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Abstract

Background The goal of this study was to compare the inter- and intra-observer reliabilities of computed tomography (CT) scans
of'bicondylar tibial plateau fractures (Bi-TPFs) with or without distraction with a bridging external fixation (EF) as interpreted by
inexperienced surgeons.

Methods Patients that underwent CT after distraction with a bridging EF were allocated to group 1 (n=18), and patients that
underwent CT before distraction with a bridging EF were allocated to group 2 (n=18). Five observers were given plain
radiographs and CT images to assess (survey 1) and this assessment was repeated six weeks later (survey 2). Agreements
regarding fracture classification and pre-operative planning were evaluated using kappa coefficients. In addition, to evaluate
fracture severity, we designed a severity score.

Results Inter-observer reliabilities for fracture classification and pre-operative planning were higher in group 1 than in group 2.
Surveys 1 and 2 revealed similar kappa coefficients in the two study groups. The mean absolute difference (MAD) in severity
scores allocated at the two surveys was significantly different between the two groups (P = 0.045). Intra-observer reliabilities of
fracture classification and pre-operative planning were also higher in group 1 than in group 2. In addition, level of training was
found to have a significant impact on the MAD in severity scores (P =0.007).

Conclusions Inter- and intra-observer reliabilities for fracture classification and pre-operative planning were better for inexperi-
enced surgeons when CT was performed after distraction with a bridging EF for Bi-TPFs. Thus, when staged treatment using EF
is selected in Bi-TPF patients, the authors suggest that CT scans be performed after distraction with a bridging EF especially for
inexperienced surgeons.
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Introduction

Since bicondylar tibial plateau fractures (Bi-TPFs) can have
disastrous consequences, such as traumatic arthritis and func-
tional disability [1-4], they must be managed surgically with
focus on anatomical restoration of the articular surface. Most
surgeons have performed open reduction of articular surfaces
and of fracture sites using a multi-directional approach and
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internal fixation with various plate-screw systems. In addition,
many surgeons have attempted temporary bridging external
fixation (EF) pre-operatively to prevent additional injury to
surrounding structures or fracture sites and to reduce surgical
risks and post-operative complications, prior to definitive pro-
cedures [5, 6].

The systematic classification of tibial plateau fractures
(TPF) according to fracture type and location is critical, since
it aids decision-making regarding the surgical approach and
method and affects prognosis. Surgeons have used several
classification systems for this purpose, such as the
Arbeitsgemeinschaft fiir Osteosynthesefragen Foundation
and Orthopaedic Trauma Association classification (AO clas-
sification) system. However, several studies have demonstrat-
ed that because of its complexity and peculiarities, application
of'this classification system to TPFs in practice is cumbersome
and prone to observer disagreements [7]. To reduce
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disagreements and provide a better means of evaluating frac-
ture patterns, many authors have advocated the routine use
pre-operative computed tomography (CT) rather than conven-
tional radiography to confirm fracture classification and aid
surgical planning [8—10]. Especially in Bi-TPF, previous stud-
ies have also emphasized that pre-operative CT could be more
informative and interpretable, after distraction with a bridging
EF due to ligamentotaxis [11, 12]. Therefore, we considered
that distraction with a bridging EF followed by CT would be
especially helpful for inexperienced surgeons in terms of de-
termining fracture patterns and deciding on pre-operative
plans in cases of Bi-TPF. However, to our knowledge, no
previous study has compared the reliabilities of CT scans per-
formed with or without distraction using a bridging EF in Bi-
TPF. In particular, fracture pattern or sub-type determinations
might be changed with or without distraction using bridging
EF, which would impact surgical planning and outcomes.

Based on this rationale, we aimed to compare the inter- and
intra-observer reliabilities of CT scans in Bi-TPF patients with
or without distraction using bridging EF as interpreted by
inexperienced surgeons. We hypothesized CT images obtain-
ed after distraction with a bridging EF would provide a more
accurate and reliable means of pre-operative surgical planning
than CT images obtained before distraction.

Materials and methods
Patient selection

This study was approved by the institutional review board of
our hospital. From January 2012 to January 2014, radiographs
and accompanying CT scans of 36 Bi-TPF cases treated by
temporary bridging EF were retrospectively reviewed (Figs. 1,
2, 3,4, and 5). Patients treated using a temporary bridging EF
at another medical centre were excluded because distraction
was insufficient. Sufficient distraction was based on restora-
tion of normal joint space width.

