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Abstract

Avascular necrosis of the proximal femur still re-
mains the major complication of the treatment for de-
velopmental dislocation of the hip. In a three part
study I reviewed this problem.

Part I analyzed incidence, causes, and risk factors
of avascular necrosis. In 105 children with 113 hips
who developed avascular necrosis out of 636 consec-
utive patients with 823 hips treated nonoperatively for
developmental dislocation of the hip in the years
19721976 the risk factors of avascular necrosis were
determined. A method of treatment in most cases was
Frejka pillow. Conventional radiographs obtained in
AP views during the course of treatment and follow-
up were analyzed. Avascular necrosis was found in 14
percent of the hips, classified as mild (49%), moder-
ate (14%), and severe (37%). The differences
between mild and severe cases were significant as
regards age at the onset of treatment (p 0.006); with
higher average age in mild forms, and degree of dis-
location (p 0.01) with higher values in severe forms.
The older the child was at the onset of treatment, the
greater the risk of necrosis, notably if treatment was
begun after 6 months of age. However, the incidence
of the more severe cases was higher in the group up to
6 month of age. In general, avascular necrosis was
more likely to occur in cases with high degree of
initial dislocation and the differences between groups
with low and high degree of dislocation were signi-
ficant. In the group with highest initial dislocation the
number of both mild and severe forms was high.

Part II evaluated the growth and remodeling of the
hip joint with avascular necrosis after nonoperative
treatment of developmental dislocation on the basis of
conventional radiography. An attempt was also made
to determine the correlation between the severity of
necrosis as seen in conventional radiography and the
clinical and radiographic appearance of the hip after
completion of growth. Finally the prognostic value of
conventional radiography in prediction of deformities
of the proximal femur due to necrosis was estimated.
68 patients with 98 involved hips treated exclusively
nonoperatively for developmental dislocation of the
hip in whom avascular necrosis developed were se-
lected for the study. The average age at the time when
the final radiograph was made was 25 (18-36) years
and the average follow-up period was 23 (18-35)
years. 16 patients (27 hips) were examined twice after
completion of growth with the time interval of 10

years, the second examination being at an average age
of 30 (26-36) years. In this group also progress of
signs and symptoms of degenerative changes in clini-
cal and radiographic examination was noted. To
achieve sufficient data necessary to establish indica-
tions for further operative treatment in 2 patients also
CT examinations with three-dimentional surface re-
construction were performed after physeal closure.
Physical examinations were performed in all patients
after completion of growth. Radiographs made before
the onset of treatment for developmental dislocation
of the hip, during treatment, at the child’s age of 4-6
years, all obtained until the cessation of growth, and
at final assessment, were studied. By physical evalua-
tion 77 hips were rated as excellent or good, being
pain free or with only occasional mild pain after
walking long distances, with a good range of hip mo-
tion and negative Trendelenburg sign. The reasons for
21 fair or poor clinical end-results were pain, mostly
with activity, and limp due to pain and abductor
weakness.

By radiographic evaluation in this group there were
50 hips rated as excellent or good, and 48 hips rated as
fair or poor. In 29 hips excellent or good clinical find-
ings at final review contrasted with fair or poor radio-
graphic scores. In no case fair or poor clinical end-
result coexisted with excellent radiographic ones. In
the group examined twice after completion of growth
with the time interval of 10 years no difference in
clinical score was found in 14 hips, whereas in 10
hips there was deterioration of result.

CT examinations with three-dimensional surface
reconstruction showed more clearly the deformity of
the proximal femur when comparing to anteroposteri-
or radiography. Also the portion of the femoral head
not covered by the acetabular roof was better visible.

The course of remodeling of the hip during growth
was different than expected (predicted from prog-
nostic classification used) in 19 hips, where the classi-
fication based on radiographs appeared to be mis-
leading.

Acetabular dysplasia was regarded as a major
contributing factor in the development of early arthro-
sis responsible for poor clinical results in this study.
Deformities of the proximal femur together with
acetabular dysplasia were responsible for poor radio-
graphic results.

Changes in the lateral part of the metaphysis during
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avascular necrosis appeared to be the most frequent
site of metaphyseal involvement. In this type also the
course of remodeling different than expected from
prognostic classification was most common.

It was proven that in cases of avascular necrosis
complicating the nonoperative treatment of develop-
mental dislocation of the hip long-term follow-up is
necessary since deformity of the hip may not be com-
pletely evident until the child passes through the years
of rapid growth.

Part III of the study intended to evaluate the diag-
nostic capacity of MRI as compared to conventional
radiography to identify changes in the proximal femo-
ral epiphysis and metaphysis and subcapital growth
plate disorders due to avascular necrosis in develop-
mental dislocation of the hip. Also depiction of the
growth zones of the normal proximal femur and
changes in the subcapital growth plate in MRI during

development were of interest. Two groups of subjects
were analyzed, first with no hip disease (36 children
with 58 hips) and second with avascular necrosis
complicating treatment of developmental dislocation
of the hip (24 children with 33 hips). MRI appeared to
be superior to radiography in assessment of subcapital
growth plate and its damage in most of the hips. T1-
weighted images together with FLASH 3D FAT SAT
showed to be sufficient for the analysis of the growth
plate and its damage.

On the basis of the analysis of MR pictures a meth-
od of mapping the subcapital growth plate allowing
for location of damage was presented. It is to be hoped
that with gradual improvement of surgical techniques
the removal of damage from the subcapital growth
plate may become feasible with careful MRI mapping
out using the method presented in this study.
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/
Terms, abbreviations, and statistics

ATD
AVN

CT-3D

DDH

MRI
Physis

SGP

articulo-trochanteric distance.

avascular necrosis of the proximal femur
complicating the treatment of developmental
dislocation of the hip.

computed tomography examination with
three-dimentional  surface reconstruction
from computed tomography scans.

developmental dislocation of the hip; previ-
ous term CDH congenital dislocation of the
hip; term congenital has been replaced by de-
velopmental and approved by all major ortho-
pedic societies since many hips actually dis-
locate at a variable time after birth, and some
do not dislocate until the child begins to walk
(Coleman 1994),

magnetic resonance imaging.

in this study used alternatively to subcapital
growth plate (longitudinal growth plate) of
the proximal femur.

subcapital growth plate, longitudinal growth
plate, physis.

Statistics

Data were analysed in interval scale (e.g., angles),
and ordinal scale (e.g., indexes). The observed distri-
butions of my data differ significantly from the nor-
mal distribution. Therefore, the Spearmans rank order
correlation coefficient was used to compare the ranks
of individuals (or items) on selected two ordinal vari-
ables.

Comparisons between groups were made by using
the Kruskal-Wallis one-way ANOVA, which is distri-
bution-free and assume that the variable is ordinal.

Differences between frequencies were tested by us-
ing Gauss u-test.

The level of significance was 0.05.
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Incidence, causes, and risk factors of avascular
necrosis complicating the nonoperative treat-
ment of developmental dislocation of the hip

Introduction

Although the incidence of avascular necrosis of the
proximal end of the femur has declined it still re-
mains the most severe complication of the treatment
for developmental dislocation of the hip in children
(Kalamchi and MacEwen 1980, T6nnis 1982, Lem-
picki et al. 1990, Kruczynski et al. 1990). Abnormal
growth of the hip in this condition often leads to early
arthrosis and disability (Cooperman et al. 1980, Ro-
gala et al. 1988).

The goal of management with patients with DDH
must always be to improve on the natural history of
the disease process. Patients who have developed
severe AVN as a result of treatment of DDH have an
overall poorer prognosis than those who were not
treated (Massie 1951, Cooperman et al. 1980,
Kalamchi and MacEwen 1980). Early recognition of
a progressive abnormality of the growing hip, predic-
tion of resulting deformity, and choice of the correct
treatment is of vital importance for these patients.

Incidence and causes of avascular necrosis
(review of literature)

The rates of necrosis in the nonoperative treatment of
DDH reported in the literature vary between 0 and
100 percent: Kalamchi and McFarland (1982) O per-
cent, Ramsey et al. (1976) O percent, Grill et al.
(1988) 2.38 percent, Tonnis et al. (1982) 0.4-32 per-
cent, Salter et al. (1969) 5-30 percent, Lempicki et al.
(1990) 14 percent, Palmen (1984) 19 percent, Weiner
et al. (1977) 6-53 percent, Polakowski et al. (1953)
100 percent.

The incidence of AVN has been reduced recently
by abandonment of forced reduction and the use of
modern abduction devices, but it is still a substantial
complication. It has been almost universally recog-
nized that necrosis of the femoral head is a sequel of
therapy and occurs with every form of hip splintage
although Herold (1978) reported necrosis in 12 cases
and Ferrer et al. (1991) in 34 cases of untreated dislo-
cation of the hip. Necrosis may be also found in a
contralateral hip of a child treated due to unilateral
dislocation (Salter et al. 1969, Gage and Winter 1972,
Gore 1974, Westin et al. 1976, Fisher and Cary 1978,
Visser 1984, Kruczynski 1987, Thomas et al. 1989).

For some time there was divergence of opinion as

to whether the trauma of reduction or the retention in
abduction was responsible for AVN. Today it is be-
lieved that multiple causes are involved (Tonnis
1987). Strangulation of the afferent blood vessels un-
doubtedly plays a major role. Several studies con-
firmed the negative influence of forced abduction and
internal rotation on the blood flow in vessels supply-
ing the proximal femur (Kolaczkowski et al. 1953,
Nicholson et al. 1954, Schoenecker et al. 1978, Law
et al. 1982, Calvert et al. 1984). Also the statistics pre-
sented by Tonnis (1982) demonstrate that in the ma-
jority of cases the method of retention is to be
blamed.

On the other hand the pressure exerted on the femo-
ral head after reduction may exceed the physiologic
limit. Animal experiments suggest, that depending on
the severity of the pressure, compression of the nutri-
ent vessels in the compressionable cartilage leads to
ischemic necrosis of the capital center of ossification
(Crego and Schwartzmann 1948, Krél 1963, Salter et
al. 1969, Schoenecker et al. 1978); e.g., in the Lorenz
position it was also the pressure exerted on the femo-
ral head that led to pressure necrosis and local disor-
ders of circulation. Gardiner and Duncan (1992)
assume, that the smaller epiphysis in splinted infants
may be secondary to altered blood supply due to
increased pressure between the femoral head and
acetabulum and increased tension of the adductor
muscles in the thigh.

It has been also suggested by several authors that a
circumscribed pressure on the femoral head has the
same potential as a generalized pressure for precipi-
tating ischemic necrosis (Somerville and Scott 1957,
Pavlik 1957, Michel 1972, Tonnis 1987). This kind of
pressure may be exerted by an inverted labrum and
deformed acetabular rim (Tonnis 1987).

Yet another explanation for the cause of AVN is that
the blood vessels supplying the femoral head may be
susceptible to occlusion by direct pressure as shown
by Bernbeck (1949). This view was also expressed by
Tucker (1949), Kolaczkowski et al. (1953),
Nicholson et al. (1954), Mittelmeier (1961),
Papadopulos (1972), Ogden (1974), Westin et al.
(1976) and confirmed experimentally in several stud-
ies. Usually the medial circumflex artery is com-
pressed at the posterior acetabular rim or by the iliop-
soas muscle.
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Moreover, individual predisposing anatomic
factors should be considered as was suggested by
Wertheimer and Lopes (1971), Chung (1976) and
Batory (1981).

Criteria for the diagnosis of avascular
necrosis

Salter et al. (1969) gave 5 criteria for the diagnosis of

AVN:

1. failure of appearance of the ossific nucleus of the
femoral head during | year or longer after reduc-
tion;

2. failure of growth of an existing ossific nucleus dur-
ing 1 year or longer after reduction

3. broadening of the femoral neck within 1 year after
reduction;

4. increased radiographic density of the femoral head
foilowed by the radiographic appearance of frag-
mentation;

5. residual deformity of the femoral head and neck
when reossification is complete. These deformities
include coxa magna, coxa plana, coxa vara, and a
short, broad femoral neck.

Several authors indicate, that the condensation-

fragmentation sequence, typical for Perthes disease is

rare in AVN in DDH (Kohler and Seringe 1982,

Kruczynski 1987).

Gage and Winter (1972) found, that in most cases
AVN did not involve all of the epiphysis and part of it
continued to grow. They established the following
criteria for the diagnosis of partial necrosis of the
femoral head:

1. residual deformity of the femoral head 2 years or
more after closed reduction (usually a mild flatten-
ing of the medial aspect of the head);

2. abnormalities in a specific area of the epiphysis vis-
ible on roentgenograms made within 1 year of re-
duction. The changes occasionally progress to frag-
mentation of the epiphysis in the area that later
shows residual deformity but more commonly are
manifested as a failure of ossification of the nucle-
us in the corresponding area one year following re-
duction;

3. radiographic evidence of viability of the remainder
of the femoral head.

When the criteria of Salter et al. for total necrosis are
used, only 1 of the 5 points is required to make the
diagnosis. When the criteria for partial necrosis are
used, however, all 3 conditions have to be met (Gage
and Winter 1972).

Table 1. General characteristics of 105 patients (113 hips)
with avascular necrosis

Number of hips

Sex

Boys 17

Girls 96
Hip

Right 60

Left 53

Unilateral 97

Bilateral 8
Degree of dislocation

Dislocation 74

Subluxation 25

Dysplasia 7

Not defined” 7
* In 7 hips (out of 113 hips) treatment was started before 3rd
month of age and in these children the radiograms were not
performed. Thus in these hips the degree of initial dislocation

was not defined

Aim of the study

The aim of the study was to evaluate the incidence
and risk factors of AVN complicating the nonopera-
tive treatment of developmental dislocation of the
hip.

Patients and methods

Risk factors for AVN were determined in 105 children
who developed AVN in 113 hips out of 636 consecu-
tive patients with 823 hips treated nonoperatively for
DDH at the Orthopedic Department, Academy of
Medicine (present name Karol Marcinkowski Univer-
sity of Medical Sciences) in Poznan in the years
19721976 (Table 1). All children were treated with a
Frejka pillow (Lempicki et al. 1990). In a few instanc-
es requiring prolonged treatment, the Ortolani splint
was used after an initial period of treatment with the
Frejka pillow. In 4 children closed reduction was per-
formed after a period of treatment with the Frejka pil-
low followed by immobilization in a plaster cast for a
few weeks.

The only criterium for selection of patients to this
study was AVN complicating the nonoperative treat-
ment for developmental dislocation of the hip.

