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D 
URING the Iast hfty years a group of pathologica changes, 

invoIving the head and neck of the femur in the growing 
chiId and adolescent, has become increasingly noted. 

With the advent of roentgenography the groping progress of 
differentiation within this group assumed a more vigorous stride. On 
correlated cIinica1 and radiographic, and in lesser measure histoIogi- 
caI evidence, this group soon became sharply outIined against other 
diseases occurring in the hip. 

Emerging, as the author traces them, out of the coIIective vague- 
ness of “interstitia1 absorption” (B. BeII,‘i 1824) and “nervous 
coxaIgia” (Brodie,21 1837, Paget,*l 1874), this group today comprises 
the fohowing diseases as accepted entities: 

Osteochondritis dissecans of the head of the femur, the severa 
forms of coxa vara, the WaIdenstroem-Legg-Calve-Perthes’ disease, 
the sIowIy sIipping, and the acutely sIipped, upper femora1 epiphysis 
and the deforming process subsequent to congenital disIocation of 
the hip. 

ConcurrentIy with the mentioned manifestations in the femoraI 
head, changes were observed in the acetabuhrm, or rather the bones 
that form this and the pelvis, and “osteochondritis of the ace- 

tabuIum ” ( Fromme, I 920) and “acetabuIar Perthes’ disease” 
(Gaugele,46 1931), “ ischio-pubic osteochondritis ” (Van Neck, 110 

‘924)~ “osteochondritis of the symphysis” (Burman,24 1937) and 
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“adoIescent sacroiIiac syndrome” (Rogers,g5 1935) were added to the 
Iist. 

Due to simiIarities of features with the separation of the upper 
femoral epiphysis, but mostly due to obscurity of nature, the juveniIe 
fractures of the femora1 neck were drawn into this group under 
investigation. 

The author believes that a11 these conditions with some others 
occurring in different parts of the body, and at present not thought 
reIated, are based on one single pathogenetic element, and he shaI1 
endeavor to evolve a concept of the same which, if given the key 
position it merits, shaI1 clear the prevaiIing confusion and shaI1 
facilitate the understanding of the grosser features of the whoIe 
group. 

Further, a therapeutic principIe arising out of this concept wiI1 
be outIined and iIIustrated. 

The prevaiIing opinion, as expressed in current Literature, allo- 
cates the origins of our knowledge of this group, with the exception of 
osteochondritis dissecans, at the earIiest to E. MueIIer7g (1888), or 
Fiorani42 (1881), and that of the most puzzIing of them to WaIden- 
stroem113 (1909) and Legg’j8 (rgro).* 

EARLY RESEARCH 

Bibliographic investigations of the author, however, led him to 
uncover materia1 that demonstrates that the recognition and accu- 
rate description of some of the important forms of these diseases 
date back as far as I 783 and earIier, and that most of these conditions 
were subsequentIy often encountered and described, and that B. 
BeII” in 1824, and OIIierso in I 881 formuIated strikingly correct 
concepts concerning the underIying process. 

These concepts, especiaIIy that of BeII, were readily accepted by 
their contemporaries, and were progressing in what the author 
beIieves to be the right direction, when they were suddenIy side- 
tracked by the sensationa appearance of coxa vara in 1888. 

The products of this medica research, which spread over almost 
a century, are IittIe if at a11 known. Their noteworthy contents 
deserve detaiIed anaIysis, but in this paper they wiI1 be discussed 

* Omitting at this time such precursors as Sindig-Larsen, Koehler, G. Schmidt, 
Frangenheim, etc., and in genera1 writers on juveniIe arthritis deformans fromMaydI 
to Perthes. 
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only in a measure necessary to render an account of the concepts 
they represent, and to substantiate the cIaims made before. 

During this period under consideration scientific research con- 
sisted mainIy of correIating cIinica1 observations with the gross 
pathoIogica1 specimen. These specimens in the heId of bone path- 
oIogy were furnished in EngIand in substantia1 numbers by poor- 
houses and community hospitaIs that sheItered and cared for the 
aged and the pauper. 

It is in the nature of such a group of patients that, if some among 
them had suffered earher in Iife from any of the conditions of the hip 
we are concerned with, their autopsy decades Iater would show 
far advanced or end stages of these diseases. This Iatter circumstance 
introduced an additiona confusing eIement into this compIicated 
matter, nameIy, that of the intracapsuIar fracture of the neck of 
the femur. 

It is easy to see that a hip which underwent in chiIdhood or 

adoIescence some of the diseases enumerated, may present at 
advanced age a strikingIy simiIar picture to that of an intra- 
capsuIar fracture of the neck of the femur, that by chance resulted in 
bony union with more or Iess shortening of the neck. 

It was, however, from this overIapping of the two groups that a 
sIow cIarification began of the probIems invoIved; for it became 
increasingIy evident that intracapsuIar fractures of the neck of the 
femur treated by contemporary methods seIdom, if ever, pro- 
gressed to bony union (Cooper,2g 1819) and consequentIy those 
specimens that showed what was cIaimed to be bony union of 
fractured femora1 necks, must have been the product of some 
“morbid action” (B. BeII,” 1824) or “aItered state” (Cooper,30 
1825). 

Cooper and his coIIaborators cohected an impressive number of 
cases of fractured femora1 necks that were observed through varying 
Iengths of time from accident to autopsy, and have graduaIIy driven 
home, over EngIish (EarIe, etc.) and French (Dupuytren, DesauIt, 
Roux, etc.) opposition the tenet of nonunion that was to hoId sway 
until Whitmanlzl (1902). 

The more this became accepted, the more critical attention 
became concentrated upon those specimens which were offered as 
exampIes of bony union. The few oIder specimens avaiIabIe for 
inspection such as that of TrioenlOs (I 743), were decIared erroneousIy 
judged, and based on a Iarge amount of materia1, B. BeII’l formu- 

U3B 
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Iated his conception of “ InterstitiaI Absorption of the Neck of the 
Thigh-Bone,” which after years of ora teaching was pubhshed in 
1824. 

According to this concept: “In an advanced period of Iife, some- 

FIG. I. BeII’s iIIustration of “inter- 
stitial absorption of the neck of the 
thigh-bone” 1824. 

thing resembhng a yieIding or bending of the neck of the [thigh] bone 
may be perceived. This effect does not proceed from any softening or 
aIteration in the intimate texture of the bone but arises in con- 
sequence of the absorption and disappearance of a portion of 
its entire substance. Sometimes, more than two-thirds of the neck of 
the bone disappearing, so that the head of the bone is as if it were 
forced in the direction of its axis towards the base of the trochanter 
major. In some rare cases (Fig. I) combined with the shortening of 
cervix femoris, there is aIso a flattening of the head of the bone. 
Superadded [to these changes] . . . frequentIy the Iower part of the 
neck of the bone [is] seemingIy incased in a sheath of osseous matter. 
It is these cases (Trioen) [Fig. 21 that are apt to be confounded with 
fractures of the neck of the thigh-bone. 

“This affection, incidental to the neck of the thigh-bone, I [Be111 
termed interstitia1 absorption. 

U4B 
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“This is a disease of frequent occurrence, but nevertheIess has 
been aImost overIooked by systematic writers, or confounded by 
them with fracture, disIocation, moIIities ossium, and scrofuIous 
affections of the hip-joint. 

FIG. 2. Supposed bony union of an intracapsular 
fracture of the neck of the femur, Trioen, 1743. 

Interpreted as “interstitial absorption” by 

BeII. 

“ It rareIy occurs in conjunction with rickets-it is a pureIy IocaI 
affection, and does not invoIve much constitutiona irritation-and 
differs from inffammatory and scrofuIous affections occurring in the 
hip-joint.” 

When first formuIated this concept of BeII’s seems to have been 
more or Iess a coroIIary to the much discussed topic of the day, to 
Cooper’s thesis of the prevaIence of nonunion of fractured femora1 

it5ll 
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necks. It gave support to this by finding an expIanation of those 
cases that were offered as instances of bony union. 

In retrospect it may be said that Be11 in his first pubhcation 

FIG. 3. Cooper’s illustration of an ex- 
treme case of interstitial absorption, 
1825. 

described essentiaIIy, as the author sees it, the cIinica1 picture of the 
incompIete or fissure fracture of the neck of the femur that progresses 
to absorption of the neck and subsequent deformity; a cIinica1 pic- 
ture which even today is by far not as we11 known or appreciated as 
it deserves in spite of the fact that it was introduced into American 
Iiterature by HamiItonsl in 1860. 

Soon, however, the materia1 of Be11 and his foIIowers passed 
beyond the narrow Iimits of this one entity, and four years after his 
first pubIication, Be11 had to enIarge the frame of his concept. 

The changes that he believed to be incidenta to oId age in the 
meantime, were observed at autopsies of persons other than aged. 

“ I [Be111 have met with cases since the pubIication of my memoire 
on this disease, in which interstitia1 absorption affected the neck of 
the thigh-bone of one side in persons of thirteen, thirty, and forty 

Ml 
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years of age-and my friend Dr. Knox62 has reIated a most interest- 
ing and curious exampIe of this affection occurring in the neck of the 
thigh-bone of a chiId three years of age.” 

Further observations of Be11 have made him not onIy extend the 
age Iimit of this “ interstitial absorption,” but aIso to recognize that 
the same process may occur in other parts of the skeIeton than the 
neck of the femur, and he intimated the entity which, Iater outIined 
if somewhat vagueIy by StanIey,lo4 RusseIIg6 and McNamara,74 
eventuaIIy became known as KuemmeI’s disease of the spine. 

One gIance at the iIIustrations given by Be11 or Cooper (Fig. 3) 
or at the case history and autopsy report of Knox is convincing 
enough to show that what they had before them were instances of 
the disease or diseases that are the subject of this paper, diseases 
which today more than a century after these authors’ first efforts 
stiI1 Iack a satisfactory expIanation. 

But even they were not the first ones to observe, describe and 
iIlustrate these conditions and to formuIate an opinion about their 
nature. Following a reference given by BeII, the author has come 
upon a work of Giovanni Baptista PaIIettag2 who in a monograph 
in 1783 entitled “On CongenitaI Limping” (De CIaudicatio Con- 
genita), has given a remarkabIe cIinica1 and pathoIogica1 description 
of certain forms of coxa vara and some related conditions with 
IittIe admixture of other confusing matter. 

The work that antedates E. MueIIer7g by more than a hundred 
years is practicaIIy unknown or grossIy misinterpreted. Writing 
ninety-six years after PaIIetta, his compatriot Fiorani,42 for whom 
credit was IateIy claimed for the description of coxa vara in prefer- 
ence to MueIler, makes no mention of him. 

The author considers this work of PaIIetta as the earIiest cIassic 
on the conditions deaIt with in this paper. It may we11 be a satis- 
factory starting point as PaIIetta, in order to avoid the accusation 
of induIging in “ inane specuIations ” confirms his statements by 
autopsy reports and gives an engraved iIIustration of his most 
important case. (Fig. 4.) PaIIetta hands the concept of coxa vara 
chronoIogicaIIy stiI1 farther back to Morgagni, his one-time teacher, 
whom he credits with the estabIishment of the fact that shortness 
and transverse position of the femoral neck may reduce the tota 
Iength of the Iimb and cause Iimping. He gives fuI1 description 
of the autopsy reports of Morgagni’s cases, then shows that these 
findings in the aged, recorded by Morgagni, may also be found in 

U7% 
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young persons. He expIains these cases due to the absence of mani- 
fest pathoIogica1 changes as congenita1 maIformations and creates 
the entity of “congenita1 Iimping,” the first recorder of which he 

professes to be. 

FIG. 4. Palletta’s specimen of coxa vara, 1785. 

According to PalIetta these changes may assume the foIIowing 
characteristics: (I) Shortness to tota consumption of the femora1 
neck; (2) decrease of the neck-shaft angIe to right angIe and Iess; 
(3) subsequent to these changes, Iowering of the head beIow the 
IeveI of the apex of the greater trochanter and the shaft; (4) en- 

@II 
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Iargement of the head and aIso of the acetabuIum; (5) ova1 or 
flattened deformity of the head with occasional mushrooming of 
the head over the neck; (6) torsion of the neck anteriorIy relative 
to the shaft; and (7) torsion of the head backward on and reIative 
to the neck. 

Aside from these specific findings he emphasizes the generaIIy 
normaI appearance of the joint, the norma aspect of the synovia1 
fluid, the absence of gross aIterations of bone and cartilage, no 
indication of injury; in short, no pathoIogic findings except the 

deformity. 
The cIinica1 picture PaIIetta gives is equaIIy as clear, mentioning: 

(I) Shortening of the Iimb; (2) flattened buttocks with up and 
outward curving of the gIutea1 foId; (3) high stand and IateraI 
prominence of the greater trochanter; (4) absence of marked weak- 
ness or wasting of the Iimb; (5) absence of pain; (6) marked 
freedom of motion in the joint; (7) emphasizes that it indicates no 
affection of genera1 heaIth, no Iessening of pelvic space (caliber) 
and no interference with norma parturition. 

CIaiming credit for PaIIetta, it must be stated that simiIar 
findings were made before him and specimens were kept as curiosities 
in many coIIections. PaIIetta himserf mentions the Hovianus CoI- 
Iection of Andreas Bonn’” with severa we11 described specimens. 

A study, however, of PaIIetta’s monograph wiI1 doubtress prove 
that he was the first who cIearIy correlated the cIinica1 features 
in the living with autopsy findings, and consciously outIined an 
entity which had to be rediscovered IaboriousIy after his own work 
was Iong forgotten. 

This obIivion is a bibIiographic curiosity. Thirty-five years 
after his work on congenital Iimping PaIIetta, in 1820, pubIished 
observations on congenita1 dislocations of the hip antedating 

Dupuytren s6 by six years. Soon the commentators with rare excep- 

tions (Ammon2), misled perhaps by the titIe of congenita1 Iimping, 
confused the earIier work of PaIIetta with his later one. FinaIIy, as the 
author found it, Carnochan, ‘* in I 850, prominently featured and firmly 
established this error by extensive but misinterpreted quotations. 

