
A New, Easy, Fast, and Reliable Method to Correctly
Classify Acetabular Fractures According to the

Letournel System
Guillaume Riouallon, MD, Amer Sebaaly, MD, Peter Upex, MD, Mourad Zaraa, MD, and Pomme Jouffroy, MD

Investigation performed at Groupe Hospitalier Paris Saint Joseph, Paris, France

Background: Accurate classification of acetabular fractures remains difficult. To aid in the classification of acetabular
fractures and to aid in teaching, our department developed a diagnostic algorithm that involves the use of 1 standardized
3-dimensional reconstruction of a computed tomography (CT) scan (an exopelvic view without the femoral head) with 8
anatomical landmarks. The algorithm was integrated into a smartphone application (app). The main objective of this study
was to test the efficacy of this algorithm and smartphone app.

Methods: Fourteen reviewers (3 experts, 3 fellows, 3 residents, and 5 novice reviewers) evaluated a set of 35 CT scans
of acetabular fractures in 2 phases. During the first phase, the scans (including axial 2-dimensional views and
3-dimensional (3D) multiplanar reconstruction views) were assessed by each reviewer twice, with an interval of 4 weeks
between the readings to decrease recall bias. During that phase, the reviewers were provided with a diagram of the
Letournel classification system with no guidelines for interpretation. During the second phase, performed 4 weeks after
the first phase, 1 standardized 3D reconstruction (an exopelvic view without the femoral head) was reviewed twice, with an
interval of 4 weeks between the readings. During that phase, the reviewers used the smartphone app. The primary
outcome was the accuracy of classification. Interobserver reliability, reading time, and time needed for accurate classi-
fication were noted.

Results: The accuracy of fracture classification was 64.5% when the standard method of analysis was used and
83.4% when the app was used (p < 0.001). Improvement was noted in all groups, with the expert group showing the
least improvement (88.6% to 97.2%, p = 0.04) and the novice group showing the most improvement (42.0% to 75.5%,
p < 0.001). Furthermore, use of the app greatly increased the accuracy of classification of complex fractures. The
average reading time was 71.8 minutes when the standard method was used and 37.4 minutes when the app was
used. The interobserver reliability improved in all groups to an excellent reliability (interclass correlation coefficient
[ICC] > 0.79).

Conclusions: The Letournel classification system is difficult to understand and to learn but remains the only
system guiding the surgical strategy for acetabular fractures. The impact of diagnostic algorithms is debatable.
The most important finding of the present study is the high accuracy for inexperienced groups when the app was
used. Another important finding is the high reliability of this method for the diagnosis of complex acetabular
fractures.

C
lassification of acetabular fractures is difficult, and
while the work of Judet and Letournel1-3 helped to
improve the general understanding of these fractures,

accurate categorization remains a challenge because of the
complex 3-dimensional (3D) anatomy of the pelvis and the
rarity of certain acetabular fracture variants. Various studies

have shown that the correct classification rate remains low
among orthopaedic surgeons, even with the use of 2D and
3D computed tomography (CT) scans4,5. For example, it has
been reported that inexperienced readers have an accuracy of
only 11% when diagnosing these fractures on the basis of
radiographs, a percentage that is no greater than the hazard
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ratio6,7, and that general orthopaedists and senior orthopaedic
residents have an accuracy of <65%7,8. Considering these re-
sults, some authors have tried to simplify the analysis of ac-
etabular fractures by offering new classification systems or
diagnostic algorithms9-13. Some authors have introduced rel-
atively complex redefinitions of acetabular landmarks that do
not result in a real clarification of the Letournel classifica-
tion9,10. Other authors have opted for the development of a
new classification system involving 3 main categories with
subcategories11,13. To our knowledge, the accuracy of these
new concepts has not been evaluated, and if the aim is to
reduce the number of possible patterns of fractures from 10 in
the Letournel system to 3 principal categories, the result is a
certain amount of confusion. On the other hand, we believe
that the Letournel system provides the clearest method with
which to define determine the classification and to define the
surgical strategy, even if the 10 different patterns make the
system difficult to understand for non-expert orthopaedic
surgeons and radiologists.

Our department developed an easy, fast, and reliable
method to correctly diagnose acetabular fractures on the basis
of the Letournel classification system14. This teaching method
relies on CT scans, especially 3D scans, as they were demon-
strated to be superior to radiographs. 3D reconstructions are
also known to improve the accuracy of classification5,7,8,14,15. In
our method, 8 radiographic landmarks are systematically ex-
amined 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 (pos-
terior border of the iliac bone and posterior wall of the
acetabulum)14.