Conventional radiography

Conventional radiographs obtained in AP views dur-
ing the course of treatment and follow-up were ana-
lyzed. The consecutive radiographs were investigated
for signs of AVN which were established according to
the criteria of Salter et al. (1969), Gage and Winter



Acta Orthop Scand (Suppl 268) 1996; 67

Percent of AVN
25 -
203 205
20
15
1 1 '5 1 1.8
104 8.1
54
<3 3-4 5-6 7-12 13-24

Age at the onset of treatment

Figure 1. Age at onset of treatment and incidence of avascular
necrosis in each age group in 636 children (823 hips)

Table 2. Percent of avascular necrosis in relation to type
(Kruczynski) and severity of changes, and mean age at the
onset of treatment in each type

Severity Type n % Mean age (months)
Mild I 55 49 7.9
Moderate l 16 14 7.3
Severe n=v 42 37

] 21 18 51

v 3 3 6.0

v 18 16 4.2

Table 3. Age at the onsel of treatment for developmental dis-
location of the hip and the percentage of avascular necrosis
in each age group n relation to severity of changes in 636
children (823 hips)

Months <3 34 5-6 7-12 13-24
Nn=99 n=353 n=143 n=146 n=B82
Mild 1.7 4 4.4 14 15
Moderate 2.7 0.5 29 — 48
Severe 3.7 T 45 43 1.2

Table 4. Imtial dislocation and the percentage of avascular
necrosis in each group n relation to seventy of changes in
5677 children (724 hips)

Degree ol dislocation

2 3 4 5
n=174 n=224 n=181 n=94 n=51
Mild 2.6 51 59 18 16
Moderate 0 1.3 1.6 6.9 23
Severe T 5 B6 4 7

% In 69 children with 99 hips treatment was started before 3rd
month of age and in these children the radiograms were not
performed. Thus in these hips the degree of initial dislocation
was not defined

Percent of AVN
30

204

101

1 2 3 4 5
Degree of dislocation

Figure 2. Initial dislocation and the incidence of avascular ne-
crosis in each group in 567* children (724 hips)

* in 69 children with 99 hips treatment was started before 3rd
month of age and in these children radiography was not per-
formed. Thus in these hips the degree of initial dislocation was
not defined.

(1972), and Bucholz and Ogden (1978). To describe
the grade of dislocation the five-degree scale of
Lempicki (1989) was used and to assess the severity
of necrosis my own five-type classification was ap-
plied (Kruczynski 1987, see Appendix). No addition-
al radiographs were made for this part of the study.

Results

Avascular necrosis was found in 113 (14 percent) of
823 hips. Mild and moderate changes were found in
63 percent of hips with AVN (Table 2), i.e., 10 percent
hips treated due to DDH.

The differences between mild and severe cases
were significant as regards age at the onset of treat-
ment (p 0.006) with higher average age of children
with the mild forms, and degree of dislocation (p
0.01) with higher average values in hips with severe
changes.

The older the child was at the onset of treatment,
the greater the risk of necrosis, notably if treatment
was begun after 6 months of age and the difference
was statistically significant (p 0.05) (Figure 1). How-
ever, the incidence of the more severe cases was high-
er in the group up to 6 month of age (Table 3).

In general AVN was more likely to occur in cases
with high degree of initial dislocation (Figure 2). The
differences were significant between groups 1 and 4
(p0.01),1and 5 (p 0.01), 2 and 4 (p 0.02), 2 and 5 (p
0.02), and 3 and 5 (p 0.02). In the groups with highest
initial dislocation the number of both mild and severe
forms was high (Table 4).
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Discussion

General considerations on incidence of
avascular necrosis

The incidence of AVN is one of the main factors in
assessment of the methods of treatment of DDH, but
there is still some disagreement on which radiograph-
ic changes in the proximal femur are related to AVN.
It should be noted that in the literature often only the
more severe disturbances are taken into consider-
ation. However, it remains to be seen whether the
mild alterations of the ossific nucleus are not also
likely to leave sequelae (Tonnis 1982). It is even more
interesting when considering the suggestions that the
slight irregularity of the capital center of ossification
constitutes a readaptation to the changed conditions
of pressure obtained in the acetabulum after reduction
(Krél 1963, Salter et al. 1969, Ténnis 1982), the “re-
modeling defect” of Schede (1940, 1950). Salter et al.
(1969) described “temporary irregular ossification”
as a reaction to temporary reduced blood flow, not re-
garding these changes as AVN. According to Tonnis
(1987) the difference lies exclusively in the degree of
the pressure which causes these alteration, and in the
extent of the pathologic reaction. He includes even
the mildest alterations in the appearance of the ossific
nucleus after reduction as AVN and states that the
term “remodeling defect” should not be retained. In
the present study I also included changes considered
by other authors as transient disorders of vasculariza-
tion but the impact of this on patient outcome has yet
to be determined. Most probably the reports on inci-
dence of AVN are disturbed by its wide variety of ra-
diographic presentations (Krél 1963, Kohler and
Seringe 1981, Kruczynski 1987, 1995). In numerous
instances of open reduction of dislocated hips previ-
ously subjected to “atraumatic” closed management,
Tonnis found deep cartilage lesions in the femoral
head without signs of necrosis being detectable in the
capital center of ossification. When analyzing the ma-
terial I found cases with disturbances being dormant
for many years giving deformity when the growth
was accelerated and hence indicating previous phy-
seal damage. I agree with Kalamchi and MacEwen
(1980) that these cases should be included into the
study because there was no other explanation for the
appearance of the deformity.

On the other hand the femoral head is sometimes
composed of two or more centers of ossification and
care must be taken not to misinterpret as necrosis
structural disturbances or irregularities of growth also
called “developmental defect” (Weickert 1970,
Tonnis 1987). A “developmental defect” is said to
exist when the development of the femoral head is

disturbed from the outset. These defects would ac-
count for higher percentage of total disturbances
(Tonnis 1987) although I could not recognize them in
my material.

In conclusion therefore I may state, that it is not
possible to deduce confidently from the incidence of
necrosis how atraumatic our methods of nonoperative
treatment really are. Only analysis of the late results
yields definitive information (Kalamchi and
MacEwen 1980, Tonnis 1982, Lempicki et al. 1990).

Risk factors of avascular necrosis

Age at the onset of treatment: My study shows that
the older was the child at the onset of treatment, the
more frequent was the complication of AVN. I also
noticed proportionally higher incidence of more se-
vere forms of AVN in the younger children. Several
authors has pointed to the vulnerability of the hip
joints of young children (Becker 1969, Salter et al.
1969, Fisher 1978, Palmen 1984). However, Gage
and Winter (1972) observed AVN more frequently in
older children. In contrast, in the study of
Gregosiewicz and Wosko (1988) the frequency of oc-
currence of necrosis in all age groups seemed to be
similar. But in the group of youngest children, severe
necrosis was almost three times more frequent than
the mild type. Also in the view of the findings of
Kalamchi and MacEwen (1980) the most severe
forms of AVN appear in the younger age group, from
birth to 6 months. This is also consistent with the find-
ings of Salter et al. 1969 and Ogden 1974. In the
group analyzed by Grill et all. (1988) with treatment
started within the first 3 months of life, the rate of
AVN was only 50 percent of the rate that occurred if
treatment was begun between the third and sixth
month of life. In their opinion which is generally ac-
cepted the earlier the treatment started, the better re-
sult achieved.

Interesting is the collective statistics of the Com-
mission for the Study of Hip Dysplasia of the German
Society for Orthopedics and Traumatology, based on
3316 cases, which indicate that with the atraumatic
methods used today, age is not a significant factor in
the occurrence of AVN (Tonnis 1982),

Degree of dislocation: My study proves that AVN
was more likely to occur and the number of severe
changes was increased in cases with high degree of
initial dislocation. In the series investigated by Salter
et al. (1969) the incidence of AVN of the femoral head
was found to be higher in complete dislocation.

Tonnis (1982) assumes that it is the degree of the
dislocation—that commonly worsens with advancing
age—not the age of the child that has an essential in-
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fluence on the incidence of necrosis. In contrast
Gregosiewicz and Wosko (1988) and Cooperman et
al. (1980) found no interesting relationship between
the height of displacement of the femoral head and
AVN.

Method of treatment: To draw a meaningful com-
parison of the rates of AVN associated with different
treatment methods, it is first necessary to subdivide
the population into comparable groups, regarding
age, grade of dislocation and grade of AVN, thus mak-
ing it possible to compare cases that had similar initial
features (Tonnis 1982). Very few studies follow this
steps making the comparison of results not reliable. In
the present study the method of treatment was almost
uniform and I subdivided the material according to
the age at the start of treatment and the degree of dis-
location.

Frejka pillow, used in patients being investigated
in this study has been criticized by Tonnis (1984) for
inducing maximum abduction. It should, however, be
noted that this method of treatment starting with a
“soft” Frejka pillow, did not force the hip into maxi-
mum abduction and motion of the legs in the hips,
although limited were still possible. In a few children
in this study closed reduction with subsequent im-
mobilization in a plaster cast after a period of abduc-
tion treatment was applied with no bearing on the
final result.

The highest incidence of AVN noted in the litera-
ture is associated with one-stage manual reduction es-
pecially vulnerable when followed by immobilization
in a frog-leg position. The rate of necrosis is mostly
above 30 percent reaching even 100 percent in some
studies (Polakowski et al. 1953, Przychodzki 1953,
Dooley 1964, Salter et al. 1969, Gonczarowa et al.
1970, Gage and Winter 1972, Cooperman et al. 1980,
Buchanan et al. 1981). It seems very likely to me, that
in these cases all three causes of AVN, i.e., strangula-
tion of the afferent blood vessels, pressure exerted on
the femoral head and occlusion of the blood vessels
by a direct pressure play some role.

The incidence of necrosis is significantly reduced
in older infants with the implementation of traction
prior to reduction (Crego and Schwartzmann 1948,
Gizycka 1953, Scott 1953, Salter et al. 1969, Gage
and Winter 1972, Weiner et al. 1977, Fisher and Cary
1978, Kalamchi and MacEwen 1980, Buchanan et. al.
1981, Visser 1984) although there is controversy
about the exact place for prereduction skin traction
(Kahle et al. 1990), e.g., there is no consensus regard-
ing the amount of weight to use, the direction of pull
to exert, and the duration of traction required
(Coleman 1994). The fact that procedures making use
of preliminary stretching, such as overhead traction,

introduced by Crego in 1954, decrease the proportion
of necrosis can only be explained by the fact that the
pull of the soft tissue structures, even despite the un-
physiologic frog position, is then substantially dimin-
ished as it was proven by Petit (1955).

At present it is obvious that hip reduction by non-
operative treatment should not be a one-step action
but a continuous process stimulated by spontaneous
kicking movements of the leg in hip abduction until
the hip becomes stable, thus avoiding AVN (Grill et
al. 1988). The Pavlik harness which in many places is
the standard for nonoperative treatment and adopts all
these requirements is associated with AVNin 0 to 15
percent of the cases (Kalamchi and MacFarlane 1982,
Ramsey et al. 1976, Tonnis 1982, Grill et al. 1988).

In order to introduce the least traumatic procedure,
Tonnis (1987) found arthrography performed at the
start of treatment as being able to identify the very
high-risk dislocations and thus helping to avoid mea-
sures that would be inappropriate for a given patient. |
could not confirm this since arthrography had been
used only occasionally in my series.

It was beyond the scope of this investigation to ana-
lyze the predisposing anatomic factors for the cause
of AVN but I could not establish any correlation be-
tween the sex and increased risk of avascular necro-
sis. Such a correlation was suggested by Chung
(1976) in children with Legg-Calve-Perthes disease.
The proposed reason was deficient vascular anatomy
of the proximal femur encountered in several cases in
boys, and found earlier also by Wertheimer and Lopes
(1971). The sex ratio in my patients was similar in the
group treated due to dysplasia and in the subgroup
with avascular necrosis.

In conclusion than, considering the fact that even
the mild alterations of ossific nucleus were included,
the rate of AVN in my study is on par with other meth-
ods of nonoperative treatment of DDH used at that
time. The risk of AVN in the analyzed material in-
creased with age and also with the higher degree of
dislocation. As far as the cause of AVN in this patients
is concerned it seems that the strangulation of the af-
ferent vessels or occlusion by direct pressure from the
iliopsoas muscle was most likely.

Review of the literature and own study proves, that
the problem of AVN in DDH is not yet solved, and a
threat to the growing hip, although much diminished,
still exists. Previous research has largely focused on
etiology and pathogenesis of changes in the proximal
femur (Krél 1963, Salter et al. 1969, Schoenecker et
al. 1978, Batory 1981, Calvert et al. 1984, Té6nnis
1987); radiographic presentation has also been dis-
cussed a lot (Salter et al. 1969, Gage and Winter
1972, Bucholz and Ogden 1978, Kalamchi and
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McEwen 1980, Kohler and Seringe 1981, Siffert
1981, Thomas et al. 1982, Zwierzchowski and
Zwierzchowska 1985, Kruczynski 1987, Tonnis
1987). Nevertheless, long term clinical and radio-
graphic follow-up is required but have been reported

only in few studies (Massie 1951, Gage and Winter
1972, Fisher and Cary 1978, Cooperman et al. 1980,
Thomas et al. 1982, Kruczynski 1987). This is the aim
of the second part of this quest.
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Growth and remodeling of the hip joint with
avascular necrosis after nonoperative treatment
of developmental dislocation of the hip

Introduction
Growth of the normal proximal femur

To understand the deformities occurring during
growth of the proximal femur due to avascular necro-
sis, the growth in normal conditions should first be
clarified. It continues as a complex process, starting
from initially single cartilaginous proximal end of the
femur, than progressively divides into several growth

cartilages, each one playing a specific role (Figure 3):

o the growth cartilage of the epiphysis is oriented ra-
dially around the secondary ossification center; it is
poorly organized and the rate of growth from radial
apposition of cells is much slower than that of the
SGP (Iannotti 1990).

o the subcapital growth plate of the neck which is
made up of three major components:

— acartilaginous component with different histologic
zones, contributing to longitudinal growth;

— a bony metaphysis, active in the removal of the car-
tilaginous matrix, the formation of bone, and the
histologic remodeling of the secondary spongiosa
(Tannotti 1990);

— a fibrous component made up of the groove of
Ranvier, contributing to an increase in the diameter,
or latitudinal growth, of the growth plate, and the
perichondrial ring of LaCroix, a strong mechanical

/.

Figure 3. Growth zones of the proximal femur: H — growth car-
tilage of the epiphysis; P — subcapital growth plate; | — femora!
neck isthmus; T — growth cartilage of the greater trochanter; TP
— greater trochanteric growth plate

support at the bone-cartilage junction of the growth
plate.

