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Background and purpose — Different radiographic classifica-
tions have been proposed for prediction of outcome in Perthes
disease. We assessed whether the modified lateral pillar classifi-
cation would provide more reliable interobserver agreement and
prognostic value compared with the original lateral pillar classifi-
cation and the Catterall classification.

Patients and methods — 42 patients (38 boys) with Perthes dis-
ease were included in the interobserver study. Their mean age at
diagnosis was 6.5 (3-11) years. 5 observers classified the radio-
graphs in 2 separate sessions according to the Catterall classifi-
cation, the original and the modified lateral pillar classifications.
Interobserver agreement was analysed using weighted kappa
statistics. We assessed the associations between the classifications
and femoral head sphericity at 5-year follow-up in 37 non-opera-
tively treated patients in a crosstable analysis (Gamma statistics
for ordinal variables, y).

Results — The original lateral pillar and Catterall classifica-
tions showed moderate interobserver agreement (kappa 0.49 and
0.43, respectively) while the modified lateral pillar classification
had fair agreement (kappa 0.40). The original lateral pillar clas-
sification was strongly associated with the S-year radiographic
outcome, with a mean 7y correlation coefficient of 0.75 (95% CI:
0.61-0.95) among the 5 observers. The modified lateral pillar and
Catterall classifications showed moderate associations (mean 7y
correlation coefficient 0.55 [95% CI: 0.38-0.66] and 0.64 [95%
CI: 0.57-0.72], respectively).

Interpretation — The Catterall classification and the original
lateral pillar classification had sufficient interobserver agreement
and association to late radiographic outcome to be suitable for
clinical use. Adding the borderline B/C group did not increase the
interobserver agreement or prognostic value of the original lat-
eral pillar classification.

Several prognostic indices have been proposed in Perthes dis-
ease. Major milestones were the introduction of the Catterall
and lateral pillar classifications (Catterall 1971, Herring et al.
1992), attempting to predict the final radiographical outcome
at an early stage of the disease. Catterall (1971) was the first to
emphasize the relationship between the extent of femoral head
involvement and final outcome. He defined 4 groups based on
the site and extent of femoral head involvement, ranging from
less than 25% in group I to a total head involvement in group
IV. The classification was developed to be applied in the frag-
mentation phase. Limitation of the Catterall classification was
a difficult and inaccurate initial assessment until the fragmen-
tation phase. Grouping tended to change if the classification
was applied too early (Van Dam et al. 1981). Another criticism
has been the lack of sufficiently high levels of interobserver
agreement (Hardcastle et al. 1980, Christensen et al. 1986,
Simmons et al. 1990, Forster et al. 2006).

Herring et al. (1992) introduced a 3-group classification
based on the height of the lateral portion of the femoral epiph-
ysis (termed lateral pillar) compared with the unaffected side
on AP radiographs. Group A hips showed no involvement of
the lateral pillar. Group B hips had lucency and loss of height,
but not exceeding 50%. Group C hips exhibited more lucency
and > 50% loss of height. Reported limitations of this classifi-
cation include difficulties to reliably classify hips in the initial
stage (Lappin et al. 2002, Kuroda et al. 2009). Another limita-
tion is the difficult use of the classification in bilateral cases
since there is a lack of reference height to compare with.

The Herring group (2004a, 2004b) reviewed all the hips in
the original study and identified a group of hips with radio-
graphic findings that were more severe than those typical of
group B but less severe than those seen in group C. Thus, they
introduced a new group termed B/C borderline, transforming
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their 3-group classification into a classification with 4 cate-
gories. The good to excellent interobserver results presented
by the Herring group for the modified 4-group classification
could not be confirmed by recently published results from the
UK (Rajan et al. 2013). Thus, the first aim of our study was
to assess the interobserver agreement of the modified lateral
pillar classification compared with the Catterall and the origi-
nal lateral pillar classifications.

Besides sufficient interobserver agreement, requirements
of a good initial classification include a satisfactory ability
to predict long-term outcome. Although the inventors of the
modified lateral pillar classification reported good prognostic
value (Herring et al. 2004a, 2004b), there seems to exist only
1 later study that has investigated this association (Froberg et
al. 2011). Thus, our second aim was to assess the prognostic
value of the modified lateral pillar classification and evaluate
whether it was a better predictor compared with the Catterall
and the original lateral pillar classifications.