Software tools can improve the effectiveness of existing
methods by facilitating standardization in how they are
used16-19. Therefore, we integrated our classification method
into a smartphone application (app). This smartphone app
was designed to make our method available for a wide au-
dience, to aid in these difficult diagnoses while minimizing
the risk of errors, and to improve communication between
medical professionals when transferring patients to referral
centers. The objective of the present study was to analyze the
accuracy, repeatability, and time required for correct classi-
fication using this smartphone app.

Materials and Methods

Analysis was conducted with use of a 3D exopelvic re-
construction of the fractured acetabulum with the

femoral head removed to ensure that the orientation al-
lowed for the assessment of both the anterior and posterior
edges of the hemipelvis (Fig. 1). This 3D view was chosen
because it is the only necessary and sufficient view that makes
it possible to analyze all of the landmarks that are used in this
method. The evaluated algorithm requires analysis of some,
but not all, landmarks and consists of 10 scenarios (1 for
each pattern defined in Letournel system). The algorithm is

designed to offer a classification after 2 to 5 questions
(Fig. 2). The 2 questions that begin the algorithm focus on
possible fracture of the iliac wing and of the posterior edge
of the ischium. The presence of an attachment between the
sacroiliac joint and a fragment of the acetabular roof dif-
ferentiates both-column fractures from anterior-column
fractures associated with posterior hemitransverse frac-
tures. Questions about a fracture of the obturator ring and
the anterior edge of the acetabulum (pelvic inlet) direct to
the rest of the 10 predefined scenarios. An independent
fragment of the posterior wall indicates (1) a simple
posterior-wall fracture, (2) a posterior-wall fracture asso-
ciated with a transverse fracture, or (3) a posterior-column
fracture associated with a posterior-wall fracture. The ab-
sence of posterior-wall fracture indicates an anterior-column
fracture, a transverse fracture, a simple posterior-column
fracture, or a T-shaped fracture depending on the presence
or absence of fracture of the obturator ring and fracture of
the linea acruata. All the above options were incorporated
into the app, which also allowed for the selection of the side
of involvement (left or right). Each question is accompanied by
an image with the associated areas of the acetabulum high-
lighted to facilitate fracture interpretation and classification
(Fig. 3).

Thirty-five cases from the records of our acetabular
fracture referral center database (containing records of >450

Fig. 1

3D exopelvic reconstruction of an acetabulum with the femoral head

removed.
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acetabular fractures between 2007 and 2015) were chosen by
the operating surgeons (P.J. and G.R.) and were classified
according to the Letournel system on the basis of the initial
radiograph, the CT scans (2D and 3D reconstructions), and
the surgical findings. Cases were disregarded and replaced
when an agreement on classification could not be reached.
Fourteen simple fracture patterns and 18 complex fracture
patterns were chosen to constitute the study sample, matching
the proportion of each fracture type in our series and in the
literature20.

Fourteen reviewers were recruited for this study and were
assigned to one of 4 groups depending on their experience
level. The first group consisted of 3 experts (experienced sur-
geons) who had completed their learning curve in acetabular
fracture surgery (>50 cases each)6, the second group consisted
of 3 first-year acetabular fracture fellows, the third group
consisted of 3 senior orthopaedic residents (postgraduate year
[PGY]-4 and PGY-5) with little experience in pelvic and ace-
tabular trauma surgery, and the fourth group consisted of 5
novice readers (junior residents [PGY-1] and last-year medical
students).

Representative CT scans of the fractured acetabulum in
each patient were assessed in 2 phases. During the first phase,
axial 2D views and 3Dmultiplanar views images were provided
on the Vue PACS system (Carestream). During this phase, re-
viewers were provided only a diagram of Letournel classifica-
tion system with no guidelines for interpretation. During the
second phase, performed 4 weeks after the first phase, only
1 standardized 3D reconstruction (an exopelvic view without
the femoral head) was provided and the reviewers used the
smartphone app to determine and record the classification. The
total time for interpretation of each set of images was also
recorded. The average time needed to obtain an accurate

classification (ATAC) was calculated using the following
formula:

ATAC =
Total  time  for   interpretation

Accuracy   ·Number   of   cases
:

The ATAC represents the actual power of the method
to obtain an accurate diagnosis. To evaluate intraobserver
reliability, the classification of these fractures was per-
formed twice during each phase, but only the first read-
ing in each phase was used for accuracy testing. To
minimize recall bias, the interval between each reading was
4 weeks and the order of the cases was randomized for each
reading.

