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 � KNEE

A comparative analysis of interobserver 
reliability and intraobserver 
reproducibility of the Oswestry- 
Bristol Classification and the Dejour 
Classification for trochlear dysplasia of 
the knee

Aims
Classifying trochlear dysplasia (TD) is useful to determine the treatment options for patients 
suffering from patellofemoral instability (PFI). There is no consensus on which classification 
system is more reliable and reproducible for the purpose of guiding clinicians’ management 
of PFI. There are also concerns about the validity of the Dejour Classification (DJC), which is 
the most widely used classification for TD, having only a fair reliability score. The Oswestry- 
Bristol Classification (OBC) is a recently proposed system of classification of TD, and the 
authors report a fair- to- good interobserver agreement and good- to- excellent intraobserver 
agreement in the assessment of TD. The aim of this study was to compare the reliability and 
reproducibility of these two classifications.

Methods
In all, six assessors (four consultants and two registrars) independently evaluated 100 axial 
MRIs of the patellofemoral joint (PFJ) for TD and classified them according to OBC and DJC. 
These assessments were again repeated by all raters after four weeks. The inter- and intraob-
server reliability scores were calculated using Cohen’s kappa and Cronbach’s α.

Results
Both classifications showed good to excellent interobserver reliability with high α scores. 
The OBC classification showed a substantial intraobserver agreement (mean kappa 0.628; 
p < 0.005) whereas the DJC showed a moderate agreement (mean kappa 0.572; p < 0.005). 
There was no significant difference in the kappa values when comparing the assessments by 
consultants with those by registrars, in either classification system.

Conclusion
This large study from a non- founding institute shows both classification systems to be reli-
able for classifying TD based on axial MRIs of the PFJ, with the simple- to- use OBC having a 
higher intraobserver reliability score than that of the DJC.

Cite this article: Bone Jt Open 2023;4-7:532–538.

Keywords: Knee, Trochlear dysplasia, Reliability, Dejour Classification, Oswestry- Bristol Classification, Patellofemoral dysplasia, Interobserver, 

Intraobserver

Introduction
Patellofemoral instability (PFI) is a complex 
condition and its aetiopathogenesis is 
thought to be multifactorial in most cases. 
The limb alignment, knee anatomy (including 

both patellar and trochlear shape), and static 
and dynamic constraints help to maintain 
the stability of the patellofemoral joint (PFJ).1 
Trochlear dysplasia (TD) is thought to be one 
of the more prevalent and important factor 
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contributing to PFI, with up to 96% of patients with a 
history of patellofemoral dislocation having evidence of 
trochlear dysplasia.2,3

The classification of TD is important to help decide the 
treatment options for PFI. Though there is no consensus 
on which classification system is more reliable and repro-
ducible for this purpose, the Dejour Classification (DJC) 
is widely used around the world.3,4 However, there are 
concerns about its validity and reliability scores in the 
literature.5

The Oswestry- Bristol Classification (OBC) is a recently 
proposed system of classification of TD and the authors 

report a fair- to- good interobserver agreement and good- 
to- excellent intraobserver agreement.6 This study aimed 
to compare the reliability and reproducibility of these two 
classifications.

Methods
This study was conducted at a large district general 
hospital in the UK. The hospital database was searched 
for MRI scans.

MRI scans of the knee performed in the past three 
years were used to identify patients with TD. We used 
the search terms ‘trochlear dysplasia’ and ‘shallow’ in the 

Fig. 1

Oswestry- Bristol Classification (illustration and MRI reproduced with permission from Sharma et al).6
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MRI scan report from the picture archiving and commu-
nication system (SYNAPSE; Fujifilm, Japan). These MRIs 
were reviewed by the lead investigator (KDR) and senior 
author (YJ) to select 95 MRI scans conforming to the 
inclusion and exclusion criteria.

Scans of patients over the age of 16 and under 65 with 
visible TD on the scan were included. Those with signs of 
previous patellofemoral surgery, patellofemoral arthritis, 
or suboptimal images were excluded. Also included in 
the cohort of scan images were five normal knee MRI 
scans which did not display any features of TD.

