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I. INTRODUCTION

Among the so-called aseptic necroses, coxa plana occupies a central posi-
tion owing to the relatively frequent occurrence of the disease and owing
to the fact that its location to the hip joint, which is of such great signifi-
cance to the mobility of human beings, makes it a serious clinical and social
problem. :

The denomination coxa plana, introduced by H. WaLpENsTROM in 1920,
describes the deformity — a flattening of the femoral head -— caused by the
disease.

In the extensive literature concerning the radiological course in coxa
plana, interest has mainly been focussed on the changes of the femoral
epiphysis and the ultimate shape of the latter after the completion of healing.
In spite of the great importance of the metaphysis and the greater trochanter
for the modelling of the proximal end of the femur and although the tro-
chanter, in addition, influences the statics of thie hip joint, less attention has
been directed to the changes in these structures.

On inspection of serial radiographs of patients with coxa plana I observed
that end-results which were satisfactory from the standpoint of the shape
of the femoral head were sometimes markedly impaired because the greater
trochanter was abnormally large in relation to the head and neck of the
femur. In certain cases the tip of the trochanter extended by several milli-
metres over the proximal surface of the femoral head.

It seemed a reasonable assumption that this secondary deformity was due
to premature closure of the subcapital growth line of the affected hip as
compared with the subtrochanteric growth line, in which growth sometimes
continued for a long time after the vertical growth of the metaphysis had
been arrested.

Furthermore, I observed that certain changes of the metaphysis almost
constantly occurred on the radiographs of coxa plana patients. These changes,
i.e. irregularities of the proximal surface of the metaphysis, were all of the
same type, but varied in degree from case to case. They were often marked in
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those cases where the growth line closed earlier on the affected side than
on the unaffected side.

These observations were made at the same time as my colleague at the
Invalid Foundation P. PYLKkANEN worked on his monograph on coxa vara
infantum. At the suggestion of our chief A. LANGENSKIOLD, epiphysiodesis
of the greater trochanter was performed in some cases of coxa vara in order
to arrest the growth of the trochanter and thus produce better anatomical
conditions in the proximal end of the femur in cases where the subcapital
growth line was considered functional. These attempts were successful in
some cases.

Encouraged by the above-mentioned results, I suggested that epiphysiode-
sis of the greater trochanter should be performed in such cases of coxa plana
where the radiographs were indicative of impending premature closure of
the subcapital epiphyseal line, with resulting abnormal growth of the tro-
chanter as compared with the shortening of the femoral neck.



II. PROBLEMS

The aim of the present investigation was to find an answer to the following
questions:

1. What are the radiological end-results in coxa plana treated mainly on
the principle of prevention of weight-bearing on the affected hip, using
Thomas’ splint as an aid?

2. What is the cause of the radiological changes observable in the meta-
“physis, epiphyseal plate and adjacent parts of the epiphysis?

3. What is the role of growth arrest of the femoral neck and premature
closure of the subcapital epiphyseal line in the development of a disturbing
hypertrophy of the greater trochanter?

4. Does coxa plana cause a valgus or a varus deformity?

5. Is it possible, by epiphysiodesis of the greater trochanter, to prevent
hypertrophy of the trochanter?



I1I. REVIEW OF THE LITERATURE
CLINICAL AND RADIOLOGICAL INVESTIGATIONS

Till late in the nineteenth century, the understanding of juvenile diseases
of the hip was limited to congenital Juxation and coxitis. From the latter,
heterogeneous group, disorders of a non-inflammatory nature were, however,
distinguished even before the introduction of radiological methods of in-
vestigation. In 1881, Fiorani described a typical deformity of the proximal
end of the femur, which HoFMEISTER, in 1894, gave the name of coxa vara.
In 1897, Mavp1 described two cases of arthritis deformans in adolescents.
During the next few years, a large number of reports on arthritis, or osteo-
arthritis deformans coxae juvenalis, were published. Those of Horra (1901),
v. BrunN (1903), Necront (1905), PreISER (1907), FRANGENHEIM (1909)
and BIBERGEIL (1910) may be mentioned in this connexion because the
descriptions and the illustrations suggest that some of these cases probably
were coxa plana.

In 1909, Sourpat published a study on diseases of the hip joint. From a
large material he was able to distinguish 8 cases, showing typical clinical
symptoms and radiological signs. These cases, by Sourpart listed as coxa
vara, seem to have been coxa plana, as judged on the basis of the description
and the drawings.

In the same year (1909), H. WarLpENSTROM described a disease which
he called »der obere tuberculose Collumherds. On the basis of 10 cases
he summarized certain clinical and radiological features which still apply
in the main to coxa plana. Owing to the fact that all these patients responded
positively to tuberculin, WALDENSTROM regarded the disease as tuberculous
in nature. The next year (1910), WaLDENSTROM described the disorder in
greater detail. He still regarded it as tuberculous, but he concluded: »Der
obere Collumherd ist also eine so charakteristische Erkrankung, dass sie
eine selbstdndige Gruppe der tuberculésen Coxitiden bilden kann».

In 1910, the American Lecg, the Frenchman CarLvi and the German
Penrrues independently of each other described a non-tuberculous disease
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of the hip in children, which they had detected and studied during the
preceding years. Both the clinical picture and the radiological course of the
disease were similar in the three reports and typical of coxa plana. Thus,
the disorder may be said to have been definitely recognized as a separate
clinical entity.

LEGG’s first paper, called »An obscure affection of the hip joints, was
based on 5 cases with signs of a disease which he found was not typical of
any condition previously described. He gave the following list of character-
istic symptoms: age 5 to 8 years, a history of injury, limping, absence of
pain, absence of constitutional symptoms, little or no spasm, absence of
shortening of the limb. The radiological changes consisted of flattening of
the femoral head, an irregular translucent area near the epiphyseal line,
shortening and thickening of the femoral neck.

Under the name of »Pseudocoxalgie», CALVE described 10 cases of a dis-

~ order of the hip which he could not refer to tuberculous coxitis or any other
disease of the hip previously known. The most typical clinical and radio-
logical symptoms recorded were: age 315 to 10 years, chronic or subacute
joint symptoms with pain, a limp and reduced mobility of short duration,
and signs of rickets. The radiographs exhibited flattening of the epiphysis
with two or more ossific centres, hypertrophy of the neck of the femur, coxa
vara in some cases, intact joint cartilage. The cases healed with preserved
mobility.

PerTHES' first report included 6 cases of the disease, which he called
sarthritis deformans juvenilis». He, too, emphasized the occurrence qf a
limp with or without joint pain and limitation of mobility as the main
clinical symptoms. As the first radiological sign discernible he mentioned
flattehing of the femoral epiphysis and subsequent deformation, frequently
cone-shaped.

In 1913, PerTHES published a second investigation: »Ueber Osteochondri-
tis deformans juvenilis», in which 15 new cases were described in addition to
the 6 earlier ones. He characterized the disease as »ein durch subchondrale
Destruktionsherde bedingter, im Laufe wvon Jahren sich vollziehender
eigenartiger Schwund der oberen Femurepiphyse». The clinical and radio-
logical pictures tallied with his previous observations. PErRTHES discussed
WaLpENsTROM's (1909, 1910) reports and stated that, according to his
opinion, the »upper tuberculous focus in the collum» described by the latter
was osteochondritis deformans juvenilis.

The above-mentioned, first reports were followed by a copious number
of papers in which various aspects of coxa plana were discussed. A large
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proportion of these papers were short case reports. Among the more im-
portant articles, those of LEvy (1911), Scawarz (1914), DREamMANN (1914),
BraANDES (1914); Lece (1916), TavyLor & Frieper (1916) and PHEMISTER
(1921) may be mentioned. On the basis of a case in which the focus in the
femoral head was curetted, the last-mentioned author described the disease
histologically as bone necrosis.

In 1920, Sunpt published a monograph under the name of »Malum coxae
Calvé-Legg-Perthes», in which various aspects of the disorder were dis-
cussed on the basis of 66 cases.

WALDENSTROM, in 1922, reported a series of 22 cases which he had followed
from the onset till the completion of healing. On the basis of his obser-
vations he presented his well-known classification of the different stages
of the disease.

STrRAHLE, likewise in 1922, published a survey of the disease and reported
his own observations on 5 cases.

RiepeL (1922, 1923) and Axuausen (1923) described the results of histo-
logical investigations.

In a study on non-tuberculous diseases of the hip, FroerLicu (1923)
reported 7 cases of coxa plana.

In 1924, a monograph by MoLLER, based on clinical and radiological
investigation of 74 cases, was published.

CaaN, in 1924, published an extensive survey, mainly based on previous
reports by other investigators. KipnEr (1926) and RockeMER (1927) described
the results of histological studies, which revealed necrosis without any
signs of inflammation.

In 1934, FercusoN & HowortH reported observations made in connexion
with arthrotomy and drilling of the femoral epiphysis in 21 patients. In
the early stage of the disease the synovial membrane was thickened, soft
and vascularized. In addition, villus formations, oedamatous and thickened
periosteumm and normal joint cartilage were found. The authors considered
the changes to be suggestive of inflammation. HoworTa (1948) was able to
confirm his previous observations in connexion with 50 later operations.
HavtHorn (1949), who examined the tissues removed from the epiphysis of
patients operated upon for coxa plana, observed aseptic necrosis of the bone
and bone marrow.

SunpT (1949) reported the results of a follow-up investigation on 153
cases of coxa plana.

BernBeck discussed the pathogenesis of coxa plana in papers based on
more than 300 cases (1948, 1950 and 1951 a and b).
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In 1953, JonsATER published a study based on 34 cases representing
different stages of the disease, investigated by needle biopsy, and 40 cases
examined by arthrography of the hip joint. JonNsiTER summarized his
results as follows:

The disease reaches its climax during the initial stage which, roughly
speaking, implies total necrosis of the epiphysis. Since haemorrhages do not
occur, the necrosis is ischaemic by nature. In this stage the epiphysis is soft.
The radiological fragmentation stage is histologically a reparative stage,
during which the dense areas on the radiographs correspond to necrotic
bone, and the translucent areas to ingrowing reparative tissue and fresh,
not yet fully mineralized bone. The epiphysis is harder than in the initial
stage. The radiological reparative stage is also histologically a \regenerative
phase, which differs only in degree from the fragmentation stage. The epiphy-
sis is harder than in the fragmentation stage.

Hevrso (1953), too, published a monograph on coxa plana, which was
based on clinical and radiological investigation of 204 cases. Of these, 66
were treated by protracted bed rest. They were compared with symptomati-
cally treated or untreated cases. The end-results in the first-mentioned group
were very good.

In 1954, Gorr’s large monograph on Legg-Calvé-Perthes’ syndrome was
published, in which heredity, constitutional aspects, growth phenomena
and methods of treatment are discussed at length. The end-results in 65
cases are reported. ‘

In the same year, PERTTILA reported the results of a follow-up investiga-
tion of 33 cases, seen from 10 to 20 years after the active phase of the
disease.

In 1957, RYDER el. al. reported a series of 104 cases, and Karz described
the end-results in 100 cases. ,

Evans, in 1958, published the results of a follow-up study of 48 cases of
coxa plana.

WansBROUGH el al. (1959) reported their observations on a series of 129
cases, and O’Garra (1959) the results of 25 cases.

The most recent contributions to the clarification of the clinical and
radiological aspects of the disease have been published by PonseTti & CoTTON
(1961), RavLsToN (1961), BErRGsTRAND & Norman (1961), Gorr (1962) and
Mose (1964).

Radiological evaluation of end-results. EYRe-Brook (1936), Ssovaer (1943)
and HEyman & Hernbpon (1950) used various methods for the measurement
of height, flattening and increase in breadth of the femoral head as compared

2
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with the unaffected side. The results were expressed as epiphyseal index,
epiphyseal quotient or comprehensive quotient.

Regarding all these methods of measurement Gorr (1954) emphasized
the difficulty in defining the points of determination. In addition, he pointed
out that they are of no use in bilateral cases, as was also emphasized by
Herso (1953).

GorF evaluated the shape of the femoral head on direct inspection of the
radiograms. He classified the results as spheroidal type, mushroom type and
irregular type (malum coxae juvenilis). As an aid in determining the spherical
outline of the head, he used a protractor by scratching circles at 2 mm
intervals on a piece of transparent acetate.

Moske (1964) estimated the shape of the outline of the head in the same
way as GorF, and completed this estimate with calculation of the epiphyseal
quotient as suggested by SsovaLL. Good results meant that the head was
spherical, the outlines in the frontal and lateral views constituting circles
with identical radii, and that the epiphyseal quotient was above 60 per cent.
Fair results implied that the head was spherical, but crescent-shaped and
flattened, with an epiphyseal quotient below 60 per cent. Poor results com-
prised all those heads in which the radii of the outline circles differed in the
lateral and frontal views, and all heads which were not spherical, irrespective
of the quotient.

AETIOLOGY AND PATHOGENESIS

The authors of the first reports on coxa plana differed in their opinions
regarding the aetiology of the disease. WALDENSTROM considered it to be a
mild form of tuberculosis. LEgc believed that it was due to trauma. CaLvg,
who detected signs of rickets in some of his patients, regarded the latter
disorder as a possible cause of coxa plana. PERTHES suggested the possibility
of an infectious aetiology.

Trauma

Necrosis of the femoral head, resembling coxa plana, is relatively fre-
quent after closed reduction of a congenitally luxated hip. This has been
emphasized by many authors as evidence of a traumatic aetiology of coxa
plana (Epen 1912, BiBerceiL 1912, Bapke 1913, Branpes 1916, Leca 1916,
RenBeIN 1922, HowortH & SmrtH 1932, Lima, EsteEve & Trureta 1960,
and others).
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After traumatic luxation, necrosis of the femoral head has been described
by Ermsiie (1919), RenuBeEIN (1923), NicoLavsen (1931), Dyes (1935),
BrumensaaT (1936), GoLpENBERG (1938), LinnEMANN (1957), ULLoA (1963),
and others.

In adolescents, necrosis of the femoral head following fracture of the neck
has been reported by a number of investigators, e.g. AxHAUSEN (1922),
ReuBeN (1923), Jonansson (1927), Krarr (1931), Lange (1932), BorNE-
BUsCH (1940), BraiLsrorp (1943), BErneeck (1951 b) and RatLiFr (1962).
These authors regarded their observations as evidence in favour of a trauma-
tic aetiology. ’

HeLBo surveyed the cases previously reported in which trauma had
been indicated as the cause. Trauma was mentioned in a third of 258 case
reports. In the histories of 22 per cent of his own patients HeLBo detected
trauma of a kind that might have had a causal relationship with the onset

.of the disease. He regarded trauma as a possible cause of coxa plana.

Inflammatory causes

After WALDENSTROM and PERTHES, many authors have suggested the
possibility that coxa plana is due to inflammation. DREaMANN (1914),
PuemisteEr (1921), BErnBECK (1951 b), HoLLANDER (1952) and others have
described conditions resembling coxa plana in connexion with inflammatory
processes in the hip region, in particular. CALvE (1910) and SunpT (1949)
observed coxa plana in association with rheumatoid arthritis. SiNDING-
LARseEN (1915), Axuausen (1922), RiepeL (1923) and Howorta (1948)
described coxa plana in connexion with infections such as tonsillitis, scar-
latina and influenza. Jacoss (1960) reported a study of 25 patients with
synovitis in the hip joint. In 3 of these the disease later developed into coxa
plana. He suggested a causal relationship between synovitis and osteo-
chondrosis as a reasonable hypothesis.

Hereditary and constitutional faclors.

A large number of authors have reported a familial occurrence of coxa
plana, e. g. CALVE, ScHWARz, BRANDEs (1920), SunpT (1949) and MonTY
(1962). StepuENs & KERBY (1946) were able to trace coxa plana through
five generations in the same family. They found the disease in 28 out of 63
members investigated and regarded their results as indicative of inheritance
according to Mendel’s law.



20

JEQUIER & FREDENHAGEN (1948) described a family in which coxa plana
could be traced through seven generations. In 14 cases the diagnosis was
verified. These authors regarded their observations as evidence of a domi-
nant hereditary aetiology.

Among 200 patients with coxa plana, HeLBo (1953) detected 3.5 per cent
who had close relatives suffering from this disease. On comparison of the
frequency of coxa plana with the frequency of its familial occurrence, he
concluded that the difference was significant and that the large number of
familial cases could not be due to chance.

GorF (1954) found a family history of coxa plana in 20 per cent of his 103
cases. From his own investigation and the data available in the literature
he drew the conclusion that coxa plana is a mostly recessive, seldom domi-
nant, condition with varying penetrance.

In a series comprising 129 cases, WANSBROUGH ef al. (1959) noted a family
history of coxa plana in 9.3 per cent. These authors considered the disease
to be of constitutional origin and believed that minor traumata and systemic
infection may, perhaps, precipitate the onset.

Coxa plana was observed in monozygotic twins by Gorr (1954), GIANNE-
sTras (1954), S6perBERG (1957), WansBrouGH (1959), Dunn (1960) and
IngLIs (1960).

GorF was able to demonstrate growth inhibition in his patients, inhibi-
tion of the longitudinal growth of the lower extremities in particular.
Furthermore, he observed delayed skeletal age in connexion with coxa
plana.

RavLsToN (1961) reported that the bone age in his series was delayed by an
average of 1 year and 9 months.

Mau & Scumitt (1960) suggested that constitutional dysostotic factors
may be responsible for the development of coxa plana.

Endocrine factors

Radiological changes of the hip joint resembling those seen in coxa plana
were described in cretins by BircHer (1909) and LAweN (1909). Looser
{1929) regarded these changes as due to a retarded transformation of car-
tilage to bone. ALBRIGHT (1938) reported favourable results with thyroid
medication in similar cases.

SunpT (1920) suggested that the cause of coxa plana is osteodystrophy
due to hereditary endocrine factors, and that the onset of the disease is
precipitated by trauma or infection.
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Thyroid function was studied by GiLL (1943) in 20 children with coxa
plana, by Karz (1955) in 32 children, by CaapMan (1956) in 10 children and
by BEILER & Lovg (1956) in 22. In none of these investigations was hypothy-
roidism observed.

HowortH (1948) found that the basal metabolism was normal in patients
with coxa plana.

Nuftritional factors

CALVE (1910) regarded rickets as a possible cause of coxa plana. SunpT
(1920) reported that a third of his patients had a history of rickets. Gorr
(1954) tested patients with osteochondrosis for alkaline phosphatase and
serum cholesterol, without being able to detect any significant changes.

ScHNEIDER (1937) demonstrated a decrease in vitamin A in children
with coxa plana.

BraiLsrorp (1948) stated that Legg-Perthes’ disease is much more
common among the poor than among the well-to-do classes. Pi¢ (1962)
observed a relatively higher incidence of coxa plana among the children of
manual workers. By contrast, Gorr (1954) detected no relation to economic
levels or to housing or home environment.

PonseTr (1956) suggested that the disease is due to changes in the chemi-
cal composition of the ground substance of the epiphyseal plate. In biopsy
specimens of the epiphyseal plate of patients with coxa plana and epiphysio-
lysis he observed changes resembling those seen in rats fed with a diet rich
in aminonitrile. Worosec & Norwoobp (1956) arrived at similar conclusions
regarding the cause of coxa plana.

Dysplasia of the acetabulum

Branpes (1920), Caror (1921), JanseN (1923) and HiLGeNREINER (1933)
attributed coxa plana to congenital changes of the hip joint. In support of
this view, BRaNDEs described cases in which coxa plana developed in the
unaffected hip in children with congenital luxation. Later, many authors
(e. g. GuiLpaL 1930, MorviLLe 1930, 1935, WALDENSTROM 1934, SEVERIN
1942, HeLBo 1953) have shown that coxa plana occurs in previously entirely
normal hips.

Racial factors

GorF (1954) reported that coxa plana is rare in Negroes, Indians and
Polynesians.
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Circulatory factors

Many authors have suspected that disturbed circulation in the proximal
end of the femur is the cause of coxa plana. Mention may here be made of
AxHAUSEN’s (1922) theory concerning »bland mycotic embolismy.

BernBEck (1954) regarded coxa plana as osteonecrosis due to total
infarction, resulting from blockage of the epiphyseal vessels in the cartilage
canals in the chondroepiphysis. He presumed that trauma or infection may
lead to degenerative cartilaginous oedema, resulting in obstruction of the
canals and arrest of the circulation, and that the borderline lamella between
the cartilage and the bone is then penetrated so that the acid cartilaginous
fluid makes its way into the bone tissue and causes decalcification, a chemi-
cal osteonecrosis.

