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Background:  Two-dimensional  (2D)  and  three-dimensional  (3D) computed  tomography  (CT)  have  been
increasingly  used  in  various  intra-articular  fractures  including  pilon  fracture.  However,  no study  has
investigated  intraobserver  and  interobserver  reliabilities  of  pilon  fracture  classification  using 3D  CT
images.
Hypothesis:  (1) Intraobserver  and  interobserver  agreements  of  fracture  classifications  and  treatment
recommendations  will  improve  by using  2D  CT  images  compared  to using  plain  radiographs  only;  (2)
agreements  will  improve  by  adding  3D  CT  images  compared  to adding  2D  CT  images;  and  (3)  agreements
of  orthopedic  residents  rather  than  specialists  will  be influenced  more  by  imaging  modality.
Materials  and  methods:  Ten  orthopedic  specialists  and  10 residents  completed  a  survey  to classify  the
fractures  according  to  the  Rüedi-Allgöwer  and  AO/OTA  classifications  and  to select  treatment  options
using  25  pilon  fracture  images.  The  survey  was conducted  using  plain  radiographs,  with  2D  and  3D CT
images  introduced  3 and  6 weeks  later,  respectively.  Kappa  coefficients  were  calculated  to  determine
reliabilities.
Results:  Intraobserver  reliabilities  for fracture  classifications  in  specialists  significantly  improved  by  using
2D images  compared  to using  plain  radiographs  only.  Addition  of  3D  CT  did  not significantly  improve
intraobserver  reliabilities  compared  to those  with  2D  CT.  Use  of  2D  CT images  significantly  improved  over-
all interobserver  agreement  of both  classifications,  with  the  improvement  being  greater  for  residents.  Use
of  3D  CT  images  did  not  improve  the interobserver  reliability  of  both  classifications.  Overall  interobserver
reliabilities  for treatment  recommendations  did  not  significantly  differ  according  to  the  imaging  modal-
ity. However,  interobserver  agreement  among  residents  significantly  improved  from  slight  agreement
using  radiographs  only  to  fair agreement  using  2D  CT  images.

Discussion:  Intraobserver  and  interobserver  reliabilities  of pilon  fracture  classification  and  treatment
recommendations  did not  improve  between  using  3D  and 2D  CT. Using  2D  CT images  improved  the
intraobserver  and  interobserver  reliabilities  of the  fracture  classifications  in  specialists  and  the  interob-
server  reliabilities  of  the  fracture  classifications  and  the treatment  recommendations  in  residents.
Level  of evidence:  IV,  case  control  study.

© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
Abbreviations: 2D, two-dimensional; 3D, three-dimensional; CT, computed tomograp
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. Introduction

The main objective of pilon fracture treatment is to restore
ongruency of the articular surface as in other intra-articular frac-
ures [1–3]. For anatomic reduction of the articular surface, precise
valuation and accurate understanding of the fracture pattern
re necessary [4]. The Rüedi-Allgöwer [5] and Arbeitsgemein-
chaft für Osteosynthesefragen/Orthopaedic Trauma Association
AO/OTA) [6] classifications have been used to classify pilon frac-
ures. However, unsatisfactory reliabilities for these classifications
ave been reported with use of plain radiographs and two-
imensional (2D) computed tomography (CT) images [7–9]. 2D and
hree-dimensional (3D) CT have been increasingly used in various
ntra-articular fractures, and their role has been evaluated [10–12].
urthermore, the usefulness of 2D CT in preoperative planning [4],
n determining reliabilities of the classifications [8,13], and in clin-
cal results [14] of pilon fractures has also been investigated.

However, to the authors’ best knowledge, no study has investi-
ated intraobserver and interobserver reliabilities of pilon fracture
lassification using 3D CT images. Moreover, improvement in these
alues with the use of 2D CT images compared with the use of plain
adiographs alone has not been well investigated.

Therefore, the questions of the current study were as follows:

whether 2D and 3D CT will affect the intraobserver and inter-
observer reliabilities of fracture classifications and treatment
recommendations for pilon fractures;
whether the effect of imaging modality on the reliability may
differ according to the surgeons’ experience.

The hypotheses were as follows:

reliabilities of the fracture classifications and treatment recom-
mendations will improve by using 2D CT images compared to
using plain radiographs only;
reliabilities will improve by adding 3D CT images compared to
adding 2D CT images;
using 2D and 3D CT images, reliabilities would show more
improvement in orthopedic residents than in specialists.