A total of six assessors (four orthopaedic consultants 
and two orthopaedic specialty registrars) independently 
evaluated the 100 knee axial MRIs of the PFJ for signs of 
TD. They were asked to classify these according to OBC 
and DJC in two separate sittings, with at least 24 hours 
between the sittings. The image sequence was random-
ized for each assessment sitting, and the assessors were 
blinded to the sequence to eliminate bias. These assess-
ments were again repeated by all raters after four weeks. 
They were provided with detailed illustrations of the 
OBC and DJC during each sitting, as a reference guide 
(Figures 1 and 2).

We also performed the following subanalysis: 1) 
interobserver variability among consultants compared 
with registrars; and 2) interobserver variability among 

a soft- tissue knee surgeon (YJ) and non- specialist ortho-
paedic doctors.

These two subanalyses were performed to determine 
whether seniority or specialization affected the use of 
these classifications.
Statistical analysis. The statistical analysis, including calcula-
tions of magnitude of agreement (observed agreement), 
Cohen’s kappa statistics for intraobserver reproducibility, 
and Cronbach’s α values for interobserver agreement, 
was calculated using SPSS 26.0 (IBM, USA).

The observed agreement is defined as the proportion 
of cases where the two observers (or same observer on 
two occasions) agree. Given that there is a mathematical 
probability of two observers giving the same response for 
any given case (chance agreement), the kappa coefficient 
is the observed agreement over and above that due to 
chance.

Fig. 2

Representation of Dejour Classification.7

Table I. Agreement measures according to Landis and Koch.8

Kappa statistic Strength of agreement

< 0.00 Poor

0.00 to 0.20 Slight

0.21 to 0.40 Fair

0.41 to 0.60 Moderate

0.61 to 0.80 Substantial

0.81 to 1.00 Almost perfect
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Landis and Koch8 have suggested that kappa values 
falling in different ranges imply different degrees of 
agreement (Table I). A kappa coefficient value < 0.00, i.e. 
a negative kappa, suggests poor agreement, 0.00 to 0.20 
slight agreement, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 
0.61 to 0.80 substantial, and 0.81 to 1.00 almost perfect 
or excellent agreement. A p- value < 0.005 was consid-
ered significant.

Results
Scans belonging to 94  patients were included in this 
study (six bilateral scans). The mean age of patients 
whose MRI scans were included was 29 years (17 to 58). 
Of these, 63 were female and 31 male.

Based on the responses of all the assessors for OBC, 5% 
of the MRI scans were classified as ‘normal’, 17% as ‘mild’, 
49.5% as ‘moderate’, and 28.5% as ‘severely dysplastic’. 
During the assessment of the MRI scans according to the 
DJC ; 4.75% were classified as ‘normal’, 9.75% as Grade 
A, 26.33% as Grade B, 33.5% as Grade C, and 25.66% as 
Grade D.

We calculated the Cohen’s kappa value to determine 
the agreement between the two readings of each assessor 
for both classifications (Tables II and III). The OBC showed 
‘substantial agreement’ with a kappa value of 0.628. On 

the other hand, the DJC only showed ‘moderate agree-
ment’ with a kappa value of 0.572.

Both classifications showed excellent interobserver 
agreement during each of the readings. However, the 
OBC had a marginally higher value of Cronbach’s α at 
both readings (0.930, 0.945) compared with the read-
ings for the DJC (0.925, 0.930).

The mean kappa of the registrars was higher than 
that of the consultants while using the OBC (0.726 vs 
0.578), whereas the consultants had a higher average 
kappa while using the DJC (0.593 vs 0.529), as shown in 
Tables IV and V. Neither of these findings reached statis-
tical significance.

The kappa value for the readings by the knee specialist 
was higher than that of the non- specialist consultants for 
both the DJC and OBC (Table VI and Table VII), however, 
again neither of these were statistically significant values.

Discussion
Treatment of PFJ instability depends on studying indi-
vidual knee anatomy and assessing the various stabilizing 
factors through appropriate investigations and analysis 
of any morphological abnormalities found. Additionally, 
the cartilaginous morphology of the knee in patients with 
TD differs from the bony morphology as shown by van 
Huyssteen et al9 in their MRI- based study. This difference 

Table II. Intraobserver scores for reading 1 and reading 2 for the Oswestry- 
Bristol Classification.

