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ABSTRACT

Introduction: The Judet and Letournel classification is the most wide-
ly used classification system for acetabular fractures. Some complex
fractures couldn’t be classified according to this classification.
The main purpose of this study was to evaluate the reliability of the
Letournel and Judet classification system for acetabular fractures.
Material and methods: 10 acetabular fractures were analyzed among
17 orthopedic surgeons. The surgeons were asked to classify the
fractures according to the Judet and Letournel classification. Their
experience, the number of surgeries, and the incision type that the
surgeon uses for the anterior part of the acetabulum were recorded.
Results: The overall interobserver agreement for the Letournel
classification was found to be poor, with a Kappa value of 0.287.
The Kappa value for interobserver agreement was 0.224 for plain
radiographs, 0.293 for 2D-CT, and 0.321 for 3D-CT scans. There
was no significant difference between the incision types used by
the surgeons. The highest reliability was determined among the
surgeons who operate on 10-20 acetabular fractures per year,
with a Kappa value of 0.309. Conclusion: This results revealed
that the Judet and Letournel Judet classification is not sufficient
to classify acetabular fractures because of unclassified fractures
and the complex algorithm of the system. Level of Evidence IlI;
Comparative Retrospective Study.

Keywords: Acetabulum. Orthopedic Surgeons. Pelvis. Fractures,
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RESUMO

Introducéo: A classificacéo de Judet e Letournel é o sistema de
classificagéo mais amplamente utilizado para fraturas acetabulares.
Algumas fraturas complexas, porém, ndo puderam ser classificadas de
acordo com esta classificagéo. O principal objetivo deste estudo foi avaliar
a confiabilidade do sistema de classificacéo de Judet e Letournel para
fraturas acetabulares. Material e métodos: Foram selecionadas aleato-
riamente 10 fraturas acetabulares de um banco de dados. Participaram
do estudo 17 cirurgides ortopédicos. Foi solicitado aos cirurgides que
classificassem as fraturas de acordo com a classificagédo de Judet e
Letournel. Suas experiéncias, o nimero de cirurgias e o tipo de incisao
que o cirurgido utiliza para a parte anterior do acetabulo foram registrados.
Resultados: A concordéncia interobservadores geral para a classificacdo
de Judet e Letournel foi considerada fraca, com um valor de Kappa de
0,287. O valor de Kappa para a concordancia interobservadores foi de
0,224 para radiografias simples, 0,293 para tomografias computadori-
zadas em 2D e 0,321 para tomografias computadorizadas em 3D. N&o
houve diferenca significativa entre os tipos de inciséo utilizados pelos
cirurgides. A maior confiabilidade foi determinada entre os cirurgiées que
operam de 10a 20 fraturas acetabulares por ano, com um valor de Kappa
de 0,309. Conclusao: Os resultados revelaram que a classificagdo de
Judet e Letournel ndo é suficiente para classificar fraturas acetabulares
devido a fraturas néo classificadas e ao algoritmo complexo do sistema.
Nivel de Evidéncia Ill; Estudo Comparativo Retorpectivo.
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INTRODUCTION

The treatment of acetabular fractures is one of the most complicated
situations in orthopaedic surgery. There has been a progressive
increase in the number of cases, resulting from high-energy acci-
dents and due to the improvement of emergency rescue systems,
which are able to save the life of a polytrauma patient.! Accurate
classification of acetabular fractures is very important when selecting
the correct surgical approach to enable the most effective surgical

treatment.? The need for an accurate and precise classification
system has been long established as a cornerstone in modern
fracture treatment.® Judet and Letournel, whose treatise analyses
fractures of the acetabulum, named the columns in reference to
their double embryological origin. The iliopubic column (anterior
column) extends from the superior iliac crest to the pubic symphysis.
The thicker structure of the ilioischial column (posterior column)
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extends from the inferior sacroiliac joint and sciatic notch to the
ischial tuberosity. Letournel and Judet developed a classification
system which divides fracture types into one of five elementary
(simple) and five associated (complex) patterns based on the column
system. The Letournel and Judet classification requires 3 plain
radiographs of the pelvis: an AP view, an obturator oblique view,
and an iliac oblique view. The evaluation of acetabular fractures is
difficult and the classification systems of Letournel*® and AO/OTA®
are complex. There is a current trend towards increased utilization of
computed tomography (CT) imaging both in the general population
and specifically in the emergency care setting.” The integration of CT
scans into common medical care of trauma patients has increased
our ability to detect fractures of the quadrilateral surface, sacrum,
acetabular roof, and posterior acetabular wall, to identify loose
bodies in the hip, and provides a more complete understanding
of acetabular fracture characteristics.

