 + 321 + 175 +2.5
AVETAZE .ovvurvreannanns ceaes 234 | iy, yrereies e eaasnes vee. F2.1
ESTROGEN ALONE
F  Reifenstein & Albright?s
Case ] .....usen PRS- 20 — 65 + 102* + 167 +3.3
F  Rcifenstein & Albright?® .
AS€ 2 ciiaeienaan 4 35 - 21 + 104* + 125 +2.3
F  Reifenstein & Albright?$
Case3 ...ovnvnnnn. 4 40 o + 76* + 76 +1.0
F  Reifenstein & Albrighto®
Case 5 ..ovvvvnnn.. 7 48 — 305 4 41*  + 346 493
M  Reifenstein & Albright®®
Case 6 ...oo vonuns 20 + 236 + 296* 4+ 60 4050
F  Shorr et al 311
Case E.P.......... 70t 21 — 29 4309 4338 +48
M Bogdonoff et al®!
Case W.Ra. .. .... 87 15 + 54 4149+ 95 LI
M  Bogdonoff ef al 2
Case G.S ..... ... 59 15 4+ 11 + 167 + 156 +2.6
M Bogdonoff et al.*

Case A Ha. ....... 49 15 - 11 4+ 45+ 46 412
AVErage .. ...evoon sue owaan L0229 | eeeiiiiiiies ves J +3.6
ANDROGEN AND ESTROGEN TOGETHER

F  Reifenstein & Albright?s
ase 4 .... . . 8 24 — 135  + 173*.  + 308 464

M Reifenstein & Albright®s
Case 62 .... .. . 70 20 + 145 + 424 + 279 +4.0

M Reifenstein & Albright?s
Case 6b ... ... .. 69 30 + 116+ 191+ 75 +11

F Shorr et al 311
Case E P. 708 21 -~ 29 +6  +6sB 4od
. +4.6
AVErage ... . . c...iaie oes 24 _’_______4_,_~L

* First collection pertod (5-7 days) on therapy omit

+ Data not reported; calculations based on 70 Kg.
Sterords and Dosage testosterone propionate, 25 to 50
(first 21 days after imp 1
0 55 to 1.66 mg./day

ted. i
Reported weights averaged approximately 60 Kg

mg /day by injection; testosterone pellets, 375 mg

). 17
by 1njection; and dietflylstdbestml,

40 to 100 mg./day by mouth; estradiol benzoate,
6 to 7 mg./day (average) by mouth,
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NITROGEN RETAINED DURING THE FirsT 30 DAYS OF THE ADMINISTRATION OF
RETENTION IN Mg. PER KG. PER DaAy)

PHOSPIORUS NITROGEN
Ner Net NET Ner
CoNTROL.  RETENTION  RETENTION RETENTION CoNTrOL  RETENTION  RETENTION RETENTION
(Mg / (Mg / (Mg/ (Mg./ (Mg / (Mg / (Mg / (Mg./
24 Hrs) 24 Hrs.) 24Hrs)  Kg./Day) 24 Mrs) 24 Hrs.) 24 Hrs) Kg./Day)
ANDROGEN ALONE
- 20 + 209* + 229 +4.8 41437 4-3570* +2133 +44.4
+ 28 + 281+ + 253 +5.0 + 570 +3510* +2940 +57.6
+ 109 4 335+ + 226 +3.2 +1060 -+3480* +2420 +34.6
+ 166 + 261 + 9 +1.4 + 610 42910 42300 +32.9
+ 139 + 31 + 172 +2.5 +3130 +4040 + 910 +13.0
............................. +3.3 ettt aaneaaaasenans 370
ESTROGEN ALONE
+ 4 + 127* + 123 +2.4 + 123 + 765* + 642 +12.6
— 8 + 102* + 110 +2.0 4 200 + 910* + 710 +13.1
- 2 +  64¢ + 66 +0.9 - 565 + 658* +1223 +16.5
— 184 — 41* + 143 +3.9 — 80 + 306* + 386 -+10.4
+ 109 + 193* 4 84 +1.3 — 540 - 55 + 485 + 72
+ 318 + 524 + 205 +2.9 42650 3440 + 790 +11.3
+ 146 + 141 - 5 ~—0.06 +3300 +2700 — 600 — 69
+ 164 + 207 + 43 +0.73 +3625 +320(; — 425 - 72
- 9 + 18 + 27 +0.55 +2233 +1467 — 766 —15.6
,,,,,,,,,,,,,,,,,,,,,,,,,,, +1.9 L S N K
ANDROGEN AND ESTROGEN TOGETHER
- 15 + 212* + 227 +4.7 +1460 +3200* +1740 +36.3
10
+ 109 + 359* + 250 +3.6 » +1060 +3100* -+2040 +29.1
+ 75
+ 216* + 141 +2.0 — 10 +1781* +1791 426.0
+ 319 + 878 559
+ +8.0 +2650 +6280 +3630 1519
......................... 4.
43 +35.0
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TABLE 7. ANABOLIC STEROID THERAPY IN SENILE OSTEQPOROSIS: COMPARISON OF

CALCULATED (THEORETIC) RETENTION OF PHOSPHORUS (Peavrcivy + Pxirrogen) WITH

MEASURED RETENTION OF PHOSPHORUS DURING FIRST 30 DAYS OF ADMINISTRATION OF
LARGE Doses (SEE TABLE 6)

A B C D E
P ateum Pni(mgen THEORETIC MEASURED  DIFFERENCE:
PHOSPHORUS PHOSPHORUS THEORETIC
RETENTION RETENTION OVER
HORMONE
Thrrary calcium nitrogen LS
[ ] [ ] [“B] [C‘D]
Mg./Kg /Day Mg /Kg./Day Mg./Kg./Day Mg/Kg/Day Mg./Kg./Day
Androgen alone .. +0.91 +2.47 +3.38 +3.34 +0.04
Estrogen alone ... +1.56 +0.52 +2.08 +1.94 +0.14
Both together .... +2.00 +2.33 +4.33 +4.34 —0.01

TABLE 8. ANABOLIC STEROID THERAPY IN SENILE OSTEOPOROSIS: THE QUANTITY AND
‘TME RELATIONSHIPS OF CALCIUM RETENTION (SEE TABLE 6)

ANDROGEN ESTROGEN Bote
ALONE ALONE TOGETHER
Gain per Kg.
perday ............. + 2.1mg + 3.6mg. + 4.6mg.
Gain per 60 Kg.*
perday ......... peae +126 mg. +216 mg. +276 mg.
Gain per patient*
per30days .... .... + 38Gm + 6.5Gm. + 83Gm.
Gain per patient*
PELYL .ot v vann + 45.4 Gm. + 77.8Gm. + 99.4 Gm
For 345 Gm. per patient*:
Gaining at
aconstantrate . ... 7.6 yrs. 4.4 yrs. 3.5 yrs.
Gaining at
10% less each yr. ... 14.3 yrs. 5.5yrs. 41yrs.

* Average weight (60 Kg.) of patients with senile osteoporosis (Table 6)
+ Minimum calcium gain recognizable by roentgenogram (assumed; Table 2)

bunation have qualitatively identical effects tion as androgen alone. Thus, 2 Personfw];lo
as anabolic agents. weighs 60 Kg. (the average ‘.vexght of the
A calculation of the quantitative differ-  patients with seml'e osteoporosis v.vhose da_ta
ences between the anabolic steroids (Tables were employed in the calculntl(}ns) v‘.ull
6 & 8) shows that estrogen alone induced retain per day 126 mg. of calcium with
1.7 times as much calcium retention as an- androgen alone, 216 .mg. with eflrogen
drogen alone, and that both steroids together  alone, anq 276 mg. thh both steroids tn&
resulted in 1.3 times as much retenuion as  gether during the 1n}t}al response to sger(;x
estrogen alone, and 2.2 times as much reten-  therapy. The quantities accumulated in 30
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FiG. 15. The estimated time required in senile osteoporosis to produce roentgeno-
graphic evid of the ct in the calci content of bones that will permit (1)
the recognition of the calcium loss and the blish of the d and (2) the
1 1 gain with anabolic steroid therapy.

i of the i
The chart is derived from the data in Tables 2 and 8. The estimates are based upon

(1) the observation that it requires a minimum calcium loss of 30 per cent (or 345 Gm.)

before the decrease in the calcified bone mass can be recognized in roentgenograms!.4%
0,711 and (2) the assumptions that this same minimum amount of 30 per cent (i.., 345
Gm.) must be restored to the skeleton before the increase can be recognized roentgeno~
graphically, and that the patient will gain 10 per ceat less osseous tissues during each

consecutive year of therapy. X

It will be seen that on the basis of these estimates it will take approximately from
477 to 9.7 years for the calcium loss to be recognizable by roentgenogram. Furthermore,
it will require 14.3 years with androgen alone, 5.5 years with estrogen alone and 4.1
years with both steroids together to add 345 Gm. of calcium to the skeleton. For further

discussion see text.

days and in 1 year are sizable. In fact, the
amount of calcium retaned is so great that
it cannot be accounted for unless it has been
deposited in bone.

The time sequence of the calcium changes
in senile osteoporosis is illustrated graphi-
cally in Figure 15 (based on Tables 2 & 8).
We have estimated the time required to

produce roentgenographic evidence that will
permit (1) the recognition of the calcium
loss and the establishment of the diagnosis
and (2) the recognition of the calcium gain
with anabolic steroid therapy. These esti-
mates are based on the observation pre-
viously presented (see Table 2) that it re-
quires a minimum calcium loss of 30 per
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Fic. 16. Anabolic steroid therapy in osteaporosis {postmenopausal and senile): a com-
parison at two-dosage levels of the effect of one injection of testosterone enanthate with
that of one injection of one prop upon the r ion of calcium, phosphorus
and nitrogen,

These metabolic balance studies of the effect of steroid compounds in osteoporosis
were carried out on women aged 49 and 68. The scales for the balances m grams per
day are given as the ordinates; the scale for time in days is given as the abscissa. The
balances are charted as deviations from the average of the control periods rather than as
the bal actually d. Bal ding from the baseline toward the top
of the chart are positive; those extending toward the bottom of the chart are negative.
The scales are chosen so that 1 unit of phosphorus is equal to 15 units of nitrogen and
2 units of calcium to express the constant mterrelationship of these substances that eust
1n normal protein and osseous tissues; thus the charted area of the phosphorus balance
should equal the sum of the charted areas of the nitrogen and the calcium balances
when protein and osseous tissues have been retained The total retention in each balance
during the interval in which the nitrogen balance 1s positive is given in the rectangles,
The data are given in Table 9. At each of the two-dosage levels the testosterone
enanthate and the testosterone propionate were given in amounts that contained equiva-
lent quantities of testosterone.

It will be seen that testosterone enanthate at both dosage levels had a more marked and
prol d bolic effect than one propionate. The larger dose of the enanthate
ester caused a much greater duration and degree of protein anabolism than an equiva-
lent dosage of the propionate ester, and a shghtly longer and considerably greater effect
than the smaller amount of testosterone enanthate. Testosterone propionate had very
little effect upon the retention of phosphorus and of calcrum. In contrast, testosterone
en: T - T L+« 7 1 -~&aapt retention of phosphorus, and at the
lar . Icium. For further discussion see text.
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cent (or 345 Gm.) before the decrease in
the calcified bone mass can be recognized in
roentgenograms.1*4270,71 If we assume that
this same minimum amount of 30 per cent
(that is, 345 Gm.) must be restored to the
skeleton before the increase can be recog-
nized roentgenographically, and that the pa-
tient will gain 10 per cent less osseous tissue
during each consecutive year of therapy, it
will require 14.3 years with androgen alone,
5.5 years with estrogen alone, and 4.1 years
with both steroids together to add 345 Gm.
of calcium to the skeleton. Therefore, it is
not surprising that few reports have ap-
peared in which indisputable evidence of
increased calcified bone mass has been
demonstrated in the roentgenograms follow-
ing anabolic steroid therapy; few patients
have been treated continuously with ade-
quate dosage and for sufficient time to allow
visualization of the calcium increment. If
the diagnosis of senile osteoporosis is not
established until a greater than 30 per cent
calcium depletion has occurred, the time re-
quired to induce recognizable repletion with
therapy may be prolonged considerably.

The previous discussion concerned ana-
bolic steroids with relatively short action.
We have made one preliminary study® of a
steroid ester with a more prolonged duration
of action, testosterone enanthate,*?® We
have compared at two-dosage levels the
effect of one injection of testosterone pro-
pionate with that of one injection of testos-
terone enanthate upon the refention of
calcium, phosphorus and nitrogen during
metabolic balance studies in patients with
senile osteoporosis (Fig. 16 & Table 9).
At each of the two-dosage levels the esters
were given in amounts that contained equiv-
alent quantities of testosterone. The calcium
retention was not measured for the smaller
doses.

The single imjection of 300 mg. of testos-
terone propionate had an effect which lasted
12 days, during which 13 Gm. of nitrogen
was retained, Doubling the dose to 600 mg.

* Delatestryl, E. R. Squibb & Sons, New York

as one injection did not increase the dura-
tion of the nitrogen retention beyond 12
days and also did not increase the total
quantity (12 Gm.) which was retained.
Phosphorus  retention occurred with the
smaller dose but not with the larger. The
600-mg. dose of the propiomate ester had
an insignificant effect upon calcium reten-
tion. In contrast, the administration of tes-
tosterone enanthate at both-dosage levels
had a much more marked and prolonged
anabolic effect. A single injection of 350
mg. of the enanthate ester had an action
that persisted for 30 days, during which
time 25 Gm, of nitrogen and over 1% Gm.
of phosphorus were retained. When the dose
of testosterone enanthate was doubled to
700 mg. at one injection, the duration of
anabolic action was increased to 33 days,
and the total retention was more than
doubled to 58 Gm. of nitrogen and over
5 Gm. of phosphorus. The most important
effect was the significant retention of over
1%2 Gm. of calcium. With the propionate
ester, the greatest anabolic effect occurred
during the first 3 to 6 days, while with the
cnanthate ester the maximal response did
not appear until after 6 days. The potential
of testosterone enanthate as a therapeutic
agent for inducing bone anabolism in senile
osteoporosis must be evaluated further. We
have the impresston that a still larger quan-
tity as a single injection may have an even
greater amount and duration of effect.

Secondary Evidence Supporting Questior 1

Anabolic Steroid Deficiency in Pre-
senile Persons. If a deficiency of anabolic
steroids in aging persons leads to senile
osteoporosts, a deficiency of these steroids in
the presenile individual also should result in
the occurrence of osteoporosis. This appears
to be true. Osteoporosis develops about 20
years after the nmormal time of puberty
in many patients with hypogonadism who
have not received hormonal treatment,51%.%
808184 Also, untreated patients with congeni-
tal absence of the gonads and the syndrome
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Tantt 10, Tuie IncipENCE OF OSTEOPOROSIS IN CUSHING'S SYNDROME

ToTAL NUMBER oF PrRCENTAGE OF
INVESTIGATORS NumBrr ar Casts wITH CASES WITH
Casts OsTEOPOROSIS OSTEOPGROStS
Albright (reported by Irwin et al%) ... .. 43 39 N%
Eisenhardt and Thompson™ .......... 61 53 87%
Knowlton®> ....... P 3s 26 74
Total vovuvnnnnns ereereernierreans 139 118 85%

of gonadal dysgenesis frequently have os-
teoporosis. W83148.3989,102,110334 Byrthermore,
no cases of the osseous disorder have been
encountered in patients with hypogonadism
or gonadal dysgenesis who have received
adequate gonadal steroid therapy.

Conclusions from Evidence on Question 1

The evidence concerning the first question
leads to the following conclusions: (1) an
absolute deficiency of anabolic steroid hot-
mones occurs in aging persons; (2) this
deficiency is one of the factors that leads to
the development of senile osteoporosis in
these aging individuals; (3) anabolic steroid
therapy has a beneficial effect upon senile os-
teoporosis and tends to restore the calcified
bone mass toward the normal state; and (4)
anabolic steroid deficiency at any age is a
factor that may lIead to osteoporosis. There-
fore, the first question may be answered by
stating that there is an absolute deficiency of
anabolic steroid hormones in senile osteo-
porosis.

QUESTION 2: Is THERE AN EXCESS OF
ANTIANABOLIC STEROID HORMONES
IN SENILE OSTEOPOROSIS?
The Nature of Antianabolic Steroids
The antenior pituitary adrenocorticotropic
hormone (ACTH) and the adrenal cortical
steroids (hydrocortisone [cortisol], cortisone
and related compounds) have adverse effects
upon the protein and the osseous tissues
charactenzed by protein depletion and osteo-
porosis.® These hormones will be referred
to hereafter as corticoid steroids, and also as
antianabolic steroids, since we believe that in

most circumstances corticoid hormones have
an antianabolic rather than a catabolic
action.”?

Association of Osteoporosis with Excess
of Antianabolic Steroids

Osteoporosis and Endogenous Excess
of Antianabolic Steroids. Cushing’s syn-
drome results from an excessive production
and/or release of corticoid hormones. 1761
Certain of the characteristic clinical features
obviously involve depletion of the protein
tissues; a negative nitrogen balance has been
observed in some patients during balance
studies.1.7.61,121 Frequently, in addition, the
excess corticoid hormones induce insufficient
formation of protein matrix and, hence, in-
adequate formation of calcified bone. This
results in osteoporosis, one of the most com-
mon serious manifestations of Cushing’s syn-
drome. The incidence of bone involvement
(Table 10) was 85 per cent in 139
cases.3%*165  The osteoporosis appears as
soon as several months after the pathologic
state is recognized. The manifestations in-
clude back pain; normal serum levels for
calcium, inorganic phosphorus and alkaline
phosphatase; hypercalciuria in most patients;
generalized increased radiolucency of the
bones most marked in the spine and the
ribs; and collapsed vertebrae, most com-
monly in the lumbar and the thoracic areas,
The osteoporosis of Cushing’s syndrome is
similar in all respects to that observed in
senile osteoporosis.

Osteaporosis and Exogenous Excess of
Antisteroids. The manifestations of Cush-
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TaBLE 11. THE AMOUNT AND THE DURAT

10N OF CORTICOID THERAPY BEFORE SPONTA-

NEOUS FRACTURE IN CHILDREN AND ADULTS OF BOTH SEXES

Ace Duration
Tyre NUMBER g‘::g:;;ﬁ?:g; OF THERAPY
oF oF AVERAGE AVERAGE BEFORE FRACTURE
PATIENT PATIENTS AND RANGE AND RANGE AVERAGE
(Yrs.) (Gm ) AND RANGE
(Days)
Girls cvviiiiiiiinianas 2 4.5 53 97
(3-6) (4.9-5.72) (76-119)
Boys . e 4 8.5 22.8 279
(3-1D (7.09-47.5) (71-478)
Women ..... eeraae PR 9 56.2 30.5 352
(45-70) (34-72.9) (34-865)
10 Not stated Not stated Not stated
Total ........ PR 19 — —_ —
Men . oovoiiiiins covnenn 8 61.1 42.7 605
(48-72) (7.3-88.2) (73-1148)
1 Not stated Not stated Not stated
Total ..ooovieieennns 9 _ —_— —
Not stated ...... vers 3 Not stated 17.3 162
(7.0-26.8) (70-215)
1 Not stated 3.5 Not stated
Total ...l 4 - — -
TotalCases . .....voonvnnsn 38 - - -

Adapted from the compilation of Reifenstein®

* Cortisone plus hydrocortisone plus adrenocorticotropic hormone (ACTH)

ing’s syndrome arise from an endogenous
excess of corticoid hormones. Therefore, it
was anticipated that the same findings would
be induced by an administered excess of cor-
ticoid homones 1if the therapy were given
continuously in large amounts and/or for a
sufficiently long period; almost all these mani-
festations have been observed.1n#22438%%
57,62,85,101,117,118,121-123,128,130,131,140 As mig}]t
be expected, the reported findings include
adverse effects not only upon the protein
tissues but also upon the osseous system

with the development of osteoporosis, spon-
taneous fractures and hypercalciuria.
Recently, we surveyed® published re-
ponsc'” 23,29,32,33,37,39,57,75, 117,118,123, 129,139,140
for evidence of disturbed bone metabolist
following chronic corticoid medication. We
found that after therapy for considerable
periods of time and/or large doses, 38 cases
had developed spontaneous fractures. The
patients were receiving treatment for rheu-
matoid and related forms of arthritis, Still's
disease, lupus erythematosus, pemphigus
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DAYS OF TREATMENT BEFORE SPONTANEOUS FRACTURE

Fia. 17. The t
and the duration of cor-
ticoid therapy prior to
spontaneous fracture in
26 patients with various
disorders.

The scale for the total
amount in grams of
corticoid materials (cor-
tisone, hydrocortisone
and adrenocorticotropic
hormone [ACTH]) ad-
ministered prior to the
occurrence of sponta-
neous fracture is given
as the ordinate; the
scale for the duration in
days of corticoid ther-
apy prior to the occur-
rence of spontaneous
fracture is given as the
abscissa. Note that there
are four different time
scales (top, A, B & C)
and that the five areas
enclosed in rectangles
are enlarged honzon-
tally but not vertically.
Cortisone  therapy is
shown as a black bar;
adrenocorticotropic hor-
mone (ACTH) therapy as a white bar; and hydrocortisone therapy as a hatched bar. The sex
and the age of the patient are given over each column of therapy.

The figure has 4 divisions: (Top) the distnbution of spontaneous fractures in relation to dura-
tion of treatment on a continuous time scale: (A, side) the amount of medication and the occur-
rence of spontaneous fractures during therapy from 0 to 199 days; (B, side) the amount of
medication and the occurrence of spontaneous fractures during corticoid therapy from 200 to
599 days; and (C, side) the amount of medication and the occurrence of spontaneous fractures
from 600 to 1,400 days. It will be seen that the occurrence of spontaneous fractures is related
to both the amount and the duration of therapy with corticoid materials, and that spontaneous
fractures may result from treatment with cortisone, hydrocortisone or ACTH. These findings
are evidence that in some pattents corticoid therapy has an adverse effect on osseous tissue. For
additional data on these patients see Table 11 For further discussion see text.

(Reifenstein, E. C., Jr., South. M. . 49:933-960)
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AMOUNT OF CORTICOID MATERIALS
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vulgaris, asthma and leukemia. Additional
cases that did not fracture were reported to
have developed osteoporosis. The amount
and the duration of corticoid therapy prior
to fracture in 26 of these patients are shown

all three corticoid medications alone or in
combination. Before fracture the average
dosage of cortisone was 26.1 Gm.; of hydro-
cortisone, 11.7 Gm.; and of ACTH, 11.6

graphically in Figure 17. The data on the
complete series are given in Table 11. The
occurrence of SPODIZ}HEOUS fractures ‘was re-
lated both to the amount and to the duration
of therapy, and resulted from treatment with

Gm. The duration of therapy before frac-
ture ranged from approximately 1 month to
over 3 years. In the 28 adults, fractures
occurred in over two times as many females
as males; the vertebrae ‘were involved much
more frequently than other bones. We con-
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Fi6. 18. The urinary
calcium excretion of

21 patients with asthma
on prolonged cortisone
therapy. o

The scale for the uri-
nary calcium excretion

i mg. per 24 hours is
given as the ordinate;
the individual patients

are numbered consec-
utively in order of
increasing calcium ex-
cretion along the ab-
scissa. Each black dot
represents a single deter-
mination of the urinary
calcium excreted per 24
hours; all determina-
tions for an individual
patient are connected by
a vertical line. The hori- 0
zontal line of dashes at P

URINARY EALEIUN EXCRETION-ME PLR 24 HOURS

*p-o
.

3
e

150 mg. represents the " .
level oigexcrition per 24 1 % L . [
hours, which usually 1s 1 Ty s ! ¢

maximal for normal sub- 0 3> - -

Jects; the normal range L : 3 ,

of excretion is given as
the stippled area Each
patient required at least
600 mg. of cortisone to become cleared of asthma, and from 50 to 150 mg. of cortisone each
day to be mantained in a symptom-free state. In most patients the cortisone was admunistered
intr: larly. The calci deter: i were made when the patients were on a mamte-
nance regimen. The amount of cortisone therapy administered prior to each calcium determina-
tion and the order of and the nterval between repeated determinations on the same patient are
not stated by the authors. .

It will be seen that in two thirds of the patients there was at least one elevated urinary calcium
value and that in over one third of them there were unnary calcium excretion values above the
normal maximal level. More than half of the determmnations gave values in the hypercalciuric
range. These findings are evidence that i some patients corticoid therapy has an adverse effect
on osseous tissue.

(Data recharted from Figure 4 in Irwin ef al.: J. Allergy 25:201-209)

cluded that spontaneous fractures following
corticoid therapy were prone to occur par-
ticularly in (1) patients with pre-existing
osteoporosis; (2) persons of middle and ad-
vanced age, (3) postmenopausal women;
{4) children; (5) individuals with marked
restriction of physical activity or enforced
bed rest; and (6) patients who were given
corticoid materials 1n large amounts and/or
for prolonged periods.

The disturbed bone metabolism during

chronic corticoid medication is indicated also
by persistent hypercalciuna.®” The urinary
calcium excretion of 21 asthmatic patients
on corticoid therapy is shown in Figure 18.
Each patient required at least 600 mg of
cortisone to become cleared of asthma and
from 50 to 150 mg. of cortisone each day t0
be maintained in a symptom-free state. The
calcium determinations were made when the
patients were on a mamtenance regimen.
Two thirds of the patients had at least one
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Fic. 19, The effcct of anabolic steroid therapy
upon the nitrogen and the mineral balances of a
woman with Cushing's syndrome and ostco-
porosis.

“This metabolic balance study of a 25-ycar-old

woman with Cushing’s syndrome and ostcoporo-
sis consists of 18 5-day periods. The scales for
the balances in amounts per S-day period are
given as the ordinates; the scale of the 5-day
periods is given as the abscissa. The horizontal
line starting at zero on each ordinate is the base-
line of that particular balance; balances extend-
ing from the baseline toward the tops of the
diagrams are positive; those extending from the
baseline toward the bottoms of the diagrams are
negative. The balances are charted as deviations
from the average of the control periods rather
than as the balances actually mcasured. The
scales are chosen so that 15 units of nitrogen are
equal to 3 umts (in grams; 45 units in mill-
equivalents) of potassium to 1 umt of phos-
phorus and of 1 unit of sulfur to express the
constant interrelationships that exist in normal
protein tissues; thus, the charted areas of the
potassium balance, of the phosphorus balance
(after the phosphorus theoretically retained with
calcium has been subtracted) and of the sulfur
balance in each instance should equal the
charted area of the nitrogen balance when pro-
tein tissues have been retained. The data for
potassium are based on analyses of urinary ex-
cretions alone, the fecal potassium excretion
was assumed to be 8 per cent of the potassium
intake The factors for the calculations are given
m Table 8 in Albright and Reifenstein;® the
methods for the accumulation, the presentation
and the interpretation of these data are discussed
m detail in Reifensten, Albright and Wells.9?
Testosterone propionate and estradiol benzoate
were adi istered 1ntr larly each day
during the periods indicated.

The figure has 5 divisions: (A) the measured
nitrogen balance; (B) the measured nitrogen
balance with supenmposed theoretic nitrogen
balance explainable by the measured potassium
balance; (C) the measured nitrogen balance
with supernimposed theoretic nitrogen balance
explammable by the measured phosphorus balance
(after the phosphorus theoretically retained with
calcium has been subtracted), (D) the measured
n‘gtrogen balance with superimposed theoretic
nitrogen balance explainable by the measured
sulfur balance; and (E) the theoretic balance
of phosphorus explainable by the measured cal-
cium balance

1t will be seen that there is a close correspond-
ence between the measured and the theoretic
mitrogen balances This is evidence that testos-

THEORETIC ar—
AcTUAL =
TESTOSTERONS PEOMONATE 23 MG DALY
[
: ¥
* 1 T
@ + 104 'J ’
‘s i NITROGEN BALANCE =

3] 13) [5) |7) fs] i
S-DAY PERIODS

terone propionate therapy induced a retention
of nitrogen, potassium, phosphorus, sulfur and
calcium in the proportions that exist 1n protein
and osseous tissues Furthermore, the estradiol
ben%oate induced no significant alteration in re-
tention of protein constituents when 1t was
add'ed to the testosterone propionate during
periods 16, 17 and 18; estradiol benzoate was
not gven for a sufficient time to evaluate its
effect upon the slowly responding calcium bal-
ance. For further discussion see text.

.(Data from Reifenstein et al.: J. Clin. Endo-
crinol. 5:367-395. For further data on ths pa-
tient see Case 37 in Fraser er ali! and Al-
bright;*-% Case 1 in Albright ef al;7 Case 10 in
Reifenstein & Albright;® and Case 15 [Figs. 82
& 156] in Albright & Reifensteins) &
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elevated urinary calcium value, over one
third had all their values above the normal
maximal level and more than half of the
values were in the hypercalciuric range.
These findings are evidence that corticoid
therapy tends to have an adverse effect upon
osseous tissue.

Effect of Anabolic Steroid Therapy on
Osteoporosis Associated with Excess of
Antianabolic Steroids. The effect of ana-
bolic steroid therapy in patients who have
osteoporosis  associated  with  excessive
amounts of antianabolic steroids now will be
considered. Tt had been postulated by Al-
bright? that anabolic steroids would counter-
act the adverse effects of corticoid hormones
upon the protein and the osseous tissues. A
number of reports provide substantial evi-
dence that this concept is correct.

The administration of androgenic com-
pounds to patients with Cushing’s syndrome
has resulted in clinical improvement;*-3.78.15,
30,49,56,01,04,96,9%,121,142 simi]ar but less Pro_
nounced clinical benefit has been observed
with estrogenic hormones.834:8%44,83,88,03.96,08
The favorable effect of androgen has been
demonstrated in patients with Cushing’s syn-
drome who were fed amino acids containing
radioactive nitrogen.**** Before the steroid
was administered, the radiocactive nitrogen
was excreted in the urine in about twice the
normal quantity; after the hormone was
given, the excretion fell to the normal level.
This indicates that the anabolic steroid
caused larger amounts of the ingested amino
acids to be utilized for protein synthesis and,
hence, reduced the amounts available for
degradation and excretion. In patients with
Cushing’s syndrome, it has been demon-

strated by balance studies that anabolic ster-
oids cause growth of protein and osseous
ﬁSSueS,13'7'8'30'65'82'8s"21'122'12§

The effect of androgen alone and in com-
bination with estrogen upon the nitrogen and
the mineral balances of a 25-year-old
woman with Cushing’s syndrome and osteo-
porosis!T#9%9 s jllustrated in Figure 19.
‘The hormonal preparations induced 2 reten-

tion of over 3 Gm. of nitrogen per day and,
simultaneously, a retention of sufficient
quantities of potassium, sulfur, phosphorus
and calcium to approximate their propor-
tions in protein and osseous tissues for this
amount of retained nitrogen. The calcium
balance did not become positive until after
30 days of treatment; hence, estradiol ben-
zoate was not given for a sufficient time to
evaluate its effect upon the slowly respond-
ing calcium balance, There is a close corre-
spondence between the measured and the
theoretic balances. This is evidence that the
anabolic steroid therapy induced anabolism
of protein and osseous tissues.

Patients with a variety of clinical condi-
tions are being maintained on continuous
corticoid therapy for months or even years.
We have pointed out previously that many
of these individuals develop manifestations
of protein depletion and osteoporosis.*****
38,39,57,62,85,101,117,118,121-123,128,130,131,140 Thus
far, the simultancous administration of ana-
bolic steroids has been employed infre-
quently in such patients, and then only for
relatively short periods.

The effect of corticoid therapy alone and
in combination with androgen upon the vri-
nary calcium excretion of a 60-year-old man
with bronchial asthma and osteoporosis™**
is illustrated in Figure 20. Observations
were made for more than 18 months. The
urinary calcium excretion was considerably
elevated in May, June and July, 1953,_ﬂf!er
the patient had been on continuous cortisone
therapy for approximately 1 year. The cal-
cium excretion fell to the normal range as
soon as a sufficient amount (50 mg. per
day) of testosterone propionate was ad-
mumnistered along with the corticoid therapys
the excretion became elevated again as soon
as the androgenic therapy was omitted; and
the excretion returned to the normal range
as soon as the corticoid therapy was reduced
to low doses or omitted. This is evidence
that the simultaneous administration of the
anabolic steroid eliminated and/or prevented
the adverse effect of chronic corticoid ther-
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Fio. 20. The effect of anabolic steroid ( one propi ) therapy upon the

hypercalciuria mdueed by chronie corticoid therapy in an elderly man with asthma and
0steoporosis.

This study of a 60-year-old man with bronchual asthma and osteoporosis consisted of
observations over more than 18 months. The scale for the urinary caicium excretion in
mg. per 24 hours is given as the ordinate; the dates of treatment are given as the abscissa.
“The horizontal Yine of dashes at 150 mg. represents the Jevel of excretion per 24 hours,
which usually is maximal for normal subjects The average level of excretion during
each perjod of study 15 shown by a honzontat e enclosing & stippled area. Cortisone
acetate and hydrocortisone acetate were admunistered orally or intramuscularly in the
dosage indicated propt was aduinistered intx 1

ty in the dosage
mdicated.

It will be scen that the urinary calcium excretion was considerably elevated in May,
Juge and July, 1953, after the patient had been on continuous cortisone therapy for
approxumately 1 year. Note that the calcium excretion fell to the normal range as soon
as a sufficient amount (50 mg per day) of one propi was administered
along with the corticord therapy; that the excretion became efevated again as soon as the
androgenic hormone was omitted; and that the excretion returned to the normal range as
soon as the corticoud therapy was reduced to Jow doses or omitted. This is evidence that

the simultaneous ad ation of the anabolic steroid, propi elimi-
COS £ T

nates and/or prevents the adverse effect of chronie corticoid therapy upon osseous tissue

and cat bol Not i

; d in the figure is the fact that the control of the
asthmatic condition that had been achieved by the use of the corticoid substances was

nat snterfered with by the simultaneous administration of the androgen For further
discussion see fext.
(Data techarted from Figure 3 1a Trwin er ol 3. Allerpy 25:201-208
A3 8 201209, F
data on this patient see Burrage ef ol.: Ann. Int. Med. 43:1%%1-1018) or furtter
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elevated urinary calcium value, over one
third had all their values above the normal
maximal level and more than half of the
values were in the hypercalciuric range.
These findings are evidence that corticoid
therapy tends to have an adverse effect upon
osseous tissue.

Effect of Anabolic Steroid Therapy on
Osteoporosis Associated with Excess of
Antianabolic Steroids. The effect of ana-
bolic steroid therapy in patients who have
osteoporosis  associated with  excessive
amounts of antianabolic steroids now will be
considered. It had been postulated by Al-
bright that anabolic steroids would counter-
act the adverse effects of corticoid hormones
upon the protein and the osseous tissues. A
number of reports provide substantial evi-
dence that this concept is correct.

The administration of androgenic com-
pounds to patients with Cushing’s syndrome
has resulted in clinical improvement;-3.7818
20,49,56,61,64,96,9%,121,142 Simili\r but 1555 Pro_
nounced clinical benefit has been observed
with estrogenic hormones,®31:35:44,3.55,93.06,98
The favorable effect of androgen has been
demonstrated in patients with Cushing's syn-

tion of over 3 Gm. of nitrogen per day and,
simultancously, a retention of sufficient
quantities of potassium, sulfur, phosphorus
and calcium to approximate their propor-
tions in protein and osseous tissues for this
amount of retained nitrogen. The ealcium
balance did not become positive until after
30 days of treatment; hence, estradiol ben-
zoate was not given for a sufficient time to
evaluate its effect upon the slowly respond-
ing calcium balance. There is a close corre-
spondence between the measured and the
theoretic balances. This is evidence that the
anabolic steroid therapy induced amabolism
of protein and osseous tissues.

Patients with a variety of clinical condi-
tions are being maimained on continuous
corticoid therapy for months or even years.
We have pointed out previously that many
of these individuals develop manifestations
of protein depletion and osteoporosis. 172
3%,39,67,62,85,101,117,118,121.123,128,130,131,140 Thu5
far, the simultaneous administration of ana-
bolic steroids has been employed infre-
quently in such patients, and then only for
relatively short periods.

The effect of corticoid therapy alone and

drome who were fed amino acids 8
radioactive nitrogen.**? Before the steroid
was administered, the radioactive nitrogen
was excreted jin the urine in about twice the
normal quantity; after the hormone was
given, the excretion fell to the normal level.
This indicates that the anabolic steroid
caused larger amounts of the ingested amino
acids to be utilized for protein synthesis and,
hence, reduced the amounts available for
degradation and excretion. In patients with
Cushing’s syndrome, it has been demon-
strated by balance studies that anabolic ster-
oids cause growth of protein and osseous
ﬁss“es‘l-a,'[,ﬂ,30,60,82,53,121,12;’,1'.‘8

The effect of androgen alone and in com-
bination with estrogen upon the nitrogen and
the mineral balances of a 25-year-old
woman with Cushing’s syndrome and osteo-
porosis™ 8259 is jllustrated in Figure 19.
The hormonal preparations induced a reten~

in combination with androgen upon the vri-
nary calcium excretion of a 60-year-old man
with bronchial asthma and osteoporosis®**
is illustrated in Figure 20. Observations
were made for more than 18 months. The
urinary calclum excretion was considerably
elevated in May, June and July, 1953, after
the patient had been on continuous cortisone
therapy for approximately 1 year. The cal-
cium excretion fell to the normal range as
soon as a sufficient amount (50 mg. per
day) of testosterone propionate was ad-
ministered along with the corticord therapy;
the excretion became elevated again as soon
as the androgenic therapy was omitted; and
the excretion returned to the normal range
as soon as the corticoid therapy was reduced
to low doses or omitted. This is evidence
that the simultaneous administration of the
anabolic steroid eliminated and/or prevented
the adverse effect of chrome corticord ther-
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Fic 20. The effect of anabolic steroid ( one propi ) therapy upon the

hypercalciuria induced by chronic corticoid therapy in an elderly man with asthma and
osteoporosis.

This study of a 60-year-old man with bronchial asthma and osteoporosis consisted of
observations over more than 18 months The scale for the uninary calcium excretion in
mg. per 24 hours is given as the ordinate; the dates of treatment are given as the abscissa.
The horizontal line of dashes at 150 mg. represents the level of excretion per 24 hours,
which usually 15 maximal for normal subjects. The average level of excretion during
each period of study is shown by a horizontal line enclosing a stippled area. Cortisone
acetate and hydrocortisone acetate were administered orally or intramuscularly in the
dosage 1nd d one prop was administered intr
ndicated.

1y in the dosage

It will be seen that the urinary calcium excretion was considerably elevated in May,
Tune and July, 1953, after the patient had been on continuous cortisone therapy for
approximately 1 year. Note that the calcium excretion fell to the normal range as soon
as a sufficient amount (50 mg per day) of testosterone propionate was administered
along with the corticond therapy, that the excretion became elevated again as soon as the
androgenic hormone was omitted; and that the excretion returned to the normal Tange as

soon as the corticoid therapy was reduced to low doses or omitted This 1s evidence that
the 1 dministration of the boli

steroid, one propi , elimi-
nates and/or prevents the adverse effect of chronic corticoid therapy upon osseous tissue
and cal bol Not ind d in the figure is the fact that the control of the
asthmatic condition that had been achieved by the use of the corticoid substances was

not interfered with by the simultaneous administration of the androgen. For further
discussion see text.

(Data recharted from Figure 3 in Irwin er al: J. Allergy 25:201-209. F.
data on this patient sec Burrage ef al.: Ann, Int, Med. 43:]%;(')1-1018)_ ¢ For further
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elevated urinary calcium value, over one
third had all their values above the normal
maximal level and more than half of the
values were in the hypercalciuric range.
These findings are evidence that corticoid
therapy tends to have an adverse effect upon
osseous tissue,

Effect of Anabolic Steroid Therapy on
Osteoporosis Associated with Excess of
Antianabolic Steroids. The effect of ana-
bolic steroid therapy in patients who have
osteoporosis  associated  with  excessive
amounts of antianabolic steroids now will be
considered. It had been postulated by Al-
bright? that anabolic steroids would counter-
act the adverse effects of corticoid hormones
upon the protein and the osseous tissues. A
number of reports provide substantial evi-
dence that this concept is correct.