* the femoral neck isthmus, connecting in infancy the
trochanteric and femoral growth zones along the
lateral border of the neck as a residual of their
former common origin; it contributes to the lateral
width of the neck (Siffert 1981, Grybos 1983).

s the greater trochanter with appositional growth in
a manner identical to the femoral head

* the trochanteric growth plate similar in function to
the SGP of the femoral neck; it contributes to bony
enlargement of the neck.

The lesser trochanteric epiphysis minimally contrib-

utes to the overall shape of the proximal femur but

through the attachment of the iliopsoas muscle, there
is a mechanical effect on the development of the rest

of the proximal femur (Ogden 1995).

Anatomy and function of the growth plate
cartilage

The growth plate cartilage begins at the top of the re-
serve zone and ends with the last intact transverse
septa at the bottom of the cell columns in the hyper-
throphic zone (Brighton 1978). The cartilage is divid-
ed histologically into three zones: the reserve, the pro-
liferative, and the hypertrophic, each with character-
istic histologic and biochemic features (Figure 4).

4———— Epiphyseal vessel

<4—— Hyperirophic zone

Zone of
Vascular invasion

<4— Metaphyseal vessel

Primary
sponglosa

Figure 4. Diagram of the subcapital growth plate of the proxi-
mal femur.

Copyright © Scandinavian University Press 1996. ISSN 0001-6470. Printed in Sweden — all rights reserved.



14

Acta Orthop Scand (Suppl 268) 1996; 67

Reserve zone. The zone is located just below the
secondary center of ossification. Cellular prolifera-
tion in the reserve zone is sporadic (Kember 1960)
and the O, tension is low [~ 21 mmHg] (Brighton and
Heppenstall 1971). The reserve zone does not active-
ly participate in longitudinal growth. The function of
the reserve zone is not clear, and appears to be that of
matrix production and storage of nutrients and raw
materials that will be used in the lower zones of the
physis (Farnum and Wilsman 1988).

Proliferative zone. The zone is characterized by
longitudinal columns of flattened cells. The upper-
most cell in each column is the progenitor cell. It is
not derived from the reserve zone cells. The oxygen
tension of the proliferative zone is higher than in any
other zone [57 mmHg] (Brighton and Heppenstall
1971). The presence of rich glycogen stores and high
oxygen tension support aerobic metabolism in the
proliferative zone chondrocyte. The cells have a low
ionized and total calcium content, and the mitochon-
dria are primarily involved in ATP production (Ian-
notti 1990). The function of the proliferative zone is
matrix production and cellular division, which togeth-
er contribute to longitudinal growth.

Hypertrophic zone. The histologic characteristic of
the hypertrophic zone is cellular enlargement to 5
times the size of the proliferative zone cell (Brighton
et al. 1973, Hunziker et al. 1987). It is the more active
end of the physis. Traditionally it has been divided
into two parts, the upper, or zone of maturation, and
the lower, or zone of degradation with the lowest also
called the zone of provisional calcification. The oxy-
gen tension in the hypertropfic zone is very low (24
mmHg) and its functions are to prepare the matrix for
calcification and to calcify it. This vigorous activity is
supported by anaerobic metabolism and subsequent
depletion of glycogen stores. ATP is no longer formed
in the mitochondria (Robertson 1990) which are ini-
tially active in calcium accumulation and matrix vesi-
cle secretion. In the lower hypertrophic zone mito-
chondrial calcium is released and matrix mineraliza-
tion occurs. The factors responsible for mitochondrial
calcium accumulation and release are not clearly un-
derstood at present. The ultimate fate of the hyper-
trophic zone cell is cell death.

Vascular supply to the proximal femur
Vascular supply to the proximal femur has been thor-
oughly described by several authors (Tucker 1949,
Howe et al. 1950, Trueta 1957, Crock 1965, Lauritzen
1974, Ogden 1974, Chung 1976).

Crock (1965) described arteries of the proximal fe-
mur on the basis of a three-plane analysis and on stan-
dard anatomic terminology, as follows:

o the arterial ring of the femoral neck (extracapsular);
the femoral circumflex arteries are the principal
vessels forming the ring;

- the ascending cervical branches of the arterial ring
of the femoral neck; these arteries give rise to meta-
physeal and epiphyseal branches;

s the arteries of the round ligament.

Chung (1976) completed the picture and described
the intraarticular arterial ring, formed by the 4 ascend-
ing cervical arterial groups. The intraarticular ring in
his study was more often incomplete in boys and that
may explain in part the greater susceptibility of boys
to Legg-Calve-Perthes disease. According to Crock
(1965) and Chung (1976) the basic extracapsular and
transcapsular arterial pattern to the proximal femur is
established at birth and probably persists throughout
life.

The age dependent differences in the significance
of vessels responsible for vascular supply to the prox-
imal femur in children were pointed out by Trueta
(1957). The differences defined 5 chronological phas-
es with lateral epiphyseal arteries gradually becoming
the major blood supplier to the epiphysis, a finding
not fully supported by Crock (1965), Lauritzen
(1974), and Ogden (1974). According to Trueta there
are no anastomoses within the epiphysis and no ves-
sels cross the SGP when already formed. Before the
formation of SGP he found vessels passing the layer
of cartilage cells later responsible for the creation of
the physis.

Ogden (1974) found numerous vessels, arteriosinu-
soidal in appearance, crossing the subcapital growth
plate, usually in more peripheral regions, in children
up to 18 months of age. As the growth of the ossifica-
tion center of the epiphysis continued, the number of
vessels observed traversing the growth plate was re-
duced. No traversing vessels were observed once a
subchondral bone plate was juxtaposed to the epiphy-
seal side of the growth plate. Chung (1976) suggests
that careful inspection from different angles reveals
no vessels passing through the central epiphyseal
plate but rather through the peripheral perichondrial
fibrocartilaginous complex.

The specific model of vascular supply to the proxi-
mal femur, with no anasthomoses within the epiphys-
is, few or finally no vessels crossing the growth plate,
and possible anatomic anomalies may explain the sus-
ceptibility to deficient blood supply to this area in
children.

Nutrition of the growth cartilages of the
proximal femur

The proliferative layer of the growth cartilage of the
epiphysis receives its nutritional diffusion from the
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Epiphyseal artery

Branches of
lateral ascending cervical artery

Femoral neck
Isthmus

Growth cartilage
of the
greater frochanter

Trochanteric
growth plate

Nutrient artery

Figure 5. Structure of the proximal femur and its blood supply.

joint fluid, so it is independent of blood supply to the
epiphysis. The deeper layers of the epiphyseal carti-
lage, most notably those concerned in the process of
endochondral ossification, are supplied from vessels
to the bony centrum (Siffert and Feldman 1980)
(Figure 5).

Each of the 3 components of the SGP has its own
distinct nutrient supply (Trueta and Morgan 1960,
Chung 1976):

Cartilaginous component. Although vascular chan-
nels pass through the reserve zone, they do not appear
to supply it. Epiphyseal arteries via small arterial
branches arising from the main artery in the second-
ary center of ossification, and passing through small
cartilage canals in the reserve zone, supply the top of
the cell columns in the proliferative zone (Trueta and
Morgan 1960). Each small arterial branch supplies
the top portion of from 4 to 10 cell columns. The pro-
liferative zone, therefore, is well supplied with blood.
There are no arterial branches from the epiphyseal
penetrate the cartilage portion of the growth plate
beyond the uppermost part of the proliferative zone.
This means no vessels pass through the proliferative
zone to supply the hypertrophic zone. The nutrients to
the hypertrophic cells are delivered by diffusion.

Bony metaphysis. The region of bony metaphysis is
richly supplied with blood both from terminal branch-
es of the nutrient artery as well as from metaphyseal
arteries arising from the ascending cervical arteries.
The capillary loops of the main nutrient vessel end at
the last cartilaginous transverse septum of the bone-
cartilage interface of the growth plate. The vessels

Perichondral
artery

Articular cartilage

Growth cartilage
of the epiphysis

— Artery of the

ligamentum teres

Subcapital growth
plate

Ossification groove
of Ranvier

Perichondral fibrous ring
of La Croix

Branches of medial ascending
cervical artery

Metaphyseal artery

turn back on themselves to form a venous retun
(Morgan 1959, Brookes and Landon 1963, Anderson
and Parker 1966). The vessels do not penetrate the
hypertrophic zone of the growth plate.

Fibrous component. It is richly supplied with blood
from several perichondrial arteries.

The peripheral cartilage cells of the greater tro-
chanteric epiphysis receive nourishment from the
vessels of the attached muscles and tendons.

The proliferative cells of the longitudinal growth
plate of the greater trochanter receive vascularity that
penetrates its bony end plate from the trochanteric ep-
iphysis. The metaphyseal side of the longitudinal
growth plate of the greater trochanter receives vascu-
larity from the descending metaphyseal arteries (aris-
ing from the lateral ascending cervical artery) and
from nutrient artery.

The epiphyseal vessels are thus responsible for per-
mitting longitudinal growth of the femoral neck to oc-
cur, whereas the metaphyseal vessels nourish the os-
teoprogenitor cells, which lay down bone on the carti-
lage matrix (Shapiro 1987). The SGP, deprived of its
epiphyseal vascularity, may be delayed or fail to grow
at all (Siffert 1981).

Radiographic presentation of avascular
necrosis of proximal femur after nonoperative
treatment of developmental dislocation of the
hip (review of classifications)

To describe the radiographic picture of AVN several
classifications in recent years have been proposed in
the literature.
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Ténnis and Kuhlmann (1968) described a four-
grade classification with the first three grades describ-
ing the changes in the capital ossific nucleus with pro-
gressing severity and grade 4 where also metaphyseal
involvement was present.

Bucholz and Ogden (1978) paid more attention to
possible damage to the SGP as a result of localized
vascular disturbance. In the first type only the epiphy-
sis is affected whereas in more severe types the later-
al, whole, and medial parts of the physis are involved.
Robert and Seringe (1982) propose a classification
similar to that of Bucholz and Ogden with an addi-
tional group V, where isolated changes in the meta-
physis are present.

Kalamchi and MacEwen (1980) developed another
four-group classification of vascular changes. In
group I changes affect the ossific nucleus, in group II,
1L, and IV signs of lateral, central and whole physeal
damage are present, respectively. Their evaluation of
skeletaly mature patients revealed, that the classifica-
tion of the vascular changes used in their study is
helpful in predicting the natural history of develop-
ment of the hip. I inroduced some modifications to the
classification of Kalamchi and MacEwen (Kruczyn-
ski 1987). In my five-type prognostic classification
the first two types describe epiphyseal alterations, the
rest both epiphyseal and metaphyseal changes.

But as Robert and Seringe (1981) state, AVN may
also take radiographic forms different from those de-
scribed in the prognostic classifications.

Aims of the study

The aims of the study were:

to evaluate the growth and remodeling of the hip joint
with avascular necrosis on the basis of convention-
al radiography;

to determine the correlation between the severity of
avascular necrosis as seen in conventional radiog-
raphy and the clinical and radiographic appearance
of the hip after completion of growth;

to estimate the prognostic value of conventional radi-
ography in prediction of deformities of the proxi-
mal femur due to avascular necrosis.

Patients

A retrospective review was carried out of patients
treated exclusively nonoperatively for DDH at the
Department of Orthopedics, Academy of Medicine
(present name Karol Marcinkowski University of
Medical Sciences) in Poznan between 1957-1976, in

Table 5. General characteristics of 68 patients (98 hips) with
a sequelae of avascular necrosis

Sex
Male 9
Female 59
Hip
Right 46
Left 52
Dislocation
Unilateral 35
Bilateral 33
Avascular necrosis
Unilateral a8
Bilateral 30
Degree of dislocation
Dislocation 72
Subluxation 16
Dysplasia 2
Contralateral hip 8

whom AVN developed. The criteria for selection of
patients for the study were complete radiographic
documentation and an examination after the end of
growth.

68 patients with 98 involved hips fulfilled the crite-
ria and were available for the study (Table 5). All the
patients were seen for physical and radiographic ex-
amination. The average age at the diagnosis of DDH
in this series was 10 (1-27) months. All patients were
treated initially with the Frejka pillow. Only in a few
instances requiring prolonged treatment, the Ortolani
splint was used after an initial period of treatment
with the Frejka pillow. The average duration of treat-
ment was 15 (6-35) months. In 12 hips in 11 patients
closed reduction after initial abduction treatment was
necessary followed by retention in a hip spica cast in
80°-100° flexion, 50°-80° abduction and about 20°
internal rotation for 6-8 weeks. After the spica cast a
Frejka pillow was continued until the development of
the hip was considered satisfactory.

The average age at the time when the final radio-
graph was made was 25 (18-36) years and the aver-
age follow-up period was 23 (18-35) years. 16 pa-
tients (27 hips) were examined twice after completion
of growth, the second examination being at an aver-
age age of 30 (26-36) years. In this group also
progress of signs and symptoms of degenerative
cqanges in clinical and radiographic examinations
was noted.

To achieve sufficient data necessary to establish in-
dications for further operative treatment in 2 patients
also CT examination was performed after physeal
closure.
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Methods
Physical examination

At final assessment the patients were inquired as re-
gards general condition, hip pain (occasional, con-
stant, with activity), limp, restriction of activity, and
the need for external support. Also occupation wheth-
er standing or sitting, deliveries, and a subjective esti-
mation of the hip status were recorded. Examination
included hip movement with attention to joint con-
tracture, presence of Trendelenburg and Duchenne
signs, leg length, and limp.

Radiographic examination

Radiographs were analyzed obtained in AP views:

+ before the onset of treatment for DDH

* during treatment

« at the age of 4-6 years

« all made until the cessation of growth

o at final assessment; at that time also the radio-
graphs with Rippstein’s technique were made.

In evaluation of radiographs the principles of
Miiller’s (1956) osteometry were adopted.

On radiographs made before the onset of treatment
the degree of dislocation was described in a five de-
gree scale according to Lempicki (1989). On radio-
graphs made during treatment of DDH the appear-
ance, extent, and severity of AVN was analyzed. Ra-
diographs made at the age of 4-6 years were chosen
for evaluation since at that age the process of AVN
was already at the healing stage in most of the cases.

The parameters studied on radiographs made at the
age of 4-6 years and at final assessment aimed to de-
scribe the development of proximal femur, acetabu-
lum, and position of femoral head within the acetabu-
lum (for method of measurements see Appendix, Fig-
ure 27). At the age of 4-6 years the following parame-
ters were studied:

Proximal femur:

« projected neck-shaft angle;

* modified epiphyseal index of Eyre-Brook (1936);

 head-neck index of Heyman and Herndon (1950);

« articulo-trochanteric distance (ATD) of Edgren
(1965);

« epiphysis-shaft angle of Alsberg (1899);

« femoral head sphericity of Mose (1964).