. Patients and methods

The study was performed after obtaining approval from the
nstitutional review board (registration number and ID: 2018-01-
44/Date of Issue: 7th Feb 2018).
.1. Patients

The inclusion criteria were as follows: distal tibial intra-articular
racture (43 B and C type fractures by AO/OTA classification) with

ig. 1. Imaging studies given for the survey. Plain radiographs (a), 2D computed tomograp
urgery & Research 105 (2019) 1407–1412

anteroposterior, lateral, oblique, and mortise ankle plain radio-
graphs, 2D CT images in the axial, coronal, and sagittal planes, and
3D CT images obtained within 1 week of initial trauma. Between
2013 and 2015, 32 pilon fractures were treated in our hospital. The
exclusion criteria were as follows: those who  underwent previous
operations on the affected ankle (1 case); inadequate plain radio-
graphs or CT images (2 cases); without CT scan (4 cases). Finally, 25
pilon fractures were analyzed.

2.2. Acquisition of CT images

All CT images were obtained using Optima CT 660 scanner
(GE healthcare, Milwaukee, WI,  USA) with 2-mm thick slices at
the same hospital. Coronal and sagittal 2D reconstructions were
performed on the scanner and volume-rendering 3D image recon-
struction on a separate GE Advantage workstation (Fig. 1).

External fixation was performed in cases with open fracture
of Gustillo-Anderson type II or more (3 cases) or those with sub-
luxated ankle (2 cases) or poorly maintained reduction showing
protruded bony fragment under the skin even after closed reduc-
tion (6 cases). In 11 patients with an external fixator, CT scan
was performed after external fixation. For remaining patients, CT
was performed after closed reduction and splint application by an
orthopedic surgeon.

2.3. Survey methods

All identifying data, including age and sex, were obscured for
blinded evaluation. Twenty independent investigators, including
10 orthopedic specialists (6 general orthopedics, 4 university hos-
pital orthopedic surgeons including 2 with other specialty rather
than traumatology/foot and ankle, 1 traumatologist, and 1 foot and
ankle specialist) and 10 orthopedic residents (4–5 post grad year),
completed a survey. The senior author, who  treated pilon fracture
patients, reviewed and included cases; however, he did not perform
surveys to avoid bias.

The survey consisted of three questions per case, with questions
for Rüedi-Allgöwer and AO/OTA classifications. Diagrams for each
classification were provided (Supplemental data 1). The third ques-
tion was related to fracture treatment recommendations. The three
treatment options were:

• conservative treatment;
• open reduction and internal fixation (ORIF, including

arthroscopy-assisted operation);
• closed reduction and internal fixation (CRIF, including minimally
invasive plate osteosynthesis).

Initially, the observers classified the fracture pattern and
selected a treatment plan using plain radiographs only. Three

hy (b), and 3D computed tomography (c) of the pilon fracture given for the survey.
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Table  1
Distribution of the Rüedi-Allgöwer and AO/OTA classifications for the pilon fractures.

Case Rüedi-Allgöwer classification AO/OTA classification Treatment recommendation

Specialists Residents Specialists Residents Specialists Residents

1 I and II (5 each) I (8) C1 (10) C1 (8) CRIF (8) CRIF (6)
2  I (7) II (9) C1 (6) C1 (5) CRIF (9) CRIF (8)
3  III (10) III (9) C3 (10) C3 (10) ORIF (10) ORIF (10)
4  III (9) III (7) B3 (9) B3 (6) ORIF (10) ORIF (8)
5  I (5) I and II (5 each) C1 (7) C1 (5) CRIF (6) ORIF (7)
6  I (6) I and II (5 each) B2 (4) C1 (6) ORIF and CRIF (5 each) CRIF (7)
7  II (10) II (8) B2 and C1 (4 each) B2 and C1 (4 each) ORIF (9) ORIF (7)
8  III (6) II and III (4 each) B3 (4) C2 (8) ORIF (9) ORIF (8)
9  III (7) III (7) B3 (6) B3 (5) ORIF (10) ORIF (8)
10  III (10) III (9) B3 (7) C3 (5) ORIF (10) ORIF (9)
11  I and II (5 each) II (7) C1 (6) C1 (5) CRIF (7) CRIF (6)
12  III (10) III (10) C3 (9) C3 (9) ORIF (10) ORIF (7)
13  II (7) II (6) B3, C1, C2, and C3 (2 each) C1 (4) ORIF (7) ORIF (8)
14  III (10) III (9) C3 (10) C3 (8) ORIF (10) ORIF (8)
15  III (4) I and II (5 each) B3 (5) B1 (4) ORIF (6) ORIF (5)
16  I (8) I (9) B1 and B2 (5 each) B1 (5) Conservative (5) ORIF (7)
17  III (10) III (7) C3 (8) C3 (6) ORIF (10) ORIF (7)
18  III (5) II and III (5 each) B3 (6) B2 (4) ORIF (10) ORIF (7)
19  I (8) I (8) C2 (7) C1 (6) CRIF (9) CRIF (8)
20  III (7) III (6) B3 (6) B2 and B3 (4 each) ORIF (10) ORIF (7)
21  III (8) III (7) B3(8) B3 (4) ORIF (10) ORIF (8)
22  I (9) I (8) C1 (7) B1 (6) CRIF (9) CRIF (8)
23  III (6) II (9) B3 (7) B3 and C2 (3 each) ORIF (9) ORIF (8)
24  I (6) I and II (5 each) C1 (9) C1 (6) CRIF (8) CRIF (8)
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O/OTA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Assoc
xation.

