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ABSTRACT

Objectives: To validate the classification of surgically treated acetabular fractures in the Swedish Frac-
ture Register (SFR) and to investigate the intra- and interrater reliability of the Judet-Letournel / AO/OTA
classification systems.

Methods: Surgically treated acetabular fractures were randomly selected from the SFR (n = 132) and 124
fractures were classified independently by three experienced orthopedic pelvic surgeons at two differ-
ent occasions. A gold standard classification was established for each case after these two sessions or,
if necessary, after a discussion session. The gold standard classification was compared to the registered
SFR classification to assess the validity of SFR data. Accuracy and intra- and interrater agreement were
evaluated using Cohen$ kappa with interpretation according to Landis and Koch.

Results: There was moderate agreement between the established gold standard classification and the SFR
(kappa 0.43). The level of agreement differed between classification groups. The intrarater agreement was
substantial to almost perfect and interrater agreement was moderate to substantial.

Conclusions: The accuracy of acetabular fracture classifications in the SFR was moderate and comparable
to previous validation studies from the SFR on other fracture types. As the accuracy differed between
fracture groups, care should be taken when analyzing data from the SFR on specific acetabular fracture

groups.

© 2022 The Authors. Published by Elsevier Ltd.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Out of 100 000 persons, three to eight, sustain an acetabular
fracture each year and the incidence is increasing among the el-
derly population and decreasing in the younger population [1-5].
The etiology of an acetabular fracture is mainly either low energy
trauma in the elderly population or high energy trauma in younger
patients. During the last decades there has been a comprehensive
development in the treatment of these fractures [4,5].

The classification of acetabular fractures is recognized as diffi-
cult. Although the Judet-Letournel classification is the most com-
monly used classification worldwide, it has been criticized for both
being too complex especially among less experienced users [6],
but also for being oversimplified and incomplete [7-9]. Alterna-
tive classification systems have been presented, some of which are
based on computed tomography (CT) instead of plain radiographs
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[8-10], but to date there is no superior alternative to the Judet-
Letournel classification.

The Swedish Fracture Register (SFR) is a national quality reg-
ister that was established in 2011. It has rapidly grown and now
includes all fractures of the extremities, pelvis and spine, both
surgically and non-surgically treated, making the register unique
[11,12]. In spring 2021, the national coverage was 100% [13]. The
register collects information on patient age, sex, fracture classifi-
cation and the chosen treatment including any reoperations. Vali-
dation studies from the SFR have been performed for ankle, tibia,
proximal humerus, femur and distal radial fractures and shown
moderate to substantial accuracy [14-18].

Fractures of the acetabulum have been included in the reg-
ister since 2012, and in September 2021 more than 3000 pa-
tients treated for an acetabular fracture had been registered (www.
frakturregistret.se).

The aim of the current study was to assess the accuracy of the
classification of surgically treated acetabular fractures in the SFR,
thereby validating data reported to the SFR. Intra- and interrater
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reliability of the Judet-Letournel /| AO/OTA classification systems
was investigated as a secondary aim.

Methods

In total, 132 acetabular fractures in patients aged 16 years or
higher, treated operatively between January 1st 2014 and Octo-
ber 15th 2020, were randomly selected from the SFR in Novem-
ber 2020. These were initially treated at 24 different hospitals. The
radiology departments of the treating hospitals were contacted by
letter and asked to send the preoperative computed tomography
(CT) of their respective patients. A total of 124 fractures (123 pa-
tients) were included in the study and eight fractures were ex-
cluded due to either missing or poor-quality preoperative imaging,
penetrating injury (gunshot), or the presence of a periprosthetic
fracture in which case a different classification system is warranted
(Fig. 1).

The SFR uses the AO/OTA classification of acetabular fractures
from 1996 [19] which is a modification of the Judet-Letournel clas-
sification [20,21] adapted to the AO/OTA system for fracture classi-
fication but consisting of the same fracture groups as described by
Judet-Letournel (Table 1).

Three experienced orthopedic pelvic surgeons (AE, OW and MS)
from three different university hospitals in Sweden were chosen

132 operatively treated acetabular
fractures randomly selected from SFR
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as expert raters to classify the fractures at two different occasions,
five weeks apart. The first author (MA) demonstrated the CT im-
ages, including 3D reconstructions, for the three expert raters us-
ing the Agfa HealthCare® imaging system (Belgium) on an online
video conference platform (Microsoft Skype®). The raters made
their own individual analysis and were not allowed to discuss
the classification with each other. The images and explanatory
text available to the users of the SFR for guidance in fracture
classification were available to the raters during the classification
sessions.