Acetabulum:

* acetabular index of Heyman and Herndon (1950);

* acetabular angle of Hilgenreiner (1925).

Head within acetabulum:

* acetabulum-head index of Heyman and Herndon

(1950);

* CE angle of Wiberg (1939);

« lateral displacement angle of Labaziewicz (1979).

In addition to the parameters described at the age 4-
6 years, at the final examination were also estimated:
true neck-shaft angle, true anteversion angle, and
head-shaft index of Kruczynski (1987), all describing
the development of the proximal femur. True neck-
shaft angles and true anteversion angles were calcu-
lated from the conversion table of Rippstein after
measuring on radiographs projected neck-shaft and
anteversion angles.

At the final examination the measurement of epi-
physeal index, acetabular angle, and epiphysis-shaft
angle of Alsberg was not possible due to the closure
of the SGP and triradiate cartilage.

CT examinations with three-dimentional surface
reconstruction from CT scans were performed with a
Siemens Somatom scanner with a slice thickness of 2
mm. First scan was obtained at the level of acetabular
roof and at most 20 scans were made.

Avascular necrosis of the proximal femur was diag-
nosed according to the criteria depicted in the first
part of the study. To classify the changes within the
proximal femur the classification of Kruczynski
(1987) was used (see Appendix, Figures 22-26).

Radiographic signs of prearthrosis of the hip were
assessed according to De Seze and Lequesne (1956).
These were osteophytes around the fovea capitis, os-
teophyte giving the picture of double bottom of the
acetabulum, and osteophyte giving picture of margin-
al rim. The width of the joint space was also recorded.

Angles and indexes of normal hips and those of
dysplastic hips without AVN measured and calculated
at 4-6 years and after completion of growth were tak-
en from the study of Heyman and Herndon (1950),
Edgren (1965), Szczekot (1974), Kruczynski (1987),
and Wierusz-Kozlowska (1995).

The clinical and radiographic results were evaluat-
ed according to the modified criteria accepted at the
XXXVI Congress of the Polish Orthopedic Associa-
tion (Tables 6, 7).

Results
Clinical status at final examination
Out of 68 patients available for the examination after
the completion of growth 9 regarded their clinical sta-
tus as unsatisfactory. The reasons in all of them were
pain, mostly with activity, and limp due to pain and
abductor weakness. All patients were able to walk and
none required a cane.

27 patients had occasional pain, especially with ac-
tivity. 2 patients (type III and V avascular necrosis)
had constant pain and they frequently used analgesics
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Table 6. Criteria for evaluation of clinical end-results

Points 4 3 2 1
Range of motion
Flexion >110°  76°-110° 41°-75°  0°-40°
Abduction >30° 16°-30° 5°-15° <5°
Internal rot. >25° 16°-25° 5°-15° <5°
Gait
Limp none mild moderate significant
T sign - - +
D sign - - -
Pain none none mild constant
after during
walking  walking

Physical activity unrestr. unrestr. weariness  early

after walk; weariness;

Restriction of activity slight  significant
Clinical grade: excellent 14 points
good 12-13 points
fair 8-11 points

poor 4-7 points
Any contracture: in flexion < 20°, in abduction < 5°,
ext.rot. < 20° decreases the final result by 1 grade.
Greater contracture qualify the result as poor.

Table 7. Criteria for evaluation of radiographic end-results

Excellent Good Fair
Shenton line uninterrupted  uninterrupted slightly
interrupted
Lateral displace- < 20° 20°-25° > 25°
ment angle
Wiberg CE angle > 25° 20°-25° 15°-19°
Anteversion angle 10°-40° 0°-9° 51°-60°
41°-50°
Neck-shaft angle 120°-140° 110°-119° 141°-155°
Acetabular roof well slight uncovering
developed  uncovering,
head, well irregular irregular
covered ossification  ossification
Femoral head round round, significant
shape flattening flattening,
spherical
Position of the  below center  below the on the level
greater troch.  of the head head surface of the
head surface
Femoral head- head well head well decentering
acetabulum centered centered hip, no
centering subluxation

Cases outside the above limits are classified as ‘Poor’

Table 8. Clinical signs and symptoms in 68 patients (98 hips) in relation to the type of avascular necrosis

Type of Signs and symptoms Pain Limp due to T&D Leg Negaﬁye
avascular shortening subjective
necrosis n no >1 occasional constant pain T-sign + estimation
| 43 29 3 B - 1 3 4 1
Il 10 3 - 5 - - 1 1 -
n 26 9 10 9 1 2 2 9 9 3
v 6 2 2 4 - 2 1 1 4 1
v 13 3 6 7 1 3 3 7 5 4

Table 9. Occurrence of pain in the hip associated with preg-
nancy in 21 women (26 hips) in relation to type of avascular
necrosis (AVN)

Type of AVN 1 I n v v
Painunchanged 9 5 3 1 3

Pain increased - - 1 2 2

(Table 8). In 6 patients the pain was bilateral, in 23
unilateral and always present in hips with previous
AVN.

17 patients described their occupation as mostly
standing and 10 of them had painful hips. 5 women
correlated increased hip pain with pregnancy and de-
livery, whereas 16 women observed no difference
(Table 9).

A good range of motion was observed in all except
2 hips of type III and V. 2 hips had contractures, one
in flexion and external rotation and the other in exter-
nal rotation. 16 hips had some loss of abduction.

Leg-length discrepancy was present in 23 patients
and did not exceed 2 cm.

Radiographic parameters during growth and
at final follow-up; CT-3D examination

The values of parameters varied according to the site
of radiographic changes of avascular necrosis (Table
10). The main differences between types I and 1I at
the age of 4-6 years were observed in the values of
the epiphyseal index and head-neck index, with lower
values in type II although the differences were not sta-
tistically significant. During the final examination the
main difference was in the value of ATD with no sta-
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Table 10. Values of parameters measured at age 4-6 years (a), and at final assessment (b} in 68 patients (98 hips). Mean

values in mm or degrees, SD

Type of avascular necrosis

11

6.6

19
84
82
3.1
37
7.8
6.0
4.7
0.8

a b a b a
A 146 6.7 137 78 140 10 134 57 144
B 129 6.8 129 11
Cc 38 8.1 35 7.3
D 41 65 37 64 43
E 159 21 164 20 147 15 164 20 158
F 18 12 22 83 17 22 162 4.1 16
G 73 68 73 8.0 76
H 26 4.0 32 44 29 64 33 68 28
| 21 63 20 6.1 19
J B0 10 79 9.3 89 72 76 3.8 82
K 20 7.2 26 9.8 25 5.7 22 49 21
L 27 39 19 44 26 34 20 30 25
M 1.7 09 1.8 0.8 18 06 14 0.7 14
N 199 18 193 14
0 46 0.7 49 03
P 39 1.0 38 08
Statistically significant differences P 0.05
A Neck-shaft angle a) =V, =V, -V,
B True neck-shaft angle
C True angle of anteversion
D Epiphyseal index a) =V, =V
E Head-neck index a) v
F ATD a) -v
G Alsberg angle a) =V, 1=V, 1=V, =V
H Acetabular index a) l=v
| Acetabular angle
J  Acetabulum-head index
K Wiberg CE angle
L Lateral displacement angle
M Head sphericity (Mose)
N Head-shaft index
O Clinical end-result
P Radiographic end-result

tistical significance. Epiphyseal index was below the
normal values in all types and the differences were
statistically significant (p 0.05). As indicated by ATD,
there was an overgrowth of the greater trochanter in
hips with types IV and V with true coxa vara in these
types. Also in type III more than 1/3 of hips showed
ATD values below the normal. Epiphysis-shaft angle
of Alsberg showed medial tilt of the SGP in types IV
and V and lateral tilt in type III changes.

The acetabulum was shallow in types IV and V as
described by acetabular index but the values im-
proved in all types as compared to results at 4-6
years. At this age also values of acetabular angle dif-
fered from normal in all types demonstarting poor de-
velopment of the acetabulum. Head coverage de-
scribed by acetabulum-head index deteriorated during
growth and was below the average normal head cov-
erage (90 according to Heyman and Herndon 1950) in
all types.

n v v
b a b a b

138 12 131 8.1 123 94 128 16 126 12

128 8.4 18 7.4 1 n

41 14 3B N1 3/ n
34 8.0 30 59

155 22 155 12 158 14 134 24 126 40

13 14 15 4.9 95 11 B2163 44 18
51 89 59 23

32 55 23 3.9 29 46 23 41 26 6.5
23 39 24 76

79 74 89 59 B4 8.4 BO 84 71 13

27 86 23 6.0 23 10 18 50 19 12

20 4.8 26 24 21 6.2 30 46 22 71

22 14 28 1.3 25 1.7 23 12 5 22

202 24 189 8.8 220 26

42 1.0 35 14 3.7 1.0

32 10 3.0 1.3 25 08

P 0.05

b) IV, =V, 1=V, IV

b) IV, =V, 1=V, =V

b) -V, I=V

b) =i, =V

b) -V

b) -V, =V -V

b) -V

The average Wiberg CE angle was within normal
values during growth and at final evaluation in all
types except type V. The lateral displacement angle
improved during growth and was on average within
the normal values in all types. Coxa magna was found
in most of the hips as measured by head-shaft index
with highest values in type V with significant irregu-
larity in this type. In type V, all analyzed parameters
indicated poor development of the hip.

Comparison of values of angles and indexes mea-
sured in hips with type I changes of AVN in this study
with those in hips treated due to DDH without com-
plication (from the study of Wierusz-Kozlowska
1995) showed statistically significant differences in
acetabular index, acetabulum-head index, lateral dis-
placement angle, head sphericity, and head-shaft in-
dex, with inferior values in hips with AVN (p 0.05).

CT examinations with three-dimentional surface
reconstruction demonstrated more clearly the defor-
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Figure 6. Anteroposterior radiograph of the left hip joint of a 32-year-old women
(A). Femoral head deformity and coverage by acetabulum is not clearly visible.
Three-dimensional surtace reconstruction from CT scans demonstrates better
both the deformity and coverage with the picture similar to photograph of a dried

mity of the proximal femur when comparing to an-
teroposterior radiography. Also the portion of the
femoral head not covered by the acetabular roof was
better visible (Figure 6).

Clinical and radiographic end-results

On clinical evaluation 77 hips were rated as excellent
or good, being pain free or with only occasional mild
pain after long distance walking, with a good range of
hip motion and negative Trendelenburg sign. 21 hips
were rated as fair or poor with moderate or severe
pain, limp, positive Trendelenburg and Duchenne
sign, and leg length discrepancy.

On radiographic evaluation 50 hips were rated as
excellent or good, and 48 hips as fair or poor (Table
1) (examples in the Appendix).

In 29 hips excellent or good clinical findings at fi-
nal review contrasted with fair or poor radiographic

Table 11. Clinical and radiographic end-results in 68
patients (98 hips) with a sequelae of avascular necrosis in
relation to the severity of necrosis

Type Excellent Good Fair Poor

of

AVN C R C R C R C R
| 37 13 3 17 2 8 1 5
] 9 2 1 5 0 3 0 o0
n 12 3 6 6 7 10 1 7
v e 1 1 1 1 1 .
v 5 0 1 2 4 3 3 8

C clinical; R radiographic.

skeleton (anterior view — B, posterior view — C).

score in these patients. In no case did fair or poor clin-
ical end-result coexist with excellent radiographic
one, and only in two cases with good (Table 12).

The radiographic parameters most often responsi-
ble for poor radiographic score were ATD, acetabular
index, acetabulum-head index, Wiberg CE angle,
head-shaft index, and head sphericity. The low values
of radiographic parameters most often found in cases
with poor clinical score were acetabular index, ace-
tabulum-head index, and Wiberg CE angle (Table 13).

There was little correlation between most of the ra-
diographic and clinical findings. Reduction or rever-
sal of articulo-trochanteric distance, however, showed
positive Trendelenburg sign in half of the cases. Loss
of sfericity (irregular heads in Mose classification)
was associated with some reduction of hip motion in
all cases, mostly flexion, abduction and rotation.

In the group reexamined after completion of
growth with the time interval of 10 years no differ-

Table 12. Clinical versus radiographic end-results in 68
patients (98 hips) with a sequelae of avascular necrosis

Clinical end-result

Radiographic

end-result Excellent Good Fair Poor Total
Excellent 19 0 0 0 19
Good 26 3 1 1 31
Fair 14 5 6 0 25
Poor 6 4 T s 6 23
Total 65 12 14 7 98
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Table 13. Values of parameters in hips with a sequelae of
avascular necrosis with poor clinical resuits and in hips with
poor radiographic resuits. Mean SD

Clinical Radiographic
Neck-shaft angle 136 9.7 134 15
True neck-shaft angle 128 9 124 11
True angle of anteversion 36 84 42 14
Head-neck index 157 21 141 43
ATD 14 12 10 20
Acetabular index 28 3.6 26 66
Aceatbulum-head index 68 8.7 7 W
Wiberg CE angle 13 -28 15 86
Lateral displacement angle 24 6.4 23 6.1
Head sphericity (Mose) 26 2.1 4 2
Head-shaft index 204 31 220 24

ence in clinical result was found in 14 hips, whereas
in 10 hips there was a deterioration of the score, by
one point in 5 hips and by two or more points in 5
hips. The reason for deterioration was pain in 8, limp
in 5, and decreased motion in 3 hips (Figure 7). 3 hips
improved by one point during the 10 year period (Ta-
ble 14). In the same group the radiographic score
showed no difference in 19 hips, deterioration by one
point in 6 hips, and improvement by one point in 2
hips. The reason for deterioration was diminished val-
ue of the Wiberg CE angle, lateral displacement angle
and cystic-sclerotic changes of the acetabular roof.

The ratio of mild and moderate to severe cases in
hips treated by closed reduction was 1.0 comparing to
ratio 1.2 in hips where no closed reduction was per-
formed. In hips treated by closed reduction 9 were rat-
ed excellent or good and 3 fair or poor in clinical
score. In radiographic score 5 were rated excellent or
good and 7 fair or poor.

Radiographic signs of prearthrosis were found in

Figure 7. Example of deteriora-
tion of radiographic presentation
of the hip, reexamined after com-
pletion of growth with the time in-
terval of 10 years: at the age of
24 years (A); at the age of 34
years (B) prearthrotic “double
bottom sign” (arrow) and de-
creased joint space.