The administration of androgenic com-
pounds to patients with Cushing’s syndrome
has resulted in clinical improvement;!-3.7.818
30,49,56,61,64,56,98,121,142 similar but less pl’O‘
nounced clinical benefit has been observed
with estrogenic hormones,®31:3544,83,88,93,06,08
The favorable effect of androgen has been
demonstrated in patients with Cushing's syn-

tion of over 3 Gm. of nitrogen per day and,
simultancously, a retention of sufficient
quantities of potassium, sulfur, phosphorus
and calcium to approximate their propor-
tions in protein and osseous tissues for this
amount of retained nitrogen. The calcium
balance did not become positive until after
30 days of treatment; hence, estradiol ben-
zoate was not given for a sufficient time to
evaluate its effect upon the slowly respond-
ing calcium balance. There is a close corre-
spondence between the measured and the
theoretic balances. This is evidence that the
anabolic steroid therapy induced amabolism
of protein and osseous tissues.

Patients with a variety of clinical condi-
tions are being maimtained on continvous
corticoid therapy for months or even years.
We have pointed out previously that many
of these individuals develop manifestations
of protein depletion and osteoporosis.1h**%
88,39,57,62,85,101,117,118,121-123,128,130,131,140  Thus
far, the simultaneous administration of ana-
bolic steroids has been employed infre-
quently in such patients, and then only for
relatively short periods.

The effect of corticoid therapy alone and

drome who were fed amino acids cc 14
radioactive nitrogen.?%8? Before the steroid
was administered, the radioactive nitrogen
was excreted in the urine jn about twice the
normal quantity; after the hormone was
given, the excretion fell to the normal level.
This indicates that the anabolic steroid
caused larger amounts of the ingested amino
acids to be utilized for protein synthesis and,
hence, reduced the amounts available for
degradation and excretion In patients with
Cushing’s syndrome, it has been demon-
strated by balance studies that anabolic ster-
oids cause growth of protein and osseous
tissues'l-d,7,8,30,08.82.88.121,122,125

The effect of androgen alone and in com-
bination with estrogen upon the nitrogen and
the mineral balances of a 25-year-old
woman with Cushing’s syndrome and osteo-
porosis?89%% is jllustrated in Figure 19,
The hormonal preparations induced a reten-

in e ion with androgen upon the usi-
nary calcium excretion of a 60-year-old man
with bronchial asthma and osteoporosis?**
is illustrated in Figure 20. Observations
were made for more than 18 months. The
urinary calcium excretion was considerably
elevated in May, June and July, 1953, after
the patient had been on continuous cortisone
therapy for approximately 1 year. The cal-
cium excretion fell to the normal range as
soon as a sufficient amount (50 mg. per
day) of testosterone propionate Wwas ad-
ministered along with the corticord therapy;
the excretion became elevated again as soon
as the androgenic therapy was omitted; and
the excretion returned to the normal range
as soon as the corticoid therapy was reduced
to low doses or omitted This is evidence
that the simultancous administration of the
anabolic steroid eliminated and/or prevented
the adverse effect of chronic corticoid ther-
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Fig. 20. The effect of anabolic steroid ( one propi ) therapy wpon the

hypercalciuria wnduced by chronic corticoid therapy in an elderly man with asthma and
osteoporosis.

This study of a 60-yenr-old man with hial asthma and osteoporosi isted of
abservations over more than 18 months. The scale for the urinary calcjum excretion in
mg. per 24 hours 1s given as the ordinate; the dates of treatment are given as the abscissa,
‘The horizontal line of dashes at 150 mg represents the level of excretion per 24 hours,
which usually is maximat for normal subjects. The average level of excretion during
each period of study is shown by a horizontal Jine enclosing 2 stippled area. Cortisone
acetate and hydrocortisone acetate were administered orally or intramuscularly in the

dosage indicated; was ad larly in the dosage

P
indicated. i

It will be seen that the urinary calcium excretion was considerably elevated in May,
June and July, 1953, after the patient had been on continuous cortisone therapy for
approximately 1 year. Note that the calcium excretion felf to th
as a sufficient amount {50 mg. per day) of testost i

¢ normal range as soon
derini {
P

was

along with the corticond therapy; that the excretion became ele;atcd again as soon as the
androgenic hormone was omitted, and that the excretion returned 10 the normat range as
soon as the corticoid therapy was reduced to fow doses or omitted. This is evidence that
the simull dministration of the anabolic steroid, one propi , elumi~
nates and/or prevents the adverse effect of chronic corticoid therapy upon osseous tissue
and cal boli Not indi d in the figure is the fact that the control of the
asthmatic condition that had been achieved by the use of the corticoid substances was
npt mterfered with by the simultaneous administration of the androgen. For further
discussion see text.

(Data techarted from Figure 3 in Irwin ef al.;
data on this patient see Burrage ef al.: Annm, Int.

3. Allergy 25:201-209. For further
Med. 43:1001-10818)
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elevated urinary calcium value, over one
third had all their values above the normal
maximal level and more than half of the
values were in the hypercalciuric range.
These findings are evidence that corticoid
therapy tends to have an adverse effect upon
osseous tissue.

Eifect of Anabolic Steroid Therapy on
Osteoporosis Associated with Excess of
Antianabolic Steroids. The effect of ana-
bolic steroid therapy in patients who have
osteoporosis  associated with  excessive
amounts of antianabolic steroids now will be
considered. It had been postulated by Al-
bright? that anabolic steroids would counter-
act the adverse effects of corticoid hormones
upon the protein and the osseous tissues. A
number of reports provide substantial evi-
dence that this concept is correct.

The administration of androgenic com-
pounds to patients with Cushing’s syndrome
has resulted in clinical improvement;!-57.818
30,40,55,81,64,98 93,121,142 Simnar bu[ ICSS pro.
nounced clinical benefit has been observed
with estrogenic hormones.343541,52,83,03,96,03
The favorable effect of androgen has been
demonstrated in patients with Cushing’s syn-
drome who were fed amino acids containing
radioactive nitrogen.**** Before the steroid
was administered, the radioactive nitrogen
was excreted in the urine in about twice the
normal quantity; after the hormone was
given, the excretion fell to the normal level.
This indicates that the anabolic steroid
caused larger amounts of the ingested amino
acids to be utilized for protein synthesis and,
hence, reduced the amounts available for
degradation and excretion. In patients with
Cushing's syndrome, it has been demon-
strated by balance studies that anabolic ster-
aids cause growth of protein and osseous
tisSues‘!-{i,7,",30,05.52.88,12],1'.’2,128

The effect of androgen alone and in com-
bination with estrogen upon the nitrogen and
the mineral balances of a 25-year-old
woman with Cushing’s syndrome and osteo-

porosist #9890 js jllustrated in Figure 19.
The hormonal preparations induced a reten-

tion of over 3 Gm. of nitrogen per day and,
simultancously, a retention of sufficient
quantities of potassium, sulfur, phosphorus
and calcium to approximate their propor-
tions In protein and osseous tissues for this
amount of retained nitrogen. The calcium
balance did not become positive until after
30 days of treatment; hence, estradiol ben-
zoate was not given for a sufficient time to
evaluate its effect upon the slowly respond-
ing calcium balance, There is a close corre-
spondence between the measured and the
theoretic balances. This is evidence that the
anabolic steroid therapy induced amabolism
of protein and osseous tissues.

Patients with a variety of clinical condi-
tions are being maintained on continuous
corticoid therapy for months or even years.
We have pointed out previously that many
of these individuals develop manifestations
of protein depletion and osteoporosis.”'?-":‘-
34,39,57,62,83,101,117,118,121-123,128,130,131,140 Thus
far, the simultaneous administration of ana-
bolic steroids has been employed infre-
quently in such patients, and then only for
relatively short periods.

The effect of corticoid therapy alone and
in combination with androgen upon the wri-
nary calcium excretion of a 60-year-old man
with bronchial asthma and osteoporosis™*
is illustrated in Figure 20. Observations
were made for more than 1§ months. The
urinary calcium excretion was considerably
elevated in May, June and July, 1953, after
the patient had been on continuous cortisone
therapy for approximately 1 year. The cal~
cium excretion fell to the normal range as
soon as a sufficient amount (50 mg. per
day) of testosterone propionate was ad-
ministered along with the corticoid therapy;
the excretion became elevated again as soon
as the androgenic therapy was omitted; and
the excretion returned to the normal range
as soon as the corticoid therapy was reduced
to low doses or omitted. This is evidence
that the simultaneous admimstration of the
anabolic steroid eliminated and/or ptevemed
the adverse effect of chronic corticoid ther-
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Fio. 20. The efiect of anabolic steroid (testosterone propionate) therapy upon the
hypercalciuria induced by chronic corticoid therapy in an elderly man with asthma and
osteoporosis.

This study of a 60-year-old man with bronchial asthma and osteoporosis consisted of
observations over more than 18 months. The scale for the urinary ealcium excretion in
mg. per 24 hours is given as the ordinate; the dates of treatment are given as the abscissa.
The horizontal hne of dashes at 150 mg. represents the level of excretion per 24 hours,
which usually 15 maximal for normal subjects. The average level of excretion during
each period of study is shown by a horizontal line enclosing a stippled area. Cortisone
acetate and hydrocortisone acetate were inistered orally or intr larly in the

dosage indicated; testosterone propionate wWas administered intramuscularly in the dosage
indicated

It will be seen that the urinary calcium excretion was considerably elevated in May,
June and July, 1953, after the patient had been on continuous cortisone therapy for
approximately 1 year. Note that the calcium excretion fell to th
as a sufficient amount (50 mg per day) of one propi was e
along with the corticoid therapy, that the excretion became elevated again ac
androgenic - T .

e normal range as soon
s

AN ne s

soon as the o o [ LR
the simultas waemsmie Wi wllaDUNC SIETON, testosterone propionate, elimi-
nates and/or prevents the adverse effect of chronic corticoid therapy upon osseous tissue
angd cal bol Not indi

: d in the figure is the fact that the control of the
asthmatic condition that had been achieved by the use of the corticoid substances was

not interfered with by the simuitaneous administration of the androgen. For further
discussion see text.
(Data recharted from Figure 3 in Trwin et al.: T Allergy 25:201-209. For fi
e L L 25:201-209. rth
data on this patient sce Burrage e/ al.: Ann, Int. Med., 43:1001-1018) urter
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elevated urinary calcium value, over one
third had all their values above the normal
maximal level and more than half of the
values were in the hypercalciuric range.
These findings are evidence that corticoid
therapy tends to have an adverse effect upon
osseous tissue,

Effect of Anabolic Steroid Therapy on
Osteoporosis Associated with Excess of
Antianabolic Steroids. The effect of ana-
bolic steroid therapy in patients who have
osteoporosis  associated  with  excessive
amounts of antianabolic steroids now will be
considered. It had been postulated by Al-
bright? that anabolic steroids would counter-
act the adverse effects of corticoid hormones
upon the protein and the osseous tissues. A
number of reports provide substantial evi-
dence that this concept is correct.

The administation of androgenic com-
pounds to patients with Cushing’s syndrome
has resulted in clinical improvement;1-3.7..18,
30,49,56,01,64,96,98,121,142 Sim“ar but less pro_
nounced clinical benefit has been observed
with estrogenic hormones,343544,3.88,03,96,03
The favorable effect of androgen has been
demonstrated in patients with Cushing’s syn-
drome who were fed amino acids containing
radioactive nitrogen.®*** Before the steroid
was administered, the radioactive nitrogen
was excreted in the urine in about twice the
normal quantity; after the hormone was
given, the excretion fell to the normal level.
This indicates that the anabolic steroid
caused larger amounts of the ingested amino
acids to be utilized for protein synthesis and,
hence, reduced the amounts available for
degradation and excretion In patients with
Cushing's syndrome, it has been demon-

strated by balance studies that anabolic ster-
oids cause growth of protein and osseous
ﬁssues.l-ﬂJ,E,SD,ﬂﬂ,32,88,121.122,128

The effect of androgen alone and 1 com-
bination with estrogen upon the nitrogen and
the mineral balances of a 25-year-old
woman with Cushing’s syndrome and osteo-
porosist?$2%9 g jllustrated in Figure 19.
The hormonal preparations induced a reten-

tion of over 3 Gm. of nitrogen per day and,
simultaneously, a retention of sufficient
quantities of potassium, sulfur, phosphorus
and calcium to approximate their propor-
tions in protein and osseous tissues for this
amount of retained nitrogen. The calcium
balance did not become positive until after
30 days of treatment; hence, estradiol ben-
zoate was not given for a sufficient time to
evaluate its effect upon the slowly respond-
ing calcium balance. Thete is a close corre-
spondence between the measured and the
theoretic balances. This is evidence that the
anabalic steroid therapy induced anabolism
of protein and osseous tissues.

Patients with a variety of clinical condi-
tions are being maintained on continuous
corticoid therapy for months or even years.
We have pointed out previously that many
of these individuals develop manifestations
of protein depletion and osteoporosis.’2*2%
38,39,57,62,85,101,117,118,121-123,128,130,131,140 Thus
far, the simul yus administration of ana-
bolic steroids has been employed infre-
quently in such patients, and then only for
relatively short periods.

The effect of corticoid therapy alone and
in combination with androgen upon the uri-
nary calcium excretion of a 60-year-old man
with bronchial asthma and osteoporosis™?®
is illustrated in Figure 20. Observations
were made for more than 18 months. The
urinary calcium excretton was considerably
elevated in May, June and July, 1953, after
the patient had been on continuous cortisons
therapy for approximately 1 year. The cal
cium excretion fell to the normal range as
soon as a sufficient amount (50 mg. per
day) of testosterone propionate was ad-
ministered along with the corticoid therapy;
the excretion became elevated again as soon
as the androgenic therapy was omitted; and
the excretion returned to the normal range
as soon as the corticoid therapy was reduced
to low doses or omitted. This is evidence
that the simultancous admimstration of the
anabolic steroid eliminated and/or prevented
the adverse effect of chronic corticoid ther-
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Fig. 20. The effect of anabolic steroid (testosterone propionate) therapy upon the
hypercalciuria induced by chronic corticold therapy in an eldesly man with asthma and
osteoporosis. .

This study of a 60-year-old man with bronchial asthma and osteoporosis consisted of
observations over more than 18 months. The scale for the urinary calcium excretion in
mg. per 24 hours is given as the ordinate; the dates of treatment are given as the abseissa.
The hotizontal line of dashes at 150 mg, represents the level of excretion per 24 hours,
which usually is maximal for normal subjects, The average level of excretion during
each pariod of study is shown by a honzontal line enclosing a stippled area. Cortisane
acetate and hydrocortisone acetate were administered orally or intramuscularly in the

dosage indicated prop was inistered intr 1y in the dosage
ndicated.

it will be seen that the urmary calcium excretion was considerably elevated in May,
June and Tuly, 1953, after the patient had been on continuous cortisone therapy for
approximately 1 year. Note that the calcium excretion fel} to the normat range as soon
as a sufficient amount (50 mg. per day) of one prop: was administered
along with the corticoid therapy; that the excretion became ¢levated again as soon as the
androgenic hormone was omitted; and that the ior returned to the normal range as
soon as the corticond therapy was reduced to low doses or omitted. This is evidence that
the simul dministration of the anabolic steroid, one propi elimi-
nates and/or prevents the adverse effect of chronic corticoid therapy upon osseous tissue
and cal boli Not indicated in the figure is the fact that the control of the
asthmatic condition that had been achieved by the use of the corticoid substances was
not interfered with by the simultaneous administration of the androgen. For further
discussion see text.

(Data recharted from Figure 3 in frwin er al.: J. Allergy 95:201-209. For f)
data on this patient see Burrage ¢ al: Ana. Int. Med. 43:1%);)1-1018)  Tor further
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elevated urinary calcium value, over one
third had all their values above the normal
maximal level and more than half of the
values were in the hypercalciuric range.
These findings are evidence that corticoid
therapy tends to have an adverse effect upon
osseous tissue.

Effect of Anabolic Steroid Therapy on
Osteoporosis Associated with Excess of
Antianabolic Steroids. The effect of ana-
bolic steroid therapy in patients who have
osteoporosis  associated  with  excessive
amounts of antianabolic steroids now will be
considered. It had been postulated by Al-
bright” that anabolic steroids would counter-
act the adverse effects of corticoid hormones
upon the protein and the osseous tissues. A
number of reports provide substantial evi-
dence that this concept is correct.

The administration of androgenic com-
pounds to patients with Cushing’s syndrome
has resulted in clinical improvement;?-3.7518,
30,49,56,61,64,96,03,121,142 Sim“ﬂr but ]eSS Pro<
nounced clinical benefit has been observed
with estrogenic hormones.®343%,44,%3,4%.03,06,58
The favorable effect of androgen has been
demonstrated in patients with Cushing’s syn-
drome who were fed amino acids containing
radioactive nitrogen.?*#* Before the steroid
was administered, the radioactive nitrogen
was excreted in the urine in about twice the
normal quantity; after the hormone was
given, the excretion fell to the normal level.
This indicates that the anabolic steroid
caused larger amounts of the ingested amino
acids to be utilized for protein synthesis and,
hence, reduced the amounts available for
degradation and excretion, In patients with
Cushing’s syndrome, it has been demon-
strated by balance studies that anabolic ster-
oids cause growth of protein and osseous
lisSues_14,1,R,30,66.82,88,121,122,12§

The effect of androgen alone and in com-
bination with estrogen upon the nitrogen and
the mineral balances of a 25-year-old
woman with Cushing’s syndrome and osteo-

porosistT8.0%9 s jllustrated in Figure 19.
The hormonal preparations induced a reten-

tion of over 3 Gm. of nitrogen per day and,
simultancously, a retention of sufficient
quantities of potassium, sulfur, phosphorus
and calcium to approximate their propor-
tions in protein and osseous tissues for this
amount of retained nitrogen. The calcium
balance did not become positive until after
30 days of treatment; hence, estradiol ben-
zoate was not given for a sufficient time to
evaluate its effect upon the slowly respond-
ing calcium balance, There is a close corre-
spondence between the measured and the
theoretic balances. This is evidence that the
amabolic steroid therapy induced anabolism
of protein and osseous tissues.

Patients with a variety of clinical condi-
tions are being maijntained on continuous
corticoid therapy for months or even years.
We have pointed out previously that many
of these individuals develop manifestations
of protein depletion and osteoporosis.1"**
39,39,67,62,85,101,117,118,121-123,128,130,131,140  Thus
far, the simultaneous administration of ana-
bolic steroids has been employed infre-
quently in such patients, and then only for
relatively short periods.

The effect of corticoid therapy alone an.d
in combination with androgen upon the uri-
nary calcium excretion of a 60-year-old man
with bronchial asthma and osteoporosis**’
is illustrated in Figure 20. Observations
were made for more than 18 months. The
urinary calcium excretion was considerably
elevated in May, June and July, 1953, after
the patient had been on continuous cortisone
therapy for approximately 1 year. The cal-
cium excretion fell to the normal range as
soon as a sufficient amount (50 mg. per
day) of testosterone propionate was ad-
ministered along with the corticoid therapys
the excretion became elevated again as soon
as the androgenic therapy was omitted; and
the excretion returned to the normal range
as soon as the corticoid therapy was reduced
to low doses or omitted. This is evidence
that the simultancous administration of the
anabolic steroid eliminated and/or prevented
the adverse effect of chronic corticoid ther-
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Tantk 12, Tur EFFECT OF AGE AND S£x ON URINARY EXCRETION OF STEROIDS WITH
ANTIANABOLIC ACTIVITY (NEUTRAL REDUCING LirIDS)

Ace

NruTraL Repucing Lirios

A

NEUTRAL
Repucing Lirins
(% of Excretion

B

Aplustep NEuTRAL
Reoucing Lirtos
(<t of Column A

Equivalent to
%o of Androgen
Excretion of Men

Ranee Sleeping* Waking® Day'. Average of Men Aged Aged 20-29)
(VYrs) (Mg /Hrs)  (Mg/His)  (Mg/Hs)  (Mg/Hrs) 20-29) {from Table 3
Column E)
WoMIN
20-29 161 2.22 1.88 1.90 88% 57%
30-39 1.60 1.86 2.07 1.84 85% 55%
40-49 1.34 1.77 2.04 172 80% 52%
50-59 1.67 1.81 1.72 1.73 80% 52%
60-90 1.50 1.55 1.69 1.58 73% 48%
Men
20-29 176 2.52 2.19 216 100% 65%
30-39 1.79 2.66 2.02 2.16 100% 65%
40-49 227 2.69 2.57 2.50 116% 15%
50-59 1.87 220 223 2.10 97% 63%
60-90 1.90 212 1.98 2.00 93% 60%
C D . E F G
TorAL NEUTRAL NEUTRAL
Ace ToTAL ANDROGEN  REDUCING Livms NEUTRAL ToTAL ANDROGEN ~ REDUCING Lipms
Rance PLUS ESTROGEN TCOMB:W WITH  RepucinG Lipibs  PLUS ESTROGEN  DIFFERENCE FROM
(vrs)  UromTabled TUROSTENN (GofTowlin (5 of Towlm LOUIIBRIUM Wi
Column D) (Cotumn B Cotumn D) ColumnDy  AfpiouicSTERODS
erence of E
plus Column C) from 50%)
WoMen
20-29 100% 157% 36% 64% —14%
30-39 90% 145% 38% 62% —12%
40-49 44 96% 54% 46% + 4%
50-59 28% 80% 65% 35% +15%
N 60-90 19% 67% 72% 28% 4+22%
EN
20-29 87% 152% 43% 57% -~ 7%
3039 73% 138% 47% 53% —~ 3%
40-49 49% 124% 60% 40% +10%
22‘59 46% 109% 58% 2% + 8%
-90 42% 102% 59% 41% + 9%

.
Data of Pincus, Dorfman and associates® %
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Fia. 21. The effect of age and sex upon the urinary excretion of steroids with anabolic
activity (androgen and estrogen) and with antianabolic activity (neutral reducing lipids).

The charts are derived from the data of Pincus, Dorfman and associates.?0-92 The
graphs are the same as those given before in Figure 6 (see Table 3), but, in addition,
data have been added for the antianabolic steroid excretion (see Table 12). The data
were treated as follows: (1) the urnary excretion of neutral reducing lipids was used
as an index of the antianabolic steroid excretion; (2) the approximate excretion at
various ages was calculated for each sex by averaging the values for the sleeping, waking
and day collections of the original study; (3) the urinary antianabolic activity excreted
at various ages was calculated for each sex in percentage of the amount excreted by men
at the age of 25 years; (4) then for each sex the activity values were recalculated as the
percentage equivalent of the androgen excretion of men at the age of 25 years; and )
the resulting values were charted. The urnary excretion of neutral reducing lipids is
assumed to be an wndex, if not a measure, of the production of bolic steroid:

The graphs show that with declining years (1) the production of antianabolic steroids
diminishes only shightly in both sexes and (2) the more marked decrease in the produc-
tion of anabolic steroids results 1n a relative excess of antianabolic steroids over anabolic
steroids which 1s more rapidly induced and considerably greater in women than 1n men.
Thus, the aging indwvidual develops a steroid imbalance quahtatively stmilar to that of
Cushing's syndrome For further discussion see text.
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TapLt 12. Tort EFrect oF AGE AND SEX ON URINARY EXCRETION OF STEROIDS WITh
ANTIANABOLIC ACTIVITY (NTUTRAL REDUCING Lirtns)

A B
ApJusTED NEUTRAL
NouTtrat REDU{CING Liptos
o
NEUTRAL REDUCING LIPIDS Revvema Liews (T ‘:xivca‘l’::wn‘)'\
AcE (% of Excretion 50 of Androgen
Rance Sleeping® Waking* Day‘. Average of Men Aged Exxr;el:jo;(:gg )' en
(Yrs)) (Mg /Hrs)  (Mg/Hrs)  (Mg/Hrs) (Mg /Hrs) 20-29) (ga;n TabEle)Z!
otumn
WoMmen
20-29 1.61 222 1.88 1.90 88% 57%
30-39 1.60 1.86 207 1.84 85% 55%
40-49 1.34 L77 2,04 L2 80% 529%
50-59 1.67 1.81 1,72 173 80% 52%
60-90 1.50 1.55 1.69 1.58 73¢% 48%
Men
20-29 176 2.52 2.19 2.16 100% 65%
30-39 1.79 2.66 2.02 2.16 100% 65%
40-49 227 2.69 2.57 250 116% 75%
50-59 1.87 2.20 223 2.10 97% 63%
60-90 1.90 2.12 1.98 2.00 935 60%
C b E F G
TorsL NEUTRAL
AGE ‘TOTAL ANDROGEN  REDUCING LiPms NEUTRAL TOTAL ANDROGEN Rznﬁgmlrlrms
Rance PLUS ;m"_ ANDK‘ZGT:( Liptbs  PLUs EsTRoGEN DIFFERENCE rROM
(Yrs) (fromTable3 e o een (PofTotalin (% of Totalin CQUILBBRIUM Wrin
Column D) (Cotmn Column D) ColumnD)  pASoLic SteRoms
plus Column C) (D{nxﬂl"c’;:?gz? E
%
WoMmeN
20-29 100% 157% 36% 64% —14%
30-39 90% 145% 38% 62% —12%
40-49 44% 96% 54% 46% + 4%
28;9 28% 80% 65% 35% +15%
Mm- 0 19% 67% 2% 28% +22¢
2029 87% 1529 43% 57% - 7%
30-39 13% 138¢% 47% 53% — 3‘;
40-49 49% 124% 60% .
40% +10%
50-59 46% 109% 58% 2% + 8%
60-90 425% 102 59% A1% + 9¢

* Data of Pincus, Dorfman and associates? 2
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Fia, 22, The schematic life history of anabolic and antianabolic steroids in the human

female.

This chart is the same as that in Figure 7 with additions. The life history of the
anabolic steroids in the female 1s described in the caption for Figure 7. Steroids of the
antianabolic group are first produced mn a significant quantity very early in childhood,
years before the first significant production of anabdlic steroids. The production of anti-
anabolic steroids decreases only slightly with age. For further discussion see text.

apy upon osseous tissue and calcium metab-  absolute excess of antianabolic hormones in
olism. It should be mentioned that the senile osteoporosis.

control of the asthmatic condition, which Recent investigations
had been achieved by the use of the corticoid established a very important point: with
substances, was not interfered with by the aging, the anabolic steroid production de-

simultaneous administration of the androgen. clines markedly, while in contrast the anti-
anabolic steroid production decreases only

Primary Evidence Supporting Question 2 very slightly. The general pattern of these
Antianabolic Steroid Excess in Aging changes in women and in men at various
Persons. Certain of the chnical features of ages is shown graphically in Figure 21,
aging are similar to those observed in per- which has been prepared from data (Table
sons with an excess of corticoid hormones. 12) of Pincus, Dorfman and associates.”**
As examples we can mention the thin skin, The urinary excretion of neutral reducing

the reduced muscle mass, the decreased mus-  lipids is assumed be an index,.if not a
+ of antianabolic

,20,00-02,103,127  haye

measure, of th

cular power and weakness, and the el
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FiG. 23. The schematic life history of anabolic and antianabolic steroids in the human

This chart is the same as that given in Figure 8 with additions. The life history of the
anabolic steroids in the male is described in the caption for Figure 8. Steroids of the anti-
anabolic group are first produced in a significant quantity very early in childhood, years

4

before the first si

tion of

The production of antianabolic

steroids decreases only slightly with age. For further discussion see text.

relative excess of antianabolic steroids over
anabolic steroids in the women during the
latter years of life. In men, the initial level
of neutral reducing lipids is a little higher
than that of women, increases still further to
a peak at about the age of 45, then declines
even more gradually than that of women to
a value at the end of life which is only
slightly below the initial level. Because there
is also a fall in the anabolic steroid excretion
in men, there is likewise a relative excess of
antianabolic steroids over anabolic steroids
in the elderly male; however, the excess is
ot nearly as great as in women. Thus, the
aging individual develops a steroid imbalance
Qualitatively similar to that of Cushing’s
syndrome.

The life history of the antianabolic steroid
ho@ones in the female? is presented sche-
matically in Figure 22, a chart shown pre-
viously as Figure 7 with certain additions.

In the female, steroids of the antianabolic
group are first produced in a significant
quantity very early in childhood, years be-
fore the menarche and the adrenarche of
the anabolic steroids. The production of
antianabolic steroids decreases only slightly
with age, so that a considerable amount stifl
is being produced at the end of life. There-
fore, there is no period of marked decline
with age that corresponds to the menopause
or the adrenopause with respect to the ana-
bolic steroids.

The life history of the antianabolic steroid
hormones in the male? is presented schema-
tically in Figure 23, which is similar to Fig-
ure 8 with certain additions. In the male,
the pattern of antianabolic steroid produc-
tion is very similar to that in the female. A
high level is reached in early childhood, and
the amount produced declines only slightly
with age, so that the level still is high at the
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Fio. 22. The schematic Life history of anabolic and antianabolic steroids in the human

female.

“This chart is the same as that in Figure 7 with additions. The life history of the
anabolic steroids in the female is described in the caption for Figure 7. Steroids of the
antianabolic group are first produced in a significant quantity very early in childhood,
years before the first significant production of anabblic steroids. The production of anti-
‘anabolic steroids decreases only slightly with age. For further discussion see 1€t

absolute excess of antianabolic hormones in

senile 05teOpOTOSIs.

Recent invesngnﬁons“3""””99‘“’3.“‘7 have
cstablished a very important point: with
aging, the anabolic steroid production d‘f'
clines markedly, while in contrast the ant
anabolic steroid production decreases only
very slightly. The general pattern of ﬂ'iesﬂ
changes in women and in men 2t various
hically in Figur 21,

apy upon osseous tissue and calcium metab-
olism. It should be mentioned that the
control of the asthmatic condition, which
had been achieved by the use of the corticoid
substances, was not interfered with by the
simultaneous administration of the androgen.

Primary Evidence Supporting Question 2
Antianabolic Steroid Excess in Aging

Persons. Certain of the clinical features of  ages is shown grap ol
aging are similar to those observed in per- which bas been prepared from data (T205
sons with an excess of corticoid hormones,  12) of Pincus, Dorfman and associales-”
As examples we ¢can mention the thin skin, The urinary excretion of n?uzml ;:educmg
sed to be an index, if not 3

the reduced muscle mass, the decreased mus-  Jipids Is assw

i janabolic
cular power and weakness, and the suscep- jon of antiald

measure, of the product
Jevel of the neutr

tibility of the bones 10 fracture. However,
the urinary excretion of antianabolic sterord
metabolites is not elevated in old people as
it is in patients with Cushing’s syndrome and
in persons who are bemg treated with corti-
coid medications.1263273% Thus, there is no

sterords. In women, the i
reducing lipids is somewhat below that e
men and declines steadily but moderately
throughont Bife. As a result of 'the pro-
nounced {alt m the anabolic steroid excre”

tion after the age of 35, there is a marke



Relationships of Steroid Hormones to Senile Osteoporosis 239
LEVDIOARCKE LEYDIGPAUSE
rox FoR
ANAROLIC STEROIDS ANABOUIC STEROIDS
ADRINARCHE ADRENOPAUSE
Ton o
ANAROLIC STEROIDS ANABOUC STEROIDS
‘ v ANTIANABOLIC
e psppp—p— y STEROIDS
——— .
\J
GONADAL—‘/ X~} apRENAL
ANABOLIC 3
STEROIDS
g
v ¢ -
; r T Y T ; T y
30 40 S0 s 70 20 %0 100
AGE IN YEARS

male.

F1G. 23. The schematic life history of anabolic and antianabolic steroids in the human

This chart js the same as that given in Figure 8 with additions. The life history of the
anabolic steroids in the male is described in the caption for Figure 8. Steroids of the anti-
anabolic group are first produced in a significant quantity very early in childhood, years
before the first significant production of anabolic steroids. The production of antianabolic
steroids decreases only slightly with age. For further discussion see text.

relative excess of antianabolic steroids over
anabolic steroids in the women during the
latter years of life. In men, the initial level
of neutral reducing lipids is a little higher
than that of women, increases still further to
a peak at about the age of 45, then declines
even more gradually than that of women to
a value at the end of life which is only
slightly below the initial level. Because there
'{s also a fall in the anabolic steroid excretion
In men, there is likewise a relative excess of
illmianabolic steroids over anabolic steroids
in the ¢lderly male; however, the excess is
not nearly as great as in women. Thus, the
aging individual develops a steroid imbalance
qQualitatively similar to that of Cushing’s
syndrome,

The life history of the antianabolic steroid
hormones in the female? is presented sche-
matically in Figure 22, a chart shown pre-
Viously as Figure 7 with certain additions.

In the female, steroids of the antianabolic
group are first produced in a significant
quantity very early in childhood, years be-
fore the menarche and the adrenarche of
the anabolic steroids. The production of
antianabolic steroids decreases only slightly
with age, so that a considerable amount still
is being produced at the end of life. There-
fore, there is no period of marked decline
with age that corresponds to the menopause
or the adrenopause with respect to the ana-
bolic steroids.

The life history of the antianabolic steroid
hormones in the male® is presented schema-
tically in Figure 23, which is similar to Fig-
ure 8 with certain additions. In the male,
the pattern of antianabolic steroid produc-
tion is very similar to that in the female, A
high level is reached in early childhood, and
the amount produced declines only slightly
with age, so that the level still is high at the
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F16. 24. The association in aging persons of senile osteoporosis with absol bol.

steroid deficiency and with relative antianabolic steroid excess.

This chart 1s derived from the data in Figures 11 and 21,19.205%0092 The calculations
arc given in the caption for Figure 21; the data, in Tables 3 and 12. Data have been
added for the difference between the neutral reducing lipid excretion and the total ana-
bolic steroid excretion This difference was derived (1) by adding the percentage excre-
tion of the neutral reducing lipids to that of the anabolic sterotds for each of the
respective age periods of cach sex and then (2) by calculating the percentages of the

P in the

It will be seen that in women the rapid and marked increase in the cases of senile
osteoporosis correlates in time not only with the abrupt fall in the absolute amount of
anabolic steroids but also equally well with the abrupt nse i the relative amount of
antianabolic steroids. In comtrast, in men the more gradual and less pronounced in-
crease in the cases of senile osteoporosis correlates in time not only with the more gradual
and less marked fall in the absolute amount of anabolic steroids but equally well Vf'xth
the more gradual and less marked rise 1 the relative amount of antianabolic steroids

For further discusston see text,

o ion.

sented graphically in Figure 24 This figure

end of life. Therefore, there are no periods "
illustrates the point that m women the rapid

of changing production that correspond

either to the leydigarche and the adrenar-
che or to the leydigpause and the adreno-
pause with respect to the anabolic steroids.

The time sequence of the excretion of
anabolic and antignabolic steroids and of
the occurrence of senile osteoporosis is pre-

and marked increase in the cases of ser{i)c
osteoporosis correlates in time not only with
the abrupt fall in the absolute amOum.of
anabolic steroids but also equally well with
the abrupt rise in the relative amount of
antianabolic steroids, In contrast, in men
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the more gradual and less pronounced in-
crease in the cases of senile ostcoporosis cor-
relates in time not only with the more grad-
ual and less marked fall in the absolute
amount of anabolic steroids but also equally
well with the more gradual and less marked
rise in the relative amount of antianabolic
steroids. ‘Thus, ostcoporosis is associated
with the alterations in both types of steroid.

Conclusions from Evidence on Question 2

The evidence concerning the second ques-
tion leads to the following conclusions: (1)
a relative excess of antianabolic steroid hor-
mones occurs in aging persons; (2) the im-
balance between the endogenous antianabolic
and anabolic steroids which results is quali-
tatively similar to that in Cushing’s syn-
drome and in chronic corticoid ther-
apy; (3) the absolute excess of anti-
anabolic steroids in Cushing’s syndrome
and in chronic corticoid treatment results in
the development of osteoporosis identical
with senile osteoporosis 1n its manifestations
and in its response to anabolic steroid ther-
apy; (4) the time sequence of the develop-
ment of senile osteoporosis correlates with
the occurrence of the relative excess of anti-
anabolic hormones in aging persons; and
(5) this relative excess is one of the factors
that leads to the development of senile osteo-
Pporosis m aging individuals. Therefore, the
second question may be answered by stating
that there is a relative excess of antianabolic
steroid hormones in semle osteoporosis.

RECAPITULATION OF ANSWERS: THERE Is
AN ABSOLUTE DEFICIENCY OF ANABOLIC
STEROID HORMONES aND A RELATIVE
EXCESS OF ANTIANABOLIC STEROID
HORMONES IN SENILE OSTEOPOROSIS

The major relationships of steroid hor-
mones to senile osteoporosis have been dis-
cussed by considering two questions, 1t is
fime to restate and integrate the answers,
The evidence reviewed indicates that there 1s
an absolute deficiency of amabolic steroid
hormanes and at the same time a relative

excess of antianabolic steroid hormones in
senile ostcoporosis. The latter alteration ap-
pears to be the more important” for the
development of the bone condition, This is
suggested by the obscrvation that an abso-
lute deficiency of anabolic steroids without
a relative excess of antianabolic hormones
apparently does not lead to osteoporosis.
For example, we are not aware of any re-
ports of this bone disorder in patients with
panhypopituitarism,® in whom there is an
absolute deficiency of the anabolic steroids
and also, at the same time, of the antiana-
bolic hormones. The relative excess of anti-
anabolic steroids probably is an important
factor also in the protein depletion of aging
persons. This interpretation receives sup-
port from the recent studies of Sobel
and Marmorston.!1*11¢ These investigators
showed that in rats the ratio of the muco-
polysaccharide constituent, hexosamine, to
the collagen in the skin and the bones is
decreased with age, is decreased in young
adult rats by the administration of cortisone
acetate and is maintained at the ratio of the
young adult rat in aging animals by the
administration of an anabolic steroid such
as testosterone

DISCUSSION

The concept of the balance between ana-
bolic and antianabolic steroids in various
physiologic and pathologic states is illus-
trated schematically in Figure 25. The chart
shows a balance between the hormonal in-
fluences 1n the normal adult (A); an abso-
lute increase in the antianabolic activity in
Cushing’s syndrome and in the previously
normal adult receiving chronic corticoid
therapy (B & C); and a relative increase in
the antianabolic activity (as a result of a
decrease in the anabolic activity) 1n old age,
in postmenopausal women and in hypo-
gonadism with normal adrenal cortical func-
tion (D, E & F). The normal child has a
level of anabolic steroids that is low for a
mature individual but has an adult amount
of antianabolic steroids,i1:124126,127,185  ppe
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F1a. 25. Schematic diagrams of the bal: between anabolic and balic steroids
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in various physiologic and pathologic states.

An arrow pointing upward represents a stimulating effect; an arrow pointing down-
ward represents an inhibiting effect; the length of an arrow indicates the amount of effect.
The hatched arrows = anabolic steroids; the stippled arrows = cortical steroids. The
heavy horizontal dash line = the normal level.

The relation between the endog levels of and antianabolic steroids is
shown for six states: (A) the normal adult; (B) Cushing's syndrome; (C) the normal
adult receiving chronic corticoid therapy; (D) old age; (E) the postmenopausal woman;
and (F) hypogonadism with normal adrenal cortical function.

It will be seen that there is a balance between the hormonal influences in the normal
adult (diagram A), that there 1s an absolute increase in the antianabolic action in
Cushing’s syndrome and in the normal adult receiving chronic corticord therapy {dia-
grams B and C), and that there 1s a relative increase in the antianabolic action (as a2
result of a decrease in the anabolic action) in old age, in the postmenopausal woman
and 1n hypogonadism with normal adrenal corticod function (diagrams D, E & F).

(Modified from Reifenstein, E. C., Jr.: South. M. J. 49:933-960)

bali

adverse effects of the relative excess of cor-
ticoid materials do not oceur, however, pre-
sumably because the normal child also has
a considerable production of aaterior pitui-
tary growth hormone, which is an anabolic
agcnt.