Patients and methods

By a systematic search of the radiographic archive of our
hospital, we identified 152 children who had been treated for
Perthes disease between 1950 and 1984. 139 children had
satisfying radiographic follow-up with good visual quality at
least 5 years after diagnosis. We selected a random sample
of 50 patients using a random-number generator. 5 patients
with bilateral Perthes disease were excluded. We used for each
patient true anteroposterior (AP) pelvis and frog-leg lateral
radiographs at diagnosis, 1-year follow-up (mean interval 14
months) and at 5-year follow-up (mean interval 59 months).
Radiographic staging according to Waldenstrom (1922) was
applied. We excluded 3 patients due to advanced radiographic
stage (reossification phase). Thus 42 patients (38 boys) with
a mean age at diagnosis of 6.5 (3—11) years were included in
the present study. At diagnosis, there were 36 patients in ini-
tial stage and 6 patients in fragmentation stage. 5 patients had
been treated with femoral varus osteotomy and 37 patients had
been treated non-operatively.

Observers

5 observers participated in the present study with the follow-
ing professional background and individual contributions:

Observer SH: specialist in orthopedic surgery, senior pedi-
atric orthopedic fellow.

Observer SS: consultant in orthopedic surgery with a great
interest in pediatric orthopedic surgery. He received all radio-
graphs stored on CDs but due to a hardware failure he was
only able to retrieve images of 37 patients for the first ses-
sion. A new set of CDs was sent for the second session and 40
patients could be assessed.

Observer EM: consultant in radiology, with special interest
in pediatric orthopedics.
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Observer AC: Professor emeritus of pediatric orthopedic
surgery. He received all radiographs stored on CDs and found
radiographs of 41 patients eligible for this study. No Stulberg
classification was applied.

Observer OW: pediatric orthopedic consultant with special
interest in Perthes disease.

All observers were familiar with the investigated classifi-
cations but nonetheless invited to a consensus-building meet-
ing. All but 1 observer (AC) participated in the meeting before
commencing the study. The 4 observers were provided with
the original articles and a 20-minute tutorial, outlining the
characteristics of each classification.

Radiographic assessment

The radiographs were assessed in 2 separate sessions. In the
first session the original lateral pillar classification (Herring et
al. 1992) and the Catterall classification (Catterall 1971) were
applied, using the radiographs (at diagnosis or 1-year follow-
up) that showed the greatest involvement of the femoral head
at fragmentation. Radiographic outcome at 5-year follow-up
was classified by 4 observers in the 37 non-operatively treated
patients based on the shape of the femoral head. We modi-
fied the 5-group classification of Stulberg et al. (1981) into a
simplified 3-group classification (Wiig et al. 2007), in which
group A hips have spherical femoral head, group B have ovoid
femoral head, and group C hips have flat femoral head. The
second session was at least 1 month later and neither possi-
ble marks nor labelling from the first session could be traced
on the radiographs. The observers were asked to classify the
radiographs at fragmentation according to the modified lateral
pillar classification (Herring et al. 2004a).

Interobserver analysis

We included all 42 patients and used an overall kappa statis-
tic assessment of interobserver agreement by calculating the
weighted kappa (Cohen 1968) for each pair of the 5 observ-
ers, yielding 10 kappa values for the lateral pillar classifica-
tions and the Catterall classification. Further, we calculated
the weighted kappa for each pair of the 4 observers assessing
the modified Stulberg classification, yielding 6 kappa values.
Kappa statistics with linear weighting were used, defining
the imputed relative distance between ordinal categories as 1
(Lowry 2015). The mean of kappa values for each classifica-
tion was recorded as the overall kappa value (Light 1971) and
they are presented with 95% confidence interval (CI). Possible
values for kappa statistics range from —1 to 1, with 1 indi-
cating perfect agreement and O indicating random agreement.
As suggested by Landis and Koch (1977), we interpreted
the weighted kappa values as follows: < 0.20 indicates poor
agreement, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80
good agreement, and > 0.80 indicates excellent agreement.

