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Abstract

Purpose:  The modified lateral pillar classification (mLPC) is 
used for prognostication in the fragmentation stage of Legg 
Calvé Perthes disease. Previous reliability assessments of 
mLPC range from fair to good agreement when evaluated by 
a small number of observers with pre-selected radiographs. 
The purpose of this study was to determine the inter-observer 
and intra-observer reliability of mLPC performed by a group 
of international paediatric orthopaedic surgeons. Surgeons 
self-selected the radiograph for mLPC assessment, as would 
be done clinically. 
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Methods:  In total, 40 Perthes cases with serial radiographs 
were selected. For each case, 26 surgeons independent-
ly selected a radiograph and assigned mLPC and 21 raters 
re-evaluated the same 40 cases to establish intra-observer re-
liability. Rater performance was determined through surgeon 
consensus using the mode mLPC as ‘gold standard’. Inter- 
observer and intra-observer reliability data were analysed us-
ing weighted kappa statistics.

Results:  The weighted kappa for inter-observer correlation for 
mLPC was 0.64 (95% confidence interval: 0.55 to 0.74) and 
was 0.82 (range: 0.35 to 0.99) for intra-observer correlation. In-
dividual surgeon’s overall performance varied from 48% to 88% 
agreement. Surgeon mLPC performance was not influenced by 
years of experience (p = 0.51). Radiograph selection did not in-
fluence gold standard assignment of mLPC. There was greater 
agreement on cases of mild B hips and severe C hips. 

Conclusions:  mLPC has low good inter-observer agreement 
when performed by a large number of surgeons with varied 
experience. Surgeons frequently chose different radiographs, 
with no impact on mLPC agreement. Further refinement is 
needed to help differentiate hips on the border of group B 
and C.

Level of evidence:  III 
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Introduction 
Patients with Legg Calvé Perthes disease present hetero-
geneously, in various stages and with a spectrum of sever-
ity. Extent of femoral head involvement in the active stages 
of the disease has been linked to the long-term progno-
sis of the hip. Multiple classification systems have been 
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developed in efforts to assess the severity of disease and to 
help predict outcomes. In order to be effective, a classifica-
tion system should be reproducible and reliable, allowing 
for comparisons between patients and between studies. 
Catterall 1 classified femoral head severity into four groups 
during the fragmentation stage based on location and 
extent of avascularity. Reports of inter-observer reliability 
for this classification have been variable, ranging from fair 
to good.2–5 Salter and Thompson6 utilized the subchon-
dral fracture line seen in the initial stage of disease to clas-
sify femoral head involvement. One practical limitation of 
this classification is that not all patients demonstrate this 
sign, making it applicable only to a subset of patients.

Unable to find good agreement with the Catterall clas-
sification system, Herring et al developed the lateral pil-
lar classification (LPC) which was reported in 1992.7 They 
classified hips into three groups during the fragmentation 
stage of disease. The LPC divides the femoral head into 
three anatomic sectors and classifies hips based on the 
involvement of the lateral pillar alone on an anterior-pos-
terior (AP) view. Group A has no lateral pillar involvement, 
Group B maintains greater than 50% of the original lateral 
pillar height, and Group C has > 50% collapse of the lat-
eral pillar. Herring reported agreement 78% of the time 
between observers and an inter-observer kappa value of 
0.52.7 Subsequent studies have shown better correlation 
of the LPC with radiographic outcome than the Catterall 
classification,2,8 and moderate to good inter-observer and 
intra-observer reliability of the LPC.2,3,8–10

Due to difficulties finding consensus in classifying a 
specific group of hips that were more severe than typical 
Group B hips and less severe than most Group C hips, Her-
ring described a modification of the LPC (mLPC) in 2004, 
adding a B/C border group.11 The B/C group was defined 
as hips with any of the following radiographic findings: 
1) very narrow lateral pillar maintaining > 50% height, 2) 
lateral pillar with very little ossification but > 50% original 
height, or 3) lateral pillar is depressed relative to central 
pillar but maintaining 50% of the original height. Herring 
reported good inter-observer agreement of the mLPC 
with a modified weighted kappa of 0.71,11 but subsequent 
reports of inter-observer agreement have not been able to 
reproduce this level of agreement, finding only fair reliabil-
ity (weighted kappa values of 0.39-0.40).2,12 Additionally, 
previous studies of reliability of the mLPC have pre-se-
lected the fragmentation radiographs for rating and have 
included only a small group of observers (five to six).2,12 
This does not reproduce the clinical environment in which 
surgeons with a wide variety of experience sort through 
serial radiographs, selecting the appropriate radiograph 
for assigning the mLPC in order to assess severity and pre-
dict prognosis.

