DOI: http://dx.doi.org/10.1590/1413-785220223006e256112

ORIGINAL ARTICLE

PEDIATRIC ORTHOPEDICS

RADIOGRAPHIC STUDY OF THE MEDIAL JOINT SPACE
OF THE HIP IN LEGG-CALVE-PERTHES DISEASE

ESTUDO RADIOGRAFICO DO ESPACO ARTICULAR MEDIAL
DO QUADRIL NA DOENCA DE LEGG-CALVE-PERTHES

RENE DUJARDIN' @, DIEGO PRAXEDES DE MIRAS'
EiFFEL TsuyosH! DoBASHI'

, CAIO FALK GIANNOTTI!

, RoBERTO BEZERRA NicOLAU" (&,

1. Universidade Federal de Sao Paulo, Paulista School of Medicine, Department of Orthopedics and Traumatology, Sao Paulo, SP, Brazil.

ABSTRACT

Obijective: To evaluate medial joint space in affected and normal
contralateral hips in patients with Legg-Calvé-Perthes disease
(LCPD). Methods: To compare joint space, femoral head extrusion
(FHE), medial space coefficient (MSC) of the hip, and femoral
head width (FHW) in affected and normal hips, using 127 ra-
diographs of patients with unilateral LCPD and considering age
groups under and over six years old as well as their disease stage.
Results: No statistically significant differences were observed
regarding MSC between normal and affected hips regardless of
disease staging. However, medial joint distance was significantly
greater in affected hips than in normal hips. In the necrosis and
fragmentation phase, distance from medial space in affected
hips was significantly greater than in contralateral normal hips.
Comparing only affected hips, MSC and FHW showed statistically
significant differences and the group > 6 yo presented higher
values. Among normal hips, the group < 6 yo presented a sta-
tistically significant difference considering the MSC and FHW.
Conclusions: No statistically significant difference was found
between the medial joint space of affected and normal hips,
except for early stages of the disease (necrosis and fragmen-
tation). The isolated use of radiographic study is insufficient in
LCPD and the lack of complementation with other exams, such
as magnetic resonance, can delay diagnosis of and onset of
treatment for the disease. Level of Evidence Ill, Study of Non
Consecutive Patients; without Consistently Applied Reference
“Gold” Standard.

Keywords: Legg-Calvé-Perthes Disease. Radiography. Classi-
fication. Child.

RESUMO

Objetivo: Avaliar o espacgo articular medial entre o quadril afetado e o
contralateral normal em pacientes com doenga de Legg-Calvé-Perthes
(DLCP). Métodos: Comparagao do espaco articular, da extrusao da
cabeca femoral (ECF), do coeficiente do espaco medial do quadril
(CEM) e da largura da cabeca fernoral (LCF) entre quadris afetados e
normais a partir de 127 radiografias de pacientes com DLCP unilateral.
Foram consideradas faixas etarias maiores e menores de 6 anos e
0 estagio evolutivo da doenga. Resultados: Na comparagéo dos
lados normal e afetado, independentemente da fase da doenca,
néo se observou diferenga estatisticamente significativa quanto ao
CEM. Contudo, a distancia articular medial no quadril afetado foi
significantemente maior que a do quadril normal. Na fase de necrose
e fragmentacéo, a distancia do espago medial dos quadris afeta-
dos foi significativamente maior em comparagao aos contralaterais.
Entre os quadris afetados, o CEM e a LCF apresentaram diferencas
estatisticamente significantes, sendo que o grupo com idade > 6
anos apresentou valores maiores. Nos quadris normais, observou-se
diferenga estatisticamente significante do CEM e da LCF no grupo
com idade < 6 anos. Conclusées: Nao foi observada diferenca
estatisticarmente significante quanto ao espaco articular medial entre
quadril afetado e quadril normal, exceto nas fases iniciais da doenga
(necrose e fragmentacéo). O uso isolado do estudo radiografico
mostra-se insuficiente na DLCP, de forma que a falta de complemen-
tag&o com outros instrumentos, como a ressonéncia magnetica, pode
retardar o diagndstico e, consequentemente, o inicio do tratamento.
Nivel de Evidéncia Ill, Estudo de Pacientes Nao Consecutivos;
sem Padrao de Referéncia “Ouro” Aplicado Uniformemente.

Descritores: Doenca de Legg-Calvé-Perthes. Radiografia.
Classificagdo. Crianca.
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INTRODUCTION

Since its description in 1910, Legg-Calvé-Perthes disease (LCPD)
has always stimulated interest among researchers, being one of the
subjects with the most controversies in the orthopedic literature.