Statistical analysis was performed with use of SPSS
18.0 software (IBM). The accuracy of the classifications for
each group and each reading was compared with use of the
Fisher test. The time needed for the readings was compared
with use of the Student t test. Intraobserver agreement in
each group, as well interobserver reliability between groups,
was calculated with use of the interclass correlation coeffi-
cient (ICC). Intraobserver agreement was calculated as the
mean ICC for each evaluator in a given group, whereas in-
terobserver agreement was calculated between different
members of the same group as the different groups did not
have the same level of experience and were not comparable.
These coefficients were interpreted and translated into
levels of agreement with use of the Landis and Koch grading
system, with 0.00 to 0.20 indicating slight agreement;
0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agree-
ment; 0.61 to 0.80, substantial agreement; and ‡0.81,
almost perfect agreement21. The level of significance was set
at p = 0.05.

Fig. 2

Flowchart illustrating the diagnostic algorithm used in the application (app).
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Results
Accuracy

The accuracy of classification for the selected sample was
64.5% when the standard method of CT analysis was used

and 83.4% when the algorithm was used (p < 0.001) (Table I).
As expected, the expert group showed the least improvement,
from 88.6% to 97.2%; nonetheless, this improvement was
significant (p = 0.04). The fellow and resident groups showed
good improvement, from 74.0% to 89.7% (p= 0.026) and from
50.1% to 72.5% (p = 0.002), respectively. The novice group
showed themost improvement, from 42.0% to 75.5% (p < 0.001).

When the app was used, there were no differences in accuracy
between the expert and fellow groups or between the resident
and novice groups; however, the expert and fellow groups had
significantly better accuracy than the resident and novice
groups (p < 0.05).

The fractures were then divided into 2 groups: simple
fractures (anterior wall, anterior column, posterior wall, pos-
terior column, and transverse fractures) and complex fractures
(posterior column with posterior wall, transverse with poste-
rior wall, anterior column or wall with posterior hemi-
transverse, T-shaped, and both-column fractures) (Table II).
Only the novice group showed improvement when using the
app to diagnose simple fractures, although the fellow group
and the resident group showed a tendency toward significance.
However, all groups showed significant improvement when
using the app to diagnose complex fractures. The most com-
mon error that the reviewers made when using the app was
confusing both-column fractures and anterior-column factures
associated with posterior hemitransverse fractures, and vice
versa. We found that the question asking if there is a fragment
of the acetabular roof attached to the sacroiliac joint was the
most difficult to answer.

TABLE I Diagnostic Accuracy According to Expertise

Standard CT
Analysis

Application
Analysis P Value

Expert group 88.6% 97.2% 0.042

Fellow group 74.0% 89.7% 0.026

Resident group 50.1% 72.5% 0.002

Novice group 42.0% 75.5% <0.001

Fig. 3

Screenshots from the app. Each image was accompanied by a question pertaining to specific findings: (A) Is there a fracture affecting the iliac wing?

(B) Is there a fracture affecting the posterior edge of the ischial spine? (C) Is the roof of the acetabulum an independent part from the sacroiliac joint?

(D) Is there a fracture to the obturator ring? (E) Is there a fracture to the anterior edge of the acetabulum? (F) Is there an independent posterior wall

fracture?
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Time for Interpretation
The average time for interpretation was 71.8 minutes when the
standard method was used and only 37.4 minutes when the app
was used. Table III shows the subgroup analysis of the time re-
quired for interpretation. One important measure was the average
time needed to obtain an accurate classification, which improved
from 1.6minutes without the app to 1.03 minutes with the app in
the expert group (p = 0.1), from 2.77 minutes to 1.5 minutes in
the fellow group (p < 0.01), from 4.65 minutes to 1.6 minutes in
the resident group (p < 0.05), and from 7.32 minutes to 1.54
minutes in the novice group (p < 0.01). The average time to
obtain an accurate classification was significantly different be-
tween groups for the 2 readings without the app, but not signif-
icantly different in the 2 readings with the app.

Intraobserver Reliability
The expert group demonstrated almost perfect intraobserver
agreement for both readings (ICC = 0.92 without the app and

0.95 with the app; p > 0.05). In contrast, the fellow group
(ICC = 0.76 without the app and 0.96 with the app; p < 0.05),
the resident group (ICC = 0.5 without the app and 0.93 with
the app; p < 0.001), and the novice group (ICC = 0.42
without the app and 0.89 with the app; p < 0.001) all dem-
onstrated significantly better intraobserver reliability when
the app was used (Table IV). All groups had excellent intra-
observer reliability (ICC ‡ 0.89) when the app was used.