IMPLICATIONS FOR THE DEVELOPMENT

OF SENILE OSTEQOPOROSIS
The alterations 1 hormonal balance pre-

viously discussed apparently take place in all
persons as they age and, presumably, are

adjustments that accompany the physiologic
event that we term senescence. Since the hor-
monal imbalance is an important factor in
the development of osteoporosis, some de-
gree of senile osteoporosis should be present
in all aging persons. This reasoning l?ads to
the concept that osteoporosis is a physiologic
process in aging bone.® . .
Investigators agree that senile 0steoporosis
is a very common condition. The question
s, does it oceur in all old peaple? It js most
difficalt to determine this because of the



Discussion

243

NORMAL
HORMONE ARROWS
winn sou weszs (4)= stoeauation
witn orex wtazs ()= mnmiex

SENILE OSTEOPORDSIS

oot
. CoRtix
AT
STEroms
BONE .
FORMATION

SENILE OSTEOPOROSIS-TREATED

Fi6. 26. Schematic diagrams illustrating the relationships of steroid hormones to the
development and the tr of senile porosis.

In this chart the rectangle is the mass of calcified booe; the black arrows are the
processes of bone formation and bone resorption, with the size of the arrows repre-
senting the rates of these processes; the circles are the adrenal cortex as a source of
antianabolic hormones and the gonads as a source of anabolic steroids; the stippled
arrows are the antianabolic steroids and the cross-hatched arrows the anabolic steroids,
with the size of the arrows representing the amount of hormonal influence; the arrows
with open heads are hormones with an inhibiting action, and those with solid heads are
hormenes with a stimulating action; the syringe labeled “arabolic steroids” represents
administered anabolic therapy.

The chart has 3 divisions: (A) the normal status, in which the calcified mass of bone
is in a state of dynamic equilibrium (because the rate of bone formation is equal to the
rate of bone resorption) and the endog hormonal infl upon bone formation
are in balance; (B) senile osteoporosis, 1n which the mass of calcified bone has decreased
(because bone formation is reduced) and the endog hormonal infl upon bone
formation are altered so that there is an absol deficiency of bolic steroids and a
relative excess of antianabolic steroids; and (C) senile osteoporosis treated with anabolic
steroid therapy, in which the calcified mass of bone 1s being increased toward normal by
an increase in bone formation and the imbalance between the endogenous antianabolic
and the anabolic hormones is being corrected by the administration of anabolic steroid
therapy. For further discussion see text.

problems in detecting early or mild osteo-
porosis which we already have discussed.
Furthermore, in old persons we encounter
the additional difficulty of being uncertain
as to what constitutes a “normal” roentgeno-
graphic bone-image density.

The fact remains that only a portion of
the older population develops the skeletal

deformities or presents the clinical manifes-
tations of senile osteoporosis. This suggests
that in certain individuals, additional factors
have an important influence on the course
of the osseous disorder. We do not know
the nature of these factors. We can specu-
Iate that they may include such influences
as the amount of calcium and phosphorus
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in the skeleton at the time that bone forma-
tion decreases, the diet, the physical activity,
the degree of alteration in the endogenous
hormone levels, the development of other
systemic derangements (such as vascular,
renal, hepatic or acid-base disturbances),
the occurrence of superimposed osseous dis-
orders (such as atrophy of disuse, osteoma-
lacia, fracture, arthritis or Paget’s discase of
bone) and such vague and nonspecific fac~
tors as individual variability and susceptibil-
ity Difliculty in analyzing the sole of these
possible factors arises from the fact that in
many cases osteoporosis of disuse, of mal-
nutrition, of the postmenopausal state and of
senility are inseparably superimposed, Fur-
thermore, in some of the published studies,
cases reported to have been osteoporosis ap-
pear from the data to have been cases of
ostcomalacia superimposed upon senile os-
teoporosis;'™ in others the patients appear
1o have had osteomalacia or other metabolic
bone disorders rather than osteoporosis.*

IMPLICATIONS FOR THE TREATMENT
oF STNILE OSTEOPOROSIS

The obvious implication of the imbalance
of the antianabolic and the anabolic steraids
for the treatment of senile osteoporosis is to
restore the balance through the administra-
tion of anabalic steraid medication The
therapy should be given in adequate amounts
and for a sufficient time to correct the pro-
tewt depletion and osteoporasis.

In Figure 26 we have illustrated with
schematic diagrams the relationships of stes-
oid hormones to senile osteoporosis. The
chart has three divistons: (A) the normal
status, in which the calcified mass of bone
is in a state of dynamic equilibrium because
the rate of bane formation 1s equal to the rale
of bone resorption and the endogenous hor-
monal influences upon bone formation are
in balance; (B) senile osteoporosts, in which
the mass of calcified bone has decreased be-
cause bone formation is reduced and the
endogenaus hormonal influences upon bone

formation are altered so that there, is an
abselute’ deficiency of anabolic steroids and
a relative excess of antianabolic steroids;
and (C), senile osteoporosis treated with
anabolic steroid therapy, in which the cal-
cificd mass of bone is being increased toward
normal by an increase in bone formation and
the imbalance between the endogenous anti-
anabolic and the anabolic hormones is being
corsected by the administration of anabolic
steroid therapy. This figure summarizes the
relationship of steroid hormones to the de-
velopment of senile osteoporosis and the
rationale for the use of anabolic steroid
therapy in controlling the advesse effects of
corticoid hormones upon osseous tissues.

[MPLICATIONS FOR THE PREVENTION
OF SENILE OSTLOPOROSIS

The evidence presented in this chapter
provides strong support for the contention
that anabolic steroids should be adminis-
tered to all persons who have passed the
prime of life and are becoming elderly, and
particularly to all women at and after the
time of the menopause, in order to prevent
the development of protein depletion and
osteoporosis. The dosage shouwld be’ad-
justed to maintain the patient in an ognma!
clinical state. Prolonged treatment will be
required, since the uaderlying endogenous
imbatance between anabolic and antisnabalic
steroids still is present whenever the and-
balic steroid therapy is disconnnued.

PRACTICAL ANABOLIC STEROID THERATY

on of androgen
ost potent and
aration that is

At present the combinat
and estrogen provides the
most practical anabolic prep: :
available for the control of semle osteoporosis.
Such a combination has the advantages (1) of
adding the more marked osseous-anabolic
effect of the estrogen to the more marked pro-
ten-anabatic effect of the Jndrc.)gen and. (112)
of reducing the undesirable actions of either
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hormone alone upon the genital organs and
the accessory sexual structures, The prepa-
ration recently introduced by Junkmann and
his colleagues,*+*#13% in which 90 mg. of
testosterone enanthate* and 4 mg. of estra-
diol valerate* are dissolved in each milli-
liter of vehicle, seems to meet very satis-
factorily the requirements for anabolic
steroid therapy. It has a potent anabolic
effect (sce Fig. 16) that is sustained for
from 3 to 4 wecks after a single intramus-
cular injection of 1 to 2 ml,, and it appears
t0 have an optimal androgen-to-estrogen
ratio that tesults in undesirable masculinizing
or feminizing actions in only a very small
percentage of patients of cither sex. Senile
osteoporosis may be treated, with less con-
venience to the patient or to the physician,
by administering shorter-acting androgen-
estrogen combinations at more frequent in-
tervals by injection or daily by mouth. A
few patients may develop moderate edema;
this can be controlled by a low-sodium diet,
duretics and reduction of the steroid dosage.
The last-mentioned step rarely is necessary.
In addition, the patients should (1) eat a
high-protein diet to provide materials with
which they can build the protein bone ma-
trix; (2) take an adequate amount of water
to avoid any tendency toward a concentrated
urine when hypercalciuria 15 present; (3)
avoud extra calcium or vitamin D during the
intial phase of treatment when there is in-
sufficient matnx to take up the mineral; (4)
increase the calcium intake moderately after
several months of steroid therapy to ensure
calcification of all the matrix that is being
formed; (5) begin a maximal amount of
mobilization as soon as possible and avoid
excessive immobilization to prevent adding
atrophy of disuse to the bone condition; (6)
wear a corset or a brace to support the me-

—_—
s * These steroid esters are available from E R.
‘l“gb & Sons, New York- testosterone enanthate
asd clatestryl, diol valerate as Del g
and the Preparation mentioned above of testosterone

cnanthate combined with estradiol valerate as
Deladumone,

chanically defective arcas; and (7) use their
muscles so that strain of the weakened ver-
tebral column is avoided.

SUMMARY AND CONCLUSIONS

Anabolic steroids (androgenic and estro-
genic hormones of gonadal and adrenal cor-
tical origin) stimulate the growth of protein
and osscous tissues. Antianabolic steroids
(corticoid hormones of adrenal cortical ori-
gin, such as hydrocortisone) inhibit the
growth of protein and osseous tissues. In
the presenile adult, these two opposing hor-
monal activities usually are in a state of
balance. An endogenous imbalance can re-
sult in such individuals from either (1) an
absolute increase in the amount of antiana-
bolic steroids when the quantity of anabolic
steroids is not changed, as in Cushing’s syn-
drome or in chronic corticoid therapy, or
(2) a relative increase in the amount of anti-
anabolic steroids when the quantity of ana-
bolic steroids is decreased, as,in hypogonad-
ism with normal adrenal cortical function.
The imbalance is an important factor in the
development of osteoporosis, a specific meta-
bolic bone disease entity defined as that cate-
gory of too little calcified bone in which there
is too little formation of bone because of in-
sufficient formation of matrix. The osteo-
porosis can be corrected by anabolic steroid
therapy.

In the aging person there is an actual
deficiency of endogenous anabolic hormones
which creates at the same time a relative
excess of endogenous antianabolic hor-
mones. The imbalance qualitatively is the
same as in Cushing’s syndrome. The endog-
enous imbalance and particularly the rela-
tive excess of antianabolic hormones are
important factors in the development of
senile osteoporosis in the aging person.
Again, the imbalance can be corrected by
anabolic steroid therapy which replaces the
missing quantity of anabolic steroids and
counteracts the excessive quantity of anti-
anabolic steroids. Some degree of senile
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osteoporosis is present, but not recognizable,
in all old people. Early stages or mild states
of the osseous disturbance cannot be recog-
nized at present because of the Jimitations in
current diagnostic procedures. For indis-
putable roentgenographic evidence with
existing technics, the bone calcium content
must change at feast 30 per cent, which
usually takes from S to 10 years. These
requirements apply also to evaluating in
roentgenograms the initial response of senife
osteoporosis ta treatment. In addition to the
hormonal imbalance, unknown factors influ-
ence the course of the osseous disorder in
many aging individuals so that symptoms
and deformities arise; when these manifes-
tations appear, the diagnosis can be made
with existing technics,

Anabolic steroids should be administered
to restore and/or protect the protein and
the osseous tissues in patients with recogniz-
able senile osteoporosis, in persons who are
becoming elderly, and particularly in women
at and after the menopause. The combina-
tion of androgen and estrogen appears to be
the most potent and the most practical ana-
bolic preparation now available either for
the treatment or for the prevention of senile
osteoporosis.
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Le Relationes Inter le Hormones Steroide e le Disveloppamento e le
Tractamento de Osteoporosis in Personas de Etate Avantiate

Summario in Interlingua

Steroides anabolic (hormones andro- €
estrogene de origine gonadal ¢ adreno-
cortical) stimula le crescentia de tessuto
proteinic e ossee. Steroides anti-anabolic
(hormones corticoide de origine adreno-
cortical, como per exemplo hydrocortisona)
inhibt Ie crescentia de tessuto proteinic e
ossee  In adultos presenl, iste activitates
hormonal contrari es usualmente in stato de
equilibrio. Disequilibnio endogene pote re-

In personas de etate avantiate, it existe de
facto un carentia de endogene hormones
anabolic, Io que resulta jn un excesso rela-
tive de endogene hormones anti-anabolic.
Le disequilibrio es quahtativemente e
mesme como in casos de syndrome de
Cushing Le disequilibrio—e specificamente
le excesso relative de hormones anti-anabolic
—es un del factores importante in le disve-
loppamento de osteoporosis senil 1n personas

sultar, in tal individuos, (1) ab un ang

absolute del steroides anti-anabolic sin alte-
ration del quantitate del steroides anabolic,
per exemplo in syndrome de Cushing o in
chronic therapias corticoide, o (2) ab up
augmento relative del steroides nmi-anak‘mhc
in consequentia del reduction del quantitate

de etate avantiate. Como pr dicite,
iste disequilibrio pote esser corrigite per
therapias a steroide anabohe que reimplacia
le manco de steroides anabolic ¢ contraria le
excesso de steroides anti-anabolie, Un cette
grado de osteoporosss senil es presente, b;n
que non T, in omne per§onas N:c
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Summaric in Interlingua

evidentia roentgenographic del prime res-
ponsa de ostcoporosis senil al effecto del
tractamento. A parte le disequilibrio hor-
monal, varie non-cognoscite factores exerce
un influentia super le curso del disordine
ossee in multe personas de etate avantiate,
con le resultado del declaration de clar
symptomas e deformitates. In le presentia
de tal manifestationes, le diagnose pote
esser establite in despecto del limitationes
del technicas nunc disponibile,

Steroides anabolic deberea esser adminis-
trate pro restaurar ¢/o proteger le tessutos
proteinic ¢ ossee in patientes con recognos-
cibile osteoporosis senil, in personas qui
attinge un etate avantiate, ¢ specialmente in
feminas al menopause e postea. Le combi-
nation de androgeno con estrogeno s appa-
rentemente le plus potente e le plus practic
preparato anabolic nunc disponibile pro le
tractamento ¢ etiam pro le prevention de
osteoporosis senil.
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Another Approach to the Treatment of
Spondy]olisthesis and Spondyloschisis

ARTHUR B. Kinc, M.D., D. R. BAKER, M.D., anp W. J. McHoLIcK*

INTRODUCTION

Among the causes of low back pain
and/or sciatica is the condition known as
spondylolisthesis. It has long been recog-
nized that there exists in this disorder a
dehiscence in the bony arch of the neural
canal of the vertebra with separation of the
body anteriorly and the arch posteriorly.
With the advent of more punctilious scrutiny
of the lower lumbar region by means of
good-quality roentgenograms, it is being
noted with increasing frequency that defects
in the neural arch may occur without dis-
placement of either fragment. The term
spondyloschisis is used to define this latter
condition, hence the term spondylolisthesis
would appear to be a matter of degree, indi-
cating that a separaton of the parts has
come about.

Before embarking into a detailed discus-
sion of the subject of treatment, it will be
well to pause for a moment to consider the
incidence and the symptomatology of this
bony anomaly. Since the advent of pre-
employment roentgenographic study of the
lumbosacral spine, 1t is becoming clear that
both these conditions exist in much greater
number than was previously supposed. It is
also evident that often people who harbor
such lesions are asymptomatic, so that their
mere presence does not mean a priori an
unstable back with its concomitant symp-

* From the Departments of Neurosurgery and
Orthopedics of the Guthne Clinic, Sayre, Pa.

257

toms. We feel strongly that this point should
be recognized clearly by the physician before
he makes a gloomy prediction for the pa-
tient and recommends drastic therapy. We
believe that the asymptomatic patient with
cither spondylolisthesis or spandyloschisis
should be left alone and not restricted in ac-
tivity. We have been unable to uncover-any
detailed convincing evidence, either in the
literature or in our own experience, that
indicates that [imited physical exertion or
the conservative measures advocated in the
past have resulted in a long-term relief of
symptoms in a significant percentage of pa-
tients, nor have they prevented the onset of
complaints in the previously asymptomatic
patient.

BACKGROUND AND TERMINOLOGY

The disorder of the spinal column known
as spondylolisthesis has been clearly defined
by past authors as the anterior displacement
of the body of one vertebra on another, as-
sociated with a bilateral defect in the region
of the pars interarticularis, allowing the pos-
terior portion of the neural arch to remain in
position or to be displaced backward.
Credit for the original use of 1he term spon-
dylolisthesis is given to Kilian'® who, in
1853, described such a case, although there
are reports of earlier recognition of the dis-
order. 4

1t was not until 1892 that Neugebauer™
reviewed 101 cases and produced the first
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accurate conception of the essential pathol-
ogy. He recognized that there was a defect
in the pars interarticularis and, in fact, vsed
the term spondyloschisis interarticularis, The
obstetricians had long been aware of the dis-
order and its encroachment inta the pelvic
inlet. Thus, prior o 1900, 2]l but six of the
reported 125 cases were females, producing
a false impression as to its age incidence and
sex distribution.

The term spondyloschisis is used to jden-
tify those cases in which there is a defect in
the continuity of the pars imterarticularis
without displacement of the vertebral body.
This condition was not recognized clinically
until 1924 when Whitman'™ reported five
such cases before the American Orthopedic
Association. In a study of skeletons of
American aborigines, Congdon pointed out
the great frequency of spondyloschisis and
the extreme difficulty of trying to demon-
strate the defect by x-ray.? It is still poorly
understood, and frequently it is undiagnosed
in the conventional roentgenographic exam-
ination of the low back.

Besides prespondylolisthesis, the term
spondylolysis has been used synonymously
with spondyloschisis. We object to the use
of the former term because it implies that
the vertebral body is freely movable and that
there will be an inevitable slippage, while the
latter term infers dissolution of an arch that
previously was intact. While we grant that at
some time during life a patient with spondy-
lolisthesis must have been in the stage of
spondyloschisis, we aver strongly that the
former is not the inevitable end-result or,
even, that it occurs frequently. We have
encountered several patients who have had
pronounced clinical symptoms for from 25
to 30 years because of spondyloschisis in
whom no slip of the vertebra) body has oc-
curred. There are exceedingly few references
to definitely proved cases of progressive slip
of the vertebral body despite the alarm gen-
erated by most orthopaedic surgeons over s
possible occurrence, . R

Hitchcock!* poiated out that prior to Fri-
betgs report,!? no cases of spondylolisthesis

had slipped further than that noted on the
original diagnosis. He pointed out that if
the assumed further slip did occur, it was
very slow and gradual, and this has been
our own experience. Two of our patients
have had a slip of 3 or 4 mm, over a period
of several years. At operation a uniform
finding has been a vertebral body that is
firmly fixed and often appears to be fused.

No patients with so-called retrospondylo-
listhesis have been recognized in our series.
Pseudospondylolisthesis is a condition that is
not germane to the present discussion.

ETIOLOGY

As yet there is no meeting of minds as to
the cause of the dehiscence in the pars inter-
articularis. Early investigators assumed that
the defects were secondary to inflammation.
No convincing evidence has been brought
forward to support this contention.

That trauma was the underlying cause has
long been an attractive and, presumably, an
obvious cause. The difficulty has been to
gather specific facts, First, to oor knowledge
na patient has been reported who had abso-
lutely normal roentgenographic findings pre-
ceding trauma and Jater was demons}mted
to have such a defect, Second, there is the
total absence of the usual signs of healing.
At no time have we, or others, seen callus
of new bone formation about the “break”
on roentgenographic study at operation or at
autopsy. This is mast pecubiar and Is at
variance with ordinary acute fractures of the
vertebral body or the nevral arch which
almost invatiably show vigorous new bone
formation.

Many specimens removed by us at opera-
yon have been examined, and the region of
defect always is umform in its appearance.
The bone merges gradually into fibrous tis-
sve. This has been confirmed microscopl-
Sharp or eburnated bony ends charac~
ted fracture have not
been seen. “Spurs” or “knobs” nrevfre'queng
which strike us as abortive and m!sdxrecre‘
development and not allgmpts. at na}\;‘r:r
healing. The pars interarticularis on el

cally.
teristic of an upum
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side varies tremendously in length. Often it
points in dircctions that never would meet
the superior facet, In more than half our
patients, there were additional free picces of
bone lying in the ligamentous attachments
between the facets. Some of these were be-
neath the level of the superior facets.

One of vs (ABK) operated upon a pa-
tient who had sustained a pronounced flexion
injury when thrown out of a specding auto-
mobile. The L-1 vertebra was crushed and
distocated posteriorly on T-12. The interver-
tebral disk was extruded, and the interspi-
nous ligaments and the ligamentum flavum
were ruptured. Both pedicles of L-1 were
snapped off, and, in addition, both pars
interarticularis were sheared off at the infe-
tior facets. The conus of the spinal cord
was pulverized. It was apparent to us that
nothing short of such violence could pro-
duce such a break in the pars interarticu-
faris in the adult. None of the patients
whom we have encountered with spondylo-
listhesis and spondyloschisis gives any his-
tory of trauma that approaches such vio-
lence. Many, however, do give a history of
a fall, a twist or a bend that produced a
“snap” in the low back. Often acute symp-
toms date from this time, but usually one
can get a history of low back discomfort pre-
ceding this if one persists in interviewing
close relatives as well as the patient and no
legal liability is involved. It is our conten-
tion that some of the ligamentous attach-
ments of the free arch are stretched or dis-
rupted by trauma, which allows the arch to
become more mobile. This permits impinge-
ment on the underlying nerve roots and
hypermobility at the inferior facets, all of

which is painful.

To avoid the stumbling block of violent
trauma needed to fracture the pars interar-
ticularis in adults, many authors have postu-
lated abnormal strains in infancy and in
childhood, While much has been written on
thi.s point, very little in the way of concrete
evidence has been presented.

That the defect is congenital is the theory

with most support at the prescnt time. This,
too, is far from being on a firm basis. Re-
cent detailed pre-cmployment roentgeno-
graphic examinations have rcvealed that
about 50 per cent of “normal” people have
bony anomalies about the lumbosacral area,
Meyerding!'® stated that between 70 and 100
per cent of the reported cases of spondylolis-
thesis had associated anomalies, This tends
to the belief that such defects could easily
occur in this region. Just why the lesion
should occur is not explained. Absence or
duplication of ossification centers or failure
of fusion of centers has been postulated, but
laboratory evidence is missing.

Batts* has made an observation that while
the incidence of spondylolisthesis in adults
is about 5 per cent, he was unable to find
anomalous ossification centers in the skele-
tons of 200 infants. It has been the failure
to find the defective neural arches in infants
that has lead to the speculation that trauma
in very early life is the cause. This idea has
been espoused by Hitchcock, who found
that he could produce such a defect in the
neural arch by hyperflexion, with moderate
force, of the spine of an infant cadaver.
Again, evidence of healing has been con-
spicuous by its absence, nor has proof been
offered that such fractures occur during
early life,

To complicate matters further, George!®
and Friberg? have reported instances in
which the defect appeared in abnormal fre~
quency in several famifies. One is left,
then, with several conflicting theories regard-
ing its cause. We lean toward the belief that
the defect is congenital. At all events, while
this trouble is present from very early life, it
manifests itself generally many years later
and often not at all. The youngest patient
with typical roentgenographic findings of
spondylolisthesis of whom we have heard
was reported by Kleinberg!®*—an jnfant of
17 months.

Two of us (DRB & WIM) have surveyed
400 schoolchildren in the first grade. We
found eleven instances of spondylolisthesis

.4
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Fla. 1. Section taken through the end
of the pars interarticularis and extending
into the attached fibrous band, The grad-
ual transition from cartilaginous material
to dense fibrous tissue is evident. There
is nothung to suggest an ununited fracture
or callus formation.

and seven cases of unilateral defects of the
pars interarticularis, but no instances of bi-
lateral spondyloschisis, all asymptomatic.
This latter fact is most difficult to explain
in view of the 30 per cent incidence of spon-
dyloschisis found at surgery in our adult
cases. It is possible that some of the seven
unilateral cases may be shown eventually to
be bilateral. This may be due to our present
inability to obtain clear roentgenographic
definition of the bony structure of the neural
arch. Thus, the normal “adult” rate of about
5 per cent is present by the sixth year of life
Similar lesions were found in the families of
17 affected children in a much larger per-
centage than in the normal population.®

In an effort to determine the incidence of
neural arch defects in the population, several
excellent papers based on anatomic studies
are available. Those of Roche and of Cong-

don should be consulted.

t .=

Fic. 2. Section taken a little farther pos-

teriorly, showing the transition from bone

to cartilage. No evidence of trauma or
infection 15 secn.

PATHOLOGY

With the exception of one case, our expe-
rience surgically has been limited to bilateral
defects in the pars interarticularis. Of the
cases subjected to operation, the arch has
been defective at L-5 in 27 cases and at
L-4 in 2 cases. A single patient with a uni-
lateral defect at L-3 who developed sufficient
rotation of the pars terarticularis to press
upon the L-4 root has been operated upon
by us. This case is similar to those described
by Anderson *

Nearly every arch removed bas had its
own peculiarities. The right and the left
sides often are markedly dissimilar. The
defects may be anything from linelike scpa-
ration to total absence of the pars interat~
ticularis ~ Separate small-bone [ragments
frequently are found in the fibrous tissue be-
tween the facets Not infrequently the bony
portions of the pars are elongated and lie.in
a direction that is away from the superior
facet. Often such projections are directed
vertically toward the nerve roots This would



Symptomatology 261

indicate a process of very long standing
which must have occurred no later than the
active growth period of the bone,

The inferior facets often are asymmetric
and lic in other than the accepted plane.
Spina bifida of varying proportions has been
encountered in six cases. A common finding
is an osteophytic growth of spurs about the
facets and about ligamentous attachments.

Examination of the removed arches has
failed fo yield any evidence, either grossly or
microscopically, of bone healing. Micro-
scopic sections have shown a gradual change
from bone to cartilage followed by ligamen-
tous tissue, with none of the usunl features of
healing, such as of callus formations or ¢bur-
nation of bony surfaces (Figs. 1 & 2).

In our operative material we have not
encountered any patients with multiple free
arches as described by Roche and Rowe,*!
although we have seen a patient who had
mild back pain with roentgenographic evi-
dence of free arches at L-4 and L-5.

SYMPTOMATOLOGY

As mentioned above, the principal com-
plaint of patients is low backache with or
without sciatica. Often the pain may radiate
into one or both lower quadrants or inguinal
regions. (It is worthy of note that we have
several patients who have had abdominal
operations because of this distribution of
pain, the back disorder having been over-
looked.) Vague hip, buttock and leg pain is
another frequent complaint,

Not infrequently the discomfort is very
mild and only associated with heavy work
involving lifting, bending, stooping and twist-
ing. We have been unable to arrange our
patients® complaints into any specific symp-
tom complex.

S_incc almost the sole complaint of the
patient is pain, we have speculated on its
production. Almost certainly the back pain,
soreness and tenderness would be due to
milion of the soft tissues resulting from

fhe hypermobility of the arch. The stretch-
ing of attached hgaments of the mobile arch

scems to be the most obvious explanation.
Sciatica predicates pressure on one or more
of the roots of the sciatic nerve. This is
brought about in three ways, or a combina-
tion of them:

First, the superior portion of the free pars
interarticularis may be forced down against
the root, which lies only a few millimeters
directly below it. Flexing the back bows the
heavy paraspinous muscles which force the
frec piece ventrally. The same motion pulls
the spinous process cephalad, which tips the
pars interarticularis downward against the
roots. These motions can be demonstrated
casily by making a working model of the
lower spine, using several vertebra separated
by “intervertebral disks” of sponge rubber
and rubber bands to simulate muscle and
cutting the pars interarticularis of L-5 with
a saw, Flexing the spine gently will demon-
strate graphically how the free arch falls
forward onto the underlying roots.

Second, a factor that may produce sciatica
is a herniation of the intervertebral disk. In
this disorder it need not protrude as far as
in an intact spine to produce root pressure,
as the bony clearance due to the free arch is
less.

Third, a mechanism has been pointed out
by Adkins.* Ridges of bone formed at the
disk margins may constrict the nerve roots
as they pass over the vertebra and through
the root canals. Presumably these arise fol-
lowing trauma or “scarring” of the interver-
tebral disk.

The contention that the pain is related to
vertebral body slippage appears to be un-
tenable. First, very few cases have been
teported of observed and measured slippage
during the symptomatic phase.  Second,
often the most painful backs show no verte.
bral body displacement, only spondyloschi-
sis. ’ljhird, at operation we have been unable
t(? shift the body. Finally, asymptomatic
displacement even to Grade 4 has been
noted. Certainly the grade of displacement
of the vertebral body and the patiets com.
plaints have no correlation, Unfortunalely,



1 g dul
and Spondy

Lo e

262 Treatment of Spondylolisth

many persons with spondyloschisis have
been pronounced malingerers because the
defect was not detected. Conversely, pre-
employment studies are revealing great num-
bers of totally asymptomatic people who
have done heavy manual Iabor for years and
exhibit all degrees of slippage. Our own ob-
servations Jead us to believe that patients
should be treated on their symptoms alone,
and not on the roentgenographic findings.
We think that the preoccupation with the
position of the vertebral body has been out
of all proportion to its importance in the
treatment of this disorder.

DIAGNOSIS

The diagnosis of spondyloschisis and
Grades 1 and 2 of spondylolisthesis rests
entirely on roentgerographic studies. In the
more serious grades of the Jatter, the marked
lordosis of the back, the increased prominence
of the L-4 or the L-§ spinous process and
pelvic examination in women may allow the
diagnosis to be made, roentgenograms serv~
ing as confirmation,

Besides the conventional anteroposterior
and Jateral views, 45° oblique roentgeno-
grams are a necessity to demonstrate the
defects of spondyloschisis. Even other angles
may be necessary at times. We have seen
many cases that were missed because of the
lack of these views, and now we are includ-
ing oblique roentgenograms routinely in our
study of every paticnt with a Jow back dis-
order. Reliance cannot be placed on the
older methods of diagnosis such as Ulfman’s
line, Bowman's bowline and posterior margin
check.

We still find jt necessary on occasion 10
explore a painful Jow back without a definite
preoperative diagnosis. The loose arch is
evident as soon as the Jumbar fascia s in-
cised. The first case of spondyloschisis that
we encountered was such an exploration. It
must be acknowledged that a *‘normal”
roentgenographic study of the low back does
not exclude the possibility of spondyloschists.

TREATMENT

Many methods of treatment have been
advocated, based principally on the individ-
ual doctor’s conception of the cause of the
symptoms, the progress of the disease, the
patient’s complaints and the innate ability of
the body to heal itself,

For a long time it has been recognized
that many patients require little treatment
and that alt do not progress to a Grade 4
spondylolisthesis with incapacitating pain
and/or neurologic defects! Hence conserva-
tive measures such as back supports, exer-
cises and change of jobs have been used.
However, a large group of patients have re-
mained unhappy from a symptomatic stand-
point. Reporting on 50 cases that were
treated conservatively, George found only 18
per cent “cured” and 62 per cent unim-
proved, while Caldwell, commenting on a
small series (26 cases), felt that seven had
“good” and twelve had only “fair™ results,
This is in line with our experience and indi-
cates that the patient with symptomatic spon-
dylolisthesis or spondyloschisis is dissatisfied
more often than not with conservative
measures.

Besides the patients’ continued complaints
of back and Jeg pain, another factor that
has led to an operative approach to the dis-
order has been the fear of progressive slip
of the vertebral bodies and anticipated neu-
rologic damage. This fear has been voiced
Toudly for years, both in the written and the
spoken word of many orthopaedists, but few
actual data concerning the frequency, the
age, the time and the degree of SHP_P?B"
ever have been published Tt is onr opinion
that spondylolisthesis is more common than
spondyloschisis, that generally 1h;: s!xp oceurs
early in life, and that in jtself it is almost
painless and the vertebra almost always sta-
bilizes itself. At operation we haveé never
discovered a vertebral body that was not
firmly fixed and almost immabile.

Because of failure to understand the' exact
nature and course of the disease, fusion of
some sort now is the vogue when conserva-
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tive measures fail, Assuming that the symp-
loms stem from an “unstable” vertebral
body, it has long seemed Jogical to us that
some kind of anterior fusion should be the
most successful. There have been sporadic
reports of such procedures, including the use
of large strips of bone, staples and even bone
pegs driven through the hody of the sacrum
into the fifth lumbar vertebra, but they never
have found favor, principally due to the
attendant technical difficulties encountered at
operation. (Speed**)

Some form of posterior fusion usually is
advocated, These are easy to do, but solid
bony union occurs in from only 50 per cent
to 85 per cent, depending on which author
ane consults. Most physicians concur that
this method of treatment leaves much to be
desired. Meyerding,*® in his series of 143
operations, reported only 60 per cent relieved
completely. Briggs and Keats,® Caldwell®
and many others have commented on the
fact that often patients complain of back and
leg pain despite roentgenographic and clini-
cal evidence of solid bony union.

Colonna® recently reviewed a series of pa-
tients operated upon by himself. Of 29
patients who were fused, 20 reported excel-
fent results (71.4%).

1t was Dandy’s'® contention that the pain
was due to Toot compression incident to a
protruding intervertebral disk. He was one
of the carly advocates of disk removal with-
ont fusion and stated that it was not neces-
sary 1 spondylolisthesis. Often removal of
the disk alone was not the solution of the
patient’s complaints, However, others began
to realize that root compression was an im-
portant factor, Briggs and Keats? advocated
hemilami y or com-
plete laminectomy of the loose lamina in
those patients with leg pain. Many ortho-
paedists now urge complete removal of the
free neural arch before proceeding with the
fuston. Chandler® was one of the first to
report this, aithough only as a matter of
convenience at operation rather thon as a
principle to be followed.

for my,

Caldwelts must be credited with first
pointing out a new approach to treatment.
He urged that when sciatica was present the
nerve roots be explored and decompressed
by removal of a protruding disk and/or
bone. In concluding his analysis he states:

It seems possible, from a theoretic viewpoint,
that in certain cases the symptoms mipht best be
relieved by removal of the attached neural arch
and 1he inferior articular processes. Liberation
of the nerve roots without fusion of the articu-
lations at bridging of the defect with a bone graft
should, of course, be supplemented by postural
exercises and jow back supports.

Just which were the certain “cases” and
why the need for back supports is not stated,
but it indicates Jess apprehension about the
vertebral body.

James and Nisbet' appear to have real-
ized the importance of the free arch in the
production of symptoms. They reported
six cases of removal of the arch and asso-
clated protruding disk with an intervertebral
fusion. Their results were uniformly good.
What seems even more important, in their
paper they present what we believe to be the
first case reported in the literature of re-
moval of the free posterior arch with com-
plete relief of symptoms, no other treatment
having been carried out,

Being aware that many patients with spon-
dylolisthesis go through life with few or no
symptoms and that increasing numbers of
people with .asymptomatic spondyloschisis
are being uncavered in pre-employment
roentgenographic ex ions of backs, we
came to the conclusion that people with
these anomalies did not have “unstable
backs™ per se. In the course of exploring
low backs for intractable pain andfor sci-
atica, we encountered several patients with
free arches. We were struck by their exces-
sive mobility, and it was easy to demonsteate
that by pushing the spinous process ceph-
alad, rotation occurred at the inferior facets
and that the pars interarticularis attached 1o
the arch impinged directly on the underlying
nerve roots. This was especially evident if,
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in addition, there were a protruding disk
and/or a free piece of bone in the fibrous
tissue between the arch and the superior
facets. We felt certain that these structures
must be the cause of the patients’ com-
plaints.

Once having grasped this concept, we re-
moved the arch in toto, together with a pro-
truding disk if present. The vertebral body
then was in plain view. To our surprise we
found that it was always fixed exceedingly
firmly to the adjacent sacrum; little or no
motion could be produced by trying to rock
it or even by pounding on it with a hammer.
Fusion in such a situation seemed superflu-
ous; therefore, it was logical te dispense with
it enticely, This shortened the operation and
allowed us to mobilize our patients imme-
diately, thus reducing possible postoperative
complications. There also seemed to be no
peint in restricting their postoperative ac-
tivities.

Qur conclusions were strengthened by a
review of nine patients on whom we oper-
ated in 1952. In each instance the free arch
was removed and a combination fusion was
carried out using chip grafts and cortical
strips of bank bone. Solid fusion, as deter-
mined by means of lateral bending, flexion
and extension roentgenograms, was demon-
strated in only 33 per cent of patients. Of
the six patients who did not have a solid
fusion, five (83%) were relieved of all
symptoms, and the remaining patient was
markedly improved. This led us to the belief
that the added stability (?) obtained by solid
fusion did not add materially to the relief of
symptoms.

We had removed several free arches be-
fore we were aware of the paper writien by
James and Nisbet,”” nior were we aware that
Gill’® had reached the same conclusion be-
fore us and for some time had been carry-
ing out the idenncal procedure with excellent
Tesults.

CRITERIA FOR OPERATION

Since the body stabilizes the “free'i verte-
bra in the majority of people with bilateral

defﬂCl_S i'n the pars intecarticularis, no treat-
mcn't is indicated in those who are asympto-
matic; nor has it been proved that restriction
of activities is helpful as a prophylactic
measure,

Those patients who have only mild symp-
toms and are happy with back supports and
the results of corrective exercises need noth-
ing further. Any others who are tired of
their back and feg complaints, have Jost time
from work and have been told honestly
about the risks of surgery and the chances
of relief are candidates for surgery. Age is
no bar. Older people with sciatica suffer as
much as youngsters. The risk and the time
in bed are so small that it seems unfair to
deny relief to anybody except those who are
in the most precarious condition.

Our method of treatment is simple. The
free posterior arch is dissected out in one
piece. This is a simple surgical feat. The
second step is to explore carefully the region
between the facets, as often additional unat-
tached pieces of bone are embedded in dense
fibrous tissue overlying the roots. These may
represent unfused (?) portions of the pars
interarticularis, These should be searched
for and excised. Next, the intervertebral disk
is inspected. If it has ruptured, or if it is
soft and fuctuant, it should be removed.
This is accomplished as thoroughly as pos-
sible, taking not only the nucleus pulposus
but also all the available cartilage and
fibrous tissue (what has been removed can-
not recur). Finally, the foramina are scru-
tinized, and any bony prommences that may
impinge on the roots are ronguered away.
This latter point has been brought out clearly
by Adkins.! i

When all skeptical assistants are con-
vinced that the roots are free, the wound is
closed in the same way as after an ordinary
fami »my. The operat rarely tak?s
more than one hour, and the blood loss is

small. .
No special postoperative treatment s

needed. The patient is ambulatory from 24
to 48 hours after operation. Braces, sup-
ports or casts are not required, Discharge
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from the hospital usually is 7 to 10 days
after operation. Restriction of activities is
minimized, Full activities are allowed from
4 to 6 weeks after simple arch removal,
Should an intervertebral disk be excised in
addition, we advise against heavy work for
3 to 4 months after operation,

DETAILS OF OPERATION

Operation is done in the prone position,
the legs flexed about 45°. Hypobaric spinal
anesthesis is used. A mid-line incision about
6 inches long is centered on the bone which
has the free arch. The lumbar fascia is in-
cised close to the spinous processes of the
adjncent as well ns the affected vertebra.
The muscles are stripped subperiosteally off
the spinous processes, lamina and the pars
interarticularis and facets. The free arch
then is conspicuously mobile.

With a scalpel, the interspinous ligaments
are severed, and the ligaments about the
inferior facets are divided. The spinous proc-
ess is grasped with a heavy clamp, and the
arch is rocked forward, The ligamentum
flavum is dissected off the arch with a sharp
periosteal elevator. The arch then is rocked
backward, and the superior edge of the arch
is freed similarly of its ligament.

The arch next is rocked to one side, and
the fibrous tissue is scraped off the pars
interarticufaris. There is a band of dense
fibrous tigsue at the site of the break in the
pars interarticularis; this must be cut and
later excised. Care must be taken to pre-
serve from injury the nerve root that under-
lies this band. When this maneuver is car~
ried out bilaterally, the arch can be lifted
out in one piece. If care is exercised, very
litdle bleeding occurs, and transfusions rarely
are required.

When the field is dry, the dense fibrous
tissue freed previously from the pars must
be carefully excised up to the superior facet.
Often it contains unattached fragments of

bone which may be ununited portions of the
pars interarticularis.

The intervertebral disks at L-4 and L-5
now ¢an be inspected and removed if neces-

sary. The foramina should be surveyed care-
fully, and, if any spicules of bone seem to
impinge on the nerve roots, they should be
excised. Curiosity about the mobitity of the
vestebral body can be satisfied by trying to
move it, We have found that it cannot be
budged. The incision then is closed in Iayers,
as in any laminectomy.