Table 14. Comparison of clinical and radiographic scores in
16 patients (27 hips) with a sequelae of avascular necrosis,
reexamined after completion of growth with the time interval
of 10 years

Mo difference Deterioration Improvement

Type of AVN C R C R G iR
I 8 9 1 1 1

I gooap 1 1

1 T 4 1
") 1 S TE

v 2029 ok 1y

C clinical; R radiographic.

32 hips. The most common sign was double bottom
in 23 hips, marginal rim in 9 hips, and osteophytes
around the fovea capitis in 4 hips. In 9 hips the joint
space was narrowed. More than one sign was noted in
12 hips. Clinical symptoms in these hips were pain
during or after walking, limitation of movement, and
limp due to pain. The radiographic signs of prearthro-
sis were noted in 6 hips in type I of AVN, 2 in type II,
13 in type III, 3 in type 1V, and 8 in type V. Clinical
symptoms were noted in 3 hips in type I, 2 in type 11, 8
in type II1, 3 in type IV, and 7 in type V.

The highest average scores in clinical and radio-
graphic examinations were in types I and I and low-
est in types IV and V (Table 10).

The course of remodeling of the hip during growth
was different than expected (predicted from prognos-
tic classification used) in 19 hips. Most often the dif-
ference was found in cases with metaphyseal involve-
ment; in 10 hips in type III, 3 in type IV, and 3 in type
V (Figure 8).
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Discussion

Clinical status at final examination

The clinical disability of hips with a sequel of AVN is
in most cases due to an early arthrosis (Massie 1952,
Cooperman et al. 1980, Kalamchi and MacEwen
1980, Robinson and Shannon 1989). Deformed femo-
ral head and persistent acetabular dysplasia are signif-
icant causative factors (Cooperman et al. 1980,
Kalamchi and MacEwen 1980). In many hips fol-
lowed in this study one sign or symptom of disability
was noted but in more severe cases with metaphyseal
involvement coexistence of several signs and symp-
toms was found.

Pain gradually becomes the major complaint in
sequel of AVN and was found in more than one-third
of hips evaluated, being responsible for negative esti-
mation of health status by 9 patients. Generally pain
prevailed in hips with severe changes due to AVN but
was also present in half of the hips following type II
changes, thus proving that the joint was more affected
as compared to type I changes. Fisher and Cary
(1978) reported on pain in around one-fifth of their
patients but the mean age at follow-up was 15 years
so deterioration of hip status in coming years may be
expected. In all cases of Kalamchi and MacEwen
(1980), graded as poor pain was a dominant com-
plaint and these patients frequently used analgesics.
In some patients observed by Cooperman et al. (1980)
pain was disabling enough to produce functional im-
pairment prohibiting jobs requiring prolonged
weight-bearing.

Hip motion although decreased was still assessed
as excellent or good in most of the hips even when
femoral head was irregular as graded by Mose classi-
fication. The explanation may be that it is not the ir-

Figure 8. Anteroposterior radio-
graph of the left hip of a 18-month-
old girl shows AVN of the epiphysis
with lateral epiphyseal notching
and metaphyseal involvement (ar-
row head) (A). Atthe age of 4 years
11 months epiphysis is fragmented
with no clear metaphyseal involve-
ment (B). Anteroposterior radiogra-
phy of the 1ft hip at final follow-up at
the age 21 years shows develop-
ment different than expected from
the prognostic classification (C).

regularity itself that decreases the motion but rather
the combination with articular cartilage damage due
to arthrosis. With inevitable advance of arthrotic
changes over time rapid decrease of range of motion
in most deformed hips is likely.

In bilateral AVN cases evaluation for leg shortening
caused by the disease was inadequate as both legs
were affected. Probably due to this reason leg length
inequality found in patients in this study was low as
compared to other studies (Kalamchi and MacEwen
1980, Thomas et al. 1982) and equalization proce-
dures were not considered. Limp when present was
attributed to pain or positive Trendelenburg sign but
not to leg shortening.

Radiographic parameters during growth and
at final follow-up; CT-3D examination

Changes in the epiphysis alone represented by type 1
and 11 produced very little deformities after the end of
growth providing there was no damage to the physis
at follow-up. Although appositional growth of the
femoral head was disturbed as shown by low values
of ephiphyseal index measured at the age of 4-6
years, there was no influence on final appearance.
Similarly, the ultimate length to width ratio of the
femoral head-neck complex in these two types repre-
sented by head-neck index was within the normal val-
ues. The development of acetabulum in these hips
was adequate and the lateral head coverage was suffi-
cient as demonstrated by acetabulum-head index and
Wiberg CE angle. On the other hand using as a refer-
ence measurements in hips treated due to DDH with-
out complication (Wierusz-Kozlowska 1995), signifi-
cantly inferior values of parameters describing devel-
opment of acetabulum, femoral head coverage, sphe-



Acta Orthop Scand (Suppl 268) 1996; 67

23

ricity, and head enlargement were observed in hips
with AVN. In the series evaluated by O’Brien et al.
(1986) epiphyseal changes alone were found to be of
no prognostic value in the absence of physeal closure.
Kalamchi and MacEwen (1980) stated that these
changes have little bearing on the final result, other
than producing a slight loss of height and coxa ma-
gna, as seen also in my study. However, they warmn
that it is extremely difficult to predict with certainty
the result in a patient whose hip show changes in the
ossific nucleus but no visible early signs of physeal
involvement. I agree with their observation, that the
damage to the physis may remain “dormant” for
many years. As the child passes through the years of
rapid growth, the physeal arrest becomes obvious.
Likewise, according to Fisher and Cary (1978) and
Cooperman et al. (1980) fully-developed deformity
seen at maturity probably cannot be predicted during
the initial stages of AVN. For this reason, patients
must be carefully followed until skeletal maturity.

The formation of cystic lesions in the metaphysis in
the course of AVN detected on radiography, was used
in this study to distinguish severe changes. There is
no clear explanation in the literature for this finding.
According to Katz (1973) unmineralized cartilage
matrix may be responsible but the size of the cyst
mostly exceeds the growth potential of the cartilage at
a given time. At the same time activity in the germinal
layer should be preserved, which in severe AVN is
hardly to be expected due to disturbed vascularity on
the epiphyseal side. Katz agrees with Brashear (1963)
that metaphyseal cysts may represent resorption of
the necrotic area in the metaphysis rather than unmin-
eralized cartilage matrix.

The most active point of physeal growth corre-
sponds to the region of the junction of SGP and the
femoral neck isthmus, the area called “vertex” by
O’Brien et al. (1986). This area was damaged in hips
of type III AVN changes, with early radiographic
signs depicted by increased epiphysis-shaft angle of
Alsberg. The common finding in final radiographic
measurements was a short femoral neck, with normal
or even increased neck shaft angle, a presentation also
noticed by Kalamchi and MacEwen (1980). On the
other hand low ATD values and short femoral neck in
these hips caused functional coxa vara with positive
Trendelenburg sign as a consequence. The combina-
tion of this signs together with leg-length discrepancy
may lead to limp and fatigue after walking even short
distances (Porat et al. 1994). Acetabular development
on an average was slightly below normal. Interesting
were observations on lateral head coverage, good as
represented by acetabulum-head index and Wiberg
CE angle but uncovered as seen on CT-3D reconstruc-

tion which is due to lateral tilt of the femoral head into
valgus (“head in neck” position of Jansen 1925 or
“subcapital coxa valga” of Jones 1977).

There is general agreement that total physeal dam-
age as the result of AVN produce the worst results
(Bucholtz and Ogden 1978, Fisher and Cary 1978,
Kalamchi and MacEwen 1980, Siffert 1980, Ténnis
1987, Robinson and Shannon 1989, Thomas et al.
1989, Keret and MacEwen 1991, Kruczynski 1995).
Radiographic parameters after completion of growth
demonstrated poor status of hips in this type in my
study and signs of prearthrosis were already present
in most. Femoral head deformity, short and broad
femoral neck were constant findings in this group and
loss of head-acetabular congruity resulted in adaptive
malformation of both structures.

The term coxa magna used in the literature to de-
scribe the pathologic enlargement of the femoral head
has been so far not clearly defined. The head-shaft
index used in this study appears to be useful in mea-
surement of femoral head size providing the femoral
shaft is untouched by the disease itself or the way the
hip was treated. Mayer (1977) used contralateral hip
as reference but this is available only in unilateral cas-
es. Normal femoral head as a reference was also used
by Fisher and Cary (1978}, Cooperman et al. (1980),
Papavasiliou and Pigot (1983). Gamble et al. (1985)
recognized coxa magna when difference was mini-
mum 15 percent and Kallio (1988) stated that the dif-
ference should amount at least 2 millimeters. Consid-
ering the fact, that in DDH, Legg-Calve-Perthes, and
some other diseases in children both hips may be
affected by the disease itself or as a result of treat-
ment, the use of the opposite hip may be misleading.

In the present study, the value of acetabulum-head
index decreased with age in all groups showing inferi-
or head coverage, contrary to observations of Szulc
(1977) on DDH cases treated without complication.
On the other hand the value of the lateral displace-
ment angle improved with age in all groups, proving
that head is sitting deeper in acetabulum, the phenom-
enon also noticed by Bernardczyk (1972) in hips
without AVN. This contradiction may be explained by
the presence of coxa magna in all groups, and the fact
that in many hips also development of the acetabulum
was inferior as represented by acetabular index.

The selection of patients for operative treatment
due to late sequelae of DDH is a particularly difficult
problem. Careful supervision of head-acetabular rela-
tionship is necessary so that preventive surgical mea-
sures can be taken to correct preosteoarthrotic defor-
mity (1987). In the present study CT-3D pictures of
the hips at final follow-up appeared to be helpful,
demonstrating femoral head deformity better than ra-
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diography. Also the coverage of the femoral head was
better assessed but some error should be expected
since simulation of forward tilting of the pelvis char-
acteristic for standing upright position was not possi-
ble on my workstation. This method of assessment
applying Johnson’s et al. (1986) radiographic princi-
ples was introduced with CT-3D technique by Ferran
et al. (1994).

1 found CT-3D pictures to be indicated in strictly
selected cases with extensive hip deformitiy as a se-
quel of AVN and only when surgery was discussed.
The risk of increased dose of radiation should always
be considered but collimation of the x-ray beam in a
CT scanner allows for delivering the same amount of
radiation at each level, and the doses to different sec-
tions are not additive (Peterson et al. 1981). On the
other hand CT-3D allows for multiple views of the hip
without increasing the radiation dose. For these rea-
sons the amount of radiation with CT scan and 3D re-
construction seems to be reasonable if the method is
rigorous and there is close surgical collaboration (Fer-
ran et al. 1994).

Clinical and radiographic end-results

Comparison between clinical and radiographic end-
resuts showed better clinical outcomes in most of the
hips. The fact that in one-third of the hips at final ex-
amination excellent or good clinical result co-existed
with fair or poor radiographic one may be explained
by still too short follow-up to reveal clinical sequel of
joint deformity. On the other hand in the group exam-
ined twice after completion of growth, the period of
10 years was sufficient for deterioration of clinical
status in 1/3 of the hips, even by two or more points in
clinical score. Considering the fact, that the patients
were 36 years at the oldest the prognosis in these hips
is poor what confirms remarks of Fisher and Cary
(1978) that abnormalities due to severe AVN may rea-
sonably be expected to lead to premature arthrosis
and functional impairment in adult life. Interestingly
enough, the radiographic picture in these hips showed
in 10 years period much slower deterioration, a fact
which may be interpreted by already originally lower
score in these hips. On the other hand no conclusions
could be drawn regarding the improvement of hip sta-
tus in some hips in this group since no specific re-
sponsible factors could be found.

My analysis of poor clinical results showed clearly
that parameters most often responsible were acetabu-
lar index, acetabulum-head index, and Wiberg CE an-
gle, all describing inferior development of acetabu-
lum and femoral head coverage, namely acetabular
dysplasia. It is interesting to note that there was less
correlation between the poor clinical result and pa-

rameters describing the development of proximal fe-
mur, being more clear when assessing poor radio-
graphic results. In cases reported by Cooperman et al.
(1980) the deformities produced in AVN that correlat-
ed with the development of arthrosis were loss of
sphericity of the femoral head, persistent lateral and
proximal subluxation, irregularity of the medial fem-
oral head, and acetabular dysplasia. Kalamchi and
MacEwen (1980) point, that partial uncovering of the
femoral head in the acetabulum will leave a smaller
area of contact between the two articular surfaces thus
increasing the pressure per unit area which will lead
to arthrosis. This concept is on par with the biome-
chanical principles of the stress on the hip joint pre-
sented by Kummer (1969).

The ratio of mild and moderate to severe cases was
slightly lower in cases where closed reduction with
anesthesia was performed, comparing to the group
with abduction treatment alone. This may indicate
that closed reduction was more aggressive. On the
other hand all these hips had previous treatment with
a Frejka pillow and reduction in most cases was easily
obtained but unstable thus requiring more rigid posi-
tioning in the acetabulum. T6nnis (1982, 1987) in his
retrospective analysis found cases of AVN after man-
ual reduction being the most severe but in his group
also hips reduced with no preparative measures were
included. In my study the child was always adapted to
the position of immobilization during initial prepara-
tive treatment and I blame this treatment together
with the manipulation or subsequent immobilization
for increase in severity.

Only in some hips with radiographic signs of
prearthrosis a poor prognosis should be expected.
Bruszewski et al. (1973) stated that radiographic
prearthrotic changes progress to arthrosis in particu-
larly unfavorable biomechanic conditions, found in
10 out of 80 hips in the material they analyzed with a
long-term follow-up. In my study prearthrotic chang-
es were found on radiograms in around one-third of
hips. The most common symptom in these hips was
pain during or after walking and some limitation of
motion, mostly flexion and rotation. Only in few hips
there were more than one radiographic sign of
prearthrosis coexisting with more than one clinical
symptom and in my opinion in these hips a threat of
arthrosis is most likely.

The sequence of condensation-fragmentation-re-
pair typical for Legg-Calve-Perthes disease is occa-
sionally observed in AVN in DDH (Kohler and
Seringe 1981) and I found it only in around one-tenth
of the hips with type II pattern. In contrast to this find-
ings Fisher and Cary (1978) found fragmentation to
be the most frequent radiographic observation.
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Changes in the metaphysis and in the SGP are the
main cause of late abnormality and were responsible
for deterioration of radiographic results in my study.
O’Brien et al. (1986) identified metaphyseal changes
only in patients who subsequently manifested abnor-
mal patterns of growth of the proximal physis, but 1
could find also excellent or good radiographic results
in hips with previous metaphyseal involvement.