The investigations by TrveTa (1956, 1957) regarding the supply of the
proximal end of the femur are interesting in this connexion. After injection
of contrast medium into autopsy material, and on the basis of sections and
microradiographs, he studied the circulation in 46 cases from the eighth
foetal month to 17 years. It emerged that the vessels in the ligamentum
teres do not participate in the supply of the femoral head from birth until
the age of 4 years, and that the blood flow through the ligamentum teres
is of no importance for the supply of the femoral head until the age of about
8 years. After birth the metaphyseal vessels gradually decrease in size, and
at the age of 4, they are of practically no importance for the supply. From
the age of 4 to 8 years, with individual variations, the femoral head is
exclusively supplied via the lateral epiphyseal vessels. These are exposed to
compression by the strong lateral rotator muscles, and in extreme positions
the limit of elasticity of the vessels may be exceeded. TRUETA accepts
trauma as a precipitating cause, but emphasizes that the nutritional condi-
tions in the femoral head at the coxa plana age are the primary cause of the
disease. As further evidence for this theory he points out that in a study on
the vascular conditions in the proximal end of the femur in Negro children
of the same age, he found that the supply of the femoral head in this race
occurs via the ligamentum teres earlier in life than in the white race. This
would explain the rare occurrence of the disease in Negro children.

The investigations by ULrLoa (1962) regarding the blood supply in the
proximal end of the foetal femur confirms TrUETA’s results.

The most recent contribution to research on the circulation in the proximal
end of the femur is a paper by Hipp (1962), who studied this problem on the
basis of angiographies in a normal series and in different pathological condi-
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tions. In coxa plana he observed partial obstruction of the proximal nutrient
vessels of the femoral head and relatively frequent obliteration of the ramus
profundus of the medial circumflex femoral artery. During the progressive
. stage of the disease, in particular, the blood flow in these vessels was retarded.

EXPERIMENTAL INVESTIGATIONS

Experiments on animals have been performed in order to produce necrosis
by blocking or dividing the vessels supplying the femoral epiphysis.

IseLin (1918) divided the ligamentum teres in young dogs without any
necrosis resulting. Nusssaum (1923) divided the ligamentum teres and the
periosteum around the femoral neck in young dogs. The experiménts resulted
in necrosis of the head of the femur. BExTzON (1926) injected alcohol into
the area surrounding the metaphysis in young rabbits and goats. A condition
was caused which histologically resembled coxa plana. BErReMANN (1927)
and MiLTner & Hu (1933) brought about necrosis of the femoral head in
rabbits, the former by removing and the latter by dividing the periosteum
of the femoral neck and by dividing the ligamentum teres.

LemoINE (1957) induced necrosis of the head of the femur in rabbits by
division of the ligamentum teres, division of the nutrient vessels to the head
and division of the anterior circumflex artery.

RoKKANEN (1962) was able to produce necrosis of the femoral head in
rabbits, e. g. by tightly ligating the neck with steel wire and by dividing the
ligamentum teres. .

A. LANGENSKIOLD ef al. (1962) studied the changes following experimental
dislocation of the hip in young rabbits. After closed reduction of such hips
necrosis of the head and the neck of the femur was observed.

Nacura (1937) and Nacura & Kosuge (1938) induced changes resem-
bling coxa plana in rabbits by local, blunt trauma of the femoral head. From
his experimental results Nacura drew the conclusion that an aseptic necrosis
is always primarily due to a subchondral fracture.

NORMAL GROWTH OF THE PROXIMAL END OF THE FEMUR

Ossification of the femur begins in the seventh foetal week with ossifica-
tion of the diaphysis. At birth, or immediately after, an ossific centre deve-
lops in the distal end of the bone. In the proximal end of the femur the
epiphyseal plate in the newborn child forms a coherent, crescentic line. The
medial portion of the epiphyseal plate is transformed into the subcapital
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epiphyseal cartilage, which forms the growth zone of the femoral neck.
Initially, the neck grows almost straight in the cranial direction, but soon
the lateral portion of the pre-plate also develops into the epiphyseal car-
tilage of the greater trochanter. Growth and modelling of the proximal end
of the femur from now on occurs by reciprocal action of these two separate
growth zones (Morgan & SoMERVILLE 1960). The first effect of growth in
the area of the trochanter is a decrease of the valgus position and increased
growth of the proximolateral part of the bone. In the subcapital epiphysis
an ossific centre develops in girls at the age of three to four months and

4 years 6 years

Fig. 1. The transformation of the preplate to separate growth zones for the femoral head

and the greater trochanter. The development of the epiphyseal nuclei in the proximal

end of the femur. a: radiogram of the proximal end of the femur of a still-born foetus
(female) weighing 3250 g. b—e: drawings made on the basis of radiograms.
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in boys at the age of five to six months. In the greater trochanter an
ossific centre develops at the age of about four years (Scamip & HaLpen
1949).

Fig. 1 demonstrates the transformation of the pre-plate, its division into
two separate epiphyseal plates and the development of the ossific centres
in the femoral head and the greater trochanter.

At the Orthopaedic Hospital of the Invalid Foundation investigations
by the tetracycline method are in process regarding the growth of the proxi-
mal end of the femur in pigs. These studies have shown that the growth of
the greater trochanter occurs in equal parts in the metaphysis and by apposi-

cartilage

.| new bone

W bone fluorescent from
accumulated tetracycline

L marrow cavity

Fig. 2. Drawing of a frontal section through the upper end of the femur of a 14-week-old
pig, injected eight weeks previously with tetracycline (50 mg/kg).

tion around the tip of the greater trochanter. The growth of the femoral
neck occurs in the metaphysis and is markedly stronger than the growth of
the subtrochanteric region. By contrast,-apposition is markedly weaker in
the capital epiphysis than in the greater trochanter (A. LANGENSKIOLD &
SaLENIUS, unpublished observations). (See Fig. 2).

TREATMENT

Previously, the treatment of active coxa plana consisted in purely symp-
tomatic measures, immobilization and/or weight relief by bed rest, by trac-
tion or by the use of plaster casts for some period of time (Scuwarz 1914,
Branprs 1920, and others). Some authors, e. g. Perrues (1913), CaLve
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(1910) and NieBer (1916), preferred early mobilization. CaaN (1924) and
SUNDT (1949) maintained that the course of the disease and the end-results
could not be influenced to any appreciable degree by any kind of treatment.

Later, the importance of protracted non-weight-bearing has been gener-
ally accepted, but owing to the long duration of the disease, adequate
accomplishment of such treatment meets with considerable difficulties.
Practical and social viewpoints have therefore determined the principles on
which it is carried out.

WaALDENSTROM (1923) introduced a compromise therapy: bed rest and
traction only in cases where pain and contracture were present, otherwise
weight relief by crutches or splints. Different modifications of this treatment
have been used by SEVERIN (1942), LEvy & GIrRArRD (1942), MINDELL &
SHERMAN (1951), Evans et al. (1958), WANSBROUGH et al. (1959), and others.

BraiLsrorp (1932, cited by Braiusrorp 1948) and DanrorTH (1934)
reported good results after prolonged bed rest. This method in combination
with different kinds of traction and continued by weight relief accomplished
with crutches or splints has later been employed by a large number of
authors, e. g. EvyrRe-Brook (1937), GiLL (1940), SsowaLL (1943), HERNDON
& Hevyman (1952), HeLgo (1953), Gorr (1954), RaTLIFF (1956), RYDER
et al. (1957), O’Garra (1959), Howorta (1959), Jacos (1960), RaLsTon
(1961) and Moske (1964).

Duration of treatment. Since DaNFORTH, in 1934, recommended non-
weight-bearing for three to four years, views have changed somewhat on
this point. Many modern authors regard one and a half to two years’ weight
relief as adequate. Hauge (1956) treated his patients by non-weight-bearing
for one year, but after comparison with the end-results in series treated in
the same way for longer periods, he recommended weight relief for one and
a half years. In his first study (1954) Gorr reported that the mean non-
weight-bearing period in his series had been 27 months, but later (1959) he
reduced this time to nine months combined with crutch-walking for further
six months. Evans (1958) used an average of 25 months’ non-weight-
bearing.

Regarding the treatment of bilateral cases, the majority of authors —
even those who prefer ambulatory treatment in unilateral cases — consider
hospitalization to be the only possible alternative. Bed rest is continued
until either hip is trusted to tolerate weight-bearing, and then the patient is
allowed to walk with the worse side in a caliper (MINDELL & SHERMAN 1951,
WansBrouGH ef al. 1939, and others). McKENDRY ef al. (1960) described a
brace for the treatment of bilateral cases of coxa plana, which they had used
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successfully. GRiPENBERG & WALLGREN (1963) reported good results with
Thomas’ splints in bilateral coxa plana.

Previously, operative treatment was only resorted to in poorly healed
cases, in part as a remodelling measure, in part in the form of resection of
the femoral head or osteotomy for the correction of malposition (Caan 1924).

FrOND (1922) described 3 cases of severe deformation after coxa plana,
with positive Trendelenburg signs, in which he successfully excised the joint
capsule ventrolaterally, removed osteophytes by chiselling, and shifted the
greater trochanter a couple of centimetres in the distal direction.

In more recent years, various procedures have been employed in order to
damage the necrotic epiphysis and thus bring about its revascularization
and more rapid healing. Bozsan (1932), FeErcuson & HowortH (1934),
v. ABERLE-HORSTENEGG (1941), HoworrtH (1948), Dusors (1951) and
KienzLE (1953) used drilling of the epiphysis through the greater trochanter
or the femoral neck. Drilling and grafting were used by HackenBrocH
(1941), Stupnickr (1952), BERTRAND (1954), CaMArGo (1957) and Yama-
GucHI (1959). BErRNBECK (1948) and GarpeEMIN (1951) evacuated the necrotic
portion of the epiphysis. CaTaro & KirkaLpy-WiLLis (1963) plugged the
evacuated epiphysis with spongy bone from the femoral neck or the crista
iliaca, and Prtzen (1951), PetER (1955) and SaLvo LEcARrRE (1957) drove a
metal nail into the epiphysis through the greater trochanter and the femoral
neck.

Subtrochanteric osteotomy was employed by Soeur & peE Racker (1952)
and Sravik (1956) in order to alter the weight-bearing surface of the epiphy-
sis.

With regard to medication, accelerated healing with thyroid preparations
has been reported by EpBerc (1918), MeLLEr (1924), CavaNaUGH et al.
(1936), Emerick ef al. (1954), FieLps (1959), and others, while PonseT1 &
Cotron (1961) observed no effect of thyroid medication.

GorFF (1954, 1959) used aureomycin and achromycin in coxa plana in order
to promote growth. ‘

Androgenous and oestrogenous hormones in combination with thyroid
preparations were administered by GueRITEE ef al. (1959). KoskINEN (1959),
who noted a significant effect of human growth hormone and thyrotropin
on the healing of fractures in laboratory animals, suggested the use of this
treatment also in aseptic necroses. KrisTENSEN (1963) recommended anabo-
lic steroids in the treatment of coxa plana.



IV. MATERIAL AND METHODS

MATERIAL

The material consists of all cases of coxa plana registered at the Radio-
logical Department of the Orthopaedic Hospital of the Invalid Foundation
during the years 1946—1958. The total number of cases is 276. Fifty of
these were bilateral, and the total number of affected hips is thus 326.
The series includes 22 patients who were adult at the time of their first
visit. In these cases the process had already reached its final stage. The
annual number of registrations is shown in Table 1.

TABLE 1. — Annual number of patients with coxa plana registered at the Orthopaedic Hospital
of the Invalid Foundation during the years 1946-——1958 (fotal 276).

Year No. of | Adult at. th.e first
cases examination

1946 ... i 6 2
1947 ... 3 —
1948 .. ... 7 —
1949 ... 23 5
1950 ... ...l 23 4
1951 ... 32 2
1952 ... .. 28 —
1953 ... 21 2
1954 ... 35 1
1955 ... ...l 28 3
1956 ..., 18 —
1957 ... 23 2
1958 . ... 29 1

Total 276 22

Of the present cases, 246 had been remitted to the Radiological Depart-
ment from the Outpatient Department of the Orthopaedic Hospital and 30
from the private practices of the doctors on the hospital staff.
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The distribution of the cases geographically and according to residence
and family environment is seen in Tables 2, 3 and 4.

The small number of cases registered during the first three years (Table 1)
is accounted for by the exceptional conditions prevailing after the war,
when the work in this hospital mainly consisted of the care of the war-
wounded, and the means of communication were deficient.

Table 2 shows that the geographical distribution of the coxa plana pa-

TABLE 2. — Geographical distribution of 274 cases of coxa plana compared with the distri-
bution of the whole population in Finland in 1952.
Coxa plana ‘Whole population
Province N ‘
0. 0
cases % %
Nyland (Uusimaa) ............ 63 23.0 17.0
Abo & Bjérneborg (Turku & Pori) 37 13.3 15.5
Aland (Ahvenanmaa) ........ 1 0.4 0.5
Tavastehus (Hime) .......... 41 15.0 13.5
Kymmene (Kymi) ............ 24 8.8 8.0
St. Michel (Mikkeli) .......... 20 7.3 6.0
Kuopio...................... 29 10.6 11.5
Vasa (Vaasa) ................ 26 9.5 15.0
Uledborg (Oulu) .............. 21 7.7 ) 9.0
Lappland (Lappi) ............ 12 4.4 4.0
Total 274 100.0 100.0

tients corresponded fairly well with the distribution of the whole population
over the different provinces of Finland. A slight preponderance of patients
from the provinces of Nyland and Tavastehus is accounted for by proximity
to the capital. The relatively smallest number of patients had been remitted

TaBLE 3. — Distribution of 274 cases of coxa plana according to residence, compared with the
corresponding distribution of the whole population in 1952,

Coxa plana .
Residence Whole poopulatlon
No. of % %
cases °
Towns and market-towns .. 98 35.8 34.0
Rural districts ............ 176 64.2 66.0
Total 274 100.0 100.0
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TaBLE 4. — Distribution of 264 cases of coxa plana according to social background, compared
with the corresponding distribution of the whole population in 1950.

No. of 9 of Distribution of children in

Father’s occupation cas'es c;ses the whole population accord-

ing to father’s occupation, %
Workers .................... 127 48 43
Farmers .................... 71 27 36

Clerical or non-manual, manage-

rial/professional ............ 66 25 21
Total 264 100 100

from the province of Vasa (9.5 per cent against 14.6 per cent). This is due
to the fact that two specialists on orthopaedics were practicing in this
province during a great part of the time the present series was collected.
As is seen in Table 3, the present study did not reveal any difference in the
frequency of coxa plana between the rural and urban populations.
In this series no particular social group seemed to be especially affected
with coxa plana (Table 4).

METHODS
Clinical examination

The patients remitted from the Outpatient Department were clinically
examined there. As a rule, gait and Trendelenburg’s sign, mobility of the
hip joints and the length of the lower extremities were recorded. In addition,
the erythrocyte sedimentation rate was determined in many cases, and in
some the protein-bound iodine in serum. No other laboratory tests were
regularly performed. The data regarding these examinations were obtained
from the records of the Outpatient Department, which unfortunately in
many cases were incomplete.

The clinical data regarding the private patients were obtained from the
respective dociors. In some cases 1 examined the patients myself.

When the material was collected in 1956, I found that no less than 148
patients had to be summoned to follow-up examinations. The majority of
these had visited the Outpatient Department but failed to attend at the
follow-up examinations. In a minor proportion of cases the treatment had
been regarded as finished. Of the 148 patients 100 attended at follow-up
investigations during the years 1958-—1961. In about 10 cases no contact
could be established, and the remainder failed to attend.
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Radiological examination

All patients were radiologically examined. Among the earliest cases there
are some in which radiographs were taken in only one projection, and a few
where only the affected hip was examined.

On radiological examination of a chronic disease of the hip such as coxa
plana, which necessitates repeated check-ups, it is of paramount importance
that a standardized method is employed, so that the results of one examina-
tion are comparable with those of the next. Since 1946, a modification of
the method suggested by Kxurtssox (1938) has been used in the radio-
logical examination of the present patients as well as in other examinations
of the hip performed in this Department. As a rule, both hips are simultane-
ously radiographed on the same film. Frontal views are taken with the pa-
tient supine, with the legs extended in 20 degrees inward rotation. In this
position the neck of the femur is parallel with the film, broadly speaking,
since according to v. Lanz (1950) the antetorsion angle of the femoral neck
is about 20 degrees in the coxa plana age.

Lateral views are also taken with the patient supine, with about 25 degrees
flexion and 50—60 degrees abduction of the femora, which are supported
with wedges of sponge plastic. The knees are bent and the feet placed against
each other in the median line. A maximum of symmetry is aimed at. If the
pelvis is slanting owing to atrophy of the gluteal muscles, this is corrected
with cushions. The central ray is focussed immediately above the symphy-
sis. The target — film distance is 110 cm.

In cases with contracture of the hip joint, in which limited abduction
makes a simultaneous examination of the two hip joints impossible in the
lateral projection, these are separately studied. By keeping the pelvis
aslant the desired position is achieved.

The radiographs obtained by this technique have proved satisfactory.

During the period of non-weight-bearing treatment, check-up examina-
tions were made at intervals of three to four months, in some cases at shorter
intervals. In a large number of cases the intervals between the check-ups
were much longer, owing to failure of the patient to attend at the time
arranged. During the last few years this drawback has been eliminated to a
great extent thanks to the work done in our hospital by nurses specially
trained in social care.

The first follow-up examination after the completion of non-weight-
bearing treatment was made after four to six weeks. Subsequently the inter-
vals between the examinations were gradually prolonged to one and two
years at the time of completed growth.
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In 50 unilateral cases orthoradiographic measurement of the length of
the lower extremities was performed in connexion with the last follow-up
examination.

In 12 cases the proximal end of the femur was tomographically examined
in order to enable better assessment of the condition of the epiphyseal

plate.

Protection against radiation

Since 1947, the patients’ gonads have been protected with a lead rubber
plate or a lead capsule. At the first examination the frontal view has been
taken without any protecting device in order to obtain a general view of the
whole pelvic skeleton.

Radiological evaluation of the end-results.

The end-results were assessed by a modification of Gorr’s (1954) method.

The evaluation of the end-results was based on direct inspection of radio-
graphs. The shape of the femoral head, the outline of the latter, the length
and breadth of the femoral neck, perfection of fit with the acetabulum, the
possible presence of persisting bodies and the degree of joint reactions were
taken into account.

Fig. 3. Transparent plastic protractor, used in the evaluation of the shape of the femoral
head and in measuring the radius of the outline in spherically healed cases.



33

In order to facilitate assessment of the shape of the femoral head the
plastic protractor seen in Fig. 3 was used.

With the protractor placed on the radiograph the fit of the femoral head
in one of the circles was estimated. If the head was spherical the length of
the radius was measured. In unilateral cases the same procedure was carried
out on the unaffected side.

Furthermore, the length of the femoral neck and the breadth of the meta-
physis were measured in both hips in unilateral cases.



V. CLINICAL AND RADIOLOGICAL OBSERVATIONS

GENERAL CONSIDERATIONS

Sex distribution. Table 5 shows the sex distribution in the present series.
The ratio males to females is 4:1.

TABLE 5. — Sex distribution in 276 cases of coxa plana.

No. of cases %
Males .............. 223 80.8
Females ............ 53 19.2
Total 276 100.0

Affected side. The distribution according to affected hip in this series is
shown in Table 6.

TaBLE 6. — Distribution according to affected side in 276 cases of coxa plana.

Males Females Total
Stdes No. of N 1 N £
0. 0 0. 0 0. 0
cases % cases % cases %
Right.............. 84 37 21 40 105 38
Left .............. 97 44 24 45 121 44
Both .............. 42 19 8 15 50 18
Total 223 100.0 53 100.0 276 100.0

Body build. The body build was subjectively assessed by inspection in 215
cases. The results are seen in Table 7.

In the cases exhibiting obesity the sella turcica was radiologically exam-
ined. No pathological changes were observed.



TaBLE 7. — Body build in 215 cases of coxa plana.

No. of cases

%

Normal .............. 183 85.1
Slender .............. 24 11.2
Stout .............. 8 3.7
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TABLE 8. — Age at onset in 265 cases of coxa plana.

Age in years Males Females Total %
2—3 ...... 6 6 12 4.5
4— 5 ...... 61 10 71 26.8
6— 7 ...... 82 22 104 39.3
8-9 ...... 41 8 49 18.5
10—11 ...... 21 5 26 9.8
12—14 ...... 3 — 3 1.1

214 51 265 100.0

Age at onset. The patient’s age at the time when the first symptoms —
a limp and/or pain — were observed was regarded as the onset age. This
could be-established in 265 cases, as shown in Table 8.

The youngest patient was 2 years and 8 months and the oldest was 14
years old at the time of onset of the disease.

It is noteworthy that the ratio males to females is 1:1 in the youngest
age group. The small number of cases does not allow of any conclusions,
however.

In 11 cases the age at onset could not be established.

Duration of symptoms. The duration of symptoms at the time of dia-
gnosis was calculated from the onset. If the diagnosis had been made at
some other hospital and adequate treatment had been instituted, this point
of time was regarded as the limit of the duration of symptoms. If adequate
treatment had not been instituted elsewhere, this period was reckoned up
to the time when the disease was diagnosed in our Hospital. Table 9 shows
the duration of symptoms in the present series.