PaIIetta’s contemporaries did not fail to recognize the importance 
of his work. It was soon transIated into German (Tabor, HeideIberg, 
I 791). In HoIIand it was reprinted in its origina Latin and PaI- 
Ietta’s most important specimen with its case history was incorpo- 
rated into the monumenta work of the great anatomist-atlas-makers, 

I91 
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Eduard and Gerard Sandifort,gB in 1793-1835. It was through this 
atlas that the case came to the notice of Be11 who reprinted it in fuI1 
and interpreted it as juveniIe occurrence of interstitia1 absorption. 

For the Sandifort atIas new drawings were made of PaIIetta’s 

FIG. 3. PaIIetta’s specimen as reproduced in the Sandifort Atlas, 1793-1835. 

specimen. These drawings (for this time there are both an anterior 
and posterior view) are far superior to PaIIetta’s original engravings, 
and make it possibIe to identify PaIIetta’s case as that of the Iate 
stage of slipping femora1 epiphysis. (Fig. 5.) 

The two sets of iIIustrations, whiIe simiIar enough, differ in 
detai1 quite a bit; but it was possibIe to estabIish their identity 
through the statements in the atIas, the works of PaIetta, BeII, and 
E. C. A. Sandifort,gl the son and grandson, respectiveIy, of the 
atIas makers, who in 1834 in a monograph on “CongenitaI Patho- 
IogicaI Conditions of the Hip,” restates and eIaborates PaIIetta’s 
concept. 

These authors, the Sandiforts and BeII, cIearIy recognized the 
portent of PaIIetta’s findings. In HoIIand, through the efforts of 
the Sandiforts, this disease became we11 known and was kept apart 
from the congenita1 disIocation of the hip. Be11 sensed its reIation- 
ship to interstitia1 absorption observed in eIderIy persons. In 
Germany, thanks to Ammon’s2 faithfu1 foIIowing of E. C. A. Sandi- 
fort’s monograph, this disease became cIearIy outIined and illus- 
trated (1842). Thus, the earIy entry of this cIinica1 picture was 
equaIIy as forcefu1 as its reappearance one hundred years Iater as 
coxa vara at the hand of E. MueIIer.7g 
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In view of this widespread recognition it is strange that a11 
these efforts became forgotten. The more so as in EngIand, foIIow- 
ing directIy upon BeII’s work, a group of investigators brought the 
knowIedge of these conditions to a marked degree of deveIopment. 

FIG. 6. Gulher’s iIIustration of “inter- 
stitial absorption ” in a nineteen year 
old recruit, 1836. 

The first among them was GuIIiver48v4g who in 1836 in two 
pubIications stressed the need of cIarifying “how far interstitia1 
absorption and shortening of the neck of the femur may be the 
effect of disease at an earIy period of Iife,” described severa such 
instances and iIIustrated one occurring in a “stout recruit” at the 
age of nineteen. (Fig. 6.) 

Knox,63 in 1843, reports the autopsy findings of yet another 
juveniIe case of shortened femora1 neck, and recaIIing his case 
referred to by BeII, brings forth the congenita1 theory of the deform- 
ity as his own, apparentry not knowing of PaIIetta. 

Canton, in 1848, in a paper,26 and in 1855 in a monographz7 
consoIidates the advances made by BeII, GuIIiver, and Knox, and 
adds to it the cIear differentiation of interstitia1 absorption from 
tubercuIosis of the hip, the “morbus coxarius” of his day-“this 
Iatter compIaint [morbus coxarius] Ieading not infrequentIy to total 
disorganization of the joint and ankyIosis, or terminating in death; 

iI11 
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the former [interstitial absorption] being an affection unconnected 
except incidentahy with the strumous diathesis, and ending in Ioss 
of the cervix femoris without producing any constitutiona dis- 
turbance, without the estabhshment of uIcerative absorption, the 
formation of matter, invoIving to a variabIe extent the head of 
the bone and the acetabuIum, but not affecting eventuaIIy to any 
degree the range of motion.” 

Proceeding beyond the cIinica1 recording, Canton arrives at a 
concept which in the opinion of the author is essentiahy correct: 
“Where the head and the neck of the femur . . . suffer concussion 
0nIy . . . where indeed these parts are submitted to a momentary 
compressing force, passing between the trochanter and the opposite 
point of resistance, the acetabuIum, the same change [interstitial 
absorption] is IiabIe to take pIace.” 

AI1 this Canton rounds out with the recognition that injury 
to the Iigamentum teres may impair the circulation in the femoral 
head. This is a point on which, however, the youngest Sandifort 
and PaIletta himseIf have made abundant observations. 

The writings of GuIIiver and Canton picture the positive progress 
of knowIedge of the shortening of the femora1 neck and the Iessening 
of its angIe. Reading them, one wonders why, in spite of these 
observations and this intimate acquaintance with these deformities, 
orthopedic surgery had to wait for E. MueIIer to introduce the 
concept of coxa vara. The answer to this puzzIe is ampIy given in 
the works of GuIIiver and Canton, especiahy the Iatter. 

As was mentioned before, the interest of Cooper and Be11 cuImi- 
nated in estabIishing the doctrine of nonunion of the fractures 
of the femora1 neck. They bent to this purpose a11 their observations. 
ExcIuding the possibiIity of union in cases of intracapsular frac- 
tures of the neck of the femur, they used the concept of interstitia1 
absorption to expIain the numerous autopsy findings of shortened 
necks and sessile heads. To explain away the cases with reduced 
angIe but maintained length of the neck, they resorted to the 
arbitrary assumption of a quasiphysioIogica1 occurrence of inter- 
stitia1 absorption, an “idiopathic affection” that was supposedIy 
a manifestation of senescence. By the adoption of this view they 
have biocked the path to the recognition of coxa vara, on which 
they so promisingIy started. 

That this crude outline is in a good measure true to the actua1 
happenings, one may easiIy gather from Canton. 

ur21 
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Canton more than Gulliver before him, is disinclined to accept 
the lessening of the angIe of the femoral neck as part of senile 
invoIution but, deferring before the authority of Cooper, smothers 
his own doubts under an imposing array of quotations from con- 
temporary literature. 

He Iines up Knox,61 Harrison,52 Cruveilhier,32 WiIson,lz2 Elking- 
ton,37 Cooper,30 Erichsen,38 etc., teachers, Iecturers, authors all; 
they testify that the Iessening of the angle of the femoral neck 
is a sign of old age. Thus, this IearnedIy supported error of first 
magnitude became firmly established in EngIand and also in France. 
It was rather late when Humphry,53 in 1889, adopting the stand 
made by Lane67 ( 1886), in a large and thorough anatomical study 
corrected this misconception, for in the meantime MuelIer,‘g Hoff- 
meister and Kocher made the medical world acquainted with the 
coxa vara and no notice was taken of the fact that Humphry clearly 
described the coxa valga. 

The concept of interstitia1 absorption, in particular the knowl- 
edge of its juvenile occurrence was kept ahve in England with 
pubIications by Fayrer40 in 1862, Quains in 1884, and Jones55’56 in 
1882 and 1887. Of this Iatter group of writers Quain in his textbook 
restates the concept in great detail and by adding his own clear 
and correct opinion concerning the pathologica process, marks the 
high point of deveIopment of Bell’s idea. It is of interest that Quain 
gives the photographic ihustration of GuIIiver’s specimen preserved 
in the Army MedicaI Museum, which bears out Gulliver’s description 
more strikingly than the engraved sketch accompanying his articIe 
forty-eight years earlier. (Figs. 7, 8 and 9.) Jones’ textbook closes 
English publications, as far as the author could ascertain, on this 
topic in 1887, the year before MueIler announced the coxa vara. 

The period of Cooper produced another cIinica1 and pathoIogica1 
picture, the maIum senile coxae. The origins of this entity became 
somewhat obscured by the vicissitudes it underwent soon after it 
came into being. The first and thorough description was given by 
R. W. Smithlo (1834). This entity, which in the last hundred years 
has grown into the probIem of arthritis deformans is, in the opinion 
of the author, intimateIy connected and fundamentally identica1 
with a11 the other conditions that are the subject of this paper. 

Smith considered trauma the causing factor, but obIigingly 
deferred before Stanley lo4 who suggested “ chronic rheumatic ” 
influences; and it was under the name of “chronic rheumatic 
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arthritis ” that Adams’ incorporated it in the CycIopaedia of 
Anatomy and PhysioIogy in r8$5-r83g. The designation malum 
seniIe coxae, however, survived probabIy due to the fact that 

FIG. 7. GuIIiver’s specimen photo- 
graphed forty-eight years Iater by 
Quain, I 884. 

FIG. 8. Same specimen as in Figure 6, 
cross section, Quain, 1884. 

Wernher117 enthusiasticahy transpIanted the concept to Germany 
under this name. There at the hands of Virchow and ZiegIer125 the 
topic received thorough investigation. ZiegIer’s work in 1877 on 
subchondra1 changes, Iaid the modern foundations of arthritis 
deformans Ieading eventuaIIy to the differentiation of its juveniIe 
form by repetition of the path evolved by B. Be11 and his fohowers 
in EngIand. It is of interest to note that ZiegIer’s findings were 
described and ihustrated by Canton2” in detai1 in 1848. 

France has activeIy participated in the investigation and dis- 
cussion of topics brought forward by Cooper and his contemporaries. 
A great dea1 of materia1 on these deformities was demonstrated and 
pubIished mostIy under the name of “arthrite s&he” somewhat 
confusingIy, as this term eventuahy became identified with Adams’ 
“chronic rheumatic arthritis” (Quain, R., Dictionary of Medicine, 
1895). No detaiIed account of this materia1 wiI1 be given in this 
paper, particuIarIy because a pubhcation of OIIier,80 in 1881, dwarfs 
them a11 by its importance. 
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In his article “Juxta-Epiphyseal Sprain” (De l’entorse juxta- 
kpiphysaire . . . ) Ollier outhnes a concept of obscure injuries 
caused by forced movements, in joints of children. He envisions 

FIG. 9. Specimen of another case of GuIIiver’s. Quain, 1884. 

and experimentally produces (Fig. IO) “intimate lesions of the 
juxta-epiphyseal spongiosa” and reasoning “on its consequences 
on the nutrition of the bone,” he correctly concludes that “these 
injuries are the first degree of epiphysea1 separation.” In this short 
review no adequate justice can be given to this work of Ollier, which 
shows the problem in many of its details with great clarity. 

These bibliographical findings proved to the author that the 
knowledge of these various deformities occurring in the hip was 
more or less thoroughly familiar considerably prior to Mueller. 
The question remained whether the elusive clinical picture that 
accompanies the course of these deformities in the making, escaped 
the observant clinicians of this period. 

There is ample evidence to show that they were indeed conscious 
that under the blanketing manifestations of tuberculous hip disease 
(which under other names they well knew) there hides at times a 
more diaphanous symptom complex. 

Brodie,21 in 1837, speaks of hysterical manifestations in the hips 
“even of young males.” Paget,*l in 1875, speaks of nervous mimicry. 
With the development of the concept of hysteria and the differentia- 
tion of Charcot’s disease the discussion centers on the hip joint, and 

!I51 
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coxaIgia (Fricke44 I 833)) nervous coxaIgia, pseudocoxaIgia become 
intenseIy debated topics. The voluminous literature that resuIted 
cannot be given space in this articIe, though it is of bibIiographic 

FIG. IO. Beginnings of epiphysea1 separation experi- 
mentaIIy produced by OIIier, 1881. a, beginning 
separation; b, periosteum; c, crushed bone tissue. 

interest to follow Wernher,lls Minich,” Bauer,g Shaffer,gg and others 
as they segregate the symptoms that, as we know today, accompany 
the slipping of the femora1 epiphysis and the course of the WaIden- 
stroem-Legg-CaIv&Perthes’ disease. 

Gibney’s4’ construction of the cIinica1 picture of the “neurosis 
of the hip” without knowIedge of the underIying process cannot 
fai1 to impress any cIinician. He speaks of “age of occurrence 
around or before puberty,” of “difEcuIty of differentiation from 
true hip disease,” “ quick fatigue and muscuIar spasm,” “recurrence 
of symptoms after remissions, ” “pecuIiarity of gait indicative of 
pain or fear, otherwise dificuIt to describe,” and occasiona “prom- 
inence of the affected hip.” 

The tide of discussion abruptIy subsided with the demonstration 
of other than nervous bases of these “hip-joint neuroses.” This 
topic reached greatest deveIopment and survived the Iongest in 
France where CaIvkz5 himseIf described the disease named with 
others after him, as a “particuIar form of pseudocoxalgia.” 

I[161 
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A survey of the American Iiterature of this period also Ied to 
interesting findings.* 

Richardson,go in 1860, twenty-eight years before Mueller, 

FIG. I I. Richardson’s specimen of coxa vara, 
1860. Imprint on the head, possibIy primary 
focus. 

describes and ihustrates coxa vara in a twenty&e to thirty year 
old maIe. By the biIateraIity of the deformity he excludes healed 
fracture of the neck, describes the head “enIarged, spread-out, and 
rendered irreguIar at its junction with the neck by deposits of 
Iittle noduIes of new bone.” (Fig. I I.) 

Monks,78 in 1886, describes “a case of unusua1 deformity of 

both hipjoints” that deveIoped in the course of two years in a 

sixteen year oId boy. The Iucid clinical anaIysis together with his 

* Known to R. WhitmaxIM 

ur71 
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Iine drawings (Fig. 12) support the assumption of biIatera1 sIipping 
epiphysis that progressed to coxa vara deformity and enIargement 
of the head. Monks himseIf is “forced” to concIude that the case 

FIG. 12. Monk’s iIIustration 
of coxa vara, 1886. Note 
dotted Iine contour of 
upper end of femurs. 

is juveniIe occurrence of arthritis deformans, and thus is the first 
one to consider this possibiIity and to use this term with equaIIy 
as much justification as those who proposed it Iater. 

The concept of BeII’s interstitia1 absorption also found its 
way to America. Beside HamiIton’s broad view of the topic in 
1884, Vance,l” taking his start from Quain, gives a thorough 
rQumC of the concept and iIIustrates it by a case of his own in 1890. 