RESULTS

The clinical results have been almost uni-
formly excellent. Backaches and sciatica
are relieved. The back remains mobile.
Men and women return quickly to their
occupations, even manual laborers.

During the present follow-up period, we
have not detected any further shift of the
vertebral body of any patients. We recog-
nize that this may occur, although we feel
that the mechanics of the back have been
unchanged by the removal of the free arch.
It has been noted infrequently that further
anterior stip of the vertebral body has oc-
curred in untreated patients; therefore, we
may assume that it can happen after re-
moval of the free arch, but with no increased
frequency. However, since the vertebral
body always has been found to be firmly
fixed at operation, any subsequent move-
ment must be very slow.

We have not closed our minds 1o the
possibility that fusion may be necessary in
the future. Should an alarming slip occur,
fusion might be in order, although the actual
slip of the fifth lumbar aver the edge of the
sacrum is exceedingly rare, and, when it
does, usually it produces no neurclogic de-
fects. However, should fusion seem to be
indicated, we would consider an anterior
approach.

The only other indication for fusion would
be a recurrence of backaches and/ar sciatica
not due 10 Toot impingement by another pro-
truding disk, or remnants of one removed
previously, or remnants of a free-arch. We
are inclined to think that one of these prob-
ably would be the cause of recurrent pain
rather than an “unstable back.”

During the 1951 to 1952 period we oper-
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TaBLE 1. SPONDYLOSCHISIS

Age atonset Number Protruding disk O i
Se g dis! nset of symptoms  History of  Presence of
of symptoms  of cases at operation before operation injury t:)yhack sciatica
1020 - — -—_— — —_
g M1 Y
20-30 2 7 0 Bothabourzmos, N1 5y
30-40 4 I}\:I; 5 304 yrs.; 2 yrs. Yes 1 2 present
2—~1yr No 3 2 absent
40-50 3 Y;_i 2 1 3 yrs., 6 mos Yes2 2 present
1 3 mos. No I 1 absent
50-60 1 M1 0 Many years Yes present
60+ — -~ — — — —_
Ms
Total T Yes 5 Yes7
Fs 3 No § No 3
TABLE 2. SPONDYLOLISTHESIS
Ageat Protrudin, History of  Presence
onset of N;’"’"" Sex  diskats Onsct of symptoms injur;'ylo “or | Degree
symptoms Of cases operation cfore operalion back sciatica of slip
M1 6 mos. Ist 1
10-20 2 g, 0 4yss. 0 0 3
20-30 1 F1 0 lyr 1] Yes 3d 1
M M
30-40 a Fp el rﬂ';yyyr:a,r;';gf ’ 0 Yes4  Ist 4
M4 Yes! 27 yrs., 3 yrs,, Yesd st 5
40-50 6 F2 No 5 1yr., remainder “years” ° No2 2nd }
M2 “Years,” 18 yrs., Yes 2 Yes 2
5060 3 RE o Tye Nol  Noi 3
i o " 5 Yes2
670 3 M3 g 24y Wy N No1 It 3
70+ - = - - - S
M 4 Yes13 st 16
Towl 19 pla 3 Nols  Ne6 201
3d 2

ated upon nine patients with removal of the
free arch fallowed by a modified Hibbs type
of fusion as related above, Beginning with
the year 1953, no patients have been fused,
operations having been restricted to removal
of the free arch and/or excision of an offend-
ing intervertebral disk, if present. Nine such
operations were performed during that year
All nine patients were re-examined and

studied roentgenographically 2 yeats affer
surgery. All are at work, only on¢ .housewxfe
reporting limitanon of her activities. Two
had diseased disks which were re:moved at
the same time, one at L-5 to S-1 interspace
and one at the L-4 to L-5 nterspace. Only
the housewrfe, with a lawsuit pending, has
significant complaints These are: persistent
backaches, recurrent episodes of right sci-
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atica and transient episodes of mumbness
and prickling in the Iateral calf of the right
leg. Examination discloses limitation of
flexion of the back and o positive straight-
leg-raising test on the right at 60°. This
discomfort is much less than before opera-
tion, and the patient does almost all her
housework. Reoperation has been declined.

The r ..cx i e r‘. omy‘)f
occasional mild backaches and some “stiff-
ness” on sitting or on arising in the morning.
Generally the symptoms are less than en-
countered in those patients who have under-
gone a lumbar laminectomy for other rea-
sons. Follow-up roentgenographic studies
failed to disclose any further shift of the
vertebral bodies, Flexion and extension
Ic grams d ated only 1
motion of the L-5 vertebra in two patients.

During the years 1954 and 1955, 19 addi-
tional patients were operated upon. Only
two patients have bad any recurrence of
symptoms. A man complains of a moderate
amount of backache and a mild unilateral
sciatica following a day of fairly heavy
manual work. These symptoms appeared 9
months after operation. Physical findings
have not been impressive, and there are no
further roentgenographic changes. This pa-
tient may require additional therapy in the
future.

A second patient returned 3 months after
operation with the complaint of acute onset
of pain and numbness on the lateral side of
the right lower leg, together with moder-
ately severe backaches. These appeared
after domng some light work. During the
course of the next 6 months the discomfort
persisted, numbness in the area of the fifth
lumbar dermatome appeared, and atmphy
of the anterior tibial muscle was noted. Con-
servative measures were of no avail. The
back was re-explored, and to our chagrin
we found a bony fragment about 7 mm, in
diameter and from 2 1o 3 mm. in thickness

of the disks failed to disclose any protru-
sions. The patient has been free of pain
since the second operation, but the numb-
ness and the atrophy persist.

When we first began to remove the poste-
rior free arch and decompress the adjacent
nerve roots, we were not cognizant of the
work of Gill* Recently his excellent paper
has been published. It is gratifying to learn
that his experiences are identical with ours.
The longer follow-up period tends to con-
firm the earfier impression that nearly all
patients are relieved of all major symptoms,
return to their occupation and show no
further bany changes.

We have not resorted to his technic of
manipulating backs in the postoperative pe-
riods. Neither have we been impressed by
the necessity of removing additional spinous
processes.

In summary, of the 29 patients who have
had only the free arch removed, one patient
has had severe enough symptoms to warrant
reoperation, at which time we found bony
{ragment overlying the L-5 nerve root that
had been overlooked. One patient has many
complaints but very minimal findings and
has refused further treatment. A third pa-
tient, who is a manual laborer, has had mild
backaches and sciatica but was working
without loss of time when seen last.
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Un Nove Tactica in le Tractamento de Spondylolisthesis e Spondyloschisis

Summario in nterlingua

Le autores discute in detalio le termino-

logia de spondylolisthesis e de spondy-
loschisis, lor origine {(que jlles reguarda
como de matura congenite), lor pathologia,
e le studios roentgenographic que es requi-
rite pro establir lor diagnose. Le tractamento
de iste condition consiste in le simple abla-
tion del libere arco neural e del associate
pecias de osso libere que jace possibilemente
in le canal spinal. Esseva incontrate plure
patientes con discos protrudente  Istos es
abferite simul! 51 i

Vmti-nove patientes de iste genere ha

essite operate. Le serie includeva solmente
un non-successo, € isto resultava det facto

que un libere fragmento de o0sso escappava
al attention del operator. Duo altere pa-
tientes ha retenite minor symptomas de
dorsalgia, sed illes non considera chiroigia
additional como indicate.

Nulle nove distocation del corpores verte-
bral esseva notate in ulle del patientes qxspo-
mbile pro observationes posterior- Patientes
in qui le arco libere es abferite pote retorfiar
a lor travalio intra quatro septimanas. Pa-
tientes in qui un disco es abferite require U
periodo de reconvalescentia alique plus ex-
tense. Nulle apparatos de supporio € re-
quirite. Fusion spinal non esseva considerate
como necessari o desirabile in vile del casos.
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Disability Evaluation in

Howarp B. SHOrBE, M.D., F.A.CS.

Accurate, equitable disability evaluation
in arthritics who sustain a compensable in-
jury is of the utmost importance to both
physician and fay person. The prablems of
disability evaluation in persons who suffer
from arthritis cannot be answered easily.
Their sojution should be decided by those
best informed and in contact with such prob-
fems. Even then, with the present knowl-
edge of the causation and our imability to
predict infallibly the course of arthritis, oc-
casionally an improper financial settlernent
will be made.

Disabling arthritis can be an economic
tragedy and place a great burden on the
victim. In present-day society there is an
ever-increasing tendency to shift the financial

Degenerative Arthritis

, AND WiLriam N. HarsHa, M.D.*

presents the pathophysiology of articular
cartilage fibritlar degeneration which is fol-
lowed by incongruity of articulating susfaces.
This incongruity is followed by stress
changes in the articular capsule, leading to
fibrosis and concurrently producing hyper-
trophic osteophytic changes at the synovial
articular junction. Such degenerative ar-
thritic changes apparently have their origin
in traumatic insults in the joint, whether a
single disrupting trauma or many small
microtraumata to the joint surface or cap-
sule. In their constitutional make-up cer-
tain people have a propensity toward devel-
oping degenerative arthritis, probably related
1o hereditary or metabolic states and notasa

phase of this burden to those persons, or
group of persons, presently most able to pay.
A large portion of this cost thus becomes the
responsibility of the insurance companies.
The great social and economic importance
of disabling arthritis is well known, and in
recent years arthritic diseases have afflicted
more persons than the total of those suffer-
ing from beart disease, cancer, tuberculosis
and diab L2485 App 1y 97,000,
008 work days anmually are Jost by sel-
dependent arthritic persons. Therefore, it is
appropriate to develop a common system for
evaluating industrial injuries in arthritics.
This chapter deals primarily with degen-
erative arthritis, although in many respects
the comments are pertinent to rheumatoid
and gouty arthritis. Degenerative arthritis
*Oklahoma City, Olla,
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direct of trauma, as previously
defined.

There has been contflict in medical think-
ing regarding the traumatic relationship in
arthritic disabilities. Positive evidence refat-
ing wauma to joint or adjacent soft-tissue
changes is readily available in medical litera-
ture.25821 However, current literature re-
ports virtually nothing to 2id the practitioner
in evaluating the degree or the length of
disability in a given case of arthritis, The
concept of disability in degenerative arthritis
must be based firmly on pathologic physiol-
ogy in this disease. The answer to these
qu?stions must came from specifically
trained practicing physicians who encounter
numbers of such problems daily. Many pa-
tients with arthritis claim etiology but actu-
ally have acceleration of the pre-existing dis-
easg, which may not have been symptomatic
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prior to the injury. It is not implied that
persons who suffer a fracture with disruption
of the joint surface fall into this category.

In one review of 500 industrial accidents

80 per cent of the patients were considered
to manifest degenerative arthritis, and one
half of these claimed industrial injury as the
cause of disability.? Workmen’s Compensa-
tion Commissions over the country cur-
rently hold that injury with resulting arthritis
is fully compensable. At times the Commis-
sion has seen fit to allow the injured person
to share that part of the responsibility for
his disability that was inherent in his consti-
tutional make-up,™®

Two hundred District Court opinions
which were appealed and in which medical
testimony as to the origin of and resulting
disability from arthritis was a deciding ques-
tion were reviewed by the authors.” Those
physicians skilled in the management of ar-
thritis testified regularly that in the case
under consideration there was a propensity
toward degenerative arthritis and that the
injury was an aggravating, or accelerating,
factor. Of necessity, judicial decisions con-
sider all facts in cases at hand and regard
medical opinion as a modifying factor but
not as unalterable dicta; thus, conflict of
legal opinion and scientifically considered
medical opinion will result at times.

A questionnaire was submitted to 197
practicing physici both rh
and orthopaedic surgeons, who in their daily
practice encounter a large number of medi-
colegal problems The purpose of this poll
was to discover the current medical thinking
on these matters. The questions were worded
50 as to ascertain how the practitioner evalu-
ated specific problems in which a patient
alleged traumatic origin of traumatic iliness.
Qf 197 questionnaires, 80 were mailed to
orthopaedic surgeons and 117 to rheumatol-
ogists. The physicians selected in each group
were those who had by conversation, by per-
sonal contact, previous publication or sp:c-
cific type of practice expressed an interes't in
this facet of arthritic study. Forty-eight

logist
&

orthopaedic surgeons and 96 rheumatologists
responded.

SUMMARY OF THE
QUESTIONNAIRES SUBMITTED

A. B. is a 60-ycar-old white male in excellent
general health. He sustained a severe jarring
injury to his neck while pursuing his regular
work. The injury was not of the “whiplashing”
nature. The patient’s injury was covered auto-
matically by Workmen's Compensation Statutes.
He received excellent immediate first-aid and
medical care, consisting of cervical traction, bed
rest, physical therapy, etc. Roentgenograms 3
days after the injury showed advanced changes
consistent with degenerative cervical arthritis.

The patient and his family deny categorically
any history attributable to cervical arthritis prior
to injury. Now, 1% years after injury, the
patient is entirely unable to do his vsual work
due to disabling sy of cervical deg -
tive arthritis. There is no reason to beheve that
the patient is malingering. All curative thera-
peutic approaches have been exhausted.

QuesTioN 1

Is it possible, probable or improbable that the
degenerative arthritis was rendered symptomatic
by the injury?

Eighty-two per cent of the rheumatolo-
gists and 88 per cent of the orthopaedic sur-
geons stated that they felt it was probable
rather than possible or improbable that a
person with previously demonstrable degen-
erative changes, yet without symptoms, could
be rendered symptomatic by a single acute
trauma.

QUESTION 2

Do you consider symptomatic degenerative
arthritls, alleged to be contributable to asn in-
jury, compensable to a previously asymptomatic
individual?

Seventy-four per cent of the orthopaedic
surgeons felt that this situation would be
compensable, and 63 per cent of the rheuma-
tologists agreed. Many comments suggested
that token payments might be more propet,
in that probably in the future the person
would have had symptomatic degenerative
arthritis.
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QuEsTiON 3

Should a presently symptomatic arthritic who
sustains injury as an aggravating influence he
entitied 10 ation for alf subsequent dis.
ability pertaining to the arthritis?

Eighty per cent of the orthopaedic sur-
geons and 67 per cent of the rheumatologists
stated that it would work an undue hardship
on the lable person if such an attitude of
allowing o}l future disability were to become
a universal practice. Many commented that
as regards employability, » major stigma
would attach to susceptible individuals if
comp ion for sub disability were
allowed. It should be noted that a significant
number of physicians—one third of the
rheumatologists and one fifth of the ortho-
paedic surgeons—did not feel that all subse-
quent disability should be attributable to the
injury and, therefore, compensable as 2
direct result of the single trauma.

QuesTION 4

1f all fuwre disabifity is not compensable,
should the responsibility for all disability be
prorated between the persons lable for the in-
jury and the patient?

Eighty-eight per cent of the rheumatolo-
gists and 86 per cent of the orthopaedic sur-
geans stated that some technic for prorating
disability expenses between the injured per~
son and the party responsible for that injury
should be established. Several stated that it
should be on an arbitrary basis, such as
50-50 or 25-75 per cent award. Most of
them indicated that they would use some
technic of weighing the evidence, both as
to the pre-existing state of the disease and
the extent of culpability of the injury, cir-
cumstance, etc. An attempt to ascertain how
these physicians would assess and apportion
the liability was requested, and they were
asked 1o state their technic. Very frequently
this question was Ieft unanswered. Most of
the ding physicians indicated that they

P g phy
would use a technic of weighing the factors
of the disease severity, probably antecedent
presence of degenerative arthritis, what the
probable future course of the arthritis would

be in their experience, the social status of
the person, and the blameworthiness of the
injured person in producing his own trauma.

DISCUSSION

In organizing the opinions of thase polled
and trying to relate this to information
gleaned from the medical literature, it is
apparent that thase persons quaified to have
an opinion would welcome a technic of pro-
rating the social responsibility of traumatjc
degenerative arthritis in any one given case.
It is apparent that many physicians use tech-
nics of this nawre.

The concept postulated here considers
that a patient at the time of injury had
within himself “arthritis” at a set level of
activity. This level might very well be an
asymptomatic or a mildly symptomatic state.
When trauma was superimposed, the ar-
thritis already present moved to another
level, this level being more symptomatic than
the previous one, or, if the previous one was
asymptomatic, it might now be symptomatic.
This concept regards degensrative arthritis
as a chronic progressive disease which, one
day in the unknown futore, will arrive at
the level of symptomatology and/or activity
of which the injured patient presently com-
plains, When injury supervenes, the course
of the arthritis may be modified. The injury
is considered to be an accelerating influence
pon an already present disease entity. Once
the acceleration is interposed, the progres-
sive disease moves to a new level of disa-
bility, which may remain static, as it might
do when it arrived at this state in the un-
known future.

The evaluation of this disability from a
trauma then Jimits itself to an evaluation of
the degree of acceleration of the entity al-
ready present. Of necessity the acceler-
ating influence is intangible, but, when
determined on the basis of sound considera~
tion of established pathophysiologic aspects
of the arthritides, an opinion can be derived
satisfactorily. Generally it has been con-
ceded that on the average degenerative ar-
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thritis progresses at a similar rate. It must
also be remembered that a large percentage
of arthritics experience a cyclic pattern in
the activity of their disease. This compli-
cates even more the evaluation of their dis-
ability and requires a projected evaluation.
The exact time in weeks, or months, that a
given trauma will accelerate a given case of
arthritis is a matter of speculation. How-
ever, it has been our experience that most
cases of arthritis in which trauma has been
superimposed reached a leveling-off period
in from 6 to 18 months, depending upon
the severity of the trauma.

1t is considered that a person who devel-
ops degenerative arthritis usually has a con-
stitutional defect within his physiologic
system that permits him to develop arthritis.
Virtually all persons manifest this to a cer-
tain degree. It is felt that ultimately he
would have become a symptomatic arthritic.
Concepts of this nature make the accelerat-
ing trauma an incident in the physiologic
status of the individual sufficient to make
his previous asymptomatic status now a
symptomatic condition.

Basic and definite crystallization of medi-
cal thinking as to cause and effect of trauma
in certain rhenmatic diseases has been sus-
tained. The poll of 197 rheumatologists
and orthopaedic surgeons establishes a defi-
nite trend in thinking and affirms the thesis
of this discussion. It is submitted that the
most equitable way of evaluating an acthritic
who is rendered symptomatic, or whose
symptoms are accelerated by an injury, is a
technic to establish the patent’s present
symptomatic and clinical state and at what
future date this particular patient would
most likely arrive at his present symptomatic
and clinical state had he had no mjury. The

difference between these two times is the
accelerating factor of the injury that he sus-
tained. This, then, would be the suggested
time of temporary total disability for which
the injurying party should be liable. This
aceelerated time wsually is from 6 to 18
months, but it is emphasized that every
patient must be considered individually, and
all facets of the patient’s probiems must be
weighed carefully.
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Evalutation del Invaliditate in Arthritis Degenerative

Stummario n Interlingua

Iste articulo summarisa le resultatos de un
questronario distribuite a un grande numero
de orthopedistas e rheumatologos con le

objectivo de colliger (aformationes in e Jor

ideas concernente G
tate in arthrinis degenerative. Le questiones

le evalutation del invalidi-
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submittite a illes concerneva lor conception
del causation de arthritis degenerative, del
relation inter arthritis degenerative e trauma,
e del technicas pro le evalutation del effecto
de trauma in le production specific de invali-
ditate. Finalmente, le questionario habeva le
function de probar le opiniones del ques-
tionatos in re le duration probabile del
invaliditate ¢ in re le question de qui es
responsabile pro pagamentos de invaliditate
quando un tal es presente.

Super le base del responsas recipite e del

lectura de pertinente publicationes medical
e forensic il pare necessari acceptar arthritis
degenerative como un entitate de morbo
inherente. Es stipulate que le trauma super-
imponite es un factor accelerante in le his-
toria natural del morbo e non un factor
aggravante. Per consequente le proposition
es formulate que le invaliditate es determi-
nate secundo le grado de acceleration e non
secundo le grado del invaliditate total. Un
tal plano es eque pro omne personas con-
cernite con le invaliditate.
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Posterior Elementectomy in Ankylosing

Arthritis of

the Spine*

CLybe W. Dawson, M.D., F.A.C.S.}

In 1945 Smith-Petersen, Larson and
Aufranc® first reported the use of osteoto-
mies of the lumbar spine as a surgical treat-
ment for the flexion deformity present in
rheumatoid spondylitis. Their method em-
ployed the remaval of small wedges of bone
by means of an osteotome from across the
ankylosed facets, beginning along the mar-
gins of the lamina. Later, these wedges were
used as bone grafts on a prepared bed over
the lamina. In 1947 Briggs, Keats and
Schlesinger® reported on the use of the
wedge osteotomy of the lumbar spine for
correcting this deformity. In 1946 La Cha-
pelle® reported a two-stage osteotomy of the
spine for deforming rheumatoid ankylosis.
This methoad combined a posterior wedge
osteotomy across the lamina, the facets and
the spinous processes, followed by an oste-
otomy of the body of the vertebra with the
insertion of a bone graft between the opened
segments of the body. In 1952 Adams!
again described in detail the wedge osteot-
omy and stated that the procedure was best
carried out with the patient lying on his side.
He employed a special apparatus to extend
the patient following the osteotomy. This
had the general appearance of an osteoclasis
apparatus.

The indications, the dangers and the safe-
guards, as well as the judgment and the skill
necessary in the surgical treatment of anky-
tosing spondylitis, were reported carefully by

* Read before the Russell Hibbs Society by Dr.
Judson D. Wilson on May 4, 1956.

+Columbus, Ohio
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Adams in 1952. With wider experience in
the care of the arthritic patient and the im-
provement in medical control of the active
stages of the disease, I find it expedient and
more desirable to carry out certain surgical
procedures at an earlier stage of the disease
than formerly was thought to be possible.
In considering the surgical correction of
an ankylosing deformity of the spine, it is
important to realize that the duration of the
deformity, as well as the location of the
maximum flexion deformity, is a governing
factor in the success of any surgery. Inmost
instances in ankylosis of long standing, the
soft parts, the ligaments and the muscular
attachments are exceedingly fibrotic, if not
completely ossified, so that identification of
structures is very difficult, if not impossible.
When ossification of the anterior vertebral
ligament has occurred or has been com-
pleted, frequently the success of a s.ingle-
stage procedure is jeopardized. Then it be-
comes mnecessary to employ the multiple-
Jevel or multiple-stage osteotomy. The lum-
bar area is the site of election for correction
of the deformity whenever possible. ’1.'h€
absence of the rib cage makes corgectiont
much easier, and, with termunation of the
cord at the 1st lumbar level, trauma (o nerve
tissue is less Jikely below this fevel jﬂfe
flexion deformuty in ankylosing spondylitis 15
usually most severe in the lumbar area.
There 1s the loss of the normal lumbar lor-
dotic curve, and often there is 2 complete
absence of the sacral angle. The exact level
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chosen for correction between the 1st lum-
bar and the lumbosacral junction depends
upon the angle of the sacrum and the pres-
ence of any complicating scoliosis. In the
author’s experience, the 4th Iumbar level
lends jtself to greater correction of deformity
and the restitution of the more normal ap-
pearing trunk ond extremities postopera-
tively than can be obtained at higher levels.

When one approaches the ankylosed spine
surgically, it is very important to position
the patient properly on the operating table.
T personally prefer the use of the fully prone
position. This requires that intratracheal
anesthesia be used, The table must be placed
in maximum flexion, and the patient must be
supported by rolls under the shoulders and
across under the pelvis to give adequate sup-
port and a good airway without strain on the
dorsal or cervical spine. I would not attempt
such surgery without the skitled assistance of
a completely competent anesthesiologist.

A mid-line incision is employed. The spi-
nous processes and the supraspinal liga-
ments are visualized from the 2nd sacral to

Fi16. 1. Schematic drawings (left) of

the 2nd lumbar level. This wide exposure
simplifies identification of landmarks, even
those obscured by ossification of ligamentous
structures. The spinous process of 14 is
semoved by ronguer, and the interlaminar
area between the 4th and the 5th lumbar is
identified. The lamina of the 4th lumbar is
completely removed by means of a ronguer
and the use of a Kerrison punch. A dural
elevator is employed to separate the dura
from the ossified ligamentum flavum and
Jamina. Extreme care must be employed in
these steps to protect the dura and the nerve
oot from either pressure or trauma. The
foramen at the 4th to the 5th lumbar level
is identified and located. The facets, both
the inferior of the 4th lumbar and the supe-
sior of the 5th lumbar, then are excised com-
pletely, the intervertebral foramen being ex-
posed bilaterally. As much of the pedicle of
the 4th lumbar is removed as becomes neces-
sary to obtain the correction desired. As the
bony lamina, the facets and the pedicular
margins are removed, it is interesting to note
that the patient’s deformity begins to correct

I . 3

posterior elementectomy and (right} of

manner of fixation posteriorly,
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spontancously (Fig. 1). This continues until
the patient is resting firmly on the operating
table, even though originally it was thought
that he had been well supported with no
evidence of stress at either extremity of his

5,

v .

| |

FiGs. 2 t0 5, Casc 1. Fig. 2 (dbove). Side and back views preoperatively.

flexion deformity, Once the determined
amount of lamina and pedicle is removed,
the table is leveled flat gradually, thus ak
lowing the deformity to continue to correct
under direct vision. In the author’s experi-

'H-L' )

Fic. 3. (Left) An-
teroposterior an
(ri1ght} lateral roent-
genograms taken pre-
operatively.
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ence this oceurs without effort or undue inci-
dent at the 4th lumbar level until the spinous
process of the 3rd lumbar is in close prox-
ity to the spinous process of the Sth jum-
bar. This may not seem to be logical untit
one considers that there still remains a severe
flexion deformity at the 5th Jumbar to the
ist sacral level.

Stability of the spine laterally is excellent
at the completion of this phase of the sur-
gery.  Prevention of a recurrence of the
deformity is required. I have maintained
the position of correction by wiring the
spinous process of the 3rd lumbar to the spi-
Dous process of the 5th lumbar. This wire is
inserted through the base of the 3rd Tumbar
and near the fip of the Sth jumbar, thus
producing a lever effect that prevents any

P DT
Fi6. 4, Lateral roentgenograms taken (left) 2 weeks and (right) 6 months post-
aperatively.

forward disptacement of the 3rd and the
4th tumbar on the 5th tumbar. This method
first was described by Rogerst in 1942 to
preserve the reduction of a dislocated cervi-
cal vertebra.

The term posterior elementectomy is used
here in preference to the term osteotomy or
wedge osteotomy because 1 belicve that it
describes more accurately what is done. The
above description makes it readily under-
stood. No effort is required to correct the
deformity in the region of the vertebral body,
With the spontaneous correction following
the posterior elementectomy, there is a
wedging open that occuss between the Jeve]
of the inferior end-plate of the vertebral
body and the intervertebral disk. No poste-~
rior displacement occurs because the pos-
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Fi6. 5. Side and
back views taken 315
years postopera-

terior vertebral ligament is intact. There is
no need to place a bone graft in the anterior
defect so produced because it fills jn rapidly
with new bone.

In ankylosing spondyltis, ossification is
accelerated. I have not resorted to the use
of any bone-grafting material across the sur-
gically produced posterior defect because it
is my opinion that the disease process itself
will accomplish a rapid reossification. The

tively.

Fics 6 to 9, Case
2. Fig 6 (Lefs). Side
and back views taken
Ppreoperatively.

follow-up roentgenograms demonstrate ade-
quately the reason for this opinion.

The summary of two cases demonstrating
the procedure described above are presented
for descriptive purposes. No attempt is bemg
made in the short space of this chapter to
analyze a series of end-results.

Case 1 (H. H.), first seen at the age of 33
years, a white male, chief complamt, inability



Posterior Elomentoctomy in Ankylosing Arthritis of the Spine

279

to stand erect. His onsct of arthritis was 9 years
prior 10 s first visit, Figure 2 shows his condi.
tion prior to surgery. Figure 3 demonstrates the
amount of fumbar flatiening and the angle of
the sacrum prior to surgery. After being investi-
gated thoroughly to determine the degree of
activity of his arthritic process, which involved
his spinc only, he was taken to surgery on July
14, 1953, He underwent the procedure described
above. His postoperative course was uncventiul,
He was hept in plaster shells for 8 weeks post-
operatively, after which a Taylor-type back
brace was applied, and he wore it for approxi-
mately a year, Since that date he has worn the
brace only a part of the time. He was seen last
in February of 1956, and at that time he statcd
that discomfort was limited to his neck because
of stiffness in the region of the neck. Occasion-
ally he had some aching in his back elsewhere.
He still continues on a medical regimen for
general supervision of his arthritic process.
Figares 4 and 5 demonstrate the improvement
in p!osturc and the extent of ankylosis spontane-
ously.

Case 2 (G. 0, 2 35.year-old white female
who has been suffering from a rheumatoid arth-

ritis with ankylosis of the spinc, As will be noted
from the illustrations, this patient has not only
a flexion deformity but also a scoljosis compii-
cating any corrective procedure. Her arthritic
process has been under control for the last 2
years by the use of small doses of Cortone. It
was felt that two operative procedures would
be required 1o correct her deformity: the first
to improve her flexion deformity and the second
to improve her lateral curvature, Some correc-
tion of the Jateral curvature immediately follow-
ing the posterior ¢l y was ipated

The patient was admitted to the hospital, and
a posterior elementectomy was carried out at
the level of L-3, and the spinous processes of
L.2 and L-4 were transfixed by wire suture at
the completion of the operative procedure on
October 17, 1955. Figures 6 and 7 show the
condition of the patient preoperatively; Figures
8 and 9, postoperatively.

The patient’s postoperative course was com-
plicated by reactivation of the arthritic process
1n her left hip joint. It was found that even with
a turnbuckie cast, in an attempt to correct the
lateral curvature through the osteotomy site,
no change in position occurred, The only cor-
rection was that accomplished at the time of

Fie. 7. (Left) Anteroposterior and (right) lateral roentgenograms taken pre-
operatively.
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Fic. 8, Side and
back views taken 1
year postoperatively,

Fi6. 9 (Left) An-
teroposterior and
(right} lateral roent-
genograms taken 15
months postopera~
tively

surgery with reference to the flexion deformity. ) T Eeete ther che
She has had a much more stormy postoperative !
convalescence than the first patient presented,
because her arthntis was not limited to the spine
and because of the attempt to correct the Jateral In summary, (1) surgical correction of
curvature. To date the patient 1s very pleased r);l, . £ 1 inte 1s the pro-
with the marked mmprovement in her flexion ankylosing arthritis of the spine s . 2P

deformity alone and does not desire to have the  cedure of choice in selected cases; (2) a
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brief history of progress of such surgery is
described; (3) the method employed in lh.c
cases above is described in detail, and it s
felt that the term posterior elementectony
describes more accurately the technic em-
ployed.
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Llementectomia Posterior in Arthritis Ankylosante del Columna Vertebral

Summario in Interlingua

In 1945, Smith-Peterson, Larson, ¢
Aufranc® publicava le prime reporto del uso
de osteotomias del columna vertebral como
mesura chirurgic in Je tractamento de defor-
mitate flexional in casos de arthritis rheuma-

per un extension gradual del columna ver-
tebral super le tabula de operation. Fixation
es effectuate in le forma de un fixation a filo
metallic inter le processos spinal del tertie ¢
del quinte vertebra lnmbar secundo le tech-~

toide. In 1947, Briggs, Keats, ¢ Schlesinger®

5

reportava le uso del osteotomia cuneal in un
forma plus o minus modificate, ¢ La Cha~
pelle? dava in 1946 un relation de un osteo~
tomia biphasic del columna vertebral in
casos de ankylosis rheumatoide. Un articulo
per Adams,® publicate in 1952, describeva
fe methodo del osteotomia de cuneos.

Es presentate considerationes in re fe in-
dicationes, le periculos, € le mesuras de
securitate in fe tractamento chirurgic de un
ankylosate columna vertebral. Es discutite le
selection del sito pro le correction del de-
formitate ¢ le rationes que justifica ille
selection. Le methodo chirurgic usate per
me como procedimento de election in osteo-
tomia del columna vertebral ha essite le ele-
mentectomia posterior. Isto consiste in le
ablation de! seligite lamina, processo spinal,
faciettas, e un portion del pedunculo del
vertebra 1n que le correction def deformitate
es attaccate. In le majoritate del casos, isto
es les quarte vertebra lumbar. Post le abla~
tion del desirate quantitate de lamina, faci-
e, e pedunculo, le corsection es effectuate

nica recc date per Rogers! in 1942 pro
fe stabilisation de un vertebra dislocate,

Le termino elementectomia posterior es
preferite proque jllo describe plus adequate-
mente le manovras executate. Nulle effortio
es facite a-effectuar Ie fusion del vertebras
interessate, proque tal fusion occurre spon-
taneemente post le tempore del intervention
chirurgic, e etiam le defecto create inter le
corpore vertebral e le disca se replena spon-

Es pr dup casos pro
demonstrar in detalio le manovras technic
usate e lg resultatos obtenite.

Caso no. 1, un masculo blanc de 33 annos
de etate, ha passate un periodo postoperatori
de tres annos. Caso no. 2, un feminina blanc
de 35 annos de etate, ha passate circa un
anno depost -le operation. Ambe iste pa-
tientes es marcatemente meliorate in lor
postura. In ambe casos, le melioration pos-
tural ha meliorate le capacitate del indivi-
duo de persequer su eligite type de labor, Le
beneficios obtenite ha meliorate le condition
physic general del patiente e justifica le
severitate ‘del tractamento.
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In tertrochanteric Fractures®

OtHo C. HubsoN, M.D., aND RICHARD P. GILIBERTY, M.D.

The problem in treatment of intertrochan-
teric fractures is not onc of obtaining bony
union, as is the case with intracapsular frac-
tures, but a matter of preventing a residual
varus deformity at the fracture site. The
majority of these fractures unite. The resid-
ual impairment of function can be antici-
pated by measuring the amount of varus
deformity. In general, it can be stated that
the greater the varus deformity the greater
the degree of functional impairment.

The ideal approach to the treatment of
this fracture would encompass a method that
would shorten the period of hospitalization
and promote early ambulation of the pa-
tient. The fixation of the fragments by open
reduction with the use of a mechanical appli-
ance will fulfill all these requirements. To
avoid the errors that may lead to failure of
internal fixation, consideration has to be
given to the mechanics involved.

In a nondisplaced linear type intertro-
chanteric fracture, the cortical surface area
of opposition of the proximal and the distal
fragments is adequate, so that the use of an
angle plate will provide positive fixation.
Rotation at the fracture site is prevented by
the grip of the flange on the trabecular struc-
ture of the head and the neck. The normal
angle is maintained because the vector of
force of the muscle pull is directed along the

same plane as the nail and in so doing com-

* From the Orthopedic Service, Nassau Hospital,
Mineola, N. Y., and Meadowbrook Hospital, Hemp-

stead, N. Y,
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presses the opposing cortical surfaces at the
fracture site.

When the fracture is comminuted to the
extent that less than one third of the cortical
surfaces of the two fragments remains intact,
fixation with a flanged nail will prove to be
more difficult. If the normal angle is re-
stored by the purchase of the flange in the
head and the neck and by the plate on the
shaft, the comminution at the fracture site
will result in the gapping of fragments. The
constant muscle pull will exert enough force
to close the gap and in so doing will cause
the fracture to assume a varus position. Be-
cause the flange cannot be extruded, it will
penetrate through the hip joint, so-called
“overdrive,” or actually bend or break the
metal as Hustrated in Figures 2 and 4.

In order to ascertarn which of these frac-
tures should be opened and fixed, they
should be classified as suggested by Hafner®
into one of the following groups: 5

Group 1. Fractures in which there is
minimal displacement of the fragments {Fig.
1, left) 3

Group 2. Fractures mn which there 1S
some disp of the fragments and als0
some comminution (Fig. 1, center)

Group 3. Grossly comminuted unstable
fractures in which less than one third of cor-
fical surfaces 1 left intact (Fig. 1, right) .

In most instances all fractures falliag in
Groups 1 and 2 can be opened and fixed,
any of the conventional angle plates being

used.

1
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Fio. 1. (Left) Group 1. R genog
fracture which can be treated by a nail
more displ t and some

am of a i
and a plate. (Center) Group 2. Here there is

d stable intertr

ion but enough cortical surface to allow of

positive ilrlternal fixation. (Right) Group 3. Marked comminution of the fracture, which
makes correction of the varus deformity by internal fixation very difficult.

Occasionally more comminution is found
at the time of operation than was antici-
pated, and difficulty is experienced in ob-
taining good fixation. In these circum-
stances, rather than accept inevitable failure,
it has proved to be expedient to perform an

N\
’

Fic 2. Diagrammatic
illustration of the nail
cutting through as the
head and the neck as-
sume a varus position
in the comminuted, or
Group 3, intertrochan-
teric fractures.

osteotomy at the level of the lesser trochan-
ter and displace the shaft medially in much
the same manner as a McMurray type oste-
otomy (Fig. 7).

The treatment of Group 3 by open reduc-
tion and fixation is contraindicated, as the
poor fixation obtained is inadequate.®

Similarly, to treat this group with traction
will also result in the fractures healing in
varus, as a traction apparatus will not differ
from the angle plate fixation in preventing
the proximal and the distal fragments from
assuming bony contact, as previously de-
scribed.

To cope with this type of fracture (Group
3) Bartels® advocates a method in which a
valgus position is obtained that provides for
good stability with pressure contact of the
bone fragments. This is secured by a non-
surgical ~subcapital ~shaft transposition
through the application of force that will
shift the shaft medially in relation to the
proximal fragment in much the same way
as a high osteotomy. Occasionally this oc-
curs as a result of the original injury and is
referred to as “the reverse intertrochanteric
fracture” (Fig. 3). The fragments assume
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Fic. 3. This is the reverse type of tro-
chanteric fracture in which the mitial
trauma transposed the shaft medually
;nuf:h in the same way as a Bartels osteoc-

asis.

the same position as a subtrochanteric oste-
otomy.” The operation is performed in the
following manner:

The patient is placed on a fracture table
and given general anesthesia. The involved
extremity is abducted widely, and traction is
applied. Maintaining this position, force is
applied to the lateral side of the femoral
shaft just below the site of the fracture.
Some spicules of bone will be broken off and
crepitation obtained as the shaft shifts medi-
ally. A plaster spica then is applied. The
patient may become ambulant with the aid
of crutches 1 a relatively short period of
time (Figs. 5 & 6).

Because no over-all procedure can be
devised that will answer the many problems
of each individual, the usefulness of trac-
tion® should not be overlooked in the treat-

FiG 4. Group 3 fracture which as-
sumed a varus position and in so doing
caused screw to break.

ment of intertrochanteric fractures.  This is
especially true when there are associated
multiple injuries. It provides a simple, ex-
pedient method for adequate reduction and
immobilization of the fracture allowing 2
greater Jeeway in treatment of other injuries.

In reviewing the literature it was difficult
to establish what the expectant mortality rate
would be in the various decades of life, Such
comparative figures would be valuable in
evaluating the merits of any specific ap-
proach in the treatment of intertrochanteric
fractures.

A total of 160 consecutive admissions of
this fracture, covering a period of 5 years,
were evaluated to determine the survival
rate: 118, or 73.75 per cent, were females;
42, or 26.25 per cent, were males The fig-
ures are based on the hospital mortality,
regardless of the service to which they were
admitted or the treatment that they received.