Association to 5-year radiographic outcome
Only the non-operatively treated 37 were included in this part
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Table 1. Interobserver agreement of the Catterall classification, the
original and modified lateral pillar classifications and the modified
Stulberg classification

Weighted kappa

Classification Mean Cla Range Agreement P
Catterall 0.43 0.26-0.61 0-0.73 moderate
Original lateral pillar ¢ 0.49 0.41-0.57 0.35-0.72 moderate
Modified lateral pillar 4 0.40 0.29-0.51 0.15-0.59 fair
Modified Stulberg © 0.50 0.28-0.71 0.38-0.57 moderate

a Cl is 95% confidence interval

b according to Landis and Koch (1977)
¢ 3 groups

d 4 groups

of the study. 4 observers classified the radiographic outcome at
5-year follow-up according to the femoral head sphericity using
the 3-group modification of the Stulberg classification (round,
ovoid, flat femoral head). We termed the category as “true” if
there was more than 50% consensus among the observers. If
there was < 50% consensus, the radiographs were reassessed
by 2 observers (SH and OW). Loss of height within 2 mm of
a concentric circle on AP and frog-leg projection was defined
as round and more than 2 mm as ovoid. The associations of the
Catterall and the lateral pillar classifications were assessed in
a cross-table analysis with “true” Stulberg 3-group classifica-
tion as outcome variable. Gamma statistics for ordinal variables
were used (Goodman and Kruskal 1954, 1959), calculating y
correlation coefficients, which were interpreted as follows:
values < 0.24 indicate no association, 0.25-0.49 means weak
association, 0.50-0.74 moderate association and values > 0.74
indicate strong association. Statistical analysis was done using
SPSS® statistics version 21 (IBM, Armonk, NY, USA).

Results
Interobserver analysis

The kappa analysis (Table 1) revealed that the original lateral
pillar classifications had an overall moderate interobserver
agreement (mean weighted kappa 0.49, CI: 0.41-0.57). An
overall moderate interobserver agreement was also found
for the Catterall classification (mean weighted kappa 0.43,
CI: 0.26-0.61), with a broader variation for individual kappa
values. The modified lateral pillar classification scored lowest
with fair overall interobserver agreement (mean weighted
kappa 0.40, CI: 0.29-0.51) and individual kappa values
ranging from 0.15 to 0.59. The 3-group modification of the
Stulberg classification had an overall moderate interobserver
agreement with a mean weighted kappa value of 0.50 (CI:
0.28-0.71).

Association to radiographic outcome
There was consensus on the femoral head shape in 32 of 37
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Table 2. Association between the prognostic clas-
sifications and the femoral head sphericity at 5-year
follow-up assessed by the modified 3-group Stul-
berg classification. Initials are observer

Femoral head sphericity

Correlation coefficient2  p-value

Original lateral pillar classification
AC 0.86 < 0.001
SH 0.61 0.02
OEM 0.95 0.001
SS 0.73 0.006
oW 0.61 0.02
Mean 0.75

Catterall classification
AC 0.61 < 0.001
SH 0.57 0.006
EM 0.72 0.001
SS 0.71 0.002
ow 0.61 0.02
Mean 0.64

Modified lateral pillar classification
AC 0.54 0.02
SH 0.66 0.003
EM 0.38 0.1
SS 0.63 0.02
ow 0.53 0.02
Mean 0.55

a8 Gamma statistics for ordinal variables.

patients. In the remaining 5 patients no primary consensus was
reached since 2 observers chose “round “ and 2 chose “ovoid”.
These 5 patients were reassessed by 2 of the observers and
the “true” category was agreed upon (Figure). Thus the “true”
3-group Stulberg category was round femoral head in 10
patients, ovoid femoral head in 22 patients and a flat femoral
head in 5 patients. The original lateral pillar classification was
moderately to strongly associated with 5-year radiographic
outcome, with mean (range) y correlation coefficient of 0.75
(0.61-0.95) among the 5 observers (Table 2). The modified
lateral pillar had a weak to moderate association with radio-
graphic outcome, with mean 7y correlation coefficient of 0.55
(0.38-0.66), and the Catterall classification showed moderate
association with mean 7y correlation coefficient 0.64 (0.57-
0.72).