Considering the aspects of imaging diagnosis, for a long time au-
thors focused on analyzing radiographic aspects. The evolutionary
phases of the disease were first described by Waldenstréom, whose
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classification was later simplified and correlated with Jonsater’s
pathological findings.! Catterall then systematized the assessment
of the involvement of the femoral head (FH) ossification center
based on the maximum fragmentation phase. To determine the
proportions of the lesion in its initial or necrosis phase, Salter
and Thompson showed that the size of the subchondral fracture
in the incidence of the head profile could accurately reflect how
much the disease affected the proximal femoral epiphysis (PFE).?
More recently, Herring® proposed a classification based on the
height of the lateral column of the femoral epiphysis.

Since the growing hip presents a cartilaginous mold that is not
visible by plain radiography, only pneumoarthrography (PAG) or
Magnetic Resonance Imaging (MRI) would allow early recognizing
changes in the shape of the head and femoral extrusion.*

The thickness of the hyaline cartilage of the FH, recognized virtually
by conventional radiography as joint space, varies according to
the growth of children. A reduction of this gap is a direct indication
of joint disease and occurs in several arthritic hip disorders.®
In LCPD, an increase in the joint space, especially in the early
stages of the disease, indicates tapering of the articular cartilage
of the FH. Less commonly, the occurrence of a chondrolysis,
especially in the more severe forms of LCPD, indicates a great
reduction of the medial space.

These concepts are considered essential for understanding the
disease and indicating treatment. The preservation of the spherical
form of the FH is known to minimize the risk of secondary degenerative
hip osteoarthritis in adulthood.®

In the orthopedic literature, few studies discuss the importance of
the joint space, especially of its medial aspect of the coxofemoral
joint in LCPD observed by radiographic analysis. This study thus
aimed to measure medial joint distance in hips affected by uni-
lateral LCPD and compare the values obtained with contralateral
hips unaffected by the disease. We also sought to verify if this
radiographic parameter is correlated with the extrusion of the PFE
or patients’ age at the occurrence of the disease.

METHODS

This research project was submitted to the Research Ethics Com-
mittee of Plataforma Brasil and approved for execution under
no. CAAE 53730316.6.0000.5625.

Patients and/or their guardians signed an informed consent form
to participate in the study.

Radiographic images of 127 patients affected by LCPD from the
Outpatient Clinic of the Pediatric Orthopedics Discipline of the De-
partment of Orthopedics and Traumatology of EPM-UNIFESP were
unilaterally assessed. The material was collected from 1996 to 2008.
Of all patients studied, 96 (75.6%) were male and 31 (24.4%) were
female. The mean age of patients was 7.3 years (ranging from
three to 16 years). Regarding the affected side, 68 (53.5%) had a
compromised right hip and 59 (46.5%) had the left hip compromised.
This study’s patient inclusion criteria were:

* Patients with unilateral LCPD.

* Adequate and well-defined radiographic documentation.

* Patients not submitted to surgical treatment.

» Skeletal immaturity.

The study’s exclusion criteria were as follows:

* Patients with bilateral LCPD.

* Incomplete or poor quality radiographic documentation.

* Patients submitted to surgical treatment.

* Skeletal maturity.

Radiographs were classified according to Waldenstrom criteria
modified by Jonsater and divided into necrosis, fragmentation,
reossification, and definitive phases. Therefore, 55 (43.31%)
hips were categorized in the necrosis phase, 42 (33.07%) in
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fragmentation, 21 (16.53%) in reossification, and nine (7.09%)
in the definitive phase (Chart 1).

Parameters used for the study were the relationships of the mea-
surements obtained on pelvis radiographs in the anteroposterior
incidence of patients (Figure 1).

The relationships of the medial space, the subluxation of the FH,
and the size of the femoral head of both hips were assessed by
estimating the following coefficients:

* Coefficient of medial space of the affected hip (CMSA): BD/CD.
* Extrusion of the FH of the affected hip (EFHA): AC/AB

* Width of the FH of the affected hip (WFHA): AD-AC

» Coefficient of medial space of the normal hip (CMSN): EG/EF
* Normal FH extrusion (NFHE): FH/GH

* Normal FH width (NFHW): EH-EF

Methodology for data analysis

A professional specialized in medical statistics evaluated the results
using Spearman’s correlation coefficient and the nonparametric Wil-
coxon and Mann-Whitney test to compare the measurements of normal
and affected hips. All tests were applied considering the significance
level of 5% and significant values were marked with the symbol (*).