Seventeen of the patients in this series
were in the third and the fourth decades of
life As would be expected, the fractures re-
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F1G. 5. (Left) Group 3 comminuted intertrochanteric fracture. (Center) Position
obtained by Bartels osteoclasis. (Right) Eight weeks later valgus position has been
maintained and there is beginning osseous union.

sulted from rather severe violence, such as
falls from scaffolds and automobile acci-
dents. There were no fatalities in this group.
The expectancy of life at age 40 in the
United States is 33.19 years, according to
actuary tables compiled in 1951 by the
Metropolitan Life Insurance Company.
Sixty-two of the cases were in the age
group from 50 to 70 years and carried a
hospital mortality rate of 12.9 per cent.
Four of the 8 patients who expired had a

Fic 6.(Top)Group
3 comminuted 1nter-
trochanteric fracture
(Bottom, left) After
reduction, Bartels os-
teoclasis, shaft dis-
placed medially and
abducted (Bottom,
right) Advanced heal-
0g, 2 months later,
valgus  position of
head and neck marn-
tained
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Fi6. 7. (Left) Group 3 fracture in which an attempt was made to use internal fixation,

{Center) B of the e

on, no fixation could be obtained, hence an osteotomy

was‘pcrform_cd. Position simular to a Bartels osteoclasis obtained. (Right) Advanced
healing. Patient had excellent functional result,

history of having experienced a cerebral
accident prior to the time that they were
admitted to the hospital. The average age of
this group was 69 years, The expectancy of
life age 69 for 1951 was 11.84 years. Aron-
son! reported a mortality rate of 15.8 per
cent among 139 patients with an average age
of 72 years. Goldenberg! reported 100 con-
secutive cases of trochanteric fractures with
an average age of 74 years and a mortality
rate of 16 per cent.

TABLE 1. PERCENTAGE OF EacH GROUP
IN RESPECT TO AGE OF PATIENT*

Grour  PATIENTS 1 2 3
AcE No or  Group Grour Grovr
37-60 12 16.7% 66.6% 16.7%
61-75 40  22.5% 55 % 225%
76-99 108 9.3% 46.3%  44.4% .

* Note that comminuted fractures occur most fre-
quently mn the older age groups.

TABLE 2. END-RESULTS OF SERIES OF 80 PATIENTS TREATED
FOR INTERTROCHANTERIC FRACTURES

ANGLE oF NECK OF FEMUR N RESIDUAL
Group TO SHAFT FOLLOWING ONUNION  GuoRTEN-
pr::,';:;s N WHICH P::: ;‘;‘;Zigzﬁ,n Osseous UNION oF NG OF
CLASSIFIED Less Than  TRACTURE  Esrgeairy
120°-130° 115°
Group 1 . : 15"
15 amf Open reduction with  13__geop) 2—(14%) 0 04
Group 2 angle plate fixation
R
18 Group 3 Traction 5—(28%) 13—(72%) 3%"-1%
AT
11 Group3 Open reduction with 2~—~185% 9—81.5% 0 37104
angle plate fixatron v
R
36  Group3  Bartels osteoclasis 23--63 9% 13—36.1% 1—02% v 1A
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“The remaining 80 cascs were in the age
group of 76 10 98 years, the avernge age
being 83 years. The cxpectancy of life at
83 years is 5.72 ycars. With the advance of
the expectancy of life it will follow that a
geeater number of patients in this age group
will be encountered, The getiatric problems
concomitant with the patients in the eighth
and the ninth decades are multiple, A good
percentage of these patients were semi-inva-
hds in precarious physiologic balance peior
to the injury; others were remarkably well
preserved. For instance, the okdest patient
in this series was 98 years old when she sus-
tained an intertrochanterie fracture classified
as Group 2. Subsequently her fractuse
healed, and she was alive 3 years later. Bug,
in general, the mortality rate of this fracture
in the aged is high,

Of the 80 patients in this group, at the
end of the first weck of hospitalization, 8,
or {0 per cent, had expired, the average age
being 84 years. This group included 2 pa-
tients who sustained the fracture during con-
finement in a nursing home; another was the
victint of an awtomobile accident.

At the end of the first month of hospitati-
Zation, 15 mare, or 18.7 per cent, expired,
the average age being 84 years. Of this
Broup, one sustained the injury while a
patient in a nursing home. Seven of them
had signs and symptoms of cardiac decom-
pensation on admission,

Eight more, or 10 per cent, of the group,
With an average age of 85 years, had ex-
pited at the end of the third month of hos-
pllalization. Of this group, 4 patients had
clinical symptoms of cardiac disease onm
admission.

SUMMARY

1. Intertrochanteric fractures should be
classified according to the degrec of com-
minution present.

2. A Bartels closed osteaclasis is an ideal
procedure for the treatment of comminuted
intertrochanteric {ractures.

3. A good percentage of these fractures
occur in the seventh and the eighth decade
of life and carry a high mortality rate. The
gertatric problem is predominant, and posi-
tive treatment of the fracture alone is not
sufficient to ensure a good end-result,
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Fracturas Intertrochanteric

Susmmmario in Interlingua

Le autores presenta un concepto pro le
Yattamento de fracturas intertrachanteric
Qi ha provate se satisfactori in Je practica.

fracturas es classificate in tres categorias
Steundo Je grada de comminuton al site del

fractura. Le rationes que justifica iste classi-
fication es discutite.

Es describite un methodo que permitte le
conversion de un comminuite fractura inter-
trochanteric instabile 2 in un swbile position
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valge. Isto es effectuate per un osteoclase
que move le fragmento distal a in un position
simile al position obtenite per un osteotomia
de McMurray. Es includite un summario
tabular del resultatos final obtenite in un
serie de comminuite fracturas intertrochan-
teric que esseva tractate per le methodo
describite.

Cento sexanta casos de fracturas intertro-
chanteric es evalutate con respecto a etate,
sexo, € typo de fractura. Es includite datos
de mortalitate pro le serie total secundo le
varie decennios del vita, sin reguardo al ser-
vicio hospitalari a que le patientes esseva
admittite e sin reguardo al typo de tracta-
mento usate,
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The Immediate Treatment of Intracapsular
Hip Fracture

RoBERT T. MCELVENNY, M.D.*

INTRODUCTION

There is a category for each fractured
hip. The terms used here, such as “correct
case” and “ill-chosen case,” do not imply a
method of eliminating any fractured hip
from treatment. These terms do imply the
proper designation of each intracapsular hip
fracture in relation to the method of treat-
ment chosen for that particular fracture.

Failure to choose the proper case for
pinning, failure to obtain proper reduction
of failure to place the fixation correctly lead
to nonunion or delayed union between the
femoral neck and head.

Closed pinning of an intracapsular hip
fracture usually leads to immediate bony
union, provided that the correct type of case
is chosen and the proper reduction is
achieved.

Occasionally, in these firmly united cases,
aseptic mnecrosis of the femoral head will
develop to the point of interfering with hip
function. This complication seldom is en-
countered, and, ordinarily, a normally func-
tioning hip is expected and obtained.

In certain cases osteotomy is indicated at
the time of fracture, and as soon as possible
in cases of monunion or delayed union.
Metal prostheses have no place in the treat-
ment of intracapsular hip fracture if there

is any chance of restoring any patient, at
any age, to anything but permanent bed,

* Chicago, Hl.

chair or cane life. There is no substitute for
a well-united femoral neck fracture. The
attitude of not accepting nonunion or de-
layed union in the treatment of intracapsular
hip fracture is, in our experience, well-
founded,

GENERAL CONSIDERATIONS
SPECIFICITY OF CERTAIN GRAFTS

Specificity of cells must be maintained if
specific function is to be preserved. Liver
cell must remain liver cell, corneal cell must
remain corneal cell, skin cell must remain
skin cell if the specific function of the part
is to continue. Replacement of any specific
cell is done by substitution. The substituting
tissue cell is not specific and does not carry
out the function formerly assumed by the
specific tissue cell.

A specific cell has the power within itself
to fulfill its destiny as long as its internal and
external environments are within its limit of
tolerance. Beyond this tolerance the cell is
forced to modify. Once the cell loses its
specificity it fails to propagate itself in kind,
thus causing physiologic death. The area
formerly supplied by this cell loses its ability
to carry out its destiny, substitution occurs,
and the specific function of the part is lost.

The internal environment of a cell may
change its destiny. Virus or bacterial inva-
sion of a cell may modify or kill the cell’s
normal destiny, and embolism, from solid or
gas, may do the same. Abnormal heat or pus

289
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may coagulate protein and Kill the cell.
Crushing or severe shock to cells at the time
of injury, or as a result of treatment, may
deprive the cells of their power to propagate
in kind. Many other factors that affect the
internal environment of cells could be men-
tioned to show that at present only a few are
under our control.

Lack of metabolites, through denying ex-
ternal nourishment beyond the normal toler-
ance of the cell, will cause physiologic death.
This fact is closely related to the type of
tissue, the degree of metabolic demand, the
temperature at which this demand is made
and the functional demands made upon the
part.

Shaft bone lying between the epiphyseal
plates has generalized funciions. Substitu-
tion of one portion of this bone for another
throughout the body is possible. Following
the substitution, this shaft bone ultimately
blends and modifies to the part, so that in
size, shape and form it assumes an appear-
ance that is practically normal for bone in
the area where it is placed.

A cancellous epiphyseal bone end com-
prising a portion of a joint seems to be more
specific in nature. The epiphyseal bone
arises from germinal centers that are not
directly related or connected in origin to
shaft bone. In youth this epiphyseal bone
nourishes and stimulates the cells of the
attached cartilaginous epiphyseal plate. The
epiphyseal cartilaginous plate does not con-
tribute to the growth of the bony epiphysis.
Throughout life the epiphyseal bone sup-
ports and nourishes the articular cartilage
upon its surface.

All grafts, in order to function properly,
must maintain their relative amount of
specificity. A graft of an orange bud to a
lemon tree produces oranges, not lemons.
A skin graft must produce skin rather than
scar, if it is to succeed. The femoral head
is a specific graft. If it is to remain femoral
head it must live. If it dies, the replace-
ment tissue is nonspecific and will not canry

out the form, the shape or the function of
its predecessor.

In the case of the femoral head, seldom
can one control the crushing, the shock or
the infection that initiates the internal en-
vironmental factors. The fate of some heads
is sealed at this time. Further, some femoral
heads are dead at the time of fracture, and
some dead heads seldom, if ever, suffer frac-
ture at the neck (malum coxa senilis, Cais-
son disease, etc.).

Fortunately, most femoral heads sepa-
rated from their necks are living, specific
tissue. The cells of a femoral head, like
bone elsewhere, have certain powers of
hibernation. The object of treatment is to
provide a normal external environment for
these cells as quickly as possible. Solid bony
union is the normal condition at the fracture
site. This must be established quickly
throughout the entire fracture surface. It is
evident that if only a portion of the neck
contacts the head, the portion of the head
not supplied by this contact suffers from
inadequate nutriment. When complete frac-
ture surface contact has been obtained and
immediate bony union ensues, the normal
blood flow pours through the fracture site
to the head from the trochanteric and neck
pools. However, if the normal external en-
vironment at the fracture site is not provided
within the tolerance of these specific bone
cells, these cells eventually die and are not
reproduced. Creeping substitution ensues,
and thus the integrity of the femoral head is
lost. Nonunion and delayed union at the
fracture site produce such effects.

An example of the loss of specificity can
be seen when a femoral head that has under-
gone aseptic necrosis is bone-grafted or
osteotomized so that bone replaces by creep-
ing substitution, The femoral head so treated
never again becomes a normal head. Sub-
chondral bone and the articular cartilage
degenerate, shape is not restored, and
eventually arthritic changes develop. T{le
same loss of cell specificity is seen in certain
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cases of slipped upper femoral epiphysis.
The resuvltant healed case loses its normal
articular surface, contour and function.

The above contentions have been held by
this writer for 20 years. He has insisted
that most dead femoral heads are produced
by indifferent treatment—that the temporary
loss of the external blood supply to the head
is relatively unimportant. He has shown fem-
oral heads alive and functioning 20 years
after femoral neck fracture and 15 years
after union finally was obtained at the frac-
ture site. On many occasions he has dem-
onstrated that the “latent life” or “hiberna-
tion” of bane cells occurs in the femoral
head of the human. Femoral heads consid-
ered dead by roentgenographic standards
and by people of established reputation have
been united to their mecks and over the
years continue to mantain shape, joint space
and fonction.

Fic. 2, Linton's lines to
show the significance of oblig-
uity of fracture planes. Note
that the first figure shows an

- adequate reduction. Fortu-
nately, fractures do not occur
in flat saw-cut planes. Com-
pare with Figures 3, 4, 7, 12,
15 and 16. (Dickson, J. A.: J.
Bone & Joint Surg. 29:1006)

This writer has cited the improvement in
the results obtained in the treatment of
oblique fractures of the lower third of the
tibia and in the fracture of the carpal navic-
ular, Improved methods of treatment have
done this. Not many years ago, the lack of
external blood supply to the tibia or the
cafpal navicular was given as the cause of
the poor results obtained. At that time the
carpal navicular was compared with the
head and the neck of the femur in explain-
ing the failure of union in the navicular and
the consequent disintegration of the bone.
The methods of treatment of these fractures
have changed, and the results have improved
beyond expectations. It is patent that, while
the methods of treatment have changed, the
conditions at the fracture sites have re-
mained constant,

Dr. E. J. Tucker, in a personal communi-
cation, states the following:
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Fig. 3. “Beak™ (ma-
lignant) type of neck
fracture. This type is
easily reduced and s
easity united.  (Top,
lefr)” Shows an inade.
quate reduction with the
head fragment medial to
the neck, (Top, right)
Eight months after pin-
ning and 2 months after
weight-bearing. Delayed
union now is cvident
and is shown by the pro-
liferative caflus mass at
the fracture site pointed
to by the arrow. Osteot-
omy is indicated at this
Gime. (Bottom) Eight
years after pinning.
Solid bony union is pres-
ent but hag arrived too
late to save the femoral
head. This is 2 complete
foilure because of the
arthritic head changes.
{Compare these views
with Figs. 6, 12 & 15.)
(McElvenny, R. T.¢ S.
Clin. North  America
37:250)

Bone cells are capable of existing almost in-
y without an independent blood supply.
One of the most common examples of this is the
fact that a piece of bone may reman free in a
foint cavity for many years and the osteocytes
will remain intact and alive. Thave kept cortical
boge in its own plasma for as long as two years
and then placed 1t 1n the subcutaneous tissue of
a rat. The bone cells would absorb their own
body matrix and revert back to connective tissue
cells,
_ This was also reported by Dr. L. A. Peer
i Transplantation Budletin, vol. 1, no. 1,
September, 1953,

CroosiNg THE Hip FRACTURE FOR
CrosED REDUCTION AND PINNING

Whether or not a fracture unites depends
mainly on the relationship of the bones at
the fracture site. Absolute anatomic reduc-
tion is usually the ideal in spiral fractures of
shaft bones. Compression forces are applied
and maintained while correct fixation is
accomplished. If this is done, union is rapid,
but there is a small amount of callus produc-
tion, The more motion there is at the frac-
ture site and the poorer the apposition of
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the fragments, the greater the callus mass
that is produced. However, other fractures
often require modifications of bone by an
osteotome, a graft or a gadget to obtain
adequate surface contact with adequate

F16. 4. (Top, left) Mid-neck fracture in-
adequately reduced due to insufficient trac-
tion. Medial shift of the neck 15 lacking,
and, therefore, poor support is afforded
the head. (Top, right) SIx months after
pimning and when weight-beanng was
started. Note that this view 15 not good
diagnostically because internal rotation is
lacking. The neck appears to be short-
ened, and overlap 1s present. Note that
the inadequate reduction does not show in
this view as 1t does at top, left. (Bot-
fom, left) The same hip 8 months after
pning and 2 months after werght-
beartng. More internal rotation has been

btained in this r gram than in
that at top, right. The head can be seen
extending below the neck level on the
medial aspect Callus prolhiferation 1s evi-
dent about the fracture line Delayed
unjon 1s present, Osteotomy is mdicated
now

compression and locking of the fragments.

The fracture through the femoral neck
cannot be held in an anatomic position. The
cortex of the femoral neck is so thin that
one might as well try to appose the ends of
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2 fingernails as to hold cortex to cortex at
the junction of femoral head and neck. Fol-
Yowing slight absorption of bone, the medial
inferior cortex of the head cither settles
medial to that of the neck (bad) or lateral
1o that of the neck (good) (see Figs. &, 10,
17 & 20).

An incorrect relationship is one in which
the femoral neck fails to furnish support to
the medial inferior portion of the femoral
fead. Because of this lack of support and
the slanting of the fracture surface, the mus-
cle pull and the thrust of the body on the
fractured bones afow full angulation and
shear forces to act at the fracture site. Ad-
duction of the lower extremity causes angu-
lation of the neck upon the head. The neck
first distracts from the superior portion of
the head and then tends to slip up and out
and by the head. The head goes toward
varus. Since there is no support of bone-to-
bone, the full component of all unfavorable
forces is spent upon the fixation material,
the only support afforded the head in this
siteation. The result is a migration, bending
or breaking of the fixation material (see
Figs. 4 & 7).

A favorable relationship at the fracture
site is one in which the medial portion of
the femoral neck is moved to the inner and
under side of the corresponding portion of
the femoral hend. Once this medial shift of
the femoral shaft actually is obtained, it is
mamtained by the correct insertion of the
fixation material. The fixation material
g.uides the fragments to their predeternumed
situation. Bone supports bone. All compo-
nents of thrust are spent against this bony
buttress of the neck. The elimination of
shear and angulation forces by this locking
of fragments alleviates the subtending force
that otherwise would be applied to the un-
supported head by the fixation material (see
Figs. $ & 15).

The soft cancellous bone of the femoral
neck is confined by a thin cortical shell,
The medial portion of this cortex forms a
V-shaped mass with 1ts apex facing the pel-

Fie. 5. The perincal post on the feft is
the correct size; that on the right is too
Jarge. Cutouts sre for the soentgeno-
graphic head attachment.

vis. 1t is approximately Y6 of an inch thick
and about 1 inch wide. This area is often
spoken of as the calcar femorale. The calear
slants mediafly from below upward. It is the
strongest and thickest portion of the fem-
oral neck because it is in line with and
receives much of the component of forces
placed upon the femoral head and neck. As
the femoral head is approached, the calcar
femorale fans out, becoming flaster, and in
a gentle, gracefal curve blends with the
farger and overlapping femoral head (see
Figs. 9 & 10).

The femoral head may be cleanty smapped
off the junction with iis neck, leaving no
portion of the calcar femorale or cancellons
bone protruding from its surface. This clean
break occurs at about the level of the former
epiphyseal plate. This fracture resembles in
location and in kind a slipped femoral capi-
tal epiphysis of youth. T#his iype of fracture
is defined as a subcapital neck fracture, By
definition, no caneellous or eortical portion
of femoral neck bone remains firmly at-
tached to the lower half of the head, This
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the effect of not fix-
ing the pelvis by trac-
tion on the normal
Iimb before severe
traction is applied to
the affected side. If
this error is made,
A} the slanting pelvis
produces a relative
abduction of the
limb. In these cir-
cumstances an ade-
quate reduction is
virtually impossible.

@ Fi16.6.(Top)Shows

Fi. 6, (Bottom, left) “Beak” typ!: fracture. Traction 1s severe. Medial displacement
of the shaft has been attempted dly, but adegq; reduction is not obtained, as
shown here. Inspection of the patnent showed a marked shift of the pelvis to the affected
side. To meet this sttuation, all traction was released from the affected Itmb. The patient
was squared onto the perineal post so that the permmeum centered the post. Additional
traction was applied to the normal imb Reduction then was attempted For the result
see right. (Bottom, right) Reduction now 1s adequate Note the center post in relation
to the symphysis in bottom, left and right There 1s a gadget that keeps the pelvis level
under unilateral heavy traction and stll allows full operative freedom. This apparatus

fits almost any orthopaedic table
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Fi6. 7. (Top, left) This reduction is anatomic. Note the adduction of the shaft and the
complete internal rotation. However, medial displacement of the shaft is lacking, due to
insufficient traction. Note that the guide wire does not enter deep into the acetabulum. The
head is not in varus. On the medial surface of the neck, lines have been drawn upon the
wet spot film. These lines show that the
reduction is inadequate. Compare with
Figure 13, top, left. (Top, right} The nail
has been driven home. The reduction re-
mains inadequate. Lateral view is shown
in Figure 21. (Bottom, right) The result a
few weeks later. The head falls to varus,
and the metal cuts its own channel in the
cancellous bone of the head. Note the
“beak” of bone on the inferior medial por-
tion of the head that could have been
caught and locked to the neck by an ade-
quate reduction. Now osteotomy follow-
ing traction and repetition of the reduc-
tion are indicated. (McElvenny, R. T.:
$ Clin North America 29:43)

type of fracture is uncommon before the age
of 60 but increases in frequency as age ad-
vances.

The other type of femoral neck fracture is
one i which a portion of the neck, either
cortical, cancellous, or both, remains firmly
attached to the inferior half of the femoral
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Fi6. 8. (Left) Specimen of a fractured hip that was never treated. This specimen has
been cut in half, as the only cortical projection on the head was in the posterior half. This
beak is small but strong. Note its shape. If complete internal rotation with medial dis-
placement of the neck is not obtained at reduction, the neck will not get under this projec-

tiont on the head. Then this head spicule
will not contact the neck, and thus invagi-
natron and locking of the head to the neck
will not occur, Next to the middle finger
the posterior portton of the neck in the
region of the calear femorale 1s shown
This again emphasizes the importance of
medial displacement and complete inter-
nal rotation of the shaft

(Rught) This view shows the thickness of
the lower border of the neck A shghtly
overreduced (adequate) position is dem-
onstrated, but it 1s still practically ana-
tomic. The head could slp off the neck,
but the tendency here should be for the
head sprcule to fall into the cancellous
portion of the neck. (Bottom, left) If the
head sprcule fails to fall into the cancel-
lous portion of the neck, the result will be
as shown here.

(Continued on following page)

is bypassed by the neck, the head takes with
1t, by ripping and avulsion, some bone that
is normally neck property. This leaves upon
the inferior half of the femoral head a V-
shaped mass of cortical or cancellous bone.
The apex of this funnel-shaped bony mass

head. Tlus type 1s known as a transcervical
fracture. The actual viewing of a transcervi-
cal fracture shows mot a straight line of
fracture but an irregular surface first msulted
by a separation of the head from its neck
in the upper portion, and then, as the head
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Fio. 8 (Cont). (Left) 18 the head spicule falls iato the net:k cavity, Igcking 'and
capping of the head upon its neck will occur as illustrated. (Righy) To avoid minimal
reduction and doubt, plenty of traction, medial shift and internal rotation will produce
the ideal situation, a3 shown here. MNote that upward thrusts are converted into impacting
forces, and note how much of these forces falls to the inner side of the head fragment.
(Compare with Figs 12, 15 & 16)

points toward the neck. The object of re-
duction is to take advantage of this fortui-
tous anatomic circumstance (see Figs. 8, 9,
15, 17 & 20).

When the femoral shaft actually is shifted
medially, a point is reached where the neck
mass of bone attached ‘o the head will com-
pletely invaginate the soft cancellous sheath
of the femoral neck. This is practically an
intramedullary graft of the head to the neck.
The cortical shell of the neck cups and sup~
ports this mass and the attached head in
symbiatic bliss. The most important area of
support thus gained 15 in the region of the
calcar femorale. However, due to the medal
shift of the femoral neck, the superior Jateral
portion of the femoral head overhangs the
cartical surface of the neck. This atiows the
femoral neck to gouge into this cancellous
portion of its head and results in locking by
the head and the neck at two mamn points,
cortex to cortex (see Fugs. 8, 9, 12, 17, 19
&21).

Thus, angulating and sheasing forces are

converted into thrusts that compress bone
against bone. The greater the thrusts, the
deeper the invagination and the locking of
the fragments. The acetabulum above and
the femoral neck below cause a “swedging”
to occur at the fracture site because it is
practically impossible for the femoral head
to escape from its neck. It does not matter
how much of the neck remains on the fem-
oral head sa long as enough remains in the
lower half 10 allow invagination and engage-
ment of the fracture surfaces. Once engage-
ment of the head and the neck is correct, it
is of no moment what angle of fracture one
started with. The engagement and the lock-
ing el shear and ion and con-
vert these into compression forces. The
compression force varies the angle to the
most favorable situation possible by squeez-
ing the inner portion of the head and its
attached neck against the calcdr femorale,
which, in turn, levers and mointaing the
head upon its neck. The superior lateral
portion of the femoral head then must setile
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Fic. 8. {Lejt) Specimen of a [ractured hip that was never treated. This specimen has
bcer} cut in half, as the only cortical projection on the head was in the posterior half. This
beak is small but strong. Note its shape. If complete internal rotation with medial dis-
placement of the neck 1s not obtained at reduction, the neck wall not get under this projec-
tion on the head. Then this head spicule
will not contact the neck, and thus invagi-
nation and locking of the head to the neck
will not occur, Next to the middle finger
the posterior portion of the neck i the
region of the calcar femorale is shown.
This again emphasizes the importance of
medial displacement and complete inier-
nal rotation of the shaft.

(Right) This view shows the thickness of
the lower border of the neck. A shghtly
overreduced (adequate) posttion is dem-
onstrated, but 1t 15 sull practically ana-
tomic. The head could ship off the neck,
but the tendency here should be for the
head spicule to fall mto the cancellous
portion of the neck. (Bottom, left) 1 the
head spicule fails to fail mto the cancel-
fous portion of the neck, the result will be
as shown here.

(Continued on followng page}

1s bypassed by the neck, the head takes with
it, by ripping and avulsion, some bone that
is normally neck property. This leaves upon
the inferior half of the femoral head a V=
shaped mass of cortical or cancellous bone.
The apex of this funnel-shaped bony mass

head. Ths type is known as a transcervical
fracture. The actual viewing of a transcervi-
cal fracture shows not a straight lne of
fracture but an irregular surface first insulted
by a separation of the head from its neck
in the upper portion, and then, as the head
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Fic. 8 (Cont.). (Left) If the head spicule falls into the neck cavity, locking and
capping of the head upon its neck will occur as illustrated. {Right) Tg avoi.d minimal
reduction and doubt, plenty of traction, medial shift and internal rotation will produce
the ideal situation, as shown here. Note that upward thrusts are converted into impacting

forees, and note how much of these forces falls to the inner side of the head fragment.
(Compare with Figs. 12, 15 & 16)

points toward the neck. The object of re-
duction is to take advantage of this fortui-
tous anatomic circumstance (see Figs. 8, 9,
15, 17 & 20).

When the femorat shaft actually is shifted
medially, a point is reached where the neck
mass of bone attached to the head will com-
pletely invaginate the soft cancellous sheath
of the femoral neck. This is practically an
Intramedullary graft of the head to the neck.
The cortical shell of the neck cups and sup-
ports this mass and the attached head in
symbiotic bliss The most important area of
support thus gained is in the region of the
calcar femorale. However, due to the medial
shuft of the femoral neck, the superior lateral
portion of the femoral head overhangs the
cortical surface of the neck. This allows the
fem('yral neck to gouge into this cancellous
portion of its head and results 1n locking by
the head and the neck at two mam points,
COrteX to cortex (see Figs. 8,9, 12, 17, 19
&21),

Thus, angulating and shearing forces are

converted into thrusts that compress bone
against bone. The greater the thrusts, the
deeper the invagination and the locking of
the fragments. The acetabulum above and
the femoral neck below cause a “swedging”
to occur at the fracture site because it is
practically impossible for the femoral head
to escape from its neck. It does not matter
how much of the neck remains on the fem-
oral head so long as enough remains in the
lower half to allow invagination and engage-
ment of the fracture surfaces. Once engage-
ment of the head and the neck is correct, it
is of no moment what angle of fracture one
started with. The engagement and the lock-
ing ¢liminate shear and angulation and con-
vert these into compression forces. The
compression force varies the angle to the
most favorable situation possible by squeez-
g the inner portion of the head and its
attached neck against the caledr femorale,
which, in turn, levers and maintains the
head upon its neck, The superior lateral
portion of the femoral head then must settle



Hip Fracture

FIG. 9 A. llustrates a true anteropos-
terior view of femoral head and neck.
Note the position of the lesser trochanter.
Only this view, with traction, and head
and neck separated, is of diagnostic value
in considering the type of fracture and the
adequacy of the reduction. A roentgeno-
gram without the above features has no
significance.

Fia. 9 B (Left). A hup fracture that is a few hours old This view of overriding and
external rotation of the shaft would ndicate a garden varety of hip fracture.

Fic 9 C (Right). Under traction and internal rotation head and neck are thrown clear
of each other and stand in bold relief. The condition at the fracture site now 1s clear but
1s not of garden variety. 'Fhis emphasizes the value of the view advocated here

(Continued on followng page)

further into the lateral surface of the neck.
This mechanism must continue until the fem-
oral head caps its neck by shifting to re-
ceive directly the component of all thrusts
in line with weight thrust and muscle pull.
The head is locked firmly and “swedged”
into position, and compression forces now
are working correctly on certain areas of
contact, regardless of the obliquity of the
fracture one started with (see Figs 9, 12,
17, 19 & 21).

THE ANGLE OF FRACTURES

In an jnadequately (under)reduced or
in an anatomically reduced intracapsular hip
fracture, the more perpendicular and steep
the line of fracture is, the greater the effect
of telescoping, angulation and torque will be
at the fracture site. This is due to the fact
that there is no support of bone to bone,
and all that holds the head from slipping
downhill is the fixation material. Under
these circumstances, the fixation material
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Fig. 9 D (Lefr). A true laterat view of a femoral neck with the reduction anatomic.
Note that a spicule has been cut on the head that is posterior in location. Compare with
Figure 21,

Fio, 9 E (Righr). The lack of compleie internal rotation of the neck on the head is
shown, Note that the neck is hitting the head, and more mternal rotation will accomplish
fittle unless distraction is accomplished by traction, The fracture is also underreduced,
for the head fragment is medial to the neck frapment. Note that in this view the head
tifts downward, and there 1s o projection of the neek above the bead and of the head
below the nech, Compare with Figure 21.

RN e
Fi6. 9 F (Lefr). Qverpull by tracuon 15 demonstrated. Complete internal rotation
produces slight eccentricity between head and neck contact. Adequate reduction is
shown here, for, in addion to complete internal r medial dhspl rent of the
neck beneath the head has been produced Note ahgnment of head and neck.

Fi6. 9 G (Right). The result of wnpaction in the position is shown i F. The neck
now supports the head well, and the spicule on the heod has invaginated into the
feck and thus is hidden partially by the neck & Note the al of head
and neck and that no projection of the neck now extends above the head but that the
Teverse is true  Compare with Figure 21,

must support and subtend the head, and cance only in (1) subcapital fracture, and
;mce this is impossible, migration of the (2} transcervical fractures that have been
tad and the metal ensues. madequately (under)reduced or put to-
b n_“"' °bi_lquily of the fracture line at the pether anatomically. The observations and
'P is of interest and of prognostic signifi- the derived conclusions about the signifi-
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F16. 10. Cut surfaces of femoral necks vary in shape and size and cortical thickness.
Il:l general, she supertor and the inferior areas are the narrowest in diameter, the center
diameter being the widest. This allows the spicule on the head fragment to invaginate
casily because it is from the narrower portion of the neck.

1s not uncommon. A lateral view would show

that reduction 1s nadequate If more traction had been used, the neck could have been
shipped under the head. The neck has not been overpulled; thus, 1t has hit the head upon
iternal rotation and, therefore, has been blocked from internal yotation by hitting the
head. Close mspection of this anteropostenor view shows that the neck lies antenor to

the head. Locking 1s impossible because, since the neck hits the spicule on the head, it
ult a few months later.

can never get under the head for invagination (Right) The res

Now 1t 1s evident that the spicule on the head has always been behind the neck. This
farlure 1 spite of the medtal displ t, because tractton was used and
head and neck did not clear each other Osteotomy now is ndicated

Fic. 11. (Left} This type of reduction
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Fi6. 12, (Left} Contrast this comparable view with Figure 11, left. Note here how the
neck is under, and not anterior to, the head. Note the plain cvidence of locking of the
fragments, To get this neck under this head, severe traction and maximum rotation were
necessary, because this is a ong “beak” type of fracture. Note that more nail extends
out from the shaft than penctrates into the head. In contrasting this view with that of
Figure 11, left, note how both head and neck arc in bold relief and no overlap is
present. Note the overlap in Figure 11, left, because of the lack of anatomic line-up.
(Right) Solid bony union is present The nail has not shifted, although it is only a
comparatively short distance into the head. This nail would have shifted if locking of
bone to bone had not been present This demonstrates the slight angulating and tele-
scoping forces placed upon the fixation matenal in properly reduced and, therefore,

properly supported, femoral neck fractures.
shown in Figure 18, (McElvenny, R. T : S.

cance of these angles at the fracture line
have been made and derived from the above
ype of data and standards. These state-
ments and conclusions as to the effect of
obliquity of the fracture line have no signifi-
cance as regards prognosis when applied to
transcervical fractures in which proper 1e-
duction and fixation are achieved.

It is evident that if both levers forming an
angle are freely movable in all directions at
the point of intersection of the levers, no
angle need remain constant. In dealing with
transcervical hip fracture, it is possible to
overpull and shift the neck to a point under
the head where locking of the fragments
oceurs. In this situation the thrusts are bone
1o bone and not bone to metal to bone. The
metal serves only as a guide and prevents
external rotation of the neck upon the head.

This 1s a view of the left hip of the patient
Chin. North America 29:47)

If the latter should occur, the fragments will
be disengaged from their locked position
(see Figs. 2, 8,9 & 20).

Bony UNioN

It is not difficult to reduce a hip. It is not
difficult to do an osteotomy. It is difficult at
times to keep in mind what makes fractured
or grafted bone fulfill its destiny and unite.
For years man has known that, all other
things being satisfactory, bone tends to unite
if torque (rotational), shearing (te]escop_
ing) and angulating forces are eliminated.
However, the ¢limination of these factors is
of little value unless at the same time all
available bone surfaces are apposed to one
another and squeezed physiologica]ly into
firm and intimate contact by a constant com-
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/ .
Fic. 13. (Top) Lines similar to these shown are used on the wet spot roentgenograms to
indicate inadeq or adeq reducti Figure 7 illustrates this point. On the left an ade-
quate reduction is shown, and on the right an inadeq reduction 15 d rated, I d
fractures show the same situations, provided that the roentgenogram is taken with no Jesser tro-
chanter visible in the film
(Bottom) Here is an impacted iatracapsular hip fracture which, on the left, shows a roentgeno-
gram taken in external rotation This roentgenogram is not of diagnostic use. On the right 2
stmilar view is shown with the limb rotated mternally. Note that both head and neck are in clear
relief, and all criteria of adequate reduction obtain. This is a so~galled abduction type of
impacted hip fracture Reduction is not necessary; all one has to do is p at. The adduction,

or madequate, type
must be pulled apart
and reduced until it
achieves the situation
shown mn this illus-
tration If, after view-
1ng either type of 1m-
pacted fracture mn the
corréct position, a
subcapital type 1s en-
countered, osteotomy
of the McNeur type
ts the immediate
treatment of chorce.
Contrast this with
Figures 11 and 12
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Fia. 14, (Left) Schematic drawing showing a level pelvis and traction to the normal
Timb, Note that complete external rotation of the affected limb is demonstrated and that
abduction obtains. The clearing of the head by the neck is shown plainly, Because of
this clearing by traction, complete internal rotation and medual displacement are pos-
sible. Note the position of the rocntgenogram tube. Note the traction on the normal Lmb.

(Righ?) From a position of external rotation and abduction the shaft now has been
completely rotated internally and adducted. Note the position of the foot and the knee,
Note that distraction is present. The hip is maintained in this position by the locking of
the table, and fixation now is completed with no disturbance of this situation until the
procedure js completed and proved to be so by roentgenographic views. Compare with
Fugures 15 and 16. (McElvenny, R. T.: S. Clin. North America 20:34 & 36)

pression force directed at right angles to the
line of fracture or the line of apposition
Where union is desired. The most potent
factors supplied by the body to furnish com-
pression forces are muscle pull, tissue weight
and body thrust. It is obvious that unless
these components work upon bone surfaces
correctly, thereby more firmly locking or
pressing together the broken ends or ap-
Posed surfaces, nothing is gained except an
Inerease in the effects of torque, telescoping
and angulation,

. M?tal fixation is essential at times. Be
it wite, screw, band, plate or rod, the
compression force at right angles to the

surfaces that are to unite must be the domi-
nant force along with the most intimate con-~
tact possible between the fragments.

A hip pin is only a metal rod along which
the head and the neck glide to be com~
pressed and locked together in intimate
contact by muscle pull, tissue weight and
body thrust Unless the femoral head is
locked to its neck and the compression
forces are at right angles to the area where
unjon is to take place, failure results. A
correctly performed osteostomy and a cor-
rectly reduced hip presume the shifting of
both the femoral head and the femoral neck
in order to obtain this ideal situation.



FIG. 15.(Top, left) The fracture at admission. The shaft is in external rota-
tion, and overlap is evident between head and neck. Further, one cannot say
whether the “beak™ is or is not fractured away from the head. From views like
this it is impossible to tell the type of fracture or, very often, the condition of
the femoral head. See Figure 9 A-C and 16, top, left.

(Top, right) This view was taken under severe traction, and complete internal
rotation throws head and the neck nto complete and bold relief. Reduction
now is adequate, and invagination is possible. The “beak” is attached firmly
to the head fragment. From this view, and this view alone, can one determine
what the fracture is. This view is of true diagnostic significance. At this time one
determines to pin a truc transcervical type or to osteotomize a subcapital type.

(Bottom, left) Four days after pinning. Notc the slant and the depth of the
nail. The medial side of the head has deeply invaginated the neck. On the
lateral side the neck has invaginated the head fragment. Firm locking has been

h d, and all p now will be favorable for union. R

(Bottom, right) Four months after fixation. Laterally and medially invagina-
tion is evident. The nail has not changed its position. Weight-bearing can
start now.




Fi6. 16. (Top, left) The fracture at admission. From this view it is ilhpossiblc to

determine accurately the amount of neck on the head or the true type of fracture. Exter-
nal rotation of the shaft is present. The head has been spun so that its fracture surface
looks to be somewhat posterior. (Top, right) Severe traction, complete internal rotation,
medial shift and adduction show that reduction has been achieved. Note the clear relief
of head and neck. This is n midneck fracture with plenty of bone on the medial and
the lower portion of the neck. It is evident that the proposition of having the head
invaginate the neck, which constitutes an adequate reduction, obtains here.
_ (Bottom, lefr) The nail is at the correct position and depth. Note that the guide wire
is deep in the acetabulum to fix the head so that it will not shift or turn as it accepts
the nail. Severe traction still is maintained. Distraction between head and neck remains.
No impaction is necessary or desirable. (Botrom, center) Six days after pinning. The
head has settled well on the waiting neck 1n correct relationship. The situation now is
3\'ell in hand, and union is predictable. The nail is sct deep, but has been run out and
in a few times, so that it slips easily. This is done so that, if too deep, it automatically
extrudes to the exact minimum to clear the acetabulum. All that is necessary is to
Pprevent external rotation of the neck on the head. The locking of the fragments sub-
tends the head on the neck. The nail is placed deep, as tipping of these long neck frac-
tures without a marked “beak™ is surely a tendency. (Bottom, right) Four months
after pinning. Note bone beneath nail at fracture junction. No shifting of the nail has
occurred. Weight-bearing was started at this time, the patient using only a cane.
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Fi6. 17. (Top) This is a typical subcapital
type of fracture. Note the distraction and the
diagnostic quality of this view under severe
traction and internal rotation. Note that on the
upper superior portion of the head there is a
projection of neck that prevents the medial dis-
placement of the shafr. This patient had a car-
ciioma of the urethra  Intensive radation was
given with adequate portal protection. A year
later she developed the fracture shown here.

