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ABSTRACT

PURPOSE OF THE STUDY
Radiographs are preferred for understanding the deformity and containment in Legg-Calvé-Perthes disease (LCPD), as

well as for treatment planning, but plain radiographs provide only static information and are inadequate for dynamic
assessment of the joint. Magnetic resonance imaging (MRI) has been shown to be superior to other diagnostic modalities.
The aim of this study was to determine the importance of hip MRI in LCPD treatment decision-making processes between
pediatric orthopedic surgeons and orthopedic surgery residents.

MATERIAL AND METHODS
Eight orthopedic surgery residents and eight pediatric orthopedic surgeons were invited to retrospectively evaluate hip ra-

diography images and MRI sections of 34 patients with LCPD. The treatment choices were divided into two groups as con-
servative and surgical. Gwet’s AC1 analysis was used to establish the relative level of intra-observer agreements. The cor-
relation between the professional experience and the agreement parameters was also evaluated using the Pearson
correlation coefficient. ANOVA was used to compare multiple groups. p ≤ 0.05 was statistically significant.

RESULTS
For both groups most preferred treatment method was conservative approaches based on plain radiography and MRI.

The resident group showed a significant shift from conservative treatment to surgical treatment choices after MRI evaluation.
The difference between the frequencies of each treatment choice for pediatric orthopedic surgeons was not statistically sig-
nificant among different imaging modalities, but a comparison of the changes in surgical treatment revealed a significant dif-
ference between the imaging modalities, with a trend towards more complicated treatment choices. 

DISCUSSION
Conservative methods were the most preferred treatment choice in the study, as it is common. It was observed that

treatment choices changed when patients were evaluated together with MRI. Compared to plain radiographs, MRI provides
sufficient and particular information for evaluating the structures of the hip joint components.

CONCLUSIONS
We found that consideration of MRI data in LCPD patients changed treatment recommendations substantially towards

more complicated surgical procedures. We consider this to be an ‘MRI effect’ where using a more complex imaging modality
leads surgeons to more complicated treatment modalities in LCPD.
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INTRODUCTION 

Evaluation of femoral head deformity and determi-
nation of appropriate treatment strategy is crucial for
decision making in Legg-Calvé-Perthes disease (LCPD)
(1, 2, 7). Based on the radiographic findings, surgical
procedures (proximal femoral osteotomies, pelvic os-
teotomies, etc.) are used to improve containment in the
early stages of the disease (9, 19, 30). Since plain radi-
ographs provide only static information and they are an
inadequate tool for assessment of the deformity and con-
tainment through the arc of motion in the advanced dis-

ease (12, 21, 26, 27, 29). Arthrography can be used as
a dynamic diagnostic tool in LCPD, but it provides only
an indirect evaluation of the femoral head and the other
intraarticular structures (12, 18, 24). However magnetic
resonance imaging (MRI) was shown to be superior to
other diagnostic modalities for assessment of joint fluid
amount, cartilage thickening, and labral damage, as well
as for depicting the femoral head deformity and con-
tainment (16, 28). Therefore, MRI is a widely accepted
tool for the diagnosis and treatment of LCPD, but the
need for sedation or general anesthesia and high cost
limits its use (5, 6, 11, 15).
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Statistical analysis
The percent agreement between the first and the sec-

ond slide decks and Gwet’s AC1 were first calculated,
followed by similar calculations between the first and
the third decks. Averages were calculated using the data
from two sets. The percent agreement and Gwet’s AC1
were subsequently recalculated for inter-observer meas-
urements for each group in each slide deck.

Gwet’s AC1 analysis was used to establish the relative
level of intra-observer agreements for the assessment (4).
Data interpretation was performed according to Landis
and Koch (14). An agreement was graded as poor (<0),
slight (0–0.2), fair (0.21–0.40), moderate (0.41–0.60),
substantial (0.61–0.80), or almost perfect (0.81–1).