eeks later, the same survey was performed using plain radio-
raphs and 2D CT images. After a 3-week interval, the observers
erformed the survey again using plain radiographs, 2D CT images,
nd 3D CT images.

To evaluate intraobserver agreement, the same three survey
ounds were also performed 3 weeks after the end of the previ-
us survey. Ten orthopedic specialists completed the surveys for
ntraobserver reliability; however, only five orthopedic residents
ompleted surveys for intraobserver agreement, since remaining
ve have become specialists without completing survey.

.4. Statistics

A biomedical statistician performed the analysis. To assess
he intraobserver agreement, Cohen’s kappa [15] was calculated.

ilcoxon-signed rank test was performed to compare the intraob-
erver reliabilities with different imaging modalities.

The interobserver reliability was also analyzed. Fleiss kappa [16]
oefficients were calculated for the interobserver reliability, as the
umber of observers was more than two.

For intraobserver reliability, the number of subjects required
as calculated as 24, assuming an even distribution of each item,

nticipated kappa value of 0.5, and desired type I error rate of 0.05.
or interobserver reliability, the number of subjects required was
alculated as 21 subjects, assuming 6 observers with an even dis-
ribution of each item, anticipated kappa value of 0.4, and desired
ype I error rate of 0.05. As the number of observers increases, the
umber of subjects required decreases [17]; thus, the 25 subjects

n this study with 10 observers per group have enough power.
According to Landis and Koch [18], kappa coefficients < 0 indi-

ate no agreement; 0.0 to 0.2, slight agreement; 0.21 to 0.4, fair
greement; 0.41 to 0.6, moderate agreement; 0.61 to 0.8, sub-
tantial agreement; and 0.81 to 1.0, almost perfect agreement.

-values < 0.05 reflect the likelihood that the intraobserver and
nterobserver agreements are greater than zero (pure chance
lone). All statistical analyses were performed using R Statistical
oftware version 3.3.0.
C3 (6) CRIF (7) ORIF (7)

; CRIF: closed reduction and internal fixation; ORIF: open reduction and internal

3. Results

The distribution of fracture classifications, and treatment rec-
ommendations, which selected by the largest number of the
residents and specialists, are presented in Table 1.

3.1. Intraobserver reliability

3.1.1. Fracture classification
For the Rüedi-Allgöwer classification, specialists showed mod-

erate agreement with the use of plain radiographs only and
substantial agreement with the addition of 2D and 3D CT images
(Table 2). Addition of 2D and 3D CT images significantly improved
the agreement compared with using plain radiographs only
(p = 0.004, 0.046, respectively). Residents showed moderate agree-
ments regardless of imaging modality for the Rüedi-Allgöwer
classification (Table 3).

For the AO/OTA classification in specialists was  fair with the
use of plain radiographs only and moderate with the addition of
2D and 3D CT images. Addition of 3D CT significantly improved
the agreement compared with plain radiographs only (p = 0.014).
Residents showed fair agreements regardless of imaging modality
for the AO-OTA classification (Table 3).

3.1.2. Treatment recommendation
For the treatment recommendations, intraobserver reliability

was moderate in the specialists with plain radiographs only and
with the addition of 2D and 3D CT images (Table 2). Residents
showed fair agreements regardless of imaging modality for the
treatment recommendations (Table 3).