The description of coxa vara by E. MueIIer in 1888 may we11 be 
considered the beginning of the modern period of orientation on this 
and reIated subjects. The huge mass of pubIications that resuhed 

IJSl 
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wiII at the present not be discussed as they are more or Iess 

known. 

we11 

The author wishes to make one exception concerning an ar ,ticIe 

IG. 14. 

a 

FIG. 13. MaydI’s specimen (1897) of what Iater became known as Legg- 
Perthes’ disease. a, posterior view; b, cross section; E, remnants of the 

femoral head. 
FIG. 14. Another specimen of Maydl’s, of the same condition as in Figure 13. 

a, anterior view; b, cross section; E, remnant of the femoral head. 

of MaydI,72 the importance of which apparently escaped : 

reviewers. 
In 1897, MaydI pubIished the photographs of four rese 

femoraI heads that are, as the author couId ascertain, the 

UI9ll 

most 

:cted 
first 
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we11 recognizabIe specimens of WaIdenstroem-Legg-CaIvBPerthes’ 
disease (Figs. 13 and 14) and slipping upper femora1 epiphyses. 
(Figs. 15 and 16.) 

b a 

FIG. 15. Maydl’s specimen of slipped femoral epiphysis. a, anterior view; b, 
cross section. 

C d 
FIG. IA. Another specimen of Maydl’s, of the same condition as in Figure 15. 

d, anterior view; c, cross section. 

In addition, MaydI reveals that the deforming process foIIowing 
traumatic disIocation of the hip was known to him as the traumatic 
variety of arthritis deformans (Zesas). To this and the origina 
idiopathic (seniIe) form he proposes to add, on the basis of his four 
cases, the juveniIe form of arthritis deformans which he wishes to 
separate from the “recentIy described” coxa vara. Thus, it was 
MaydI who first conceived this form and used the term in Europe 
and not Perthes, as is at times beIieved. 
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The literature prior to 1888 with the addition of Maydl’s pubIi- 
cation shows to the satisfaction of the author that the conditions 
to be discussed in this paper were we11 known prior to the modern 
period of research, and that this latter period produced unti1 recently 
the rediscovery by x-ray of the same conditions that were so accu- 
rateIy described in the course of the century before radiography. 

COMPRESSION OF CANCELLOUS BONE 

After more intimate observation the diseases enumerated and 
some others occurring in different parts of the skeIeton began to 
be considered interreIated. NotabIe attempts at systematic grouping 
were made by Burckhardt23 who gathered them around the central 
entity of arthritis deformans, foIIowing the course of emergence 
of these diseases in the German Iiterature, and by King5g who 
aligned them as “rarefying conditions of bone” reminiscent perhaps 

of BeII’s approach. 
The connecting Iink of these conditions is, as generaIIy accepted, 

the aseptic necrosis of the bone invoIved. The knowIedge of aseptic 
necrosis of bone, the quiet necrosis of TeaIelo7 and Paget, has 
attained exact cIarification by Axhausen,4v5,6 Cordes,31 etc., in 
Germany, and Phemister,85 in America. Through the efforts of these 

authors and others, this process is we11 known in many of its aspects 
with the notabIe exception of the question of how the necrosis 
originates. 

Of a11 the proposed explanations the “infarct theory” of Ax- 
hausen is the most prominent. This theory is based on the observa- 
tion that the necrotic areas often show on cross section the wedge 
shape characteristic of infarcts. These infarcts, according to 
Axhausen, are caused by “bIand emboIi” that do not produce 
suppuration and thus Ieave the necrosis aseptic. 

This theory, in spite of the fact that bacteria1 and air-emboli 
actuaIIy were demonstrated as causes of bone infarcts, encountered 
scepticism, even among its earIy supporters. Thus far, however, no 
other expIanation was found pIausibIe enough to be accepted in 
its pIace. 

The author-as he believes-has found an explanation that 
soIves the question of the underIying cause of aseptic bone necrosis 
and cIarifies the reIationship of its numerous cIinica1 manifestations. 

The characteristic wedge-shaped areas of asepticaIIy necrotic 
bone may be produced by a mechanism other than infarction, 

II211 
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nameIy, by compression of a sphericaIIy-shaped portion of canceIIous 
bone. The resuIts of compression appIied to a sphericaIIy-shaped 
body are iIIustrated in the exampIe of a bruised appIe in Figures 17 
to 21. 

FIG. 17. FIG. 18. FIG._Ig. 
FIG. 17. TypicaI compression wedge in a bruised appIe. 
FIG. 18. DoubIe wedge foIlowing doubIe impact. 
FIG. 19. Compression wedge showing bisecting compression planes. 

They demonstrate the foIIowing: (I) If subjected to compres- 
sion, a sphericaIIy-shaped body wiI1 suffer damage in an area that is 
wedge-shaped on cross section. (2) In three-dimensiona actuality 
this area corresponds to a cone with its base at the site of appIica- 
tion of force. (3) The compression does not damage the whole 
substance of the cone, but is most effective on the jacket of it. (4) 
Within its compression pattern, secondary component wedges are 
demonstrabIe. (3) Each impact produces its own wedge. (6) The 
wedge itseIf is produced by bisecting compression pIanes, inside of 
which the substance may be undamaged. (7) Changes in the curva- 
ture of the surface and the speed of force aIters the shape of the 
compression pattern, and if the change occurs during the insuIt, 
combination patterns resuIt and patterns may superimpose one 
another. 

By correIating these observations with the fact, the significance 
of which escaped notice, that a11 the diseases under consideration 
occur in canceIIous bone and at such places where the bone presents 
a more or Iess spherica surface, the author arrived at the concept 
of compression of canceIIous bone which, he is convinced, is the 



BOZSAN-CANCELLOUS BONE 563 

soIe underIying cause of a11 these diseases, and may we11 be con- 
sidered an entity because, whiIe manifest in a variety of cIinica1 
pictures, it presents at a11 times the same pathoIogica1 features. 

If canceIIous bone is subjected to force which is greater than its 

FIG. 20. FIG. 21. 

FIG. 20. Compression focus of rounded contour produced by 
sIow pressure. 

FIG. 21. Compression figure by sharp impact followed by rolIing. 
The wedge shows maximum compression on the outer borders 
and undamaged areas between secondary compression pIanes. 

maximum of structura1 strength, its architecture wiII coIIapse. This 
coIIapse obeys the Iaws of mechanics, and the minute girders of the 
canceIIous structure break at pIaces predetermined by these same 
Iaws. The broken mass of trabecuIae interrupt the ffow of bIood and 
causes necrosis of certain, aIso predetermined segments of bone. 

As iIIustrated, in the case of a sphericaIIy-shaped segment the 
pIace of coIIapse is the jacket of a cone, and this whoIe cone is 
rendered necrotic, not by emboIism of a vesse1 entering the apex 
of the cone as presumed by Axhausen, but by compression of a11 
and any vesse1 entering the cone on its entire jacket. 

The necrosis thus mechanicaIIy produced is aseptic. 
Mechanica factors underIying the occurrence of aseptic bone 

necrosis were and are considered by many writers. Axhausen* 
himseIf, prior to his adoption of the infarct theory, believed in 
traumatic etioIogy. Waiter, 11*v115 formerIy a supporter of the emboIic 
hypothesis IateIy aIso accepted the traumatic view. Mau71 in his 
ingenious experiments Iaid new foundations for the mechanical 

!I231 
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theory. Cordes31 in his remarkabIe studies effectiveIy advanced 
the knowledge of mechanics in question. In his Iucid invocation and 
iIIustration of the Iaws of mechanics in osteochondritis dissecans 
Roesnerg3,g4 came near to the view of the author. He faiIed, however, 
to reaIize the identity of the far-ff ung manifestations and was misIed 
hereby to his forced and untenabIe expIanation of the infarct 
pattern which he adopted Iater. 

Th e parts of th e skeIeton that harbor these diseases contain 
besides canceIIous bone, aIso cartiIage, in particuIar in chiIdhood 
and adolescence. CartiIage is in its physica properties fundamentaIIy 
different from canceIIous bone and reacts to compression differentIy. 
It was fair to assume that being more eIastic the cartiIage is Iess 
“vuInerabIe” to physica injuries, especiaIIy to compression. Opin- 
ion, however, to the contrary was and is occasionaIIy expressed 
and the author, therefore, endeavored to verify the behavior under 
compression of these two component eIements in question. FemoraI 
heads of rabbits were thoroughIy crushed and examined. Under the 
microscope it was found that while the canceIIous bone was trans- 
formed into an unrecognizabIe mass of dkbris, the minute particIes 
of cartiiage retained their norma appearance. The assumption, 
therefore, that it is the canceIIous bone that suffers most of the 
damage by compression and that cartiIaginous parts escape more 
or Iess unharmed, seemed justified. 

In appIying these premises to the compression of the femoral head 
at different stages of development, that is, at different age periods, it 
became obvious that the different cIinica1 forms observed in chiIdren 
and adoIescents are determined soIeIy by the ratio or reIative 
amount of cartiIage and bone in the femora1 head at the time of 
injury. 

INDIVIDUAL MANIFESTATIONS 

A. In the Femoral Head. A more or Iess fully developed femoral 
head covered by the norma thickness of articuIar cartiIage wiI1 
respond to compression as iIIustrated in the diagram in Figure 22. 

This the author considers the mechanism of origin of the osteo- 
chondritis dissecans, the prototype of al1 lesions, as it represents com- 
pression of canceIIous bone in its Ieast complicated form. This 
mechanism expIains the occurrence of this disease onIy in curved 
segments of cancellous bone, and the presence of undamaged bone 
within the free bodies. The secondary compression pIanes answer 
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the question rightly raised by KingSg concerning muItipIe free bodies 
associated with a single bed. 

The femoral head that harbors in a young child a smaIIer or 

FIG. 22. FIG. 23. FIG. 24. 
FIG. 22. Mechanism of origin of osteochondritis dissecans. 
FIG. 23. Mechanism of origin of Waldenstroem-Legg-CaIvk-Perthes’ disease. 
FIG. 24. Mechanism of origin of shpping femorat epiphyses. Note double foci. 

Iarger osseous center beneath a thick cartiIage covering responds to 
compression as iIIustrated in the diagram in Figure 23. The cartiIage 
itseIf escapes the damage of compression which becomes effective 
onIy in the bony denter. Observation of his cases over proIonged 
periods reveaIed to the author that whiIe the cartilage escaped harm, 
the vesseIs traversing it on their way to the ossification center aIso 
may suffer from compression. The effect of this deveIops later and 
brings forth in the subsequent osseous growth of the head the 
typica compression crater at the site where it was kept Iatent 
previousIy by the cartiIage, as wiI1 be iIIustrated in the case reports. 
This diagram iIIustrates the mechanism of origin of the WaIden- 
stroem-Legg-CaIv&Perthes’ disease, which wiI1 be recognized as 
essentiaIIy a subchondra1 osteochondritis dissecans, occurring under 
the thick cartiIage of the femora1 head. In support of this mentioned 
reIationship of the two diseases the author wishes to point out the 
paraIIe1 of occurrences in the capiteIIum of the humerus. In the 
fuIIy deveIoped capiteIIum osteochondritis dissecans occurs; whiIe 
in earIier stages in the presence of a smaI1 ossification center and 
thick cartiIage covering, the disease named after Panner83 deveIops, 
which is identica1 with the WaIdenstroem-Legg-CaIvGPerthes’ 
disease, differing from it onIy insofar as it is determined by the 
absence of weight-bearing. 
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A femoraI head somewhere between the two stages iIIustrated, 
wiI1 respond to compression according to the diagram in Figure 24. 
ArticuIar and epiphysea1 cartiIage escape compression, which is 

FIG. 25. FIG. 26. FIG. 27. 
FIG. 25. Compression wedge cIose below the head, crossing only part of the neck. 
FIG. 26. Compression wedge across entire neck. 
FIG. 27. Compression wedge at the base of the neck. 

effective on the head and both sides of the epiphysea1 pIate. In 
the necrotic area at the epiphysea1 plate a Iesser or greater part 
of this most important eIement of anchorage of the head on the 
neck is destroyed and the slipping of the head is made possibIe. 
The fact that besides the damaged area at the epiphysea1 pIate 
there is aImost reguIarIy a primary compression area on the head, 
has escaped notice and wiI1 be demonstrated. 

B. In the Femoral Neck. The three described forms resuIt if 
the tota force of compression is spent on the head. The force, how- 
ever, may continue to be effective on the femora1 neck, and produce 
damage that manifests itseIf in various cIinica1 forms. 

The author found that whenever effects of compression are 
present in the neck, there is necessariIy a primary compression area 
on the head aIso, in the segment which furnishes the fixed point 
during the compression. The presence of these primary foci has 
escaped notice and at times carefu1 search is necessary to discover 
them. The author offers the demonstrabIe presence of these primary 
compression foci in support of the correctness of this concept. These 
primary foci are IikeIy to be absent in younger chiIdren when the 
head is stiI1 covered with a thick cartiIage that escapes unharmed 
and does not register the insuIt whiIe the compression deveIops 
its damaging effect on the neck. 

6261) 
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The femoraI neck is cyIindrica1 and the compression pattern 
occurring in the course of hypothetica bending is an actua1 wedge 
Iying across the Iength axis of it. This wedge may occur at any 
pIace between the epiphysea1 pIate and the base of the neck. Dia- 
grams in Figures 25 to 27 iIIustrate the pIaces where the compression 
wedge most frequentIy occurs. 

The cIinica1 pictures resuIting from these compression wedges 
in the neck are designated by different names and great confusion 
exists in respect to these diseases. The author has ascertained that 
the same findings are considered and described by one group of 
authors as congenita1 coxa vara, and as fractuces of the femora1 
neck, by another. 

R. Whitmanllg in a pubIication, in 1891, described these cases 
of juveniIe fractures of the femora1 neck. He cIearIy discerned with 
but IittIe aid of radiography, that besides the frankIy vioIent and 
instantaneousIy disabIing fractures of the femora1 neck, which 
occasionaIIy do occur in chiIdren, and besides the epiphysea1 separa- 
tion known Iong before, there occurs not seIdom in chiIdren a 
pecuIiar fracture of the femora1 neck. The features of this he accu- 
rateIy described; arbitrariIy summarized they are those of a not 
totaIIy disabIing pathoIogica1 fracture. Irrespective of this, due to 
the fact that some of these findings occur quite earIy in chiIdhood, a 
group of writers eIected to describe these cases as congenital coxa vara. 

The consideration of rickets and Iate rickets, etc., aIso added 
to the confusion. 

Seen from the viewpoint of compression of canceIIous bone these 
conditions observed in the femora1 neck revea1 their uniform meaning. 