The correlation between the professional experience
and the agreement parameters was also evaluated using
the Pearson correlation coefficient, since data showed
a normal distribution. ANOVA was used to compare mul-
tiple groups, followed by Tukey's post-hoc test for com-
parison of each group. p ≤ 0.05 was considered statisti-
cally significant. Data were analyzed using open source
software package R (version 2.10.1; The R Foundation
for Statistical Computing, Vienna, Austria). Graphs were
sketched using Graphpad Prism (Version 7.00 for Mac,
GraphPad Software, La Jolla California USA).

RESULTS

In total, records of 34 male patients were used. The
mean age of the patients was 6.5 years (range: 3–10
years). In 16 patients (47%) right hip was affected and
in 18 patients (53%) left hip was affected. All patients
were in Group B in according the lateral pillar (Herring)
classification system, and also there was a consensus
among the authors on this issue. Likewise, all patients
were in fragmentation stages with respect to Walden-
ström classification of Perthes disease. Regardless of
patients’ age, it was observed that at least one observer
in each of the patients changed their treatment choice.

Based on the plain radiography and MRI, most pre-
ferred treatment method for both resident and experienced
surgeon groups were conservative approaches (Fig.1).
There was a significant shift towards surgical treatment
choices from conservative treatment in the resident group
after MRI sections was considered (p=0.0036) (Table 1).
The difference between the frequency of conservative
and surgical treatment choices for pediatric orthopedic
surgeons among the different imaging modalities was
not statistically significant (p=0.3875), (Table 2).

When changes in surgical treatment choice frequen-
cies were compared in detail (Fig. 2), there was no sig-
nificant difference between the imaging modalities for
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To the best of our knowledge, there is no study re-
garding the influence of MRI over the decision making
in LCPD treatment. Therefore, the aim of this descriptive
study was to determine whether the hip MRI has an im-
pact of on pediatric orthopedic surgeons and orthopedic
surgery residents’ decision-making processes of LCPD
treatment.

MATERIALS AND METHODS

Study groups
An invitation letter explaining the study protocol was

sent to orthopedic surgery residents and pediatric ortho-
pedic surgeons. A total of 16 physicians were allocated
into two separate groups based on their experience and
training levels. The first group comprised eight senior
orthopedic surgery residents who were in their final year
of their training and had completed two pediatric ortho-
pedic rotations previously. The second group comprised
eight pediatric orthopedic surgeons who had at least five
years of experience in management of pediatric hip dis-
eases and currently practicing as a consultant in a training
hospital.

Study method
After obtaining IRB approval, patient records were

reviewed retrospectively. Out of 65 patients with unilat-
eral LCPD, hip radiographies (antero-posterior and frog-
leg position) and hip MRI (T1 and T2 sections) of 34 pa-
tients were chosen as the cases for review by the study
participants. The both of MRI and radiographies were
obtained a two-day interval. Using these data, three con-
secutive slide decks, without any patient identifiers, were
prepared using Microsoft Windows PowerPoint 2016
(Microsoft Corporation, Seattle, WA.). The first slide
deck contained only the radiography images, demo-
graphic data (age and gender), and physical examination
findings, such as pain and hip range of motion (ROM).
The second and third decks contained different T1 and
T2 sections from the MRIs, as well as the same demo-
graphic data and physical examination findings as the
first deck. Reviewers were blinded by changing the pres-
entation order of the cases in the review deck and the or-
der of each round was determined by drawing lots. The
slide decks were sent to the reviewers via e-mail and at
least a one-month interval was left between each review.

The reviewers were given and were asked to choose
the one they thought would be best for the case. The
treatment choices were divided into two groups: conser-
vative and surgical. The surgical treatment choices were
further divided into two groups: soft tissue and bone pro-
cedures (proximal femoral osteotomies, acetabular os-
teotomies, combined femur and acetabular osteotomies,
arthrodiastasis and/or shelf osteotomy, and surgical hip
dislocation and/or femoral head and neck reconstruction).
The conservative methods included observation alone,
activity restriction, and physical therapy. The responses
for the first slide deck were taken as the gold standard
for each reviewer and their answers for the second and
the third deck were analyzed on this basis. 