(Bottom, left) Repeated attempts at overpul]
and medial displacement failed to gain an ade-
quate reduction. It was thought that if the
head could be slipped lateral to the neck, the
projection on the upper outer portion of the
head would lock the head to the neck. The
capstile of the hip joint was opened anteriorly,
the index finger spun the head to varus, the
shaft was displaced medially and then the head
was spun into valgus. The position obtained was
fixed as shown here. This treatment of a sub-
capital fracture seldom is possible and is not
advocated. An osteotomy is routinely a better
choice,

(Bottom, center) Two years later the patient
was watking normally without support. Sud-
denly she began to complain of stiffness and
vague pain in the right groin, Until this time
no complaint of the right hip had been reported.
A roeatgenogram taken at this time showed
some varus ss compared with roenigenograms
of this hip taken 2 years before. Lamnagraphic
studies of this right hip then were made,

(Bottom, right) Laminagraphic study afforded
two or three views that confirmed the intracap-
sular hip fracture. This again proves what the
author has contended for 20 years—that an
intracapsular hip fracture, in face of inadequate
trauma, is a march or so-called “fatigue™ frac-
ture. In these people the hip is fractured days
or hours before the actual disengagement. The
external rotation separates the neck from the
head, and these people fall because of this. T!\ey
do not fall and then break the hip Qne view
confirmeng the fracture js shown here

(Continued on following page)
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Fi6. 17, (Left) Onc year after fracture of the right hip and 3 years after frac-
ture of the left hip. Note how the left hip has scitled in an almost anatomic position.
At time of pinning the right hip, the nail was removed from the left hip, as it was solid.
Because of radiation therapy, bone grafts were placed to contact the upper outer quad-
rant of cach head in an ellort to shmulaie the celis of these heads and inspire them to
Ine. The common breahdown point 1n heads that are dead or dying at time of fixation
is the upper outer quadrant. Here the full thrust of weight-bearing is received, and,
therefore, functional and metabolic demands on these cells are greatest. It takes live
cells to stand the demands. Note that on the right, slight varus now obtains, and the
fracture line shown at bottom, right, page 224, is evident at the cortical break on the
undersurface of the neck and afso at the superior surface.

(Right) Seven ycars since the left hip fracture and S years since the right hip fracture.
The patient lives a practically normal life without using external support. Occasionally,
after a full day, she notices some vague ache and shight stillness in the left hip. To date,
this is of no consequence to her. She has no limp, no imitation of activity. The future of
all hip fractures after 10 to 12 years 15 always debatable. Constant demands and
stress following an injury of this sort, which, to start with, is often pathologic in
some way, work on all tissue, including bone. Twelve to 15 years of normal living with
a good solid hip beats the best substitute that we have now. Unite the hip and give it a
chance to wear out. Do not unite 1t and 1t rusts out, because no life remains in the cells
of the femoral head,

NoxunioN

i A well-reduced hip never changes its posi-
tion. The metal does not shift, The fracture
s locked in position, bone to bone. A Te-
d.uced hip is practically painless from the
time of pinning. Active control of the limb
with complete internal rotation is present.
lhe:A lﬂc_k 0{ full internal rotation, pain in
of groin, fimp or some slight migration
d ﬁm'e}al ‘“d}Cﬂ!e trouble and the need for
clinitive action, An osteotomy at this time
Produces bony union, while waiting produces
Bredter deformity or complete disengage-
ment (see Figs. 3, 7, 11, 12 & 16).

DEeLAYED Union

F (P . .
- tank nonunion is evident, while delayed
Of s a subtle condition which, once

understood, is easily recognized and, once
recognized, can be turned into bony union
by an appropriate osteotomy.

Delayed union is fibrous union at the
fracture site. The head adheres to the neck,
but slight motion is present. This motion
causes refracture and irritation of the callus
mass, which proliferates about the fracture
site. The constant increase of this mass is
picked up easily by serial roentgenographic
studies.

If one deliberately placed cellophane be-
tween the fracture surfaces of the head
and the neck of the femur, one would
expect to have, following fixation, a routine
disintegration of the femoral head. Delayed
union produces a fibrous barrier to the nor~
mal blood supply of the femoral head, with-
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out which the cells of the femoral head can
live for only a limited time. The cells de-
mand nourishment because the fixation
materjal holds the head and forces it to
function. The demand on these head cells
is far greater than if no attempt at reduction
had been made, for then the disengaged
femoral head lives as a loose body lives.
Once delayed union is established, imme-
diate bony union can be obtained by an
osteotomy, with or without a bone graft.
These procedures, performed early and cor-
rectly, ordinarily will give immediate bony
union and will save the femoral head. This

Fi6. 18. (Top) Photograph of the patient shown
in Figure 12, 5 years after the “beak” type fracture
of the left hip was pinned. When this photograph
was taken the patient was 66 years of age and was
enjoying normal hip function and normal activity.
A few weeks later her right hip disengaged while
she was running down the basketball court in play
with some of her college students.

(Bottom, left) The right hup also shows a “beak”
type of fracture. The reduction is adequate.
(Bottom, right) The hips of this patient 13 years
after fracture of the left and § years after fracture
of the right. At this time there 1s no curtailment
of activity, no pam and no limp Because the nail
protruded so far, 1t was pulled out when the right
hup was fixed.
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Fi6. 19, (Left) Three months after reduction and pinning. Note that internal rotation
has put the nech under the “beak™ of the head, but mediaf displacement is so sfight that
only a minimaf chance of locking and invagination ts possible. For a few more weeks
one will not know what will happen, Which way will the “beak” on the head go? Will
it catch on the cortex of the neck and foch? Wil it shp to the medial side of the cortex
of the neck and begin falling off or move around like  pill in a box and develop non-
union? (Center) Six months later the patient disengaged the left hip. This was reduced
with no doubt about reduction. (Right) A few days later this roentgenogram showed the
left hip to be well sentled on the nech in the correct position. The right hip fell and
loched to the nech and is now solid. The left hip is predictable and will be solid also.
The patient has equal and full control of both hips at this time. The nail is not deep
¢enough but will be adequate and will not shift. Note the almost identical position of

both heads as to valgus and position upon their respective necks.

one fact is the most important single con-
sideration  in anyone’s conception  when
a‘ea!ing with fractured necks of femurs. De-
layed union can be picked up within the
first 8 months following fixation. Usually
femoral heads can be saved within a year
of the time of original fixation (sce Figs.
3&4 ).

VALGUS AND VARUS

Y“IBUS and varus are terms which de-
sctibe 2 fixed attitude at or near a joint If
the apex of the angle of the two levers form-
ng the joint while in the anatomic position
Point toward the mid-line of the body, a
Yalgus position obtains. I the apex of the
angle points away from the mid-fine of the

dy, a varus Pposition obtains.
an lor_e’“‘"‘Ple, the elbow’s normal carrying
ﬁQEe 1S a valgus, 1t adds beauty and func-

0:1‘ 10 the part in line with the rest of the
thi Y- 1f a fracture occurs about the elbow,

3t - .
S angle can be varied or even made into a

cubitus varus at the will of the operator.
The bone unites with equal facility whether
the parts are placed in a valgus, a neutral
or a varus position. Similarly, obtaining a
valgus of the hip fracture does not by itself
imply union. However, obtaining a valgus at
the hip in face of the fracture has much to
do with length, symmetry and function of
the limb. A well-reduced hip is locked bone
to bone in a valgus position, for, in this
position, maximum length and function are
obtained. Poorly reduced or ill-chosen hips
do not unite promptly, whether or not they
are placed in a valgus position (see Figs.
4&7).

CLOSED REDUCTION OF FEMORAL
NECK FRACTURES
INDICATIONS

Only transcervical fractures can be re-
duced and fixed successfully, There is no
way to lock and hold a subcapital fracture
firmly and routinely to its neck, and these
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Fic. 20. (Top)
Showing the me-
chanical soundness
of the principle of
the reduction advo-
cated. Represcnted
on the blocks are the
medial (inferior) and
the lateral (superior)
cortical  projections
of the head and of
the neck. Locking
can occur only in the
“third" position. All
other posttions are
folly. (Bottom) Here
we see the mechani- P
cal sctup of a sub-
capital fracture. Note
that no cortical pro-
jection 1s on the head
that will allow the
gaining of a “third,”
or favorable, posi-

U

Vi
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157 POSITION

{anotomic)

S A
\‘ ¥

rd ‘\ 7 \

2N POSITION 3R POSITION

- {underreduced) {overreduced)

tion. Peculiar anatomic circumstances, as shown in Figure 17, occur at times, but in these cir-
cumstances an immediate osteotomy is 2 more dependable way of obtaining union. The only way
that the “third” position can be obtained routinely 1 a subcapital type of fracture is to turn the
neck up to prevent the head from sliding away from or falling off its neck. This fact 1s illustrated
by the blocks on the night. Compare with Figures 22 to 25. (McElvenny, R. T.: Quart. Bull.

Northwestern Univ. M. School 24:274 & 276}

x - /~\
3r0 POSITION

foverreduced)

IsT POSITION

(onatomic)

SUBCAPITAL FRACTURE

fractures should not be chosen for closed
reduction and pinning, Properly reduced
and fixed transcervical fractures unite with
bony union rapidly (10 to 12 weeks) almost
without exception.

THE RATIONALE
Traction

Traction must be severe. A pull of 80 to
100 pounds on the affected side is essentral
to achieve actual medial displacement of the
femoral shaft. To accomplish this, the fol-
lowing points are important.

A The feet are wrapped from above the
ankle to the toes in layers of sheet wadding
and then are bound firmly to their supports
by multiple turns of muslin bandage, starting
well above the ankle, Following this, 2 com-
plete roll of 2-inch wetproof adhesive tape
is used to cover the muslin wrap firmly.
The fest must not escape their confines. If
they do, all control of the limbs is lost, and
failure to achieve reduction follows. During
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Fia. 21. (Top) A true Iateral view of an
intracapsular hip fracture is as informative
diagnostically as an anteroposterior vicw,
Here illustrated is a markedly inadequate
(underreduced) intracapsular hip fracture,
Note the shortened neck, although the
lateral is well posed and shows a true
view of the neek  Note that the head is
posterior (dorsal) to the neck. Note how
the head hangs below the neck on the
lesser trochanteric side. Note how the neck
projects above the head on the side of the
greater trochanter. An ostcotomy was
done on this patient but, duc to a techni-
cal error, 3 wecks postoperatively it was
an absolute fajlure—the only failure in
18 osteotomies. A lateral view that shows
this position or any overlap between neck
and head means that the fracture is not
reduced. This figure is comparable with
that in Figure 9 E.

(Center) This is an anatomic reduction
and 1s the lateral view of Figure 7. Note
how head and neck line up. They are ana-
tomic, and this means that reduction is
inadequate. This iflustration is com-
parable with Figure 9 D

(Bottom) Showing an adequate reduc-
tion; it is comparable with Figure 9 G.
This lateral view shows full neck length,
and the head on the greater frochanteric
side 15 above the neck. There 1s absolute
alignment, as regards a straight line, be-
tween head and neck. The internal rotation
is complete and shightly eccentric (over-
reduced) so far as the spicule on the head
1s concerned To understand hip reduc-
tion, one must understand the interpreta-
tion of lateral views, and those shown here
are deserving of serious contemplation.
This view 15 of the hip in Figure 16.

the operation the feet turn blue, but no com-
Plication has occurred.

B. The perineal post must be well padded
where it comes into contact with the patient.
If a roentgenographic head is slipped be-
t_ween the thighs for lateral views, the normal
limb may be abducted, raised or lowered,
but traction must be maintained on this limb
to keep the pelvis level The perineal post
must not be over 2 or 3 inches in diameter.
If. the post is larger, it may prevent medial
dxsplucement of the femaoral shaft by pressing,

against the soft tissue of the thigh when the
affected limb is adducted to neutral (see
Fig. 5).

C. The pelvis must remain level on the
table. This is accomplished by first pulling
down on the normal extremity sufficiently to
set the pelvis against the severe pull that is
later applied to the aflected limb. If the
pelvis shifts to the affected side and then
depresses, a relative abduction is produced.
This interferes with true medial displace-
ment of the femoral shaft and prevents true
adduction of the limb. A proper reduction
i; 1t]5]§n practically impossible (see Figs. 6
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D. Traction of the severe type is main-
tained and never released wntil the fixation
material has been placed correctly and the
wound is being closed (see Figs. 7 & 16).

The Hip Capsule and Internal Rotation

The capsule is a tough fibrous envelope
and at normal tension fits the head
and the neck well. In fracture through
the neck with overriding, the capsule be-
comes relaxed and allows external rotation
of the neck on the head, with resulting dis-
engagement and bypassing of the fragments.
Under severe traction the capsule is stretched
to its limit so that it presses, molds and sub-
tends the head and the neck and furnishes a
guide or a template for lining up the frag-
ments. From the lateral view, anything less
than complete internal rotation of the limb
fails to get complete reduction of the frac-
ture. The reason is that, since the posterior
capsule is tense, the neck fragment cannot
go into internal rotation farther than the
point where the neck hits the posterior cap-
sule. Under these circumstances, marked
overreduction is practically impossible. If
internal rotation is not full, the complete
buttress (calcar femorale) is not completely
under the whole head. This can and does
lead to failure of the bony mass on the
head to invaginate the neck. This mass, if
small and posterior on the head, will then
stay posterior 1o the neck and faul to contact,
and thus lock into, the neck. Complete in-
ternal rotation is gained when the patella
points directly medially and the medial con-
dyle of the femur points directly downward
(see Figs 8,9, 11 & 12).

Medial Displacement of the Shaft
This is accomplished with the leg in ab-
duction under severe traction and in internal
rotation. The operator places his hands on
the great trochanter and pushes firmly down-
ward and medially (see Figs. 14-17).

Adduction of the Limb
After internal rotation and medial dis-
placement have been proved by roentgeno-

grams, the traction is maintained, and the
leg is adducted to neutral, with internal ro-
tation also maintained. A roentgenographic
check now is taken in both the anteroposte-
rior and the lateral planes. If the medial
displacement is still present with the limb in
adduction, no angulation force will be ex-
erted against the fixation material becavse
the shaft actually is displaced, and the weight
thrust through the shaft is in direct line up-
ward and for the most part falls medial to the
head (see Figs. 8, 9 & 14). .

Roentgenographic Views

Anteroposterior View. The only view
that is of diagnostic significance is one with
the limb in complete internal rotation. In
this position the full length of the neck is
shown. At the time of reduction complete
relief of both the head and the neck is ob-
tained for study, due to the traction and the
internal rotation. This view determines
whether one is dealing with a subcapital or
a transcervical fracture. From this view cor-
rect or incorrect reduction is determined,
and the progress of the fracture can be fol-
lowed accurately. Any anteroposterior view
with less than complete internal rotation of
the limb fails to be of diagnostic significance
(see Figs. 4,7, 8, 9 & 17).

Lateral View. A ftrue lateral view is as
good a diagnostic aid as an anteroposterior
view. Anything less than a true lateral view
is an oblique view and is useless for judging
a reduction. Complete internal rotation of
the shaft must be present to obtain a true
lateral view during hip pinning. Frogging
the limb has no place in this procedure.
Furthermore, under traction, and with the
setup advocated here, frogging the limb is
impossible.

It is evident that unless a true lateral view
shows the fixation material centering the
head and the neck, the spherical shape of
the head will let the nail come through the
head and contact the acetabulum and never
show this unfortunate circumstance in the
anteroposterior view. Therefore, it is axio-
matic that, unless the fixation material
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Fie. 22. Various
types of ostcotamics
(after James Dick-
son). (A) Haas. (B)
Blount. (C) McMur-
ray (the Reich nfhlli-
tion is an exquisite
modification of this

conception). We have
added severe traction
and the Steinmann
pin, The traction re-

gains length, throws
the head into valgus
and obtains contact
by physiologic com-
pression, which, to
the author’s way of
thinking, is sufficient
for bony union any-

where, The Stein-
mann pin gets the
greater  trochanter

down the shaft and
out for good lever-
age. The pin also
maintains  internal
rotation and medial
displacement of the
neck untit healing
has progressed far
enough to maintain
the situation (see Fig.
23). (D) Leadbetter.

This is a valuable procedure for certan subcapital fractures and certain slipped upper femoral
epiphyses. A procedure such as this and the others demonstrated here show that these men
may not have advocated correct (accepted) procedures but they certainly favored procedures
that accomplished the purpose. Between these two conceptions is a canto as big as life itself.

centers the head in the lateral view, the
lateral view, not the anteroposterior view,
must be used to judge the nail depth (see
Figs. 9, 14 & 21).

The Fixation Material

Multiple small pins, threaded only at the
point, are excellent in discouraging rotary
motion of the femoral head upon its neck.
The only disadvantage for many is that the
pins are more difficult to insert correctly.
For this reason, these pins may diverge so
widely that the head does not settle well on
the neck, locking may be prevented, and
failure results,

According to reports, lag screws or spring
tension screws also serve well if the head is
transfixed and drawn down tightly upon the
neck to ensure locking of bone to bone. In
some cases, the hole in the femoral shaft must
be larger than the shaft of the screw. If firm
locking of the head and the neck is mot
achieved, the further settling of the head
upon the neck can cause upward tilting of
the shaft of the screw, with falling-away of
the head and consequent failure. All types
without plate have the same disadvantage as
the cannulated nail.

The cannulated nail makes an excellent
rod for the head to be guided onto the neck.
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Fic. 23. (Top, left) Shows the original pinning a few weeks after fracture. Note that
the nail is well placed but that the reduction 1s inadequate. It Jacks medial displacement.
The neck fragment on the head is below and medial to the neck. Failure in this situation
is predlctablc (Top, center) Sixteen months later. The nail was thought to be causing
the pain 1n the hip and was removed 2 months previous to the taking of this roentgeno-
gram. Delayed (fibrous) union is evident. (Top, right) Under severe traction the head
separates from the neck, proving fibrous union. This type of cohesiveness between head
and neck prevents the establishment of normal and, therefore, an adequate blood supply.
Note that overpull has established length. The rod is anterior to the neck and 1s shew-
ered in to establish line of osteotomy (Reich).

(Bortom, left) The osteotomy 1s 1 and displ and internal rotation
are considered to be adequate. Note the rod lhnt is thrust through the greater trochanter,
which then 1s levered down the shaft. Then the rod 1s dnlled through the shaft to main-
tan the trochanter, mternal rotation and med:al displacement. It allows free compres-
ston forces to settle the head on the neck, although this rod is incorporated into the
spica. It 1s spun out 3 weeks later (Bottom, center) In plaster after rod has been spun
out. Note the degree of abduction. More abduction than this increases medtal displace-
ment and will gtve overcorrection and marked knock-knee deformuty. (Bottom, right)
Unton obtained. The patient is free of plaster, and weight-bearing has been started.
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Fic. 24. The James Dickson osteotomy, Dickson now advocates
a 30° angle rather than the 60° angle illustrated. The season, he
states, is that union &s as sure and as rapid, but the functional result
is superior. {Dickson, 3. A.: 1. Bone & Joint Surg. 29:1008 & 1009)

It is strong and broad and thus prevents ex-
ternal rotation of the neck upon the head.
It can be inserted easily and accurately par-
allel with the calcar femorale in the lower
half of the head and the neck, If it is placed
10 a depth of within ¥ inch of the articular
surface of the femoral head, its subtending
Properties arc improved. In spite of its size
it does not seem to harm the femoral head.

It is a simple matter to drilt a Yh-inch
hole in the shaft, extending into the neck.
The guide wire is run through this hole. By
Probing with the wire to the medial cortex of
the femoral shaft and feeling one’s way up-
ward from this, one finds that the wire
usually will follow the calcar femorale and
end Jow in the neck, paralfe! with the calcar
femorale, provided that the drill hole is
Started far enough below the greater tro-
chanter,

Rnentgcnograms will show the positioning
of the wire, Xf it is incorrect, the next wire
s put alongside the first, the angles are
Varied easily and the depth is altered by

pr .

studying the roentgenogram, The second
wire is put home, and the first wire is re-
moved. Roentgenograms now prove the
position of the wire in both planes. If
placement is satisfactory, depth is adjusted,
if necessary, and the nail length is measured.
Then the wire is driven through the head
and into the acetabulum—before inserting
the nail. The deep wire prevents the head
from spinning as it accepts the nail,

The disadvantage is that the nail does hot
discourage smalt rotary motions of the head
upon the neck. The nail is only a rod; its
purchase in the head is similar to the en-
gagement of a femoral rod in a supracondy-~
lar fracture of the femur. This purchase,
in both instances, is inadequate. Most frac-
tures of the transcervical type lock bone to
bone i such a manner that they climinate
shear, angulation and torque. However, due
to peculiar anatomic factors, there are cer-
tain fractures that do not change position
but allew some rotary motion, In spite of
invagination this motion is present,
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LrnGTH OF BONE To BE REMOVED AT THE

BASE OF THE WEDGE FOR VARYING BONE

DIAMETERS TO PRODUCE A GIVEN ANGLE
OF ABDUCTION

DIAMETER  ANGLE OF ABDUCTION REQUIRED
orf Bong 20°  30° 40° 50°  60°
(INCHES) Base of wedge in inches

035 053 072 093 115
042 064 086 1.02 138
049 075 101 130 151
056 085 LI5S 149 185
063 096 129 168 208
070 1.07 144 186 231

[ ey ayope:
ocwonive

Fic, 25 A. The J. C. McNeur modifica-
tion of the Dickson osteotomy. {Fig. 25
A-C in McNeur, 1. C.: 1. Bone & Joint Fic. 25 C. McNeur's table that estab-
Surg. 35B:189 & 190) lishes the amount of bone to be removed

to obtain the correct angle for a chance of
maximum union with the best functional
result.

SV

Fic.25 B An example of the procedure from McNeur’s article.
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A nail placed correctly and decp inn well-
reduced fracture usually suftices. The forces
are bonc to bone, with the metal holding
the position. I the forces arc bone to
metal to bone, failure ensues. The bone
must Tiold the metal; the metal cannot hold
the bone. The head settling on the nail,
which is in dircct line of the weight thrust,
extrudes some nail out of the femoral shalt,
but the depth of the nail in the head remains
constant. Once seutling and locking occur,
the head cannot drop off the neck unless
external rotation of the neck on the head is
allowed. However, if the design of the frac-
ture is such that slight rotary motion of the
head on the neck is not prevented by locking
of the bony fragments, the najl will be slowly
milked out of the head. Once the nail starts
moving, the head will not shift untif the nail
is completely out of it. At this time migra~
tion of the nail ceases. Since delayed union
is present, external rotation of the neck on
the head is possible. If this occurs, disen-
gagement of the fragrents follows.

Tt appears that the use of a pin or two i
addition to the nail would have prevented
the complicating factor of torque that has
plagued s oceasionally. Once the mail is sct,
the guide wire sticking out from the nail
gives the line for accurate and quick setting
of the additional pins whose Jength already
is known from the nail used.

The Pugh nail is composed of two parts.
The first part is a unit of sleeve and plate.
The second unit is a nail deeply flanged and
tapered at the tip with a smooth, keyed shaft
to fit the counterpart of the sleeve and thus
prevent rotation of the nail in the sleeve. In

addition to the above, 4 friction sing is pro-
¥ided, which offers enough resistance to slid-
ing to discourage the nail from dropping out
of the head, but not enough friction to pre-
:'ig;-the head from settling upon the waiting

This gadget is similar 1o the one devel-
oped by Massie. The following advantages
ftem to be apparent: (1) Sewtling of the

head upon the neck is encouraged by the

sleeve and shaft action. (2) Tilting of the
nail shaft within the femur is prevented by
the sleeve and plate. This should prevent the
head from falling toward varus due to il
fitting between the nail and the femoral shaft.
{3) Penetration of the nail into the acetabu-
fum is not likely. This allows deep setting of
the mail. (4) Wider application of the unit,
as it may be used for intracapsular, intertro-
chanteric or subtrochanteric fractures.

The disadvantages of this nail are fewer
than those of the Smith-Petersen. However,
this sliding nail will allow slight rotary mo-
tions of the head upon its neck. This will
cause delayed union and aseptic necrosis of
the femoral head. Adequate reduction, or
osteotomy, is still essential if firm locking of
bone o bone is 10 be achieved. I the re-
duction or osteotomy is not proper, the nail
will move out of the head or cut through as
the head travels jts fateful way to varus.
Additional pins are still essential to prevent
the slight rotary motion that occurs in some
fractures in spite of adequate reduction and
locking of bone to bone. This locking pre-
vents tipping of the head away from the
neck but will not always Jock tight enough
to prevent the slight motion at the fracture
site. For this reason, an extension should
be made above the sleeve to allow the quick
insertion of pins, threaded on the end, to be
run parallel with the nail and into the fem-
oral head to discourage this rotary tendency.
This template could be attached by a male
counterpart to the sleeve and be used over
and over for either the insertion of a pinor a
bone graft. Cannulated drills should be
furnished to fit over guide pins in case bone
grafts are desired.

Further, the design is awkward if one is
to combine an osteotomy with hip pinning.
The reasons for this are: (1) Once the naij
is set into the head, the fiting of the plate to
the shalt is awkward [allowing osteotomy
and shaft abduction. (2) Bending and
molding of the plate take time and pu
strain and torque forces upon the metal and
the proximal bone fragment. ¢3) The sleeve
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is too long for routine use, An ideal design
would incorporate the principles of the
sliding nail with the McLaughlin adjustable
plate. Such a nail is now in production.
This new nail should serve in most fracture
situations about the hip, including primary
osteotorny at the time of pinning.

THE PROCEDURE

1. The feet are bound, and the pelvis is
set by traction to the normal extremity.

2. The affected limb is rotated externally,
and traction is applied. External rotation
allows the neck to bypass the head.

3. With the limb in external rotation, it
is placed in about 50° of abduction, and
more traction is applied. The adductors are
tense and stand out. The pelvis remains
level.

4. An assistant loosens the rotation screw
to the footpiece. As he rotates the foot in-
ternally, the operator at the same time
rotates the limb at the knee. Full rotation
should occur easily and with little effort. If
this is not the case, more traction is needed
to get the neck under and free from hitting
the femoral head.

5. When full rotation is gained, the op-
erator places his hands upon the greater
trochanter and pushes down firmly and
medially.

6. With traction maintained and increased
slightly, the limb is adducted to neutral.
Next, roentgenograms are taken. If these
are of guality and reduction is achieved,
the table arms are set, and the patient is
prepared and draped.

7. Pinning is accomplished through a
lateral incision. A starter is threaded over
the guide wire and macerates the cortex; the
nail then has a close fit with the shaft. After
the roentgenogram proves the procedure
correct, the heavy traction is released, and
the wound is closed (see Figs. 14, 17-20).

8 Once the nail has been set, impaction
of the fragments is not indicated or essen-
tial. Some men first obtain adequate reduc-
tion and then release traction. If lockmg and

invagination occur, the guide wire is inserted
and the pinning is completed. If, on the
other hand, a Massie or a Pugh nail is used,
it is first set. Traction is then released and
the fragments are impacted without beating
the head up. In any of these methods, fol-
lowing completion of the nailing or naiking
and impaction, the small torsion pins are
inserted (Figs. 15-19).

THE OSTEOTOMY

INDICATIONS IN THE ADULT

1. In fresh fractures of the hip this opera-
tion is 2 must in the subcapital type.

2. This operation is indicated in trans-
cervical fractures that cannot be reduced
adequately for any reason.

3. At the first sign of delayed union or
nonunion an appropriate osteotomy is indi-
cated.

4, For old delayed union, for nonunion
and many cases of so-called dead heads, a
certain type of osteotomy is indicated.

5. For certain painful hips that result
from degenerated heads, or in poor mech:m'i-
cal sctups following cup arthroplasty, this
procedure in one of its forms offers much to
many people.

OsTEOTOMY ABOUT THE TROCHANTERS

This procedure dates back over 100 years
In the early 1900', Lorenz, Haas and othel:s
were using this procedure for many condi-
tions about the hip, McMurray used an
oblique osteotomy with medial shift of _thc
shaft to relieve pain from degenerated hlp_s,
Later, Reich applied more exactness to this
procedure and advocated it for repair of
nonunion between head and neck. Lead-
better, just before his death, advocated a
higher osteotomy through the femoral~ neck
for treatment of nonunion or as a primary
method in treating femoral neck fractures
(see Fig. 22).

In using the oblique displacement oste-
otomy, many failures were encountered
because severe traction was not used to
overpull and restore length before perform-
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ing the ostcotomy as high as possible and
still be able to pet shaft displacement.
Severe traction should be diminished onty
following the displaccment of the shaft and
the fixation of the Steinmann pin in plaster,
Alter traction is released, the muscles re-
tract, and the shaft snugs up tightly against
the head and the greater trochanteric frags
ments, This gives the right compression
forces, and union usually follows,

If osteotomy is done ot a level for dis-
placement, with no traction and no internal
rotation, the fragments have indifferent con-
1act, the compression forees fail 1o act, and
failure often results,

Proper metal fixation is hard to apply with
any degree of confidence. Often the plate
cuts out, displaces or holds the 3 fragments
apart. These cascs do best in plaster spicas.

This writer has donc 18 of these osteoto-
mies for nonunion of the femoral head and
neck during the past 14 years; overpull and
plaster spica were used in all. Sixteen of
these cases presented excellent results. Re-
gardless of the condition of the femoral
head, whether it was degenerated at time of
operation or not, the medial displacement of
the shaft and the added support to the fem-
oral head have given these people tremen-
doxlxs endurance, absence of pain and normal
activity for everyday living. For this reason,
oblique osteotamy might have a valuable
place in the treatment of painfut hips
that sometimes follow cup arthroplasty
Because of the technical factors and the
plaster spica, this type of osteotomy never
has had the acceptance it really deserves

(see Fig. 23),

IMPROVEMENTS 1N QSTEOTOMY FOR
CERTAIN Tyrrs oF Hip FRACTURE
Dickson’s Osteotomy
" Ducing the past 15 years, James Dickson
l;\s developed an exact angulation osteotomy
: A has great potential and carnes the fol-
:ng advantages in the treatment of intra-
r“PSular hip fracture: (A) Limb length is
estored awtomatically. (B) Hip motion 15

not compromised, (C) Early mobilization
without plaster is possible. (D) The metal
fixation is firm and dependable at the broad,
closely apposed osteotomy site. (E) The
same metal fixation penetrates the femoral
head similarly to a hip pin and guides this
fragment onto the upturned and waiting
neck in correct position. This position
changes shear and angulation forces to direct
compression forces and thus fulfills the cri-
teria for rapid bony union at the fracture
site, (F) In fresh fractures a good reduction
can be obtained. The fragments are pinned.
The osteotomy then converts the fracture
line to the proper plane for bone healing.
As a primary procedure it offers much, and
its hazards are little greater than in hip
pinning or in prosthetic replacement. (G)
Rapid bony union, with the femoral head
maintained, occurs with surprising regularity.
(H) Bone can be added across the fracture
site when indicated. Indication is in treating
delayed union. Bone is added by curettage
of the fracture site and packing with bone
chips plus small cancellous grafts from
the ilivm that contact head and neck deeply
and adequately. The pinning and osteotomy
are done, and following this the curettage
and bone addition are done circumferentially
(see Fig. 24).

McNeur Medification of the
Dickson Osteotomy

This modification deserves serjous con-
sideration. Dr. James Dickson has suggested
this as a valuable and needed addition to his
fundamental conception.

The cuts are made with a handsaw that
does not bumn or scar. The upper cut is
carsied three quarters of the way through
the bone, Following this, the lower cut s
completed first, and then the superior cut is
completed. The lower fragment is abducted
until firm and complete contact at the oste-
otomy site is gained. The extension bar is
attached to the nail and the shaft, and the
wound is closed,

This procedure is valuable in immediate
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treatment of recent subcapital hip fracture.
If used for delayed union, the addition of
bone as described by Dickson should be
considered (see Fig. 25). Recently, Moreira
advocated addition of bone to the fracture
site and neck cavity as a primary procedure.

SUMMARY

1. Epiphyseal bone appears to be more
specific than shaft bone.

2. The separated head of the femur is a
living graft of specific epiphyseal bone and
must be alive and stay alive if it is to propa-
gate itself and function as a femoral head.
Replacement by creeping substitution means
that the specific epiphyseal bone is dead.
The replacement substance is nonspecific
and useless for carrying out the destiny of
the former specific tissue.

3. Impacted neck fractures that are of the
transcervical type in the locked position are
the only ones that routinely heal rapidly
with true bony union. These should be fixed.
All other impacted fractures, if of the trans-
cervical type, must be disengaged by trac-
tion and properly reduced and pinned. If
of the subcapital type, they must be reduced
properly and then submitted to osteotomy.

4. Occasionally, subcapital fractures may
be impacted and locked at the time of frac-
ture or reduced at operation to the point of
locking. An example of this has been shown.
This condition is encountered infrequently.
Osteotomy of the type advocated is the
method of choice in dealing with this frac-
ture.

5. Nonunion is the result of the follow-
ing: (A) choosing the wrong type of frac-
ture to pin; (B) improper reduction of the
right type of fracture; (C) correctly reduc-
ing the nght type of fracture and then
placing the fixation material incorrectly.

6. Delayed union is the most common
<cause of aseptic necrosis and failure follow-
ing hip pinmng. This condition is not, as
is sometimes thought, a refracture when the
head shifts or falls off its neck. True bony
union never has existed at the fracture site

(see Fig. 23). This condition occasionally
follows adequate reduction due to rotary
motion of the head upon the neck. If it
develops, migration or extrusion of the nail
from the head usually occurs without
marked tipping of the head fragment, al-
though the lateral view often shows posi-
tional change of the fragments. If taken
early, osteotomy usually induces rapid bony
union at the fracture site and also saves the
femoral head.

7. The steps in an adequate reduction of
a properly chosen hip fracture are: (A)
traction that pulls the fragments apart but
maintains a level pelvis; (B) external rota-
tion and abduction of the limb; (C) com-
plete internal rotation of the femoral shaft;
(D) medial displacement of the femoral
shaft; (E) maintenance of traction, internal
rotation and medial displacement as proved
by roentgenograms when the limb js ad-
ducted to a neutral lateral position; (F)
absolute fixation of this position by firm
locking of all table attachments; (G) proper
placing and proper fit of the fixation mate-
rial; (H) releasing the severe traction only
after the fixation material is placed perma-
nently in proper position and proved by
roentgenograms.

8. The object of closed hip reduction is
to choose a transcervical type of fracture
and manipulate it so that the inferior medial
portion of the head fragment drops into the
medullary canal of the neck.

9. Certain types of osteotomy are indi-
cated in subcapital types of hip fracture.
Osteotomy is indicated at the first sign of
nonunion or delayed union.

10. A lateral roentgenogram properly
taken is as good a diagnostic aid as an an-
teroposterior view. In certain instances the
lateral is used to judge the depth of the
fixation material.

11. In checkup roentgenograms, the an-
teroposterior should be viewed prior to
frogging the limb. If, in adequately reduced
hips, delayed union is present and without
symptoms, the metal has migrated from the
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head, of, in other cases, where a similar
situation cxists, carcless frogging will disen-
gage the fragments, This calls for not only
an ostcotomy but reduction and repinning
as well.

12. Hips that are going o unite present
{A) adequate reduction, (B) full control of
the Hmb, (C) no pain or limp, (D) no
migration of metal, and (E) no condensa-
tion at the fracture line, no shift of frag-
ments and no productive reaction about the
fracture site.

13. Most of the poor results following
the treatment of intracapsular hip fracturc
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The Immediate Treatment of Intracapsular Hip Fracture

Le Tractamento Immediate de Fractura Coxal Intracapsular

Summario in Interlingua

1. Tl pare que le epiphyse de ossos es plus
specific que le diaphyse.

2. Le separate capite del femore es un
graffo vive de specific osso epiphysic. Illo
debe esser vive ¢ remaner vive pro propagar
se ¢ pro functionar como capite femoral. Su
reimplaciamento per substitution progressive
signala que le specific osso epiphysic es
morte. Le substantia substitutive es nonspe-
cific ¢ noncapace a plenar le functiones del
defuncte histos specific.

3. Impactionate fracturas cervical, que es
del typo transcervical e que se trova in posi-
tion claudite, representa le sol casos in lor
gruppo que se coalesce routinarimente €
rapidemente in un ver union ossee. Iste
fracturas require fixation. Omne altere frac-
turas impactionate, in tanto que illos es
del typo transcervical, debe esser reducite
per traction con clavage subsequente. Si
illos es del typo subcapital, Je reduction debe
esser sequite per osteotomia.

4. Tl occurre sporadicamente que frac-
turas subcapital es impactionate e claudite
al tempore del accidente o es reducite al
operation de maniera a attinger clauditura.
Un exemplo de iste genere ha essite presen-
tate Le condition non se incontra frequente-
mente. Osteotomia del typo recommendate
in le presente articulo es le methodo de
election in tal casos.

5. Non-union resulta (a) del selection in-
judiciose de casos de fractura pro le manovra
del clavage, (b) del reduction incorrecte de
casos de fractura que es correctemente selec-
tionate pro iste manovra, e (c) del placia-
mento incorrecte del material fixatori in
casos de fractura que es correctemente selec-
tionate e correctemente reducite.

6. Union tardive es le plus commun
causa de necrose aseptic e de non-successo
in casos de clavage coxal. Tal non-successos,
in que le capite se displacia o glissa ab su
cervice, non es—como certe autores opina—
1e effecto de un fractura. De facto, nulle ver

union ossee ha unquam existite al sito del
fractura (Fig. 23). Iste condition pote oc-
currer mesmo in despecto de un reduction
adequate. Illo es alora le effecto de un
motion rotatori del capite super le cetvice,
In tal casos, migration o extrusion del clavo
ab le capite occurre usualmente sin marcate
inclination del fragmento capital, ben que le
aspecto lateral exhibi frequentemente altera-
tiones positional del fragmentos. Osteo-
tomia, si interprendite promptemente, induce
usualmente un rapide union ossee al sito del
fractura e succede etiam a salvar le capite
femoral.

7. Le pasos successive in le reduction
adequate de un ben selectionate fractura
coxal es: (a) Traction que separa le frag-
mentos sed mantene le pelve in position
nivellate. (b) Rotation externe e abduction
del extremitate. (c) Complete rotation in-
terne del diaphyse femoral. (d) Displacia-
mento medial del diaphyse femoral. (e)
Mantenentia del traction, del rotation in-
terne, e del displaciamento medial, eviden-
tiate per radios X, quando le extremitate es
adducite al position lateral neutre. (f) Fixa-
tion absolute de iste position per le firme
blocage de omne accessorios del tabula
orthopedic. (g) Placiamento e adjustamento
correcte del material de fixation (h) Re-
laxation del traction sever solmente post que
le material de fixation es permanantemente
placiate in le position correcte e post que
iste facto ha essite verificate per radios X.

8. Le objectivo del claudite reduction
coxal es le manipulation de un ben selectio-
nate typo transcervical de fractura, de
maniera que le portion medial inferior del
fragmento capital cade a in le canal medul-
lari del cervice,

9 Certe typos de osteotomia es indicate
in typos subcapital de fractura coxal. Osteo-
tomia es indicate si tosto que on nota le
prime signo de non-union o de union
retardate,
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10, Le roentgenogramnty bateral, cor-
reciemente excentate, o fanto dingnostic
como le vista antero-posterior.  In certe
casos le viste luteral €5 wsale pro cstimar
Ie profunditate del material de fixation,

11, In soentgenogrammas conseentori, le
_aspecto antero-posterior debe esser exami-
nate ante le replication del extremitate. Si
in casos de adequate reduction coxal, il ha
union retardate sin symptomas o migration
del metallo nb fe capite, o si in altere easos
it ha un simile situation, le injudiciose repli-
cation del cxtremitate pote resultar in le
separation del fragmentos, Iste situation
require alora non solmente ostcotomia sed
etiam reduction ¢ re~clavage.

12. Fracturas coxal pro que un bon union
ossec pote esser expectate satisfaee le se-
quente eriterios: (1) Le reduction cs ade-
quate. (2) Le extr cs perft b
sub le controlo det subjecto. (3) I ha nulic
dalor e nulie claudication. (4) I} non ha
migration de metatio. E (5) i ha nullc
condensation del linea del fractura, nullc
displaci de fragmentos, ¢ nulle
reactiones productive circa e sito  del
fractura,

13. Le majoritate del inadequate resulta-
tos in le tractamento de fracturas coxal
intracapsular es resultatos del inadequate
tractamento de fracturas coxal intracapsular,

Conclusion.—1.¢ assertiones hic formulate
es facile a provar o disprovar. Le sol condi-

tion preliminari esscrea inducer alteros a
duplicar Ie standards ¢ fc methodos men-
tionate. Isto non ¢s facile in omne casos,
proque n fin de inducer alteros a interpren-
der un tal cxperimento, on debe primo per-
suader les a abandonar ancian ideas, habi-
tudes, ¢ technicas.