This study based on radiographic observations of
the growth of the proximal femur proves that progno-
sis of development based on radiography is not fully
reliable. Thomas et al. (1989) even suggest, that the
current classifications of AVN have no predictive val-
ue. Those presented by Bucholtz and Ogden (1978 )
and Kalamchi and MacEwen (1980) have increased
our understanding of the patterns of vascular impair-
ment, but approximately one-quarter of patients from
the study of Thomas et al. (1989) and one-fifth in my
study had a course of remodeling different than pre-
dicted. This fact may explain the scatter in the data
obtained from radiographic measurements and was
probably the reason for lesser value of statistic analy-
sis of differences in mean values of parameters be-
tween groups. The course of remodeling different
than expected was most frequent in type 11l cases with
lateral involvement of the metaphysis. Also Kalamchi
and MacEwen (1980) and Keret and MacEwen
(1991) found this group of AVN the most unpredict-
able in outcome, and as in my study, this form of
metaphyseal involvement was the most common one.
The unusual, misleading presentation of different ra-
diographic forms of AVN which vary from those pre-
sented in the literature should also be considered
(Robert and Seringe 1981). Thus, the search should
be continued for the diagnostic modality being able to
specify more precisely disturbances in the hip before
the deformity occurs. This is the aim of the third part
of this quest.

Conclusions

Development of hips that have undergone even mild
avascular necrosis following nonoperative reduction
of developmental dislocation of the hip is different
from that without avascular necrosis. The difference
lies in femoral head enlargement and sphericity, ace-
tabular development, and femoral head coverage with
inferior values in hips with avascular necrosis.

The classification of the vascular changes used in this
study permits for prognosis of the final deformity in
most of the hips, although it should be interpreted
with caution. In one-fifth of cases it appeared mis-
leading.

Acetabular dysplasia was a major contributing factor
to the development of early arthrosis responsible for
poor clinical results. Deformities of the proximal fe-
mur together with acetabular dysplasia were responsi-
ble for poor radiographic results.

Pain in the hip appeared to be the most significant
symptom in early arthrosis of the hip, whereas de-
crease of motion was less pronounced.

Changes in the lateral part of the metaphysis during
avascular necrosis complicating nonoperative treat-
ment of developmental hip dislocation appeared to be
the most frequent. In this type also the course of re-
modeling different than expected from prognostic
classification was most common.

Long-term follow-up is necessary in cases of avascu-
lar necrosis complicating nonoperative treatment of
developmental hip dislocation since deformity of the
hip may not be completely evident until the child
passes through the years of rapid growth.
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Growth zones of the proximal femur in MRI;

radiography versus MRI in detection of subcapital growth plate disor-
ders due to avascular necrosis in developmental dislocation of the hip

Introduction

Injury to the subcapital growth plate of the proximal
femur may result in leg-length inequality and defor-
mity. Unfortunately, damage to the growth cartilage is
not directly detectable with radiography. Physeal ab-
normality on plain films may be diagnosed in most
cases only when growth deformity has already devel-
oped. Therefore, it is important to explore ways of de-
tecting the early changes that precede growth arrest or
to evaluate the size and location of the physeal dam-
age once present.

Several methods for assessment of the growth plate
has already been described. Carlson and Wenger
(1984) presented a technique for transferring the in-
formation of a physeal bar obtained from the polyto-
mograms onto a useful cross-sectional map. When a
map is constructed, one can accurately assess the size
and location of the bony bridge.

On bone scintigraphy the physis in growing chil-
dren is normally seen as a linear band of increased
uptake (Murray 1980). Closure of the growth plate is
seen as an area of absent activity. The technique of
apex view of growth centers developed by Howman-
Giles et al. (1985) provides a functional map of the
plate such that abnormal growth areas are displayed
and their site, size, and position are obtained. Scintig-
raphy is positive early in the course of the disease,
even when the radiographs are normal. A disadvan-
tage of bone scintigraphy with technetium phos-
phates, the most commonly used radiopharmaceuti-
cal, is the lack of specificity.

In the technique developed by Porat et al. (1987)
the growth plate is assessed on CT with sections
through the region of the epiphyseal plate. CT depict
the developing area of sclerosis that represent the
metaphyseal-epiphyseal bony bridge and the percent-
age of closure of the epiphyseal plate is calculated on
the console.

MR imaging, which can demonstrate early vascular
and cartilaginous changes, is not merely an alternate
method for imaging physeal growth arrest but is also
the most satisfactory modality for diagnosing possi-
ble physeal abnormalities prior to osseous abnormali-
ties (Lawson et al. 1994). MRI scans can differentiate
soft tissue structures that cannot be differentiated by
CT (Harcke 1990). Axial, coronal and sagittal planar
sections can be obtained, depending on the informa-

tion desired. According to Coleman (1994) indica-
tions for MRI studies remain poorly defined but add
greatly to our “backup” diagnostic armamentaria
when properly used .

Aims of the study

The aims of the study were:

to identify the MRI method for depiction of the
growth zones of the normal proximal femur;

to describe the appearance of the subcapital growth
plate of the proximal femur in MRT during growth;

to evaluate the diagnostic capacity of MRI as com-
pared to conventional radiography to identify
changes in the proximal femoral epiphysis and
metaphysis and assess subcapital growth plate dis-
orders due to avascular necrosis in developmental
dislocation of the hip;

to find MRI sequences adequate for imaging the sub-
capital growth plate disorders;

to develop a method of mapping the damaged subcap-
ital growth plate.

Patients and methods

The study consisted of two parts:

Part A. Designed to present the appearance of nor-
mal growth cartilages of the proximal femur in MRIL
The subjects of the study were children and adoles-
cents in different ages with no disease of the hip joint.
There were 36 children with 58 hips investigated at
the Center for Diagnostic Imaging, Karol Marcin-
kowski University of Medical Sciences in Poznan for
diseases around the hip, but not involving the hip joint
itself. Subjects analyzed were divided into 3 groups
regarding the physiologic development of the proxi-
mal femur (Batory 1982) and the typical findings in
MRI (Table 15).

Part B. Designed to present the subcapital growth
plate disorders due to AVN on radiography and in
MRI. Changes in the epiphysis and metaphysis were
also observed. There were patients treated nonopera-
tively (4 patients with 5 hips) or operatively (20 pa-
tients with 28 hips) due to DDH at the Department of
Orthopedics and Department of Pediatric Orthope-
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Table 15. Distribution of 58 normal hips in 3 age groups

Group Age No. of hips
| <5 10
1 5-12 34
1] >12 14

dics, Karol Marcinkowski University of Medical
Sciences in Poznan, and complicated by AVN. All
together there were 24 patients (33 hips) treated in the
years 1985-1991, The average age of the patients at
the time of evaluation was 10 (4-14) years (Table
16).

Conventional radiography

In children analyzed in part B conventional radio-
graphs of the hips were obtained in AP views before
the MRI examination.

Magnetic resonance imaging

The MRI examinations were performed with 1.0 T
unit (Magnetom Impact, Siemens). The hip joints
were examined with the use of partial-volume body
Helmbholtz coil as a receiver coil. The standard pulse
sequence used was coronal, Spin-Echo (SE) (TR, TE/
500, 15), matrix 256x256 with 4 mm section thick-
ness.

In some patients additional sequences were used:
FLASH 3D FAT SAT (TR, TE, FA/48, 7, 40);

SE T1 FAT SAT (TR, TE/590, 15);

FLASH 2D (TR, TE, FA/500, 18, 10);

FISP 3D (TR,TE,FA/30, 10, 40);

SE T2 (TR, TE1, TE2, FA/ 1850, 20, 90, 90);

FISP 3D and FLASH 3D FAT SAT allowed for a sec-
tion thickness of 1-1.5 mm.

Except for the coronal plane some of the examina-
tions were also performed in sagittal and oblique
planes. In case of physeal damage to provide more
accurate data about its size and location a grid or scale
were used on images on each of the planes. To outline
the cross-sectional shape of the subcapital growth
plate an examination in the plane of the plate was also
performed. On each section of coronal and sagittal
planes the extent of physeal damage was determined
with the use of the grid or scale.

Because of the intrinsic motion sensitivity of MRI,
immobilization was essential. This was easy obtained
in the older cooperative children; in the younger chil-
dren, some form of sedation usually with per rectum
administrated chloral hydrate was required.

The MR images in Part A were reviewed to estab-
lish the characteristics of the growth zones in the
proximal femur with special interest in the presenta-

Table 16. Distribution of 33 pathologic hips in 3 age groups

Group Age No. of hips
| <5 1
I 5-12 30
1l >12 2

tion of the subcapital growth plate with respect to the
visibility, the width, and continuity on the serial imag-
es. Variations in the appearance of the subcapital
growth plate according to the patient’s age were also
noted.

The radiographs, and MR images obtained with
each pulse sequence from an individual patient from
group B were examined and classified blindly accord-
ing to the visibility of the subcapital growth plate and
the visibility of the damage to the growth plate on a 5
point scale.

Visibility of the subcapital growth plate:

0 — not visible;

1 — fair or hypointense line on T1-weighted images;

2 — good except localized disturbance;

3 — good;

4 — picture not clear.

Visibility of the subcapital growth plate damage:

0 — not visible;

1 ~ fairly visible disturbance in growth plate presen-
tation;

2 — well detectable disturbance in growth plate pre-
sentation (good visibility);

3 — well delineated bony bridge (good visibility);

4 — picture not clear.

The presentation of the shape of the subcapital
growth plate on coronal and sagittal planes was de-
scribed as straight linear, arched or irregular.

Avascular necrosis of the epiphysis was diagnosed
on radiography according to the criteria depicted in
the first part of the study. Bone marrow changes in-
dicative of avascular necrosis were that of greatly de-
creased signal intensity within the marrow area
(Vogler and Murphy 1988).

All MR investigations were supervised by one en-
gineer according to a strict formula adopted before
the start of the research. Radiograms and MR images
were assessed separately and then the findings were
compared.

Results
Part A

Appearance of the normal proximal femur in MRI.
The ossification center of the femoral head and that of
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the greater trochanter were visible on T1 weighted
images as areas of high signal intensity. On gradient
echo images these structures were hypointense. The
metaphysis of the growing subjects on T1 weighted
images was hypointense when comparing to ossifica-
tion centers and also hypointense on gradient echo
images. After the completion of growth the epiphysis
and metaphysis became of equal signal intensity.

All 5 growth zones of the proximal femur were vis-
ible on MR images. The appearance of the growth
cartilage varied with the pulse sequence used (Figure
9). The signal intensity of the cartilage, however, was
consistent in all patients, regardless of age, when im-
aged with a given sequence.

The growth cartilage of the femoral head and the
greater trochanter. On T1-weighted images the hemi-
spherical growth cartilage of the femoral head and
greater trochanter consisted of two distinguishable
layers, i.e., layer of intermediate signal intensity

Figure 10. Normal hip joint anatomy of a 4-year-old boy (Group
1). Coronal T1-weighted image (500, 15) shows hypointense
line separating the articular cartilage and growth cartilage of
the femoral head (arrows). Subcapital growth plate (P) is visi-
ble as a band of intermediate signal intensity (arrow).

Figure 9. Normal hip joint of a
8-year-old girl is demonstrat-
ed on Ti-weighted image
(500, 15) (left) and of a 7-
year-old girl on gradient-echo
image (48, 7, 40) {right).

The following anatomical
structures  are  identified:
growth cartilage of the femo-
ral head (H), subcapital
growth plate (P), femoral neck
isthmus (1), growth cartilage of
the greater trochanter (T),
growth plate of the greater
frochanter (TP).

placed on hypointense line regarded as the zone of
provisional calcification. Differentiation of the spe-
cific histologic zones of the growth cartilage was im-
possible. In some hips in Group I a hypointense zone
separating the articular cartilage and the growth carti-
lage within the hemispherical cartilage covering the
bony center of the femoral head was visible (Figure
10).

On sequences using fat saturation the hemispheri-
cal cartilages were of high signal intensity as were all
other cartilaginous structures.

During the process of growth the cartilage sur-
rounding the bony centers decreased in thickness.

Subcapital growth plate. Group I. In the subgroup of
younger children in this group the cartilage between
the ossiffic nucleus and the metaphysis on T1-weight-
ed images was visible as an hourglass configuration
band of intermediate signal intensity between the os-
sific nucleus and the metaphysis (Figure 11). On se-

Figure 11. Normal hip joint of a 3-year-old boy (Group I). Coro-
nal T1-weighted image (540, 15) shows: thick cartilage cover-
ing the ossific nucleus (H), subcapital growth plate of an hour-
glass configuration (P), femoral neck isthmus (1).
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Figure 12. Normal hip joint
anatomy of a S-year-old girl
(Group lI). Coronal T1-weight-
ed image (550, 15) displays
the subcapital growth plate as
an irregular line of low signal
intensity in the posterior part of
the femoral head (arrow head)
(A). In the anterior part the
course of the growth plate is
more regular (arrow head) (B).

quences using fat saturation this area was of high sig-
nal intensity. When assessing the older children in this
group the growth plate was visible as a line with sig-
nal intensity depending on sequence used and similar
to that in the younger subgroup (Figure 10).

Group II. The growth plate presented itself on MR
images in several shapes. On coronal views prevalent
course was irregular in the posterior and arched in the
anterior part of the femoral head (13 hips) (Figure 12)
but single arched was also a common tinding (6 hips).
Also straight line course and irregular were observed.
On sagittal plane the course was usually single
arched.

On T1-weighted images in this group the typical
finding in the area of the growth plate was a band of
low signal intensity (27 hips) (Figure 12). Only in a
few instances a band of intermediate signal intensity
between the hypointense epiphyseal bone plate and
the hypointense zone of provisional calcification was
found (7 hips). This presentation was more often in
sagittal plane.

On sequences using fat saturation the growth plate
was always well visible as a band of high signal inten-
sity lying between the hypointense bone margin of the
epiphysis and metaphysis (Figure 13). Gradual thin-
ning of the growth plate with age was observed on
these images.

Group III. In this group further thinning of the
growth plate was observed and in the older subjects in
this group the growth plate was no longer visible.

On Tl-weighted images the area of the growth
plate was visible as a band of low signal intensity (7
hips). In 2 hips a three-line appearance of the plate
was found. In 5 hips of the oldest subjects in this
group there was only a thin hypointense line better
visible in the ceniral part than on the periphery of the
plate (Figure 14).

When sequences using fat saturation were done, the
band was still hyperintense in 11 hips, whereas in 3
the plate was invisible.