The purpose of this study was to determine the inter-ob-
server and intra-observer reliability of the mLPC performed 

by a large group of international paediatric orthopaedic 
surgeons with varied clinical experience (two years to 43 
years). To simulate clinical practice, each surgeon was 
asked to self-select the radiograph perceived most appro-
priate for mLPC assessment. A secondary purpose of the 
study was to determine if either radiograph selection or 
years of clinical experience affected rater performance. 

Materials and methods
Radiographic assessment

In total, LCPD cases were selected from an international 
database of prospectively collected radiographs for long-
term study of the disease. The appropriate number of 
cases was determined based on previous evaluations of 
mLPC reliability in the literature.2,11,12 Informed consent 
was obtained from all individual participants included in 
the study. Based on the inclusion criteria of the interna-
tional database, all patients had onset of disease between 
their 6th and 11th birthdays and were diagnosed in the 
early stages of disease (modified Waldenstrom I-IIa).13,14 All 
the selected cases had AP and frog lateral radiographs at 
approximately three-month intervals from diagnosis until, 
at minimum, two-year follow-up, with a mean of 17.6 ± 
3 (range 12 to 26) radiographs per case. All patients had 
also undergone perfusion magnetic resonance imaging 
(MRI) shortly after diagnosis, demonstrating at least 50% 
femoral head involvement.

An international group of 26 paediatric orthopaedic 
surgeons (24 centres, five countries: China, India, Norway, 
Sweden, United States) with varied orthopaedic experi-
ence (two years to 43 years) reviewed the images. All the 
observers have a specific interest in Legg Calvé Perthes 
disease and were familiar with the mLPC. A tutorial on 
the mLPC was given prior to radiographic review. The 26 
observers were given the serial AP and frog lateral radio-
graphs for the 40 cases as printed 8.5 x 11-inch images. 
The observers worked independently. Each observer 
self-selected the radiographic image that they perceived 
had maximal lateral pillar collapse in the fragmentation 
stage. They documented the radiograph selected and the 
mLPC assigned. The most frequently assigned lateral pillar 
for each case (i.e. the mode answer) was considered to 
be the ‘gold standard’ answer. The most frequently cho-
sen radiograph that resulted in a gold standard answer for 
each case was considered the ‘gold standard’ radiograph. 
For example, for Case 14, the mode mLPC assignment was 
Group C. The ‘gold standard’ radiograph was the most 
commonly selected radiograph for Case 14 that resulted 
in the Group C classification.

For the determination of intra-observer reliability, 21 of 
the 26 paediatric orthopaedic surgeons completed two 
additional rounds of radiographic assessments, using a 
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secure, web-based application (Research Electronic Data 
Capture, REDCap).15,16 The decision to perform two addi-
tional rounds, rather than one, was due to methodological 
change in which mLPC was assessed using digital radio-
graphs rather than printed radiographs. All other aspects 
of the study (e.g. training, cases and documentation pro-
cedures) remained consistent with the initial study. 

The two web-based rounds were performed at a min-
imum of two weeks, but a maximum of one month, 
between assessments.

Statistical methods

Data management and statistical analysis were performed 
using SAS software, version 9.4 (SAS Institute, Cary, North 
Carolina, USA) and R 3.4 (R Core Development Team, 2017, 
R Foundation for Statistical Computing, Vienna, Austria). 
Rater agreement was assessed using intraclass correlation 
coefficients for continuous variables and weighted kappa 
statistics for categorical variables. Quadratic weighted kappa 
coefficients were utilized for the analysis in order to take 
account of the degree of disagreement, along with 95% 
confidence interval based on 1000 bootstrap sample. Lin-
ear weighted kappa coefficients were also utilized for con-
sistency with existing literature. Consistent with previous 
mLPC reliability literature, kappa values were assessed based 
on the guidelines suggested by Landis and Koch,17 with a 
kappa value of 0 to 0.20 representing slight agreement, 0.21 
to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, 

0.61 to 0.80 good agreement and 0.81 to 1.00 almost per-
fect agreement. A 95% confidence interval was reported for 
all measures and significance was set at p < 0.05.