The reliability of the Letournel and Judet classification was investi-
gated previous studies. Beaule et al. stuied the reliability wtihin the
different experience levels of surgeons but the fracture types did
not selected randomly.® Hutt et al. classified the fractures according
to the Letournel and Judet classification. They used a hundred
radiograps three observers and they put a tab as unclassified.®
The main purpose of this study was to evaluate additional information
for the reliability of the Letournel and Judet classification system
with randomly selected radiograms offered to observers who had
variable degrees clinically. Each observer was familiar with the
Letournel classification. Evaluations and comparisons were made
in respect of Kappa values for interobserver reliability, according to
the type of incision used for anterior part fractures, the experience
of the surgeons, using plain radiographs and the additional effect
of two-dimensional CT (2D-CT) and three-dimensional CT (3D-CT)
scans and the complexity of the fracture type.

MATERIAL AND METHODS

In this study the reliability of the Letournel and Judet classification
was investigated according to the participants’ experience, the
number of acetabular fracture surgeries performed per year, the
incision type that the surgeon uses for the anterior part of the
acetabulum and the effect of 2D and 3D CT scans. The Judet and
Letournel classification divides acetabular fractures into 2 groups:
elementary (simple) and associated (complex). The elementary
fracture group includes anterior and posterior wall fractures, an-
terior and posterior column fractures, and transverse fractures.
The associated acetabular fracture group includes both column
fractures, anterior column posterior hemitransverse fractures, T-type
fractures, and transverse or posterior column with posterior wall
fractures. (Figure 1)

Atotal of 10 patients, aged >18 years, with 10 acetabular fractures
were randomly selected from the hospital database. For each patient
there was a complete set of radiographs, CT scans and 3D-CT
scans taken within the last 3 years. The CT scans and the 3D-CT
scans were uploaded to the internet in video format. A total of 17
orthopedic surgeons, all of whom were familiar with the Letournel
and Judet classification and who were variable degrees in treating
acetabular fractures, participated in the study. Standard forms
were created and sent to the personal e-mail addresses of the
participating observers. The participants were not given any clinical
information regarding the demographic data, treatment methods
or results of the patients. A schema and written explanation of the
Letournel and Judet classification were given in the introduction
of the Form (Figure 1). Each item in the survey had 10 different
response options, comprising the types of acetabulum fracture
according to the Letournel and Judet classification. The observers
were asked to mark only one option in response to each item.
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Figure 1. Elementary and associated types of acetabular fractures
according to the Letournel classification.
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The first 3 items were related to the experience of the surgeon, the
number of acetabular fracture surgeries performed and the incision
type that the surgeon uses for the anterior part of the acetabulum.
The next item included three plain radiographs of the first patient
and the participants were asked to classify the type of acetabu-
lum fracture according to the Letournel and Judet classification.
In the next item, the CT scans of the same patient were presented
and the participants were again asked the type of acetabulum
fracture according to the Letournel and Judet classification.
The following item presented the 3D-CT scans of the same patient
and the respondents were asked if there was any change to the
diagnosis and if so, which fracture type did they now consider it
to be. Ten patients radiographs, CT scans and 3D-CT scans of 10
patients were presented in this way. All the answers were collected
and analysed statistically. Fleiss Kappa analysis was applied to
analyse agreement between the surgeons. Statistical analysis
was performed using R (version 3.4.3, Vienna, Austria) in RStudio
software (Version 1.1.463 - © 2009-2018 RStudio, Inc.). The package
used for the analysis was "irr”. According to Landis and Koch,
a Kappa value of 0.00-0.20 indicates slight agreement, 0.21-0.40
fair agreement, 0.41-0.60 moderate agreement, and Kappa 0.81
is considered to be almost perfect. 1