Figure 13. Normal hip joint anatomy of a 7-year-old girl. On
gradient-echo image (48, 7, 40) the subcapital growth plate is
visible as a band of high signal intensity (P) lying between the
hypointense bone of the epiphysis (E) and metaphysis (M).

Figure 14. Normal hip joint anatomy of a 17-year-old boy. Coro-
nal T1-weighted image (500, 15) depicts a thin hypointense
line in the area of the subcapital growth plate (P) better visible
in the central part than on the periphery.
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Table 17. Visibility of the subcapital growth piate of the
proximal femur in 24 patients (33 hip joints)

Visibility of the growth plate

Good Fair Not Picture
visible  not
n clear

Radiography 33 6 21 6 0
MR

T1-weighted image 33 2 28 3 0

T2-weighted image 3 2 0 0 1

T1 FAT SAT 20 9 8 2 1

FISP 3D 7 1 2 0 4

FLASH 2D 17 2 7 0 8

FLASH 3D FAT SAT 24 14 0 1 9

Trochanteric growth plate. The trochanteric growth
plate behaved similar to subcapital growth plate as re-
gards age and MRI sequences used.

Femoral neck isthmus. The growth cartilage here was
visible on T1-weigted images as a zone of intermedi-
ate signal intensity in continuity with the hemispheri-
cal cartilage covering the bony center of the femoral
head and greater trochanter (Figure 11). It was placed
on the line of low signal intensity with the picture
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similar to that of growth cartilage of the femoral head
and greater trochanter. On sequences using fat satura-
tion the cartilage was hyperintense.

Part B

Visibility of the subcapital growth plate on radiogra-
phy and MRI. The appearance of the growth plate de-
pended on the age of the subject, the pulse sequence
used in MRI, and the extent of damage to the proxi-
mal femur (Table 17). The influence of the first two
factors was similar to that observed in the normal sub-
jects.

The subcapital growth plate damage on radiography
and MRI. Damage to the growth plate on radiography
was visible as an erased area in the line of the growth
plate (14 hips) or there was no growth plate line at all
(8 hips). In 4 hips there was already a caput valgum
presentation of the head-neck relationship and in fur-
ther 3 hips a slight valgus tilt was visible (Figure 15
A).

The extent of growth plate damage visible on MR
images ranged from focal disturbance of signal inten-
sity (23 hips) to the picture of premature complete
closure of the growth plate (4 hips) (Figure 15 B, C).

Figure 15. Anteroposterior radiography of the
hip joints of B-year old girl {A), Subcapital
growth plate line is invisible in the left hip. In
the right hip caput valgum presentation of the
head-neck relationship is shown. Coronal T1-
weighted image (500.15) shows focal distur-
bance of signal intensity in the right subcapital
growth plate (arrow head) and more ad-
vanced lesion in the left (arrow head) (B). T1-
weighted FAT SAT image (590/15) confirms
the findings in the right hip {arrow head). In
the lett hip the subcapital growth plate is invis-
ible (arrow head) (C).
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Table 18. Visibility of the damage to the subcapital growth
plate of the proximal femur in 24 patients (33 hip joints)

Visibility of the damage

Good Fair Not Picture
visible not
n clear

Radiography 3 22 0 1" 0
MR

T1-weighted image 33 24 0 9 0

T2-weighted image 3 2 0 0 1

T1 FAT SAT 20 10 0 3 7

FISP 3D 7 2 1 0 4

FLASH 2D 17 2 2 1 12

FLASH 3D FAT SAT 24 10 2 2 10

The appearance of the physeal damage varied with
the pulse sequences used (Table 18). In 18 hips on T1-
weighted images the union between the epiphysis and
metaphysis was of high signal intensity suggesting
yellow marrow within a bridge, whereas in 2 hips the
dark band was present suggesting fibrous bridge or
the one of cortical bone characteristics (Figure 16 A).

On images using fat saturation it was impossible to
distinguish between a fibrous and bony bridge and the
damage to the physis was visible as a hypointense
connection between the epiphysis and metaphysis of
different size crossing the hyperintense plate (Figure
16 B).

In 3 hips the damage not visible on radiography and
T1-weighted images was visible on images using fat
saturation (Figure 17).

Evaluation of the size and location of the growth plate

damage. On the basis of 24 cases the following meth-

od of evaluation of the size and location of growth

plate damage on T1-weighted MR images was devel-

oped (Figure 18, 19):

« coronal and sagittal serial cuts of the femoral head
are obtained with a grid or scale;

Figure 16. Coronal T1-weight-
ed image (500, 15) of a 9-
year-old boy shaows hy-
pointense area in the lateral
part of the subcapital growth

plate (arrow) (A); on Ti1-
weighted FAT SAT image
(590, 15) the subcapital

growth plate in the lateral part
is not visible (arrow) (B).

« an outline of the cross-sectional shape of the physis
is obtained from an oblique cut passing through its
most distal part (with a grid or scale);

« outline of the cross-sectional shape of the physis is
superimposed on a graph paper (to ease the proce-
dure a quadrangle containing an outline of the
cross-sectional shape of the physis is formed);

« the extent of growth plate damage is analyzed on
each of the coronal and sagittal cuts and plotted
each time on the outline of the physis (or on a quad-
rangle) drawn on the graph paper;

« after completion of calculations made on each cut
the cross-sectional drawing of the growth plate
damage is done.

The method presented above proved to be useful
also on gradient echo images.

Radiography versus MRI in assessment of the growth
plate and its damage. Regardless the assessment re-
sult of the visibilty of the growth plate on radiography
and MR images, the comparison of the data obtained
showed more valuable information being provided by
MRI in 24 hips, no difference in 8, and better by radi-
ography in 1 hip.

As regards the visibilty of the damage to the growth
plate more valuable information was provided by MR
images in 20 hips, no difference in 12 hips, and better
by radiography in 1 hip.

In 4 hips with complete closure on radiography
MRI was able to reveal a line on certain slices, thus
proving that the closure of the growth plate was not
complete.

Necrosis of the epiphysis on radiography and in MRI.
Necrosis of the epiphysis was visible on radiography
in 5 hips.

In MRI necrosis was observed in 9 hips involving a
part (8 hips) or all of the femoral head (1 hip) (Figure
20). In 4 hips the changes were not detectable on radi-
ography. The appearance of the necrotic area varied
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Figure 18. Three-dimensional model of assessment of subcap-
ital growth plate shows planes of MR serial images [coronal
(C), sagittal (S), and oblique in a piane of the growth piate (O}].

with the pulse sequence used. On T1-weighted imag-
es the changes were hypointense whereas on sequenc-
es using fat saturation the picture was less homoge-
nous, mostly mixture of high and low signal intensity.

Figure 17. Anteroposterior radiog-
raphy of the left hip joint of a 5-
months-old girl shows developmen-
tal dislocation (A). On radiographs
at the age of 3 years and 5 months
(B), and 9 years (C) the epiphysis
tilts laterally (shelf plasty at the age
of 2 years). In MR coronal T1-
weighted image (500, 15) no dam-
age to the subcapital growth plate is
visible (D). On coronai FLASH 3D
FAT SAT (48, 7, 40) the picture of
subcapital growth piate is interrupt-
ed, and normal hyperintensity of lat-
eral part of the growth plate is lost
(arrow) (E).

Metaphyseal changes. Changes in the metaphysis
were visible on radiography in 5 hips as a cystic le-
sion of different size. In MRI the metaphyseal chang-
es were found in 7 hips. On T1-weighted images these
changes were of intermediate signal intensity, where-
as on sequences using fat saturation the changes were
of high signal intensity similar in appearance to the
cartilage. In 2 hips changes in the metaphysis were
not visible on radiography while in MRI were found
both on Tl-weighted images and on gradient echo
images (Figure 21).

Discussion
Appearance of the proximal femur in MR/

The diagnosis of avascular necrosis in developmental
dislocation of the hip has so far been based mainly on
conventional radiographs. The present study is the
first in which findings in radiography and MRI have
been compared.

The development of the normal and pathologic
proximal femoral end has been intensively studied on
radiography for many years (Taussig et al. 1976,
Grybos 1983, Tonnis 1984). Siffert and Feldman
(1980) and Siffert (1981) gave excellent description
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Figure 19. Anteroposterior radiography of the left
hip joint of a 2-year-old girl shows lateral notching
of the metaphysis (A). At 8 and 9 years of age
translucent area in the lateral metaphysis is visi-
ble with lateral tilt of the epiphysis (B, C). Selected
images from serial coronal {D-F) and sagittal {G-
H) T1-weighted images (500, 15) of the hip joint
show physeal damage (arrow heads). The extent
of damage on each cut is calculated with a scale.
Oblique cut in a plane of the subcapital growth
plate gives an outline of the plate (I). Physeal
damage from each cut is plotted as a line on the
outline of the physis drawn on the graph paper.
Cross sectional drawing of the physeal damage
finished on a graph paper (J}.
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{arrow) (C).

of its growth zones. Since radiography does not pro-
vide sufficient information about the cartilaginous
part the search was for methods able to visualize the
cartilage. The alternative diagnostic measure ap-
peared to be MR imaging. Johnson et al. (1989) pre-
sented MR imaging anatomy of the infant hip and
several authors could trace the pathology in DDH
(Johnson et al. 1988, Bos et al. 1988, 1989, Guidera et
al. 1990, Fisher et al. 1991 Wierusz-Kozlowska et al.
1994).

The introduction of MR imaging opened a new era
also in the evaluation of growth of the femur in nor-
mal and pathologic conditions. Harcke et al. (1992)
and Synder (1992) gave a detailed description of the
behavior of growth plates of the distal femur and
proximal tibia during growth. The knees they evaluat-
ed were divided into 4 developmental groups accord-

Figure 20. Anteropostenor radiography of the left hip joint of a 10-year-old boy shows se-
vere avascular necrosis of the femoral epiphysis (fragmentation phase) with metaphyseal
involvement (A). Coronal T1-weighted image (500,15) displays hypointense structure in the
area of the epiphysis and subcapital growth plate (arrow) {B). On FLASH 3D FAT SAT (48,
7, 40) the picture of the proximal temoral end is a mixture of high and low signal intensity

Figure 21. Anteroposterior radiography of the right hip joint of a 13-year-old girl shows
deformity of the proximal femur and acetabulum (A). Coronal T1-weighted image
(500, 15) shows hypointense area (arrow) in the metaphysis (cyst) which is hyperin-
tense (arrow) on FLASH 2D FAT SAT (500, 15. 10) (B, C).

ing to general MRI characteristics. The attempt in this
study was to show the pattern of MR imaging appear-
ance of the proximal femur. Considering the behavior
of the subcapital growth plate (Batory 1982) I distin-
guished 3 developmental groups and the formation of
growth plate was the borderline between the first and
second group at below 5 years of age at the latest. In
all children at the time of investigation the ossific nu-
cleus was already present and its signal was high on
T1-weighted images proving that yelow marrow had
developed. The nucleus was well delineated by bone
margin of low signal intensity formed by hemispheri-
cal zone of provisional calcification and the bone end
plate at the basis of the ossific nucleus.

In contrast to the ossific nucleus the signal of the
metaphysis was hypointense, although its intensity
was still greater than that of the muscle. In the third
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group after closure of the growth plate the signal of
the metaphysis equaled that of the epiphysis, the find-
ings which were previously observed by other authors
(Vogler and Murphy 1988, Harcke et al. 1992, Synder
1992). The ossific nucleus of the greater trochanter
was hyperintense on T1-weighted images from its ap-
pearance with a signal intensity similar to that of the
femoral head.

Growth cartilages of the proximal femur in
MRI

The cartilage covering the bony center which consists
of two different zones (McKibbin and Holdsworth
1967, Siffert and Feldman 1980) in most hips was ho-
mogenous on T1-weighted images. Only in a few it
was possible to distinguish the hypointense zone sep-
arating the articular cartilage and the growth cartilage
within the hemispherical cartilage covering the bony
center of the femoral head, a finding also noticed in
distal femur by Jaramillo and Hoffer (1992).

The femoral neck isthmus described as a separate
growth zone by Siffert (1981) and Grybos (1983) was
well delineated in all hips as a band of intermediate
signal intensity on T1-weighted images and hyperin-
tense on sequences using fat saturation. The band was
in continuity with the growth cartilages of the femoral
head and greater trochanter and also with the subcapi-
tal growth plate and the growth plate of the greater
trochanter, supporting the theory of the uniform
growth cartilage presented by Taussig et al. (1976).
The continuity of these cartilages in MRI in infancy
was also noted by Johnson et al. (1989).

The subcapital growth plate cartilage when already
formed was well visible on T1-weighted images as a
band of intermediate signal intensity only in the
younger age group, lying between the hypointense
lines representing epiphyseal bone plate and zone of
provisional calcification. In older children this pre-
sentation was found occasionally and usually only the
hypointense band was visible. I could not find expla-
nation for this, except that the growth plate seldom
presented itself as a straight line band visible mostly
in the Group I. The most common finding was arched
or irregular course. With the slice thickness of 4 mm it
was possible that the picture of the growth cartilage
was a collection of signal from the cartilage itself and
two neighboring hypointense lines from the epiphysis
and metaphysis. This disadvantage was also noted in
CT where a structure or lesion that only partially oc-
cupies the thickness of a slice is subject to partial vol-
ume averaging which has the effect of misrepresent-
ing the true density of the lesion or allowing it to be
undetected (Harcke 1990). Also other technical rea-

sons should be considered since I used only the body
Helmbholtz-type coil. It is to be investigated whether
new generation of CP Flex coil and CP Array coil
could change the growth plate presentation on TI-
weighted images, however, this disturbances had little
impact on the further results of the study.

In older children, in Group II and III, as a result of
progressive ossification of the cartilaginous epiphys-
is, the thickness of the subcapital growth plate is grad-
ually reduced, and the distinction between cartilage
and bone may be most satisfactorily obtained by uti-
lizing fat saturation technique in which the cartilage is
hyperintense in relation to the osseous structures.
This finding was observed also in the knee by other
authors (Synder 1992, Lawson et al. 1994).

When a physeal closure begun it commenced at the
periphery of the plate and the cartilage was still visi-
ble at the center. Of interest in this context is the study
by Dvonsch and Bunch (1983) which indicates, that
ossification of the subcapital growth plate normally
begins on the lateral side and progresses medially.
Harcke et al. (1992) and Synder (1992) gave the de-
tails concerning the MR picture of growth plate clo-
sure in the knee. They termed the disappearance of
the growth plate signal as a “‘drop-out sign” which
may be present due to physiologic or pathologic con-
ditions as well as to technical reasons. With the use of
fat saturation sequences I was able to differentiate be-
tween the possible causes of this finding.