The necrotic bone of the compression wedge, as it undergoes 
mainIy absorption, weakens the site and Ieads under weight bearing 
to aIteration of shape and angIe of the neck, or compIete interrup- 
tion of the continuity. 

The compression wedge in Figure 25 Ieads to what is most often 
described as congenita1 coxa vara; those in Figures 26 and 27 are 
the most common Whitman juveniIe neck-fracture types, the last 
one having been described by TayIorlo6 as the “hinge fracture” 
of the neck of the femur of chiIdren. 

COMPRESSION OF THE ACETABULUM 

In the instances enumerated the compression damages the 
femora1 head and neck. It is obvious, however, that the same amount 

1271 
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of pressure as on the head is aIso active on the acetabulum, against 
which the head is Ievered during the trauma. This often causes 
compression in the subchondral canceIIous structure of the ace- 

FIG. 28. Otto-Chroback petvis in the Sandifort 

Atlas, 1793-1835. 

tabuIum and Ieads to the changes that were often observed, and 
have been described as osteochondritis of the acetabuIum, acetabuIar 
Perthes’ disease, etc. In these cases the compression may Ieave its 
mark on the head aIso, and the site of the latter indicates the posi- 
tion in which the damage originated. (Case XXII, Figs. IOI and 102.) 

COMPRESSION OF THE PELVIC GIRDLE 

The two hip joints, in fact the whoIe peIvis, may be considered 
a functional unit. In the course of severa combinations of motions, 
the whoIe peIvic girdle may be pIaced under excessive stress. The 
existing epiphysea1 pIates absorb part of the pressure; but if the 
force is suff%zient, the canceIIous bone on both sides of these car- 
tiIaginous pIates wiI1 be compressed in the sense of OIIier’s “juxta- 
epiphysea1 sprain.” This is how the ischiopubic osteochondritis 

Wit 
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(Van Neck) ,110 and the osteochrondritis at the symphisis pubis 

(Burman) 24 may originate. 
Compression aIongside the cartiIage pIate of the acetabuIum 

proper was not so far demonstrated beyond doubt, but the very 
controversia1 topic of ischium varum, and other irreguIarities in 
the reIative position of the component bones of the acetabuIum 
suggest that such compression and the foIIowing misaIignment 
may be among the origins of the deformity named after Otto and 

Chroback. 
This condition, too, was known considerabIy earIier than gen- 

eraIIy beIieved and is iIlustrated in the Sandifortg8 atlas. (Fig. 28.) 

ARTHRITIS DEFORMANS OF THE HIP 

The maIum seniIe coxae, as R. W. Smithlo conceived it, was a 
traumatic disease but soon it was incorporated into the group of 
“chronic rheumatoid arthritides,” aIthough Cantonz6s2’ had clearly 
voiced the opinion that the changes in this disease and those ob- 
served in interstitia1 absorption are very simiIar, and the former 
like the Iatter may foIIow a “bruise of the hip.” A concise exposition 

of the traumatic nature of “the so-caIIed disease rheumatoid 
arthritis” was forcefuIIy given by Lane6’ in his cIassic essay which, 

aIthough pubIished as earIy as 1886, is definiteIy ahead of the pre- 
vaiIing opinion of today concerning this topic, the importance of 
which is ampIy indicated by the frequent compensation-court 

disputes. 
Observations of earIy stages of arthritis deformans of the hip 

enabIed the author to demonstrate that compression of canceIIous 
bone is the underlying pathoIogica1 process also in this condition. 
The typica wedge-shaped compression pattern may be found in the 
femora1 head if observed before it coIIapses. (Case XXI, Figs. gg and 

100.) 

This identity of nature of the process in both the seniIe and 
juveniIe manifestations of interstitia1 absorption was aIso sensed by 
Canton.27 Of Iate Puttis and some of his schooIlog voiced the same 

opinion. In an earIier pubIication the authorl” aIso expressed simiIar 
beIief. 

COMPRESSION AT THE SACROILIAC JOINTS 

During the Iast decade continental and American observers 
described changes at the sacroiIiac joints, in particuIar at the iIiac 

a29n 
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FIG. 30. The “coxo-sacral strut” shown 
after cutting away the nonweight 
transmitting portions of the peIvis. 
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side. These were registered somewhat arbitrariIy as 
osteitis of the ilium. (B&rsony,* 1928, Rendich,8g 1936.) 

Irrespective of this, RogerF (1933) correctIy aIigned 

371 

condensing 

we11 defined 

FIG. 31. The path of trans- 

ference of weight from the 
Iower extremities to the 
spine. 

juveniIe cases showing such changes with the genera1 group of 
“osteochondritides as represented by Perthes’ disease” and estab- 
Iished the entity “adoIescent sacroiIiac syndrome.” 

The author shares the opinion of Rogers and, searching for the 
mechanism of compression, came to the foIIowing concIusion: 

ll3Ill 
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The weight bearing member between the femoral head and 
sacrum is onIy the soIid portion of the Sac bone aIong the innom- 
inate Iine. This portion the author considers a functional unit and 
named it “coxosacra1 strut.” (Figs. 29 to 31.) The stresses, strains 
and shocks incidenta to upright weight bearing are transmitted 
from the Iower extremities to the spine by the means of this strut. 
In it, proxima1 to the pIane of transference of force, under excessive 
demands compression of the canceIIous architecture may occur 
with the resuIting aseptic bone necrosis. The actua1 presence of this 
necrosis the author was abIe to verify in driI1 specimens taken from 
these areas, as wiI1 be shown in the case reports. (Cases XXIII, 

Fig. 104.) 

COMPRESSION OF CANCELLOUS BONE ACCOMPANYING FRACTURES 

Fractures in or near segments of canceIIous bone are invariabIy 
accompanied by compression of this structure, as recognized Iong 
ago. The feature which did not receive fuI1 appreciation is that in 
these circumstances massive necroses occur which dominate the 
cIinica1 picture. Fractures of OS caIcis, upper end of tibia, etc., derive 
their protracted course from the presence of these necrotic masses 
which undergo absorption and substitution very sIowIy. DriII- 
ing is heIpfu1 in these instances, as wiI1 be reported in a separate 
pubIication. 

Minute compressed foci may accompany infractions of vertebra1 
processes and may expIain a certain group of cases of “10~ back 
pain.” 

If it appears that the concept of the author is too wideIy scat- 
tered, it shouId be noted that it never passes beyond the boundaries 
of canceIIous bone, not even in the instance of its most bizarre 
caricature, Charcot’s disease. Further, it is not intended to bIanket 
with this concept the recentIy described IittIe known changes based 
as believed on deveIopmenta1 disturbances of the cartiIage. 

SEQUELAE OF COMPRESSION 

The resuIts of the various mechanisms of compression are 
identica1, nameIy, aseptic necrosis of a portion of canceIIous bone. 
The histologica process these necrotic areas undergo, as was stated, 
is we11 known and wiI1 not be discussed at this time, with the excep- 
tion of such of its aspects as, in the opinion of the author, have not 
been fuIIy appraised. 

1321 
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Due to the accepted fact that these foci are aseptic, a&too- 
compIete innocuity is attributed to them. Necrotic tissue within 
the body even if aseptic, eIicits reaction from its surrounding. The 
reaction is not vioIent and consists mainly of edema. This reactive 
edema explains the clinical symptoms that accompany the course 
of a11 these diseases. The edema pervades the surrounding soft 
tissues, increases the amount of joint fluid, leads to spasm, stiffness 
and pain. It explains satisfactorily the paradox stiffening of joints 
after rest and limbering up after use. The edema spreads evenly 
during rest in the synovia1 membrane capsuIe, etc. With assumption 
of motion, functiona creases have to be created in the soft parts 
much Iike in the sIeeve of a new overcoat; but after the edema is 
squeezed out of these creases, a sense of Iimberness appears and 
increases unti1 rest again aIIows the even spreading of edema and the 
disappearance of the creases. In the case of the hip this edema is 
deep and hardIy paIpabIe, but at times, as the author beIieves, it 
reveaIs its presence by bIurring of the soft tissue markings in the 
x-ray picture. This edema persists as Iong as there is any trace of 
necrotic bone present and causes fibrosis of the muscIes directIy or 
indirectIy, Ieading eventuaIIy to pseudoankyIosis in the presence 
of massive foci. 

This reaction, which misIed some observers to suspect infec- 
tion, is not instantaneous. The necrotic foci, due to the very mecha- 
nism that created them, in most instances become seaIed off against 
the rest of the body. The compression barrier that with continued 
stress of use becomes more and more impenetrabIe, acts together 
with the cartiIage as a cIosed container which prevents the necrotic 
materia1 to exert its irritating effect. The reactive edema and cIinica1 
symptoms appear onIy when in the course of spontaneous repair 
vesseIs find their way, as demonstrated by Axhausen, around the 
compression barrier into the foci, and open these to the Aow of 
bIood and Iymph. 

This circumstance expIains the period of Iatency that separates 
the injury from the clinica appearance of symptoms. 

That this seaIing-off actuaIIy takes pIace is aIso indicated by 
certain secondary changes that occur in the necrotic foci; changes 
that are not observed under other circumstances in necrotic bone. 
It seems as if in these seaIed-off foci a certain interreaction of the 
component eIements occurred, more or Iess physicochemicaIIy with the 
excIusion of bioIogica1 influences. Whether caIcium saIts are actuaIIy in 
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soIution there, as Leriche assumed it to be the case around fractured 
bone ends, and whether these saIts enter into formation of insoIubIe 
caIcium-soaps much Iike in the formation of adipocere are questions 

FIG. 32. Drill specimen from Case XVII. Necrotic bone with empty 
iacunae. Degrees of homogenization of compressed bone. Absence 
of Iiving marrow elements. 

of importance, particuIarIy because, as the author had ampIe 
occasion to observe, there exists in the presence of these changes a 
marked degree of readiness to new bone formation. These changes 
Iead to a marked degree of homogenization of the necrotic area, as 
observabIe on the actua1 specimen, and together perhaps with 
caIcium in soIution cause the bIurring or Ioss of bone structure in 
the x-ray picture. In a former pubIication the author stated that 
these foci yieId continuous ribbons of a homogeneous materia1 that 
fi1I.s the grooves of the driI1 and is grossIy and microscopicaIIy 
different from the occasiona bone spicuIes obtained from Iiving 
canceIIous areas. 

DetaiIed analysis of these driI1 specimens cannot be given in this 
paper. Living and dead portions of bone are cIearIy indicated in 
them, the Iatter not aIone by the absence of any bone ceIIs but, as 
was repeatedIy indicated, by the compIete absence of a11 marrow 
eIements. (Case XVII, Fig. 32.) 
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FORCE 

Concerning the force that produces these Iesions there can be 
Iittle doubt. Direct trauma acting in the direction of the neck, 
attacking at the greater trochanter does Iead to compression in the 
neck and head as was cIearIy recognized by BeII, Canton and others. 
The majority of these cases, however, deveIop after other types of 
traumatism than those ordinarily designated as accidents, or after 
accidents that mask the participation of the hip. 

As may be construed from the mechanica anaIysis of these 
Iesions the force obviousIy acts indirectIy and is muItipIied by 
Ieverage in its intensity. The muItipIying effect of Ieverage is not 
fuIIy appreciated as is shown by the acts of force in reducing con- 
genita1 disIocations of the hip by the cIosed method. The Iength 
of the Iimb divided by the Iength of the neck gives the ratio in 
increase of force in extreme adduction and abduction, the fuIcrum 
assumed roughIy at the intertrochanteric Iine. 

SingIe insuIt registers itseIf in a cIear-cut pattern of compression. 
Repeated trauma causes superimposed compression cones that bIur 
and confuse the picture. The typica instance of the Iatter is the 
reduced, unreduced, and, especiaIIy, repeatedIy reduced congenita1 
disIocation. 

For the very earIy cases the possibiIity of birth traumas deserve 
consideration. This is we11 recognized, because they are immediateIy 
apparent in the injuries of the upper extremities which hardIy ever 
are subjected to such forcibIe handIing as the Iower ones. Concrete 
playgrounds and baI1 courts, and roIIer-skating tumbIes on pave- 
ment, etc., may we11 account for a good number of injuries. 

For the instances of arthritis deformans and the adoIescent 
sacroiliac syndrome, of course, instead of a singIe insuit, repeated 
traumas have to be assumed. Temporary or permanent Ioss of 
elasticity of gait due to fatigue or oId age, with the countIess smaI1 
shocks it invoIves, may we11 be the causative agent. An extreme 
i1Iustration of this may be seen in Charcot’s disease in which the 
reffex muscuIar suspending mechanism of weight bearing is Iost. 
The mushrooming of the canceIIous substance over the condyIes 
of the femur so often found in the aged is an iIIustration in lesser 
degree. 

The intensity of force muItipIied by Ieverage must overcome 
the structura1 strength of the canceIIous segment placed under 
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pressure. If this strength is inferior to the average, lesser force may 
bring about the same compression. 

The author knows of no investigations regarding physica proper- 
ties of canceIIous bone in the adipose-type chiIdren. Such investiga- 
tions may or may not show Iessened structura1 strength. The 
fact, however, that in these obese chiIdren compression damages are 
often observed does in itself not prove that certain endocrine dis- 
turbances do render the skeIeton more susceptibIe to compression, 
because in a number of instances the same compression damages 
occur in known norma skeIetons. 

DisIocated hips in the athIetic young and other perfectly norma 
persons, as has been known since Virchow, Zesas124 and MaydI,72 
and which is being observed currentIy in a Iarge number of cases, 
often show one or two typica compression foci produced by the 
disIocation and the reduction maneuvers, respectiveIy. 

A simiIar Iesion was observed by the author in the head of the 
mandibIe after disIocation. 

Another Iarge group of these compression foci are observed 
accompanying fractures of the hip both in the intertrochanteric and, 
particuIarIy, in the intracapsuIar types. 

These compression or, as they are caIIed, “absorption areas” are 
not “Iate damages” (Bergmann12) nor secondary consequences, but 
they are integra1 parts of the same injury that produced the frac- 
ture. The diagram in Figure 33 shows the author’s conception 
of the mechanism in the case of an adduction fracture. It shows the 
compression wedge in the head at the site where the head is Ievered 
against the acetabuIum and the compression wedge in the neck 
which is divided into two parts by the fracture proper. 

