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ABSTRACT

Objective: The purpose of our study is to evaluate intraobserver
and interobserver reliability of modified Waldenstrém classification
system for Legg-Calvé-Perthes disease and assess the influence
of the professional’s area of expertise in the assessment. Methods:
Twelve evaluators assessed 40 pairs of pelvic radiographs of patients
with Legg-Calvé-Perthes disease. After two weeks, a new evaluation
was performed by the same evaluators. Kappa and Kendall's W
indexes were used to evaluate both intracbserver and interobserver
reliability and determine the influence of the evaluators’ experience
and area of expertise. Results: The average intraobserver kappa
value was 0.394, with a reasonable agreement level. The interob-
server Kappa value was 0.243 in the first evaluation (95% Cl, 0.227-
0.259 and p < 0.0001) and 0.245 in the second evaluation (95% Cl,
0.229-0.260 and p < 0.0001). The Kendall’s W values obtained for
pediatric orthopedists, radiologists and resident physicians were
0.686, 0.630 and 0.529 (p < 0.0001), respectively. Conclusion: The
modified Waldenstrém classification presented both moderate and
reasonable levels of intraobserver agreement, and reasonable level of
interobserver agreement. The evaluators’ degree of experience and
area of expertise influenced the concordance level found. Level of
Evidence I, Diagnostic Studies — Investigating a Diagnostic Test.

Keywords: Legg-Calve-Perthes Disease. Radiography. Osteone-
crosis. Child. Hip Joint.

RESUMO

Objetivo: O objetivo deste estudo é avaliar a confiabilidade in-
traobservador e interobservador do sisterna de classificagao de
Waldenstrom modificado para a doenca de Legg-Calvé-Perthes
e avaliar a influéncia da experiéncia do profissional na avaliagéo.
Meétodos: Doze avaliadores analisaram 40 pares de radiografias
pélvicas de pacientes com doenca de Legg-Calvé-Perthes.
Apds duas semanas, nova avaliagéo foi realizada pelos mesmos
avaliadores. Os indices Kappa e Kendall’s W foram usados para
analisar a confiabilidade intraobservador e interobservador e para
determinar a influéncia da experiéncia e pericia dos avaliadores.
Resultados: O valor médio do kappa intraobservador foi de 0,394,
com razoavel concordéncia. O valor de Kappa interobservador foi
de 0,243 na primeira avaliagéo (IC 95%, 0,227-0,259 e p < 0,0007)
e 0,245 na segunda (IC 95%, 0,229-0,260 ¢ p < 0,0001). Os valores
W de Kendall obtidos para ortopedistas pediatricos, radiologistas
e médicos residentes foram 0,686, 0,630 e 0,529 (p < 0,0001),
respectivamente. Concluso: A classificacao de Waldenstrém mo-
dificada apresentou niveis moderados e razoaveis de concordancia
intraobservador e razoavel concordancia interobservador. O grau
de experiéncia e especializacao dos avaliadores influenciou o nivel
de concordancia encontrado. Nivel de Evidéncia Il, Estudos
diagnésticos — Investigagcao de um exame para diagnéstico.

Descritores: Doenca de Legg-Calvé-Perthes. Radiografia.
Osteonecrose. Crianga. Articulagdo do Quadril.
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INTRODUCTION

Legg-Calvé-Perthes disease (LCPD) is defined as idiopathic a
femoral head osteonecrosis that occurs in childhood. The annual
prevalence ranges from 5.1 to 16.9 per 100,000 children between
ages 2 and 14 in several regions of the world™ and affects more
the boys. The etiology is still unknown, but many theories have
been proposed an origin, including trauma, inflammatory process,

vascular occlusion, thrombophilia, maternal smoking and Type Il
collagen mutations. Despite the different theories, most authors
agree that it is a multifactorial disease with genetic and environmental
factors leading to a common clinical and pathological presentation.*
Although the etiology remains unconfirmed, the disease key man-
ifestation is the vascular occlusion of the femoral head, causing
an ischemic necrosis followed by structural changes that lead to
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sphericity loss and abnormal hip growth. Since the vascular occlu-
sion is temporary, the disease is self-limiting. Nevertheless, once
revascularization and reossification occurs, its acknowledgment
and management are essential to prevent deformity, which may
occur due to the femoral head susceptibility to mechanical load
during the necrosis phase, and may evolve to early arthrosis,
pain and functional loss of the affected hip.*