Twenty-two ultimately healed cases are omitted from Table 9. The longest
duration groups consist of neglected cases, the majority of which were in a
very advanced stage of reconstruction when first examined. It is seen in
the table that treatment had been instituted within half a year after the
onset of symptoms in less than half the cases.
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TaBLE 9. — Time from onset of symptoms to diagnosis in 254 cases of active coxa plana.

Duration of symptoms in No. of o,

months cases °
0— 1 .. 39 15.4
2— 3 e 43 16.9
4— 5 e 28 11.0
6— 7 e 39 15.4
8—12 ... 32 12.6
13—24 ... 49 19.3
25—36 ... 24 9.4
Total 254 100.0

Mean duration 9.6 months.

Stage of the process at the time of diagnosis. On the basis of the radio-
graphic findings at the time of diagnosis the present series was divided into
groups according to JonsiTer’s (1953) modification of WALDENSTROM'S
(1923) classification. The distribution of the cases is shown in Table 10.

TaBLE 10. — Distribution according to stage of the process at the time of diagnosis in the
whole series.
Stage No. of hips in No. of hips in Total no. o
g unilateral cases bilateral cases of hips °

Initial .......... 101 46 147 45.1
Fragmentation. . .. 75 35 110 33.7
Reparative ...... 33 8 41 12.6
Definitive ...... 17 11 28 8.6

1 Total 226 100 326 100.0

The group »definitive stage» includes 6 bilateral cases. In one of these, the
outline of one femoral head showed defects which will probably disappear
later. This hip was included in the group »reparative stage». If the cases in
the group »definitive stage» are omitted, the cases diagnosed in the initial
stage constitute only 48.3 per cent of the series.

TREATMENT

At the Orthopaedic Hospital of the Invalid Foundation coxa plana has
been conservatively treated. The main principle of treatment has been the
prevention of weight-bearing on the affected hip. In unilateral cases weight
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relief has been accomplished with Thomas’ splint and elevation of the
opposite shoe. In bilateral cases where non-weight-bearing on both hips has
been conditional, this has been secured by bed rest. One of the present
patients was treated by bilateral Thomas’ splints. Until 1957, patients were
hospitalized only if the diagnosis was uncertain or if the joint exhibited
marked contracture. Since 1957, the pattern of treatment has been as
follows: Hospitalization for three to eight weeks, during which the patient
was kept in bed. Traction was used if contracture of the hip was present. A
Thomas’ splint was manufactured, fitted and adjusted. Towards the end of
the hospitalization period the patient practiced walking with the splint,
the fit of which was further adjusted. When the patient had learned to
walk with a Thomas' splint, he was discharged and his parents were
informed as to the importance of strictly following the prescriptions regard-
ing the use of the splint. Subsequent follow-up examinations were done at
the Outpatient Department. Exceptions from this routine were made in
1958, in particular, when unfortunately for certain administrative reasons
admission to the hospital was difficult in many cases.

Table 11 shows the kind of treatment prescribed in the present cases.
The first group comprises the patients registered during the first few years
covered by this study and some bilateral cases from more recent years.
At a later follow-up examination of these cases it was found that the treat-
ment prescribed had often been so inadequately carried out that no major
influence on the course of the disease can be accorded to it. These cases were
classified as untreated (cf. p. 41).

TaBLE 11. — Treatmenl! prescribed at the Orthopaedic Hospital of the Invalid Foundation.

No. of cases
Bed rest and/or crutch-walking at home 29
Bed rest with traction at home ...... 4
Thomas’ splint ...................... 190
Hospitalization + Thomas’ splint . ... 27
Total 250

In a number of cases diagnosed elsewhere, the patients had received some
kind of treatment, as shown in Table 12, before being seen at the Orthopaedic
Hospital of the Invalid Foundation.

It is seen in Table 12 that Thomas’ splint had been prescribed elsewhere
in very few cases.
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TaBLE 12. — Trealment before the first examination at the Invalid Foundation.
No. of cases

Sparing use of limb, crutches ........ 22
Bedrest ................ ... ... 44
Traction .....................0intn 17
Plaster cast ............. e 21
Thomas’ splint ...................... 8

~ Total 112

If the non-weight-bearing treatment indicated in Table 12 was regarded
as adequately carried out, it was included in the data regarding the duration
of such treatment.

Non-weight-bearing treatment was continued until reconstruction had
advanced so far that the radiological appearance of the epiphysis was almost
uniform and a large proportion of the epiphysis showed a normalized struc-
ture on the radiographs. :

The duration of non-weight-bearing treatment is seen in Table 13.

TaBLE 13. — Duration of non-weight-bearing in 194 cases.
Years No. of cases
1 32
1—2 85
2—3 i 62
3—4 14
over 4 ......... .00 1

Mean duration of non-weight-bearing 2.3 years.

After the completion of non-weight-bearing treatment the patients were
told not to strain their hips for a further two or three years, or until primary
healing had been achieved. During this time, school gymnastics and athletics
were forbidden.

As a rule, Thomas’ splint was abandoned gradually, being used during
half the day, for instance at school, while the child was allowed to walk
without it during the rest of the time.

Not in a single case have we had to revoke the decision to let a patient
abandon Thomas’ splint. The radiological check-ups invariably showed
that the epiphysis had tolerated the strain. Usually the very first follow-up
examination showed increased reconstruction.
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END-RESULTS

In the present study the time from the onset of the first symptoms until
the last (or only) radiological examination is indicated in Table 14,

TaBLE 14. — Time from onset to last or only examination in 276 cases of coxa plana.
Years No. of cases Years No. of cases

1 . 18 9 el 20
2 e 12 10 ...l 23
3 15 1 . 16
4 ..l 20 12 ...l 10
5 i, 26 13 (...l

6 ..... e 35 14 ... 1
7 27 15 ...

8 ..l 24 16 or more 16

The longest period between the onset of symptoms and the last radiological examination
was 36 years.

Primary healing is used in the present series to denominate the condition
prevailing when the reparative process in the femoral epiphysis had advanced
so far that the latter had attained its final shape, and the bony structure of
the epiphysis had been normalized. In this stage the epiphysis was uniform,
provided that no loose bodies remained, as in osteochondrosis dissecans,

Ultimate healing is used to denominate the stage when growth was com-
pleted.

Since the shape of the epiphysis does not change to any appreciable degree
after primary healing has taken place, that is during the remainder of the
growing period (WALDENSTROM 1923), the cases showing primary and ulti-
mate healing were united when the end-results in the femoral head were
assessed.

Definition of the degree of healing. The femoral head was regarded as
spherical (good result) if its outline could be precisely fitted into one of the
circles of the plastic protractor, and if the radii of the circles formed by the
outline on the frontal and lateral views did not differ from each other by
more than 1 mm. A difference of 1 mm between the radii on the frontal and
lateral views was noted on the unaffected side in many cases.

The femoral head was evaluated as elliptical (fair resulf) if its outline was
regularly convex without fitting into any of the circles of the protractor,
and if the difference between the radii of the outlines on the frontal and
lateral views exceeded 1 mm,
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The fernoral head was evaluated as irregular (poor resulf) in those cases
where it could not be regarded as spherical or elliptical.

In the present series a total of 165 treated hips in 119 unilateral and in 23
bilateral cases showed either primary or ultimate healing.

TaBLE 15. — Relationship between radiological end-resulls and age at onsel in 165
trealed hips.

Onset age in years

End-results 23 45 6—7 8—9 10—14 | Total
no.of| 9%

No| % |No| 9% |No|] % |No| % |No| % | hips

Good .............. 10| 90.9] 31| 64.6] 30 49.2| 10{ 31.2{ — 81 | 49.1
Fair .............. 1| 9.1] 13| 27.1( 14 22.9| 6| 18.8 1} 7.7 35 | 21.2
Poor .............. — 4 8.3] 17| 27.9] 16| 50.0 12| 92.3 49 | 29.7

11{100 | 48(100 | 61]100 | 32100 | 13(100 165 | 100

TABLE 16. — Relationship between radiological end-resulls and duration of symptoms before
treatment in 165 treated hips.

End Time in months Total
ne 0—t1 23 45 6—7 | 812 | 1324 [no.of| %
results hips
No| % |No| % |No| % [No| % |No| % [No| %
Good ....| 23| 74 | 21| 65.6] 9 45 | 16] 51.6| 4| 18.2[ 8| 27.6 81 | 49.1
Fair ....| 6| 19.5| 3| 9.4 8| 40 5| 16.2[ 3| 13.6] 10| 34.4 35 | 21.2
Poor ....| 2| 6.5 8| 25 3| 15| 10| 32.2| 15| 68.2 11| 38 49 | 29.7
311100 | 321100 | 20]100 | 31|100 22| 100 29100 165 (100
TABLE 17. — Relationship between radiological end-results and stage of the process at lhe
institution of treatment.
Stage No. of
Initial Fragmentation Reparative hips
End-results ", o o No. of . No. of o
hips o hips o hips 7
Good ...... 55 56.7 25 39.0 1 25.0 81
Fair ...... 18 18.6 16 25.0 1 25.0 35
Poor ...... 24 24.7 23 36.0 2 50.0 49
Total 97 100.0 64 100.0 4 100.0 165
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In Tables 15, 16 and 17 the radiological end-results are correlated with
onset age, duration of symptoms and stage of the process at the institution
of treatment.

Enlargement of the femoral head. In order to obtain an idea of the enlarge-
ment of the femoral head in those cases where it healed as spherical, the radii
of the outline circles of both heads were compared in unilateral cases. To
this end the cases were divided into primarily healed (42) and ultimately
healed (21). In no case was the radius of the affected head smaller than that
of the unaffected head. In the group of primarily healed cases there were 7
with the same radius on both sides. The difference between the two radii
varied between 1 and 5 mm, the mean being 2.6 mm. In the group of ulti-
mately healed cases, one showed the same radius on both sides. The differ-
ence varied between 1 and 10 mm, the mean being 3.7 mm.

In the primarily healed group the radii of the affected heads exhibited a
mean enlargement of 11.9 per cent, as compared with the unaffected heads.
The corresponding figure for the ultimately healed group was 13.6 per cent.
The corresponding mean increases in the volume of the head were 38.5 and
46.4 per cent, respectively.

Discussion. This analysis demonstrates the well known fact that the head
of the femur in a coxa plana hip as a rule is enlarged, as compared with the
unaffected side.

In the present analysis the flattening of the epiphysis was disregarded,
while in the above-mentioned calculations of index it has been taken into
account. It is very difficult, however, to estimate the degree of flattening
of the epiphysis, since the height of the latter shows a wide variation even in
spherically healed cases owing to a cranially directed convexity in the me-
taphyseal plane. In these cases the height of the epiphysis is hardly of any
practical significance, however. It is the shape of the head that is decisive,
irrespective of whether it is a hemisphere consisting of the epiphysis alone, or
consists of a crescent-shaped epiphysis, the basal interior portion of which is
filled out by the metaphysis.

Untreated cases. The present series includes both entirely untreated coxa
plana hips and cases in which the treatment had been so recently instituted
or so inadequately carried out that no therapeutic significance can be
accorded to it. The primary or ultimate healing could be evaluated in 78
such hips (67 cases). The end-results are shown in Table 18.

The surprisingly large number of good results in this group is accounted
for by the fact that it includes 4 very slight, abortive unilateral cases and 12
bilateral cases in which the better, untreated hip exhibited slight, abortive



42

TaBLE 18. — Relationship between radiological end-results and age at onset in 78 unireated hips.

Onset age in . No. of

years Good Fair Poor hips

2— 3. 1 — 1 2
4— 5 e 7 1 4 12
6— 7 .. 5 5 15 25
8—9 ... 1 2 12 15
10—11 ... ..., 3 — 6 9
12—14 ..., 1 1 2 4
unknown .......... 11 11
Total 18 9 51 78

Per cent .......... 23 11 66 100

changes. Only two of the untreated cases which healed with spherical femoral
heads showed fragmentation of the epiphysis.-

If these abortive cases are omitted, the end-results in the untreated group
are as follows:

Good 3.2 per cent Fair 14.5 per cent Poor 82.3 per cent

When these results are compared with the end-results in the treated group
(Table 15), the difference is striking.

Cases under treatment. The series includes 61 patients (83 hips) who are
still under treatment or have failed to attend at follow-up examinations. In
these cases it is not possible to say anything regarding the end-result.

Special factors affecting the end-results

In the present series the following factors were found to affect the end-
results:

Osteochondrosis dissecans in 16 cases ( 3 untreated)
Subluxation » 45 » (30 » )
Secondary arthrosis » 20 » (17 » o)

Comparison of the present observations with previous reports

Sex incidence. The data of different authors agree in that coxa plana is
commoner in boys than in girls. In-Table 19 the relevant figures from some
of the more extensive series are indicated.



TaBLE 19. — Sex incidence of coxa plana in other series.

Investigator No. of Mf)ales Females
cases % %
Levy et al. (1942) ............ 102 91.0 9.0
Bernbeck (1951 a) ............ 369 77.0 23.0
Sundt (1949) ................ 153 78.0 22.0
Kite et al. (1952) ............ 165 86.0 14.0
Helbo (1953) ................ 204 77.4 22.6
Goff (1954) .................. 103 83.0 17.0
Ryder et al. ................ 104 82.2 17.8
Evans (1958) ................ 52 75.0 25.0
‘Wansbrough et al. (1959) 129 81.4 18.6
Carpenter (1960) ............ 90 84.5 15.5
Pei¢ (1962) .................. 189 79.4 20.6
Mose (1964) ................ 257 80.6 19.4
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The sex incidence in the present series — 80.8 per cent males and 19.2
per cent females — is in good agreement with the figures in Table 19.

TaBLE 20. — Distribution of coxa plana according to affected side in other series.
Right Left Both

Investigator ﬁ:'se(s’f sige side sides

% % %

Sundt ........ i 153 40.5 47.0 12.5
Helbo, survey of the literature ........ 250 57.0 38.0 5.0
Helbo, own series...........cooevvuenn. 204 48.0 44.6 7.4
Goff ... .. e 103 42.5 40.0 17.5
Rydefetal. ..........ooiiiunann, 104 42.3 42.3 15.4
Evans ........oviuiiiiiiiiiniiaenennn 58 48.2 41.5 10.3
Wansbroughetal. ...................... 129 ? ? 17.8
Pei¢, male patients .................... 150 56.0 38.7 15.3
Peié, female » ............ ... ... ... 39 334 56.4 10.2
MOSE oottt it e 257 ? ? 10.9

Affected side. The observations regarding the affected side in certain
earlier series are compiled in Table 20. Most reports show a slight preponder-
ance for the right side. Sunpt had slightly more left-sided than right-sided
cases, while the two sides were equally represented in RYpER’s series. PE1¢
observed a preponderance of right-sided lesions in the male patients, while
the female group showed a left-sided preponderance.
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In the present series a slight preponderance was noted for the left side,
i.e. 44 per cent against 38 per cent right-sided, while the proportion of bila-
teral cases was 18 per cent (Table 6). Contrary to Pri¢’s finding, there was no
difference between males and females in regard to the frequency of right-
sided and left-sided lesions.

The frequency figures for bilateral cases indicated in the literature show a
wide variation (Table 20). This may, perhaps, be accounted for by the fact
that in bilateral cases the lesion in one hip is often very slight and may
escape recognition, for instance if satisfactory lateral views are not available.

Age at onsel. In the present series (Table 8) there was an obvious accumula-
tion of cases in the age group 6—7 years, which was represented by 39.3 per
cent.

STAHL (1948) calculated the onset age by reducing the age at the first
radiological examination by an average of three, nine or eighteen months,
depending on whether the process was in the initial, fragmentation or early
reparative stage at the time of the first examination. According to these
calculations, the mean age at onset was 6.6 years in STAHL’s series compris-
ing 103 hips. In other series published, the maximum frequency varies to
some extent. The following authors, for instance, have observed a peak for
the age groups as listed here: BERNBECK (1951 a) 8 years, WANSBROUGH ef al.
(1959) 7 years, Gorr (1954) 6 years, HELBO (1953) and Ponserr & CorToN
(1961) 5—6 years, O’Garra (1959), Herzoa (1961) and Moske (1964) 5 years,
Pei¢ (1962) 4—6 years.

Duration of symptoms from onset to diagnosis. It is seen in Table 9 that the
duration of symptoms from onset to diagnosis,was an average of 9.6 months
in the present series.

HeLBo (1953) described a group of 66 patients with coxa plana in which
the duration of symptoms was an average of 3.9 months in 39 cases, an aver-
age of 6 months in 6 and 10.1 months in 21. In Evans’ (1958) series the
duration was one to 36 months, the mean being 6 months. CARPENTER &
PoweLL (1960) indicated a mean duration of symptoms of 7 months and 24
days. In a series of 107 patients with coxa plana described by RaLsTon
(1961), treatment could be instituted 3 months after onset in 49 cases (46
per cent). In the series described by WaNsBRrouGH ef al. (1959), comprising
106 cases, fifty per cent were diagnosed within 3 months, and in two-thirds
the diagnosis was made within 6 months after onset.

Stage of the process at diagnosis. As is seen in Table 10, slightly less than
half the present cases of active coxa plana were in the initial stage at the
time when the diagnosis was made, 33.7 per cent were in the fragmenta-
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tion stage, and 15.8 per cent exhibited more or less advanced reconstruc-
tion.

In HeLso’s (1953) series of 66 patients treated by protracted bed rest,
68 per cent were initial cases and 32 per cent showed fragmentation on
admission to hospital. WansBroucH ef al. (1959) described 55.5 per cent
of their cases as very early or early, and 44.5 per cent as advanced or very
advanced. Among 90 patients examined, CARPENTER & PoweLL (1960)
found that 73.3 per cent had minimal or moderate, and 26.7 per cent advanced
destructive changes.

End-results. In Table 21 the end-results in a number of previous studies are
compiled. There are wide variations in the selection of cases, the treatment
employed and the methods of evaluation of the end-results in both the
series treated by bed-rest and in those treated by various non-weight-

TaBLE 21. — Relationship between end-results and treatment in different series reported
in the literature.

Results in %
Investigator . No. of Treatment Exellent
cases Fair | Poor
and good
Pike 1950 ............ 11 Bed rest without
splints .......... 36 28 36
Pike » .............. 29 Bed rest with splints 83 10 7
Mindell et al. 1951 ..., 28 Bed rest 53.5 17.7| 28.8
Herndon et al. 1952 .. 33 » 61.0 39.0 0
| Helbo 1953 .......... 61 » 82.0 16.4| 1.6
Goff 1954 ............ 65. b 57.0 29.2] 13.8
Hauge 1956 .......... 132 » 32.6 40.0) 274
Ratliff 1956 .......... 41 » 43.7 36.8| 19.5
Evans 1958 .......... 52 » 29.0 40.0( 31.0
Evans et al. 1958 ...... 24 » 62.5 20.8] 16.7
Wansbrough et al. 1959 14 » 50.0 36.0| 14.0
Herzog 1961 .......... 73 » 77.5 14.0 8.5
Mose 1964 ............ 78 Strict bed rest ...... 58.0 17.0| 25.0
Mose » .............. 70 Mobile bed rest 61.0 20.05 19.0
Mindell et al. 1951 . ... 32 Crutches or walking
caliper 72.0 15.5] 12.5
Evans et al. 1958 ...... 24 Crutches and Snyder’s
sling 58.3 16.7] 25.0
Herzog 1961 .......... 34 Walking caliper 44.0 24.0( 32.0
‘Wansbrough et al. 1959 76 Taylor caliper 75.0 11.8] 13.2
Wansbrough et al. . 16 Thomas’ splint 25.0 75.01 25.0
Mose 1964 ............ 71 Walking caliper 45.0 17.04 38.0
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bearing devices. Therefore, the table is useful only as a basis for very appro-
ximate comparisons.

MinDELL & SHERMAN (1951) found no significant difference between the
end-results in their patients treated non-ambulatorily and ambulatorily,
respectively, and recommended ambulatory treatment in all unilateral
cases. WaNSBrROUGH et al. (1959), who were able to report very good results
with Taylor’s walking caliper, arrived at the same conclusion. Evans (1958)
and Evans & Lrovp-Roserts (1958), who compared the late results in
hospital patients and out-patients, respectively, detected no significant
difference in the final radiographic appearance of the femoral head. In view
of this, and considering both social and economic standpoints, they regarded
ambulatory treatment as the method of choice. By contrast, HeLBo (1953),
who compared his excellent results with prolonged bed rest with the results
of symptomatic treatment, recommended whole-heartedly the first-mention-
ed method. HErnDON & Hevman (1952) and Gorr (1954) were advocates
of hospital treatment, too. Howorra (1959) emphasized the importance of
strict weight relief for the affected hip, which does not, however, imply
absolute immobilization. »It appears that early recognition of the syno-
vitis, which precedes the development of coxa plana, with prompt institution
of bed rest and non-weight-bearing, may result-in abortion of at least some
of the cases.» '

Mosk (1964) observed an insignificant difference between the results in
patients treated by strict bed rest and mobilizing bed rest, while the differ-
ence between these two groups and a group treated as out-patients was
significant. He recommended treatment by bed rest.