RESULTS

In this study, 17 orthopaedic surgeons who had variable degrees
clinically classified acetabular fractures according to the Letournel
and Judet classification. The overall interobserver agreement for
the Letournel classification was found to be poor with a Kappa
value of 0.287 [Kappa (95 % CI), p<0.001]. When evaluating the
interobserver agreement according to the selected incision, for
ilioinguinal incision the Kappa value was found to be 0.282 [Kappa
(95 % Cl), p<0.001] and for modified medial Stoppa 0.281 [Kappa
(95% Cl), p<0.001]. The interobserver agreement according to
the years of experience of the physician, was Kappa 0.262 for
experience of 1-5 years [Kappa (95% Cl), p<0.001], 0.303 for 5-10
years [Kappa (95% Cl), p<0.001] and 0.238 for 10-20 years [Kappa
(95% Cl), p<0.001]. The interobserver agreement according to the
physicians practice that the number of operated acetabular fracture
per year, for 5-10 the kappa value was found 0.262 [Kappa (95% Cl),
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p<0.001] for 10-20 0.309 [Kappa (95 % CI), p<0.001] and
for 20 and over 0.278 [Kappa (95 % Cl ), p<0.001] (Table 1).
The interobserver agreement for plain radiographs was Kappa value
0.224 for plain radiographs, 0.293 for 2D-CT, and 0.321 for 3D-CT.
After the answers were collected the senior author classified the
fracture types according to the Letournel classification (Table 2).
The senior author’s diagnostics were two posterior wall, two posterior
column, one transverse, two t type, two anterior column posterior

Table 1. The results of incision type, years of experience of the surgeon,

number of operations performed per year, and the Kappa values.
n Kappa
llioinguinal 7 0.282
Modified medial Stoppa 10 0.281
1-5 years 7 0.262
5-10 years 7 0.303
10-20 years 3 0.238
5-10 operations per year 7 0.262
10-20 operations per year 6 0.309
20 + operations per year 4 0.278

hemitransverse and one both column. Agreement percentage was
90% for posterior wall fractures, 68% for posterior column fractures.
One t type fracture the agreement percentage was 49%. Another t
type fracture the agreement percentage was 17%. (Table 2, Figure 2).

DISCUSSION

In this study the overall Kappa for the Letournel and Judet clas-
sification was found to be poor at 0.287. The study results also
showed that the incision type preferred by the surgeon for anterior
part fractures of the acetabulum did not change the reliability
of the Letournel and Judet classification. In 2D CT, and 3D CT
scans the kappa vale were increased and more importantly the
agreement percentages were increased (Table 2, Figure 2). The
experience of the surgeon partially increased the reliability but not
to a significant degree. In the study by Beaulé et al., the senior
author had originally classified the fractures at the time of surgery
and patient radiographs were selected to include every type of
fracture.® The study was conducted with three groups of three
orthopaedic surgeons: group 1, surgeons who had studied under
Letournel, group 2, surgeons who specialized in acetabular fracture
surgery, and group 3, general trauma surgeons. The interobserver

Table 2. Senior author’s diagnosis and percentages of the most given answers to the patients X-ray, 2-D CT, 3-D CT sans.