Each fracture was classified a total of six times (two times by
each rater) and an identical classification in at least five out of six
times was accepted as the gold standard (GS). GS was established
for 67 out of the 124 cases. One case, however, was commented on
as perhaps not being a pure acetabular fracture but a pelvic ring
fracture. For that reason, that case was not immediately accepted
as the gold standard, but instead was included for discussion at a
final third session.

The third and final session was held for the raters to discuss the
remaining fractures in which GS had not been established. The im-
ages were demonstrated once again during this session and all the
three raters shared their opinion and openly discussed their rea-
soning. Consensus was reached in all cases regardless of previous
classifications, and the final gold standard was established.

8 cases excluded;

- 1because of missing preoperative imaging
- 3because of lacking or only poorquality CT imaging

124 fractures classified by three
raters on two occations

available
- 1 gunshot wound

- 3 periprosthetic fractures (different classification system)

In 67 fractures 6/6 (n=53) or 5/6
(n=14) classifications corresponded

In 57 fractures 4/6 or less
classifications corresponded

l l

66 fracture classifications 1 fracture with 5/6 corresponding

accepted as Gold Standard classifications commented on as
"not an acetabular fracture?”

!

58 fractures reviewed a third time and
consensus discussion

Accuracy
Gold Standard

classification

classification

SFR

Fig. 1. Flowchart of how the study was conducted.

Table 1

AO/OTA fracture classification groups used in SFR and corresponding group according to the Judet-Letournel classi-

fication system.

AO/OTA group as shown in SFR

Judet-Letournel classification

Abbreviations

62-A1 Posterior wall PW
62-A2.1/2 Posterior column PC

62-A2.3 Associated posterior column and posterior wall PC+PW
62-A3.1 Anterior wall AW
62-A3.2/3 Anterior column AC
62-B1.1/2 Pure transverse TRANS
62-B1.3 Associated transverse and posterior wall TRANS+PW
62-B2 T-shaped T

62-B3 Associated anterior column and posterior hemitransverse =~ AC+PHT
62-C Associated both column ABC
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Table 2
Agreement measures for categorical data according to Lan-
dis and Koch.

Kappa Statistic Strength of Agreement

<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair

0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost Perfect

Statistics

Sample size calculations to determine the number of fractures
needed for this study were conducted. An estimate of the distri-
bution of fracture groups was made using data from the SFR prior
to the data extraction for this study. These numbers were used to
calculate the probability of agreement “by chance”. Percent agree-
ment of 0.6 (60%) was assumed. To achieve a confidence interval
of 95% that did not span more than one category on the kappa
coefficient scale presented by Landis and Koch, a relative error of
20% (i.e. kappa +/- 0.1) was accepted [22]. Sample size was calcu-
lated to 111 fractures. A loss of approximately 10% was estimated
and therefore 132 fractures were selected from the SFR. Cohen’s
kappa was used for analyzing agreement for accuracy and inter-
and intraobserver agreement and the strength of agreement was
interpreted as categorized by Landis and Koch (Table 2). Statisti-
cal analyses were conducted using SPSS Statistics (version 25, IBM
corporation, USA).

Results
Demographics and fracture classification

Of the 124 acetabular fractures, 93 (75%) had occurred in men.
Age at the time of injury ranged from 18 to 95 years, with a mean
age of 59 for men and 67 for women (Table 3).

According to the established gold standard classification, the
group C fractures (both columns) were found to be most com-
mon (26%, n = 32), followed by the anterior column fractures (21%,
n = 26) and posterior wall fractures (19%, n = 23). The distribution

Table 3
Age and sex distribution.
Men Women Total
(n = 93, 75%) (n = 31, 25%) (n=124)
Mean age (range) 59 (18-95) 67 (25-93) 61 (18-95)
Median age (range) 63 (18-95) 73 (25-93) 65 (18-95)
Table 4
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Table 5
Distribution of acetabular fractures according to how
the classification of the three raters on two occasions

corresponded.
Number of corresponding Number of
classifications fractures
6/6 53
5/6 14
4/6 30
3/6 22
2/6 5
0/6 0
Table 6

Accuracy SFR vs Gold Standard.

PA (percent
agreement)
51%
69%

Kappa (95% CI)

0.43 (0.34-0.52)
0.5 (0.37-0.62)

AO/OTA group
AO/OTA type (A/B/C)

of fracture groups differed somewhat between the established GS
and the registrations made in the SFR (Table 4).