When the present results — 49.1 per cent good, 21.2 per cent fair and 29.7
per cent poor — are compared with the figures in Table 21 showing the
results in previous studies, it is found that the former are somewhat poorer
than the mean level of the latter. However, even among the series treated
by bed rest there are poorer results than the present ones.

Age at onset and end-results. Numerous authors have found that the end-
results are better the younger the child at the time of onset of the disease
(MinpeELL & SHErRMAN 1951, Gorr 1954, Evans 1958, WanssrouGH el al.
1959, CARPENTER & PowrLL 1960, Mose 1964, and others). Table 15 shows
the same for the present series. In the group with an onset age of under 4 the
result was good in over 90 per cent of cases and poor in none. In the age
groups over 9 no hip healed with a spherieal femmoral head.

Duration of symptoms before institution of treatment and end-resulls. Regard-
ing the correlation between the duration of symptoms and the end-results,
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a large number of authors emphasize that the earlier treatment is instituted,
the better are the results (Branpes 1920, SEverIN 1942, SsévaLL 1943,
MINDELL & SHERMAN, HELBO, Gorr, WaNsSBrROUGH ef al.,, CARPENTER &
PoweLL and others).

The present observations confirm the above-mentioned observation.
It is seen in Table 16 that in over half of the cases which healed with a
spherical femoral head, treatment had been instituted within three months
after the onset of symptoms, while only about 15 per cent of the patients
with good results had been ill for over seven months when the diagnosis
was made.

In the present series the mean duration of symptoms before the institution
of treatment was 9.6 months (Table 9). This seems to some extenf, at least,
to account for the poorer end-results in- this series as compared with some
of those presented in Table 21. In the majority of the earlier series a shorter
mean duration of symptoms has been indicated.

RavrsTon (1961) arrived at deviating results in regard to the relationship
between onset age and end-results. His series consisted of 43 cases of unilater-
al coxa plana. Treatment (recumbency with Buck’s extension and daily
progressive resistance exercise) was in all cases instituted within three
months after the onset of symptoms. Statistical analysis of the comprehen-
sive quotient after healing had begun showed no correlation between onset
age and degree of healing. The age at onset as compared with the duration
of the period of reco verygave a poor correlation, and the correlation between
onset age and the maximal percentage of epiphyseal involvement was also
poor. : ’
Stage of the process at institution of treatment and end-results. This point
was discussed by HeLBo, HauGe, WansBrouGH ef al. and CARPENTER &
PoweLL, among others, who found that the end-results were better if the
treatment had been instituted before the process had advanced to the stage
of fragmentation. ' )

The present series (Table 17) shows a clear tendency towards better radio-
logical end-results when treatment was instituted at an early stage of the
disease.

Factors affecting the end-results, Haas (1937), FReunD (1939), BRAILSFORD
(1943), HErmMoDssoN (1944), Sunpt (1949), Gorr (1954), PErrTILA (1954),
RatLirr (1956), Evans (1958), Jenkins (1958), FrREeHAFER (1960) and
Morris & McGieeoN (1962) have described occasional cases in which a
condition resembling osteochondrosis dissecans was associated with coxa
plana. Mose (1964) detected 8 cases of osteochondrosis dissecans in his
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series. All these patients belonged to the higher age groups, and in none of
these cases were there any radiological changes discernible in the epiphyseal
line or the metaphysis."

In the present series osteochondrosis dissecans was detected in 17 hips,
i.e. in 5.2 per cent of the 326 hips with coxa plana examined. In one bilater-
al case, osteochondrosis dissecans was also bilateral. Four of these patients
belonged to the age group 5—7 years at the onset of the disease, and 12
patients were 8—11 years at onset. In 13 cases growth was completed. In
8 there were no or minimal metaphyseal changes. In 9 hips osteochondrosis
dissecans developed in connexion with severe metaphyseal disturbances.
In this respect the observations in the present series differ from those of
Mosk.

In 7 of the cases under discussion there was a history of trauma. The
experimental investigations of A. LANGENSKIOLD (1955) and TALLQVIST
(1962) regarding the development of osteochondrosis dissecans lend strong
support to the view that the cause of this lesion is a cartilage fracture during
the growing period. In the present series of 276 cases there were 48 (17.3
per cent) in which trauma was mentioned in the history. Among those
showing osteochondrosis dissecans 43.7 per cent had a history of trauma.
This is strongly suggestive of a causal relationship between trauma and
osteochondrosis dissecans in coxa plana. '

To a certain extent this observation also lends support to NAGURA’s
(1937) theory that the cause of coxa plana is a compression fracture in the
chondroepiphysis.

In this connexion it may also be mentioned that Kirscu (1961) described
a case of coxa plana which initially exhibited the kind of picture typical of
osteochondrosis dissecans.

Regarding the frequency of subluxation in association with coxa plana
there are few data in the literature. Sunpt (1949) observed subluxation in
104 out of 153 and PerTTILA (1954) in 17 out of 33 finally healed cases.
Evans (1958) detected subluxation in 42 out of 58 coxa plana hips. He point-
ed out that the subluxation was very slight in the patients with good and
fair end-results.

In the present series subluxation was noted in 45 hips out of 326 (13.8 per
cent). Thirty of these were untreated and poorly healed, while in 15 hips the
result of treatment was poor.

That coxa plana predisposes to secondary arthrosis has been emphasized
by several authors, e.g. MgLLER (1926), EvrE-Brook (1836) and SunpT
(1949).
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In the present series secondary arthrosis was observed in 20 cases, 17 of
which were neglected. These patients sought medical aid on account of
symptoms in the hip due to the complicating arthrosis. In 3 instances
arthrosis developed in poorly healed cases during the time of observa-
tion.

OBSERVATIONS WITH A BEARING ON AETIOLOGICAL FACTORS

Trauma

In 10 cases (3.6 per cent) of the present series the disease was preceded
by a single trauma which may be considered directly related to the develop-
ment of coxa plana.

Case 22. A girl aged 3 had fallen from the second floor and injured the hip
region.

Case 24, A girl aged 6 had had a traumatic luxation of the hip.

Case 43. A boy aged 11 had been run over by a sledge, resulting in con-
tusion and immediate pain in his hip.

Case 74. A boy aged 7 had fallen from a tree and bruised the hip region.

Case 141. A boy aged 6 had fallen from a pile of wood, resulting in con-
tusion and immediate pain in his hip.

Case 148. A boy aged 6 had bruised the hip. Ecchymoses of the hip region
resulted.

Case 176. A boy aged 8 had fallen from a bar during gymnastics, resulting
in immediate, severe pain in his hip. ‘

Case 191. A girl aged 9 had bruised her hip and been hospitalized on this
account.

Case 196. A boy aged 8 had fallen from a rafter in a barn and experienced
immediate pain in his hip.

Case 216. A boy aged 8 had fallen from a moving merry-go-round and
bruised his hip. There was immediate pain.

Furthermore, in 31 cases (11.2 per cent) a single trauma was mentioned,
e.g. a fall during play, or when riding a bicycle or skiing, jumping from a
rail or a stair, a kick by a playmate, but these everyday incidents had often
occurred long before any hip symptoms were noted and must be regarded
with great reserve as possible aetiological factors.

In addition, the series contains 7 cases (2.5 per cent) in which repeated
trauma or excessive straining of the hip at the time of onset of symptoms
can be taken into consideration. In 3 cases the child had jumped innumerable

4
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times from a roof or a tree. In 1 case the symptoms had been preceded by
intensive training in ski-jumping, in 3 cases by energetic training in bicycle-
riding.

Infection

An infectious aetiology seems tenable in the following of the present
cases:

Case 102. A boy aged 5 started limping and complained of pain in the left
knee in association with acute tonsillitis. On radiological examination noth-
ing noteworthy was observed in the knee. About four months later, coxa
plana in an early stage of fragmentation was observed in the left hip.

Case 54. A boy aged 11 fell ill with fever and hip pain. Three months later,
contracture and limitation of movement in the right hip was observed at our
Hospital. A radiograph revealed marked condensation and moderate flatten-
ing of the right femoral epiphysis and a large step-shaped defect in the
ventral margin of the metaphysis. Coxa plana in a late initial stage was
diagnosed. (Fig. 4). The head-socket distance was increased medially and
slightly narrower than normal cranially. The outline of the acetabulum was
blurred. The patient was fitted with Thomas’ splint. At a follow-up examina-
tion one year later the femoral epiphysis was in a stage of reconstruction.
The metaphyseal defect had been filled up to some extent, but the head-
socket distance was still larger than normal medially. The mobility of the hip

Fig. 4. Case 54, boy aged 11 fell ill with fever and hip pain. Three months later, contracture

and limitation of movement in the right hip. Radiographs at this time, a: frontal — and b:

lateral view. Marked condensation and moderate flattening of the femoral epiphysis and
a large step-shaped defect in the ventral margin of the metaphysis.
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showed some improvement. The patient has failed to attend at suggested,
later follow-up examinations.

Case 149. A boy aged 3 years and 2 months developed symptoms in the
left hip in connexion with acute appendicitis. Appendicectomy was per-
formed. Three months later, radiological examination revealed signs of
epiphysiolysis of the proximal femoral epiphysis. Typical coXa plana
developed (Fig. 5).

Case 161. A girl aged 7 was hospitalized for one month on account of burns.
Subsequently, she showed a limp. Three to four months later, coxa plana
on the left side was observed.

Case 78. A boy aged 6 fell against a stump and sustained a wound in the
right inguinal fold. Wound infection developed and he was treated in bed
for a month. Subsequently, he showed a persistent limp. A radiological
examination performed eight years later in our Hospital showed coxa plana
on the right side in a late reparative stage.

Hereditary and constitutional factors

Data regarding the possible occurrence of coxa plana in the patient’s
family was elicited in 172 of the present cases. In 11 cases (6.4 per cent)
radiologically verified coxa plana was recorded in members of the family.

TABLE 22, — Birth order in 153 cases of coxa plana, and of all 585 children in the coxa plana
families concerned.

Birth No. of cases of No. of Ratio
order coxa plana children
I ... 51 153 1: 3.0
Imo........ 50 141 1: 2.8
] 5 5 GO 24 105 1: 4.3
v o 5 062 1:124
Voo 8 42 1: 53
VI ... 1 29 1:29.0
VIT ........ 9 23 1: 2.6
VIIT ........ 3 15 1: 5.0
IX oo 1 9 1: 9.0
X .. 1 4 1: 4.0
XI ... 1
XNH ..., 1
Total 153 585
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Fig. 5§ a—d.

In 4 cases the disease had been diagnosed in siblings. In 1 case a cousin had
coxa plana, in 3 cases a cousin of one of the parents’ and in 3 cases a child of
one of the patient’s cousins.

Furthermore, in 9 cases some member of the patient’s family had a chronic
lesion of the hip of unknown aetiology.
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Fig. 5. Case 149, boy aged 3 years and 2 months developed symptoms in the left hip in

connexion with acute appendicitis. Appendicectomy was performed. Three months later

radiological examination revealed signs of epiphysiolysis of the proximal femoral

epiphysis, a: frontal, and b: lateral view. Later, typical coxa plana with slight frag-

mentation of the epiphysis, but without metaphyseal changes developed, ¢—d. Treated
with Thomas’ splint. End-result good, e—f.

Birth order. In 153 cases the birth order of the patient was recorded.
Table 22 shows the distribution of the cases by birth order groups and the
relationship between these and the total number of children in the respective
groups in the families concerned.

Bone age. Bone age was determined by GrReuLicH & PyYLE’s (1959) method
on radiographs of the bones of the hand in 64 cases of coxa plana. Some of
these patients did not belong to the present series. The cases were taken at
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random and represented different stages of the disease. Table 23 shows
the differences between bone age and chronological age in the cases con-
cerned.

TaBLE 23. — Skeletal age in 64 cases of coxa plana in different stages of the disease.
Delayed Normal Accelerated Total
Stage No. of | Months | No. of No. of | Months no. of
cases (range) cases cases (range) cases
Initial ............ 6 19 — — 6
(9—31)
Fragmentation...... 11 24 4 1 7 16
(12-—48)
Reparative ........ 11 19 12 1 13 24
(10—32)
Definitive
(Growing period) 9 18 6 3 12 18
(6—30) (9—13)
Total 37 19 22 5 11 64
Discussion

Trauma. From the survey of the literature it appeared that many authors
regard trauma as a possible cause of coxa plana.

In the present series trauma was mentioned in 48 cases (17.3 per cent),
but in the majority of these the statement has to be viewed with great
reserve, Parents usually look for a cause when their child starts limping or
complains of pain in the hip. Then the child itself, or somebody in the family
or its environment, recalls a previous accident, which is considered respon-
sible for the disease, although it may be entirely insignificant.

In regard to repeated minor traumata, it is difficult to decide whether
they are of aetiological significance in coxa plana. It seems possible that
they play a part as a contributory or precipitating cause.

In 3.6 per cent of the present cases, however, trauma appears to be a
factor that significantly influenced the development of the disease.

Infection. As was already mentioned in the survey of the literature, a
number of authors have suggested that inflammatory processes may lead to
coxa plana.
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The present series contains only a few cases in which an inflammatory
aetiology can be suspected. In case 54 it seems probable that coxa plana
developed in connexion with acute synovitis of the hip joint.

Case 149 (Fig. 5) exhibited an obvious wedge-shaped gap in the epiphyseal
line ventrally. This observation corroborates the view, chiefly advanced by
PonseTt & McCrintock (1956), that loss of cohesion of the cartilage matrix
is the cause of the circulatory disturbance leading to necrosis of the epiphy-
sis. This loss of cohesion may be due to inflammation.

Hereditary and constitutional factors. Of the present patients 6.4 per cent
had close relatives with radiologically verified coxa plana.

Herpo calculated the incidence of coxa plana among the school children
in Copenhagen as 0.44 pro mille. Mose (1964) reported frequencies of 0.08
pro mille among the population on Zealand and 0.09 pro mille in South-
Jutland. If these figures are compared with the frequency of familial coxa
plana observed in the present study, i.e. 6.4 per cent, it seems obvious that
hereditary factors play a part in the development of the disease.

One of the present patients, who came from a family with 7 children, had
3 siblings with coxa plana. The lesion was unilateral in all four cases, with
typical radiological changes of the same type. One of the four was a hetero-
zygous twin, whose twin sister was unaffected. All the children were other-
wise in good health and well developed. The parents were healthy, but 2
cousins (not brothers) of the father’s have a limp due to shortening of one
extremity.

Birth order. Gorr (1954) found that the first child most frequently devel-
ops coxa plana. This observation was corroborated by PEiC (1962). Table
22 shows that in the present series, too, first and second children were most
numerous among the patients with coxa plana. But this is due to the fact
that the absolute number of first and second children was largest in the
families concerned. These constituted about fifty per cent. The ratios
between the number of coxa plana children in the different birth order
groups and the total number of children in these groups show that the
morbidity was not higher among first and second children than among
those born later. The table shows the highest incidence in the group of
seventh children, i.e. 1:2.6, and the lowest — 1:29 — in the group of sixth
children. The wide variation is obviously due to the fact that the series
analysed is too small. The study seems, however, to indicate that the birth
order is insignificant.

Bone age. In Table 23 it is seen that in the cases examined bone age and
chronological age coincided in 22. In 37 cases the bone age was delayed by
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an average of 19 months, while in 5 cases it was in advance of the chronologi-
cal age by an average of 11 months. As compared with the stage of the disease
process, the bone age was most delayed in the fragmentation stage. The
study confirms, however, the results previously published which indicate a
delayed bone age in coxa plana. This seems to corroborate the view that
constitutional factors play a part in the development of the disease.



V1. THE COURSE OF THE RADIOLOGICAL
CHANGES IN COXA PLANA

JonsATER modified WALDENSTROM’s (1923) classification of stages by
uniting his last two groups (the growing period and the definitive stage)
for the reason that the femoral head attains its final shape during the grow-
ing period. In this paper JonsiATER’s classification into initial stage, frag-
mentation stage, reparative stage and definitive stage is used.

Fig. 6. Early radiological signs in-coxa plana. 1: Increased head-socket distance, WALDEN-
STROM’s sign (1934). 2: Bulging of the joint capsule, FERcusoN & HoworTH (1934).
3: Rarefaction, DREHMANN (1914) or rounding, Gace (1933) of the lateral margin of the
metaphysis. 4: A strip-shaped subcortical translucent area ventro-laterally in the epiphysis,
FreEUND (1930). 5: Rarefactions in the lateral outline of the epiphysis close to the epiphyseal
plate, FREUND (1930). 6: Band-shaped osteoporosis in the metaphysis close to the epi-
physeal plate, WALDENsSTROM (1923). 7: Translucent area in the medial metaphyseal
zone, GILL (1940). 8: Changes in the roof of the acetabulum, FrRomME (1921). 9: The bony
epiphysis smaller than in the unaffected hip, shape and structure of the epiphysis normal,
BERGMANN (1927). 10: Enlargement of the neck of the femur close to the epiphyseal
plate, FEvRe & LAGRANGE (1956). 11: The »tear-shaped phenomenon», widening of
Kohler's tear-shaped figure, HALKIER (1956). 12: Thickening of the epiphyseal plate,
Howorta (1959).
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Fig. 7 a—e.

EARLY RADIOLOGICAL SIGNS

The importance of early diagnosis and early institution of treatment in
coxa plana has been emphasized by the majority of authors. The recognition
of early radiological signs is therefore a point of major interest.

Earlier observations

WaLDENSTROM (1923) began his definition of the initial stage as follows:
»To begin with only limping without any change in the X-ray picture».
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Fig. 7. Case 141, boy aged 5 years and 10 months at onset. Limping after fall from a pile
of wood. a and b: 3 weeks after onset, increased head-socket distance, slight swelling of
the soft parts lateral to the left hip joint, slight general osteoporosis of the hip region and
thickening of the epiphyseal plate. No structural changes of the epiphysis or changes of
its outline. Bed rest with extension for six weeks. ¢ and d: 9 weeks after onset, the radio-
logical state was the same as before. No clinical symptoms. Weight-bearing was allowed.
e and f: 22 weeks after onset; a large translucent area in the ventral part of the epiphysis,
which was slightly flattened. Treated with Thomas’ splint for 3 years. After slight frag-
mentation and slight metaphyseal changes healing with spherical head.

Many other authors have come to the conclusion that coxa plana begins
with a prodromal stage, during which no radiological changes, or only
changes of the soft parts, are observable (Freunp 1930, Fercuson &
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Fig. 8. Case 65, boy aged 7 at onset. @ and 5: 3 months after onset; reduced height and

breadth of the right epiphysis. The calcium concentration, outline and structure of the

latter are completely normal. The head-socket distance is the same as on the unaffected
left side. Later, this case showed moderate fragmentation and a good end-result.

Howortua 1934, HeLsBo 1953, Nova MonTEIRO 1954, HoworTH 1959,
Jacoss 1960, RaLston 1961).

Fig. 6 demonstrates early radiological signs in coxa plana of the kind
previously described in the literature.

Observations on the present material

In the present series the radiological findings at the first examination
were mostly typical and indisputable owing to the fact that the disease
process was already advanced. But in certain cases the first diagnosis was
tentative. Some of these may be described as examples of early signs.
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Case 141 (Fig. 7) exhibited Waldenstrom’s sign, i.e. increased head-
socket distance, slight swelling of the soft parts lateral to the left hip
joint, slight general osteoporosis of the hip region and thickening of the
epiphyseal plate two months after onset. No structural changes of the
epiphysis or changes of its outline were discernible. Later, typical changes
developed.

Case 65 (Fig. 8). Three months after onset the radiographs showed reduced
height and breadth of the right bony epiphysis. The calcium concentration,
outline and structure of the latter were completely normal. The head-
socket distance was the same as on the unaffected side. Later, this case
showed moderate fragmentation and a good end-result. \

Case 123 (Fig. 9). A bilateral case. At the first examination the left hip
was evaluated as radiologically normal. At a check-up three months later
the outline of the lateral pole of the epiphysis was irregular and exhibited a
"small defect. This finding corresponds to the early sign described by Freunnp
(1930). Later, typical changes developed.

Case 124 (Fig. 10). The only radiological sign was a small subcortical
strip-shaped translucent area proximally in the epiphysis. Complete healing
occurred without any other treatment than refraining from athletics and
gymnastics for some weeks. This case must be regarded as uncertain.

The tear-shaped phenomenon was observed in 25 cases of incipient coxa
plana. In 20 of these the phenomenon was obviously due to oblique pro-
jection caused by atrophy of the gluteal muscles on the affected side. In 5
cases it could not be established whether the projection was oblique. In a
further 3 cases the tear-shaped figure was narrower on the affected side
than on the unaffected side.

Discussion’

Both previous reports and the present observations indicate that the
early signs in coxa plana vary from case to case. The radiological picture
shown by case 141 (Fig. 7 a), for instance, is not pathognomonic of coxa
plana, it could just as well support a diagnosis of any kind of synovitis.
In uncertain cases it is of paramount importance to institute weight relief
and keep the patient under observation for a sufficiently long time. This
has previously been emphasized by HowortH (1959), in particular.