One of LCPD challenges is to predict the disease course based
on symptoms’ manifestation. Clinical and radiographic events
have been used to establish prognostic factors and indicate
therapeutic interventions in a timely manner, aiming at reducing
deformation risks.

Although magnetic resonance imaging is currently more sensitive
and accurate in assessing the extension degree of existent necrosis,®
radiography remains as the most affordable and used examination.
There is still no consensus about the use of radiography to predict
the natural course of the disease, and several radiographic rating
systems have been used and modified to establish prognostic
factors and guide interventions.

In 1922, Waldenstrém® proposed a classification system based
on four LCPD radiographic stages: | — initial or avascular stage;
Il — fragmentation stage; Ill — reossification or healing stage; and
IV — healed stage.

The three most important subsequent classifications were intended
to indicate a prognosis and were described in the fragmentation
phase: Salter and Thompson,” Catterall® and Herring et al.>'°
However, none of these classifications ensure a prognostic value
for a specific patient. Moreover, they present conflicting results in
both inter and intracbserver evaluations."'” In 2003, a study by
Joseph et al."® proposed a new classification, which was meant to
be a modified and updated version of the classification proposed
by Canale et al.,'* which became known as “modified Waldenstrom
classification” (1972). This classification seems to be very reproduc-
ible,'3'® according to the authors, and it should be routinely applied
to study the evolution of Legg-Calvé-Perthes disease.

In the modified Waldenstrédm classification, the stages are: IA,
IB, A, 1IB, 1A and llIB and IV. The stage IA is the sclerotic phase
with no loss of epiphyseal height, while IB presents both sclerosis
and epiphyseal height loss. In stage IIA, the epiphysis begins to
fragment, and one or two vertical fissures can be seen. In stage
I1B, this fragmentation is at advanced stage, but without lateral
bone formation at the fragmented epiphysis. In stage IlIA, there is
evidence of new bone formation at the peripheral necrotic region,
but still without a normal texture and it covers less than a third of
the epiphyseal region. In stage 1B, the forming bone texture is
normal and covers over a third of the epiphyseal region. In stage IV,
there is no more avascular bone."

The new classification system includes the disease evolution and
helps to identify the onset of epiphyseal, metaphyseal and acetab-
ular events related to the prognosis worsening. The authors argue
that the understanding of these aspects may help determine how
any treatment could alter the illness natural course.'®'®

Therefore, the purpose of our study is to evaluate intracbserver and
interobserver reliability of the modified Waldenstrom classification
system for Legg-Calvé-Perth disease. Secondly, it aims at assessing
if different results are obtained when the evaluation is performed by
professionals of two different areas of expertise (Pediatric Ortho-
pedics and Radiology) with diverse work experience (assistants,
interns, and resident physician) from our institution.

MATERIALS AND METHODS

Institutional Review Board approval from our institution were ob-
tained (number of the decision: 1.967.830).
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In total, 12 evaluators participated in our study, four pediatric
orthopedists with over five years of work experience, four skeletal
muscle radiologists and four orthopedics and trauma residents.
The evaluators attended an introductory lecture of approximately
10 minutes on the aspects of the disease and its classification
stages. Each evaluator received a table (Appendix 1) to be filled
during the evaluation and an appendix containing the classifi-
cation to be used. After the delivery of the material, 40 pairs of
anteroposterior and frog-leg pelvic radiographs were presented
to the evaluators, (Figure 1) distributed randomly according to
the different disease stages.
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Figure 1. Slide presentation model of radiographic examinations in
anteroposterior and frog-leg views.