The hemispherical cartilage and growth plate of the
greater trochanter were well visible on T1-weighted
images as a bands of intermediate signal intensity and
of high signal intensity on gradient echo images.
Gradual thinning was observed during growth with fi-
nal closure of the growth plate in the third group. The
MR picture of growth plate in this area may be useful
in assessment of epiphyseodesis which was presented
in the knee by Synder (1992).

Visibility of the subcapital growth plate and its
damage on radiography and in MRI

In the patients analyzed in this study MRI was never
used as a primary diagnostic technique. The initial at-
tempt of diagnosis or suspicion of a growth plate inju-
ry was based on radiographs. Radiographic changes
most suggestive of physeal disturbance were an
erased area in the line of the growth plate or already
distorted head-neck relationship. The image of the
growth plate on MRI varied greatly depending on the
sequence used, extent of damage and age of the sub-
ject. On T1-weighted images the appearance of the
growth cartilage was mostly fair as it was earlier dem-
onstrated on healthy individuals. On sequences utiliz-
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ing fat saturation, e.g., T1 FAT SAT and FLASH 3D
FAT SAT the visibilty of the growth plate was much
improved. Since FLASH 3D gives more possibilities
for further studies I find this sequence together with
T1-weighted images as being sufficient for the assess-
ment of the growth plate and its damage, a finding
which was also confirmed by Harcke et al. (1992) in
the distal femoral physis.

In several hips with no growth plate line on radiog-
raphy MRI was able to reveal a line on certain slices,
thus proving that the closure of the growth plate was
not complete but these remnants are probably of no
value for further growth.

The assessment of the growth plate was of lesser
value when comparing to radiography in case where
there was still a fragmentation phase of the femoral
head. In this case the epiphysis was poorly visible on
MRI and distinction of the growth plate was not clear,
whereas on radiography there were already bony frag-
ments in the epiphysis with irregular growth plate vis-
ible.

MR imaging has proved to be the modality of
choice for the evaluation of the traumatized physis
before the development of any osseous bridge (Law-
son et al. 1994). It would be interesting to demon-
strate any changes in the proliferative zone of the
growth cartilage but differentiation of the specific his-
tologic zones of the growth plate has not yet been
demonstrated by MR imaging. Jaramillo et al. (1990)
with gadolinium enhancement were able to indicate
the development of vascularity through the plate,
which preceded the formation of a bony bridge. The
early phase of growth disturbance was found in some
hips in this study, being recognized on fat saturation
sequences but yet invisible on radiography and T1-
weighted images. The bony bridges containing yel-
low marrow were best visible as hyperintense struc-
tures on T1-weighted images, and when hypointense,
were recognized as fibrous or cortical. On gradient
echo images I was able to demonstrate the lesion
without possibility to differentiate between different
types of bridges (bony with yellow marrow, dens
bone and fibrous). Also according to Jaramillo et al.
(1990) differentiation between a small bony bridge
and a fibrous bridge is not possible with MR imaging,
because both are hypointense on all sequences.

Deformities of the proximal femur following par-
tial destruction of the growth plate depend on the po-
sition of a bridge that forms between the epiphysis
and metaphysis. Accurate delineation of the site,
number and size of bridges within the growth plate
may help in prediction of the imminent growth distur-
bance. Each of existing methods of defining the
bridges have certain disadvantages. The most com-

mon one is radiation exposure, and this alone may be
a compelling reason to consider one technique over
another, as it is with Carlson and Wenger (1984) poly-
tomographic method in comparison to that developed
in my study, both having similar principles. Another
drawback of these two methods is that the subcapital
growth plate is considered here as a one-plain struc-
ture. Since it is rather spherical, certain error is possi-
ble to occur when plotting the damage determined
from each cut into the cross-sectional shape of the
physis. Also some anterior or posterior tilt may influ-
ence the result. However, in my opinion, in most cas-
es only slight distortion may be expected.

Porat (1987) CT technique is useful in flat and hor-
izontally oriented growth plates and thus of no use in
subcapital growth plate in proximal femur.

Several works attempted to assess, with positive re-
sult, whether MR imaging provides information on
growth plate lesions beyond that obtained with other
radiographic techniques (Havranek and Lizler 1991,
Jaramillo et al. 1990, Jaramillo and Hoffer 1992, Syn-
der 1992). Radiographic assessment still remains im-
perative in the evaluation of avascular necrosis both
to document the pattern of healing and monitor the
development of the hip. In the present study, as well
as found previously, more information concerning
both the visibility of the growth plate and its lesion
was provided by MRI. Of interest in this context is a
case in which radiography gave more valuable infor-
mation. One explanation for this finding is that in case
of epiphyseal necrosis with metaphyseal involvement
all these structures together with hypointense physeal
line were of similar signal intensity. On radiography
dense necrotic area of the epiphysis was easier differ-
entiated from the growth plate.

Necrosis of the epiphysis and metaphyseal
changes on radiography and in MRI

The usefulness of MR imaging in assessment of avas-
cular necrosis of the femoral head is already well rec-
ognized. Several studies have shown, that MR imag-
ing can depict early AVN of the femoral head in adults
by demonstrating greatly decreased signal from with-
in the marrow cavity (Beltran et al. 1988, Grimm et
al. 1989, Markisz et al. 1987, Mitchell et al. 1987,
Sarrat et al. 1988, Hauzeur et al. 1989, Seiler et al.
1989, Lee et al. 1990, Tervonen et al. 1992, Lafforgue
et al. 1993). MR imaging also appeared to be a very
useful diagnostic tool in the Legg-Calve-Perthes dis-
ease (Scoles et al. 1984, Henderson et al. 1990,
Hoffinger et al. 1991, Hoffinger et al. 1993). Johnson
et al. (1988) as well as Kruczynski et al. (1995) men-
tioned its diagnostic value in AVN in DDH. In the
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present study necrosis of the proximal femur was al-
ready at its late stages and in half of the hips the
changes were not detected on radiography. The pre-
sentation of the necrotic area was typical on T1-
weighted images, while on gradient echo images the
necrotic area was inhomogenous mixture of high and
low signal intensity. The question remains to be an-
swered whether the high signal on gradient echo im-
ages represents healing processes.

Metaphyseal cysts on radiography are a typical
finding in severe AVN although its origin and signifi-
cance are still under debate (Brashear 1963, Ténnis
and Kuhlmann 1969, Bucholtz and Ogden 1978, Hi-
rohashi et al. 1980, Thomas et al. 1982, Kruczynski
1987). MR imaging appeared to be a useful tool in
detection of metaphyseal involvement in cases ana-
lyzed in this study. Intermediate signal intensity on
T1-weighted images and high on gradient echo imag-
es may suggest a cartilage filling up the cyst. This ap-
pearance confirms the concept of disturbed metaphy-
seal ossification but its influence on further growth is
not fully predictable and should be carefully observed
individually (Kruczynski 1995). Focal extension of
the growth cartilage into the metaphysis was seen in 5
patients out of 25 investigated by Jaramillo et al.
(1990) due to physeal fracture suggesting in his opin-
ion growth plate dysfunction. Hoffinger et al. (1993)
on patients with “metaphyseal” cysts in the course of
Legg-Calve-Perthes disease demonstrated that the
picture on plain radiographs in many cases may be
misleading. In around half of the hips with “metaphy-
seal” changes on radiography MRI revealed no meta-
physeal involvement and in half of the hips negative
on radiography MRI showed positive. On the other
hand with the physeal irregularities present, and be-
cause of the partial volume averaging used by MRI
software, fine distinction between physis and meta-
physis may prove difficult in the anterior portion of
the femoral head.

Clinical significance

Angular deformities of the extremities following par-
tial destruction of the growth plate are well known.
The deformities may depend on the position of an os-
seous bridge that forms between the epiphysis and
metaphysis. Several surgical procedures have been
described that attempt to correct these deformities
with the use of silicon rubber (Bright 1974), fat
(Langenskiold 1981), dead cartilage allograft plugs
(Osterman 1972) or bone cement (Mallet 1975,

Mallet et Rey 1978) as a fillers. Transplantatton of
live chondrocytes into the gap with theoretical possi-
bility of retaining its potential for growth is also
promising (Kawabe et al. 1987). The success of these
procedures depends on accurate delineation of the
site, number and size of the bridges within the growth
plate.

Due to the vascular anatomy of the proximal femur
this locus is so far not an encouraging place for surgi-
cal excision of a physeal bar. Correction of anatomic
and functional proportions between the femoral head,
the neck, and greater trochanter may be achieved by
trochanteric epiphyseodesis (Pylkkanen 1960, Gage
and Cary 1980), distal and lateral transplantation of
the greater trochanter (Jani 1969, Wagner 1978,
Kelikian et al. 1983, Tauber et al. 1980, Fernbach et al.
1985, LLoyd-Roberts et al. 1985), or femoral osteoto-
mies (Pauwels 1973, Wagner 1977, 1978). Detailed
planning before the operation is necessary and confir-
mation of the presence and location of physeal dam-
age may help to predict future deformity, thus opti-
mizing the choice of corrective procedure.

It is to be hoped that with gradual improvement of
surgical techniques removal of bony bridges from the
subcapital growth plate may become feasible with
careful MRI mapping using the method presented in
this study.

Conclusions

Magnetic resonance imaging appeared to be superior
to radiography in assessment of subcapital growth
plate and its damage in most of the hips.

The most common presentation of the area of subcap-
ital growth plate of the proximal femur on MR images
is that of hypointense band on T1-weighted images
and hyperintense band on sequences using fat satura-
tion.

T1-weighted images are best for visualization of bony
bridges containing yellow marrow crossing the
growth plate.

The sequences using fat saturation are good for visu-
alization of any damage to the growth plate without
possibility do distinguish between fibrous or osseous
changes.

T1-weighted images together with FLASH 3D FAT
SAT seem to be sufficient for the analysis of the
growth plate and its damage.
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Appendix

Classification of avascular necrosis of the

proximal femur complicating the treatment of

developmental dislocation of the hip

(Kruczynski 1987)

Type I: involvement of the epiphysis, no fragmenta-
tion, mild changes.

Type 1I: involvement of the epiphysis with fragmen-
tation, moderate changes.

25 m 3m

Type | involvement localized to the epiphysis. At the age of 3 years irregularity in
shape and at the age of 7 years flattening of the epiphysis. Good radiographic result

at the age of 22 years.

Type Il involvement localized to the epiphysis. At the age of 2 years fragmentation
and flattening of the epiphysis. Goaod radiographic result at the age of 19 years.

Type III: involvement of the epiphysis and the lateral
part of the metaphysis under the physis, severe
changes.

Type IV: involvement of the epiphysis and the medial
metaphysis under the physis, severe changes.

Type V: involvement of the epiphysis and the whole
metaphysis under the physis, severe changes.

81m
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6 m

Type lllinvolvement of the epiphysis and metaphysis. Lateral metaphyseal lesion at the age of
5 years. At the age of 11 years the line of the physis is horizontal and metaphyseal cystic lesion
still visible. Fair radiographic result at the age of 22 years with the epiphysis tilted into valgus
angulation and uncovered.

M m 200m
=¥ E g

fype IV involvement of the epiphysis and metaphysis. At the age of 8 years medial metaphyseal lesion with medial physeal
jamage. Fair radiographic result at the age of 17 years.

Ym 44 m

Type V involvement of the epiphysis and metaphysis. At the age of 4 years involve-
ment of the epiphysis and gross metaphyseal irregularity. Poor radiographic result
at the age of 17 years.
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Method of measurements of angles and calculation of indexes

Method of measurements of angles and calculation of  ing radius was used. The head was ‘spherical’ when
indexes are illustrated below. Values of all indexes one of the circles covered the contours of the joint
should be multiplied by 100. surface (a 2 mm variation in radial length was permit-

In assessement of femoral head sphericity the ted); with greater variation the head was classified as
Mose’s plate with concentric circles of 2 mm increas-  ‘irregular’.

0

Projected neck-shaft angle. The an-
gle measured medially between the
femoral neck {b) and shaft (a} axes; C
— center of the femoral head.

Projected anteversion angle. The an-
gle measured between the femoral
neck axis (b} and the horizonta! plane
defined by the reference bar (a) of the
apparatus in which the patient was
placed.

Modified epiphyseal index of Eyre-
Brook. Epiphyseal height (h) mea-
sured from the midpoint of the maxi-
mum width of the epiphysis in the
transverse direction divided by maxi-
mum width (a) (Ténnis 1984).

Head-neck index of Heyman and
Herndon. The ratio of the total length
of the femoral head and neck (a) as
measured on the neck axis to the inter-
trochanteric line (d), to the width of the
neck (b}.
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\Al

Articulo-trochanteric distance of
Edgren. The distance (a) pointed on
the femoral shaft axis by lines perpen-
dicular to the axis and running tangen-
tially to the top of the greater trochanter
(b) and top of the femoral head (c).

Acetabular index of Heyman and
Herndon. The ratio of the depth of the
acetabulum (a) as measured on the
perpendicular bisector of the width line
to the width of the acetabulum (b) mea-
sured from the most lateral point of the
superior acetabular rim to the lateral
edge of the teardrop.

Epiphysis-shaft angle of Alsberg.
Formed by the epiphyseal line (b) and
the femoral shaft axis (a).

Acetabular angle of Hilgenreiner.
Measured between the line running
through the lower lateral edges of the
ilium (A) on the triradiate cartilage
(Hilgenreiner line) and the line drawn
through the point on the ilium (A) and
the superior acetabular rim (E).
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Acetabulum-head index of Heyman
and Herndon. The ratio of the horizon-
tal diameter of the part of the femoral
head covered by acetabulum (a) to the
horizontal diameter of the entire head

(o).

Lateral displacement angle of Laba-
ziewicz. Formed by the line (a} paralie!
to the longitudinal body axis drawn
through the distal part of the teardrop,
and line (b} drawn from the point of in-
tersection with a horizontal line (c) run-
ning through the top of the femoral
head, to the medial end of the spina
colli.

N

CE angle of Wiberg. Formed by the
line parallel to the longitudinal body
axis drawn through the center of the
femoral head (C) and the line connect-
ing the center of the femoral head (C)
with the edge of the acetabular roof (E).

Head-shaft index of Kruczynski
(modified). The ratio of diameter of a
circle surrounding the femoral head (a)
to the width of the femoral shaft (b)
measured below the lesser trochanter
at the distance equal half the length be-
tween teardrops (c). W 185, SD 12.1