These compression areas are at the bottom of most pecuIiarities 
this fracture represents. Concerning them, in particuIar those in 
the head, certain gross predictions may be made before they appear. 

The younger the injured person and the stronger the neck 
of the femur, the more probabIe that foci wiI1 appear. Before the 
neck actuaIIy breaks, the head is subjected to considerabIe pressure, 
this being IittIe or nothing in oId persons whose femora1 necks break 
easiIy. This circumstance accounts for the devastating absorption 
in the femora1 head of vigorous middIe aged persons, and expIains 
that these are often observed in the present era of automobiIe 
and other vioIent accidents, and were seIdom seen in oId persons 
whose femoral necks break without gross vioIence. 
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These vioIentIy produced compression foci with their known 
date of injury support the author’s concIusions about the period of 
latency. They wiI1 furnish us eventuaIIy with the Iength of period 

\ 

FIG. 33. Mechanism of origin of intra- 
capsular fracture of the femoral 
neck in the adult. Note compres- 
sion at both proximal and distal 
fracture surfaces and primary com- 
pression focus in the head. 

that eIapses between injury and cIinica1 symptoms, that is, the onset 
of reaction to the necrotic tissue. At the present the author estimates 
this period to be four to six months. 

TREATMENT 

CorreIating the processes of the spontaneous repair, as demon- 
strated by Axhausen,6 with the concept of compression of a cancel- 
Ious bone segment, Ied to the therapeutic principIe of the author. 

Axhausen7 describes and shows the compression barrier, the 
“mass of bone mea1” as he names it, impenetrabIe to nature’s efforts 
to send capiIIaries across it into the foci of necrotic bone. DeIitaIa35 
in his minute histoIogica1 description of the same process teIIs of 
how capiIIaries “excavate a fine channe1” (si scava un canaIe fine) 
across the epiphysea1 pIate into the head. 

It appeared reasonabIe to expect that the penetration of the 
compression barrier by driI1 channeIs might faciIitate the spon- 
taneous heaIing process. l8 The triaIs were successfu1 in a marked 
degree, and on their basis the authorls came to the conclusion 
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pubIished in an earher paper that “an area of aseptic bone necrosis 
anywhere in the skeIeta1 system may be advantageousIy treated by 
connecting the necrotic segment with an adjacent living segment 
of bone by means of driI1 channeIs.” 

The occurrence of compression in the femora1 head and neck as 
previousIy outIined demanded that the dril1 channeIs be Iaid in the 
axis of the neck in order to penetrate any and a11 compressed areas. 
The route used by the author, the driIIing from the greater trochanter, 
is, therefore, not mereIy a convenient operative approach. 

Drilling, trephining or tunneIing of bone in genera1 or the femoral 
neck in particuIar, are old procedures. They arose from the con- 
vergence of Brodie’szO cIassic undertaking (1832) of evacuating 
isolated bone abscesses by driIIing into them, and the oIder practice 
of using setons to provoke productive irritation. StanIeylo4 (184g), 
Kirkpatrick66 (1867), J. Greig Smithlo (1871), W. Th. Stokerlo 
( I 886), McNamara74 ( I 887)) QuCnuS8 (I 896)) DeIag&&-e3* ( 1896)) 
Davies-CoIIey33 (1897)~ etc., report the extensive use of “tunneIing” 
in the treatment of tubercuIosis of the hip, of epiphysea1 abscesses 
in the femora1 neck and even of chronic (nontubercuIar) osteitis. 
Setons, on the other hand, were used to combat nonunion of frac- 
tures of Iong bones. The various endeavors in this fieId cuIminated 
in the work of Brainard22 (I 854) who not onIy described a procedure 
of driIIing for nonunion of fractures of long bones but aIso gave a 
remarkably correct concept of its working principIe. This work 
and the principIe graduaIIy became forgotten, but Loreta,‘O in 1888, 
performed an operation uniting the seton and driIIing principIe 
in a case of deIayed union of a fracture of the base of the femora1 
neck by pIacing five meta setons and removing them after five 
days. Robertson LavaIIe,g1vg2 in IgI g, described the use of bone 
grafts in the treatment of tubercuIous osteoarthritis, and expIained 
and demonstrated the resuIts obtained by the penetration of new 
vesseIs from the graft into the diseased area. The driIIing for non- 
union was revived in 1929 by BecklO who, however, did not see 
anything “ fundamentaIIy new ” in it, but a simpIe way of creating 
hematomas at the fracture site. The technical simpIicity of this 
procedure as popularized by BoehIer’* appeared eminentIy adaptabIe 
for the purpose of breaking through compression barriers, and the 
author recommended its use in November, 1930, for instances in 
which such barriers presumably occurred, and performed it for the 
first time in January, 193 I. 
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Among attempts of earlier date Phemister’ss5 (1921) operative 
remova of a necrotic focus from a femoral head affected by “ Perthes’ 
disease” did not receive the merited attention. The exceIIent resuIt 
did not Iead to adoption of the clear-cut procedure, possibIy because 
of the rBIe of infection stressed by Phemister and apparentIy sup- 
ported by operative reports of Kidner68 (1916) and McWorther75 
(1924). Cordes,31 in 1930, pubIished a we11 conceived pIan of an 
operation for Perthes’ disease. Ferguson and Howorth, in June, 
1931, described a major procedure “to hasten the ossification of the 
epiphysea1 disc,” cIoseIy foIIowing the pIan of Cordes missing, how- 
ever, the dominant rBIe of necrotic bone so cIearIy stressed by him. 

The intimate knowIedge of the repair processes foIIowing aseptic 
bone necrosis Ied to new and more correct avenues of therapeutic 
approach. Katzenstein5’ endeavored to influence the course of repair 
by transpIantation of heaIthy bone marrow. Konjetzny64v65 in a 
conscious effort to foIIow the course of spontaneous heaIing used 
in KoehIer’s disease, advised for the so-caIIed “maIacia” of the 
carpa semiIunar osteotomies to Iay open the foci to repair, a 
procedure which was practised by Jones54 for the treatment of 
Osgood-SchIatter’s disease. ZanoIi123 (Ig35), three years after the 
author, utiIized driIIing from the femora1 head as part of a major 
operative intervention. 

AI1 diseases under consideration possess great tendency to 
spontaneous recovery. The driIIing serves onIy to faciIitate and 
hasten the processes of this natural heaIing and its uItimate aim is 
the remova of al1 necrotic tissue from the foci by these same 
processes. The resuIt is commensurate with the degree in which 
new bone is substituted for the necrotic, but the remova of the 
necrotic tissue is the first postuIate. As Iong as such portions are 
stiI1 present, the disease is at best Iatent and may Aare up any time 
and Iead eventuaIIy to arthritis deformans. The newIy deposited 
bone, if injudiciousIy subjected to weight bearing and other demands, 
may in its turn coIIapse and give the disease a new start. It shouId be 
protected by a11 avaiIabIe means. 

CASE REPORTS 

GROUP OF OSTEOCHONDRITIS DISSECANS 

Besides the osteochondritis dissecans proper, the necrotic foci 
deveIoping in the femora1 head after traumatic disIocations and 
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fractures of the neck of the femur also beIong to this group by reason 
of their identica1 mechanism of occurrence (Ieaving out the con- 
sideration at this time of Koehler’s disease, etc.). 

FIG. 34. Case I. Roentgenogram August FIG. 35. Case I. Roentgenogram Jan- 
29, 1930; beginning separation of an uary 13, 1931; nearly compIete sepa- 

osteochondritic focus. ration of sequestrum. 

FIG. 36. Case I. Roentgenogram tive years Iater, 
March 8, 1937; fairly we11 preserved contour of 
the head; spur formation with smooth outtine 
on upper border of the neck and head. 

The materia1 of the author faIIing in this group is smaI1, but 
what there is indicates that the driIIing shouId be performed as 
earIy in the course of the disease as possibIe. 
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CASE I. S. R., a tweIve year old gir1, had a minor bobsleigh accident, 
March, 1930, and a slight limp deveIoped. X-ray examination August 29, 
1930, showed incipient separation of a supposedly dissecting osteochon- 
dritic focus. (Fig. 34.) Subsequent x-ray pictures verified the diagnosis, 
and examination, January 13, 1931, reveaIed an apparentIy separated 
sequestrum in the head of the right femur. (Fig. 34.) Permission for oper- 
ation was not obtained unti1 January 31, when five channeIs were driIIed 
into the head of the femur. A plaster spica was appIied for a period of 
eight weeks. The patient was discharged May 2, 193x, with free motions 
and painIess weight bearing in the right hip. Half-yearIy checkups were 
made. X-ray examination six years Iater, March 8, 1937, showed a fairIy 
we11 preserved head with smaI1 spur formation. (Fig. 36.) At the Iast 
clinica examination January I 2, 1940, function was very satisfactory but 
abduction somewhat Iimited. Activities at work and play are unhampered. 
Period of observation covered nine and one-yalf years. 

It seems reasonabIe to assume that with drilling four to five 
months earIier, the normaI contour of the head couId have been 
preserved and the spur formation responsible for limitation of 
abduction possibIy avoided. 

GROUP OF WALDENSTROEM-LEGG-CALVk-PERTHES’ DISEASE 

Instances of this disease present at time precarious situations 
in respect to spontaneous repair. When compression damages onIy a 
part of the osseous center, the repair may start from the unharmed 
portion. When, however, the whoIe center is compressed, resuIting 
in the destruction of its vascuIarity and the severing of vesse1 
connections with the surrounding cartiIage, the necrotic ossification 
center wiI1 be cut off from a11 sources of capiIIaries; and it may be 
questionabIe whether these may reach it in time to aIIow both the 
absorption of the necrotic materia1 and the resumption of growth 
of the head. 

This circumstance expIains the amazing chronicity of cases 
of this disease at a period of Iife when repair is the swiftest and when 
foci of identical nature and size in more accessibIe pIaces of the 
skeIeton are eIiminated in a few weeks; and this accounts mainIy 
for the fact that necrotic portions may remain in the head for 
eight or ten years unabsorbed and unsubstituted as was found by 
Konjetzny.64,6s 

The drilling into the necrotic center of the head is of striking 
benefit. Its effects deveIop in two phases that are fairIy we11 sepa- 
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rated. First, a swift absorption of a11 necrotic materia1 occurs; 
subsequent to this the normaI growth of the head is resumed. The 
first phase is indicated by the appearance of marked contrast within 
the ossification center, due to absorption of necrotic portions. The 
absorption compIeted, the second phase or norma growth of the head 
starts on its way. The uItimate outcome depends on, and may be 
predicted by the amount of cartiIage present at the time of driIIing. 
The greater this cartilage reserve the more perfect the end resuIt. 
This demands that the driIIing be done as earIy as possibIe. If the 
cartiIage reserve is smaI1, the driIIing is of even greater urgency, 
because a thin cartiIage covering is not sufficient to cushion against 
further deformation and itseIf may wear through and so Iead to the 
destruction of the head. 

The appearance of the head during the first phase may be quite 
aIarming at times. Fragmentation may become more pronounced 
than it was before the driIIing. Observations during the Iast seven 
years convinced the author that this increased fragmentation is the 
resuIt of absorption of necrotic parts and indicates no danger. As 
Iong as there is a thick cartiIage Iayer over the bony center, however 
badIy fragmented, the outcome wiI1 be good. Arthrography as 
described by Sievers’O’ and SeverinloO will remove the guess work as to 
the amount of cartiIage reserve, but this may be caIcuIated correctIy 
enough on the usua1 x-ray picture. In the second phase a wedge- 
shaped defect may appear on the fairIy we11 developed head. This, 
as stated, marks in the opinion of the author the area in the cartiIage 
where compression damaged the vesseIs and ossification is conse- 
quentIy retarded. These areas persist for a Iong time, but eventuaIIy 
become HIed up and do not necessitate a second driIIing. The Aat 
appearance of the head, besides its actualIy lesser height, is in a 
measure due to the sIipping of the head in the same manner as 
observed in the cases of sIipped epiphyses. This circumstance, 
aIthough noted by WaIdenstroem1r3 in his first publication (r gog), 
is not generaIIy recognized; it is cIearIy demonstrated in Figures 

50, 53 and 59. 
As a basic pIan the author recommends accurate driIIing as earIy 

as possibIe, pIaster of paris spica immobiIization for six to eight 
weeks, protective brace until x-ray examination proves that a11 
necrotic portions were absorbed. Beyond this period, in the opinion 
of the author, protection against weight bearing is no more neces- 
sary than it is for the femora1 heads of heaIthy chiIdren during 
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normaI growth. For the time being, however, until more materia1 
can prove the safety of this view the author uses and recommends 
the use of a brace as Iong as the chiIdren can be induced to wear it. 

FIG. 37. Case II. Roentgenogram FIG. 38. Case II. Roentgenogram 
ApriI 26, 1933; irregular head five weeks after driIIing, June 2 I, 
with flattened contour and ab- 1933; marked absorption of por- 
normal structure; broadened tions in the head and contrast- 
neck. ing structure. 

CASE II. P. W., a seven year old boy, gave a history of pain, limping 
and stiffness in the right hip for haIf a year. On the basis of clinica and 
repeated x-ray examinations the diagnosis of WaIdenstroem-Legg-Calv& 
Perthes’ disease was made. (Fig. 37.) A pIaster of paris spica for three 
months brought no reIief. The driIIing operation was performed on May I I, 

1933, and a short knee-Iength spica applied. The patient was discharged 
five days postoperativeIy. Six weeks after the operation the spica was 
removed. X-ray examination the foIIowing day showed that marked con- 
trast developed in the ossification center, and portions of it became 
absorbed. (Fig. 38.) A brace was recommended, but the patient was not 
heard of unti1 three and one-half years Iater, in February, 1937, when the 
parents stated that, as the child waIked about without pain, no brace was 
used. The chiId at that time had no symptoms whatever, attended school, 
and participated in a11 exercises during the three and one-haIf years that 
eIapsed. X-ray examination February 12, 1937, showed the femora1 head 
fairIy we11 deveIoped, with a crater-shaped defect of ossification in its 
middIe portion. (Fig. 39.) HaIf-yearIy checkups were made. X-ray exami- 
nation February 8,1g40, (Figs. 40 and 41) shows we11 shaped and deveIoped 
head both on the anteroposterior and IateraI views. A faint trace of the 
one-time crater is indicated. Range of motion was compIete. The period of 
observation Iasted seven years. 
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CASE III. J. B., a five and one-half year oId boy, had pain in the right 

hip, a Iimp and increasing inabihty to waIk for a period of eight months. 