Patient Senior author’s diagnosis X ray; most given answer/ 2D CT; most given 3-D CT most given answer/percentage
percentage answer/percentage
1 Transverse Transverse 471 Transverse 294 Transverse 471
2 T type Anterior column 52.9 Both column 52.9 Both column 35.3
3 T type T type 47.1 T type 47.1 T type 52.9
4 Posterior wall Posterior wall 88.2 Posterior wall 100 Posterior wall 100
5 Anterior golumn posterior Anterior column 204 T type 353 Anterior golumn posterior 353
hemitransverse hemitransverse
6 Posterior column Posterior column 41.2 Posterior column 52.9 Posterior column 471
Anterior column posterior Anterior column Anterior column posterior
7 . P Posterior column 235 posterior 29.4 . P 29.4
hemitransverse ) hemitransverse
hemitransverse
8 Posterior column Posterior wall 70.6 Posterior column 58.8 Posterior column 76.5
9 Posterior wall Posterior wall 70.6 Posterior wall 941 Posterior wall 88.2
10 Both column Posterior column 475 Both column 475 Both column 59
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Figure 2. Distribution of observers answers.
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reliability without and with CT during the first session was 0.70 and
0.74, respectively; 0.71 for group 1, 0.69 for group 2, and 0.51 for
group 3. In the current study, radiographs and CT scans of randomly
selected patients were used and after the observers results were
collected, the senior author classified the fractures. The Kappa
value was determined for overall, plain radiographs, 2D CT, and 3D
CT scans and the questions were studied separately. In this study
the kappa values was lower than Beaule study but the percent
agreement was similar among elementary fracture types; posterior
wall fractures was % 92 in Beaule, in this study was was % 90. For
the associated fracture types they found percent agreement for t
type 49 %, in this study percent agreement for one t type fracture
which could be classify with Letournel was 49 % but another t type
fracture percent agreement was % 17, the observers classified that
as both column 35 % (Figure 3). In a study by Hutt et. al, 4 surgeons
experienced in acetabular fracture surgery classified acetabulum
fractures according to the Letournel and Judet classification and
if they thought a fracture could not be classified, it was noted as
unclassifiable. In that study, the overall Kappa value was 0.43
for plain radiographs and 0.54 for CT. When the unclassifiable
fracture patterns were removed, inter-observer agreement was
substantially improved to x = 0.65 for radiographs alone, and
near perfect k = 0.80, with the addition of CT scans. In total, 63%
of cases were recorded as unclassifiable by at least one surgeon,
and 46% by at least two in the Hutt et al. Study.® The Letournel and
Judet classification system could be fail with acetabulum fractures
which do not match the fracture lines described by Letournel and
Judet, especially when quadrilateral surface fracture is included.®
Although the quadrilateral surface is an important anatomic stru-
cture and essential in the surgical reduction of fractures of the
acetabulum, itis not a part of the systems developed for classifying
these fractures."'? In the current study the overall Kappa value
was found to be poor at 0.287 in comparison with the Hutt et al.
study, in which 4 surgeons worked together, whereas the current
study included 17 surgeons from 10 different centers and so it can
be considered that their practices may be different. And as the
Fleiss kappa methods when the observer number increased the
kappa value decraese, kappa coefficient is highly affected by the
number of observers.'” Herman et al. described a novel classifica-
tion system as the vectors of trauma with 6 fracture patterns and
according to their study, 20% of fractures could not be classified
according to the Letournel and Judet classification system.'® The
novel classification described by Herman et al. requires studies
of interobserver agreement, additional data from 3D CT, and
assessments of the overall effect on clinical outcomes. Ohashi et
al. reported Kappa values of 0.42 for interobserver agreement of
the classification of 101 acetabular fractures when only radiographs
were viewed and 0.70 when only multidetector CT images were
viewed." It was concluded in that study that plain radiographs

Figure 3. Patient eight radiograms; A: 3D-CT scan; B,C: 2D-CT scan; D:
obturator oblique xray; E: iliac oblique xray; F: AP pelvis xray.
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are not necessary and CT scans are sufficient for classification.
However, plain radiographs can detect a fracture line more frequently
using AP pelvis radiographs, so patients can avoid unnecessary CT
imaging with radiation exposure. In a study by Ohashi et al, there
were only two radiologist observers, and it was stated that with a
higher number of observers, agreement could change. Consistent
with the findings of the current study, Visutipol et al. found that the
addition of a 3D CT scan did not improve the inter- or intraobserver
reliability of the Letournel classification with Kappa values reported
of 0.42 for plain radiographs and 0.44 for 3D CT evaluation." But
in the current study despite the non significant kappa increasing
for CT images the percentage of agreement increse more. In the
patient eight series the senior author’s diagnosis was posterior
column and the 70 % was posterior wall according to x rays, 58.8
% was posterior column according to 2D-CT scans and 76.5 %
was posterior column according to 3D-CT scans.