Most often the tear-shaped phenomenon is probably due to oblique
projection of the pelvis, and this sign cannot be regarded as pathognomonic
of coxa plana.
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Fig. 9 a—c.

CHANGES IN THE CAPITAL EPIPHYSIS

Initial stage

Observations on the present material. This stage was counted from the onset
of symptoms to the time when the bony epiphysis exhibited the first signs of
fragmentation.

Duration of the initial stage. In the present series 147 hips were studied
in the initial stage, i.e. 101 in unilateral and 46 in bilaleral cases. The dura-
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Fig. 9. Case 123, boy aged 7 years and 5 months at onset (right hip). Treated with crutches
for five months before the first visit. At the first examination, a and b: the right epiphysis
shows fragmentation. In the lateral outline of the left epiphysis there is a slight rarefac-
tion which was overlooked. Thomas’ splint on the right side. At a check-up three months
later, ¢ and d: the rarefaction in the lateral pole of the left epiphysis is larger. Marked
metaphyseal changes on the right side. After a further three months, typical initial stage
of coxa plana on the left side with flattening and condensation of the epiphysis. e: After
6 months in bed Thomas’ splint on the left side for one year. End-result poor on both
sides. Osteochondrosis dissecans in the right hip.

Fig. 10. Case 124, boy aged 10. The radiograph Was taken four months after intermittent

limping and pain in the right hip. The on!y radiological sign is a small subcortical strip-

shaped translucent area proximally in the epiphysis on the lateral view. Complete healing

occurred without any other treatment than refraining from athletics and gymnastics for
some weeks.
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tion of the initial stage could be evaluated in 116 cases as shown in
Table 24.

Table 25 shows the relationship between the duration of the initial stage
and the age at onset of the disease. It is seen that the duration of the initial
stage was independent of the onset age.

TABLE 24. — Duration of the initial stage in 116 cases.

No. of

Time in months
cases

under 6 ........... 0000000 57
[ 59

Mean duration 5.6 months,

TABLE 25. — Relationship between duration of the initial stage and onset age in 116 cases.
Onset age in years
Duration of initial No of
stage in months L _ - . - - 0. O
g 2—3|4—-5|6-—-7|8-9( 10—11 12—14 cases
Under 6 ............ 4 17 26 7 2 1 57
6—12 ... 5 19 22 7 6 — 59

The radiological changes occurring during this stage in the epiphysis
consisted of depressions and breaks in the outline, as a rule in its proximo-
ventral portion, translucent areas, often subcortical, and flattening and
condensation. These changes occurred almost invariably, except in mild,
abortive cases, in which condensation was mostly absent.

The changes varied in degree from case to case, and it goes without saying
that variations were seen in one and the same case, depending on how far the
process had advanced.

The strip-shaped subcortical translucent area mentioned in connexion
with early signs (p. 57) was a relatively frequent sign in the initial stage.
It was transitory, owing to the fact that the cortical lamella was resorbed
in more advanced cases, or pressed against the spongy bone. A subcortical
strip of this kind shown in Fig. 11 (case 32) was observed in 43 cases. This
radiograph was taken five weeks after the onset of symptoms.
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Fig. 11. Case 32, boy aged 9. Five weeks after 6nset. Marked subcortical: strip-shaped
translucent area in the lateral view, b.

Condensation of the epiphysis often occurred early in the initial stage.
In exceptional cases it was observable immediately before, or in connexion
with, fragmentation. Case 141, Fig. 7, is an example of absent condensation.

The height of the chondroepiphysis remained unaltered during the initial
stage. This was shown by the fact that the distance from the epiphyseal
cartilage to the socket of the acetabulum on the lateral view was the same
as on the unaffected side. In some cases with a »vacuum phenomenon» on
the radiographs, the height of the chondroepiphysis could be measured
directly on the pictures.

Discussion of the initial stage The duration of the initial stage was indi-
cated by WALDENSTROM as a half to one year. HELBO reported a mean
duration of 12 months in his series, the variation being 5 to 18 months.

BeresTRAND (1961) observed subcortical fissures or changes of the outline
in the proximal portion of the femoral epiphysis in all cases of his series.
These changes were demonstrable until eight months after the onset of
symptoms.

The condensation observable in the epiphysis has been discussed by many
authors. Amstap (1916), Caan (1924) and others ascribed it to sclerosis
associated with increased deposition of calcium. WipErSE (1921) and
LeEsmanN (1940) regarded the condensation as a direct necrotic mani-
festation, analogous to the sequestrum in osteomyelitis.

AxuAaUSEN & BerGMANN (1937) concluded that the condensation was
due to compression of necrotic spongy bone.

JonsATER (1953), who investigated this point histologically, stated that a
compression of the trabeculae obviously takes place, but he did not think

2
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that this phenomenon accounts for the marked condensation seen in early
cases, in which the epiphysis has still maintained its original shape.

BernBECK (1954) attributed the early condensation to an increase in
inorganic substance due to penetration of chondroitinsulphuric acid from
the surrounding cartilaginous tissue (»Kalk-Phanerose»). The condensation
seen in later stages he ascribed to compression of necrotic spongy bone.

Case 43, Fig. 12, in the present series is an example of intensive, homo-
geneous condensation involving the whole of the epiphysis, which showed
very slight flattening. In this case it is difficult to explain the condensation
as due entirely to compression. It seems more probable that it was a result
of total necrosis with markedly increased calcium concentration (ivory
epiphysis). A. LANGENSKIOLD (1952) described a case of tuberculous spon-
dylitis in which the first radiological examination showed an ivory vertebra
without any loss of substance or signs of compression.

BerGsTRAND (1961) found that the breadth of the bony epiphysis in the
initial stage was smaller on the affected side, and that the epiphyseal breadth

Fig. 12. Case 43, boy aged 11 years and 3 months at onset. a and b: 5 months after an
obvious single trauma. Pronounced condensation without any appreciable flattening of
the epiphysis. Widening of the head-socket distance.
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of the unaffected hip was fairly constantly attained and exceeded six to
nine months after onset. In the present study this point was not checked by
systematic measurements, but in many cases BERGSTRAND's finding could
be confirmed, as is shown in Fig. 8. The phenomenon is attributable to
inhibited growth of the necrotic ossific centre (Ponset1 & Corron 1961).

The shape and size of the chondroepiphysis was studied arthrographically
by Jonsiter (1953) and Gorr (1954), by measurement of the epiphyseal
plate-socket distance on radiographs by BErcsTranD (1961), and in conne-
xion with arthrotomy by Herzoa (1961). These investigations showed that
the chondroepiphysis maintained its normal height throughout the initial
stage, and for part of the fragmentation stage.

Fragmentation stage.

In this study the fragmentation stage was counted from the time when
the first radiological signs of fragmentation of the epiphysis were discernible
until the time when the first signs of reconstruction could be seen on the
radiographs.

Observations on the present material. On the basis of serial radiographs the
duration of the fragmentation stage could be evaluated in 113 of the present
cases, as is seen in Table 26. The mean duration was 10.8 months.

TABLE 26. — Duration of the fragmentation stage in 113 cases.
Time in months No. of cases
Under 6 .............. 27
6—12 ... 52
12—24 ...l 34

Mean duration 10.8 months.

TABLE 27. — Relationship between duration of the fragmentation stage and onset age in
113 cases.

Onset age in years

fDuratiOtn t_of 2—3 45 6—7 8—9 10—11 | 12—14 Tota}
ragmentation no. o
stage in months No. No. No. No. No. No. cases
of | %| of { %[ of | %| of | 9%]| of % of | 9%
cases cases cases cases cases cases

Under 6 ....| 2 |20 71!190 8[19 7 |50 3 [37.5 — 27

6—12 ...... 6 |60 16|43 23|53 3 |21 3 |375] 1 (100 52
12—24 ...... 2 | 20f 1438 12|28 4 129 2 [25]| — 34
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The relationship between the duration of the fragmentation stage and the
age at onset of the disease appears in Table 27. A lower onset age does not
seem to shorten the duration of the fragmentation stage, which was 6 to 12
months in the majority of the cases with an onset age of 2 to 7 years. Among
those who were 8 to 11 years old at the time of onset of the disease, the
majority had a fragmentation stage of under 6 months, but the number of
cases is too small to allow of any definite conclusions. Fragmentation was
found to begin in the ventrolateral portion of the epiphysis, and is best seen
on the lateral view. The structure of the epiphysis, which usually showed
condensation, became irregular, less dense areas occurred and the epiphysis
became fragmented. Fragmentation was often preceded by flattening of the
bony nucleus, and as fragmentation progressed, the flattening was further
increased. '

The degrees of fragmentation showed wide variations. In some cases the
epiphysis was divided into only two or three pieces, while in others the
osseous centre seemed to be completely fragmented. In extreme cases only a
few dense fragments were seen, or a thin condensed lamella proximal to the
metaphyseal surface.

Discussion of the fragmentation stage. WALDENSTROM indicated the duration
of the fragmentation stage as two to three years. In STAHL’s series the dura-
tion from onset of the disease to the beginning of the reparative stage was an
average of 16 months, with a variation of 7 to 34 months. HELBO noted a
mean duration of 26 months from the onset to the beginning of recon-
struction in untreated and »symptomatically» treated patients, and 16
months in those treated by protracted bed rest. BERGSTRAND observed
maximal fragmentation from 9 to 23 months after onset.

Even in the first reports on coxa plana, fragmentation of the femoral
epiphysis was described. WALDENSTROM (1909), PERTHES (1910), SCHWARZ
(1914) and others regarded the fragmentation as a sign of a destructive
process. By contrast, CALVE (1910) believed that the epiphysis had not been
uniform, but primarily separated into two or more small bony nuclei, scatter-
ed over the chondroepiphysis. He stated that a total absence of any osseous
or cartilaginous destructive process was a feature typical of the disease.

In contrast to current views, FREUND (1930) maintained that the frag-
mentation stage, instead of being a destructive phase, is a stage of intensive
reorganization, originating from the surrounding normal tissues. This was
confirmed by JoNsATER’s (1953) histological investigations.

As mentioned above, the degree of fragmentation shows wide variations.
For this reason O’Garra (1959) divided his series into two groups, »anterior
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Perthes’ disease» and »involvement of the whole epiphysisy. In a series of
coxa plana patients, Gorr (1959) distinguished between a type with total
epiphyseal involvement (37 per cent) and another type with partial epi-
physeal involvement (50 per cent). The remaining patients (13 per cent) had
bilateral lesions.

RavLston (1959) calculated the maximal percentage of epiphyseal involve-
ment and studied the relationship between this parameter and various
others. The best correlation was noted between the extent of necrosis and
the duration of the disease: the larger the proportion of the epiphysis show-
ing fragmentation, the longer the duration. Furthermore, the investigation
revealed that the smaller the portion of the epiphysis involved, the more
anatomical was the end-result.

Owing to the wide variation of the radiological changes, it is very difficult
to make any accurate classification of a large series on the basis of the extent
of the necrosis. There are, of course, a number of typical and obvious cases
in which evaluation is easy, but very often no indisputable information
regarding the extent of the necrosis is obtainable from the radiographs alone.
JonsATER’s (1953) histological investigations suggest that the necrosis is
total, broadly speaking.

Reparative stage

In the present study, radiological reparative stage is used to denominate
the period from the appearance of the first signs of reossification of the
fragmented epiphyseal bony. nucleus until the time when the latter is
uniform, its structure is normalized and the epiphysis has attained its final
shape’

Observations on the present material. In the present series the duration of
the reparative stage could be evaluated in 81 cases, as is shown in Table 28.

TaBLE 28. — Duration of the reparative stage in 81 cases.
\ Duration in months No. of cases
1224 ... oo 20
24—36 ... 27
3648 ... 34

Mean duration 32 months.
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TABLE 29. — Relationship between duration of the reparative stage and onset age in 81 cases.

Onset age in years

Duration
ofrepara-| 2—3 | 45 | 67 | 89 | 10—11 | 1214 |Total
tive stage | No. No. No. No. No. No. Iég's:sf
inmonths | of % of % | of % of % of % | of %

cases cases cases cases cases cases
12—24..] 1 ]14.3 7 125.0({ 8 [28.5] 4 1285 — e 20
24—36..| 4 |57.0 9 [32.0 8 [28.5 4 |285 2 |75.0f — 27
36—48..| 2 [(28.7] 12 [43.0 12 ]43.0| 6 |[43.0 1]25.0 1 (100.0} 34

The mean duration was 32 months. Table 29 demonstrates the relationship
between the duration of this stage and the age at onset of the disease. It
is seen that almost two-thirds of the cases in the lowest age group had a
duration of under 36 months, while almost one-half in the older groups
had a duration of over 36 months. None of the patients who were 10 to 14
years old at the time of onset had a duration of under 24 months. The differ-
ent groups are too small, however, to allow of any definite conclusions.

As a rule, the first signs of reossification were seen in those areas where
fragmentation began, i.e. in the ventrolateral portion of the epiphyseal bony
nucleus. At this time resorption of necrotic bone tissue still occurred in other
areas of the epiphysis. The radiographs showed both point-shaped new
ossific centres in entirely demineralized areas and reconstruction of bone
in the marginal areas of remaining bone fragments, in which resorption had
come to a standstill and regeneration had begun. Occasionally, diffuse,
homogeneous condensation was seen in entirely demineralized areas, probably
representing osteoid tissue which gradually undergoes mineralization.
Later, the newformed bone substance in previously entirely decalcified areas
fused with the remaining reossified fragments, with the result that the ossific
centre became uniform and the defects in its outline were made good. As a
rule, the proximoventral portion of the epiphysis was ossified last. An
increase in breadth of the epiphysis ran parallel with its reossification.

Signs of early reconstruction. In 22 of the present cases, radiographs
taken late in the initial stage showed an osseous shadow in the chondro-
epiphysis lateral to the bony nucleus. The primary ossific centre was still
uniform, although at its lateral margin the structure exhibited some rare-
faction as a sign of incipient demineralization. As judged from the radio-
graphs, the above-mentioned bone formation could not consist of a fragment
detached from the uniform ossific centre. The further radiological develop-
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ment clearly showed that the reformation of bone described here consisted
of a fresh ossification area in the lateral portion of the chondroepiphysis, the
first visible sign of the formation of new bone preceding fragmentation in
the bony epiphysis proper. Fig. 13 (case 128) illustrates this phenomenon.
As far as I know, this early reossification phenomenon has not previously
been described in the literature.

Discussion of the reparative stage. WALDENSTROM (1923) indicated the
duration of the reparative stage as one or two years. According to BraiLs-
FORD (1948), healing is completed during or after the fourth year, counted
from the onset. In HELBO's (1953) series the mean duration from onset to
primary healing was 52 months in untreated patients and 42 months in
cases treated by protracted bed rest.

In mild abortive cases reparation of the femoral epiphysis is complete.
Occasionally an epiphysis which has undergone slight fragmentation is
rebuilt so as to become entirely symmetrical with the unaffected side. The
present series contained only a few such cases. BraiLsrorp (1948), HeLso

Fig. 13. Case 128, boy aged 6 at onset. Limping for three months before the first examina-

tion. a: frontal and b: lateral view. Coxa plana on the left side, initial stage with moderate

flattening and condensation of the epiphysis. A broad band-shaped translucent area

across the metaphysis in the frontal view. A large furrow-shaped defect in the proximal

surface of the metaphysis close to the ventral margin in the lateral view. Note the large

ossification area laterally in the chondroepiphysis before the bony epiphysis shows frag-
mentation.
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(1953), Gorr (1954) and others have described complete radiological heal-
ing.

In the majority of cases with good end-results a slight reduction in height
and increase in breadth of the epiphysis occur. In most cases of coxa plana,
broadening of the epiphysis is one of the most typical features. For this
reason BERGSTRAND & NormaN (1961) suggested that the denomination
coxa plana should be replaced by coxa lata.

Definitive stage

‘When the bony epiphysis has become uniform, the defects in its outline
have been filled out and its structure has been normalized, the process is
primarily healed and has reached its definitive stage, but the femoral head
still increases in size throughout the normal growing period. How much the

i

Fig. 14. Case 229, boy aged 6 years-and 6 months at onset. The radiographs a—d show
the development of osteochondrosis dissecans.
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head will grow during the definitive stage depends, of course, on the age at
which this stage is attained.

The final shape of the head shows wide variations depending on the
course of the disease process. The range of this variation is best illustrated
by the large number of different denominations by which different authors
have described the ultimate shape: spherical, ball-formed, ovoid or oval,
elliptical, mushroom-shaped, cylindrical, quadrangular or pyramid-shaped.

In the present series the mean duration of the process of the disease was four
years and four months as counted from the onset of the illness until primary
healing had taken place.

In some cases the result of the reparative process was not a uniform head,
but one where one or more loose fragments remained in the proximal portion
of the epiphysis (Fig. 14).

CHANGES IN THE METAPHYSIS AND THE EPIPHYSEAL PLATE

Earlier investigations

Radiological changes. In his first paper on coxa plana LecG described
radiological changes in the metaphysis which he interpreted as necrotic.

Osteoporosis revealed by focal or band-shaped translucent areas in an
early stage of the disease have been described by WaLpeENsTROM (1910,
1923), PerTHES (1913), Scawarz (1914), Dreamann (1914), Gace (1933)
GiLL (1940), Wirz (1953), GorF (1954), CAFrFEY (1961) and others.

GiLL maintained that the metaphysis is the primary site of the process,
the necrosis of the epiphysis being secondary.

BERGSTRAND (1961) described a local marginal decalcifying process
(»Usurierung») in the proximal surface of the metaphysis preceding frag-
mentation of the epiphysis. This change he interpreted as the first visible
sign of granulation tissue invading the epiphyseal bony nucleus.

MinpELL & SHERMAN (1951) were able to follow the metaphyseal changes
in 53 cases. The usual change consisted of a diffuse, irregular zone of decreas-
ed density, which sometimes appeared early and sometimes late. This
defect was filled in as the head of the femur healed. From their observations
the authors concluded that extensive changes in the femoral neck generally
indicate a poor prognosis. They found that the metaphyseal changes led to
asymmetrical and retarded growth or epiphyseal arrest.

Changes resembling those described by MinpeELL & SHErRMAN were also
reported by Gorr (1954).
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Mose (1964) observed a band-shaped area of rarefaction across the meta-
physis in the frontal view. In the lateral view this area appeared like a wide
gap in the anterior half of the epiphyseal plate, cofnprising defects both
on the epiphyseal and metaphyseal side of the gap. Mose regarded the epi-
physeal defect as an early sign of fragmentation of the epiphysis, while the
metaphyseal defect seemed to be attributable to delayed growth in the
anterior part of the metaphysis. In the healing phase Mosg observed that
the gap was filled out by bone tissue from the epiphyseal side, projecting
down into the area of depression in the metaphysis. In some instances the
epiphyseal line reassumed its linear appearance, in other instances the
depression in the anterior area of the metaphysis was still visible as a bayonet-
shaped angle in the epiphyseal line at the time of primary healing.

In an advanced stage of the disease WALDENSTROM (1922) observed
remodelling of the metaphysis, which exhibited a cranially directed con-
vexity, »Kuppelform». The occurrence of this deformation was emphasized
by HoworTtH (1959) and by Berastranp (1961).

Premature closure of the epiphyseal plate. In coxa plana, premature closure
of the epiphyseal line has previously been described by MINDELL & SHERMAN
(1951), HeLBo (1953), GorF (1954), Evans (1958), BETTE (1960) and others.
MinpeELL & SHERMAN observed a direct relationship between the meta-
physeal changes and premature fusion of the epiphyseal line and emphasized
that the latter phenomenon was a cause of the ultimate deformation of the
proximal end of the femur. Gorr reported that premature closure was
frequent in the group which healed with a spherical femoral head, but the
phenomenon was still more frequent, and closure occurred earlier, in those
who healed with a mushroom-shaped head. In the group with irregular end-
results fusion occurred earlier still than in the foregoing group.

Evans (1958) reported increased antetorsion of the femoral neck and head
as a common phenomenon in coxa plana owing to asymmetrical growth
caused by premature closure of the epiphyseal line.

Histological changes in the epiphyseal plale and the metaphysis. Levy (1911)
assumed that coxa plana is due to destructive processes in the epiphyseal
plate.

The data regarding the histological picture of the epiphyseal plate in
coxa plana are scanty. Together with normal hyaline cartilage, RIEDEL
(1923) observed islands of cartilage showing cell proliferation, oedema,
fibrillar transformation and here and there marked atrophy of the nuclei of
the cells. PonseTI (1956), who studied 2 cases of coxa plana histologically,
found that the cartilage of the epiphyseal plate was fibrillated and cracked,
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the cells were clustered and the line of enchondral ossification was irregular.
The lesion of the epiphyseal plate appeared to be due to a loss of cohesion in
the cartilage matrix. In connexion with therapeutical drilling, Yamacucui
(1959) studied the histology of coxa plana. With regard to the epiphyseal
plate he found that the cartilage was undergoing degeneration first in parts
and later as a whole. The zone of maturing cartilage was affected in different
degrees in its different parts. The bone trabeculae in the metaphysis were
compressed, broken or necrosed.