Discussion

Our results revealed moderate interobserver agreement for the
Catterall and the original lateral pillar classifications and fair
agreement for the modified lateral pillar classification. The
original lateral pillar classification applied at fragmentation
was strongly associated with the final radiographic outcome
assessed by femoral head shape. The introduction of the bor-
derline B/C group did not increase the interobserver agree-
ment or association to late radiographic outcome of the lateral
pillar classification system.
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Radiographs of a boy with Perthes disease of the left hip.

A and B. AP and lateral projections at diagnosis (age 8 years) of Perthes disease.
C and D. Radiographs taken 8 months after diagnosis show fragmentation of the femoral head. The observers classified the radiographs with the
following categories: Catterall group 3 (4 observers), Catterall group 2 (1 observer); original lateral pillar type B (4 observers), type C (1 observer);

modified lateral pillar type B/C (3 observers), type B (2 observers).

E and F. AP and frog-leg radiographs taken 4 years and 7 months after diagnosis, at an age of 13 years. Both projections show healing and were
classified according to the modified Stulberg classification as follows: round femoral head (2 observers) and ovoid femoral head (2 observers). 2
observers reassessed the radiographs. These observers agreed upon round femoral head as “true” modified Stulberg classification.

Before discussing the clinical and scientific implications of
these findings, it is important to address the limitations of our
study. We did not perform a prior power calculation to identify
the minimal sample size required for the interobserver analy-
sis. However, the number of patients was similar to that of
previous studies (Tables 3-5). Park et al. (2012) performed a
structured approach and determined the need of 36 patients,
similar to the number of patients in our interobserver evalu-
ation. 2 observers classified no hips as lateral pillar group A,
while the other observers identified only 1 or 2 hips as belong-
ing to group A. It is known from the literature that group A
hips are truly underrepresented (< 5%) in comparison with
group B and group C in the Perthes population (Herring et
al. 2004b, Terjesen et al. 2010). This prevalence problem may
cause kappa values to be unrepresentatively low (Byrt et al.
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1993). In the evaluation of the prognostic value of the clas-
sifications, we included patients who had been treated with
non-weightbearing and/or physiotherapy, since none of these
methods have been proven to have any effect on the natural
history of Perthes disease (Wiig et al. 2008). A limitation with
the prognostic evaluation was the relatively small number of
patients in this analysis compared with other reports on the
natural history (Norlin et al. 1991, Joseph et al. 2003, Terjesen
et al. 2010). However, the radiographs in these studies were
mainly classified by 1 of the authors alone, which poses uncer-
tainty regarding the reliability of the classification applied.
We tried to reduce this uncertainty by multiple readings of
the prognostic classifications and by establishing a consensus
of the final radiographic outcome. This approach requires a
substantial amount of ratings per radiograph, which is only
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Table 3. Interobserver agreement of the Catterall 4-group classification in 6 previous studies
and the present study. Statistics in all studies are weighted kappa

Study n Observers  Mean (range) 2 Agreement b
Pietrzak et al. (2004) 63 3 0.39 (0.28-0.42) fair

Present study 42 5 0.43 (0-0.73) moderate

Nathan Sambandam et al. (2006) 44 2 0.44 moderate

de Billy et al. (2002) © 19 9 0.54 (0.36-0.77) moderate

Wiig et al. (2002) 63-158 3 (0.49-0.62) moderate to good
Simmons et al. (1990) 40 5 0.55 (0.49-0.64) moderate
Christensen et al. (1986) 100 4 0.62 (0.50-0.67) good

2 weighted kappa

b interpretation of kappa values (Landis and Koch 1977): < 0.2 slight agreement, 0.21-0.40 fair
agreement, 0.41-0.60 moderate agreement, 0.61-0.80 good agreement;
¢ recalculated with data given in the original article.