Chart 1. Distribution of the 127 patients affected by Legg-Calvé-Perthes
disease according to Waldenstréom'’s classification of the evolutionary
phases modified by Jonsater.

Evolutionary phase | Patients | Variable | Minimum | Maximum | Mean | p
s | 5 | prte| 0 |0 g
regnenaion | 42| i %0 | oo | os |z |0
Reossification | 21 a’}gg:m; o0 b |02 loom
v | s | pomate | 010 [0 oz

Figure 1. Pelvis radiography showing the references used to estimate
the measurements studied in the LCPD.

HILG: Hilgenreiner’s line; A: line perpendicular to Hilgenreiner’s line crossing the lateral edge of
the PFE of the affected hip; B: line perpendicular to Hilgenreiner's line crossing the lateral edge
of the affected hip acetabulum; C: line perpendicular to Hilgenreiner's line crossing the medial
edge of the PFE of the affected hip; D: line perpendicular to Hilgenreiner's line crossing the medial
edge of Kéhler teardrop of the affected hip; E: line perpendicular to Hilgenreiner's line crossing
the medial edge of Kéhler teardrop of the normal hip; F: line perpendicular to Hilgenreiner’s line
crossing the medial edge of the PFE of the normal hip; G: line perpendicular to Hilgenreiner's line
crossing the lateral edge of the normal hip acetabulum; H: line perpendicular to Hilgenreiner's line
crossing the lateral edge of the PFE of the normal hip. Measurements obtained from the affected
hip: AB: extrusion of the PFE of the affected hip; AC: width of the PFE of the affected hip; CD:
medial joint space of the affected hip. Measurements obtained from the normal hip: EF: medial
joint space of the normal hip; FH: PFE width of the normal hip; GH: PFE extrusion of the normal hip.

Page 2 of 5



RESULTS

The Wilcoxon test showed no significant differences between
normal and affected sides regardless of the evolutionary phase of
the disease. However, medial joint distance was significantly higher
in the affected hip than in the normal hip (p = 0.025%).

Table 1 shows that in the NECROSIS phase, the distances of the
medial space of the hips affected by LCPD present no statistically
significant difference. The distances of the medial space of the
hips of the normal contralateral side also showed no statistically
significant difference. Moreover, the distances of the medial space
in hips affected by LCPD were statistically significant and higher
than in hips of the contralateral side unaffected by the disease
(p = 0.047%). In the FRAGMENTATION phase, distances of the
medial space of the hips affected by LCPD showed a statistically
significant difference (p = 0.001*). However, no statistically sig-
nificant differences were found among the hips unaffected by the
disease and between the affected and normal sides. In the REOS-
SIFICATION and DEFINITIVE phases, no statistically significant

differences were found among the affected and unaffected hips
and between the affected and normal sides.

Table 2 shows the results of the evaluation between the medial space
coefficient, FH extrusion, and FH width of the hips affected by LCPD
considering the age groups < 6 years and > 6 years after applying
the Mann-Whitney nonparametric test. Analysis of the CMSA shows a
statistically significant difference among age groups, with the group
aged > 6 years presenting significantly higher values (p = 0.025%).
No statistically significant difference was observed between the
two groups regarding EFHA (p = 0.170). The groups presented
statistically significant differences regarding WFHA, with the group
aged > 6 years presenting significantly higher values (p = 0.012%).
Among unaffected hips, groups presented a statistically signifi-
cant difference regarding CMSN, with the group aged < 6 years
presenting higher values (p < 0.001*). The groups also showed a
statistically significant difference regarding NFHW, with the group
aged < 6 years presenting higher values (p = 0.006*). No statisti-
cally significant difference was observed between the two groups
regarding NFHE, with p = 0.810 (Table 3).