The first consecutive 18 Bi-TPF patients, regardless of age,
sex, and fracture severity, underwent CT after distraction with

Fig. 2 CT scan of the same
patient as in Fig. 1. CT was
performed at a local medical
centre before distraction with
bridging external fixation. a
Coronal, b sagittal, and ¢ axial CT
images showing a multi-
fragmented Bi-TPF. C7,
computed tomography; Bi-TPF,
bicondylar tibial plateau fracture
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Fig. 1 Simple radiographs of 60-year-old man who was injured in a
pedestrian traffic accident show a multi-fragmented Bi-TPF. Bi-TPF,
bicondylar tibial plateau fracture

a bridging EF and were allocated to group 1 (n=18). The
second set of 18 consecutive Bi-TPF patients underwent CT
before distraction with a bridging EF and were allocated to
group 2 (n=18). Ages, sex ratios, pre-operative osteoarthritic
changes, and external wound were not significantly different
in the two groups. One or 2 weeks after temporary bridging
EF, we performed final internal fixation while considering the
soft tissue and general condition of patient.

The demographics of patients in the two groups are
provided in Table 1. Overall, 36 Bi-TPFs (20 right frac-
tures and 16 left fractures) were identified in 36 patients
(25 male and 11 female).

All patients underwent anteroposterior and lateral radiog-
raphy of the knee (out of plaster) and CT scans prior to defin-
itive internal fixation. Three-dimensional (3D) imaging was
performed in all patients, and images were reconstructed using
a SOMATOM Definition AS unit (Siemens Medical
Solutions, Forchheim, Germany).

Study design

One investigator supervised the entire study, but did not
act as an observer or otherwise participate in the study.
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Fig. 3 Simple radiographs of the same patient as in Fig. 1. The patient
was transferred to our hospital and underwent simple radiographs after
distraction with bridging external fixation at our hospital

For the first survey, five observers were given plain radio-
graphs and CT images using picture archiving and com-
munications system (PACS); cases were randomly num-
bered for each survey. Six weeks after the first survey, the
same cases were presented in a different order to the five
observers. Observers were not informed that they were
assessing the same cases. The observers were two junior,
trauma-trained, staff orthopaedic surgeons (surgeons 1
and 2) at a level I trauma centre, two senior orthopaedic
residents (residents 1 and 2), and one junior orthopaedic
resident (resident 3).

Evaluation tools: classification system, pre-operative
planning, and post-operative complication

In this study, we used the AO classification system.
According to this system, we classified all 36 fractures
as 41 (proximal segment tibia) and type C; observers then
evaluated AO groups (1, 2, or 3) and subgroups. And
articular classification was devised by dividing the long
axis of the tibial articular surface into three equal parts
(Fig. 6). The articular classification has seven categories:
a,b,c,a+b,b+c,c+a, and a+b+c.

Fig. 4 CT scan of the same
patient as in Fig. 1. Because he
did not provide initial CT images,
a second CT scan was performed
after distraction with external
fixation. a Coronal, b sagittal, and
¢ axial CT images showed that
fracture fragments were aligned in
their original positions. CT,
computed tomography

Pre-operative planning was classified according to ap-
proach and implant position. Approach and implant posi-
tion are always influenced by soft tissues, and thus, we
assumed that all soft tissues were good enough to apply
skin incision. We categorized approaches as anterolateral,
posteromedial, posterior, anterolateral + posteromedial,
anterolateral + posterior, posteromedial + posterior, and
all, and also categorized implant positions as medial, lat-
eral, posterior, medial + lateral, medial + posterior, lateral
+ posterior, and all.

To evaluate fracture severity, we designed a severity
score system based on the system devised by Dodd
et al.,, in which approach and implant position were
weighted 2:1, which contrasts with the AO classifica-
tion, as we considered pre-operative planning more im-
portant [13]. AO groups were directly converted into
scores; approach and implant position system were
awarded 2 points each. The severity score is the sum
of all points, and the maximum score was 15. The ex-
ample of real survey is provided in Table 2. This table
is result of Figs. 3 and 4 which are group 1, and ob-
servers also reviewed full CT images using PACS.

In addition, group 1 patients were evaluated for complica-
tion due to distraction with bridging EF.