Results
Primary outcome – rater agreement, inter-observer and in-
tra-observer reliability

In total, 26 surgeons completed mLPC assessment of 40 
Perthes cases. Individual surgeon’s performance varied 
from 48% to 88% agreement with the mLPC gold standard 
(Fig. 1). The majority of surgeons rated the 40 patients 
according to the mLPC as follows: no patients were Lateral 
Pillar Group A, 20 patients were Group B, three patients 
were Group B/C border and 17 were Group C. 

The weighted kappa for inter-observer agreement was 
0.64 (95% confidence interval: 0.55 to 0.74), whether 
quadratic weighting or linear weighting were utilized. 
This indicates low good agreement. Agreement among 
the surgeons was highest and similar for Groups B (71.5 
± 17.8%) and C (70.6 ± 20.3%), and lowest for the B/C 
border Group (42.3 ± 0.0%) (Fig. 2). There were two cases 
with 100% agreement; both hips were severe Group C 

Fig. 1  Percent agreement of each individual rater’s mLPC relative 
to the group mode (i.e. gold standard) mLPC. The top five 
performer raters are raters 45, 61, 57, 50, 39.

Fig. 2  Percent rater agreement in mLPC on a case-by-case basis. 
The bars represent the percent of raters who were in agreement 
for the case. The mode mLPC for each case is denoted in brackets 
next to the case number along the y-axis.
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(Fig. 3). Five cases had 90% agreement, all of which were 
either mild Group B or severe Group C (Fig. 4). For the 
B/C border Group, there were only three cases, and agree-
ment was 42% (Fig. 2). Other cases with low inter-ob-
server agreement (≤ 50%) were either severe Group B hips 
or mild Group C (i.e. hips at the border of B and C; Fig. 5). 

In all, 21 surgeons completed two additional rounds of 
mLPC assessments of the 40 Perthes cases for the purpose 
of determining intra-observer reliability. Average weighted 
kappa for intra-observer agreement was 0.82 (range: 0.35 
to 0.99). Of the 21 surgeons, 20 had a weighted kappa of 

0.67 or higher, indicating good or almost perfect agree-
ment. One surgeon had fair agreement.

Secondary outcomes – radiographic selection and experience level

Radiograph selection did not influence gold standard 
assignment of mLPC (Fig. 6). There were no cases for 
which all 26 observers selected a single radiograph to 
assess mLPC. For 95% of cases, the raters selected three or 
more different radiographs, which spanned a period of six 
months or more. Even for the two cases with 100% mLPC 
agreement, only 42% of observers used the same radio-

Fig. 3  Radiograph of Case 14, with 100% rater agreement of a 
Group C hip.

Fig. 4  Radiograph of Case 25, with 90% rater agreement of a 
mild Group B hip.

Fig. 5  Radiographs of two cases with the lowest rater agreement (38%) for mLPC. (a) For this case (21), the mode mLPC was Group 
B, and the top five highest-performing raters assigned three different classifications (group B, B/C border, and C) and selected four 
different radiographs. (b) For this case (7), the mode mLPC was Group C, and the top-five highest raters reported three different 
classifications (B, B/C border, C) and three different radiographs were selected.
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graph to assign mLPC. Surgeons’ mLPC performance was 
not influenced by their years of clinical experience in pae-
diatric orthopaedics (p = 0.51).

Discussion
Legg Calvé Perthes disease is a heterogeneous disease 
with varied presentations and outcomes, coupled with 
wide-ranging opinions on appropriate treatments for 
the disease. It is important that paediatric orthopaedic 
surgeons can reliably classify severity of disease radio-
graphically. An easy to use, reliable classification system is 
essential to assist with determining clinical prognosis and 
to allow for consistent comparison of patients and stud-
ies. In this study, we demonstrate that the mLPC has low 

good inter-observer agreement (weighted kappa = 0.64 
with 95% confidence interval of 0.54 to 0.74) among a 
large group of international paediatric orthopaedic sur-
geons with varied duration of clinical experience. The 
intra-observer agreement was good or almost perfect for 
20 of 21 raters, with an overall range between 0.35 to 0.99 
(weighted kappa). Allowing surgeons to independently 
select the radiograph for rating, as is done in the clinical 
setting, did not appear to affect the mLPC assigned.