HospitaI observation and prolonged bed-rest at home were carried out but 

FIG. 39. Case II. Roentgenogram three and three- 
quarter years after driIIing; development of 
head we11 under way; crater of retarded ossifi- 
cation at site of vessel damage in the cartilage. 

FIG. ho. Case IL Roentgeno- 
gram six and three-quarter 
years after drilling, Febru- 
ary 8, rgho; we11 deveI- 
oped head of good struc- 
ture. 

FIG. 41. Case II. Lateral 
view same day as Figure 
40; we11 developed head; 
trace of crater faintly 
perceptibIe. 

there was no improvement. X-ray examination on May 19, 1934, showed 
an area of bone destruction in the upper-outer segment of the head and 
neck. (Fig. 42.) The chiId was kept in bed at home without marked improve- 
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ment, and permission for operation was not obtained until September 8, 
1934, when three channeIs were driIIed into the head in the direction of the 
focus. No spica was applied. Six weeks rest in bed folIowed. X-ray exami- 

FIG. 42. Case III. Roentgenogram 
May rg, 1934; area of bone destruc- 
tion indicated in upper-outer seg- 
ment of head and neck. 

F:c. 43. Case III. Roentgenogram 
six weeks after driIIing, October zs, 
1934; marked absorption in the 
focus indicated in Figure 42, with 
contrast in bone structure. 

nation on October 28, 1934, showed a we11 deveIoped contrast at the site of 
the focus with marked absorption of the involved area. (Fig. 43.) A brace 
was worn for six months. The child reported to foIIow-up only two and 
one-haIf years Iater, when the parents stated that after the brace was dis- 
carded the chiId continued with his activities without symptoms. The chiId 
has been seen yearIy since then. X-ray examination February IO, 1939, 
showed weII shaped and deveIoped head on both the anteroposterior and 
IateraI views. EpiphyseaI line showed irregularity at the site of the original 
focus but no other abnormality. (Figs. 44 and 45.) Range of motion is com- 
plete. The period of observation Iasted five years. 

CASE IV. R. D., five year oId boy, had pain in the Ieft hip, a limp and 
inabiIity to stand and waIk, for a few weeks. X-ray examination of the Ieft 
hip on November 24, 1934, showed a typica picture of WaIdenstroem- 
Legg-CaIve-Perthes’ disease. (Fig. 46,) The driIIing operation was per- 
formed on November 28, 1934, folIowed by bed-rest in the hospita1 for eight 
weeks. X-ray examination on February 4, 1935, showed what was then 
thought very aIarming fragmentation of the ossification center of the head 
(Fig. 47), and for this reason a plaster of paris spica was appIied for three 
months. After removal of the spica a brace was appIied. The chiId was seen 
every two months and whiIe the X-ray pictures stiII looked very discourag- 
ing, the clinical symptoms gradually disappeared and the chiId waIked 
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FIG. 44. Case III. Roent- 
genogram four and 
one-haIf years after 
drilling, February IO, 
1939; no trace of ab- 
norma structure, we11 
deveIoping head; neck 
somewhat broadened. 

FIG. 45. Case III. Lateral 
view, same day as 
Figure 44; irreguIarity 
of epiphyseal line at 
site of focus; no other 
abnormaIity. 

FIG. 46. Case IV. Roentgenogram 
November 24, 1934; typica 
findings of early Legg-Perthes’ 
disease. 

FIG. 47. Case IV. Roentgenogram 
seven weeks after driIIing, Feb- 
ruary 4, 1935; aIarming frag- 
mentation of the head; two driI1 
channels visible. 
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about without concern and the brace performed obviously no function 
whatever except perhaps restraining his activities. X-ray examination on 

October 4, 1933, stiI1 showed marked fragmentation, but something of a 

FIG. 48. Case IV. Roentgenogram thirteen months 
after driIIing, February 6, 1936; growth of head 
well under way. 

reshaping of the ossification center couId be perceived. At this time the child 
was entirely without cIinica1 symptoms and used the brace only whiIe in 

schoo1. The brace was discarded when x-ray examination, February 6, 1936, 

showed that the regrowth of the head was definitely on its way. (Fig. 48.) 

FoIIow-up examinations were made at haIf-year intervals. X-ray exami- 

nation showed a steady growth of the head. The Iast x-ray examination on 
February 13, 1940, showed the femora1 head we11 shaped and deveIoped and 

the neck of good Iength without broadening. (Fig. 49.) Lateral view shows 
sIight off-center position of the head. (Fig. 50.) Range of motion is com- 
pIete. The period of observation covered five and one-quarter years. 

CASE v. A. L., seven year oId boy, gave a history of pain and Iimp in 
the Ieft hip. X-ray examination on November g, 1934, showed irregular 

ossification center and epiphysea1 Iine of the left hip. (Fig. 51.) The diag- 
nosis of WaIdenstroem-Legg-CaIVC-Perthes’ disease was made and the 

driIIing operation performed on November 16, 1934. A pIaster of paris 
spica was appIied for eight weeks but no brace. Home conditions necessi- 

tated hospitaIization for two additiona months, after which the chiId was 
transferred to an orphan home where he was under constant supervision. 
HaIf-yearIy checkups were made. X-ray and cIinica1 examinations showed 
steady growth of the head and absence of symptoms. The Iast x-ray exami- 
nation on February IO, 1940, showed a fairIy we11 shaped and deveIoped 
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head. (Fig. 52.) Range of motions is complete and the chiId is pursuing 
activities at schooI. The reduced height of the head as seen on the ante 
posterior view is to a great extent onIy apparent and is due to the sIipF 

FIG. 49. Case IV. Roentgenogram FIG. so. Case IV. Lateral view, 
five and one-quarter years after same day as Figure 49; head is 
drilling, February 13, 1940; we11 sIightIy off center. 
deveIoped head and neck, nor- 
mal bone structure. 

all 

ro- 
Bed 

FIG. 5 I. Case v. Roentgeno- 
gram November 9, 1934; 
earIy Legg-Perthes’ disease. 

FIG. 32. Case v. Roentgenogram five 
and one-quarter years after driIIing; 
we11 developing head somewhat off 
center. 

position of the head as it is pIainIy noticeable on the latera view. (Fig. 5 
The period of observation covered five and one-quarter years. 

CASE VI. L. L., a five and one-haIf year old boy, had marked pain 
the Ieft hip, a limp, and inability to waIk, except short distances for 
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period of four months. X-ray examination February 6, 1935, corroborates 
the clinical diagnosis of WaIdenstroem-Legg-CaIv&Perthes’ disease. (Fig. 
54.) The driIling operation was done on February 19, 1935. A spica was 

FIG. 53. Case v. Lateral view, same day as Figure 
52; head we11 shaped and deveIoped but in a 
marked off center position. 

apphed for eight weeks and a brace for fourteen months. X-ray exami- 
nation ApriI 15, 1935, showed marked contrast deveIoping in the ossification 
center of the head assuming the appearance of osteochondritis dissecans. 
(Fig. 55.) X-ray examination on JuIy IO, 1935, showed the fuII deveropment 
of this subcartilaginous osteochondritis dissecans. Sequestrum and its bed 
from which it separated were pIainIy visibIe. (Fig. 56.) CIinicaI symptoms 
steadiIy decreased and the chiId became more and more active. February 
26, 1936, a year after driIIing, x-ray examination showed that while a smaI1 
portion of the sequestrum stiI1 persisted, the growth of the head was 
definiteIy under way. The chiId couId be restrained onIy with great diff%uIty, 
but owing to the fact that the osseous center of the head was apparentry 
off center, an endeavor was made to continue with the brace, which was 
discarded onIy sixteen months after the operation. HaIf-yearIy checkups 
were made. X-ray examination September I I, 1936, showed progressing 
growth of the head; a smaI1 portion of the sequestrum was stir1 visibIe, the 
outIines of compression crater indicated on the head. (Fig. 57.) The chiId 
was Iast seen February IO, 1940, when the x-ray examination reveaIed a 
we11 shaped and deveIoped neck and head (Fig. 58), the Iatter somewhat 
dispIaced posteriorIy as indicated on the Iateral view. (Fig. 59.) The period 
of observation covered five years. 
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FIG. 54. Case VI. Roentgenogram 
February 6, 1935; typical pic- 
ture of earIy Legg-Perthes’ 
disease. 

FIG. 55. Case VI. Roentgenogram 
nine weeks after drilting, April 
15, 1935; absorption in the head 
bringing about picture of osteo- 
chondritis dissecans. 

FIG. 56. Case v . Roentgenogram July IO, 
1935; picture of osteochondritis dissecans 
fully deveIoped. 
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FIG. 57. Case VI. Roentgenogram FTC. 58. Case VI. Roentgenogram 
a year and one-half after drilling, five years after driIling, Febru- 
September I I, 1936; growth of ary 10, 19q.o; we11 shaped and 
head resumed, vestige of seques- deveIoped head and neck; nor- 
trum visible; compression crater ma1 bone structure. 
in head outlined. 

FIG. 59. Case VI. Lateral view, same day as 
Figure 58; head sIightIy off center. 
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CASE VII. J. E., a seven year oId boy, had marked pain and spasm in 
the right hip, inabiIity to stand on right Ieg and to waIk any but short dis- 
tances. The duration of symptoms was ten months. On cIinica1 and x-ray 

FIG. 60. Case WI. Roentgenogram seven FIG. 61. Case VII. Roentgenogram four 
months after driIling, December 24, and three-quarter years after drilling, 
,935; head still fragmented, compres- February 8, 1940; welt developed 
sion crater cIearIy outIined. head and neck; norma bone structure. 

FIG. 62. Case VII. LateraI view, same day as 
Figure 61. 

evidence the diagnosis of WaIdenstroem-Legg-CaIvC-Perthes’ disease was 

made. (X-ray pictures of that period cannot be located.) The drilling 
operation was performed on May 23, 1935. A pIaster of paris spica was 
appIied foIlowed by bed-rest for seven months. X-ray examination on 
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December 24, 1935, showed the ossification center of the head stiII frag- 
mented, the outIines of a crater indicated on its middIe. (Fig. 60.) Sub- 
sequent x-ray examinations showed filhng of this defect and fusion of the 
fragmented parts within one year and haIf postoperativeIy. For reasons of 
precaution rest in bed aIternating with spica was continued for another ten 
months after which the chiId resumed norma activities. For one and three- 
quarter years the chiId couId not be Iocated, but when found was we11 and 
active, x-ray examination showing we11 deveIoping head. He was last seen 
February 8, 1940, when the x-ray examination at that time showed a well 
shaped and deveIoped head and neck on both anteroposterior and Iater 
views. (Figs. 61 and 62.) Range of motion was compIete. The period of 
observation Iasted five years. 

GROUP OF SLIPPING EPIPHYSES 

As was stated, the underIying cause of the shpping of the head 
is the necrosis at the epiphyseal plate, in particmar, dista1 to it. 
Continued weight bearing often frustrates spontaneous repair by 
crushing the newly formed bone. When pain and spasm inter- 
mittentIy immobiIize the patient, absorption of the necrotic parts 
and the deposition of new bone may be so we11 baIanced that the 
head may wander great distances on the neck without actually 
separating from it. 

Many features of this disease may be expIained by simple 
mechanica interpretation. The head wanders downward and onto 
the posterior surface of the neck because the place of easiest escape 
is the intertrochanteric fossa. One gIance at the upper end of the 
femur from above fulIy reveals this situation. Femoral heads after 
compIete and incompIete neck fractures invariably fo1Iow the same 
direction. 

Owing to this direction of slipping, the synovia1 membrane at 
the Iower surface of the neck lifts into a foId. This fold is part of 
the norma synovia1 membrane and not the result of inflammatory 
redundance. Its inflamed appearance is due to mechanica irrita- 
tion in the crowded joint, and not, as at times it was beIieved, to 
“primariIy infectious” reasons. 

In the same way as the synovia1 membrane, the periosteum 
of the neck may aIso lift into a foId at the Iower contour of the neck 
and produce there new bone, as has been observed since the days of 
BeII, Cooper and Canton. 

As these soft part coverings of the neck foId beIow and behind, 
they become tautIy stretched in front and above. At times they 
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thicken and produce cartiIage patches, at others they wear away 
and the bone and epiphyseal cartiIage may become exposed. ParticIes 
of the Iatter may be rubbed off into the synovia1 membrane or into 
the free joint, thus bringing within the possible consequences the 
condition caIIed chondromatosis. 

The sudden and compIete separations need no further explana- 
tion with the exception that it is not generaIIy reaIized that upright 
weight bearing is one of the mechanica factors that tend to keep the 
head on the neck. Sudden compIete sIips whiIe asleep are expIained 
by the absence of this stabiIizing eIement and by the direction of 
force across the neck when shifting the body in a horizonta1 position. 

DriIIing in the instances of this disease brings uniformIy good 
resuIts. The necrotic areas are rapidIy absorbed, the epiphysea1 
pIate disappears in most instances, and head and neck fuse firmIy. 
DriIIing freezes, as it were, the existing situation. The author 
recommends six to eight weeks’ pIaster of paris spica immobiIiza- 
tion after operation, with subsequent brace protection against 
weight bearing. The Iarger the area of necrosis at the time of the 
driIIing, the Ionger shouId be the period of brace protection. In cases 
of compIete separation protection against weight bearing shouId be 
practiced for proIonged periods, possibIy two years or more, and the 
condition carefuIIy checked by x-ray examination at quarterIy 
intervals. Any III conceived hurry to produce spectacuIar resuIts 
may end in the disaster of deforming arthritis. If diagnosis wiI1 be 
made earIy, as emphaticaIIy demanded by Mayer,73 and driIIing 
performed as soon as possibIe, the resuIts wiI1 be swift, perfect and 
permanent. 

The outcome of negIected cases is at times appaIIing. Arthritis 
deformans with pseudoankyIosis Iead to a great degree of permanent 
disabiIity. At times a curious and IittIe understood condition resuIts 
as iIIustrated in Case XVI. A prominent feature of this condition is 
that the femora1 head is markedIy enIarged. 