Statistical analysis

All statistical analyses, except kappa coefficient analysis,
were performed using IBM SPSS version 23.0 (IBM Co.,
Armonk, NY, USA), and P<0.05 was considered statisti-
cally significant. The Mann-Whitney U test was used to
analyze intergroup differences between ages and severity
scores, and the chi-square and Fisher’s exact test were used
to analyze other intergroup differences. Inter- and intra-
observer reliability analysis was performed using Fleiss’s
kappa coefficients on R Studio version 0.99 (R Studio
Inc., Boston, MA, USA). The kappa values were interpreted
according to the guidelines of Landis and Koch [14]: less
than 0.0 as “poor,” 0.0 to 0.20 as “slight,” 0.21 to 0.40 as
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Fig. 5 Intraoperative photo after distraction with bridging external
fixation of the same patient as in Fig. 1

“fair,” 0.41 to 0.60 as “moderate,” 0.61 to 0.80 as
“substantial,” and greater than 0.80 as “excellent.”

Results
Inter-observer agreements

Overall, the inter-observer reliabilities of fracture classifi-
cation were higher in group 1 than in group 2 (Table 3).
For the AO group, kappa coefficients were “moderate” in
group 1 and “fair” in group 2. For the AO subgroup,

Table 1  Patients’ demographics

Variable Group 1 (n=18) Group2 (n=18) P

Age (year) 54.9+2.0 60.1+£2.8 0.152*

Sex (M:F) 15:3 10:8 0.070°

Pre-operative 5:13 7:11 0.480°
OA (OA:normal)

Open fracture 4:14 5:13 1.000°

(open:closed)

Age is presented as means =+ standard deviations. Group 1, patients who
underwent CT after distraction with a bridging EF; group 2, patients who
underwent CT before distraction with a bridging EF

OA, osteoarthritis; C7, computed tomography; EF, external fixation
4 Mann-Whitney U test

® Chi-square test

¢ Fisher’s exact test
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Fig. 6 The devised classification system involved dividing the long axis
of the tibial articular surface into three equal parts. a Medial condyle, b
intercondylar eminence, and ¢ lateral condyle

kappa coefficients were “fair” in groups 1 and 2, though
slightly higher in group 1. For articular classification,
kappa coefficients were “moderate” in groups 1 and 2,
but slightly higher in group 1.

Pre-operative planning also had higher kappa coefficients
in group 1 than in group 2 (Table 3). The kappa coefficients
for approach and implant position were “fair” in group 1 and
“slight” in group 2. Surveys 1 and 2 showed similar kappa
coefficients in both of the groups.

Mean severity scores in group 1 were 10.61 and 10.76 in
surveys | and 2, respectively; the mean absolute difference
between the two surveys in group 1 (MAD Gl) was 0.156
(Table 4). Mean severity scores in group 2 were 9.90 and
10.14 in surveys 1 and 2, respectively; the mean absolute
difference between the two surveys in group 2 (MAD G2)
was 0.422. The difference between MAD G1 and MAD G2
was statistically significant (P = 0.045).

Intra-observer agreement

Overall, the intra-observer reliabilities for fracture classifica-
tion and pre-operative planning were higher in group 1 than in
group 2 as determined by mean kappa coefficients (Table 5).

Surgeons (1 and 2) showed perfect intra-observer agree-
ment. Resident 1 also showed perfect agreement for the AO
group and AO subgroup for groups 1 and 2, but others showed
“excellent” kappa coefficients in group 1 and “excellent” to
“substantial” in group 2. Surgeons had higher kappa coeffi-
cients than residents, and senior residents had higher kappa
coefficients than the junior resident. Although the junior res-
ident was unfamiliar with these classifications and pre-
operative planning, he achieved perfect intra-observer agree-
ment for articular classification.

The mean severity scores for all the 36 patients awarded by
surgeons were 10.25 and 10.25 for surveys 1 and 2, respec-
tively, and the mean absolute difference between surveys for
surgeons (MAD _S) was 0.000 (Table 6). The mean severity
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Table 2 Example of survey
AO AO Articular Implant Severity
group subgroup classification Approach  position score
Survey 1
Surgeon 3 1 1/1/1 1/1/0 1/1/0 11
1
Surgeon 3 1 1/1/1 1/1/0 1/1/0 11
2
Resident 1 3 1/1/1 1/1/0 1/1/0 9
1
Resident 3 1 1/1/1 1/1/0 1/1/0 11
2
Resident 3 1 1/1/1 1/1/0 1/111 13
3
Survey 2
Surgeon 3 1 1/1/1 1/1/0 1/1/0 11
1
Surgeon 3 1 1/1/1 1/1/0 1/1/0 11
2
Resident 1 3 1/1/1 1/1/0 1/1/0 9
1
Resident 3 1 1/1/1 1/1/0 1/111 13
2
Resident 3 1 1/1/1 1/1/0 1/111 13
3