Table 1. Resident choice frequencies

Approach Imaging modality

X-ray MRI-1 MRI-2

Conservative 188 179 168

Surgical 84 93 104
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residents (p=0.9952) (Table 3). However, there was a sig-
nificant difference for the pediatric orthopaedic surgeons
(p<0.001), with a trend towards combination of treatment
choices (Table 4). Distribution of surgical treatment
choices for each group is shown in Fig. 2.

The mean percent agreement for the residents’ intra-
observer reliabilities was 66.7%, and Gwet’s AC1 sta-
tistics showed a substantial reliability (0.64). The mean
percent agreement for the pediatric orthopedic surgeons’
intra-observer reliability was 70.25% and Gwet’s AC1
statistics again showed a substantial reliability (0.67)
(Figure 3, 4). 

Evaluations based on plain radiographs revealed an
inter-observer reliability of 57.9% with a moderate
Gwet’s AC1 of 0.52 for senior residents and an inter-
observer reliability of 54.1% with a moderate Gwet’s
AC1 of 0.46 for the pediatric orthopedic surgeons. The
mean values corresponding to the slide decks including
MRI were 53.2% (Gwet’s AC1=0.46; moderate) and
47.2% (Gwet’s AC1=0.38; fair). 

No statistically significant correlation was noted be-
tween the professional experience and the level of agree-
ment (Pearson correlation coefficient=0.144, p = 0.596).

DISCUSSION

Plain radiographs are used as the primary choice of
imaging for the treatment decision making in LCPD, but
this modality can be associated with certain shortcomings
and errors (8, 10, 17, 20). By contrast, MRI, as a diag-
nostic imaging tool in routine use, has been shown to
provide sufficient information for the assessment of de-
formity of the epiphysis, joint surfaces, labrum, and
femoral head (2, 3, 13, 16, 21, 22, 23, 25). In the present
study, we assessed how availability of MRI images affects
the decision-making process in LCPD treatment, and we
determined that MRI could direct surgeons to combina-
tion of the LCPD procedures. On the other hand, the in-

Fig. 1. Conservative vs. surgical choice frequencies
Comparison between frequencies of conservative vs. surgical choices are shown for residents (A) and pediatric orthopedic
surgeons (B). There was a significant shift towards surgical treatments for residents after MRI images were considered
(p=0.0036), however the shift between choices was not significant for pediatric orthopedic surgeons. Frequencies are shown in
detail in Table 1 and Table 2 for each group respectively. 

Table 2. Consultant choice frequencies

Approach Imaging modality

X-ray MRI-1 MRI-2

Conservative 160 155 154

Surgical 112 117 118

Table 3. Resident’s surgical choice frequencies

Approach Imaging modality n (%)

X-Ray 
(n:112)

MRI-1 
(n:117)

MRI-2 
(n:118)

Soft tissue release 15 (13%) 9 (8%) 17 (14%)

Proximal femoral osteotomies 49 (44%) 55 (47%) 49 (41%)

Acetabular osteotomies 4 (3%) 2 (2%) 0 

Combined femoral and 
acetabular osteotomies

0 0 0

Arthrodiasthasis and/or shelf 
osteotomy

23 (21%) 23 (20%) 23 (19%)

Safe dislocation and/or femo-
ral head - neck reconstruction

21 (19%) 28 (23%) 29 (26%)

Table 4. Consultant’s surgical choice frequencies

Approach Imaging modality n (%)

X-Ray 
(n:84)

MRI-1 
(n:93)

MRI-2 
(n:104)

Soft tissue release 31 (37%) 40 (43%) 40 (38%)

Proximal femoral osteotomies 40 (48%) 37 (40%) 34 (33%)

Acetabular osteotomies 7 (8%) 5 (5%) 8 (8%)

Combined femoral and 
acetabular osteotomies

4 (5%) 0 4 (4%)

Arthrodiasthasis and/or shelf 
osteotomy

1 (1%) 2 (2%) 4 (4%)

Safe dislocation and/or femo-
ral head - neck reconstruction

1 (1%) 9 (10%) 14 (13%)
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experience tend to choose complicated surgeries to ad-
dress the deformity.