After 2 weeks, a new evaluation was performed in the same way and
following the same criteria of the first one. The same radiography
pairs were randomly assigned; however, they followed a different
order from the first evaluation.

The statistical analysis was performed by using Kappa
index (Table 1).®

Table 1. Correlation between K values and concordance level.

Kappa index Concordance level
<0.00 No concordance
0.00-0.20 Minimal concordance
0.21-0.40 Reasonable concordance
0.41-0.60 Moderate concordance
0.61-0.80 Substantial concordance

0.81-1.00 Perfect concordance

To check agreement level regarding the different areas of expertise
and work experience, a new statistical analysis was performed
using Kendall's W test."®

RESULTS

The intraobserver evaluation obtained an average Kappa value
of 0.394, with 95% confidence interval and with a reasonable
agreement level. All pediatric orthopedists, one radiologist, and
one resident physician presented a moderate agreement level.
The other participants, that is, three radiologists and three resident
physicians, presented Kappa values between 0.21 and 0.40, with
areasonable agreement level. Table 2 shows the results of Kappa
indexes and confidence intervals regarding the twelve participants.
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Table 2. Kappa values and the correlation with the concordance level in
intraobserver evaluation of twelve evaluators.

Evaluators 95% Cl Kappa Concordance Level
Pediatric orthopedics
1 0.274 t0 0.607 0.441 Moderate
2 0.338 t0 0.700 0.518 Moderate
3 0.260 to 0.615 0.437 Moderate
4 0.343 10 0.700 0.521 Moderate
Radiologist
1 0.236 to 0.591 0.413 Moderate
2 0.197 t0 0.555 0.376 Reasonable
3 0.133 10 0.475 0.304 Reasonable
4 0.195 t0 0.565 0.380 Reasonable
Residents
1 0.127 t0 0.497 0.312 Reasonable
2 0.293 t0 0.661 0.477 Moderate
3 0.098 to 0.458 0.278 Reasonable
4 0.102 to 0.444 0.273 Reasonable

The interobserver evaluation obtained a Kappa value of 0.243 among
all twelve evaluators in the first evaluation (95% Cl, 0.227-0.259 and
p < 0.0001) and Kappa value = 0.245 among the twelve evaluators
in the second evaluation (95% Cl, 0.229-0.260 and p < 0.0001).
The two evaluation levels of inter-evaluative concordance were
considered reasonable.

A new statistical analysis was performed using Kendall's W test to
compare the influence of the area of expertise and work experience
on the interobserver evaluation. Figure 2 shows the results referring
to each of the three groups studied.

Interobserver Analysis

Ped Orthop

W Kendall 95% IC p<0.0001
Figure 2. W Kendall values for interobserver agreement evaluation.

Radiologist Residents

DISCUSSION

Legg-Calvé-Perthes disease can be defined as a juvenile form
of idiopathic osteonecrosis of the femoral head, since it affects
children aged between 2 and 14. It is considered the most common
form of femoral head osteonecrosis, with prevalence ranging from
5.1 to 16.9 per 100,000 children in several regions of the world."*
Since the first reports of this unique condition, made approximately
100 years ago by Legg, Calvé, and Perthes, several studies have
been published on its etiology, epidemiology, natural history, ra-
diographic classifications and treatment. Despite the increase in
research related to Legg-Calvé-Perthes disease, it remains one of
the most controversial conditions in pediatric orthopedics.

Current treatment for Legg-Calvé-Perthes disease is focused on
obtaining and maintaining a good hip movement amplitude by
restricting femoral head movement in the acetabulum. It is believed

that, by following this treatment, the femoral head will be congruent
with the acetabulum, reducing residual problems.