Table 4. Interobserver agreement of Herring’s original lateral pillar (3-group) classification in 6 previous studies and the

present study

Study n Observers Statistics Mean (range) Agreement @
Present study 42 5 Weighted kappa 0.49 (0.35-0.72)  moderate
Podeszwa et al. (2000) 33 5 Cohen’s kappa 0.51 (0.43-0.62) moderate

Herring et al. (1992) 32 16 Kappa, unspecified 0.52 moderate

Akgun et al. (2004) 50 3 Kappa, unspecified 0.53 (0.53-0.54)  moderate

Wiig et al. (2002) 63-158 3 Weighted kappa 0.56-0.70 moderate to good
Pietrzak et al. (2004) 63 3 Weighted kappa 0.65 (0.61-0.70)  good

Nathan Sambandam et al. (2006) 44 2 Weighted kappa 0.72 good

2 interpretation of kappa values (Landis and Koch 1977): < 0.2 slight agreement, 0.21-0.40 fair agreement, 0.41-0.60 moder-

ate agreement, 0.61-0.80 good agreement.

Table 5. Interobserver agreement of Herring’s modified lateral pillar classification (4 groups) in 2

previous studies and the present study

Study n Observers Statistics Mean (range) Agreement?
Rajan et al. (2013) B5) 6 Weighted kappa 0.39 (0.05-0.56) fair
Present study 42 5 Weighted kappa 0.40 (0.15-0.59) fair
Herring et al. (2004) 20 6 Modified weighted kappa 0.71 (0.49-0.89) good

2 interpretation of kappa values (Landis and Koch 1977): < 0.2 slight agreement, 0.21-0.40 fair
agreement, 0.41-0.60 moderate agreement, 0.61-0.80 good agreement.

feasible for a limited number of patients. Thus, the chosen
approach posed both a limitation and a strength of our study.

Interobserver analysis

In studies on interobserver agreement, it is crucial to specify
which statistic was used to compute agreement, i.e. Cohen’s
kappa (1960), Fleiss kappa (1971), and intra-class correlation
(ICC) (McGraw and Wong 1996) and which variant of the sta-
tistics was computed (Siegel and Castellan 1988, McGraw and
Wong 1996). The different statistical variants can substantially
influence the interpretation of interobserver estimates as shown
in the following example: we reassessed a study examining the
interobserver agreement of the Catterall 4-group classification
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(de Billy et al. 2002). The authors presented excellent interob-
server agreement using ICC statistics (ICC = 0.94), without
clearly stating the variant that was used (missing unit and
effect of ICC). We reanalysed the given raw data using linear
weighted kappa statistics, yielding 36 pairs of observations and
an average kappa value of 0.54 (moderate agreement). Norman
and Streiner (2008) showed that ICC (2-way, mixed, single-
measures, consistency) is identical to a weighted kappa with
quadratic weighting, which tends to result in higher kappa
values than when using linear weighting.

Herring et al. (2004a) provided each observer with a
20-minute tutorial before rating the radiographs with the mod-
ified lateral pillar classification. Although all participating
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observers in our study were experienced in evaluating radio-
graphs of hips with Perthes disease, they were nevertheless
provided with a tutorial. Despite a detailed review of the mod-
ified 4 group lateral pillar classification with special attention
to the borderline B/C group, we were not able to achieve simi-
lar results to those of Herring et al. (2004b). Previous studies
have highlighted an increasing reproducibility of the classifi-
cations when assessed by experienced observers (Simmons et
al. 1990, Podeszwa et al. 2000, Wiig et al. 2002, Kalenderer et
al. 2005), but similar interobserver levels could not be repro-
duced in our study. Many reports assessing the interobserver
agreement have been performed at 1 institution only (Nathan
Sambandam et al. 2006, Park et al. 2012, Rajan et al. 2013),
whilst the present study included 3 different hospitals. It is
our belief that the present approach gives a more realistic esti-
mate of interobserver agreement as compared with studies
performed at a single institution.