Assessor Kappa p- value

Assessor 1 0.422 < 0.001

Assessor 2 0.673 < 0.001

Assessor 3 0.639 < 0.001

Assessor 4 0.581 < 0.001

Assessor 5 0.698 < 0.001

Assessor 6 0.755 < 0.001

Mean 0.628

Cohen’s kappa was run to determine if there is agreement between the 
scores for reading 1 and reading 2 of the Oswestry- Bristol Classification. 
There was substantial agreement between these two readings (p < 
0.0005).

Table III. Intraobserver scores for reading 1 and reading 2 for the Dejour 
Classification.

Assessor Kappa p- value

Assessor 1 0.625 < 0.001

Assessor 2 0.585 < 0.001

Assessor 3 0.534 < 0.001

Assessor 4 0.631 < 0.001

Assessor 5 0.610 < 0.001

Assessor 6 0.449 < 0.001

Mean 0.572

Cohen’s kappa was run to determine if there is agreement between the 
scores of raters for reading 1 and reading 2 of the Dejour Classification for 
trochlear dysplasia. There was moderate agreement between these two 
readings (p < 0.0005).

Table IV. Comparison of intraobserver scores of consultants and registrars 
for the Oswestry- Bristol Classification.

Assessor Mean kappa value

Consultants (Assessors 1 to 4) 0.578

Registrars (Assessors 5 and 6) 0.726

Table V. Comparison of intraobserver scores of consultants and registrars 
for the Dejour Classification.

Assessor Mean kappa value

Consultants (Assessors 1 to 4) 0.593

Registrars (Assessors 5 and 6) 0.529

Table VI. Comparison of intraobserver scores of knee specialist and other 
consultants for the Oswestry- Bristol Classification.

Assessor Mean kappa value

Knee specialist 0.673

Other consultants 0.599

Table VII. Comparison of intraobserver scores of knee specialist and other 
consultants for the Dejour Classification.

Assessor Mean kappa value

Knee specialist 0.585

Other consultants 0.578
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needs to be considered when planning surgical options 
for these patients.

Various measurements have been described to study 
the degree and type of TD such as trochlear bump, 
trochlear depth, crossing sign, and lateral trochlear 
inclination.1,2

In their seminal work on PFI, Dejour et al10,11 proposed 
a classification system for TD, initially identifying three 
types of dysplasia on lateral radiograph and cross- 
sectional CT images. This was later modified to have four 
grades (Type A to Type D).7 This classification has been 
widely used by orthopaedic surgeons to measure the 
severity of TD.12–14 Many of these descriptions are based 
on a lateral knee radiograph and a strict lateral view is 
of considerable importance. Any deviation from this can 
lead to erroneous interpretations and classification of 
TD.4,15

Globally, in current orthopaedic practice, the use of 
MRI has superseded other methods for the evaluation 
of TD and PFI.15–17 Lippacher et al3 adapted the original 
DJC for CT scan into a four- grade MRI classification for 
TD. However, in a comparative analysis of the radiolog-
ical and MRI- based DJC, the founding authors noted 
that the MRI- based four- grade DJC for TD only showed 
fair intraobserver and interobserver agreement. Though 
this was better than that for lateral radiographs, it was 
deemed unsatisfactory by the authors. They attributed 
these unsatisfactory results to the complex geometry of 
the trochlea and differences in interpretation.

We have had a similar experience in our study, with 
the raters observing that it was quite difficult to distin-
guish between a Type B and Type C trochlea. Features 
of hypoplasia can be underinterpreted as a descending/
flat trochlea and vice versa and, similarly, a slight vertical 
element on a trochlea with other features of a Type 
C trochlea can be classified as Type D. This also has a 
bearing on the treatment and surgical plan of manage-
ment of these patients, as the operative recommenda-
tions for each grade is different.