Prevezas et al. used the iliopectineal and ilioischial lines to group
fractures according to integrity and to then classify them according
to the Letournel and Judet classification, yet they failed to demon-
strate any significant improvement in concordance.'® Petrisor et al.
conducted a comparative study between orthopaedic surgeons
in training and those who had already graduated. Interobserver
concordance using the Letournel and Judet classification was
found to increase in direct relation to the surgeon’s experience,
regardless of the addition of oblique views."” However, that study
used four elementary fracture types and roof fracture and tear
drop disruption, so the agreement would be expected to be higher
and anterior wall fracture agreement poorer among all trained
observers. In the current study, the maximum agreement was
found between surgeons who performed 10-20 acetabular fracture
operations per year.

Boudissa et al. studied semi-automatic bone-fragment segmentation
through orthopaedic residents and found that agreement improved
with semi-automatic bone-fragment segmentation but in the study,
only fractures which could be classified were used.'® Riouallon
et al. developed an application based on the Letournel and Judet
classification. In that method, 8 radiographic landmarks were sys-
tematically examined for fracture lines, including 3 anterior landmarks
(iliac wing, linea arcuata, and anterior wall of the acetabulum), 3 “no
man’s land” landmarks (roof of the acetabulum, quadrilateral surface,
and obturator ring), and 2 posterior landmarks (posterior border of
the iliac bone and posterior wall of the acetabulum). According to
the study results, using the application improved reliability among
14 observers with different degrees of experience. However, the
study was monocentric and there could have been selection bias
in terms of the examiners.'® Clarke et al, the overall interobserver
agreement for the Letournel and Judet classification was found to
be moderate with a Kappa value of 0.52 in 4 four trauma centres
and the highest Kappa value of 0.60 in the 3D CT set.?? In that
study, a single set of images was evaluated but in the current study
all 2D CT and 3D CT images were presented in video format and
therefore, whole sets of images were given to the observers, who
comprised 17 trauma surgeons from 10 different trauma centres.
The plain radiographs, 2D CT and 3D CT videos were given in the
same set and the participants were asked not to change the previous
answers following 2D CT and 3D CT images. Thus the additional
effect on interobserver reliability could be studied.

In conclusion, the results of this study revealed that the Letournel
and Judet classification is not sufficient for the classification of
acetabular fractures because of unclassified fractures and the com-
plex algorithm. Even among experienced surgeons, interobserver
raliability was found to be poor. Therefore, a clearer classification
system is required for acetabular fractures

Page 4 of 5



AUTHORS’ CONTRIBUTION: MY: Concept: The idea for research or article/hypothesis generation; Design: Planning the methods to generate hypothesis; Resources: Supplying
financial resources, equipment, space, and personnel vital to the project; Data collection and/or processing: Responsibility for conducting experiments, management of patients,
organizing and reporting data; Literature search: Responsibility for conducting literature Search; Writing manuscript: Responsibility for creation of an entire or the substantial part
of the manuscript. ANA: Materials: Biological materials, reagents, referred patients; Analysis and/or interpretation: Responsibility for presentation and logical explanation of results.
AFD: Supervision: Supervision and responsibility for the organization and course of the project and the manuscript preparation; Critical review: Reworking the final, before submission

version of the manuscript for intellectual content, not just spelling and grammar check.

REFERENCES

1.

10.

Polesello GC, Nunes MAA, Azuaga TL, Queiroz MC de, Honda EK, Ono NK. Es-
tudo da reprodutibilidade e compreenséo da classificagdo de Judet e Letournel.
Acta Ortop Bras. 2012;20(2):70-4. doi:10.1590/S1413-78522012000200002.
Gusic N, Sabalic S, Pavic A, Ivkovic A, Sotosek-Tokmadzic V, Cicvaric T.
Rationale for more consistent choice of surgical approaches for acetabular
fractures. Injury. 2015;46:578-86. doi:10.1016/j.injury.2015.10.045.

Bernstein J, Monaghan BA, Silber JS, DeLong WG. Taxonomy and treatment--a
classification of fracture classifications. J Bone Joint Surg Br. 1997;79(5):706-7;
discussion 708-9.

Judet R, Judet J, Letournel E. Fractures of the acetabulum: Classification and
surgical approaches for open reduction. preliminary report. J Bone Joint Surg
Am. 1964;46:1615-46.