In fractures of the femoral neck which led to necrosis of the proximal
fragment, AxHAUSEN (1922) observed necrosis of the epiphyseal cartilage.

Observations on the present material

These observations are based on inspection of the series of radiographs
taken in all the present cases of active coxa plana. About 3000 radiographs
were examined.

In one case increased thickness of the epiphyseal plate was seen early
in the initial stage (Fig. 7, case 141). Another patient exhibited epiphysiolysis
with a gap ventrally in the epiphyseal line (Fig. 5, case 149).

In mild abortive cases, in which only the proximal portion of the bony
epiphysis was involved, no changes were detectable in the metaphysis. The
series includes 15 such hips.

In 20 cases slight, reversible metaphyseal changes were observed. These
consisted of irregularities in the proximal outline of the metaphysis and
band-shaped or cyst-like translucent areas in the subcapital part of the
metaphysis, which subsided in a few months without leaving any persistent
metaphyseal changes. These changes were concurrent with slight or moderate
signs of necrosis in the epiphysis.

The most frequent metaphyseal change observed during the initial stage
was a band-shaped zone of decalcification across the proximal portion, seen
in the frontal view. This phenomenon was more or less conspicuous in all
initial cases, the above-mentioned abortive cases excepted.

In the lateral view about half the cases exhibited a marginal depression
ventrally in the proximal surface of the metaphysis, corresponding to a
furrow-shaped defect in the periphery (Fig. 13). The other half showed a
wide gap in the ventral part of the epiphyseal plate, caused by a defect of
the ventral metaphyseal margin.

In some cases the metaphyseal defect extended as far as to the dorsal
portion of the metaphyseal surface or margin, but as a rule it was less con-
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spicuous there. Occasionally this defect was circular and involved the whole
periphery of the metaphyseal surface. In such cases the central portion of
the latter formed a plateau-shaped elevation, surrounded by depressions.
An extreme example of this is shown in Fig. 15 (case 44).

During the further course, the cases exhibiting a furrow-shaped depression
in the metaphyseal surface showed a defect of the metaphyseal margin,

Fig. 15. Case 44, boy aged 4 at onset. The radiographs demonstrate severe, symmetrical

metaphyseal changes with circular defects in the periphery of the proximal metaphyseal

surfaces and plateau-shaped elevations in the central portions of the latter. Total necrosis

of the epiphysis. a: 6 months after onset. b: 10 months after onset. ¢: 23 months after

onset. Treated at first with Thomas’ splint on the right side, then by bed rest for one

and a half year and finally with Thomas’ splint on the left side. End-result elliptical
head on both sides.
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leading to the development of a gap in the ventral portion of the epi-
physeal plate. The picture resembled that seen in the group of cases
primarily exhibiting a gap. (It is possible that the development of a gap in
this group had been preceded by a stage in which a furrow-shaped depression
in the proximal metaphyseal plane occurred.) During the fragmentation
stage the defect in the metaphyseal margin was enlarged and gradually
developed into an oblique, or most often a step-shaped, defect (Fig. 4). The
cause of this seemed to be that ossification in the central portion of the meta-
physis continued, while the growth in the area of the defect was arrested.
The margins of the step-shaped defect were gradually rounded off, and at the
same time the whole outline of the metaphyseal surface became irregular.
During the later course the metaphyseal surface invariably developed a
proximally directed convexity.

During the reparative stage, the metaphyseal defect was made good in
“the majority of cases in such a way that the bony epiphysis grew in the distal
direction towards the defect, which was thus filled out by the epiphysis.
Frequently, isolated ossific centres were seen within the metaphyseal defect.
Gradually these fused with the ingrowing epiphysis. As a natural result of
this series of events, the epiphyseal line assumed a more or less marked
step-shaped irregularity in its ventro-lateral part (Fig. 21).

In 3 of the cases with severe metaphyseal changes, the metaphyseal
defect disappeared owing to reformation of bone at its margins, so that the
metaphyseal surface was levelled and the epiphyseal line became regular,
although with a proximally directed convexity (Fig. 16, case 46).

Even in areas which on the radiograph did not show any metaphyseal
defect proper, a tendency of the epiphysis to grow out over the metaphyseal
margin was discernible, with broadening of the epiphysis resulting. This
increase in breadth was often most conspicuous in the lateral portion,
in which an outgrowth of the epiphysis extending far over the femoral
neck, even to the greater trochanter, could be seen. This observation
seems to indicate that there were metaphyseal changes also in other parts
of the metaphyseal margin, although these were not visible on the radio-
graphs.

In parallel with the ossification of the metaphyseal defect, an increase in
breadth of the metaphysis occurred. Periosteal apposition of bone was a rela-
tively frequent finding at the borderline between the metaphysis and the
femoral neck, usually cranially to the latter.

Towards the end of the reparative stage, typical deformations in the meta-
epiphyseal borderline area occurred.
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Fig. 16 a—e,

Normally, the distal surface of the femoral epiphysis and the proximal
surface of the metaphysis are almost straight. Between these the epiphyseal
plate is situated, appearing on the radiographs like a line or a band-shaped
space between the epiphysis and the metaphysis.

In the great majority of cases in the present series various degrees of
irregularity of the proximal surface of the metaphysis were observable.

As has already been mentioned, the metaphyseal surface was convex in
the proximal direction. The convexity sometimes had a smooth outline and
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Fig. 16. Case 46, boy aged 6 years and 10 months at onset. A large, oblique metaphyseal
defect seen in @ and b disappeared owing to reformation of bone at its margins, as seen
in c—e. The epiphyseal line became regular. The radiographs a—e were taken from 10
to 34 months after onset, at intervals of 4 to 12 months, f and g about 10 years after
onset. Treatment: Thomas’ splint for 2 years and 9 months. End-result good.

sometimes showed a more or less regular undulation, or the contour was entire-
ly irregular with deep, distally directed depressions and proximally directed
plateau-shaped or step-shaped elevations. The depressions were situated
peripherally and corresponded to the primary marginal defects, while the
elevations were more centrally located.

Often the routine radiographs did not provide an accurate concept of
the changes described here. Tomograms were very informative, and on
these the grave deformation of the metaphyseal surface was often striking
(Fig. 17, case 262).
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Fig. 17 a—c.

The remodelling process in the metaphysis took place in parallel with the
reparative process in the epiphysis. On inspection of the large number of
radiographs on which this study is based, it was clearly seen that the two
processes were dependent on each other, but it was impossible to distinguish
between cause and effect. In cases where fragmentation had been slight,
or a coherent layer of spongy bone developed relatively soon upon the
metaphyseal surface, the deformation of the metaphysis was slighter.
Relatively marked irregularity of the metaphyseal surface was usually
associated with a high degree of fragmentation and slow consolidation of
the epiphysis. In many cases the radiographs conveyed the impression that
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Fig. 17. Case 262, boy aged 6 years at onset. a: routine radiograph, » and ¢: tomograms

with a 1 cm level distance, 5 years after onset. Late reparative stage. d and e: drawings to

b and ¢. Routine radiographs do not provide an accurate idea of the changes in the meta-

epiphyseal borderline. Tomograms give very good information regarding irregularities in
the metaphyseal surface.

the elevated central portion of the metaphysis intervened with the fusion
of the ossifying epiphyseal fragments, which was slow in this site. In some
cases months and years elapsed before fusion of the epiphysis occurred in
this area, and as a rule the layer of bone remained very thin and it seldom
exhibited a normal structure (Fig. 18).

A

Fig. 18. Case 212, boy aged 8 at onset. a; 11 years after onset. b: drawing to a. The sub-

capital epiphyseal line is partially closed. The metaphyseal surface is very irregular with

a central elevation. In the proximal part of the epiphysis the layer of bone tissue is thin
and the bone structure is still irregular. Untreated case.
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The distal surface of the epiphysis was congruous with the proximal
surface of the metaphysis. In the cases under discussion it was thus more or
less concave. The epiphysis looked like a cap on the metaphysis. In 20 cases
the cap-shape was very striking (Fig. 19, case 140).

Fig. 19. Case 140, boy aged 12 years at onset. Untreated. The radiograph shows a cap-
shaped epiphysis.

In parallel with the broadening of the metaphysis, inhibition of the
longitudinal growth of the femoral neck was observed.

Towards the end of the reparative stage the epiphyseal plate became
thinner, as was clearly seen in unilateral cases on comparison with the
unaffected side.

Partial, and gradually total, fusion of the epiphyseal line often occurred
much earlier on the affected side than on the unaffected side. As a rule, fusion
occurred first in the central area, i.e. at the vertex of the convexity. In this
case the situation of the epiphysis in relation to the femoral neck was not
affected.

In many cases it was found that the epiphyseal line closed laterally,
while the metaphysis continued to grow on the medial side. In such cases
the epiphysis assumed a valgus position in relation to the femoral neck.
Often this valgus position was only faintly discernible, but in some cases it
was conspicuous (Fig. 20 a). In one case the epiphyseal line first closed
medially, resulting in a varus position of the head (Fig. 20 b). In 14 unilateral
cases an increased antetorsion of the neck and head was observed as com-
pared with the unaffected side. In one of these cases the increased antetorsion
involved particularly the head, and it is obvious that the epiphyseal line in
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Fig. 20. Examples of asymmetrical growth owing to premature fusion of the epiphyseal

line. a: valgus position of the femoral head after fusion of the lateral part of the epiphyseal

line. b: varus position of the head as a result of premature fusion in the medial part of

the epiphyseal line. ¢: increased antetorsion of the head owing to fusion of the anterior
part of the epiphyseal line.

this case closed earlier on the ventral side (Fig. 20 c¢). Retrotorsion was not
seen in any cases.

In order to enable evaluation of the relationship between premature clo-
sure of the subcapital epiphyseal line and the final shape of the femoral
head, the present ultimately healed cases of unilateral coxa plana were
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divided into two groups, depending on whether the serial radiographs
revealed premature or normal closure of the epiphyseal line.

In this paper premature closure stands for fusion that had certainly
taken place at least one year earlier on the affected side than on the un-
affected side. Normal closure means that fusion occurred less than a year
earlier on the affected side.

The group with premature closure comprises 42 cases, the group with
normal closure 20 cases. (Both groups were certainly larger, but owing to
long intervals between the examinations radiological evidence is lacking).

Table 30 shows the relationship between fusion of the epiphyseal line and
the ultimate shape of the femoral head. It appears in the table that in more
than half the cases premature closure of the subcapital epiphyseal line was
associated with poor healing of the femoral head. In the group with normal
closure, the 2 cases which did not heal with a spherical femoral head devel-
oped a condition resembling osteochondrosis dissecans.

TAaBLE 30. — Relationship between closure of the subcapital epiphyseal line and ultimate

shape of the femoral head.
Shape of the femoral head
Closure of the
N i Total
epiphyseal line Spherical Elliptical Irregular
No. of cases No. of cases No. of cases

Normal ...... 18 — 2 20
Premature . ... 5 13 24 42

From the standpoint of the end-result in the femoral head, premature closure
of the epiphyseal line thus seems to be an unfavourable sign.

For the sake of evaluating the relationship between the metaphyseal
changes and the closure of the subcapital epiphyseal line, the ultimately
healed cases were classified according to the degree of metaphyseal changes.
The classification was made at a late reparative stage, as close as possible
to the time of epiphyseal fusion. The following principles of classification
were used:

Small or no changes: the proximal surface of the metaphysis plane, or

regularly convex.

Moderate changes: step-shaped marginal metaphyseal defect, filled up by

the epiphysis, otherwise a regularly convex metaphyseal surface.

Marked changes: metaphyseal surface very irregular, the central portion

plateau-shaped and elevated.
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The increase in breadth of the metaphysis as compared with the unaffected
side was measured in the lateral view, while the shortening of the femoral
neck was measured in the frontal view.

The relevant observations are listed in Table 31, which shows that pre-
mature closure of the epiphyseal line in most cases was associated with
marked metaphyseal changes. In cases with normal closure the metaphyseal
changes as a rule were slight. The increase in breadth of the metaphysis and
the decrease in length of the femoral neck were clearly larger in the cases
showing premature closure than in those showing normal closure.

TABLE 31. — Degree of metaphyseal changes, broadening of the metaphysis and shortening
of the femoral neck in 42 unilateral, ultimately healed cases with premature closure, and
20 cases with normal closure of the subcapital epiphyseal line.

Degree of metaphyseal . Shortening of
changes Broadening of the femoral
Closure of the the metaphysis .
. ; . ; neck in mm,
epiphyseal line Slight [ Moderate| Severe | in mm, mean mean
No. of No. of No. of (range) (range)
cases cases cases 8
Premature ...... 3 5 34 12 17
(3—23) (0—30)
Normal ........ 16 4 — 4.3 4.5
(0—9) (0—9)

It may be concluded that marked metaphyseal changes and marked broadening
of the metaphysis and refardation of the longitudinal growth of the femoral
neck are unfavourable prognostic signs, indicating that the epiphysis will
close prematurely.

Fig. 21 (case 248) shows the radiological course in a girl who was 7
years old at the onset of coxa plana. This case represents moderate meta-
physeal changes.

Discussion

The present observations concerning the metaphyseal changes and pre-
mature closure of the subcapital epiphyseal line agree well with the above-
mentioned reports of MINDELL & SHERMAN, Gorr and Evans, With regard to
the ossification of the metaphyseal defect, there is a high degree of corre-
spondence between the observations made in the present series and those
of MosE.
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13 mo.

e. f.
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g h.

" @

Fig. 21. Drawing based on lateral radiographs of the right hip showing the radiological
course of coxa plana in a girl aged 7 years at onset of the disease (case 248). a: 4 months
after onset; the epiphysis is slightly flattened; in the ventral margin of the metaphysis there
is an oblique defect. b: 5 months after onset, fragmentation in the ventral part of the
epiphysis; a step-shaped defect in the ventral margin of the metaphysis; there is a small
ossification centre in the metaphyseal defect. ¢: 8 months after onset, fragmentation
proximally in the epiphysis; the ventral part of the epiphysis is growing into the meta-
physeal defect; the margins of the defect are rounded; the ossification centre in the defect
is enlarged; thickening of the periosteum ventrally on the neck. d: increased deminerali-
zation proximally in the epiphysis; the ossification centre in the metaphyseal defect is
fused with the ventral part of the epiphysis, which fills up the defect; the metaphysis is
broadened. e—g: mineralization of the epiphysis proceeding; the borderline of the meta-
physeal defect is still visible; the epiphyseal line is slightly wave-like; h: 78 months after
onset, the central part of the epiphyseal line is closed.
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The premature fusion of the subcapital epiphyseal line may begin in
different areas of the growth zone. This accounts for the deviations from the
normal relationship between the positions of the femoral head and neck
seen in coxa plana, and it also explains the conflicting conclusions drawn by
certain previous authors regarding the final deformation in this disease.
Thus, Levy (1911), for instance, described cases in which the femoral head
occupied a varus position in relation to the neck and suggested that the
name of the condition, osteoarthritis deformans coxae juvenilis, should be
substituted by »coxa vara capitaliss. DREHMANN (1914), on the other hand,
reported cases with a valgus position of the femoral head in relation to the
neck and suggested the denomination »coxa valga epiphysaria».

Analogous deformities following partial epiphyseal closure are known
from other skeletal diseases, In tibia wvara, for instance, premature
closure of the medial portion of the proximal epiphyseal line of the tibia is a
common phenomenon and leads to a marked increase of the varus deformity
(A. LANGENSKIOLD 1952).

The degree of the deformity under discussion is, of course, entirely depen-
dent on how long the growth continues and how rapid it is in still functional
parts of the growth zone after partial fusion of the epiphyseal line has taken
place.

Thickening of the metaphysis. The cause of the increase in breadth of the
metaphysis has been discussed by many authors. BErNBECK (1954) regarded
this broadening in part as initial apposition of osseous lamellae caused by the
irritation resulting from overgrowth of the epiphysis over the metaphyseal
border, in part as appositional increase in thickness implying strengthening
of weak osseous parts.

Herso (1954) who — like many other authors — observed periosteal
apposition in the lateral surface of the femoral neck, accorded no major
significance to this phenomenon from the standpoint of the thickening of
the femoral neck. He observed the same periosteal reaction in an early stage
in patients-who later exhibited good end-results, without any thickening of
the neck of the femur. HELBO regarded the metaphyseal changes and weight-
bearing as responsible for the increase in breadth.

In the present series there are cases in which periosteal apposition undoubt-
edly seemed to contribute to the increase in breadth of the femoral neck, but
in the great majority of cases no such reaction of the periosteum was observ-
able. Asevaluated on the basis of the radiographs, the thickening of the femor-
al neck was obviously due to growth phenomena in the metaphysis, which is
the region where the increase in breadth appears first and is most conspicuous.
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An increase in volume of the proximal end of the femur is relatively
frequent after reduction of congenital luxation of the hip, and also occurs in
cases where no radiological signs of epiphyseal necrosis are observable.
Such a coxa magna is attributed to local growth-stimulating phenomena,
possibly elicited by the reposition trauma.

It seems probable that similar stimulating factors also play a part in coxa
plana.

Formation of a step in the metaphysis. A. LANGENsSKIOLD (1952) described
the radiological changes in the infantile type of tibia vara (osteochondrosis
deformans tibiae). Some cases exhibited a defect in the proximal meta-
physis of the tibia causing a definite step. The defect was attributed to
growth arrest in one portion of the metaphysis and continued ossification in
the remainder. The step-shaped defect was filled out by a broadened part of
the epiphyseal cartilage, and in a later stage it was found to be occupied by
the bony epiphysis (Fig. 22).

I I I IV
oD N L

Fig. 22. Formation of a step-shaped metaphyseal defect in tibia vara. Compensatory
epiphyseal growth, the defect is occupied by the bony epiphysis. (According to
A. LANGENSKIOLD, 1952),

By mechanical injury to the proximal tibial growth cartilage’in rabbits,
A. LangeENskIOLD (1955) provoked changes resembling those seen in tibia
vara, i.e. a metaphyseal depression, compensatory growth of the epiphysis
and a varus deformity (Fig. 23).

Metaphyseal defects associated with osteomyelitis and tuberculosis in
children are relatively frequent. A. LanceEnskiSLp (1955) has described
compensatory epiphyseal filling of these defects and emphasized the resem-
blance between this regenerative process and that observed by him in tibia
vara (Fig. 24).



89

)|

Fig. 23. a: drawing of a radiograph of the tibia of a young rabbit taken 10 days after

removal of the medial part of the zone of cartilage cell columns from the proximal epi-

physeal plate. There is an oblique defect in the metaphysis. b: drawing of a radiograph

of the upper end of the tibia of a rabbit taken 16 days after removal of the medial part

of the zone of cartilage celli columns from the epiphyseal plate. The metaphyseal defect

is occupied by an extension of the bony epiphysis. (According to A. LANGENSKIOLD,
1954).

Fig. 24. A tomogram of a patielit aped 7 T8E# wnd' 8 months. The steplike deformity

had developed in the distal growth rome of the femur after osteomyelitis in infancy.

Compare with Fig. 17 b. The resemblance of the changes is striking. (Reproduced by
courtesy of LANGENSKIOLD & Riska, and the J. Bone & Joint Surg., Am., 1964.)
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A similar mechanism appears to be responsible for the development of the
metaphyseal defect observed in the present study: A lesion of a limited
area of the meta-epiphyseal zone leads to inhibited ossification of this area,
while the ossification of the surrounding tissues continues.

Ossification defects of the vertebrae occur in juvenile osteochondrosis.
Such defects of the lumbar vertebrae have been described by KnuTsson
(1948), BrocHER (1953), EpGrREN & Vainio (1957) and others. Serial radio-
graphs have shown that local inhibition of the ossification in the cranial or
caudal surfaces of the vertebral bodies initially causes a step-shaped defect,
as a rule in the ventral edge of the vertebral body. As ossification progresses,
the edge of the vertebral body may become completely ossified, while the
original defect remains as a paradiscal depression in the site where it devel-
oped. In cases with severely disturbed ossification, the defect remains

A = The bony epiphysis
B = Regenerating columnar cells
C = The metaphysis

D = Necrotic epiphyseal cartilage

E = Necrotic area in the metaphysis

Fig. 25. Proximal end of the fibula of a rabbit transplanted to the thigh at the age of
21 days, period of observation 7 days, schematic drawing. The necrosed epiphyseal
cartilage has been replaced from the sides, while it has been left behind in the metaphysis.
On the metaphyseal side of the necrotic cartilage the bony trabeculae lack an osteo-
blast lining and in the interspaces there is detritus. (According to HEIKEL).



91

marginal and step-shaped and increases as the vertebra grows. These changes
seem to be comparable with the metaphyseal changes in coxa plana.

In connexion with experimental epiphyseal transplantation, HEeIkeL
(1960) made histological studies a few days after this procedure. The central
portion of the epiphyseal cartilage exhibiled extensive necrosis, caused by
interruption of the vascular supply. Subsequently, the necrotic cartilage tissue
remained in the same site, while ossification continued in the surrounding
non-necrotic areas. In this way a central defect in the metaphysis developed,
the marginal area of which was initially more or less step-shaped (Fig. 25).