Table 1. Comparison of the coefficient of medial space according to disease phase (Wilcoxon parametric test).
Phase Variable n Mean SD Minimum Maximum P25 Median P75 p
Necrosis CD 55 2.04 1.24 0.40 4.00 0.70 24 3.00 0.543
EF 55 2.06 1.05 0.50 4.00 1.00 2.20 3.00
Normal side relationship 55 0.25 0.10 0.01 0.50 0.15 0.25 0.30 0.047 (%)
Affected side relationship 55 0.22 0.06 0.09 0.33 0.17 0.22 0.26
Fragmentation CD 42 1.55 1.24 0.40 4.50 0.60 0.80 2.80 0.001 (*)
EF 42 1.80 1.24 0.40 4.50 1.00 1.05 3.00
Normal side relationship 42 0.21 0.09 0.09 0.44 0.15 0.18 0.27 0.790
Affected side relationship 42 0.22 0.07 0.08 0.33 0.16 0.22 0.27
Reossification CD 21 2.25 1.32 0.50 4.00 0.70 2.80 3.40 0.226
EF 21 2.13 0.98 0.50 35 1.10 2.50 3.00
Normal side relationship 21 0.26 0.15 0.10 0.85 0.18 0.22 0.30 0.079
Affected side relationship 21 0.21 0.05 0.11 0.31 0.17 0.20 0.24
Definitive CD 9 1.52 1.37 0.40 35 0.55 0.70 3.25 0.361
EF 9 1.68 117 0.50 3.7 0.75 1.30 2.90
Normal side relationship 9 0.20 0.07 0.11 0.33 0.13 0.18 0.26 0.767
Affected side relationship 9 0.21 0.08 0.13 0.34 0.15 0.16 0.30

CD: medial joint space of the affected hip; EF: medial joint space of the normal hip; n: number of cases; SD: standard deviation; p: result of the statistical calculation.

Table 2. Evaluation of the coefficient of the medial space, extrusion of the femoral head, and width of the femoral head of the hips affected by Legg-
Calvé-Perthes disease considering the age groups < 6 years and > 6 years after applying the Mann-Whitney nonparametric test.

Variable Group n Mean sD Minimum Maximum P25 Median P75 p
CMSA Up to six years old 41 3.79 1.48 1.39 9.33 2.91 3.56 457 0.026 (*)
Over six years old 65 4.38 1.59 1.88 9.80 3.36 4.05 5.13
EFHA Up to six years old 41 38.01 83.33 -28.00 280.00 4.75 9.45 20.00 0.170
Over six years old 65 17.37 47.19 -5.00 290.00 3.78 6.33 13.10
WFHA Up to six years old 41 3.68 1.62 2.55 10.66 2.80 3.15 3.7 0.012 (")
Over six years old 65 4.19 1.67 2.30 10.33 3.05 3.8 4.93

Table 3. Evaluation of the coefficient of medial space, extrusion of the femoral head, and width of the femoral head of the normal hips considering
the age groups < 6 years and > 6 years after applying the Mann-Whitney nonparametric test.

Variable Group n Mean SD Minimum Maximum P25 Median P75 p
CMSN Up to six years old 41 3.63 1.29 1.18 8.00 2.82 3.30 457 <0.001 (%)
Over six years old 65 453 1.20 1.18 8.00 3.67 4.56 5.00
NFHE Up to six years old 41 22.45 59.49 -6.50 290.00 4.16 6.00 9.68 0.810
Over six years old 65 15.09 47.34 -25.00 280.00 3.69 7.00 10.34
NFHW Up to six years old 41 3.31 1.42 1.24 8.47 2.35 2.70 4.14 0.006 (*)
Over six years old 65 410 1.62 1.24 10.20 2.70 413 5.43
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DISCUSSION

In LCPD, the bone part of the PFE undergoes several alterations in
its medullary part, that can be recognized radiographically a few
weeks after the disease onset, and in its trabecular arrangement
after the onset of ischemia.”

Throughout this condition, the PFE could contain viable bone tissue
interwoven with the necrotic bone. Therefore, radiographic staging
cannot be properly performed during the first weeks after the initial
FH infarction®, postponing treatment.®

Our findings showed that in the early stages of the disease,
even plain radiography indicated a lateral subluxation of the FH
evidenced by the increased medial joint space considering the
epiphysis and acetabulum. Flattening the PFE could also increase
this virtual radiographic space.

These alterations were recognized statistically in the necrosis and
fragmentation phases of LCPD, indicating FH deformity since the
initial phases of the disease. Although many authors consider FH
extrusion as extremely important to predict the risk of and indicate
treatment for degenerative osteoarthritis, our findings showed no
direct relationship between this variable and medial joint space.
The increase of the medial space was statistically significant in
the affected hips.