Effectuar le union immediate inter Je sub-
stantias ossee del capite femoral e su cervice
es le sol manicra possibile de meliorar le
resultatos currentemente obtenite in le tracta-
mento de fracturas coxal intracapsular. Iste
articulo esseva scribite pro incoragiar un
conception plus optimista del problema. 1
non importa si on scque le routine de re-
ducer adequatemente le coxas e de usar
osteotomia in omne case individual o si on
prefere reducer e clavar fracturas trans-
cervical e usar osteotomia in omne altere
casos, providite que un rapide union ossee
al sito del fractura es cffectuate uniforme-
mente. Lo que importa, del altere latere,
cs que on refusa acceptar non-union o union
retardate como infelice sed inevitabile com-
plicationes del fractura coxal. Si le casos es
ben selectionate e sf fe correcte methodos es
observate, bon coxas es producite in longe
scries con pauc exceptiones, Alora sporadic
errores technic e le semper presente insuffi-
cientia human es le principal factores que
preveni le attingimento del perfection ideal.
Sed isto es ver in omne campos de continue
effortios human.
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Treatment of Intertrochanteric Fractures
by Skeletal Pinning and External Fixation®

IrviN H. Scott, M.D,, F.A.C.S., F1.CS.¢

Today there is much written into the lit-
erature describing different methods and
technics for the treatment of intertrochan-
teric fractures of the hip, Probably all these
methods have merits, and many have disad-
vantages. I would like to discuss the treat-
ment of such fractures by skeletal pinning
and external fixation as the method of choice
for the following reasons: (1) It is a satis-
factory method of treatment because it is
applied easily, it provides adequate immo-
bilization, its application produces a minimal
amount of shock to the patient, and it allows
early ambulation for the patient. (2) I
desire to present a brief description of the
technic of its application for the benefit of
those surgeons who are not acquainted with
the principles of the method, (3) I wish to
defend skeletal pinning and external fixation
as an acceptable method of treatment for
this type of fracture and to correct some of
the unjust and unfair criticism of which the
method has been a victim.

TYPES OF INTERTROCHANTERIC
FRACTURES

For all practical purposes, so far as the
treatment by this method is concerned, there
are only 2 types of mtertrochanteric frac-
tures of the hip (Figs. 1 & 2). Figure I Is
a schematic sketch of that more or less
T

* Presented at the meeting of the Amenican Frac-
ure Association, Miami Beach, Fla, September,

1954. A
+ Suthvan, T "

simple fracture which involves only the ex-
treme base of the neck of the femur or the
trochanter and in which the medial side of
the neck (the supporting structure of the
hip} is not destroyed by comminution. The
distribution of the pins in this fracture need
be only in the upper portion of the femur,
2 or 3 pins being inserted through the lateral
cortex of the femur below the fracture,
transversing the fracture line and extending
into the neck and the head of the femur.
Two more are placed through both cortices
of the femur at angles to one another below
the fracture line, and then all pins are con-
nected by external fixation rods as shown.
The second fracture is the type demon-
strated in Figure 2. It is a more complicated
type of fracture in which the medial side of
the neck of the femur js destroyed either by
severe comminution of the lesser trochanter
and the medial side of the neck, or that type
in which the lesser trochanter and the medial
side of the neck are a part of the distal frag-
ment. With this type of fracture it is neces-
sary to distribute the pins the full length
of the femur to obtain better leverage. Two
or 3 ins are placed through the lateral cor-
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pins allows the proper leverage to prevent
vpward and cither medial or lateral dis-
placement of the distal fragment,

The proper pin sites are extremely im-
portant for obtaining a satisfactory result,
and these pin sites are described beautifully
by Dr. H. D. Junkin.* Figure 3 is copied

* Junkin, H. D.: The topography of pins; preci-
s,i;;:pmmng of fractures, Indust, Mcd. 13:887-897,

from Dr. Junkin's work, which is very im-
portant to any surgeon regardless of his
standing or ability should he attempt to
apply this technic in the treatment of inter-
trochanteric fractures or any other type
fracturc. Except to say that in Figure 3
pins 3 and 4 arc the ones which transverse
the fracturc and extend into the neck and
the head of the femur and that pins 1 and 2
are the pins which form the distal unit, there

Fics. 1 and 2. The two types of intertrochanteric fractures showing the dis-
tribution of pins for each type

Fic. 3. Topography of pms for mtertrochanteric fractures.
(Junkin, H. D : Indust Med. 13:887)
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FiG 4 Anteroposterior roentgeriogram
of properly placed pins.

is no need here for a detailed description of
the topography of pins. (Reprints of Dr.
Junkin’s work are available.) Figure 4 is
an anteroposterior roentgenogram showing
the pins properly placed

A very simple and extremely important
step in the use of this technic, as absurd as
it may sound, is the application of the
proper dressing. Following the proper in-
sertion of the pins and the application of the
external fixation rods, fluff gauze in large
quantities, possibly supplemented by sterile
mechanics waste, is packed tightly around
the pins and between the fixation rods and
the skin to compress and immobilize the
soft tissue. Then an elastic bandage is
wrapped around the large dressing, and over
this adheswve tape is applied to seal the
dressing completely, This is a somewhat
time-consuming procedure, particularly when
the operator is already tired, but 1t will save

FiG. 5. (Top) Interval and (bottom) com-
pleted dressings.

much time for changing dressings later, If
this dressing is applied properly initially,
there will be very little, if any, drainage
around the pins because the soft tissue will
have been immobilized, and the motion of
the soft tissue on the pins js the main etio-
logic factor of pin drainage. Figure § shows
a partially applied dressing and the same
dressing after completion,

The most common criticisms of skeletal
pinning and external fixation of hip frac-
tures are profuse drainage around the pins,
osteomyelitis from the use of pins and pain
at the pin sites In almost every instance
these complications are due to faulty tech-
nic. Drainage around the pins always is
caused initially by pressure on the soft tis-
sue against the pins, giving rise to necrosis
of that tissue involved. If the pin is inserted
in a direct hine from the point of entrance
into the soft tissue to the point of entrance
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there will be only a very slight serous drain-
age which will form a crust or a scab around
the pin sealing off the only point of entrance
to any infection. The initial dressing, if
properly applied, should not be changed,
because in doing this the crust or the scab
usually is removed with the dressing, leaving
a small raw surface which gives rise to more -
drainage. Frequent changing of properly
applied dressings is absolutely contraindi-
cated. Figure 7 shows the equipment, the
pins after the rods have been removed and
the pin sites after the pins have been re-
moved in a case in which the initial dressing
had been removed in 12 weeks. Obviously,
there is no drainage or infection.

After reducing and pinning a hip frac-
ture and all the above precautions have been
taken, if there is any evidence of pressure
on the skin against the pin it should be
corrected by making an incision with a
sharp-pointed knife along the pin through
all of the soft tissue all the way to the bone
until the pressure has been released. Then

TABLE 1. STATISTICAL CHART OF 112
CoNSECUTIVE CASES OF
INTERTROCHANTERIC HiP FRACTURES

Total number of cases from 194910 1953 112
Average age of those treated. .. ... . . 74
Youngest treated ....... 4
Oldest treated . . 97
Number of deaths. .. .. 33
Mortalityrate .. ... il .303%
Causes of death:

1. Coronary occlusion .......... . 5

2. Semhty (arteriosclerosis, ete.) 18

3, Uremia  ............ 2

4. Cerebral hemorrhage ... 3

5. Sarcoma with lung metastases 1

6. Generalized carcinomatosis ... .- 1

7. Death from associated injuries

(skull fractures, etc.) ...... . 3

Average age of those who died........ 82.2%
Average number of days immobilized

withpmms . . ..... . 98.6%
Average number of days 1n hospxtal . 44.5%
Number of nonunions. 0
Number of mfections (duc to faulty

technic) ... . . .. .. 2

a dressing should be placed tightly around
the pm and left there. Pain around a pin
also is due to pressure on the soft tissue.

Osteomyelitis can be caused only by 2
things: (1) unsterile technic and (2) by
drilling a pin too rapidly with an electric or
some other high-speed drill, causing a ther-
mal necrosis with a resultant ring seques-
trum. 1 have had this happen in two of
my cases and I blame myself and not the
method of treatment of the fracture.

As is shown in Table 1, we have treated
112 intertrochanteric hip fractures from
1949 to 1953. Al cases were followed for
a period of at least 10 months (several
months after union) and many for a much
longer period. The average age of the pa-
tient treated was 74 years; the youngest
treated was 4 years old and the oldest was
97 years old. There were 33 deaths in this
group, giving an over-all mortality rate of
30.3 per cent. The mortality rate means
very little to me because in the first 56 cases
treated the mortality rate was 15.5 per cent,
and in the last 56 cases the mortality rate
was 40.3 per cent. This was due to the facts
that the last 56 treated were of an older
average age group, 3 died of associated in-
juries, and 2 died of malignant disease. It
is needless to state the causes of death be-
cause they are shown in Table 1. Senility
was listed as a cause of death in those pa-
tients who were unable to walk prior to
obtaining the fracture and could not get out
of bed after the fracture was treated. Sev-
eral of these patients had arteriosclerosis and
had had a cerebral accident months before
they had the fracture. It is interesting to
note that the average age of those who died
was 82.2 years, which is 8.2 years older
than the average of those who were treated.

The average number of days the fractures
were immobilized with pins was 98 6. This
average period of immobilization was in-
creased greatly by some of the badly com-
minuted fractures. The more simple frac-
tures were immobilized from 7 to 10 weeks
The average number of days of hospitaliza-
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Fic. 8. (Left) Ini-
tial roentgenogram of
left hip. (Right) An-
teroposterior view af-
ter pin fixation.

tion was 44.5, which was lengthened greatly
by old people who had no facilities for care
at home and were forced to stay in the hos-
pital until they could walk. The younger
patients who were physically able to walk
on crutches were hospitalized from 10 to 14
days,

There were no cases of nonunion in this
group among those who survived There
were 2 infections both of which were due to
technical error, namely, by drilling a pin too
rapidly and producing a thermal necrosis.
Fonunately, in both instances these infec-
tions were around pins away from the frac-
ture site, and both healed immediately fol-

lowing drainage and removal of the ring
Sequestrum,

CASE REPORTS

Case 1. Mrs, S, B., aged 73, was admutted on
June 5, 1951, with the first type of intertrochan-
terie fracture of the left hip caused by a fall
(Figs. 8 & 9). The fracture was reduced and
smned Qw day of the injury under local procaine
cgeﬁthem. She was allowed to be 1n a wheel

hair the second postoperative day and was hos-
Pltahzed for 43 days, being dismussed July 18,

1951. The pins and the equipment were re-
moved from her leg on August 14, 1951 (64
days). The result was excellent, as is shown in
Figure 9, Since treating her for this fracture, I
have treated her for a similar fracture of the
right hip with the same result.

Fic 9. (Top) Lateral roentgenogram
with pin fixation. (Bottom) Fixation re-
moved after 64 days showing good results
m left hip. Later the night hip was treated
for the same type of fracture,
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Case 2. Mrs, C. S., aged 76 years, was ad-
mitted to the hospital May 9, 1949, after falling
from a moving automobile and sustaining the
second type of ntertrochanteric fracture of the
left hip (Fig. 10). The medal side of the fem-
oral neck was destroyed, and the lesser trochan-
ter was a part of the lower fragment, The
fracture was reduced on a fracture table and
pinned under ether anesthesta, the pins being
distributed from the head and the neck to the
condyles of the femur, as is shown in Figure 10.

She was allowed to be 1n a wheel chair on the
third postoperative day and was walking in a
walher in 2 weeks. She obtained a satisfactory
union, and the pins and the external fixation
equipment were removed July 16, 1949 (68
days), Later she developed osteomyclitis in the
mudfemur, which was caused by my drilling a
pin too rapidly, causing a thermal necrosis and
a resultant ring sequestrum. On August 5, 1949,
she was operated on for the ostcomyeltis, the
abscess was drained, and the ring sequestrum
was removed. Healing took place rather rapidly.
On August 19, 1949, while still in the hosptal,
she was operated on for a right strangulated
femoral hernia and made an uneventful recov-
ery from this, She remained in the hospital for
5 months because there were no facilities at
home for her care. In spite of all her difficulties,
when she was dismissed October 16, 1949, she

had full weight-bearing and 100 per cent func-
tion of her leg.

Case 3. Mrs. Q. P., aged 49, fell and ob-
PEREEEIS LI L B . - -

. o '
and external fixation under spinal anesthesia,
She was crutch-ambulatory on the 10th post-
operative day and was dismissed from the hospi-
tal the 27th postoperative day, at which time
she returned to her job as a telegraph clerk.
The pins were removed March 24, 1950 (76
days). In 4 months she had a 100 per cent func-
tional result,

Case 4. Mrs. V, McC,, aged 44, fell from her
porch and obtained a very badly comminuted
fracture of the left hip on July 5, 1952 (Fig. 12).
The fracture was reduced on a fracture table
and also by manipulation of some of the frag-
ments with pins. The pins were distributed the
full length of the femur and connected with
fixation rods She was dismissed from the hos-
pital on July 20, 1952 (15 days), at which
time she could walk well on crutches. The
pins were removed on November 4, 1952 (121
days), by which time she had 2 good bone union.
She has a 100 per cent functioning leg and walks
without a limp.

Fic 10 (Left) Intertrochanteric fracture of nght hip of the second type described
(Center) Pins were distributed the full length of the femur Pins were removed after
68 days (Rught) Final result. Osteomyelitis developed round the pm in the center of the
femur from too rapid driling of thus pin.
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Fig. 11, (Left) Intertrochanteric fracture of the first type. (Center) Pins in place after
sreduction. Pins were removed after 76 days. (Right) Good union and excellent func-
tianal result in 4 months,

The results of the 79 living cases are setts General Hospital. The results are
shown in Table 2. The classification of re- graduated from Class 0 to Class 4, which is
sults is that of the group at the Massachu-  87% to 100 per cent. This graduate scale is

‘cm. 12, (Left) Communuted intertrochanteric fracture with destruction of the medal
side of the neck. {Center) Pins and external fixation distributed the full length of the
emur. Pins and external fixation removed after 121 days (Right) Good anatomic
and functional result
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TABLE 2, ANATOMIC, FUNCTIONAL AND
EcoNowmic RESULTs OF 112
INTERTROCHANTERIC Hir FRACTURES
BY THE CLASSIFICATION OF THE
MASSACHUSETTS GENERAL HOSPITAL

Anatomic 0- Ocase

1- 3cases

3- Scases

4 - 66 cases 83.5%
Functional 0- 1case

1- 3cases

2- Scases

3+ 3cases

4 - 67 cases 84.8%
Economic 0- 1case

1- 1case

2+ 3cases

3. 3cases

4 - 68 cases 86.0%

Class 0= 0% to 1214%

Class 1 =124 % to 375 %

Class 2=37%4% to 6245
Class 3=62V2% to 87% %
Class 4 = 8712 % to 100%

then figured on anatomic, functional and
economic bases. It is interesting to note
that anatomically 83.5 per cent, functionally

84.8 per cent and economically 86 per cent
were in Class 4.

CONCLUSIONS

1. Intertrochanteric fractures can be
treated very satisfactorily by skeletal pinning
and external fixation, provided that the op-
erator understands the principles and the
technics of application, Under these condi-
tions, the results compare favorably with
those obtained by other methods.

2, Skeletal pinning and external fixation
of a hip fracture do not require an open
operation and can be achieved quickly with
a minimal amount of shock by any general
surgeon of average manual dexterity and
mechanical judgment.

3. Most criticisms of the method are un-
justified and are propagated by surgeons
who have tried the method without a knowl)-
edge of the technic or condemn it on the
basis of hearsay and without any personal
experience with the method.

4. In general, the high mortality rate
from intertrochanteric fractures is due to
old age and not to the fracture itself,

Le Tractamento de Fracturas Intertrochanteric per Medio de Clavage
Skeletal e Fixation Externe

Summario in Interlingua

Cento dece-duo consecutive fracturas
coxal intertrochanteric es presentate. Illos
esseva tractate inter 1949 e 1953 per
clavage skeletal e fixation externe. Si le
fractura es simple, un sol clavo es placiate
al extremitate superior del femore, sed si le
fractura es severmente comminutive, clavos
es distribuite al Jongo del femore integre.

Un tense bandage super un grande area
circa le clavos es essential pro immobilisar le
histos molle in contacto con le clavos e
pro prevenir drainage. Le clavos debe esser
placiate in un linea directe ab le puncto de
insertion al superficie del pelleverso le
puncto de insertion in le osso. Isto preveni
necrose pressori del histos molle circa le
clavo ¢ le subsequente occurrentia de drain-
age. Le foration del clavos debe esser exe-
cutate lentemente pro prevenir necrose ther-

mic, Si iste tres principios es observate in
conjunction con le usual technica chirurgic,
infection e drainage ab clavage skeletal con
fixation externe va esser negligibile.

Es demonstrate statisticamente que Ie
causa de morte in fracturas coxal intertro-
chanteric es ) le etate a o
un associate vulnere o morbo del patiente ¢
non primarimente le fractura mesme.

Fracturas intertrochanteric pote  esser
tractate multo rapidemente per clavage
skeletal con fixatton externe. In multe casos
isto es possibile sub anesthesia local con
minimal grados de choc in comparation con
altere methodos. Usualmente iste patientes
deveni ambulatori a un tempore precoce,
providite que illes es physicamente valide.

Quatro casos represcntativa es presentate.
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Turnbuckle Correction of Angulation
Deformities of Recent Fractures
of the Long Bones”™

5. E. M. TuomsoN, M.D., AND SCHUYLER P. BRown, M.D.

Described here is a simple and cflec-
tive technic for the correction of angulation
deformities of recent fraciures of the long
bones. It has been used in 15 cases, includ-
ing 2 femurs, 12 tibias and 1 case involving
fractures of both bones of the forcarm. The
technic has been strikingly effective in 13 of
the 15 cases but has failed in 2. The 2
faitures were predicted even before attempts
at correction were undertaken because of the
long time which had elapsed following re-
duction. One of the failures was a fracture
of the distal tibia in good approximation,
but with an undesirable angulation. Eleven
veeks had elapsed following reduction and
application of a cast. The other failure was
2 fracture of the distal femur, atsa with
Bood approximation but with excessive
angulation, and of 13 weeks duration. In

th cases, attempts at turnbuckle correction
caused considerable pain, persisting as long
a5 the correcting force was apphed Check
foentgenograms revealed no diminution in
the degree of angulation, and further attempts
2 turnbuckle correction were abandoned.
I_‘ Was assumed at the time that these pa-
lients probably had achieved too firm a
‘mlon_ for the utilization of this correction
:;Ch“fc. However, in retrospect, 1t is felt

o instead of attempting full correction

Within an hour or
— B less, the procedure should

B X
“On]Z:mm the Lincoln Orthopaedic and Rehabihta-
" enter and the Veterans Adminustration Hos-
Pital, Lincoln, Neb,
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have been spread out aver a week of 10
days, perhaps even longer.

Tn the 13 successful cases, fajlure was pre-
dicted in 3 because of apparent progress in
heating. However, the predictions were er-
ropeous, and the technic was successful. In
all 15 cases, the initial reductions were not
performed by the authors of this paper or
their associates,

In the 13 swccessful cases, the fractures
had been reduced for periods of from 4 days
to 3 months. As a guide to the likelihood
of success, certain criteria are of impor-
tance: (1) the interval which has elapsed
following reduction, (2) the character of
the approximation of the fragments, (3} the
distance of the fracture from the end of the
bone, and (4) the roentgenographic appear-
ance of the fracture.

The technic may be utilized in all cases
where wedging would be of value, as well
as in those cases where union is too firm for
the utilization of the ordinary wedging tech-
me but which may be susceptible to the
greater and more gradually applied force
produced by the turnbuckle. Further, there*
are advantages to be had in the turnbuckle
technic not found in the ordinary wedging
procedure, There is Jittle or no likelihood
of complete and possibly calamitous disrup-
tion at the fracture site, which is known to
occur in fresh fractures where the cast has
been divided inadvertently and excessive
angulation allowed to take place. Also, the
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extent of correction js under the complete
control of the operator at all times. If he
overcorrects he has only to turn back the
turnbuckle an appropriate distance.

In considering the possible disadvantages
of this technic, 1t may be felt that since the
hinge affixed to the cast constitutes a ful-
crum with the tracture site radially distal
thereto, rotation about this fulerum will
cause distraction at the fracture site. Actu-
ally, however, the cast and the bone do not
constitute one unit There is slippage be-

Fic. 1. Roentgen-
ograms of fractures
of the tibia and the
fibula of 3 months’
duration prior to cor-
rection of angulation.

tween the plaster and the padding, between
the padding and the skin, and between the
skin, the subcutaneous tissue and the bone.
In all 13 cases where correction of the angu-
lation was possible, there was no observable
distraction in the roentgenograms, and all
proceeded to firm umon. Whle contuston of
the skin at the point of angulation would
seem. to be a definite possibility, 1t did not
occur in any case, and it is felt that it never
should occur if proper precautions are taken.

In describing the turnbuckle technic,
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Fic. 2. Same frac-
tores a3 shown in
Figure 1 but with a
new cast applied with
grid of Y-inch mesh
hardware cloth taped
1o cast.

aﬂgplaﬁon at the fracture site will be thought
of In terms of the deviation of the distal
fragment with respect to the proximal frag-
ment, not in terms of the direction of the
convexity of the consequent bowing. Thus,
% 4 lateral deviation of the tbia at the
irac{ufe 'site the bowing would be medial.
& :\I‘Qﬂ i3 not always easy to relate precisely
fior oza!;:m of the fracture sx}e to the exte~
rocat the cast, anteroposterior nndllateral
b genograms should be taken }wxrh the
y centergd over the fracture site and a
Piece of Y4-inch mesh hardware cloth taped

ey mn L
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to the cast with its position marked in pencil
on the cast. The grid produced by the hard-
ware cloth on the roentgenogram locates
accurately the fracture site with respect to
the exterior of the cast.

Figure 1 shows a fracture of the tibia and
the fibula of 3 months’ duration in enly fair
approximation with a projection of the fat-
eral deviation n the anteroposterior view of
10° and a projection of the posterior angula-
tion in the lateral view of 5°. The cast was
bulky, and Stemmann pins were present
above and below the fracture site. The pins
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extent of correction is under the complete
control of the operator at all times. If he
overcorrects he has only to turn back the
turnbuckle an appropriate distance.

In considering the possible disadvantages
of this technic, it may be felt that since the
hinge affixed to the cast constitutes a ful-
crum with the fracture site radially distal
thereto, rotation about this fulcrum will
cause distraction at the fracture site. Actu-
ally, however, the cast and the bone do not
constitute one umt There 15 shippage be-

Fic. 1. Roentgen-
ograms of fractures
of the tibia and the
fibula of 3 months’
duration prior to cor-
rection of angulation.

tween the plaster and the padding, between
the padding and the skin, and between the
skin, the subcutaneous tissue and the bone.
In all 13 cases where correction of the angu-
lation was possible, there was no observable
distraction in the roentgenograms, and all
proceeded to firm union While contusion of
the skin at the point of angulation would
seem. to be a definite possibility, it did not
oceur in any case, and 1t is felt that it never
should occur 1f proper precautions are taken

In describing the turnbuckle technic,
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Fio, 2. Same frae. =
tures as shown in
Figure 1 but with a
pew cast applied with
grid af ¥4-nch mesh
hardware clath taped
fo cast.
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angulation at the fracture site will be thought
ob in terms of the deviation of the distal
fragment with respect to the proximal frag
ment, not in terms of the direction of the
convexity of the consequent bowing. Thus,
2 lateral deviaton of the ubia at the
ffactm:e site the bowing would be medial.
Asitis not always casy to relate precisely
8¢ location of the fracture site to the exte-
uor of the cast, anteroposterior and lateral
:oemgefmgmms should be taken with the
e centered over the fracture site and a
Piece of Ya-inch mesh hardware cloth taped

ta the cast with its position marked in pencil
on the cast The grid produced by the hard-
ware cloth on the roenmtgenogram locates
accurately the fracture site with respect to
the exterior of the cast.

Figure 1 shows a fracture of the tibia and
the fibula of 3 months’ duration m only fair
approximation with a projection of the lat-
esal deviation in the anteroposterior view of
10° and a projection of the posterior angula-
tion in the lateral view of 5°. The cast was
bulky, and Steinmann pins were present
above and below the fracture site, The pins
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and the cast were removed, and a new cast
was applied. .In Figure 2, anteroposterior
and lateral roentgenograms of the leg in the
new cast are shown with a piece of V2-inch
mesh hardware cloth taped to the cast
Thus the fracture site is located accurately
with respect to the exterior of the cast. In
the anteroposterior view, the projection of

'
B “

g L Y-
E\s.-.'IA L

Fig. 3. Lower ex-
tremity cast with grid
in place, together
with equipment used
to correct angulation
at fracture site.

the lateral angulation is only 9°, while in
the former roentgenogram jt was 10°. Dis-
crepancies of this magnitude are not infre-
quently encountered and can be accounted
for by slight differences in the positioning of
the leg at the times the roentgenograms are
taken. It has been found advantageous for
the orthopaedst either to position the pa-

|
i
!

Fic 4. Lower ex-
tremuty cast  with
hinge and turnbuckle
in place and turn-
buckle slightly ex-
panded.
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iad
Fia. §. Rocntgenograms of case shown n Figures | and 2 taken durning progress of
straightening process.

fent himself or to impress upon the x-ray
technician the importance of true antero-
Posterior and lateral views.

With the direction of angulation of the
dzsfal fragment projected on the anteropos-
terior film a5 4 Iaterat angulation of approxi-
miately 10° and on the fateral film as a pos-
terior angulation of 5°, it is apparent that
the true direction of angulation is somewhere

tween its lateral and posterior projections,
bt more faterat than t is posterior. Thus,
the direction of the correcting force to be

E’;:dl;ced by the turnbuckle should be in
mmps:’lﬂf% °§ t!\e true angulation at the frac-
high éle, this is determined with a relatively
L’ileralegw? of accuracy by relating the 10°
fection oicction and the’S® posterior pro-

o0 to the 90° contained in the postero-

fateral quadrant in which such angulation
lies. Thus, in this case, the correcting force
was applicd in a plan 30° from the frontal
plane of the leg. In the cases contained in
this series, the direction of application of
force in each individual case was based on
the operator’s judgment rather than precise
measurements.

Figure 3 is a photograph of a lower ex-
tremity cast with the grid in place, together
with the equipment used to correct the angu-
lation. This consists of a 4-inch strap hinge,
a 4-inch turnbuckle, two 3-inch “T"-shaped
mending plates with the straight arm bent at
a right angle to the cross arm and two 14~
inch diameter stove bolts attaching the turn-
buckie to the mending plates.

Following the location of the fracture site
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FiG. 6. Roentgen-
ograms of fracture
shown in Figures 1
and 2 ten days fol-
lowing corrective
procedure.

with respect to the exterior of the cast, the
cast is cut transversely opposite the direc-
tion of angulation, and the strap hinge is
affixed with several turns of 3-inch or 4-inch
plaster bandage. Then, opposite the hinge,
the two “T” plates, with turnbuckle at-
tached, are affixed with several turns of
plaster bandage. After 20 or 30 minutes has
been allowed for drying, the cast is divided
throughout the remainder of its circumfer-
ence, and the expansion of the turnbuckle
is begun.

Figure 4 shows the divided cast with the
hinge and the turnbuckle in place and the
turnbuckle slightly expanded. The expan-
sion should proceed one turn or less at a
time. If the screws of the turnbuckle con-
tain the customary 20 threads to the inch,

one complete turn will expand the turn-
buckle %o of an inch, If the fracture is very
recent, the patient experiences no discom-
fort. If less recent, some discomfort may be
felt, which generally disappears in a few
minutes. Another turn, or part of a turn,
is then made, and the procedure is repeated
until it is estimated that slightly less than
the full correction has been accomplished.
Then a check roentgenogram is taken, Our
experience indicates that if the check roent-
genogram is taken shortly following the ex-
panston of the turnbuckle, the ideal correc-
tion at that stage is something short of full
correction This is because of the fact that
the persistence of the pressure produced by
the angulation of the cast will further correct
the angulation of the bone over the next few
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FiG. 7. Roentgenograms of case of un-
desirable anterior and lateral angulations
prior to correction.

days. Hence, if the check roentgenogram
shows an overcorrection, or cven full cor-
rection, the turnbuckle should be turned
back an appropriate amount. In cases where
the check roentgenograms taken immediately
following the expansion of the turnbuckle
indicated about 2° less than full correction,
Toentgenograms taken from 10 days to 2
weeks later showed that full correction had
taken place.

Figure 5 contains 3 roentgenograms of the
<ase shown in Figures 1 and 2, taken during
ng_ress of the straightening process. The
original lateral angulation of approximately
10° has dropped progessively to 6°, 3° and
2°. At the last point, no further expansion
of the turnbuckle was made. The wedge-
sha?Ed hiatus was filled in with plaster of
Paris, and the hinge and the turnbuckle were
removed,

Figure 6 shows anteroposterior and lateral
;xme_genograms of the tibia taken 10 days
am:ng thf’ corrective procedure. In _the
i Toposterior view, the lateral angulation

fow down to 0° from the original 10°,

3 - d,

Fic. 8. Roentgenograms of case shown in
Figure 7 following correction.

and in the lateral view the posterior angula-
tion is now but 2° from the original 5°. In
this case attention was directed principally
to the lateral component of the angulation,
as the posterior component was not func-
tionally significant because of the hingelike
character of the ankle joint.

Figures 7 and 8 are roentgenograms of
the case in the series in which the shortest
period of time elapsed between reduction
and correction of angulation—only 4 days.
Here there was an anterior angulation of
6° and a lateral angulation of 2°. While
the 6° anterior angulation was not regarded
as being of great functional significance, the
patient happened to be a fastidious woman
who would have been highly displeased with
any visible deformity of her ankle. In fact,
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it was that consideration which caused her
physician, who had reduced the fracture, to
seek orthopaedic assistance. Figure 8 shows

roentgenograms taken 9 weeks later with
correction of both the anterior and the lat-
eral angulation.

Correction de Deformitates Angular de Recente Fracturas de Ossos
Longe, Effectuate per Medio de un Lanterna de Tension

Summario in Interlingua

Iste articulo describe un simple € efficace
technica pro le correction de deformitates de
angulation in recente fracturas de ossos
longe. Illo ha essite usate con bon suc-
cesso in fracturas del femore, del tibia, e del
ossos infero-bracial, le quales habeva previe-
mente essite reducite con le resultato de un
non-desirabile angulation. In Je casos re-
portate, le correction esseva effectuate inter
quatro dies e tres menses post le reduction
original,

Le technica pote esser empleate in omne
casos in que le cuneation del apparato de
gypso esserea de valor € etiam in certe
casos in que le union es troppo firme pro le
usual technica de cuneation sed in que suc-
cesso remane possibile per le application
del plus grande e plus gradual fortia de un
lanterna de tension. Le technica permitte al

operante le continue e complete regulation
del grado de correction e es exempte del
possibilitate de un accidental e forsan cala-
mitose disruption al sito del fractura,

Le technica consiste del sequente me-
suras: (1) Roentgenogrammas antero-pos-
terior e lateral a transverso le apparato de
gypso pro determinar Je exacte sito del frac-
tura ¢ le direction e le grado del misangu-
lation. (2) Le division partial del apparato
de gypso al nivello del fractura, opposite al
puncto del curvation maximal, ¢ le applica-
tion, super le division del apparto, de un
cardine a alas longe. (3) Le application del
lanterna de tension al latere opposite al
cardine, sequite per le complete division del
apparato. (4) Expansion del lanterna usque
al puncto ubi le angulation es correcte.
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The Problem of Handicapped Children

in India (Not Incl

uding the Blind,

the Deaf and the Mute)*

{Spectator Letter)

M. V., Sant, M.D.§

The problem of physically handicapped
children is essentially different in the East
from that in the West. While physical handi-
caps in the West are due mostly to indus-
trialization, quick transport and war, in the
East they are a legacy of disease, poverty and
ignorance.

It is difficult to talk about the problem of
the physically handicapped in Indw. Dis-
cussion on such a problem normally should
begin with the figures regarding the extent
of the problem in terms of the total number
of handicapped children in the population.
On this point there is no information. The
only rehable source for population data in
recent years 1s the census report of 1951,
which does not classify the physically handi-
capped persons in an independent category.
Citing certain estimates recently made in the
US.A., which put the figure of the handi-
capped population at 20 per 1,000, the
Honourable Ragkumari Amrit Kaur, Minister
of Health, Government of India, said that
the handicapped population in India might be

* The membets of the Edrtorial Board of Chinical
Orthopaedics think that this Spectator Letter, re-
Ieased November 7, 1952, will be of special interest
o our yeaders Some of thus material appeared
previously in The Indian Journal of Chi'd Health

1 Bombay, Indsa.
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in the same ratio, if not greater, in which
case we must have over 7,000,000 handi-
capped persons in this country. Thus the
magnitude of this problem can very well
be imagined.

The only other indication of the extent of
this problem is perhaps the number of
handicapped children that attend the public
hospitals. The following observations are
based on the figures obtained from the
Qrthopaedic Department of Jerbai Wadia
Hospital for Children in Bombay. This hos~
pital, though located in the city of Bombay,
actually draws patients from all over India.
Therefore, the conclusions drawn from this
small study may be considered as represent-
ing the problem of the whole country,

During a pericd of 10 years (1939-
1949), 1,670 children were treated as in-
patients in the orthopaedic department of
this hospital This does not include those
children who were treated as outpatients or
those whose parents declined to submit them
for treatment, operative or otherwise, for
various reasons. The table on page 346 gives
the frequency of various conditions for which
these children were treated.

From this table it will be seen that today
our main problems are tuberculosis and mai-
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nutrition. Fortunately, so far, poliomyelitis
has never been a serious problem with us, as
it has been in the West. It.is the impression
of most orthopaedic surgeons that in the
East we have a comparatively smaller per-
centage of congenital deformities than in
the West. Perhaps this is due to the

ORTHOPAEDIC CONDITIONS AT THE
B. J. Wabpia HospITAL*

Tuberculosis of bones and joints...... 34.1%
Accidental injuries ...... v . 322%
Deformities due to rickets. . . 12,0%
Congenital deformities . . vees. 11.0%
Deformities due to pohcmyehlls. veeer 16%

Osteomyelitis and suppurative arthnitis  2.2%
Miscellaneous condittons ........... 09%

These figures compare favorably with those
from:
(1) The National Orthopaedic Hospital, Ma-
nila, Philipptnes
(2) The Children’s Orthopaedic Hospital,
Bombay
The National Orthopaedic Hospital,
Manila, Philippines (1950):
Traumatic €ases +veeevaeninaeninaan 53%

Postpoliomyelitis ....... 15%
Tuberculosis of bones and joints. .. 14%
Congenital matformations ... .. 6%
Osteomyehtts . .......... .. 5%
L0 10T 7%

(Report of the United Nations Conference of Ex-
perts on Physically Handicapped Children for
Countries of South East Asta, 1950, p. 26)

The Children’s Orthopaedic Hospital, Bombay
(Total number of cases 978; orthopaedic 889) :
Percentages worked out by the author

Poliomyelitis ....... .. .. . N 53.5%

Spastics {cerebral palsy) .... . 24.5%
Tuberculosis of bones and joints. 3.1%
Infections of bones and JOmls .. 1.7%
Rickets ......ov «oune Cevee e 95%
Congenital deformines ...... ..... S5S4%
Postural deformities 0.3%
Traumatic .... . . 1.7%

(Fourth Annual Report of the Socxety for the Re-
habilitation of Crippled Children, Bombay, 1951)

* The figures of causative factors at this mstin-

fact that the ways of life in India are still
nearer to nature than those in the West.
This is only an impression, and there is no
definite proof for this statement.

Pr ing that the conditions cited in
the tables are responsible for the crippling of
children in India, the question naturally
arises as to why these deformities cannot be
prevented. Developments in the medical
sciences have made such strides in the past
few years that jt should be possible to pre-
vent crippling in most of these children, and
in the case of those children where it can-
not be prevented, rehabilitation to normal
life should not be difficult. In the West, the
problem of a handicapped child is one of
physical reconstruction. In the East, the
socioeconomic structure of our country is
the most important factor to be reckoned
with, In the West, human values are reign-
ing at a high premium, while in the East,
with its vast population, underdeveloped re-
sources, ignorance and lack of education,
human life is at a discount, and an attitude
of determinism prevents any efforts being
made to understand, treat and rehabilitate
the physically handicapped. On the basis of
experience gained during several years of
work in public hospitals, the author attrib-
utes the inability of the peaple to seek treat-
ment for handicapped children to the follow-
ing reasons: (1) oriental philosopy of life;
(2) conditions in public hospitals; (3) fear
of surgical treatment; (4) economic con-
siderations; (5) distance from home; (6)
ignorance of facilities for treatment.

ORIENTAL PHILOSOPHY OF LIFE

In the East, a handicap 1n a child is likely
to be looked upon as a manifestation of the
Will of God and a destiny which cannot be
altered. Quite a number of persons would
accept it as such and resign themselves to
fate. Perhaps this is the best attitude to
adopt if the handicap cannot be put right,
in that case, the child does not

tion differ shghtly, y because different types
of patients naturally are attracted by the particular
type of facilities for treatment of particular condi-
tions.

develop the psychological complexes so
often seen in the West. If the handicap does
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not interfere much with the daily routine of
life of the child the parents are not going to
bother about it, While this attitude in the
majority of parents is a direet sesult of iftit-
eracy, it is surprising how offen it is dis-
played by the so-called educated parents.
Time alone will bring about the change.

CONDITIONS IN PUBLIC HOSPTALS

In spite of the free treatment in our hos-
pitals, people are most reluctant 10 g0 10 a
hospital. I the child has to be taken 10 a
hospitat it is looked upon as an inevitable
calamity. The majority of parents will not
think of taking their children to a hospital
unless they are forced to do so. This, per-
haps, is due to the hardships they experience
in a public hospital. We cannot blame the
hospital staff either, because our hospitals
are overcrowded, and the hospital staff is
worked to the limit of its capacity. For years
aur hospitals have been run eatirely on a
charitable basss, and the main object is to
provide relief to the greatest number of pa-
tients with whatever meager resources we
have at our command. Today we are occu-
pied mainly with treating the disease rather
than treating the person, and under existing
circumstances there is very little scope to
develop the patient-doctor understanding in
our general hospitals, We are not m a posi-
tion to give the child the understanding that
a handicapped patient requires. Under these
clrcumstances it is no wonder that many of
them prefer to put up with a handicap in
bfe rather than face the hardships in a hos-
putal. Hospital authorties have thexr diffi-
culties too. These will be considered subse-
quendy,

FEAR OF SURGICAL TREATMENT

Where such 15 the attitude of the public
toward hospitals, 1t 1s natural that the fear
of a surgical operation should be dominant
in the munds of most persons. The rnajority
of persons will not think of submitting to a
surgical operation unless it is a matter of
Wie and death. Under these circumstances,

a Jarge number of operations have to be
performed as emergeney procedures to save
life, and consequently the mortality rate is
affected adversely. This risk is interpreted by
the fay public as universal for all surgical
operations, and, maturally, every surgical
procedure is looked upon with extreme pes-
simism. No doubt, day by day, people are
slowly getting over this fear, bus it will take
some time before it is dispelled completely
and they learn to view the risks involved in
their proper perspective.