However, the difficulty of correlating the degree of femoral head
lateral subluxation with the final residual deformity raises controversy
on what would be the most effective treatment for patients with
the disease. The available procedures range from non-surgical
interventions, including physical therapy, orthoses and plaster
cast to surgical interventions, such as: proximal femoral varus
osteotomy, pelvic osteotomy,' and arthrodiastasis. Studies sug-
gested that surgical containment may benefit a certain age group of
Legg-Calvé-Perthes patients. These studies, however, did not
address the relevant question on the best time to intervene with
surgical treatment. Understanding the natural history of the disease
and identifying the pathology stage affect both treatment decisions
and outcome.

Monitoring the disease evolution by radiographic examinations is
essential for therapeutic decision-making. Studies with other imag-
ing methods, such as arthrography and MRI® were also proposed;
however, the difficulty of conducting these serial examinations
interferes with the evolutionary monitoring of the pathology.
Therefore, some radiographic classifications were proposed to
determine the disease severity and relate it to the final prognosis.
Three main classification systems were proposed by Catterall,®
Salter and Thompson’ and Herring.®'°

Despite the relevance of these classification systems to estimate
the disease severity, it also requires a reliable classification system
to determine the disease stage, since the intervention time may
have a material effect on the treatment results.

The Waldenstrém classification is the only classification for staging
Legg-Calvé-Perthes disease. Thorough its course, the disease
produces characteristic radiographic changes in the femoral epiph-
ysis that were subdivided into four temporal stages [6]: necrosis,
fragmentation, reossification and residual stage.

Joseph et al.’®* modified Waldenstrom classification system
and subdivided the first three stages into early (A) and late (B).
Joseph et al."® proved that children surgically treated until the stage of
early fragmentation IlA have a greater chance of presenting spherical
and congruent femoral head and acetabulum in the residual stage
when compared with those surgically treated in later stages of the
disease. Therefore, they defended the use of modified Waldenstrém
classification system to guide treatment decision-making. In this
study, the modified classification showed solid interobserver and
intraobserver reliability (Kappa = 0.72 and 0.71, respectively) [13].
Hyman et al."® also obtained a substantial and almost perfect interob-
server and intraobserver agreement in several stages of their study.
Twenty evaluators, all highly experienced pediatric orthopedists,
evaluated 40 pairs of AP and frog-leg pelvic radiographs. Together
with the images, the evaluators were provided data, such as patients’
age, gender and time of symptom onset.

In both inter and intraobserver evaluation of our study, a slightly
lower agreement level was obtained when compared with previous
studies. The intraobserver evaluation obtained moderate and rea-
sonable agreement levels, with Kappa value ranging from 0.273 to
0.521, whereas the interobserver analysis obtained a reasonable
agreement level in the two evaluations, with Kappa values of 0.243,
in the first evaluation, and 0.245, in the second one. Considering that
our study involved the same number of radiographs and participants
of other studies,'®'® we attributed the agreement difference to two
main factors.

The first factor is related to the evaluators’ varied work experience
and area of expertise in our study, which was greater than in
Hyman et al.'®and Joseph et al.’® studies. In the latter two studies,
only pediatric orthopedists with prior classification knowledge and
highly experienced were assigned as evaluators. We divided the
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evaluators in three groups to assess the influence of this factor on
the results: experienced pediatric orthopedists, skeletal muscle
radiologists, and orthopedics and trauma residents. The intraob-
server analysis showed that in, the group of experienced pediatric
orthopedists, four observers showed moderate concordance, with
kappa ranging from 0.441 to 0.521, whereas the muscle skeletal
radiologists’ group presented Kappa ranging from 0.304 to 0.413
and only one observer showed moderate concordance, and the
resident physicians’ group, in which only one observer presented
moderate concordance level, with Kappa values of 0.273 and
0.447 among observers. We used Kendall's W test in the interob-
server evaluation to estimate the agreement difference among the
three groups. The Kendall's W concordance coefficient indicates
the degree of ordinal association assessments made by several
evaluators when assessing the same samples. Kendall's W values
can range from 0 to 1, and the highest Kendall value refers to the
strongest association. In our study, Kendall's W coefficient results
were higher for experienced pediatric orthopedists (W = 0.686)
when compared with the skeletal muscle radiologists (W = 0.630)
and the orthopedics and trauma residents (W = 0.529). Therefore,
we can say the evaluators’ degree of experience and area of
expertise influences the agreement level found for the modified
Waldenstrém classification.