On comparison of the radiological sequence of events in coxa plana,
tibia vara, experimentally induced tibia vara, inflammatory metaphyseal
defects and cartilage necrosis after experimental epiphyseal transplantation,
a striking resemblance emerges.

On the basis of previous reports concerning the histological changes of the
-epiphyseal plate in coxa plana (RiEpEL, PoNseTI, YAMAGUCHI), in cases
showing necrosis of the proximal fragment after fracture of the femoral
neck (AxHAUSEN, 1922) and in tibia vara (A. LANGENSKIOLD 1952), and
considering the findings of HeikeL cited above regarding the necrosis of
growth cartilage, it seems obvious that necrosis of the cartilage tissue in the
epiphyseal plate is a pathogenetic factor which these disease conditions have in
common.



VII. THE PATHOGENESIS OF COXA PLANA

It is a generally accepted view, based on HAayTHORN’S, JONSATER’S and
TrueTA & PinTOo DE LiMa’s histological investigations, among other things,
that the coxa plana process is histopathologically an avascular necrosis. The
primary cause of the vascular disturbance is still obscure, however.

The circulatory conditions in the proximal part of the femur have been
studied by WaLpeNsTROM (1910), Nusssauvm (1924), Worcorr (1943),
Tucker (1949), Truera & Hagrrison (1953), Truera (1957), TrueETA &
Pinto pE Lima (1959), Hirp (1962), and others. According to TruETa, in
the coxa plana age the bony epiphysis is mainly supplied by the lateral
epiphyseal arteries only, which depart from the medial circumflex artery.
The central portion of the metaphysis is supplied by the nutrient artery,
while the peripheral parts are supplied by the superior and inferior metaphy-
seal arteries, which are both branches of the medial circumflex artery. At
this age there are no anastomoses between the vessels through the epiphyseal
plate (TRuera & Morcan 1960).

On the assumption that coxa plana is an avascular necrosis of the femoral
epiphysis and surrounding parts of the metaphysis and the epiphyseal
cartilage, and considering the nutritional conditions in the proximal part
of the femur, it may be suggested that the radiological course in this disease
has the following pathogenetic background:

Owing to a cause not yet established (mycotic embolism as suggested by
AXHAUSEN 1922, cartilage oedema resulting from trauma or infection as
suggested by BERNBECK 1954, compression via the outer rotator muscles as
suggested by TrueTa 1956), the lateral epiphyseal vessels are obstructed.
This leads to more or less extensive necrosis, usually in the ventrolateral
portion of the epiphysis and corresponding areas of the epiphyseal cartilage
and the metaphysis. Radiologically this is evidenced by the changes describ-
ed in the foregoing, i.e. condensation, flattening and fragmentation of the
epiphyseal osseous centre and a defect in the periphery of the metaphyseal
surface. In the central portion of the metaphyseal surface, which is supplied
by the nutrient artery, ossification continues, which results in growth of this
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part in the proximal direction. Resorption and reossification of the epiphysis
start in the peripheral portions, as a rule ventrolaterally (as is demonstrated
by numerous radiographs in this study), which is probably due to revas-
cularization via the periosteum (the synovial membrane) occurring first in
these areas. The fate of the metaphyseal defect is dependent on the severity
of the cartilage lesion. To begin with this defect is filled out by the chondro-
epiphysis. If the lesion in the zone of ossification is slight, ossification
commences at the margins of the metaphyseal defect which is made good,
as it were, from the metaphysis. In this case the epiphyseal plate reassumes a
relatively regular outline. If the lesion of the cartilage is severe, the
metaphyseal defect remains and is gradually filled out by the bony epiphysis.
Probably, the lesion in the epiphyseal plate is often of such a kind that
contact is established between the vascular system in the epiphysis and the
metaphysis, with local fusion of the epiphyseal line resulting (Nove-Josse-
RaND 1894, A, LANGENSKIOLD & EDGREN 1949, TRUETA & AMATO 1960).
It seems possible that the compression due to weight-bearing is a contri-
butory cause of premature closure of the epiphyseal line (Truera & TriAs
1961), particularly in cases in which the central portion of the metaphysis
has grown markedly and the zone of ossification is protected only by a very
thin layer of cartilage.



VIII. THE GREATER TROCHANTER

Earlier observations

In his paper of 1913, PErTHES pointed out that the greater trochanter was
strikingly large in some of his cases. Similar observations were reported by
AxnuAUSEN (1923). These authors attributed the hypertrophy to proliferative
phenomena around the greater trochanter. BiBerGeIL (1912), who also noted
that the trochanter was large, correlated this finding with atrophy of the
femoral head and neck.

Sunpt (1920) described in his monograph some cases of coxa plana with
hypertrophy of the greater trochanter. Since in some of these the trochanter
was also hypertrophic on the unaffected side, he drew the conclusion that the
hypertrophy had no connexion with the disease process in coxa plana.

In his paper called »The definite form of the Coxa plana» WALDENSTROM
(1922) described the radiological picture in his end-result group 3 as follows:
»The upper pole of the caput is edgeformed and usually lower than the
summit of the greater trochanters, but he offered no explanation of this
observation.

Caan (1924), also, discussed this phenomenon without being able to trace
its cause.

PerrriLi (1954) reported that in 10 out of 33 patients with coxa plana
who were followed up, the tip of the greater trochanter was situated more
cranially than the proximal pole of the femoral head. The elevation of the
tip of the greater trochanter was not accounted for.

Gorr (1954) and Horwrrz (1960) published radiographs of elevated
greater trochanters, but did not discuss the cause of the elevation.

Observations on the present material

In the present series no radiological changes indicative of necrosis were
observable in the greater trochanter.

As appeared in the foregoing, retardation of the longitudinal growth of
the femoral neck and premature closure of the subcapital epiphyseal line
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are of frequent occurrence in coxa plana. As a rule, the growth of the greater
trochanter was not affected by the process. Since the longitudinal
growth of the femoral neck may cease completely at the age of 12to 14
years, while the growth of the greater trochanter continues until the age of 17
to 18 years and sometimes longer, it is obvious that a discrepancy between
the femoral head .and neck on the one hand and the greater trochanter
on the other must result. On the radiographs this was discernible as a
reduction of the distance between the tip of the greater trochanter and
the proximal pole of the femoral head. In the present paper this distance is
called the articulo-trochanteric distance.

For the sake of assessing the influence of the process of the disease in
coxa plana on the articulo-trochanteric distance, measurements were made
on the radiographs. For this purpose perpendiculars were drawn against the
longitudinal axis of the femoral diaphysis so as to touch the proximal pole
of the femoral head and the tip of the greater trochanter. The distance
between these perpendiculars was measured in millimetres. In what follows,
it is denominated ATD (Fig. 26). If the tip of the greater trochanter was
situated distally of the proximal aspect of the femoral head, the ATD was
regarded as positive. It was regarded as negative when the tip of the greater
trochanter was situated proximally of the proximal aspect of the head of the
femur.

Fig. 26. Determination of the articulo-trochanteric distance, ATD.
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In order to find out to what extent the ATD is influenced by different
rotational positions of the femur, frontal radiographs were taken of 12 hip
joints in the neutral position and in 20 degrees outward and inward rota-
tion. The radiographs were taken by the same technique as was used in
examining the coxa plana patients. In addition, a specimen was radio-
graphed in the same way. As compared with the neutral position, the ATD
was found to increase on outward rotation and decrease on inward rotation.
The results of these tests are shown in Table 32. Although the differences
were small, they may have influenced the measurements in the present
series to some degree. The errors were reduced, however, by the radiographic
technique, which was elaborated so as to attain the greatest possible degree
of standardization of the projections. The severest deformities, involving
the largest reductions of the ATD, were often associated with a slight
outward rotation of the extremity and a limitation of the 20 degrees’
inward rotation which is a condition of our standard technique. The
readings for the ATD therefore represent maximum values.

TaBLE 32. — ATD in 12 normal hip joints and in a specimen in the neulral position, outward
rotation and inward rotation.

Articulo-trochanteric distance

Mean in 12 normal | Specimen,
hips, mm. mm.
Neutral position ............ 21 18
Qutward rotation .......... 24 20
Inward rotation ............ 19 14

The results obtained after the completion of growth in 81 unilateral cases
of coxa plana are shown in Table 33.

TABLE 33. — ATD in unilateral coxa plana after completion of growth in relation to shape of
the femoral head.
Articulo-trochanteric distance
Shape of the femoral - -
head Affected hips Unaffected hips No. of
Mean (Range) Mean (Range) cases
Spherical ................ 11.7 | (+21— - 9) | 16.0 | (+24-— + 6) 23
Elliptical ................ 1.7 | (18— ~— 4) | 15.9 | (+28— -+11) 17
Trregular ................ 2.2 | (+17— ~-19) | 15.1 | (+28— 4 8) 11
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- The results obtained in the same group at an earlier stage of the disease,
before closure of the subcapital epiphyseal line, are shown in Table 34.

Table 35 shows the results of measurement after the completion of growth
in 20 bilateral cases of coxa plana.

From Tables 33 and 34 it appears that no reduction of the ATD was
primarily present (it occurred at a late reparative stage, in part only when
the femoral head had attained its final shape). The reduction of the ATD
increased with poorer end-results in the head, although it was sometimes
marked also in cases healing with a spherical head.

TAaBLE 34.
Articulo-trochanteric distance
Shape of the femoral head Affected hips Unaffected hips
Mean {(Range) Mean (Range)
Spherical ................ 17.2 (+24— + 5) 16.8 (+26— + 8)
Jilliptical ................ 14.8 (+18— 4-12) 16.9 (+22— +12)
Irregular ................ 141 (+26— <+ 5) 16.4 (+30— + 8)

TaBLE 35. — ATD in relation to ultimate shape of the femoral head after completion of growth
in 20 cases of bilateral coxa plana.

Articulo-trochanteric
Shape of the femoral head distance N}?i' SOf
Mean (Range) P
Spherical .............. 10 (+18— — 3) 13
Elliptical .............. 8.8 (+15— + 1) 4
Irregular .............. 0.9 (+26— —19) 23

In Table 36 the ATD in the group with unilateral coxa plana showing
premature closure of the epiphyseal line is compared with the ATD in the
group showing normal closure. It is seen in the table that the ATD was
markedly reduced in the group showing premature closure. In the group
showing normal closure the reduction of the ATD was slight, as compared
with the unaffected side. Fig. 27 shows the results of measurement of the
ATD in these groups.

7
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TaBLE 36. — ATD in unilateral, ultimately healed coxa plana with premature closure
(42 cases) and normal closure (20 cases) of the subcapital epiphyseal line.
Articulo-trochanteric distance
Closure of the epiphyseal - No. of
line Affected hips Unaffected hips hips
Mean Range Mean Range
Premature .................. 1.3 +13— —11 16.2 | +28— +5 42
Normal .................... 13.7 +23— + 5 154 § +24— +6 | 20

=15 =10 -5 O +5 410 $15 420425430 mm.
CASE No— T T T — T T Y T T
32
139
51
189
207
49
91
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83
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161
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Fig. 27 a.
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CASE No.
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272
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107
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68
242
110
45
150
19
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I L

O +5 +10 +15 +20+25 mm.
Fig. 27 b.

Fig. 27. a: the articulo-trochanteric distance in 42 cases showing premature closure of
the epiphyseal line, and b: in 20 cases showing normal closure of the epiphyseal line.

Case 230 in the present series is a typical example of reduction of the
ATD in connexion with premature closure of the subcapital epiphyseal line.
The essential data are listed in Table 37.

The series includes 7 cases in which the radiographs were indicative of
premature and simultaneous closure of the subcapital growth line and the
growth line of the greater trochanter. In these cases, 5 of which healed

TasLE 37. — Reduction of ATD in a typical case of coxa plana. Case 230. Boy aged 8 af onset
. in Sept. 1957. Right side affected.

Right hip Left hip.
Condition of the epiph. ATD Condition of the epiph.
Date lines lines

aotro~,|  Subcapital |Right| Left | Subcapitar | Subtro- |

April 1959 .. | Open Open + 15| + 16| Open Open
(Reparat. st.)

April 1960 .. » Very irregular | + 14 + 15[ » »
Oct. 1960 .. » Partly closed 4 12| 4 16[ » »
April 1961 .. | » More closed + 10| + 15[ » » f
Oct. 1961 .. » Almost closed | + 8| + 17| » » :
Oct. 1962 .. » Closed 4- 3] + 18] Partly closed »
Jan. 1964 .. | Closed » -+ 3] + 18} Closed Closed
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Fig. 28 a—b,

with irregular femoral heads, 1 with an elliptical and 1 with a spherical
femoral head, no major reduction of the ATD occurred. On the affected side
this distance was a mean of 14.6 mm (the range being from +9 to +26 mm)
and on the unaffected side a mean of 15.9 mm (the range being from +7
to + 25 mm). In some of these cases the premature closure of the epiphyseal
line of the greater trochanter was apparently due to the epiphysis having
grown out over the cranial aspect of the femoral neck, so as to come into
contact with the trochanter at its base close to the epiphyseal line. It may
be assumed that vascular anastomoses between the epiphysis of the trochanter
and the metaphysis had been established, with fusion of the growth line
resulting in the same way as in the subcapital region. In some cases this
mechanism was obviously not responsible, however, and the radiographs
afford no explanation of the premature closure of the growth line of the
greater trochanter.

From the observations made in the present series concerning the growth
of the proximal part of the femur the conclusion may be drawn that the
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Fig. 28. Case 161, girl aged 7 years at onset. Treated for 9 months with Thomas’ splint in
an advanced stage of the disease. a: September 1954, late reparative stage, the epiphyseal
line very irregular. b: August 1956, primary healing, the subcapital epiphyseal line
partially closed, ATD -+ 11 mm on the left side, + 16 mm on the right side, Trendelen-
burg’s sign negative. ¢: October 1959, the subcapital epiphyseal line closed, the sub-
trochanteric epiphyseal line still open. ATD left — 3 mm, right -+ 12 mm. Trendelenburg’s
sign positive to the left. d: February 1963, all growth lines closed, ATD left — 6 mm,
right 4+ 12 mm. The left femoral head slightly irregular, enlarged. Normal mobility in
the left hip. Trendelenburg’s sign positive.

elevation of the greater trochanter in coxa plana is due to retardation of the
longitudinal growth of the femoral neck and premature closure of the subcapital
epiphyseal line, while the growth of the greater trochanter proceeds as normal
throughout the remainder of the growing period.

Fig. 28 (case 161) illustrates the elevation of the greater trochanter
associated with premature closure of the subcapital epiphyseal line.



IX. THE DEFORMITY IN COXA PLANA

VARUS OR VALGUS

Earlier observations. According to HorMEISTER’s (1894) definition, coxa
vara is present if the neck-shaft angle is smaller than normal (120 degrees in
adults, v. Lanz-WacusmuTta 1938). This definition does not take the greater
trochanter into account, which is an integrating part of the proximal end of
the femur and derives its epiphyseal plate from the same preplate as the
femoral head (see p. 23). SourpaT (1909) and CarLve (1910) stated that coxa
plana leads to a varus deformity. WaLDENSTROM (1910), who observed no
appreciable alteration of the neck-shaft angle in coxa plana, did not regard
the deformity caused by the disease as a varus deformity, but he pointed
out that an apparent varus deformity may result if the medial portion of
the femoral head grows in the medio-caudal direction. Many other authors
have adopted the same view, e.g. Horwitz (1960) and LeGER (1961). The
latter wrote: »Die Perthesche Erkrankung ist zu der durch Wachstums-
storungen bedingten Coxa vara im engeren Sinne nicht zu rechnem». Gorr
(1954) reported that he had not observed any varus deformity in his series
except in the group »irregular type», in which no coxa vara was present at
first but sometimes developed soon enough as an osteomalacia of a local
character.

SunpT (1949) measured the neck-shaft angle on the radiographs taken at
follow-up investigation of his series. He found that the angle was almost
invariably enlarged and concluded: »The disease has thus an unmistakeable
tendency to produce a valgus position of the neck.»

PerTTILA (1954), too, measured the neck-shaft angle and found that the
coxa valga type was clearly prevalent when the determinations were made
on neutral position radiographs. He emphasized, however, that the values
obtained by this method were too high. It seems probable that the large
neck-shaft angles noted by Sunpr were also due to the fact that the measure-
ments were made on radiographs taken in the neutral position, or possibly
in outward rotation.
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PerTTiLA regarded functional coxa vara as being present in those cases
where the greater trochanter is elevated.

Evans (1958) determined the neck-shaft angle in a series of 52 patients.
A valgus deformity was present in 6 cases, in which the angle was increased
by over 10 degrees as compared with the unaffected side. In no case was any
marked varus deformity noted. The author pointed out that marked short-
ening of the head-neck segment is shown clinically by elevation of the greater
trochanter. '

In the present series nomajor changes of the neck-shaft angle were observed.
The measurements were made on radiographs taken in 20 degrees inward
rotation. \

LANGENSKIOLD & Sarpro (unpublished) and Laurent (1959) showed in
animal experiments, LAURENT (1959) and PYLKKANEN (1960) in clinical
series, that a coxa vara deformity developed when the activity of the sub-
"capital epiphyseal plate was disturbed or prematurely came to a standstill,
while a coxa valga deformity resulted when the activity of the epiphyseal
plate of the greater trochanter was disturbed or prematurely ceased.

Discussion. In the distal end of the femur the epiphysis consists of two
condyles originating from a common growth plate. If the growth process is
inhibited in the growth zone of the medial condyle, while the lateral condyle
continues to grow, a varus deformity develops. Vice versa, if the growth of
the lateral condyle is inhibited, a valgus deformity results.

In certain mammals, e.g. the elephant, the preplate is not differentiated
into a separate epiphyseal plate for the femoral head and another for the
greater trochanter. The head and the trochanter grow from the same growth
plate (LUTKEN 1961). In rare cases a bony bridge is formed between the
capital epiphysis and the bony nucleus of the trochanter in man, so that a
common, uniform epiphyseal plate for the femoral head and the greater
trochanter develops. LOTKEN described 3 such cases and Mau (1962) also
described 3. At the Orthopaedic Hospital of the Invalid Foundation I have
observed 2 such cases in which the formation here described developed after
closed reduction of a congenital hip luxation (Fig. 29). In such cases, similar
conditions prevail in the proximal and distal ends of the femur, which
justifies a comparison of these structures. The head and the greater tro-
chanter may be compared with the two condyles. If the growth of the
medial, subcapital region is arrested, while the lateral, trochanteric area
continues to grow, a varus deformity develops, and vice versa, if the growth
of the trochanteric region is arrested while the subcapital region continues
to grow, a valgus deformity results.
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Fig. 29. Formation of a bony bridge between the capital epiphysis and the bony nucleus

of the greater trochanter in a girl treated by closed reduction of a congenital hip luxation.

In b the bridge is complete and there is a common, uniform epiphyseal plate for both
the growing centres in the upper part of the femur. -

Against this background, the greater trochanter cannot be ignored when
assessing a possible varus or valgus deformity in the proximal end of the
femur.

As appears from the foregoing, retardation of the longitudinal growth of
the femoral neck and premature closure of the subcapital epiphyseal line
are very common phenomena in coxa plana. By contrast, the growth car-
tilage of the greater trochanter remains in most cases intact and functional.
The result of this is a shortening of the medial structures, head — neck, and a
relative lengthening of the lateral structure, i.e. the greater trochanter, or
in other words, a real varus deformity.

Fig. 30 is a diagrammatic representation of different types of varus
deformity due to growth arrest in different portions of the subcapital epiphy-
seal plate.
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Fig. 30. Diagrammatic representation of different types of varus deformity. Above: growth
arrest in the medial part of the epiphyseal plate leads to a varus deformity with diminished
neck-shaft angle. Below: growth arrest in the lateral part of the epiphyseal plate; the
epiphysis assumes a valgus position in relation to the shortened femoral neck; the neck-
shaft angle is not appreciably influenced; this type is common in coxa plana.



X. TRENDELENBURG’s SIGN

Earlier investigations

The greater trochanter is the site of insertion of the abductors of the femur,
in the first place the gluteus medius and gluteus minimus. From the stand-
point of the function of the pelvitrochanteric abductor muscles and the
statics in the pelvic hip region, the position of the greater trochanter in
relation to the pelvis is of fundamental importance. In the presence of a coxa
vara deformity, e.g. in coxa vara infantum, the function of the pelvitrochan-
teric abductors is impaired owing to elevation of the greater trochanter.
The abductor insufficiency is manifested by a positive Trendelenburg sign
(v. Lanz-WacHsmuTH 1938, PYLKKANEN 1960).

Limping is a constant early symptom in coxa plana. This form of limp
was described by CALVE et al. (1939) as »antalgic gaits, and it differs from
Trendelenburg’s type. At the time of primary healing, the limp, if there
is any, is of a neutral type, due to shortening of the limb (CALVE ef al.
1939, Gorr 1954). If the disease leads to a varus deformity, i.e. if the
greater trochanter is elevated in relation to the hip joint and if abductor
insufficiency develops, the limp is of Trendelenburg’s type.