The first two classification sessions resulted in a total of 67 out
of the 124 fractures with corresponding classifications in five or six
out of six classifications (Table 5).

Accuracy SFR vs gold standard

The SFR fracture classification corresponded to the GS in 63
out of the 124 cases (51%). Cohen$ kappa coefficient was 0.43
(0.34-0.52 95% Cl), corresponding to moderate agreement accord-
ing to Landis and Koch [22, Table 2]. When joining the classifi-
cation groups into; type A, B and C, the percent agreement was
69% (n = 85/124) and the kappa value was 0.5 (0.37-0.62 95% CI)
(Table 6).

Not counting the anterior wall fracture (A3.1), as there was only
one (100%), the highest percent agreement (91%) was obtained for
posterior wall fractures (A1) where 21 out of 23 were correctly
classified. The PW fractures were followed by fractures of both
columns (C) at 63% (20/32) and the combined transverse and pos-
terior wall fractures (B1.3) at 57% (4/7) (Table 7). The other fracture
groups had a percent agreement of 50% or less.

Reliability
Intrarater agreement

The intrarater agreement for each individual expert rater be-
tween the first two sessions for the full classification code was

Age distribution according to fracture group (GS) and number of fractures for each fracture group according to the gold standard
classification and according to the SFR registration. (GS=Gold Standard, SFR=Swedish Fracture Register).

Fracture group Mean age Gold Standard SFR

Number of fractures % Number of fractures %
A1 (PW) 51 23 19 26 21
A2.1/2 (PC) 65 2 2 7 6
A2.3 (PC+PW) 54 7 6 4 3
A3.1 (AW) 79 1 1 11 9
A3.2/3 (AC) 70 26 21 13 10
B1.1/2 (TRANS) 59 7 6 7 6
B1.3 (TRANS+PW) 45 7 6 9 7
B2 (T) 69 9 7 10 8
B3 (AC+PHT) 67 7 6 10 8
C (ABC) 62 32 26 26 21
Not able to classify 64 3 2 1 1
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Table 7
Accuracy Swedish Fracture Register (SFR) vs Gold Standard (GS) for each fracture
group.

Number of correctly classified

fractures in SFR (total number PA (percent

Fracture group according to GS) agreement)
Al (PW) 21 (23) 91%
A2.1/2 (PC) 1(2) 50%
A2.3 (PC+PW) 1(7) 14%
A3.1 (AW) 1(1) 100%
A3.2/3 (AC) 10 (26) 38%
B1.1/2 (TRANS) 1(7) 14%
B1.3 (TRANS+PW) 4(7) 57%
B2 (T) 2(9) 22%
B3 (AC+PHT) 1(7) 14%
C (ABC) 20 (32) 63%
Not able to classify 1(3) 33%

substantial for raters one and three and almost perfect for rater
two according to the Landis and Koch interpretation of kappa val-
ues (Table 8). The mean intrarater kappa value was 0.74.

Interrater agreement

The interrater agreement between the three expert raters for
the full classification code ranged from 0.5 to 0.68 which corre-
sponds to moderate to substantial agreement (Table 9). The mean
kappa value for interrater agreement was 0.59. For the AO/OTA
type (A, B or C) the kappa values ranged from 0.6 to 0.77 corre-
sponding to substantial agreement.

Discussion

The agreement of acetabular fracture classification in SFR com-
pared to the established gold standard in this study was found to
be moderate with a kappa value of 0.43. For other fracture loca-
tions, validation studies on SFR data have reported on either mod-
erate or substantial agreement [14-18]. A lower agreement on ac-
etabular fracture classification was expected since the classification
system for acetabular fractures is known to be complex [6-10].
However, the analysis of intra- and interrater reliability showed
that the classification is reliable once the observer was well famil-
iar with it. The substantial intrarater agreement and the moderate
interrater agreement of the present study is very similar to a pre-
vious study by Zhang et al [10].

The sex distribution with a male predominance of 75% in this
study population was comparable to other studies [2,4,23]. Further-
more, the distribution of fracture groups was, to a great extent,
comparable to previous studies [2,4,21,23]. With the exception of
anterior and posterior column fractures, the distribution of frac-
ture groups in the current study greatly corresponded to the study
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conducted by Ochs et al. in which 1266 patients with unilateral
acetabular fractures were reviewed [4]. Anterior column fractures
were more common in our material (21% compared to 12%) and
posterior column fractures were less common (1.6% compared to
7.5%). The differences may be explained by the age difference of
the two study cohorts, where the mean age of our study group
was 61 years and 47 years in the study Ochs et al. conducted. Fer-
guson et al. reported on a difference in the distribution of fracture
groups between patients aged under and over 60 years [2]. In pa-
tients younger than 60 years, 7.2% sustained an anterior column
fracture as opposed to 19% in the group older than 60 years. The
younger group had a higher prevalence of posterior column frac-
tures than the older group (2.4% compared to 0.4%).