The second factor is related to the fact that, unlike the other studies,
our study does not provide extra data, such as age, gender and
time of symptom onset. We believe that only acetabular and femoral
changes presented in AP and frog-leg pelvic radiographs should
be enough for the assertive classification of the disease. However,
considering that this is an evolutionary classification, with progres-
sive radiographic changes, and the Legg-Calvé-Perthes disease
natural history already described by some studies, the time of the
disease onset should be considered and may have influenced the
increased level of intra and interobserver concordance. The effect
of the presence of such data on the evaluation, however, has not

been studied and its inclusion should be considered in future
studies on classification description.

Although intraobserver and interobserver agreement levels of
our study are lower than those presented in previous literature,
we believe that our findings show that Waldenstrém classification
is reproducible and it is the best current option for the evolutionary
monitoring of Legg-Calvé-Perthes disease. Prior knowledge of
the classification, experience in treating patients diagnosed with
Legg-Calvé-Perth and additional data, such as the time of disease
onset, gender and age, can increase the level of intraobserver and
interobserver concordance.

Our study has one limitation: the absence of a clear gold standard
for staging each of the cases, which could not be obtained due
to the difficulty of determining the stage of each case, despite
the large experience of the pediatric orthopedists’ group. We de-
cided not to rank the answers, as it was done in Hyman et al.,'®
as early stages (up to stage lIA) and late stages (after stage 11B),
because we believe that it is important to distinguish all stages of
the disease evolution.

CONCLUSION

The modified Waldenstrém classification presented a moderate
and reasonable level of intraobserver agreement. The interobserver
agreement level was considered reasonable in the two evaluations.
The evaluators’ degree of experience and area of expertise influ-
enced the agreement level among the different groups studied.
The concordance level among pediatric orthopedists with over
five years of experience was higher than the one between muscle
skeletal radiologists and orthopedics and trauma residents.

Prior knowledge of the classification, experience in the disease
treatment, and additional data, such as gender, age, and time of the
disease onset, probably play an important role on the classification
agreement level, adding the need for further studies to confirm
this hypothesis.
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APPENDIX 1
Modified Waldenstrom classification — Date: /

Did you receive any orientation about the classification? Y N

1. What is your degree of experience?

a) Orthopedic Assistant () How long?
b) Orthopedic Resident

c¢) Radiologist

2. Classify the radiographs below:

96

1lalbllallb lllallib IV

21 1alb liallb llia b IV

2lalbllallb llla b IV

22 lalb liallb llia b IV

3lalbliallblllallb IV

23 1albllallb llia lllb IV

4lalbllallb lllallb IV

24 1albllallb llia b IV

5lalbllallb llalib IV

25lalb llalib llla b IV

6lalbllallbllalib IV

26 lal1b llallb llla litb IV

7lalbllallb llalib IV

27 lalb lla lib llla b IV

8lalbllallblllallb IV

28 lalbllalib llla b IV

9lalbllallbllalib IV

29 lalb llalib llla b IV

10 1alb llallb llla llib IV

30 lalbllalib llia b IV

11lalbllallb lllallib IV

31lalbllalibllia llb IV

121albllallb lllallib IV

32lalbllalib llia b IV

131albllallb lllallib IV

33lalbllalib llia b IV

14 1alb llallb lllallib IV

34lalbllalib llla b IV

15 lalb llallb llla lllb IV

351alb liallb llia lllb IV

16 lalb lla llb Illa lllb IV

36 1alb lla llb llla lllb IV

17 lalb lla b llla lllb IV

37 lalb llallb llia lllb IV

18 lalb llallb llla lllb IV

38lalbllallb lllia b IV

191alb llallb Il lllb IV

391albllallb llia b IV

20 lalb lla lib Illa b IV

40 lalb lla lib llla b IV
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