Apart from the complexity of statistical methods and inter-
pretation, studies on interobserver agreement in Perthes disease
differ substantially in number of observers and radiographs
analyzed. Hence direct comparison of presented results should
be undertaken cautiously. Nevertheless, we summarized the
results of the most relevant studies assessing the Catterall and
lateral pillar classifications using kappa statistics and com-
pared them with our results. We found moderate interobserver
agreement in 5 out of 7 studies assessing the Catterall classifi-
cation (Table 3) and in 5 of 7 studies assessing the original lat-
eral pillar classification (Table 4). The introduction of the bor-
derline B/C group decreased the reproducibility of the lateral
pillar classification system in our study (Table 5), which is in
accordance with the results of Rajan et al. (2013). They found
a fair interobserver agreement (mean kappa = 0.39), similar
to our mean kappa value of 0.40. The Herring group (2004b)
found in average good interobserver agreement (kappa =0.71)
using a modified weighted kappa analysis (quadratic weight-
ing). The authors attributed only half as much importance in
misclassifying the borderline group B/C to its adjacent groups
as they attributed misclassifying between groups A, B and C.
Since quadratic weighting may increase kappa values artifi-
cially if an extra category is introduced within a classification
system (Brenner and Kliebsch 1996), this may have led to an
unrepresentatively high level of agreement.

Our results showed that the Catterall and the original lateral
pillar classifications had moderate interobserver agreement.
There is no established common understanding of which
degree of interobserver agreement may be necessary or appro-
priate to define a classification system as satisfactory in clini-
cal practice. Some authors abandoned the use of classifica-
tions on the basis of moderate agreement (Christensen et al.
1986) while others redefined them as acceptable (Akgun et al.
2004). However, the fact that the introduction of the border-
line B/C group even reduced the reproducibility of the lateral
pillar classification raises concerns about the usefulness of this
modification.
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Association to radiographic outcome
We assessed the radiographic outcome on the basis of femoral
head sphericity because this is strongly associated with long-
term outcome (Mose 1980, Stulberg et al. 1981). Our study
revealed significant associations between the 3 classification
systems at fragmentation and the femoral head sphericity at
5-year follow up. The original 3-group lateral pillar classifica-
tion had the strongest association, which is in accordance with
previous studies (Herring et al. 1992, Ritterbusch et al. 1993,
Farsetti et al. 1995, Ismail and Macnicol 1998, Lappin et al.
2002, Terjesen et al. 2010). All hips that had a flat femoral
head shape at 5-year follow up had been classified as group
C at the fragmentation phase. The Catterall classification as
predictor of radiographic outcome is controversial. It did not
correlate well with the final radiographic outcome in some
studies (Weinstein 1985, Ismail and Macnicol 1998, Gigante
et al. 2002), while others confirmed it as a prognostic factor
(Dickens and Menelaus 1978, Meurer et al. 1999, Terjesen
et al. 2010). Especially when modified into a 2-group clas-
sification, distinguishing between more and less than 50% of
femoral head necrosis, the Catterall grouping system was a
strong predictor of radiographic outcome (Wiig et al. 2008).
Our results confirm a significant association between the Cat-
terall 4-group classification and the femoral head sphericity at
5-year follow up, but the association seemed to be somewhat
weaker than that of the original lateral pillar classification.
The Herring group reviewed the hips in their original study
and identified a group of hips with radiographic findings more
severe than those typical of group B but less severe than those
in group C (Herring et al. 2004b). Because of difficulties in
defining the borderlines between the groups, a new classifica-
tion group (borderline B/C) was introduced. The authors found
that the modified classification was a strong prognostic factor.
Our results and the findings of other authors (Froberg et al.
2011) confirm a significant association between the modified
4-group lateral pillar classification and modified Stulberg as
outcome variable. To our knowledge the present study is the
first to compare the value of the modified lateral pillar clas-
sification with the original classification as predictors. Our
findings suggest that the introduction of the new borderline
B/C group did not improve the association of the lateral pillar
system to the femoral head sphericity at 5-year follow-up.

Summary

Our results underline that each of the classifications has its
limitations; none is perfect. We think that the original lateral
pillar system (3 groups) is the most suitable classification in
the early radiographic stages of Perthes disease. It is easier to
apply (needs only AP radiographs) and was somewhat better
associated with the final radiographic outcome as compared
with the Catterall 4-group classification. The introduction of
the borderline B/C group increased neither the reproducibil-
ity nor the prognostic value of the lateral pillar system, which
raises concerns about its usefulness in clinical practice.
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