Various groups have investigated the reliability of the 
original lateral pillar classification which consists of three 
groups (Group A, B and C), and demonstrated moderate 
to good agreement, with weighted kappa values ranging 
from 0.49 to 0.72.2,3,7,9,10 With the exception of Herring’s 
initial study of the LPC which included 16 observers,7 
subsequent studies have used a smaller number of rat-
ers, ranging from two to five observers. Podeszwa et al9 
included five observers of different levels of experience, 
spanning from a third-year orthopaedic resident to a pae-
diatric orthopaedic surgeon with 25 years of experience, 
and concluded that level of experience did not affect inter-
rater reliability for LPC. 

Since the publication of the original LPC paper, Her-
ring, et al identified a group of hips which challenged the 
LPC, a specific group for which there was limited con-
sensus. These hips had certain radiographic features and 
tended to be more severe than typical Group B hips and 
milder than Group C hips.11 Aiming for greater agreement 
with the classification, Herring et al modified the LPC by 
adding a B/C border Group.11 To evaluate the reliability of 
this modification, three staff paediatric orthopaedic sur-
geons and three paediatric orthopaedic fellows reviewed 
20 AP radiographs of hips in the fragmentation stage. 
Mean agreement per radiograph was 81% (range: 50% 
to 100%), with a quadratic weighted kappa of 0.71.11 
This was an improvement over the initial report of agree-
ment and reliability of the original classification, with 78% 
agreement and a kappa of 0.52 (authors did not specify 
whether this was weighted).7 

Two subsequent studies have assessed the reliability 
of the mLPC, but have not reproduced the same level of 
reliability. Rajan et al reported only fair agreement (linear 
weighted kappa 0.39), using six observers from a sin-
gle institution to rate 35 cases with pre-selected radio-
graphs which showed greatest lateral pillar involvement 
for review.12 Huhnstock et al also reported fair agreement 
(linear weighted kappa 0.40), using four paediatric ortho-
paedic surgeons and one radiologist from three different 
hospitals to assess 42 cases with pre-selected radiographs.2 
The current study, in contrast, using a group of 26 interna-
tional paediatric orthopaedic surgeons from 24 different 
centres, with experience ranging from 2 years to 43 years, 
had low good reliability for the mLPC with a weighted 
kappa of 0.64, using both linear and quadratic weighting. 

Fig. 6  Percent of raters that selected the gold standard mLPC and/
or radiograph. The black bars represent the raters who assigned 
the same mLPC as the mode of the group (i.e. the gold standard 
mLPC) and, used the most commonly selected radiograph (gold 
standard radiograph). The dark-grey bars represent raters who 
selected the correct mLPC as the gold standard, but seleted a 
different radiograph to reach this conclusion. The medium-
grey bars represent the group of raters who selected the gold 
standard radiograph, but did not assign the gold standard mLPC. 
The light-grey bars represent the group of raters who did not 
slect the gold standard mLPC nor the gold standard radiograph.
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Unlike the previous three studies of the mLPC, our 
study asked surgeons to self-select what they believed was 
the appropriate radiograph in fragmentation from a series 
of radiographs for each patient, starting from first diag-
nostic radiograph to a minimum of two-year follow-up. 
Although radiographic selection added a component of 
variability, we believe this aspect of the study’s method-
ology is a strength and better simulates the clinical prac-
tice of determining mLPC by an individual surgeon. When 
assigning mLPC in the clinical setting, the correct radio-
graph is not pre-selected. Our study found that although 
radiograph selection varied across raters, the particular 
radiograph selected was not a critical factor affecting rater 
agreement. In the absence of a clear reason or reasons 
for the reduced performance in these previous studies, 
the ability to select a radiograph from a series may have 
allowed each rater to gain multiple qualitative views of a 
hip and allowed them to choose the radiograph that best 
fit their perception of the appropriate mLPC. 