Interobserver Reliability
Interobserver agreement, used to evaluate the homogeneity
within the individual groups, showed significant improve-
ment in association with the use of the app in all groups except
for the expert group, with the ICC improving from 0.86 to
0.93 in the expert group (p > 0.05), from 0.59 to 0.89 in the
fellow group (p < 0.05), from 0.3 to 0.79 in the resident group
(p < 0.01), and from 0.3 to 0.83 in the novice group (p < 0.01)
(Table V).

Discussion

The use of smartphones and mobile apps is increasing in the
medical community17-19. In fact, the use of smartphones by

orthopaedic surgeons doubled over a period of 2 years and is
especially prevalent in trainees17. Additionally, a recent survey
found that smartphone apps are frequently used by surgeons
with >15 years of experience18, even though the majority of
available apps target the non-medical audience22. On the other
hand, orthopaedic apps constitute only 16% of all surgical apps
for professionals, and classification-related apps represent only

TABLE III Time for Interpretation According to Expertise*

Standard CT
Analysis* (min)

Application
Analysis* (min) P Value

Expert group 48.3 (1.4) 34.3 (1.0) 0.1

Fellow group 69.8 (2.0) 33.3 (1) 0.015

Resident group 77.5 (2.2) 38.3 (1.1) 0.033

Novice group 83.8 (2.4) 41 (1.2) <0.001

*The first value in each column represents the average total time
needed for the reviewers in each group to classify all 35 fractures.
The value in parentheses represents the average time needed to
obtain an accurate classification of a single fracture and was
calculated according to the formula: overall reading time/number
of fractures.

TABLE IV Mean Intraobserver Reliability

Standard CT
Analysis*

Application
Analysis* P Value

Expert group 0.92 0.95 >0.05

Fellow group 0.76 0.96 <0.05

Resident group 0.5 0.93 <0.001

Novice group 0.42 0.89 <0.001

*The values are given as the intraobserver correlation coefficient.

TABLE V Mean Interobserver Reliability

Standard CT
Analysis*

Application
Analysis* P Value

Expert group 0.86 0.93 >0.05

Fellow group 0.59 0.89 <0.05

Resident group 0.3 0.79 <0.01

Novice group 0.3 0.83 <0.01

*The values are given as the interobserver correlation coefficient.

TABLE II Diagnostic Accuracy According to Complexity of Fracture

Standard CT
Analysis

Application
Analysis P Value

Expert group

Simple 89% 98% 0.06

Complex 89% 96.3% 0.016

Fellow group

Simple 81% 97% 0.08

Complex 69% 87% 0.028

Resident group

Simple 62% 85% 0.07

Complex 38% 66% 0.008

Novice group

Simple 47% 87% <0.001

Complex 35% 70% <0.001
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4% of orthopaedic apps19. The present study evaluated an app
that was targeted to orthopaedic surgeons to help them classify
difficult fractures; at the time of the study, this app was the only
freely available app of its type on the App Store and Google Play
markets. The accuracy of classification with use of this app
varied from 72.5% to 97.2% depending on the experience level
of the examiner. To our knowledge, these are the best accuracy
rates for acetabular fracture classification that have been re-
ported in the literature (Table VI). Our main objective for this
app is to help untrained orthopaedic residents and/or emer-
gency room doctors accurately classify fractures and commu-
nicate the accurate fracture type to the expert.

Several systems are available for the classification of ac-
etabular fractures (Arbeitsgemeinschaft für Osteosynthese-
fragen [AO], Harris, etc.)11,23, but the most common is the
Letournel (or Judet-Letournel) system1,24,25. This system is dif-
ficult to understand and to learn but remains the only widely
accepted system to guide the surgical approach for acetabular
fractures25. Several studies have shown low accuracy in asso-
ciation with the use of the Letournel system26. For example,
Hüfner et al., in a study involving the use of standard radio-
graphs, reported a classification accuracy that was not superior
to the hazard ratio7. Several authors have presented algorithms
or modified systems to improve the accuracy of classifica-
tion11-13. Some investigators have tried to classify the fracture
patterns differently, but the benefit of doing so is doubtful as it
introduces confusion with the 10 simple patterns described by
Letournel11,13. Ly et al. found that accuracy improved from 50%
to 59% when a group of residents used a classification algo-
rithm that the authors themselves had designed12. The accuracy
of classification clearly depends on the quality of images and
the method of classification used. In a recent study, Jouffroy