Observations on the present malterial

In the present series a positive Trendelenburg sign was noted in 26 cases
of ultimately healed unilateral coxa plana. In 15 of these the ATD was 0 or
negative ad — 9 mm. In 9 cases the ATD varied between + 1 and + 5 mm.
In 1 case the ATD was + 8 mm in the coxa plana hip against + 23 mm in
the unaffected hip, which implies a marked reduction. In 1 case no appreci-
able reduction of the ATD was demonstrable (4+ 12 mm against 4+ 13 mm
in the unaffected hip). In this case the positive Trendelenburg sign must be
attributed to some other cause than reduction of the ATD, probably to
muscular insufficiency.

Among the 26 cases with positive Trendelenburg signs there were 9 in
which a retrospective examination of the clinical data and the radiographs
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revealed that Trendelenburg’s sign had been negative at a late reparative
stage of the disease, and that no or only a slight reduction of the ATD
had then been present (Fig. 28).

As far as the shape of the femoral head is concerned, the radiological end-
results were mostly poor in this group. Two cases healed with spherical
heads, 7 with elliptical and 17 with irregular heads.

The present observations in the cases with positive Trendelenburg signs
show that abductor insufficiency in coxa plana may develop at a very advanced
stage of the disease, as a result of elevation of the greater trochanter.



XI. PREVENTION OF DEFORMITY BY
EPIPHYSIODESIS OF THE GREATER
TROCHANTER

In 1961, epiphysiodesis of the greater trochanter was performed at the
Orthopaedic Hospital of the Invalid Foundation in 3 cases of coxa plana.
In 2 of these, the ATD was markedly reduced at the time of the operation,
i.e. + 2 and — 4 mm in the affected hips against 4 12 and + 4 mm on the
unaffected side. In the latter case moderate bilateral coxa vara was already
present at the time of the diagnosis. The deformity was probably due to
rickets.. In the third case epiphysiodesis was performed at a late reparative
stage. On the affected side the subcapital epiphyseal line was partially
closed, but the ATD was not reduced; it was + 12 mm on both sides. The
operation was performed by PHEMISTER’S (1933) method, first applied to the
greater trochanter by A. LANGENSKIOLD in 1957 (personal communication).

On follow-up examination of these patients 17, 22 and 14 months, re-
spectively, after operation the growth line of the greater trochanter was found
to be closed in all cases. In the first two cases the reduction of the ATD had
increased by 2 mm on the side operated upon and was thus 0 and — 6 mm,
respectively. Trendelenburg’s sign was in these cases weakly positive. In the
third case the ATD had been enlarged by 1 mm and was 4 13 mm on both
sides. Trendelenburg’s sign was negative.

During the years 1963 and 1964, epiphysiodesis of the greater trochanter
was performed in 20 unilateral and 2 bilateral cases of coxa plana, in which
radiological studies revealed progressive reduction of the ATD or premature
closure of the subcapital epiphyseal line. Thirteen of these cases do not
belong to the present series.

In Table 38 the principal data regarding the patients operated upon are
compiled.
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Discussion

It appears from Table 36 that the reduction of the ATD was arrested by
epiphysiodesis of the greater trochanter. In the cases which were followed
up, the postoperative reduction of the ATD was a maximum of 2 mm except
in 2 cases (J. K. and J. Y.) in which the ATD had been reduced by 4 and
3 mm, respectively. In the bilateral case L. J. the ATD on the operated,
right side decreased by 1 mm during the time of observation, while the
reduction of the ATD on the non-operated, left side was 13 mm during the
same period. In 8 cases the ATD had been enlarged by 1 mm.

In all cases which have been followed up, the epiphysiodesis led to partial
or complete fusion of the growth line of the trochanter (Fig. 31).

' |! : '.
Fig. 31. Case M-L. R. (not in the present series), girl aged 6 years at onset. a: in June 1964,

five and a half years after onset; the subcapital epiphyseal line is partially closed on the

affected left side; ATD is + 3 mm and had decreased from + 7 mm in Dec. 1962. Epi-

physiodesis of the left greater trochanter was performed in June 1964. b: Oct. 1964.

The subtrochanteric epiphyseal Iine is closed on the left side. ATD is - 4 mm on the left

side and 4+ 8 mm on the right side, as was the case at two previous examinations. Trende-
lenburg’s sign was negative.

In many cases the operation was performed late, when marked elevation
of the greater trochanter was already present.

If epiphysiodesis of the greater frochanter is performed at a favourable point
of time, it appears to be possible to prevent elevation of the trochanter and
consequent abductor insufficiency.
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TaBLE 38. — Coxa plana cases in which epiphysiodesis
Year Stage of Cl(_)ndition.of epiphyseal i Articulo-tro-
Case of |process at time ine at time of oper. At time of operat. Time of
birth of oper. Subcapital Sub- Unaf- | Affected oper.
trochant, [fected hip hip
L.M-L. ! 1947 | Late repar. Part. closed Open 412 + 2 Oct. 1961
M.U. 1947 | Repar. » » + 4 — 4 »
V.N. 1947 | Late repar. » » 412 +12 Nov. 1961
LK. 1952 | Repar. Open, irreg. » 418 412 Feb. 1963
L.J. 1949 | R. Prim. heal. | Closed » — + 7 Mar. 1963
L. » » » — +16 Un-oper.
V.T. 1948 | Late repar. » » +19 — 4 June 1963
E.V. 1950 | Prim. heal. » » +11 — 3 Oct. 1963
R.L. 1952 | Repar. Open, irreg. » +10 + 1 Jan. 1964
J.Y. 1950 | Late repar. » » 415 +11 »
P.V. 1952 | Prim. heal. Part. closed » +-22 + 8 Feb. 1964
P.S. 1950 | Late repar. Open, irreg. » 414 +11 Mar. 1964
A.N. 1949 | Prim. heal. Part. closed » +14 + 3 »
P.M. 1951 | R. Repar. Closed » — 0 »
L. Prim. heal. » » — 0 »
P.K. 1953 | Repar. Open, irreg. » +16 + 2 »
L.M. 1953 | Prim. heal. Part. closed » +15 + 9 May 1964
M-L.R. { 1953 | Late repar. » » + 8 + 3 June 1964
E.K. 1950 | Prim. heal. Closed » +25 + 6 July 1964
0.V, 1950 | Repar. » » +11 + 8 »
AV, 1951 | Late repar. Part. closed » +17 + 1 »
A-M.L. | 1951 | Prim. heal. » » +13 + 4 »
R.Y. 1955 | Late repar. » » +17 +12 Aug. 1964
A.R. 1954 » » » +14 + 5 Sept. 1964
R.V., 1954 | Prim. heal. Open, irreg. » +11 — 1 »
P.M. 1955 | Repar. » » +16 +15 Oct. 1964
H.S. 1953 » » » +12 +10 »




of the greater trochanter was performed.

i

chanteric distance Condition of epiphyseal line after Observation
After operation operation time after
Af;egted Unaffected Subcapital Subtrochanteric °pe,¥f:,t:t’ﬁs m
ip hip

0 +13 Closed Closed 17
— 6 + 2 » » 34
+13 +13 » » 14
+ 8 +15 » Part. closed. 19
+ 6 — » Closed 15
+ 3 — » Open 15
— 4 +14 » Closed 11
-+ 2 + 9 Part. closed Part. closed 10
+ 8 +15 » » 6
+ 6 +19 » » 10
+11 +14 Open, irreg. » 12
+ 4 +15 Closed Closed 9
+ 1 — » » 6
— 2 —_— » » 6
+ 3 +16 Open, irreg. » 6
+ 8 +16 Part. closed » 4
+ 4 -+ 8 Closed » 4
+ 7 +26 » » 3
4+ 8 +11 Part. closed » 3
+ 1 +17 Closed » 7
+ 3 +13 » » 4
+11 +16 » » 6
+ 4 +15 Part. closed » 8
+16 +16 Open, irreg. » 5
+10 +12 » » 5




XII. SHORTENING OF THE EXTREMITY IN COXA
PLANA

Observations on the present malerial.

On clinical examination of the present patients at the end of the growing
period, a shortening of the affected extremity varying between 0.5 and 3.5
cm was observed in the majority of cases.

Orthoradiographic measurement of the lower extremities was performed
in 50 non-selected, ultimately healed unilateral cases.

The following measurements were taken:

The proximal articular aspect of the femur — the distal articular aspect

of the tibia = total length

The proximal articular aspect of the femur — the distal articular aspect

of the femur = length of the femur

The distal articular aspect of the femur — the distal articular aspect of

the tibia = length of the tibia

It appeared that a reduction in total length as compared with the un-
affected side was present in all cases. The maximum reductlon was 35 mm,
and the mean reduction was 15 mm.

The length of the femur was reduced in all cases. The reduction varied
from 2--35 mm, the mean being 16 mm.

In 16 cases the shortening of the extremity was increased by a simulta-
neous length reduction of the tibia, varying from 2 to 12 mm, the mean being
4 mm.

In 19 cases the shortening of the extremity was reduced by a compensatory
length increase of the tibia, which varied between 2 and 7 mm, the mean
being 3 mm.

In 5 cases the tibia was equally long on both sides.

Discussion

With regard to the shortening of the extremity in coxa plana, Caan (1924)
reported a maximal reduction of 4 cm. CARPENTER & PowEgLL (1960) observed
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shortening of the limb in all cases showing extensive changes of the femoral
head. The maximum reduction was 1.9 cm.

One third of the longitudinal growth of the femur occurs in the subcapital
growth zone (BLounT 1954). It is obvious that the meta-epiphyseal distur-
bance of ossification in coxa plana is the main cause of the shortening of the
extremity. In some cases, general atrophy, due to the non-weight-bearing
treatment, may be a contributory cause, as is suggested by the fact that the
tibia, too, may exhibit shortening.

MoraaN & SoMERVILLE (1960) alleged that the relatively slight shortening
of the limb in coxa plana is due to the fact that the growth in the epiphyseal
plate of the greater trochanter is undisturbed. This view is not corroborated
by LAUuReNT’s (1959) observations on some cases of congenital luxation of
the hip joint in children, in which the growth plate of the greater trochanter
was obliterated in connexion with open reduction of the femur. In these
. cases, an extreme valgus deformity with a long neck developed, but no
appreciable reduction in length of the extremity resulted. These observations
suggest that the longitudinal growth of the femur is entirely regulated by the
distal and subcapital growth zones, and that the growth plate of the greater
trochanter is of no significance for the length of the limb measured from the
surface of the hip joint.



XIII. SUMMARY

The study was carried out on a series of patients registered at the Radio-
logical Department of the Orthopaedic Hospital of the Invalid Foundation
during the years 1946—1958. The series comprised 276 cases from the whole
of Finland. Fifty cases being bilateral, the total number of coxa plana hips
was 326. The ratio of males to females was 4:1. A slight preponderance for
left-sided lesions was noted. The youngest patient was 2 years and 8 months
old, the oldest 14 years, at onset of the disease. The highest frequency was
observed in the age group 6—7 years. The mean duration of symptoms at the
time of diagnosis was 9.6 months. Of the cases of active coxa plana, 48.3 per
cent were diagnosed in the initial stage.

Treatment. The treatment was conservative and mostly consisted of
weight relief on the affected side, accomplished with Thomas’ splint, and
elevation of the opposite shoe. In 27 cases the treatment by Thomas’ splint
was preceded by some weeks’ hospitalization, during which the walking
caliper was manufactured and fitted and the patient was instructed in its
use. A small number of patients were treated by bed rest or by non-weight-
bearing with crutches at home. The mean duration of non-weight-bearing
was 2.3 years.

End-results. The end-results were classified into spherical head = good,
elliptical head = fair and irregular head = poor result. In a total of 165
treated hips, the result was good in 49.1 per cent, fair in 21.2 per cent and
poor in 29.7 per cent. When end-results and onset age were correlated,
the results were found to be clearly better in the younger age groups. Fur-
thermore, it was found that the shorter the duration before the institution of
treatment and the earlier the stage of the disease when treatment was
instituted, the better were the results.

Conditions resembling osteochondrosis dissecans were observed in 16 hips,
i.e. in 5.2 per cent of the hips with coxa plana examined. In 7 of these cases
there was a history of trauma, suggestive of a causal relationship.

Aetiological factors. In 3.6 per cent of the present cases the disease was
preceded by a single trauma, which may be considered directly related to the
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development of coxa plana. In 5 cases the disease was preceded by general or
localized infection which may be regarded as a factor of aetiological signifi-
cance. Radiologically verified coxa plana was encountered in 11 close rela-
tives of those patients, numbering 172, who were particularly questioned
on this point. This high frequency (6.4 per cent) seems to indicate that
hereditary factors play a part in the development of the disease.

The course of the radiological changes. In the present series the mean dura-
tion of the initial stage was 5.6 months. The duration of the initial stage was
independent of the onset age.

The mean duration of the fragmentation stage was 10.8 months. A lower
onset age did not seem to shorten the duration of the fragmentation stage.

The mean duration of the reparative stage was 32 months. The duration of
reconstruction was somewhat shorter in the younger than in the older age
groups.

The mean duration of the disease was 4 years and 4 months, counted
from the onset of illness until primary healing had taken place.

In mild abortive cases no changes were detectable in the metaphysis.
In some cases with slight or moderate signs of fragmentation in the epiphysis,
slight, reversible metaphyseal changes were observed. During the initial
stage the most frequent metaphyseal change was a band-shaped zone of
demineralization across the proximal portion, seen on the frontal view.
This zone represents a defect in the ventral margin of the metaphysis, seen
on the lateral view (Fig. 13. p. 71). During the fragmentation stage the
defect was enlarged and gradually developed into an oblique, or most often
a step-shaped defect, owing to the fact that the ossification of the central
portion of the metaphysis continued, while growth was arrested in the area
of the defect (Fig. 21. p. 86). The metaphyseal surface developed a proxi-
mally directed convexity. During the reparative stage the metaphyseal
defect was filled out by the epiphysis (Fig. 21). In occasional cases with
severe metaphyseal changes, the metaphyseal defect disappeared owing to
reformation of bone at its margins. In such cases the metaphyseal surface
was levelled and the epiphyseal line became regular (Fig. 16. p. 78-—79). The
epiphysis showed a tendency to grow out over the metaphysis, with broad-
ening of the epiphysis resulting. Parallel with the ossification of the meta-
physeal defect and the epiphysis, an increase in breadth of the metaphysis
occurred. Inhibition of the longitudinal growth of the femoral neck was
observed.

Various degrees of irregularity of the proximal surface of the metaphysis
were observable. Tomograms were very informative in this respect (Fig. 17.
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p- 80—81). Towards the end of the reparative stage, the epiphyseal line
became thinner. Partial, and gradually total, fusion of the epiphyseal line
often occurred earlier on the affected side than on the unaffected side. As a
consequence of this, asymmetrical growth with malposition of the head in
relation to the neck resulted in some cases (Fig. 20. p. 83).

Severe metaphyseal changes are often associated with poor healing of the
femoral head, premature closure of the subcapital epiphyseal line, broadening
of the metaphysis and shortening of the femoral neck.

Formation of a step in the metaphysis. Step-shaped metaphyseal defects
have previously been described in tibia vara (Fig. 22. p. 88), and after
osteomyelitis or tuberculosis (Fig. 24. p. 89) of the long bones. Similar
metaphyseal defects have been produced in animal experiments (Fig. 23.
p.- 89). In juvenile osteochondrosis of the lumbar vertebrae, ossification
defects have been observed which resemble the above-mentioned. A feature
in common to all these defects appears to be that growth is arrested locally,
while it continues in the surroundings. Initially, the metaphyseal defects
are filled out by cartilage. As ossification continues, the metaphyseal defects
are often filled out by the bony epiphysis. The development of the metaphy-
seal defects observed in the present series of coxa plana, as studied on the
basis of radiographs, showed a striking resemblance to the course described
above,

On the basis of the scanty observations previously reported concerning
the histological changes of the epiphyseal plate in coxa plana and in necrosis
following a fracture of the femoral neck in adolescence, and on the basis of
reports on extensive necrosis of the epiphyseal cartilage in connexion with
experimental epiphyseal transplantation, it seems obvious that necrosis of
the cartilage tissue in the epiphyseal plate is a pathogenetic factor in common
to the development of metaphyseal defects of the kind described here.

The pathogenesis of coxa plana. It is a generally accepted view that the
coxa plana process is histopathologically an avascular necrosis. The primary
cause of the vascular disturbance is still obscure.

On the basis of earlier investigations concerning the circulatory condi-
tions in the proximal part of the femur in the coxa plana age, the bony epi-
physis is supplied only by the lateral epiphyseal arteries departing from the
medial circumflex artery. The central portion of the metaphysis is supplied
by the nutrient artery, the peripheral parts by the superior and inferior meta-
physeal arteries, which are branches of the medial circumflex artery. In
coxa plana the lateral epiphyseal vessels and, probably, the metaphyseal
vessels are obstructed owing to a cause not yet established, the result being
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necrosis of the epiphysis and corresponding areas of the epiphyseal cartilage
and the metaphysis. Radiologically, this is evidenced by condensation,flat-
tening and fragmentation of the epiphysis and a defect in the periphery of
the metaphyseal surface. The central part of the metaphysis, supplied by
the nutrient artery, continues to grow. The reossification of the epiphysis
starts in the periphery after revascularization via the synovial membrane.
The fate of the metaphyseal defect is dependent on the severity of the car-
tilage lesion in the epiphyseal plate. If the lesion is slight, ossification com-
mences at the margins of the metaphyseal defect. If the lesion is severe,
the metaphyseal defect remains and is gradually filled out by the bony
epiphysis. The lesion in the epiphyseal plate is often of such a kind that
contact is established between the vascular systems in the \epiphysis and
the metaphysis, with local fusion of the epiphyseal line resulting.

The greater trochanter. Retardation of the longitudinal growth of the
femoral neck and premature closure of the subcapital epiphyseal line are of
frequent occurrence in coxa plana. As a rule, the growth of the greater tro-
chanter is not affected. It is, thus, obvious that a discrepancy between the
femoral head and neck on the one hand and the greater trochanter on the
other must result. On the radiograms this is discernible as a reduction of the
distance between the tip of the greater trochanter and the proximal pole of
the femoral head, in the present paper called the articulo-trochanteric
distance, ATD (Fig. 26. p. 95).

In the present study systematic measurements of the ATD were made.
It emerged that the reduction of the ATD, which implies elevation of the
greater trochanter, occurred late in the reparative stage or after primary
healing had taken place in those cases where the subcapital epiphyseal line
fused prematurely. In many cases the elevation of the greater trochanter
was so marked that the tip of the trochanter reached several millimetres
higher cranially than the upper pole of the head of the femur.

The deformity in coxa plana. The deformity caused by coxa plana has been
discussed in the previous literature. Some authors believe that the disease
leads to a varus deformity, while according to others it tends to cause a
valgus deformity. In these estimates the part of the greater trochanter in
the modelling of the proximal end of the femur has been disregarded. The
greater trochanter is, however, an integrating part of the proximal end of
the femur and cannot be ignored on assessing a possible varus or valgus
deformity of the latter.

An account is given of previous experimental and clinical observations on
growth phenomena in the proximal end of the femur associated with distur-
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bances in the subcapital or subtrochanteric growth zones, and a comparison
is made with the conditions prevailing in the distal end of the femur. The
conclusion is drawn that in those relatively frequent cases of coxa plana in
which the subcapital growth line is prematurely closed, and the growth of
the greater trochanter continues undisturbed throughout the normal grow-
ing period, the ultimate deformity of the proximal end of the femur is a
true varus deformity.

Trendelenburg’s sign. In the present series a positive Trendelenburg
sign was noted in 26 cases of ultimately healed unilateral coxa plana. The
ATD was reduced in all but one of these cases. Among the 26 cases there
were 9 in which a retrospective examination of the clinical data and the
radiographs revealed that Trendelenburg’s sign had been negative at a late
reparative stage, and that no, or only a slight, reduction of the ATD had
been present. The observations in the cases with positive Trendelenburg
signs show that abductor insufficiency in coxa plana may develop at a very
advanced stage of the disease, as a result of elevation of the greater tro-
chanter.

Prevention of deformity by epiphysiodesis of the grealer trochanter. Since
1961, epiphysiodesis of the greater trochanter has been performed at the
Orthopaedic Hospital of the Invalid Foundation in 25 cases of coxa plana,
in which radiological examinations revealed progressive reduction of the
ATD, or premature closure of the subcapital epiphyseal line. In 23 cases
which have been followed up, the epiphysiodesis led to partial or complete
fusion of the growth line of the trochanter, and the reduction of the ATD
was arrested by the operation. These results seem to justify the conclusion
that if epiphysiodesis of the greater trochanter is performed at a favourable
point of time, it appears to be possible to prevent elevation of the greater
trochanter and consequent abductor insufficiency.
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