Though the DJC may well be the most widely used 
classification for TD, current evidence shows that it has 
a highly variable reliability and is not particularly useful 
in clinical settings and when directing treatment.5,18,19 
Authors have also questioned its accuracy in the grading 
of TD and its severity.5 As mentioned earlier, the founding 
group themselves found low intraobserver and interob-
server reliability scores for the MRI- based four- grade 
DJC.3,5 In this study, four surgeons independently evalu-
ated lateral radiographs, and then axial MRI scans of the 
knee, on two occasions four weeks apart. The intraob-
server reliability for the MRI scans ranged from 32% to 
74% and the interobserver reliability was only 28% to 
60%.

In their study on classification systems and radiolog-
ical measurements for TD in skeletally immature patients, 

Stepanovich et al18 had similar findings of low intraob-
server and interobserver reliability for the DJC, with the 
kappa values being 0.596 and 0.687, respectively.5,18

In their analysis, Sharma et al6 found the DJC to have 
poor interobserver reliability on calculating kappa scores. 
This was found to be fair to good when this was expressed 
in terms of the S- statistic. The intraobserver reliability 
varied from kappa values of 0.27 to 0.78, with a mean 
value of 0.52 signifying fair to good agreement.

In the present study, we have found that the intraob-
server reliability for the DJC ranged from kappa coefficient 
values of 0.449 to 0.631, with a mean kappa of 0.572 
signifying moderate agreement. We used Cronbach’s 
α score to compare and quantify the interobserver reli-
ability, as this gives a better picture of internal consistency 
when multiple assessors have been employed.20,21 The α 
scores for the DJC in the first and second rounds were 
0.925 and 0.93, respectively, indicating excellent interob-
server reliability. This is in contrast with other studies in 
the literature that have shown a poor/fair interobserver 
score for the DJC. We believe this could be due to the 
comparatively high number of cases/MRIs reviewed by 
the assessors in this study, which has consequently led 
to an improvement in the reliability scores by reducing 
any confounding that may occur due to a smaller sample.

Various quantitative parameters have also been 
described in the literature to assess and grade the severity 
of TD. The lateral trochlear inclination (LTI) angle was 
described in a French study in 2000 as a sensitive and 
accurate representation of the degree of TD.4,22 It was also 
found to be highly reproducible, with an excellent ability 
to distinguish between high- and low- grade dysplasia 
using 11° value for LTI as the threshold margin.22 Pfirr-
mann et al23 measured the trochlear depth, facet asym-
metry, condyle asymmetry, and lateralization of patella 
on axial MRI scans of the knee. They found these param-
eters to be reliable for diagnosing TD on axial MRIs when 
measurements were made 3 cm above the joint space. 
Measurements and ratios of the height of medial and 
lateral trochlea to the width of trochlea have also been 
proposed to identify the site of pathology and severity 
of TD by Biedert and Bachmann.24 Using these parame-
ters, they found most cases of TD to have a pathology 
in the medial or central part of the femoral condyle. A 
comparative MRI- based analysis of these quantitative 
measurements by Nelitz et al4 in 2014 shows they have 
only limited value in the assessment of TD. In addition, 
they observed poor correlation between these measure-
ments and the DJC.

The recently described OBC for TD is purportedly 
easier to use, with better reliability than the DJC.6 The 
authors claim to have noticed that the DJC was not 
useful in guiding treatment of patients with TD, and 
hence developed this classification.6,25 The OBC grades 
TD based on axial MRIs as normal, mild, moderate, 
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and severe dysplasia, which correspond to normal, 
shallow, flat, and convex trochlea. The main criterion 
for severe dysplasia in this classification is a domed 
or convex trochlea. The authors have also described 
a treatment algorithm for PFI based on the OBC. The 
criteria described by the Oswestry- Bristol group have 
also been found to be useful by other authors. Thaunat 
et al26 and Nelitz et al27 used these to describe severity 
of TD in their respective case series, and Lippacher et 
al28 mention these criteria to be compatible with their 
arthroscopic findings of TD.26–28

The creators of the OBC also analyzed the intra- and 
interobserver agreement of their classification using 32 
MRIs with four observers, and found it to be better than 
the DJC. They found 69% agreement among the observers 
using the OBC, i.e. a fair to good reliability (kappa statis-
tics), and this was even higher when expressed in terms 
of the nominal S- statistic.6 The intraobserver agreement 
showed a significant variability using the DJC (poor to 
excellent) but this was much better using the OBC (fair/
good to excellent). Overall, the original authors of the 
OBC classification report that it has a good- to- excellent 
intraobserver agreement and fair- to- good interobserver 
agreement while assessing TD. They found this to be 
better than the findings for the DJC on both CT and MRI.