ECONOMIC CONSIDERATIONS

The most vital consideration is the eco-
nomic situation in the country. Henry D.
Lioyd, an American social philosopher,
wrote: “Nature is rich, but everywhere man,
the heir of Nature, is poor.” This is all the
more true about India with our predomi-
nantly agrarian population and the vastness
of our country. The Indian is probably the
poorest man on this earth, The average per
capita income in India is estimated at 67.5
rupees or £5 per annum, as against £76
in the Upited Kingdom and $398 in the
US.A. This poverty is particularly revealed
when we realize the uneven distribution of
wealth in India. It is estimated that 35 per
cent of the wealth in the country is owned
by 5 per cent of the people; another 35 per
cent is owned by 35 per cent of the popu-
lation, and the remaining 30 per cent of the
wealth 15 distributed among 60 per cent of
the population. We often hear foreigners
talking of the few needs of an Indian. It is
said that an Indian can live on 7 rupees per
month. But the fact is that he does not live
on 7 ruapees per month; he starves on 7
rupees per month. When the struggle for
existence is so overwhelmingly difficult is it
any wonder that the average Indian adopts
an indolent and fatalistic attitude toward
life? When the parents are struggling alt
their lives to keep body and soul together
it is a mockery to talk to them about the
physical, sacial or spiritual rehabititation of
one of the many chifdren in the family. In
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spite of free treatment in the hospital it may
be difficult for the parents to attend the
hospital. The father may have to lose a
day’s wage if he is to accompany the child
to the hospital. The average Indian family
has at least 3 children in the home, and the
plight of an Induan housewife is very piti-
able. She has to look after the house and
the children, cook for the household and
then rush to the hospital with the child, only
to stand in a long queue for a couple of
hours before the child is seen by the doctor.
When she sees the doctor he may be able to
persuade her to get the child's deformity cor-
rected at the hospital, but when she is told
that Jater on the child will require a brace
or a shoe she is helpless and prefers to drop
the idea of getting the child’s handicap cor-
rected. The child will see to it when he grows
15 her answer.

DISTANCE FROM HOME

India is not made up of cities like Bom-
bay and Calcutta, It is made up of 700,000
villages where the majority of our population
dwells. In most of these places there are no
facilities for even routine minor medical aid.
With very optimistic expectations, it would
take perhaps another couple of generations
before specialized treatment could be made
available i these places. A sample survey
conducted some time ago brought this factor
mto bold relief. Out of 167 cases of crip-
pled children in different hospitals in the
metropolitan cities in India, 141 came from
the local respective cities; only 26 were from
mofussil [provincial or rural] areas. Unless
this fact is interpreted to signify that the
number of crippled children in the mofussil
area 1s small, one can imagine what must be
happening to the rest of the cuppled children
who never come to the cities to get treat-
ment,

IGNORANCE OF FACILITIES
FOR TREATMENT

This probably is the most important single
factor that 15 responsible for so much crip-

pling in the country. Even in the Western
World, the conception of rehabilitation of
the crippled is of comparatively recent
origin, It is no wonder then that in India we
have not yet learned to appreciate its full
importance. It is surprising how few, even
in the medical profession, know to what
extent a crippled child can be salvaged.
Very often a child loses its only chance in
life because the family doctor advises the
parents not to submit the child to new fads,
as he calls them, because in his opinion
nothing can be done for the child. When
this is the state of affairs in the medical
world we can well imagine the ignorance
among the lay public.

INSTITUTIONS

Having discussed the problem from the
point of view of crippled children, it must
also be exammned vis-3-vis the institutions
and the persons giving their services in the
cause of crippled children, their number and
the resources at their command. At present,
the institutions in the country where a crip-
pled child can avail himself of facilities for
treatment are as follows:

1. General hospitals in the country (Gov-

ernment and Municipal)

2. Bai Jerbai Wadia Hospital for Chil-

dren, Bombay

3. Children’s Orthopaedic Hospital, Bom-
bay
The Occupational Therapy School,
Bombay (King Edward Memorial
Hospital)

5. The Physiotherapy School, Bombay

(King Edward Memorial Hospital)

6. The Hospital for Indian Medicine,

Madras

7 A couple of clinics treating pohomye-

litis

8. Prvate and semiprivate institutions

General Hospitals in the Country. In
response to an inquiry regarding the facili-,
ties of treatment available to handicapped
children in different states in India, the Di-
rectors of Public Health of 8 states supplied

b
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the following information: In these states
there are 26 general hospitals that have
pediatric facilitics. Of these hospitals, 13
have special wards for children; in others,
the children are treated along with the adult
patients in the samc wards as adults. In
these hospitals there are 22 surgeons who
either have special qualifications in ortho-
paedics or arc interested in orthopaedics.

If the conditions in a general hospital, in

a city like Bombay, are to be taken as a
basis, it will be scen that they scarcely meet
the demands made on them. The number
of beds on the orthopaedic side, the facilities
available for treatment and the demands
made on the staff are grossly out of propor-
tion to the number of patients trying to seck
treatment at these hospitals. The number of
cases a visiting surgeon is expected to attend
in a day can be in the vicinity of 100. Under
these conditions it is hardly possible to do
justice to each and every patient, and it
cannot be said that we are able to give our
patients the best we wish to give them. In
hospitals having separate orthopaedic de-
partments, the number of beds in an ortho-
pacdic unit varies from 20 to 50. The
demand on these beds is always heavy, most
of them being occupied by emergency acci-
dent cases. Invariably the patients have to
be discharged from the hospital not because
they are ready to go out but because room
has to be made for patients whose needs are
more urgent,

Bai Jerbai Wadia Hospital for Chil-
.tlren, Bombay. This hospital was founded
in 1929 by the Wadia brothers in memory
of their mother and is sponsored partly by
the Bombay Municipality. It has a total of
135 beds, of which 36 beds are on the ortho-
paedic side. This was the first hospital in
India to start an independent orthopaedic
department under an orthopaedic surgeon
In the hospital there is a well-equipped gym-
nastum for corrective exercises and rehabil-
tation work, and a swimming pool was added
in 1?46. A factory for manufacturing pros~
thetic appliances is maintained by the hospi-

tal (sce prosthetic appliances). The small
profits made by this factory are utilized,
through the poor box fund of the hospital,
to provide braces and appliances to poor
children free of cost. Although this service
is necessarily small, this is the only hospital
that offers this service to the poor, All the
treatment at this hospital is entirely free,
regardless of the status and the income of the
parents. All the members of the staff, except
the residents, work in honorary capacities
without remurneration of any-kind whatso-
ever.

The Children's Orthopaedic Hospital,
Bombay. This hospital is conducted by the
Society for the Rehabilitation of Crippled
Children, which was started by Mrs, Fa-
tehma Ismail in 1947 with the help of some
social workers and medical men. Originally
started as a physiotherapy center for polio-
myelitis patients, it has grown into a well-
cquipped orthopaedic hospital under the
guidance of the late Dr. M. G. Kini. There
are accommodations for 48 inpatients, and
the hospital has a well-equipped physio-
therapy department, with a swimming pool for
underwater exercises Arrangements for the
education of children during the time they
are attending the hospital also are made by
the hospital. As an institution specializing in
a particular type of work and utilizing its
entire resources in a particular direction, it
should be in a position to provide more ade-
quate facilities than a general hospital. The
hospital has a full-time paid staff. Charges
for treatment are adjusted according to the
paying capacity of the parents.

The Occupational Therapy School,
Bombay. This school was started at the
King Edward VII Memorial Hospital, Bom-
bay, in 1950, by Mrs. Kamala Nimbkar,
herself a trained occupational therapist, who
wotked in the hospital for a year to convince
the hospital staff and the authorities of the
place and the advantages of - occupational
therapy in a hospital. She has undertaken to
work as Honorary Director of the school for
a period of 5 years, in addition to providing
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equipment for the school. Mr. Nimbkar has
donated 30,000 rupees toward the building
cost of the school.

This is the only occupational therapy
school in the East, and countries outside
India have started to send their students for
training at this school. It has facilities for
the training of 30 students, 15 in each of the
2 classes. In addition to providing occupa-
tional therapy to the patients of King Ed-
ward Memorial Hospital, it extends its facili-
ties to other institutions in the city. The first
batch of students will be graduating this
month [November, 1952].

The Physiotherapy School, Bombay.
The Physiotherapy Department at King Ed-
ward Memorial Hospital, Bombay, was
started in 1949 under the guidance of a
poliomyelitis team of the World Health Or-
ganization which visited India that year.
Now [1952] an attempt is being made to de-
velop this into a physiotherapy school. The
school will be sponsored jointly by the Gov-
ernment of India, the Government of Bom-
bay and the Bombay Municipality. The
World Health Organization has undertaken
to provide for the first 2 years the services
of 2 qualified physiotherapists, one from the
U.S.A. and the other from the United King-
dom. One of them has arrived, and the
other is on the way. A substantial part of
equipment for the department also will be
provided by the W.H.O. It is proposed to
begin the admission of students for the
physiotherapy course from June, 1953.

The Hospital of Indian Medicine,
Madras. This institution is unique in the
sense that it has a well-developed system of
treatment based exclusively on the Indian
system of medicine for the care of cripples.
Massage with herbal extracts forms the
major part of the treatment program In

other treatments also the emphasis is laid
on the indigenous herbal medicines.
Poliomyelitis Clinic, Hyderabad. This
clinic is run on the same lines as the Saciety
for the Rehabilitation of Crippled Children
in Bombay As the name indicates, this

clinic concentrates mainly on poliomyefitis
cases in children.

Private and Semiprivate Institutions.
In addition to the above institutions, there
are a number of other institutions in the
country that care for crippled children. As
most of them depend for their maintenance
either on the public or private charities, their
scope of work is necessarily limited. Some
of them receive grants in aid from the Jocal
governments, Most of these institutions de-
pend on the services of honorary physicians
who pay periodic visits to the institutions.

PROSTHETIC APPLIANCES

The manufacture and supply of prosthetic
appliances to the handicapped has not made
much progress in India as yet. There are
one or two firms in most of the larger cities
that undertake to supply prosthetic appli-
ances. Since this type of work does not hold
out a decent margin of profit, there is not
much enthusiasm on the part of commercial
firms to develop this line.

In Bombay, four commercial firms and
the orthopaedic factory maintained by the
Jerbai Wadia Hospital for Children manu-
facture prosthetic appliances. Recently one
of the firms imported a British technician for
this purpose, and the quality of the appli-
ances turned out compares favorably with
that of British or American manufacture.
The factory at the Jerbai Wadia Hospital is
run by the hospital and has a full-time staff.
Since the hospital runs the factory there is
no commercial outlook. In addition to serv-
ing the hospital, they also accept orders from
other hospitals and private medical practi-
tioners They executed over 700 orders last
year. The quality of the work is fairly satis-
factory, but the finish is not quite perfect.
This is due to the fact that the main object
is to make the appliances as cheaply as pos-
sible so as to bring them within easy reach
of the poor patients, who form over 90 per
cent of the children attending the hospital
The service for the adjustment, the repair
and the maintenance of the appliances is
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given ungrudgingly and free in most of the
cases, unless it involves considerable expense
to the hospital.

The artificial limbs arc manufactured and
fited at the Army Artificial Limb Centre
near Poona. With the permission of the
Army Headquarters, they accept orders from
civilians also. The stafl, it is understood,
was trained by Hangers, of Rochampton,
England, and for the first few ycars the
factory was under their supervision. Once
they accept a paticnt, they sce to the manu-
facture, the fitting of the limb and the com-
plete rehabilitation of the amputee until he
is able to usc the limb properly and get
about. Facilities for the admission of the
amputee to the hospital during the period of
training are available on payment.

Although almost all types of prosthetic
appliances arc available in India today, their
cost is still high and beyond the reach of
most of the people. Similarly, services for
the adjustment, the fitting, the repair and the
maintenance of the appliances, once they
are sold, are not very satisfactory. It will
not be possible for the majority of patients
1o avail themselves of prosthetic appliances
until some solution can be evolved to get
over these two difficulties.

ORTHOPAEDIC SURGERY IN INDIA

The status of orthopaedic surgery as a
speciality is not yet sufficiently appreciated
Inmost parts of the country. In most of the
}EOSpitals the general surgeons are doing rou-
line orthopaedic work and, as everywhere
elfe in the world, they are unwilling to part
vith orthopaedic work. Day by day this
"Ppo_silion is dying out, and now, at least in
the cities like Bombay, Calcutta, Madras and
Delhi, attempts are being made to establish
orthopaedic departments in general hospitals
;’I?d“ an orthopaedic surgeon who restricts
s.; Pl‘acuu_: to his speciality only, both out-
]ée and inside the hospital. Mr. R J.
th‘;‘“;]((i, Honorary Orthopaedic Surgeon at
Bompo B Edward Memorial Hospital in

ombay, who restricts his practice to ortho-

pacdics only, was the pioneer in this field,
having cstablished the first orthopaedic de-
partment in India at the Jerbai Wadia Hos-
pital for Children in 1936, In India there
arc now about 15 orthopaedic surgeons who
were specially trained abroad in this field
and confine their work to orthopaedics
alone; there are probably as many others
who are doing orthopaedic work as a side
interest in addition to general surgery.

ANSWER TO THE PROBLEM

The solution of a problem with such gi-
gantic difficulties cannot be easy. However,
a beginning has to be made somewhere. The
first thing is the enumeration of handicapped
children in the country. The easiest way to
do this is to instruct every school teacher to
report a handicapped child to the nearest
Government medical officer, who, in turn,
should examine the child and send his report
to the Surgeon General’s office. This way
we will be able to get an idea of the number
of handicapped among the school children,
at least, and in about 5 years the records
will be fairly comprehensive. Since the
people will not come to the big hospitals in
the cities for treatment, facilities must be
carried to them. The only way to do this
is to provide a large number of small insti-
tutions widely scattered in the country so as
to be within easy reach of the people. They
should not be run as a small part of a big
hospital but should function as independent
units in close liaison with them. All that is
required in each unit is the provision of a
few beds, a small operation theater, a small
x-ray unit and a physical medicine and re-
habilitation setup Most of the work can be
managed by the local medical practitioners
under the guidance and direction of an
orthopaedic surgeon from a near-by hospital
who visits the place periodically. With this
setup it should be possible to handle about
80 per cent of the handicapped children.
Our main object should be to provide that
type of care which is not possible in an aver-
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age home and for which it is not necessary
to go to a big hospital. Children requiring
special treatment will be sent to the hospital.
But the majority of crippled children are not
ill patients, and for them there is no need
for elaborate hospitals with many trained
employees per head. This, in turn, will re-
duce the daily cost per patient. Moreover,
in these days when our hospitals are over-
crowded, these small clinics will relieve them
of the care of children no longer acutely ill
but needing only supervision by trained per-
sonnel.

In this way, the treatment facilities at

present available only in metropolitan cities
will be decentralized, and treatment can be
carried to every home in India, even in the
farthest corner of the country.

The rehabilitation of the handicapped
child, his psychological needs, the implica-
tions in regard to education, child upbringing
and vocational guidance are other major
problems that have received scant attention
in this country so far. But their need is be-
ginning to be appreciated, and amenities in
this field are trickling through slowly.

This far we have come: the sun has risen,
but it is still on the horizon,
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Use of the Extra-Short Smith-Petersen Nail
for Subtrochanteric Osteotomy in Children

W. COMPERE BasoM,

The Smith-Petersen nail plate has proved
its value in the management and the internal
fixation of intertrochanteric and subtrochan-
teric fractures and also in osteotomies in
adults. The standard Smith-Petersen nail
can easily be shortened to lengths of from
Lin, 1% in. on up to 3 in., which is the
standard shortest length. The advantage of
the separate nail and plate is that the nail
can be put into proper position through the
trochanter into the femoral neck first, then
the osteotomy can be done, and by attaching
the plate thereafter the surgeon has full con-
trol of the short upper fragment.

The Smith-Petersen nail has serrated
edges about its head; the trochanteric anchor
plate is merely the shortest standard size,
and it has a serrated well in its upper end
which fits to the nail preventing rotation.
The bolt is used merely to anchor the plate
to the nail first, then the correction can be

—_—
* El Paso, Tex.

F. 1.
ShOWH’lg a4 coxa vara POSltan

Roentgenogram of the pelvis

M.D., M.S. (Or.)*

obtained following the osteotomy. Then
the plate is attached to the femoral shaft,
and fixation of the corrected postosteotomy
position is then maintained.

The anchor plate can be bent to any angle
desired prior to this so that the maximum
amount of correction can be secured.

A simple transverse osteotomy can be
used in children. The osteotomy site is filled
with bone chips.

This material was presented as a gadget
exhibit at the 23rd Annual Meeting of The
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Fic. 2. Roentgenogram showing initial
osteotomy, merely a slmple transverse lype
with angulation of the lateral aspect and
fixation by the short nail and the plate
arrangement,
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Fic. 3. Roentgenogram showing the
fully united osteotomy site for the correc-
tion of the coxa vara. It is planned to re-
move the nail and the plate in the near
future.

American Academy of Orthopaedic Sur-
geons, Januvary 28 to February 2, 1956, at
Chicago, Ill. The purpose of the author
here is merely to record the essentials
of the exhibit. :

The exhibit emphasized the fact that the
extra-short Smith-Petersen nail can be used
as an internal fixation device to maintain the
correction of subtrochanteric osteotomy in
children, It could be used for fractures,
should that be indicated.
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Fixation of Beak Fractures of the Os Calcis
by Stapling

H. L. GREENE, M.D.*

.

The use of staples in orthopaedic surgery
has been popularized by Dr. Robert E.
Burns} and Dr. Walter P. Blount. Recently
a Vitallium staple was produced that
gives far greater immobilization and rigidity
by a bridge at each angle of the staple at its
base. This staple has been described by
Dr. Blount.f The following is a report of
a severe type of beak fracture of the os
caleis which was treated successfully by
fixation with the Vitallium staple:

The history of this man revealed that on July
2, 1955, he fell a distance of 14 feet and landed
on his left foot on the concrete. He entered a

* Madison, Wis,

t Personal communication

+ Association of Bone and Jont Surgeons Meet-
g, Minneapolis, Minnesota, April, 1956.

local hospital where roentgenograms were taken;
then he was transferred to the Madison General
Hospital for treatment on July 5. On July 7 an
open reduction was performed, the fragments

ipulated and appr d by the use of an
Albee tenaculum. After satisfactory reduction
had been accomplished, a staple was driven into
the two major fragments. He was discharged
from the hospital on July 10, wearing a short-
leg cast and walking on crutches, The plaster
cast was removed on August 17, and he was
allowed some weight-bearing on the foot 3 weeks
later. He returned to work on September 28,
and since that time has been working 8 hours a
day on his feet and sometimes puts tn overtime
of an hour or more. He works for the Water
Department in bis home town. His work re-
quires him to jump off and on a dump truck and
to dig ditches, as well as all other types of labor
involved in the City Water Department. He

Fic. 1. Roentgeno-
grams of left foot
taken on admission
to hosprtal.
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does this without any complaint. He states that
he can dance without any difficulty. He has no
complaint of swelling about the foot. He wears
ordinary shoes, He notices some discomfort in
the region of the os calcis only during changes
of weather. When he was last scen on February
9, 1956, he had normal ankle motions, with the
exception of a 5° limitation of supination.

F16. 2. Roentgenograms showing final result,
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Wire Self-Retaining Retractor
WiLLIAM MINOR DEYERLE, M.D.*

With the idea in mind of obtaining maxi-
mum exposure with minimal retractor ma-
terial in the depth of the wound while
removing plaptar neuromas, I began using
No. 24 and No. 26 stainless steel sutures, as
shown in Figure 3. These can be placed,
using the largest size curved cutting needie,
in such a way that when traction is placed
upon the wire Ioops jt does not cut the skin.

A sponge can be placed under the edge
as it comes past the wound, and the portion
in the depth of the wound is placed so that
it will not pull against the skin to any
material extent. Then the wire can be looped
and retracted with only the use of a sponge.
This has been refined to some extent by
making grooved and serrated protectors for
the wound edge, as shown in Figure 1. It
can be refined further by the use of the 4%-

* Richmond, Va. FIGURE 2

195°  Groove

P
/-
4 A

165°

O

Q . D)
s 4%
F1GURE 1
358

.03



Wire Self-Retaining Retractor 359

inch metal slceves to prevent the wire cutting
into the gloved hand and may be held in
place by the modificd Kirschner wire retrac-
tor, as shown in Figures 1, 2 and 3. This
allows excellent exposure  and  visibility
shich can cither be held manually or sclf-
retained using the Kirschner wire retractor,

In removing the sesamoid bone in a Mec-
Bride bunioncctomy the same procedure
may be used by placing the suture in such a
way that one retracting suture is against the
metatarsal and the other is threaded through

#24 stainless
steel sutge
\\

Curved cutling
needle.

Plantar neur'onm

the attachment of the sesamoid bone so that
when it is retracted the sesamoid bone is
pulled into the space between the Ist and
the 2nd metatarsals. The same wire retrac-
tor may be used very satisfactorily either to
spread or coapt the spinous processes in
spinal surgery. In this instance the wire is
looped around the spinous process or placed
under the lamina. The refinements men-

tioned above can be obtained from the
Zimmer Manufacturing Company in War-
saw, Indiana.

Ficure 3
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neoplastic disease, 201

Adrenarche, 215-216
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metabolism, 190-202
ablative therapy, 201-202
hormone administration, 197-20t
androgens, 201
cortisone, 201
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Age, distribution of onset of senile
216, 217
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steroid hormones, 212, 213,
236-239
Androgens, therapy, carcinoma, breast, .
hypercalcemia and hypercalciuria
after, 201
Apophysiolysis, ischial, 108,109, 111, 113
treatment 113-114
Apophysitis, os calcis, 90
Arthritis, ankylosing, of spine, treatment,
posterior elementectomy, 274-281
case reports, 278-280
degenerative, disability evaluation, 269-272
discussion, 271-272
summary of questionnaires submitted,
270271
pyogenic, acute, effect on growth of femoral
epiphysis, 133-134

therapy, 234-235, 238
urinary excretion of calcium in prolonged
cortisone therapy, 232, 234
Atrophy, skeletal, 206

Bone(s), and
metabolism. See Bone, metastasis,
neoplastic, and calcium metabolism
pathologic analysis of von Reckling-
hausen, 190
carpus, 10, 12-14
effects of radiation on, long-range. See Radia-
tion, effects on bone, long-range
grafts, specificity, intracapsular hip fracture,
289-290, 292-293
i maturity indi 26-27
long, fractures, recent, turabuckle cacrection
of angulation deformities, 335-342
mass, dynamic processes affecting, 206-209
metabolism, disorders, 1n adults, classification,

asis hyper , 195-197
osteolytic vs. osteoblastic metastasis,
191-193

renal excretion of calcium, 193-195
pegging without reduction, for slipping of
upper femoral epiphysis, 163-169
tarsus, 10, 12-14
theary of separate ossification centers in
etiology of spondylolisthesis, 48-49
Breast, i bolic bal 193
metastasis, to bones, and lungs, effect of
Mercuhydrin on, 194
therapy, estrogens, 197-201
skeletal, 190

[ T,

Calctum, balance, in anabolic steroid therapy
for senile osteoporosis, 219, 220
changes in content of bones, in senile
osteoporosis, estimated time
requirement, 225
excretion, renal, 193-195
in asthma on prolonged cortisone therapy,
232,234
loss, in osteoporosis, amount and duration, 211
metabolism, and metastatic
malignancy, 190, 202
ablative therapy, 201-202
hormone administration, 197-201
androgens, 201
cortisone, 201
estrogens, 197-201
hypercalcemia, 195-197
osteolytic vs, osteoblastic, 191-193
renal excretion of calcium, 193-195
retention, in anabohc steroid therapy for

senile osteoporosis, 222-224,
274997
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Carpus, accessoria, 11-15
definition, 11-12
development, 14-15
general features, 15
terminology, 12-14

development, 9-11
deviations, developmental, 9-17
fusion, 16-17
multipartition, 15-16
terminology, 9, 10
Cartilage, triradiate, maturity indrcators, 26,

Castration therapy, effect on calcium metabolism
in neoplastic disease, 201
Corticosteroids, therapy, painful and stiff
shoulders, 182-188
case reports, 182, 184-185
Corticotropin, therapy, “frozen” shoulder,
186-188
painful and stiff shoulders, 182
tendinitis, calcific, 183
Cortisone, therapy, asthma, urinary excretion of
calerumin, 232,234
carcinoma, breast, lowering of serum and
urinary calciums, 201
osteoporosis, amount and duratjon of,
before spontancous fracture,
230-232
Cushing’s syndrome, with osteoporosis, effect of
anabolic steroid therapy on nitrogen
and mineral balances, 233, 234

Drckson, James, osteotomy of, 317, 321
McNeur's modification, 318, 321-322
Dressing, fractures, hip, intertrochanteric,
skeletal pinning and external
fixation, 328-330

Elementectomy, postertor, in ankylosing
arthrius of spine, 274-281
case reports, 278-280
Estrogens, therapy, carcinoma, breast, meta-
static to bone, 197-201

Femur, epiphyseal plates of calves, effect of
alternating distracting forces,
125-129
results of study, 128, 129
experimental methods of study, 127-129
epiphysts(es), juxta-epiphyseal pyogenic
PRy infection, eﬂ%g‘. g’n growth, 131-138
arthritis, acute pyogenic, 133-134
involvement of epiphyseal plate and
epiphysis, 135-138
secondary effects, 137, 138
slipping of epiphysis, 134-135

Femur (Continued)
slipping, effect on growth of epiphysis,
134-135

trauma, effects on, 140-145
displacements of epiphyses, recurrent,
143-144
disruptions of epiphysis, 142-143
case study, 142
sprains, 140-142
case study, 141-142
surgical trauma, 144-145
upper, slipping, 120-121, 148-170
diagnosis, differential, 153-154
laboratory tests, 153
roentgenograms, 153
etiology, 150-151
history, 148-150
pathology, 151-152
signs, 152-153
stages, 152
symptoms, 152
treatment, bone pegging withont
reduction, 164-169
closed reduction by manipulation,
155, 156
evaluation, 154-155
internal fixation without reduction,
162-165
open reduction, 159-162
partial osteotomy of femoral neck,

protection of hip, 155-156
Smuth-Petersen nail reduction,
156, 157
subtrochanteric osteotomy, 160,
162, 164
traction reduction, 156-159
wedge osteotomy with Smith-
Petersen nail fixation, 163
fractures, intertrochanteric, classification, 282
treatment, 282-287
end-results, 284-287
prognosis, 284-287
technic, 283-284
head, center, appearance and fuston, 120
matarity mdicators, 24, 33
neck, fracture, reduction, closed, 311-320
adduction of imb, 314
fixation material, 315, 317,
319-320
hip capsule and internal rotation,
314

indications, 311-312

medial displacement of shaft, 314
procedure, 320

ratronale, 312-315, 317, 319-320
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Femur, neck, fractore, reduction, closed
(Countinued)
roentgenographic views, 294, 297,
300, 308-309, 313315
traction, 312-314
asteotomy, 320-321
Dickson's, 317, 321
indications in aduit, 320
McNeur modification of Dickson's
technic, 318,321.322
about trochanters, 316, 320-321
revascularization in Legg-Calvé-Perthes
discase (syndrome), 75-86
comment, 82-83
conclusions, 83-86
technic, 80-82
trochanter, greater, cepter, appearance and
fusion, 120
maturity indicators, 24,34
lesser, apophysis, injunies, 122
center, appearance and fusion, 120
maturity wdicators, 24,35
Fracture, avulston, ischiaf, 108-111, 113,115
birth theory of, in etivlogy of
spondylolisthesis, 492
postnatal, theory of, in etiology of
spondylohisthesis, 49-50
spontaneaus, in osteoporosis, amount and
duration of corticoid therapy
before, 230-232
stress, theory of, in eticlogy of
spondylohisthesss, 49-50

Heels, painful, s children, 88-89
Achniles tenosynovitis, 89
prominent posterosuperior angle, 88-89
Hip jomt, epiphysis, snjurnes, 119-124
fractures, tntertrochanteric, treatment,
skeletal pianing and external
fixation, 326-334
¢case teports, 331-333
cnitictsms, 328-330
dressing, 328-330
proper pm sites, 327-328
results, 330, 333-334
types, 326-327
intracapsular, angle of fracture, 300-301,
303

bony unton, 303, 308

choice of case for closed reduction and
pnning, 293-300

delayed union, 309-311

mid-neck, 294

neck, “beak’ {mahgnant) type, 283,
296, 297, 303, 310, 311

closed reduction. See Femur, neck,

fracture, reduction, closed

Hip joint, fractures, intracapsular, neck
{Continued)
subcapital, 291,295,297, 308
transcervieal, 291, 297-300
nonunion, 309
treatment, 289-321
speeificity of certain grafts, 289-2%90,

252293
valgus and varus positions, 311
proteciionintr tipping of upper

femoral cpx’physi‘s: 155-156
as region for studying skeletal matyration,
2534

standards and how to use them, 24, 26-28,
0-31
Hormones, effect on ealeivm metabolism in
cancer, 197-201
bolic, and antianaboli
in various physiclogic and
pathologic states, 241242
deficiency, in senile osteoporosis,
212-229
fife history, in female, 214,215, 238,
239

$yal

steroud,

inmale, 214, 215,239-240
nature of, 212, 214215
uninary excretion, effect of age and
sexan, 212,213
antianabotic, excess, in senile
osteoparosis, 229-238
life history, in fermale, 238,239
n male, 239-240
nature of, 229
relation to osteoporosis. See Osteoporosis,
senile, relation of steroid hormenes

to
Hydracortisone, therapy, dangers, 184-185
osteoporosis, amount and duration of,
before spontaneous fracture,
230-232
painful and stiff shoulders, 183-185
Hypercalcemia, and i 1
195-197
anset after hormone therapy, androgens, 201
stilbestrol, 198, 199
Hypercaleuria, mduced by chronic corticoid
therapy in asthma and osteo-
porosis, effect of testosterone
g;%pmnate therapy on, 234-235,

>

onset after hormone therapy, androgens, 201
stilbestrol, 198

Hypophysectomy, effect on calcium metabo-
fism in neoplastic disease, 201

Hium, center, prenatal appearance, 119
waturity indicators, 26, 36
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Llium (Continued)
spine, antero-inferior, apophysis, avulsion,
displaced, 123
injury, 123
center, 120
anterosuperior, apophysis, avulsion, 122
injury, 122-123
center, secondary, 120
India, handicapped children, problem of,
345-352
answer, 351-352
conditions in public hospitals, 347
distance from home, 348
economic considerations, 347-348
fear of surgical treatment, 347
ignorance of facilities for treatment, 348
institutions, 348-350
oriental philosophy of life, 346-347
orthopacdic surgery, 351
prosthetic appliances, 350-351
Innomunate bone, maturity indicators, 26-27
Irradation. See Radiation
Ischium, center, prenatal appearance, 119
secondary, 120
epiphysis, avulsions, old ununited, 109, 110,
12

fracture, avulsion, 108-111, 113,115
treatment, 114-117
case studies, 115-116
maturity indicators, 26-27, 37
tuberosity, avulsion, classification, 108-112
apophysiolysis, 108, 109, 111, 113
fracture, 108-111, 113, 115
old ununited avulsions of ischial
epiphysis, 109, 110, 112
comment, 112, 113
displaced, 123-124
material, 108
problem, 108
treatment, 112-117
apophystolysis, 113-114
avulsion fracture, 114-117
case studies, 115-116

Kidney, carcinoma, with bone metastasis,
200, 201

Kienbock’s discase, 96

Kohler's disease, 87, 91-94

Legg-Calvé-Perthes disease (syndrome),
background, 61-62
revascularization of neck of femur, 79-86
comment, 82-83
conclusions, 83-86
technic, 80-82
study, methods, 64-69
results, 68-70

Legg-Calvé-Perthes disease (syndrome) (Cont.)
treatment, results, 61-77
discussion, 70-77
method for calculation of, 62-64
Leydigarche, 215-216
Linton's lines to show significance of obliquity
. of fracture planes, 292

Lordosis, lumbar, theory of, in etiology of
spondylolisthesis, 52-53
Lunate, carpal, malacia, post-traumatic, 96
necrosis, avascular, 96-106
case reports 100-105
diagnosis, 98
operative findings, 98-99
pathogenesis and pathology, 96-98
treatment, 99-100
Lunatomalacia, 96

McNeur, . C., modification of Dickson’s
osteotomy, 318, 321
table, removal of bone for wedge for
osteotomy, 318
Malacia, post-traumatic, of carpal lunate, 96
Mercuhydrin, effect on carcinoma of breast
metastatic to Iungs and bone, 194
Munerals, balance, in anabolic steroid therapy
for senile osteoporosis, with
Cushing’s syndrome, 233, 234
retention, in anabolic steroid therapy for
senile osteoporosis, 220-224

Nail, Pugh, for femur, neck, fracture, 319-320
Smith-Petersen, in closed reduction and

fixatron, shipping of upper femoral
epiphysis, 156, 157

extra-short, for subtrochanteric osteotomy
m chitdren, 353-354

i open reduction and fixation, shp‘pjng of
e e famamant am b gt 21

\ . )
A 4 .
normal and abnormal, 87-95
Necrosss, aseptic, of carpal lunate, 96
avascnlar, of carpal lunate, 96-106
case reports, 100-105
diagnosis, 98
operative findings, 98-99
pathogenesis and pathology, 96-98
treatment, 99-100
soft-tissue, from improper pinning in inter-
trochanteric fractures of hip, 329
Neuromas, plantar, removal, wire self-retain-
1ng retractor, 358-359
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L abamnn Osteotomy (ies), femur, neck, fracture (Cont.)
, N ot indications in adult, 320
PR st e proccdurcabau! trochanters, 316,

. Lo ' 320-321
. ol types, 315 -
226228 partial, of femoral neck, for slipping of
upper femoral epiphysis, 1.60'
i hysi Icancal, normal and ab- of spine, lumbar, for flexion d?f'orm(ty in
Os cales ap:gr%:‘s,, ;';‘-;;5’ ' P rheumatoid spondy]ntls, 274 i
clinical entity, 88-90 mumplc-stagc, for ankylosing deformity
apophysitis, 90 of spine, 274 X
painful heels in children, 88-89 two-stage, for z{eformmg rheumatoid
Achilles tenosynovitis, 89 ankylosis, 274 .
prominent posterosuperior angle, 88-89 wedge, for ankylosing spondylitis, 274
natural history, 87-88 subtrochanteric, in children, use of extra-
fractures, beak, fixation by stapling, 356-357 . s}mrt Smith-Petersen I"lal'l, 353_-354
Osteitis fibrosa generalisata, definition, 209 for slipping of upper femoral epiphysis,
mechanisms Jeading to, 208 0, 162, f64 f .
Osteochondritis, dissecans, of navicular, tarsal, wedge, fOl;;{lpp‘?;:g 0l 6l;pp€r ‘emora
1 ]
of lunate 69:,1,;,1 96 Oxford method of assessing skeletal maturity,
i, definiti 25
05::‘;;‘]?:;;;52;#;:;’2238 analysis of appearance pattern of individual

indicator series, 33-39
evaluation, 29, 31-33
conclusion, 32-33
abservational error, 29, 31-32
material and technic, 24, 26-27, 32, 34-35

Osteoporosis, characteristics, 209-210
chronic (chnical), diagnosis, 210
definition, 209
early or mild, diagnosis, 210-211
mechanisms leading to, 208

pathologic physiology, 209-210 Pelvis, as region for studying skeletal
and related metabolic bone disorders, maturation, 25-31
206-211 standards and how to use them, 24,
dynamic processes affecting bone mass, 26-28, 30-31
206-209 Phemister, Dallas Burton, biography, 1-4
senile, 211-246 Phosphorus, balance, in anabolic steroid
development, role of steroid hormones in, therapy for senile osteoporosis,
242-244 218-220
distribution, onset, by age, 216, 217 retention, in anabolic steroid therapy for
by sex, 215217 senile osteoporosis, 222-224,
prevention, steroid hormones, 244 226-228
relation of steroid hormones to, 211-241 Prostate gland, carcinoma, metastasts,
anabolic, deficiency, question of, osteoblastic, 191, 192
212-229 Pubis, center, prenatal appearance, 119
antianabolic, excess, 229-241 secondary, 120
discussion, 241-245 maturity indicators, 26, 27, 38, 39
treatment, anabolic steroid hormones, Pugh nail for femoral neck fracture, 319-320
217-228, 243-245
effect on balances, calcium and Radiation, effects on bone, long-range, 177-180
phosphorus, 219, 220 discussion, 179-180
nitrogen and phosphorus, 218-219 dose and latent period, 178-179
retention of minerals and nitrogen in, diagnostic procedures, 178
220-224 radiotherapy, benign lesions, 178
treatment, corticoid, amount and duration malignant lesions, 178-179
o;,obzefore spontaneous fracture, pathology, 177-178
230-232

: roentgenologic changes, 178
Osteotomy (ies) , femur, neck, fracture, 320-321  Recklinghausen, von, pathologic analysis of
Dickson’s technic, 317, 321 metastatic cancer of bone, 190
McNeur's modification, 318, 321 Rickets, adult. See Osteomalacia
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Roentgen examination, fracture, femur, neck,
anteroposterior view, 294, 297,
300, 308-309, 314
lateral view, 300, 313-315

Scaphoid, tarsal, clinical involvement, 91.94
Scoliosis, relation of growth of female
adolescent spine to, 40-46
case studics, 43-44
discussion, 42-45
material studied, 40
procedure in study, 40-41
results of study, 41-43

P

. .
Cpipuyls, 1vi
Sex, distribution of senile osteoporosis, 215-217
effect of, on urinary excretion of anabolic
steroid hormones, 212, 213,
236-239
Shoulder(s), “checkrein,” treatment, correct vs.
incorrect, 186-188
“frozen,” treatment, corticotropin, 186-188
ipulation under hesi
contraindicated, 186
painful and stifl, treatment, corticosteroids,
182-188
case reports, 182, 184-185
Skeleton, atrophy, 206
maturation as process distinct from aging
or growing, 19-21
maturity, assessment, clinical value, 21-23
concept of maturity indicators, 23-25
estimation of rate, 22
hip and pelvis, 25-31
scores and score sheet, 27, 28
standards and how to use them, 24,
26-28, 30-31
Oxford method, 25
analysis of appearance pattern of
indwvidual indicator series, 33-39
evaluation, 29, 31-33
concluston, 32-33
observational error, 29, 31-32
materal and technic, 24, 26-27, 32,
34-35
pattern, 22-23
predrction, 23
variables, 20
Smith-Petersen nail, in closed reduction and
fixation, slipping of upper femoral
epiphysts, 156, 157
extra-short, for subtrochanteric osteotomy
1n children, 353-354
1n open reduction and fixatio ingof
upper femoral 1
Spme. See Vertebral column.‘ 4

sparady et
Spondylolisthesis, consanguinity studies, 57
definition, 257
etiology, 48-58
theories, 48-53
fracture, at birth, 49
in postnatal Iife, 49-50
stress, 50-52
lumbar lordosis, 52-53
pathology at pars, 52
separate ossification centers, 48-49
. Wweakness of supporting structure, 51-52
incidence, 56-57
nature of lesion, 53-55
new material, 55-56
and spondyloschisis, background, 257-258
diagnosis, 262
etiology, 258-260
pathology, 258-261
symptomatology, 261-262
terminology, 257-258
treatment, 262-267
criteria for operation, 261-
results, 265-267
treatment, technic, 265
statistics from studies, 56-57
Spondyloschisis, definition, 257, 258
interarticularis, 258
See also Spondylolisthesis, and spondyloschisis
Stapling in fixation of fractures, beak, of os
calcis, 356-357
Steroids. See Hormones, steroid
Stilbestral, therapy, carcinoma, breast, with
bone metastasis, 198, 199
hypercalcemia after, 198, 199
hypercalciuria after, 198

Tarsus, accessoria, 11-15
definition, 11-12
development, 14-15
general features, 15
terminology, 12-14

development, 9-11

deviations, developmental, 9-17

fusion, 16-17

multipartition, 15-16

terminology, 9, 10

Tendinitts, caletfic, acute, treatment,
corticotropmn, 183
surgical removal of calcific depostts,

185

Tendon,
Tenosyﬂf'i

Testoster

s, tenosynovitis, 89
illes tendon, 89
° nate, therapy, asthma and
rosis, effect on hypercal-
duced by chronic corticord
234-235,238
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Turnbuckle correction of angulation deformities  Vertebral column (Continued)

of recent {ractures of long bones, female adolescent (Continued)

335-342 procedure in study, 40-41

and relation to scoliosis, 40-46

Vertebral column, arthritis, ankylosing. See results of study, 41-43

Arthritis, ankylosing, of spine

female adolescent, growth, case studies, 43-44  Wire, 1 teel, as self-r retractor

discussion, 42-45
material studied, 40

in removal of plantar neuromas,
358-359