3.2. Interobserver reliability
3.2.1. Fracture classification
With the use of plain radiographs only, overall interobserver

reliabilities of both fracture classifications showed a fair agree-
ment. Addition of 2D CT images significantly improved the overall
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Table  2
Intraobserver reliabilities for pilon fracture among specialists. The values are given as the mean, with the range in parentheses.

Imaging modality Kappa coefficient

Rüedi-Allgöwer AO/OTA Treatment

Radiograph only 0.56 (0.43, 0.76) 0.40 (0.24, 0.46) 0.51 (0.36, 0.62)
Radiograph + 2D CT 0.69 (0.56, 0.80)a 0.43 (0.23, 0.54) 0.51 (0.23, 0.65)
Radiograph + 2D CT + 3D CT 0.64 (0.46, 0.75)a 0.46 (0.27, 0.61)a 0.52 (0.15, 0.78)

AO/OTA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association.
a Significant increase in reliability compared to radiograph only.

Table 3
Intraobserver reliabilities for pilon fracture among residents. The values are given as the mean, with the range in parentheses

Imaging modality Kappa coefficient

Rüedi-Allgöwer AO/OTA Treatment

Radiograph only 0.46 (0.41, 0.53) 0.32 (0.28, 0.37) 0.33 (0.19, 0.43)
Radiograph + 2D CT 0.56 (0.52, 0.64) 0.36 (0.24, 0.45) 0.35 (0.25, 0.46)
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Radiograph + 2D CT + 3D CT 0.58 (0.50, 0.64) 

O/OTA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Assoc

nterobserver reliability of both classifications (p < 0.001 each,
espectively). However, the addition of 3D CT images decreased
he overall interobserver reliability of both classifications com-
ared with the assessment using plain radiographs and 2D CT

mages (p < 0.001 and < 0.01, respectively, Figs. 2 and 3). Spe-
ialists showed significantly higher interobserver agreements for
oth fracture classifications with plain radiographs than residents
p < 0.001 each; Figs. 2 and 3). With addition of 2D and 3D CT images,
pecialists showed significantly higher interobserver reliability for
O/OTA classification than residents (p < 0.001 each; Figs. 2 and 3).
oth residents and specialists showed significant improvements in
he interobserver agreements of both fracture classifications with
he use of 2D CT images (p < 0.001 each; Figs. 2 and 3). Improvement
n the agreement with the use of 2D CT images was greater among
esidents than among specialists.

.2.2. Treatment recommendation
Overall interobserver reliabilities for selecting treatment rec-

mmendations were all fair with the use of plain radiographs
nly, addition of 2D CT images, and addition of 3D CT images;
nd the change was not significant. Specialists showed moder-
ted agreements in all three survey rounds, which was  significantly
igher interobserver agreements that residents with all imaging
odalities (p < 0.001 each; Fig. 4). Among residents, interobserver

greement significantly improved from slight-to-fair agreement
ith the addition of 2D CT images (p < 0.001). Conversely, inter-

bserver reliability among residents significantly decreased with
he addition of 3D CT images (p < 0.05, Fig. 4).

. Discussion

In the present study, the additional use of 3D CT images did not
mprove the reliabilities among the orthopedic surgeons regard-
ess of their levels of experience. The addition of 2D CT images
mproved the intraobserver reliabilities of the fracture classifica-
ions in specialists and the interobserver agreement of the fracture
lassifications and treatment recommendations among specialists
nd residents.

CT has been regarded a useful tool for identifying fracture mor-
hology and planning treatment of pilon fractures [4,8,13,19]. Mast
t al. [19] showed that CT scans can visualize vertical fractures bet-

er than plain radiographs. Tornetta and Gorup [4] revealed that
T scans have advantages in detecting the number of fragments,

mpaction, and comminution in pilon fractures. Therefore, it can be
ssumed that using CT will improve the agreement compared with
0.37 (0.28, 0.50) 0.34 (0.21, 0.41)

using plain radiographs alone. In the current study CT scans also
improved agreements of the fracture classifications.

However, previous studies have revealed that the use of 2D CT
images failed to significantly improve the reliability for fracture
classifications [8] and showed only a moderate agreement [13].
However, some points should be considered in interpreting the
results of previous studies. In the study by Martin et al. [8], 2D
CT images were available in only 14 out of 43 cases. In Ramappa
et al.’s study [13], reliabilities for fracture classifications using 2D
CT images were not compared those using plain radiographs only.
Therefore, we considered that definite conclusions on the impact
of using 2D CT images on the reliabilities for fracture classifications
cannot be drawn from their studies.