Articular classification, a/b/c; approach, anterolateral/posteromedial/posterior; implant position, medial/lateral/

posterior. 1 if yes, 0 if not

AO, Arbeitsgemeinschaft fiir Osteosynthesefragen Foundation and Orthopaedic Trauma Association

classification

scores for all the 36 patients awarded by senior residents were
10.10 and 10.24 for surveys 1 and 2, respectively, and the
mean absolute difference between surveys for senior residents
(MAD_R) was 0.194. Furthermore, the difference between
MAD_ S and MAD R was statistically significant (P =
0.007). These findings indicate level of observer training had
a significant impact on mean absolute difference.

Table 3  Inter-rater reliabilities for bicondylar tibial plateau fracture
classification and pre-operative planning

Group 1 Group 2

Survey 1  Survey2  Survey |  Survey 2
AO group 0.446 0.514 0.286 0.218
AO subgroup 0.375 0.355 0.307 0.227
Articular classification  0.444 0472 0.433 0.446
Approach 0.233 0.233 0.050 0.097
Implant position 0.332 0.280 0.170 0.107

Group 1, patients who underwent CT after distraction with a bridging EF;
group 2, patients who underwent CT before distraction with a bridging
EF

AO, Arbeitsgemeinschaft fiir Osteosynthesefragen Foundation and
Orthopaedic Trauma Association classification; C7, computed tomogra-
phy; EF, external fixation

Post-operative complication

None of the patients had complications related to motor weak-
ness, sensory change, or circulation due to distraction with
bridging EF. There were only cosmetic problems due to pin
scar tissue after applying bridging EF.

Discussion

This study was conducted to compare the inter- and intra-
observer reliabilities of interpretations of the CT scans of Bi-
TPF patients by inexperienced surgeons with or without dis-
traction using bridging EF. The results showed better inter-
and intra-observer reliabilities for fracture classification and
pre-operative planning when distraction with bridging EF was
performed in Bi-TPF patients before CT imaging.

Experts agree that recognition of Bi-TPF characteristics
is important to guide clinical and surgical decision-
making [15, 16], and thus, many authors advocate CT
should be performed after distraction with a bridging EF
for Bi-TPFs [11, 12, 17], because slight traction using
bridging EF can make CT images easier to interpret, es-
pecially by inexperienced surgeons due to ligamentotaxis.
However, the issue has not been evaluated thoroughly.
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Table 4 Mean severity scores and mean absolute differences between
two groups

Table 6 Mean severity scores and mean absolute differences between
surgeons and residents for all patients

Group 1 Group 2 P Surgeons Senior residents P
(18 cases) (18 cases) (2 observers) (2 observers)
Survey 1 (n=5) 10.61 9.90 Survey 1 (36 cases) 10.25 10.10
Survey 2 (n=5) 10.76 10.14 Survey 2 (36 cases) 10.25 10.24
Mean absolute difference 0.156 0.422 0.045% Mean absolute difference  0.000 0.194 0.007*

All values are mean severity scores. Group 1, patients who underwent CT
after distraction with a bridging EF; group 2, patients who underwent CT
before distraction with a bridging EF

CT, computed tomography; EF, external fixation
#Mann-Whitney U test

Some studies performed on related topics are of relevance.
Chan et al. evaluated the reliability of fracture classification
and treatment planning in TPF using simple radiographs with
or without CT images and found that additional CT scan in-
creased inter- and intra-observer agreements on treatment
planning [8]. Mellema et al. evaluated the reliability and diag-
nostic accuracy of two-dimensional (2D) and 3D CT in
Schatzker types 4 to 6 TPF, and concluded that 2D CT alone
showed better reliability and diagnostic accuracy [18]. In the
present study, we compared the reliabilities of CT images in
Bi-TPF with and without distraction using bridging EF. We
found that inter- and intra-observer reliabilities for fracture
classification and pre-operative planning were better for inex-
perienced surgeons when CT was performed after distraction.

Orthopaedic staff surgeons achieved better intra-observer
reliabilities than residents, and senior residents performed

All values are mean severity scores
#Mann-Whitney U test

better than the junior resident. A similar study also reported
level of training was associated with better planning scores,
although the results obtained were not statistically significant
[13]. We believe that level of training aids consistent fracture
pattern evaluation and pre-operative planning.