The Judet-Letournel classification has been criticized for not in-
cluding all fracture patterns and that as much as 20% of acetab-
ular fractures do not fit into any of the ten fracture categories
[9,10]. In our study, 2.4% of the acetabular fractures were judged
as impossible to classify and in the SFR the corresponding number
was 0.8%. The proportion of non-classifiable fractures in the SFR
agrees with the results reported by Ochs et al. (0.8%) [4]. These re-
sults support the completeness of the Judet-Letournel classification
system.

Cohen’s kappa coefficient was developed to eliminate the
chance that raters were in agreement by making random guesses
when unsure of how to score, or in this case, classify a fracture
[24]. The interpretation of Cohen’s kappa value as suggested by
Landis and Koch is widely used [22]. However, the interpretation
has been a subject for discussion. McHugh reported that a low
agreement among raters can nonetheless be described as substan-
tial and suggests a different interpretation of Cohen’s kappa [25].
Comparing GS classification to the SFR, the kappa values of 0.43
and 0.5 correspond to weak agreement instead of moderate when
interpreted according to McHugh.

Regardless of which interpretation of Cohen’s kappa that is
used, we found that the level of accuracy for the SFR established
in this study needs to be interpreted with some caution. It is im-
portant to be aware of the present study results when further an-
alyzing data on acetabular fractures from the SFR. Some fracture
groups, such as posterior wall and both column fractures, had a
better agreement than others, ensuring valid data when these frac-
ture groups are studied individually. Other fracture groups seem
much more difficult to classify correctly and care should be taken
before making assumptions when analyzing data on these groups.
Data from the SFR on acetabular fractures as a cohort can be stud-
ied and analyzed with good validity.

Strengths and limitations

For this study, only patients with surgically treated acetabu-
lar fractures were selected and the validation therefore applies to

-lr:tlﬂaeraier agreement, comparing the classifications of each rater between two seminars. (PA=percent agreement).
Rater 1 Rater 2 Rater 3
PA Kappa (95% CI) Kappa (95% CI) PA Kappa (95% CI)
AO/OTA group 74% 0.7 (0.61-0.78) 86% 0.84 (0.77-0.91) 73% 0.67 (0.58-0.76)
AO/OTA type (A/B/C) 89% 0.82 (0.74-0.91) 94% 0.9 (0.83-0.97) 81% 0.72 (0.62-0.82)

Table 9
Interrater kappa values with 95% CIL.

Rater 1 vs Rater 2

Rater 1 vs Rater 3

Rater 2 vs Rater 3

Seminar 1 Seminar 2

Seminar 1

Seminar 2 Seminar 1 Seminar 2

AO/OTA group
AO/OTA type (A/B/C)

0.6(0.5-0.69)
0.75(0.65-0.85)

0.6(0.5-0.69)
0.72(0.61-0.82)

0.63(0.54-0.72)
0.69(0.59-0.8)

0.68(0.6-0.77)
0.77(0.68-0.87)

0.5(0.4-0.59)
0.6(0.48-0.71)

0.54(0.45-0.63)
0.66(0.55-0.77)
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that group of patients. However, most available studies are only
performed on surgically treated patients. Since surgically treated
patients constitute approximately 25% (www.frakturregistret.se) of
the patients in the SFR, it could be argued that we only validated
a small selection of the patients. The generalizability of our re-
sults could have been greater if we had included both surgically
and non-surgically treated patients.

Sample size calculations were conducted to ensure that all frac-
ture groups were included. Some fracture groups, however, were
only represented with a very small amount of fractures. This
makes it difficult to draw any certain conclusions regarding those
specific fractures.

Conclusions

The accuracy of acetabular fracture classifications in the SFR
was moderate and comparable to previous validation studies from
the SFR on other fracture types. As the accuracy differed between
fracture groups, care should be taken when analyzing data from
the SFR on specific acetabular fracture groups.

Ethical approval

Ethical approval for this study was obtained from the Swedish
Ethical Review Agency (ID 2020-03775).
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