Notably, the impact of using 2D CT images on the improve-
ment in the kappa coefficient of the fracture classification was
more prominent among the residents than among the specialists.
Furthermore, the interobserver agreement of the treatment plans
increased only in the residents with 2D CT images. There can be sev-
eral reasons for this. First, articular fractures not severely displaced
or depressed can be identified more easily using CT images than
using plain radiographs [7]. Second, specialists who  are more expe-
rienced than residents are familiar with pilon fractures and their
radiographs and classifications. Therefore, residents, who  have dif-
ficulty in identifying fracture patterns using plain radiographs only,
are more likely to benefit from using 2D CT images.

In this study, the addition of 3D CT images was  proven to be
unhelpful on the reliabilities of fracture classifications. Given that
axial loading is the main injury mechanism, identifying depressed
articular fragments is the most important step in understand-
ing pilon fracture morphology. Although it is a three-dimensional
imaging technique, 3D CT presents the processed image on a 2D
plane and only provides visualization of the bone surface. There-
fore, it is difficult for 3D CT images to more clearly show the
depressed fragments than the sagittal and coronal images of 2D
CT. Previous studies evaluating the usefulness of 3D CT images
for classification of other fractures also reported that 3D CT pro-
vided no benefit [10,11]. However, the significantly worse degree
of agreements among residents with the use of 3D CT was  unex-
pected. Considering that the most residents also made similar
decisions with specialists (Table 1), different impressions from var-
ious imaging modalities might have affected the decision of some

inexperienced residents.

In the present study, interobserver agreements of the Rüedi-
Allgöwer classification with all imaging modalities showed a
higher value than those of the AO/OTA classification. The AO/OTA
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Fig. 4. Interobserver reliability of the treatment recommendations. Red circle indicates the calculated kappa coefficient. Blue line indicates the 95% confidence interval. 2D:
two-dimensional computed tomography; 3D: three-dimensional computed tomography.

Fig. 2. Interobserver reliability of the Rüedi-Allgöwer classification. Red circle indicates the calculated kappa coefficient. Blue line indicates the 95% confidence interval. 2D:
two-dimensional computed tomography; 3D: three-dimensional computed tomography.

F e calc
d  AO/O
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ig. 3. Interobserver reliability of the AO/OTA classification. Red circle indicates th
imensional computed tomography; 3D: three-dimensional computed tomography;
lassification is more complex than the Rüedi-Allgöwer classifica-
ion in terms of metaphyseal morphology and intra-articular part.
herefore, even with its lower agreements, AO/OTA classification
an be helpful in planning detailed treatments.
ulated kappa coefficient. Blue line indicates the 95% confidence interval. 2D: two-
TA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association.
It can be reasoned that using 3D CT images is advantageous
for deciding treatment strategies, as these images present more
detailed information on the meta-diaphysis. However, in the cur-
rent study, using 3D CT images did not improve agreements of
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he treatment recommendations. The oversimplified question may
e responsible for this result. Further survey with more detailed
onsideration of treatment option including specific fixator use or
ending of plates is necessary to show usefulness of 3D CT images.
otably, slight-to-fair agreements were found for treatment strat-
gy in residents. This low agreement for treatment choice is mainly
ue to the difference in opinion on whether to perform CRIF or ORIF

n relatively complex articular fractures. Therefore, the importance
f anatomic reduction in the treatment of intra-articular fractures
n resident education should be emphasized.

This study had several limitations. First, a simple question on the
reatment recommendations was used for ease of analysis, which

ay  have affected the results. Furthermore, the treatment option
as decided on without clinical data of patients and may  have

ffected the results. Second, only 5 residents completed survey
or intraobserver reliabilities. Finally, the fact that less than half of
he patients underwent external fixation before CT scan may  have
ffected our results. However, even in patients without external fix-
tion, closed reduction and long leg splint were performed before
T scan to obtain better images and to minimize bias.

. Conclusion

Using 3D CT images did not improve the intarobserver and
nterobserver reliabilities of the classification and treatment rec-
mmendations for pilon fractures, whereas using 2D CT images
mproved the intraobserver and interobserver reliabilities of the
racture classifications and interobserver agreement for treatment
ecommendations. Residents may  benefit more than specialists
rom using 2D CT images.
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