One of the most important aspects of the treatment of Bi-
TPF is joint surface recovery, and thus, it is important that
joint surfaces be accurately evaluated, which led to our devis-
ing an articular classification. Notably, even the junior resident
with little orthopaedic knowledge achieved perfect intra-
observer agreement in both groups for articular classification.
Due to ligamentotaxis, a slight traction by bridging EF aids
recovery of the original articular surface [19], and this seemed
to be beneficial even when the junior resident evaluated the
articular surface. The most widely used classifications in Bi-
TPF are AO classification, Schatzker classification [20], and
three-column concept [11]. More recently, Chang et al. divid-
ed tibial plateau fractures into four columns: anteromedial,
anterolateral, posteromedial, and posterolateral [21], and there

Table 5 Intra-rater reliability for

bicondylar tibial plateau fracture AO group AO subgroup Articular classification Approach Implantposition
classifications and pre-operative
planning Group 1
Surgeon 1 1.000 1.000 1.000 1.000 1.000
Surgeon 2 1.000 1.000 1.000 1.000 1.000
Resident 1 1.000 1.000 0.921 1.000 1.000
Resident 2 1.000 0.635 1.000 1.000 0.766
Resident 3 0.325 0.590 1.000 1.000 0.900
Mean 0.865 0.845 0.984 1.000 0.933
Group 2
Surgeon 1 1.000 1.000 1.000 1.000 1.000
Surgeon 2 1.000 1.000 1.000 1.000 1.000
Resident 1 1.000 1.000 0.650 0.886 0.888
Resident 2 1.000 0.866 1.000 1.000 0.586
Resident 3 0.204 0.090 1.000 0.636 0.154
Mean 0.841 0.791 0.930 0.904 0.726

Group 1, patients that underwent CT after distraction with a bridging EF; group 2, patients who underwent CT
before distraction with a bridging EF

AO, Arbeitsgemeinschaft fiir Osteosynthesefragen Foundation and Orthopaedic Trauma Association classifica-
tion; C7, computed tomography; EF, external fixation
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was also a report that their four-column classification was the
most reliable in TPF [22]. However, most of the cases in this
study were Schatzker type 5 or 6 and included all columns.
Therefore, we could not use these classifications.

There was no complication related to distraction after
bridging EF. And there were only cosmetic problems due to
pin scar tissue. We suppose the reason for this is that bridging
EF was applied only for short period of one to two weeks, and
traction was applied manually to prevent excessive force. Egol
et al. also evaluated 57 cases of high-energy TPF treated with
staged bridging EF and reported that there was no complica-
tion related to distraction after bridging EF [23].

When a patient with a Bi-TPF visits an emergency room,
the orthopaedic surgeon should evaluate the patient and deter-
mine an operative plan before another physician orders a CT
scan. The surgeon should decide on conventional open reduc-
tion and internal fixation, hybrid EF, or staged treatment using
bridging EF. When staged treatment using by bridging EF is
selected in Bi-TPF, we suggest that CT should be performed
after distraction with bridging EF. Some authors have reported
that effective doses delivered during diagnostic CT are similar
to those received by Japanese survivors of the atomic bomb
[24]. In one study, it was estimated that the numbers of deaths
attributable to CT during one year in the USA was 700 for
head examination and 1800 for abdominal examination [25].
To avoid unnecessary radiation, surgeons should make oper-
ative plans immediately and order initial and final CT scans.

The retrospective nature of this study and the relatively
small number of cases and observers are obvious limitations.
And the levels of agreement with the participants in this study
may simply reflect philosophy of our medical center.
Moreover, although all patients had a Bi-TPF, two groups
were not exactly the same in terms of fracture configuration.
For accurate comparisons, two CT scans were required per
patient, but considerations of radiation dose prevent this pos-
sibility. However, the first consecutive 18 Bi-TPF patients
underwent CT after distraction with a bridging EF and the
second consecutive 18 patients underwent CT before distrac-
tion although it was not randomized control study. This study
is the first to demonstrate that distraction can make CT images
more interpretable in Bi-TPF, though further study is needed
to determine the clinical results obtained when distraction is
performed before CT scan in Bi-TPF. In addition, further
study can be also performed about wrist or ankle joints using
this study design.

Conclusion

Inter- and intra-observer reliabilities of inexperienced sur-
geons with respect to fracture classification and pre-
operative planning improved when CT was performed after
distraction with a bridging EF in Bi-TPF. Thus, when staged

treatment using bridging EF is selected in TPF patients, we
suggest that a CT scan be performed after distraction with a
bridging EF especially when surgeons lack experience.
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