The extent of the FH deformity in LCPD is considered a determining
factor to establish a long-term prognosis. A serial analysis of the
radiographs indicates a progressive deformation of the PFE from the
early stages of the disease. However, the hyaline cartilage of the FH
is damaged a few days after the occurrence of arterial insufficiency,
leading to its hypertrophy. Importantly, such structural modification
can only be analyzed by an examination that can directly visualize
the cartilaginous tissue, as in MRI.'%"

Since radiographic analysis is insufficient, assessment of car-
tilaginous structures should indicate the disease phase and
treatment more accurately.'? Accordingly, the incipient knowledge
of changes in the cartilaginous molds of the PFE and acetabulum
results in limited conclusions and sometimes equivocal interpre-
tations to radiographic examinations when trying to establish the
actual position of the FH in relation to the acetabulum.

The most studied radiographic alterations in LCPD include
FH deformation and enlargement, adductor brevis with tro-
chanteric overgrowth, acetabular dysplasia, joint incongruity,
and FH extrusion.’

Among these, some authors consider that the two most important
prognostic radiographic parameters are femoral head deformation
and joint incongruity.

However, other authors argue that radiographic examination alone is
insufficient to assess the compromised coxofemoral joint, whereas
MRI, PAG, or tomography could be useful to show subtle changes in
form and phenomena, such as femoroacetabular impingement.'1°
Our study found no statistically significant increase in the medial
joint space of the affected hip in relation to the normal hip among
the evolutionary phases of the disease.

However, our analysis showed that the medial joint space of the
affected hips is larger than that of the normal contralateral side.
This could be related to the progressive deformation of the femoral
head associated or not with PFE extrusion.

Some studies using MRI examinations found an increase in
medial joint space.'® According to these studies, enlargement at
an early stage results from a proliferation of PFE chondrocytes
without its due endochondral ossification of the secondary

nucleus which suffered circulatory damage."” This proliferation
would also occur in the hyaline cartilage of the acetabulum.
Furthermore, this cartilaginous thickening in the active phases
of LCPD would be transitory since it does not occur in the more
advanced phases of the disease.

Vijayan et al.® showed that several patients affected by LCPD un-
doubtedly had anincreased joint space which persisted until skeletal
maturity, especially when the hips were classified as belonging
to classes Ill, IV, and V according to Stulberg, Cooperman and
Wallensten.'® The authors also found a relationship regarding the
increase in the joint space between the acetabulum and the FH in
all its joint extension determined by the magnification of the PFE
determined by coxa magna. They also suggested that hypertrophy
of the entire proximal femoral complex could cause articular carti-
laginous enlargement, being directly related to the poor prognosis
of individuals affected by this disease.

Our sample included patients exclusively with skeletal immaturity.
Regarding age groups, some authors consider that the age
limit for indication of conservative treatment is six years old.
We observed that the medial space of the hips affected by the
disease was higher in children over six years old, suggesting
more severe hip deformity in this age group. Among the hips
unaffected by LCPD, the age group under six years old had
greater medial space and FH width, which we considered as a
physiological condition.

Regardless of our results, we believe that many variables must
be researched, even when reporting to radiographic examination.
Moreover, further biomechanical, biochemical, and anatomical
studies are needed to better understand medial space in LCPD
and determine the best treatments and results for the disease after
its healing phase.

CONCLUSIONS

Although conventional radiography remains the main instrument
for diagnostic aid and follow-up of LCPD evolution, applying this
method without other radiological examinations is insufficient,
delaying the diagnosis and onset of treatment of the disease.
Accordingly, this study found no statistically significant differences
regarding medial space coefficient (p = 0.087) among the normal
and affected sides regardless of the evolutionary phase of LCPD.
In the necrosis phase, however, this relationship was statistically
significant (Table 1). In the fragmentation phase, distances of the
medial space of the hips affected by LCPD presented a statistically
significant difference (p = 0.001%).

The hips affected by LCPD also presented a statistically significant
difference for CMSA, with the group aged > 6 years presenting
significantly higher values (p = 0.025*). The groups also presented
statistically significant differences regarding WFHA, with the group
aged > 6 years presenting significantly higher values (p = 0.012%).
No statistically significant difference was observed between the
two groups regarding EFHA, with p = 0.170 (Table 2).

Evaluation of the normal hips showed a statistically significant
difference for CMSN among groups, with the group aged < 6
years presenting significantly higher values (p < 0.001%).
The groups also showed statistically significant differences
regarding NFHW, with the group aged < 6 years presenting
significantly higher values (p = 0.006*). No statistically significant
difference was observed between the two groups regarding
NFHE, with p = 0.810 (Table 3).
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