Examining specific cases with poor inter-observer 
agreement revealed that these cases fell on the border of 
Group B and Group C hips. More severe group B hips and 
milder group C hips appeared to show poor inter-observer 
agreement along with B/C border hips, in general, which 
only had 42% agreement. These results suggest that the 
classification system needs additional clarifications and 
refinement to help define hips that fall within the B/C bor-
der range of severity. Akgun et al emphasized the impor-
tance of actual measurement of lateral pillar height versus 
visual estimation, especially in borderline cases.18 Since 
most radiographs are now reviewed digitally, attention 
should be focused on digital measurement tools in order 
to quantitatively assess the lateral pillar and better discern 
borderline cases more reliably. 

Due to continued difficulties in classifying hips on the 
border of B and C, as well as B/C border, we also question 
whether the modification of the LPC is useful or if the B/C 
border group should be withdrawn. In Herring et al’s study 
of the radiographic outcome of children with Perthes dis-
ease, it should be noted that B/C border hips had interme-
diate outcomes, between those of Groups B and C.19 With 
respect to Stulberg I and II outcomes, they reported that 
Lateral Pillar Group B did relatively well at all ages (6 years 
to 11 years), and Lateral Pillar Group C did relatively poorly 
at all ages. In contrast, the outcome for B/C border hips 
showed greater correlation with age at onset: there was 
a sharp decrease in Stulberg I or II results with increasing 
age at diagnosis (e.g. 54% Stulberg I and II for 6 year olds 
to 6.9 year olds versus 19% in 8 year olds to 8.9 year olds). 
Additionally, in children with disease onset greater than 
eight years, children with B/C border hips seemed to ben-
efit from osteotomy, while children with Group C hips did 
not.19 Until new data on the prognostic value of B/C border 
hips based on age becomes available, currently available 

evidence supports the notion that the B/C border group 
has prognostic value. We do recognize that the B/C border 
hips pose a classification challenge, however, simply clas-
sifying a B/C border hip as typical Group B or C could risk 
an incorrect assessment of potential outcome. The authors 
do not advocate for withdrawal of the B/C border group at 
this time. Nevertheless, we strongly recognize the need to 
refine the B/C border group further and are committed to 
engaging in next steps to help better define it.

This study has several strengths. To our knowledge, it 
is the most comprehensive assessment of inter-rater and 
intra-rater reliability for mLPC to date, using a large num-
ber of surgeons from multiple centres in the United States 
and four other countries with varied clinical experience. 
We believe that this study design adds to a wide appli-
cability of the results. Additionally, this is the only study 
of the mLPC that mimics the clinical practice of surgeons 
independently selecting the appropriate radiograph for 
mLPC assessment. 

Our study does have limitations. Patients with the onset 
of Perthes disease prior to age six years were not included, 
so these findings may not be applicable to younger 
patients. Limitations also include the lack of Group A hips 
included in the study. This likely represents the low prev-
alence of these mild cases, and reflects the exclusion of 
patients with < 50% femoral head involvement on per-
fusion MRI. The absence of Group A hips may also indi-
rectly reflect the inclusion of frog lateral images of the hip. 
Podeszwa et al reported that when the lateral radiograph 
was taken into account, LPC assessments tended to be 
more severe.9 If the inclusion of these lateral images in 
the present study biased the mLPC assessments towards 
being more involved, this may have affected the lack of 
Group A rating. One could argue that the lateral image 
is typically available in the clinical setting, and that the 
results of this study would likely reflect the assignment 
of the respective classifications in the clinic. Lastly, while 
experience level was assessed, all of the raters were pae-
diatric orthopaedic surgeons with a dedicated interest in 
Perthes disease. Trainees or physicians within other fields 
were not included in the study. 

The results of this study indicate that the mLPC has low 
good inter-observer reliability among paediatric ortho-
paedic surgeons with a specific interest in Perthes dis-
ease from a large number of centres in the USA and four 
other countries. Despite the intention of bringing greater 
clarity by adding the B/C border group in the modified 
classification, we found ambiguity regarding the cases 
between the severe B, B/C border, and mild C groups. The 
mLPC will benefit from further refinement for these B/C 
border cases. The results of this study support continued 
use of the mLPC in the clinical setting. 
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