The Oswestry Patellotrochlear Algorithm (OPTA) has 
been described by the authors of the OBC as a compre-
hensive guide to surgical management of PFI.29 This 
includes the OBC and the patellotrochlear index, and 
has been found to be safe and effective for the same. This 
makes the OBC an attractive option for knee surgeons to 
use for classifying TD, although further clinical validation 
by centres around the world would help to make the 
OPTA more popular.

A German study by Konrads et al30 in 2020 looked at 
the reliability of the OBC and found encouraging results. 
They observed an average interobserver agreement of > 
90% (first reading 90%, second reading 96%). These 
were similar to our findings in the current study where 
we calculated the Cronbach’s α values for the OBC as 0.93 
and 0.945 in the two readings, respectively, suggesting 
excellent interobserver reliability.

The use of Cohen’s kappa coefficient in this study 
warrants further discussion. The kappa statistic was 
described by Cohen31 in 1960 to account for chance 
agreement between two raters, which was not 
possible by calculating percentage agreement alone. 
The problems of using kappa statistics, and the para-
doxes associated with it, have been described by 
many studies.32- 35 One of the main issues was that, in 
cases with trained assessors where the raters are not 
merely guessing the answer, the Chance- correction 
offered by kappa may be too high. This would mean 
a low kappa value may not necessarily imply a low 
agreement among the raters.

Most studies similar to ours have used the kappa coef-
ficient to assess both intraobserver and interobserver 
agreement. Cohen created the kappa coefficient specif-
ically for use in binary scenarios. While it is perfectly 
reasonable to use it in studies with two assessors, or two 
separate observations for the same rater, it is not as useful 
in studies involving multiple raters. In this study, to avoid 
any confusion, we have therefore chosen to use Cron-
bach’s α to asses inter- rater validity.

Cronbach’s α was originally designed to measure 
and compare the internal consistency of a test or ques-
tionnaire.21 It has since been used widely to determine 
interobserver reliability, especially in cases of multiple 
observers. Bland and Altman36 have reported that an α 
score of at least 0.7 to 0.8 is required for reliability to be 
satisfactory. They have also stated that, in clinical appli-
cations, higher values are needed and a score of 0.9 
(minimum) to 0.95 is desirable.

This study is the first comparative analysis of the 
intra- and interobserver reliability of the DJC and OBC 
by a non- founder institute. This is also, to our knowl-
edge, one of the largest reliability studies for classifi-
cation tools of TD, using 100 MRIs and assessed by six 
evaluators.

This study is not without its limitations. Due to the 
retrospective nature of this study, we have not been able 
to validate the clinical utility of the classification systems 
based on the treatment algorithms suggested, especially 
for the OBC. This is an area that can be targeted for future 
prospective research. We also feel that, though α values 
are better representatives of interobserver reliability, their 
use here has limited the comparability with other similar 
studies in the literature.

In conclusion, this study shows that both the DJC and 
OBC are reliable systems for classifying TD based on MRIs 
of the PFJ. The OBC has a higher intraobserver reliability 
and hence appears to be a more valid system. Addition-
ally, it is simple to use and provides a robust treatment 
algorithm, making it an attractive classification system for 
knee surgeons around the world.

  Take home message
  - Both the Dejour and Oswestry Bristol Classification (OBC) are 

reliable for classifying trochlear dysplasia of the knee.
  - In addition, the OBC is simple to use and provides a robust 

treatment algorithm, making it an attractive classification system for 
knee surgeons to use globally.

Twitter
Follow K. D. Roy @KRoy9010
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