The decision to operate and the choice of surgery
depend heavily on the hip involvement observed in the
radiographs; however, no globally accepted imaging al-
gorithm has been established for LCPD (1, 7). The pres-
ent study was performed to assess the intra observer re-
liability and agreement for plain radiographs and MRI
in determining the treatment choices for LCPD between
orthopedic surgeons with different educational and ex-
perience levels. Agreement with regards to the different
imaging modalities was similar between the pediatric
orthopedic surgeons and the senior residents. Even
though it was not shown statistically, it could be expected
that the probability of reaching a consensus in LCPD
treatment increases with experience; thus, the probability
of making the appropriate decision.

We could describe the impact of MRI evaluation in
LCPD treatment decision making as an ‘MRI effect’.
This MRI effect could lead to the choice of surgical pro-
cedure requiring more dexterity, like arthrodiastasis and
safe dislocation, by both senior residents and pediatric

ter-observer reliability decreased among the groups with
the use of MRI. This could be an important finding, since
these pediatric orthopedic surgeons are highly experi-
enced in the management of LCPD and this decreased
agreement regarding the treatment procedure can reflect
the complexity of the surgical procedure decision such
as the addition of another bone or soft tissue procedure. 

In our study, the most preferred treatment method
was conservative treatment by both the pediatric ortho-
pedic surgeons and the orthopedic surgery residents.
However, MRI changed their treatment choices toward
complicated treatments such as combined procedures or
addition of them. The resident group showed an in-
creased tendency toward surgical methods after evalua-
tion of MRI images. Likewise, the pediatric orthopedic
surgeons showed a similar trend toward combined sur-
geries after MRI evaluations. Our findings suggest that
hence MRI provides more information about the femoral
head and other soft tissues, this then leads the residents,
who have limited experience regarding the surgical treat-
ment of LCPD, toward surgical treatments, while the
pediatric orthopedic surgeons with more surgical LCPD

Fig. 2. Changes in surgical treatment choices
For each group, changes in surgical treatment choices is shown in detail for each frequency for residents (A) and pediatric or-
thopedic surgeons (B) separately. There was no significant difference between the imaging modalities for residents (p=0.9952),
but there was a significant difference for the pediatric orthopaedic surgeons (p<0.001), with a trend towards more complex tre-
atment choices Frequencies are shown in detail in Table 3 and Table 4 for each group respectively.

Fig. 3. The distribution of Gwet’s AC1 values for subgroups’
intra-observer reliabilities.

Fig. 4. The distribution of percent agreement for subgroups’
intra-observer reliabilities.
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orthopedic surgeons. This effect would not lead to more
reliable decisions in LCPD treatment using MRI, as in-
dicated by the decreased agreement between the highly
experienced surgeons in this study. Briefly, the MRI ef-
fect could lead to more complicated surgeries, and an
MRI-based treatment algorithm regarding this MRI ef-
fect could be developed for LCPD treatment decisions
to increase the consensus between surgeons. 

Our study had some limitations, including the retro-
spective sampling of patients. We are also aware that
MRI needs sedation or anesthesia for high-quality im-
ages, and these methods involve some risk and expense
(23). We do not know the prospective data regarding
which surgical decision was better for these patients;
therefore, we have tried to raise awareness of the effect
of MRI in the clinical decision process for LCPD. On
the other hand, there is not a gold standard treatment to
help reliable guide treatment choice even with MRI in-
formation, so the treatment strategies were planned based
on surgeon’s experience. Furthermore, why observers
changed their choices could not be questioned in this
study. For this, it is considered that multicenter, multi-
participant, prospective studies are needed.

CONCLUSIONS

We found that consideration of MRI data in LCPD
patients did not result in a statistically significant change
in the percentage agreement for treatment choices by
experienced surgeons, but their treatment recommenda-
tions changed substantially toward more complicated
surgical procedures. Also, MRI helps residents or less
experienced surgeons, better understand the complexity
of the hip findings, leading them to more aggressive
treatment in line with more experienced pediatric or-
thopedic surgeons. We consider this to be an ‘MRI effect’
whereby more complex imaging leads to more compli-
cated treatment modalities in LCPD.
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