Judet R, Judet J, Lanzetta A, Letournel E. [Fractures of the acetabulum. Classi-
fication and guiding rules for open reduction]. Arch Ortop. 1968;81(3):119-58.
Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster TA, et al.
Fracture and dislocation classification compendium - 2007: Orthopaedic Trauma
Association classification, database and outcomes committee. J Orthop Trauma.
2007;21(10 Suppl):S1-133.

Broder J, Fordham LA, Warshauer DM. Increasing utilization of computed
tomography in the pediatric emergency department, 2000-2006. Emerg Radiol.
2007;14(4):227-32. doi:10.1007/s10140-007-0618-9.

Beaulé PE, Dorey FJ, Matta JM. Letournel classification for acetabular fractures.
Assessment of interobserver and intraobserver reliability. J Bone Joint Surg
Am. 2003;85-A(9):1704-9.

Hutt JRB, Ortega-Briones A, Daurka JS, Bircher MD, Rickman MS. The ongoing
relevance of acetabular fracture classification. Bone Joint J. 2015;97-B(8):1139-
43. doi:10.1302/0301-620X.97B8.33653.

Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics. 1977;33(1):159-74.

11. Werner CML, Copeland CE, Ruckstuhl T, Stromberg J, Turen CH, Bouaicha

S. Acetabular fracture types vary with different acetabular version. Int Orthop.

Page 50f 5

20

2012;36(12):2559-63. doi:10.1007/s00264-012-1687-2.

. Prasartritha T, Chaivanichsiri P. The study of broken quadrilateral surface in

fractures of the acetabulum. Int Orthop. 2013;37(6):1127-34. doi:10.1007/
s00264-013-1845-1.

. Herman A, Tenenbaum S, Ougortsin V, Shazar N. There Is No Column. J Bone

Jt Surg. 2018;100(2):e8. doi:10.2106/JBJS.17.00600.

. Ohashi K, El-Khoury GY, Abu-Zahra KW, Berbaum KS. Interobserver agreement

for Letournel acetabular fracture classification with multidetector CT: are standard
Judet radiographs necessary?. Radiology. 2006;241(2):386-91. doi:10.1148/
radiol.2412050960.

. Visutipol B, Chobtangsin P, Ketmalasiri B, Pattarabanjird N, Varodompun N.

Evaluation of Letournel and Judet classification of acetabular fracture with
plain radiographs and three-dimensional computerized tomographic scan. J
Orthop Surg (Hong Kong). 2000;8(1):33-7. doi: 10.1177/230949900000800107.

. Prevezas N, Antypas G, Louverdis D, Konstas A, Papasotiriou A, Sbonias G.

Proposed guidelines for increasing the reliability and validity of Letournel classi-
fication system. Injury. 2009;40(10):1098-103. doi:10.1016/j.injury.2009.06.005.

. Petrisor BA, Bhandari M, Orr RD, Mandel S, Kwok DC, Schemitsch EH. Improving

reliability in the classification of fractures of the acetabulum. Arch Orthop Trauma
Surg. 2003;123(5):228-33. doi:10.1007/s00402-003-0507-y.

. Boudissa M, Orfeuvre B, Chabanas M, Tonetti J. Does semi-automatic bone-

-fragment segmentation improve the reproducibility of the Letournel acetabu-
lar fracture classification?. Orthop Traumatol Surg Res. 2017;103(5):633-8.
doi:10.1016/j.0tsr.2017.03.018.

. Riouallon G, Sebaaly A, Upex P, Zaraa M, Jouffroy P. A New, Easy, Fast, and

Reliable Method to Correctly Classify Acetabular Fractures According to the
Letournel System. JBJS Open Access. 2018;3(1):e0032. doi:10.2106/jbjs.
0a.17.00032.

. Clarke-denssen J, @vre SA, Reise O, Madsen JE. Acetabular fracture assessment

in four different pelvic trauma centers: have the Judet views become superfluous?.
Arch Orthop Trauma Surg. 2015;135(7):913-8. doi:10.1007/s00402-015-2223-9.

Acta Ortop Bras.2024;32(1):e267640