et al. evaluated the impact of the use of a standardized method
for the diagnosis of acetabular fractures14. That method in-
volved not another classification system, but analysis of pre-
defined anatomical landmarks on standardized 3D views. The
authors showed a significant improvement in accuracy from
60.5% to 77.1% among inexperienced examiners (p = 0.001).
However, a closer look at the published literature shows that
classification accuracy depends largely on the experience level
of the examiner. Garrett et al. and Hüfner et al. each compared
results between junior and senior examiners7,8. In those 2
studies, the rates of correct classification among junior exam-
iners were 52.5% and 60%, respectively. In comparison, the
residents and medical students in the present study achieved a
correct classification rate of >72.5% when using the app.
Among senior or expert examiners, the reported rates of
accurate classification have varied from 54% to 89% in the
literature5,7,8,15,16. In the present study, the rate of correct clas-
sification reached 97.2% for expert examiners when using
the app, thus showing that this method provides value not
just for inexperienced examiners. In fact, it should be

TABLE VII Intraobserver Reliability in the Literature*

Study/Experience Level Radiograph
CT

Scan Scan 1 3D

Visutipol
et al.27 (2000)

0.44

Beaulé
et al.6 (2003)

Expert 0.69 0.74

Senior 0.67 0.69

Junior 0.51 0.51

Ohashi
et al.28 (2006)

Expert 0.42 0.7

O’Toole
et al.15 (2010)

Senior 0.64 0.7

Garrett
et al.8 (2012)

Junior 0.27 0.42

Senior 0.29 0.44

Clarke-Jenssen
et al.29 (2015)

Senior 0.46 0.6

Hutt et al.30 (2015)

Expert 0.42 0.51 0.8

Present study (with app)

Expert 0.95

Senior 0.96

Junior 0.89

*The values are given as the intraobserver correlation coefficient.

TABLE VI Diagnostic Accuracy in the Literature

Study/Experience Level Radiographs
2D

reconstruction
3D

reconstruction

Hüfner et al.7 (1999)

Junior 11% 30% 60%

Senior 32% 55% 64%

Kickuth et al.5 (2002)

Expert (orthopaedics) 60% 68% 87%

Expert (radiologists) 78% 81% 89%

O’Toole et al.15 (2010)

Senior 48% — 68%

Garrett et al.8 (2012)

Junior — 36.3% 52.5%

Senior — 42.4% 57.6%

Schäffler et al.16 (2012)

Senior — 54% —

Present study (with app)

Expert — — 97.2%

Senior — — 89.7%

Junior — — 75.5%
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underlined that all of the experience groups in the present
study demonstrated a significant improvement in the accuracy
of classification of complex fractures when the app was used.

It is interesting to consider the repeatability of the
method. In several previous studies that have evaluated other
methods, the intraobserver coefficient was never higher than
0.74 (Table VII)6,8,14,27-30. In the present study, the intra-
observer coefficient was never lower than 0.89 when the app
was used, regardless of the experience of the examiners.
Furthermore, the interobserver coefficient was also analyzed
in our study, and all experience groups showed significant
improvement, with a coefficient of >0.8. This finding em-
phasizes that the use of this app increases homogeneity between
different examiners in the same group, thus standardizing ace-
tabular fracture classification.

Finally, it is important to note that the use of the app
greatly facilitates classification. The time needed for classifi-
cation was cut in half compared with that needed when the
standard method was used. To our knowledge, no other au-
thors have reported on the time required for acetabular
fracture classification, so while it was impossible to compare
our data with previous findings, it seems logical that the use of
more-complex decision trees would increase the time needed
for classification.

The present study had some limitations. First, limiting
the analysis to the 3D exopelvic view requires a perfect view,
and, if the image is not perfect, it is not always possible to
analyze the 8 necessary landmarks; however, with experience, a
3D exopelvic view is easy to obtain (at our institution, it takes
<2 minutes). On the other hand, this app provides the classi-
fication only, without analyzing any other important criteria
for the surgical indication (e.g., cartilage impaction, intra-

articular fragments, etc.). The main objective of this app is to
facilitate classification, and therefore it is still necessary to an-
alyze CT scans for accurate management. Finally, the present
study was monocentric and may have a selection bias in terms
of the examiners as our department is a tertiary referral center
for acetabular fracture management and residents may have
chosen our department because they are interested in acetab-
ular fractures. The number of analyzed cases and the number of
examiners decrease this potential bias.

In conclusion, the most important finding of the present
study is the high classification accuracy of the inexperienced
groups when using the app. Another important finding is the
high reliability of this method to classify complex acetabular
fractures with near-perfect accuracy. This free app provides a
very easy way to diagnose acetabular fractures, regardless of the
level of experience of the examiner. n
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