Andra13 reported the condition as an accidenta autopsy finding 
in 1834. It was again brieffy outIined by John Sandifort,12’ in 1840, 
as “augmented voIume ” of the femora1 head. In 1868, VoIkmann112 
described it as “true hypertrophy ” of the femora1 head and attrib- 
uted it to increased bIood suppIy. GuibaPO caIIed it “deforming and 
hypertrophying osteochondritis” in 1922. RecentIy this condition 
was described and renamed “ coxa magna” by Ferguson and 
Howorth (1935). 
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CASE VIII. T. H., a ten year old boy, was first seen July IO, rg3r. He 
had pain and stiffness in the Ieft hip. X-ray examination at that time showed 
slight disturbance of structural detail distal to the epiphyseal plate inter- 

FIG. 63. Case VIII. Roentgenogram July FIG. 64. Case VIII. Roentgenogram 

10, 1931; earIy disturbance of bone November I o, 193 I marked progress 
structure in neck at epiphysea1 plate. of the disease. Vestige of primary 

compression in head. 

preted as necrosis. (Fig. 63.) No permission for drilhng was obtained unti1 
x-ray examination, November IO, showed marked progress of the disease. 
(Fig. 64.) The operation was performed November 30, 1931. Five channeIs 
were driIIed into the neck and head. A spica was applied for eight weeks 
and a brace for ten months. The patient and parent were very co-operative 
and the chiId was restrained from strenuous exercises for a second year 
during which, however, he attended school and was entireIy symptomIess. 
Half-yearly checkups were made. X-ray examination February 17, 1937, 
showed a we11 shaped and fulIy developed head and normal bone structure. 
Shortening of the neck was proportionateIy the same as at the time of 
driIIing. (Fig. 65.) The patient was last seen June, 1939, when the range of 
motion was compIete. The period of observation lasted eight years. 

CASE IX. M. McE., a ten year old girl, gave a history of pain and 
Iimp of one week. X-ray examination on October 19, 1933, showed marked 
bone destruction in the neck without markedIy changed position of the 
head. (Fig. 66.) After two weeks of traction treatment in bed, the drilIing 
operation was performed October 25, 1933. A spica, first full, then knee 
Iength for fifteen weeks was apphed. This proIonged treatment in a spica 
resuIted in a moderate stiffening of the knee on account of which rest and 
carefu1 exercise in bed were carried out till the end of the sixth month after 
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the operation, when the patient was permitted to walk on crutches. These 
were graduaIIy discarded. Half-yearIy checkups were made during which 
her condition steadiIy improved functionalIy and as to ?c-ray appearance. 

after drilIing, February 17, 1937; we11 shaped 
and deveIoped head; norma bone structure; 
fusion of epiphyseal plate. 

FIG. 66. Case IX. Roentgenogram FIG. 67. Case IX. Roentgenogram three and 
October 19, 1933; marked bone one-quarter years after driIIing, March 6, 
destruction in the neck. 1937; compIete fusion of head and neck; 

normal bone structure; we11 shaped head. 

The Iast .x-ray picture, March 6, 1937, showed a perfectIy shaped and 
deveIoped head with normaI bone structure. (Fig. 67.) The range of motion 
was compIete. The period of observation covered six and one-quarter years. 

Us61 
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CASE x. M. P., a tweIve year oId girl, was first seen August I, 1933. 
She gave a history of pain in the Ieft hip for a period of a month and 
\zaIked with a marked limp. An x-ray picture taken on that day showed 

FIG. 68. Case x. Roentgeno- FIG. 69. Case x. Roentgenogram 
gram August 
marked destruct:dn I?% 

three and one-quarter years . . 
after drilling, March 6, 1937; 

neck; definite sIipping of compIete fusion, we11 shaped 
the head. head; normal bone structure. 

marked destruction in the neck dista1 to the epiphysea1 plate and decided 
slipping of the head. (Fig. 68.) A pIaster of paris spica was applied for two 
months. No marked improvement took pIace. The driIIing operation was 
performed on October I I, 1933 and a spica applied for five weeks. CarefuI 
exercises and waIking on crutches were then permitted. After six months 
crutches were discarded. The child waIked without limp or pain. HaIf- 
yearIy checkups were made. The Iast x-ray examination, March 6, 1937, 
showed a perfectIy shaped and deveIoped head with norma bone structure. 
The position of the head was the same as at the time of the drilling and 
very satisfactory; Iength of neck was proportionateIy the same as at the 
time of driIIing. (Fig. 69.) Range of motion was compIete. The period of 
observation Iasted five and one-haIf years. 

CASE XI. F. S., an eIeven year old girI was first seen August 22, 1934. 

She gave a history of pain, spasm in the Ieft hip and inabiIity to walk any 
but short distances. X-ray examination showed bone destruction at the 
epiphysea1 pIate and beginning dispIacement of the head. DriIIing oper- 
ation was performed on August 23, 1934, but no spica was applied. Due to 
circumstances over which the author had no contro1, the patient Ieft the 
hospita1 nine days after operation and was aIIowed to waIk about. On 
February 6, 1935, the patient again returned with a marked Iimp and pain. 
X-ray examination at that time showed marked progress of the disease. 
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(Fig. 70.) A second drilling was recommended. February 21, 1935, five 

channeIs were driIIed in the neck and head. A spica was appIied for eight 
weeks and a brace for nine months. The condition rapidly improved. 

FIG. 70. Case x1. Roentgenogram Feb- FIG. 71. Case XI. Roentgenogram five 
ruary 6, 1933; marked slipping of the years after second dritling, December 
head and bone destruction in the 30. 1939; complete fusion, well shaped 
neck. head; normal bone structure. 

FIG. 72. Case XI. Lateral view, same day as 
Figure 71; shape of head we11 preserved. 

Subsequent x-ray examinations showed good repair. One year after the 
second drilling the chiId was fulIy active. HaIf-yearly checkups were made. 
The Iast x-ray examination on December 30, 1939, five years after driIIing, 
showed the head in the same reIative position as at the time of drilling, 
we11 shaped and of norma structure. (Figs. 71 and 72.) Range of motion 
was very satisfactory. There was a trace of Iimitation of abduction and 
internal rotation. The period of observation covered five and one-half 
vears. 
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CASE XII. J. K., a seventeen year oId boy, suffered with disability of 
the Ieft hip for one and one-haIf years. X-ray examination May 23, 1932, 
showed marked coxa vara and bone destruction dista1 to the epiphyseal 

FIG. 73. Case XII. Roentgenogram May 

23. 1932; marked coxa vara, bone 
destruction in the neck, off center 
position of the head; primary focus 
indicated in head. 

FIG. 74. Case XII. Roentgenogram one- 
half year after drilling, November 
lo(?), 1932; firm fusion; primary 
focus still outIined in head. 

FIG. 75. Case XIII. Roentgenogram Feb- 

ruary 7, 1932; complete epiphyseal 
separation of right hip. 

FIG. 76. Case XIII. Roentgenogram three 
months after drilling, May 7, 1932; 
maintained continuity between head 
and neck; definite primary compres- 
sion focus in head. 

pIate. (Fig. 73.) DriIIing operation was performed June 6, 1932, and a spica 
appIied for eight weeks. Under the care of a private physician measures 
of protection against weight bearing were carried out. X-ray examination on 
November IO(?), 1932, showed firm fusion of head and neck. (Fig. 74.) 
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Osteotomy for the correction of the coxa vara was recommended but the 

patient did not return. The period of observation was six months. 
CASE XIII. B. S., a ten year oId gir1, stumbled and felI on January 12, 

FIG. 77. Case XIII. Roentgenogram five vears after 
drilling, February 3, 1937; firm “iion, fairly 
welt shaped head; primary focus in head still 
persisting. 

1932. Her right lower limb was instantly disabled and she was kept in bed at 
home. On February 7, 1932, x-ray examination showed complete epiphyseal 
separation in the right hip. (Fig. 75.) On February IO, 1932, the separation 
was reduced by the author’s method of IateraI traction, and the driIIing 
operation performed. A spica was applied for the period of eight weeks. 
Rest in bed and carefuI exercise were prescribed. On May 7, 1932, x-ray 
examination showed maintained continuity of neck and head and the 

appearance in the Iatter of a characteristic primary focus of compression 
which was not noticeable in the previous pictures. (Fig. 76.) A brace was 
appIied for six months and the chiId was transferred to a convalescent 

home. YearIy checkups were made. X-ray examination on February 3, 

1937, five years Iater, showed firm union and a fairIy we11 shaped head. The 

vestiges of primary compression focus were stiI1 cIearIy discernible. (Fig. 
77.) Motions were sIightIy Iimited in a11 directions, but the range was 
satisfactory. She was Iast seen on February, 1940, when her condition was 
the same. The period of observation Iasted eight years. 

CASE XIV. B. S., the same patient as Case XIII. X-ray examination on 
February 7, 1932, was taken of the Ieft hip incidentaIIy with the injured 
right hip, but reveaIed no pathologica findings. (Fig. 78.) On June 5, 1932, 

the left hip was again included in the x-ray picture taken as a follow-up of 
the right hip. This revealed a simiIar compression focus on the Ieft femora1 
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head (Fig. 79) as was noted on the right. For this reason the author recom- 
mended bed-rest immobihzation, possibIy driIIing of the left hip. This was 
not carried out and the chiId was permitted to walk about with a brace on 

Fro. 78. Case XIV. Roentgeno- 
gram February 7, 1932. 
Normal head and neck of 
left femur (same patient as 
Cast XIII). 

FIG. 79. Case XIV. Roentgeno- 
gram JuIy 5, 1932; definite 
primary compression focus 
in head. 

FIG. 80. Case XIV. Roent- FIG. 8 I. Case XIV. Roentgenogram 
genogram October 14, five years after drilling, Febru- 

1932; compIete epi- ary 15, 1937; firm union, faidy 
physeal separation, we11 shaped head; primary com- 
left hip. pression focus stilI visible. 

the right Ieg with activities moderateIy restricted. On October 14, 

patient returned with a compIeteIy shpped epiphysis in the 
1932, the 
left hip. 

(Fig. 80.) Reduction and driIIing were performed on October 25, 1932, and a 
spica appIied for eight weeks. The child returned to the convalescent home. 
YearIy checkups were made. X-ray examination on February 15, 1937, four 
and one-quarter years after drilling, showed firm union and a fairly we11 
shaped head. Vestiges of primary compression focus were stiI1 discernibIe. 
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(Fig. 81.) Motions were somewhat limited in the right hip, but range was 
satisfactory. She was Iast seen February, 1940, and her condition was the 

same. The period of observation Iasted seven and one-quarter years. 

FIG. 82. Case xv. Roent- FIG. 83. Case xv. Roent- 
genogram ApriI 14, 1934; genogram two and one- 
compIete epiphyseat sepa- haIf years after dritling, 
ration, Ieft hip. November 6, 1936; firm 

union, fairIy we11 shaped 
head in fair position; nor- 
ma1 bone structure. 

FIG. 84. Case XVI. Roentgenogram FIG. 85. Case XVI. Roentgeno- 
August I, 1933; old slipped epiphysis gram eight years previous 
with some amount of union; head to Figure 84, January 26, 
markedIy enIarged and of abnorma1 1926. Original condition: 
structure. slipping epiphysis. 

CASE xv. J. V., a fourteen year oId, obese boy feI1 at home and his left 
Iower extremity was instantIy disabled. He remained in bed for two weeks. 
X-ray examination, ApriI 14, 1934, showed a compIeteIy sIipped epiphysis 
in the Ieft hip. (Fig. 82.) On the same day reduction and driIIing were 
performed. A spica was appIied for eight weeks and brace protection for six 
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months. His Ieft knee deveIoped a stubborn stiffness that yieIded com- 
pIeteIy onIy after eighteen months. Constant supervision was carried out. 
X-ray examination, November 6, 1936, showed firm union and norma bone 
structure. The position of the head was satisfactory. (Fig. 83.) Range of 
motion was sIightIy Iimited in every direction. He was Iast seen March, 
1937. The patient moved but reports by Ietter indicate good function. The 
period of observation covered two and one-haIf years. 

CASE XVI. A. H., a twenty-five year old male, gave the history of Iong 
disability of the right hip. According to his statement he suffered from 
“ slipping epiphysis ” and was treated at severa hospitaIs. Spica and 
bed-rest with traction were used. X-ray examination on August I, 1933, 
reveaIed an old epiphysea1 slip with union, the extent of which cannot be 
we11 determined. The head appeared enIarged and of markedIy abnorma1 
structure. (Fig. 84.) Weight bearing in right hip was fair but painfu1. The 
drilling operation was performed on ApriI 30, 1934, after which the patient 
left city and no foIIow-up was possibIe. On inquiry at the hospitaIs where 
patient was previousIy treated it was found that an x-ray examination was 
made January 26, 1926, which proved that the origina condition was 
slipping epiphysis of the right hip. (Fig. 83.) During the seven and one-haIf 
years that eIapsed between the two x-ray examinations the condition pro- 
gressed from sIipping epiphysis to what was IateIy termed coxa magna, 
demonstrating the reIationship between the two. 

GROUP OF COMPRESSION FOCI IN THE FEMORAL NECK 

CASE XVII. E. G., a five year oId boy, gave a history of trivia1 tumbIes 
whiIe pIaying during summer, 1931. No definite accident occurred. There 
was some pain in the right hip, a very marked limp, reIuctance to waIk and 
tota inabiIity to stand on the right Ieg. X-ray examination, December IO, 
1931, reveaIed a Iarge trianguIar subcapita1 segment of the neck separated 
without dispIacement. (Fig. 86.) This segment had the appearance of 
necrosis. The course of iIIness was afebriIe and the patient was kept in bed. 
On December 22, 1931, two channeIs were driIIed, one into the axis of the 
neck and the other into the affected segment. The Iimb was immobilized. 
The bone specimen removed in the grooves of driI1 showed tota necrosis. 
(Fig. 32.) X-ray examination on January 28, 1932, five weeks after oper- 
ation, showed re-union of the detached portion with the neck, the pre- 
viousIy necrotic segment evidentIy being re-vitaIized. The two driI1 
channeIs were visibIe. (Fig. 87.) CIinicaI recovery was rapid and complete. 
X-ray examination one year after operation showed no disturbance and good 
growth. The patient was seen reguIarIy for two more years. He is we11 and 
active. The period of observation Iasted three years. 

CASE XVIII. H. C., an eight year oId boy, gave a history of long dis- 
abiIity. The mother stated, “both hips were broken when baby was 
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dropped.” X- ray examination on January 5, 1932, of the left hip showed 
marked coxa vara with dispIacement of the head beIow the greater tro- 

chanter and the neck at a sharp angIe with the shaft. Across the neck a 

FIG. 86. Case XVII. Roentgeno- 
gram December IO, 1931; 
necrotic subcapita1 segment 
separated but not dispIaced. 

FIG. 87. Case XVII. Roentgeno- 
gram five weeks after driII- 

ing, January 28, ‘932; 
necrotic segment fused to 
neck; two drill channels 
visible. 

FIG. 88. Case XVIII. Roentgeno- FIG. 89. Case. XVIII. Roentgeno- 
gram January 5, 1932; marked gram June 3, 1932; bony union 
coxa vara; broad defect across at the site of the previous bone 
neck. defect. 

broad band of absorption interrupts the continuity outIining a wedge- 
shaped segment dista1 to the epiphysea1 pIate. (Fig. 88.) The same con- 
dition was observed in the right hip, on which osteotomy was performed on 
January 14, 1932. On the occasion of change of spica, January 28, 1932, 

three channels were driIIed through a smaI1 incision over the greater tro- 
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chanter into the Ieft femora1 neck. Owing to the presence of spica no x-ray 
picture was taken of the Ieft hip until June 3, 1932. At that time compIete 
bony consoIidation was present at the site of the area of absorption that 

FIG. 90. Case XVIII. Roentgenogram five years 
after drilling and osteotomy, March 8. 1937; 
we11 developed head and neck. 

existed prior to the drilling. (Fig. 89.) Subtrochanteric osteotomy was 
performed for the correction of coxa vara on September 22, 1932. HaIf- 
yearIy checkups were made. After June, 1934, the child was irreguIar in 
reporting and was not Iocated until March 8, 1937. An x-ray examination 
at that time showed a fairIy we11 deveIoped femora1 neck in good position, 
normal head, and satisfactory bone structure. (Fig. go.) The chiId was not 
very co-operative and couId not be restrained as desired. ResuIts were very 
satisfactory. The period of observation lasted five years. 

CASE XIX. P. G., a tweIve year old gir1, had a sudden “caving in” of 
the right Ieg while walking. There was no stumbling and no accident. 
X-ray examination reveaIed compIete intracapsuIar fracture of the right 
femoral neck. In view of the very sIight injury connected with this com- 
plete severance of continuity the possibiIity of pathologica fracture was 
considered, which was supported by x-ray examination during treatment by 
RusseII traction on October I I, 1936, showing smooth fracture edges. 
(Fig. gI .) The femora1 head showed what was interpreted as a focus of 
primary compression. In view of the youth of the patient bony union was 
expected. This seemed to be we11 under way after seven weeks of treatment, 
as shown by x-ray examination on November 21, 1936. (Fig. 92.) However, 
when traction was discontinued after eleven weeks of treatment, the limb 
feI1 instantIy into externa1 rotation indicating nonunion, which was con- 
firmed by x-ray examination on December 29, 1936, (Fig. 93.) AppIication 
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of traction easily restored the reduction previously obtained, but retease 
was immediately foIIowed by faIIing apart of the fragments. For this 
reason a pIaster of paris spica was appIied for eight weeks. After remova of 

FIG. 9 I. Case XIX. Roentgenogram, 

October I I, 1936; smooth frac- 
ture Iine, marked] absorption; 
primary compression focus in 
head. 

FIG. 92. Case XIX. Roentgenogram 
November 2 I, 1936; apparent 
union. 

FIG. 93. Case XIX. Roentgenogram after 
eIeven weeks in traction, December 29, 
1936; no trace of union, marked externat 
rotation. 

the spica, March 8, 1937, there was no sign of union and the thigh was freely 
teIescoping on the side of the pelvis. X-ray examination on this day showed 
the compIeteIy rotated head and the externally rotated dista1 fragment. 
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(Fig. 94.) Five months of careful immobilization elapsed without bringing 
any trace of union. The drilling operation was performed ApriI 5, 1937. 
Owing to the emaciated condition of the chiId, immobihzation was obtained 

FIG. 94. Case XIX. Roentgeno- 
gram five months after 
accident; eteven weeks 
traction, eight weeks spica; 
no trace of union. 

FIG. 95. Case XIX. Roentgenogram two 
years after drilling, February 24, 

1939; firm union, well shaped head. 

FIG. 96. Case xx. Roentgenogram .JuIy FIG. 97. Case xx. Roentgeno- 
25, 1936; complete fracture at base of gram July 6, 1938; good 
neck, markedly smooth edges. union; primary focus in 

head found. 

as best as possible by sand bags. Rapid consolidation ensued and evidences 
of cIinica1 union appeared after two months. The chiId was aIIowed to waIk 
about on crutches four months after driIIing. Subsequent cIinica1 and x-ray 
examinations showed steady improvement. X-ray examination on February 
24, 1939, showed compIete consohdation of the fracture with fair position 
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of the fragments and good bone structure. (Fig. 95.) Weight bearing was 
perfect and painless, and range of motion nearly compIete. The child 
pursues a11 her activities unhampered and is unaware of any physical short- 
comings. The period of observation Iasted three and one-quarter years. 

FIG. 98. Case xx. Roentgenogram two and one- 
haIf years after drilling, February 20, 1939; 
firm union. 

CASE XX. L. G., a ten year oId girl, whiIe stepping on the rungs of a 
ladder had her right Ieg “give out” under her. X-ray examination, July 25, 

1936, showed a compIete interruption of continuity at the base of the right 
femora1 neck. This “fracture Iine” was of such even smoothness that con- 
sidering the nature of the accident, the diagnosis of a pathoIogica1 fracture 
was made. (Fig. 96.) Reduction and driIIing were done on JuIy 30, 1936, and 
a spica appIied for eight weeks. Rapid improvement foIIowed. The patient 
was aIIowed on crutches after careful exercises in bed gave cIinica1 evidence 
of union four months after the accident. On repeated x-ray examinations, 
each time in a different position, a search was made for a primary 
compression focus in the head. This was eventuaIIy located on x-ray exami- 
nation made JuIy 6, 1938. (Fig. 97.) A driIIing into this focus was recom- 
mended but refused. X-ray examination on February 20, rgsg, showed good 
consoIidation at the fracture site, a we11 shaped head, satisfactory bone 
structure and apparently uo untoward deveIopment due to the primary 
compression focus. (Fig. 98.) This may be due to the circumstance that the 
segment harboring the focus is possibIy not subjected to weight bearing. 
The parents report that the chiId is weI1, pursuing all activities and is 
unaware of any disability. The period of observation covered three and 
one-half years. 

The reported cases of juveniIe fractures of the femoraI neck 
indicate in the opinion of the author that one cannot reIy implicitly 
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on the vitality of these young patients to bring about repair. The 
delay or entire abeyance of repair is due to the presence of com- 
pressed necrotic bone at the site of interruption of continuity. The 

FIG. 99. Case XXI. Left hip; roentgeno- 

gram June 23, 1937; wedge shaped 
compression in femoraI head; begin- 
ning collapse. 

FIG. TOO. Case XXI. Right hip of same 

patient as in Figure 99; roentgeno- 
gram June 23, 1937; wedge shape of 
compression focus very cIearly 

outlined. 

demonstrated presence of primary foci in the head corroborates the 

explanation given by the author as to the mechanism of these 

injuries. The analysis of these Whitman-type juveniIe fractures 

of the femoral neck may furnish cIues to the understanding of the 

probIems of intracapsmar hip fractures occurring in ad&s, as the 

former represent, as it were, the slow-motion version of the Iatter. 

ARTHRITIS DEFORMANS OF THE HIP 

CASE XXI. J. C., a forty-live year old maIe, was under observation 
with marked disabihty of both hips for two and one-half years. Examination 
revealed in both hips the condition variously caIIed maIum seniIe, arthritis 

deformans, osteoarthritis, etc. The patient had in his possession x-ray 
pictures taken at the onset of the disability, June 23, 1937. (Figs. 99 and 

roo.) These indicate with remarkabIe cIearness the wedge shape of the 
Iesion before coIIapse of the head occurred, indicating that the underIying 
cause of the disease is compression necrosis of the femora1 head. The 

patient cannot recall any marked singIe accident, but reports continued 
hard physical Iabor over a period of many years prior to the inception of the 
disabiIity. 

INVOLVEMENT OF THE ACETABULUM 

CASE XXII. M. F., an eIeven year old gir1, was under observation at 
home for pain and Iimp in the Ieft hip. X-ray examination on June g, 1937, 
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showed gross disturbance of the upper portion of the acetabuIum with the 
formation of a partiaIIy separated sequestrum. The femoraI head showed a 
definite primary compression focus. (Fig. IOI .) The position of the two 

FIG. IOI. Case XXII. Roentgenogram June g, 

1937; partIy separated sequestrum in 
acetabulum; compression focus in head. 

FIG. 102. Case XXII. Roentgeno- 
gram two years later, June 2, 

1939; focus in acetabuIum 
healed; focus in head stil1 pres- 
ent; beginning spur formation. 

foci indicates that the injury to both occurred in marked adduction. Rest 
in bed and treatment by extension at home, intermittentIy with restricted 
activity were carried out. X-ray examination two years Iater, June 2, 1939, 
showed that the injury in the acetabuIum had compIeteIy healed insofar as 
x-ray appearance was concerned. The primary compression focus on the 
head was stiI1 discernible with the indication of the formation of a spur. 
(Fig. 102.) WhiIe x-ray evidence showed recovery, there are, however, 
periods of pain and stiffening in the Ieft hip necessitating bed rest and 
traction. 

INVOLVEMENT OF THE SACROILIAC SYNCHONDROSES 

CASE XXIII. C. H., a nineteen year old maIe, had pain in Iower part of 
the back, stiffness, fatigue on sIight exertion and inabiIity to waIk any but 
short distances. He also experienced radiating pain aIong the posterior 
aspect of both thighs. X-ray examination reveaIed marked bone destruction 
at both sacroiIiac joints. Rest in bed and traction were used but there was 
IittIe improvement. The author believing, as previousIy stated, that the 
condition was due to compression necrosis in the iIium dista1 to the joints, 
recommended driIIing so as to bring about absorption of necrotic materia1 
and possibIy fusion of the synchondroses. The driIIing operation was per- 
formed on February 15, 1933. DriII specimens removed from the iIium 
reveaIed massive bone necrosis. (Fig. I 04.) X-ray examination on March 20, 
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1933, showed the condition as it was a month after drilling. (Fig. 103.) 

Temporary improvement occurred but the sympoms, however, returned. 
Within one year both sacroiIiac synchondroses fused firmIy, but immedi- 

FIG. 103. Case XXIII. Roentgenogram four weeks after drilling, 
March 20, 1933; marked bone destruction, increased density at 
both sacroiliac joints, especialIy in ilium. 

ateIy folIowing, arthritis of the spine (Marie-StruempeIl type) developed. 
The patient Iast seen February 23, 1940, is totalIy disabIed with com- 
pIeteIy fused spine and other joint invoIvements. 

It cannot be determined, on the one hand, whether fusion of the 
sacroiIiac synchondroses was the result of driIIing or of the disease 
not manifest at that time; on the other hand the possibiIity, how- 
ever remote, exists that the driIIing reIeased a rush or wave of 
ossification that progressed out of bounds. Further, it must be 
considered as possibIe that there is an introductory stage of the 
Marie-StruempeII arthritis of the spine consisting of compression 
damages at the sacroiIiac synchondroses and aIong the spine, with 
the fina picture of the disease being the result of the spontaneous 
ossification of these foci. This case is reported with the recommen- 
dation that driIIing is not to be performed in these conditions untiI 
other cases under observation cIarify the various points mentioned. 

Another instance in which driIIing is not recommended is the 
invoIvement of the acetabuIum. 
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It is the impression of the author that where necrotic foci are 
brought into communication with muscIe or connective tissue 
through driI1 channeIs or by their spontaneous breaking open, 

FIG. 104. Case XXIII. DriII specimen; nothing but necrotic bone with empty 

lacunae, no Iiving marrow elements; marked homogenization and granuIar 

breaking up of necrotic bone. 

unpredictabIe and uncontrolIabIe ossification or fibrosis may resuIt. 
The driIIing is safe if it is performed from living bone to dead bone 
within the boundaries of bone. 

Compression and its consequences may develop in cortica1 bone 
aIso. BIaisdeII13 demonstrated that in young individuals at forcibIe 
bending, Iaminae of the cortex sIide against and over one another 
with subsequent injury to the vessels. The author beIieves that this 
mechanism is the underIying cause of the so-caIIed spontaneous 
fractures of shafts of Iong bones. Mechanica expIanation of these 
occurrences on the basis of Looser’s6g origina studies, is convincingIy 
represented by WaIteF in his Iater pubIications. 
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RibUMk 

The author endeavored to give an outIine of the concept of 
compression of canceIIous bone, and to demonstrate that its manifes- 
tations occur from earliest chiIdhood to advanced oId age in a great 

variety of clinica pictures. 
A method of treatment and its resuIts were demonstrated. 
An attempt was made to record the great merits of PaIIetta, 

Bell, OIIier and others in Iaying the foundations for understanding 
the group of diseases discussed. 

The author is greatly indebted to Dr. Leo Mayer for the early and 
extensive trial accorded the treatment described, that resulted in the mass 
demonstration of efficacy of drilling in instances of slipped epiphyses. 
Cases IX and x have been taken from this materia1. Further, the author 
wishes to thank the foIIowing for the privilege of treating cases, or the use 

of cases treated, on their respective services: Dr. E. A. Spies (deceased), 
Case XII; Dr. H. Finkelstein and H. C. Stein, Case XVIII; Dr. W. Galland, 

Cases II and v; Dr S. Eppstein, Case VII; Dr. Th. J. O’Kane, Case XXII. 

Thanks are due to Dr. W. Aronson for interpreting histologica findings 

(report of this materia1 under preparation), and to Dr. S. Weitzner for 

co-operation in x-ray examinations. 
Besides those mentioned, the author wishes to express his gratitude to 

Dr. CharIes L. Scudder and Dr. John D. Adams for their invaIuabIe advice 

and support throughout the past nine years, and to Dr. E. G. Brackett for 
his encouraging criticism. 
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