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Abstract
Purpose To define a new parameter in CT that could make imaging of the contralateral ankle dispensable evaluating the position
of the fibula after syndesmotic injury.
Methods Thirty bilateral CTs of 30 patients were included. Five parameters were defined in axial CT for the injured (_inju) and
uninjured (_unin) ankle. Reproducibility was examined for inter-observer and intra-observer reliability. Comparisons for all
parameters were performed between the CT scans of both ankles.
Results All measurements had a high agreement for the inter-observer and intra-observer correlation coefficients. A large interin-
dividual variance could be found between all parameters. If the difference of the anterior tibiofibular distance antTFD_unin and
antTFD_inju was less than 2 mm, there was a strong significant pairwise correlation between all parameters between both sides.
Conclusion Bilateral CT is still to be recommended, as it is the only way to exactly assess anterior posterior reduction of the fibula.
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Introduction

Syndesmotic injuries are commonly associated with ankle
fractures ranging between 10 and 45% [1, 2]. The correct
reduction of the fibula in the incisura fibularis tibiae is the
key criterion for long-term results in ankle fractures with
syndesmotic injuries, making this a question of high clinical
importance [3–6]. As conventional radiography has been
proven to be unreliable to rule out malpositioning of the fib-
ula, post- or intra-operative computed tomography (CT) is the
only way to evaluate the position of the fibula in the incisura
fibularis [5, 7–10]. Thus, bilateral CT control after implanta-
tion of a syndesmotic screw or a suture-button device has
become a highly recommended procedure in ankle fracture
treatment [3, 7–9, 11, 12]. Rotation, anterior-posterior trans-
lation, and shortening can be exactly assessed by bilateral CT

with diastases of 2 to 3 mm [3–5, 9]. Alternatively to post-
operative scanning, intra-operative CT scans have been
established in recent years. Usually, only the injured side is
scanned intra-operatively, while most studies on distal
tibiofibular measurements involve the uninjured side as well
[12–15]. Thus, despite a high rate of studies conducted in this
field, it yet remains unclear whether CT of the uninjured ankle
is necessary for exact evaluation.We hypothesized that a new-
ly defined parameter in CT imaging could make the CT of the
contralateral ankle dispensable.

Materials and methods

Approval of the local institutional review board for study had
been given beforehand (AZ 131/18-ek), and the study was
conducted in accordance with the Declaration of Helsinki
and the guidelines for Good Clinical Practice. Informed con-
sent was available from all individuals. In a retrospective
single-centre (Level I Trauma Center) case series, 30 consec-
utive bilateral CTs of 30 patients with a syndesmotic injury as
part of an ankle fracture and an unsuspicious contralateral
ankle were included in this analysis. All fibulae were anatom-
ically reduced in the CT controls. Thus, incorrect length could
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be excluded as a reason for tibiofibular malreduction. Patients
with a plate osteosynthesis through a posterolateral approach
were excluded to avoid implant artifacts in the CT for best
measurement accuracy. Demographic data of interest were
age, gender, and injured side. All CTs were performed bilat-
erally after the implantation of a syndesmotic screw (3.2 mm,
DePuy Synthes) or a suture-button device (TightRope®,
Arthrex, Naples, FL, USA). All CT scans were performed
within three days after surgery without administration of in-
travenous contrast medium. Patients were positioned supine
and feet-first with the ankles in neutral position. Images were
acquired using a multidetector CT scanner (iCT 256, Philips,
Netherlands). Routine scan parameters included a tube current
of 150 mA, a tube voltage of 100 kv with a collimation of
64 × 0.625 mm. Pitch was 0.329 with a rotation time of 0.5 s.
Multiplanar reformations were reconstructed in slice thickness
of 1–2 mm in axial, sagittal, and coronal orientation. All pa-
tients had given informed consent before surgery and were
treated with a similar operative procedure. The surgical treat-
ment of the lateral and medial malleolus as well as of the
posterior fragment was performed according to the AO
(Arbeitsgemeinschaft Osteosynthese): lateral approach to the
fibula, open reduction, and osteosynthesis with a lag screw
and neutralization plate. For medial malleolar fractures, a stan-
dard medial approach was chosen following open reduction
and two lag screws. In case of a posterior tibial fragment
(Volkmann’s triangle), indirect reduction and sagittal lag
screws were used. Following fracture stabilization,
syndesmotic instability was tested by performing the hook test
as described previously [16, 17]. After documentation of in-
stability by fluoroscopy, reduction, and retention with a point-
ed clamp, the surgeon has chosen between a transsyndesmotic
screw and a suture-button device (TightRope®) as preferred.
The syndesmosis was not reduced completely open but only
as far as visible via the lateral approach. Standard fluoroscopy
(lateral andmortise view) was applied to control the reduction.
All patients received a CT of both ankles as part of the hospi-
tal’s standard post-operative procedure.

Assessment of the syndesmotic parameters

Two blinded observers reviewed all CT scans. The region of
interest was selected to be 1 cm proximal from the distal tibial
joint as described before [15, 18]. To focus on the same region
of the ankle, we defined a standardized approach for selecting
the image slices. Based on the coronary views, the axial views
depicting the slice 1 cm above the distal tibial joint were cho-
sen (Fig. 1).

Measurement of the syndesmotic parameters

All parameters were defined in axial CT slices depicted on
Fig. 2. The measurement was done using MagicWeb®

(Visage Imaging, San Diego, CA, USA). A tangent A was
aligned to the anterior tibia. A parallel line B was drawn on
the anterior margin of the fibula, another parallel C on the
posterior margin of the fibula, and a further parallel D on the
posterior tibia. The distance AB was defined as the anterior
tibiofibular distance (antTFD), BC as the fibular diameter
(D_fib), and CD as the posterior tibiofibular distance
(postTFD). The tibial diameter (D_tib) was defined as the
sum from these three parameters. The relative antTFD
(Rel_antTFD) was defined as antTFD/D_tib. All measure-
ments were executed both on the injured (_inju) and uninjured
(_unin) side.

Measurement validity

The reproducibility of all parameters was examined with the
intraclass correlation coefficient for both inter-observer reli-
ability (measurements made by 2 different observers) and
intra-observer reliability (measurements repeated at different
points in time by the same observer) for repeated measure-
ments. For all thirty patients, two independent observers, two
board-certified orthopaedic surgeons (initials blinded for re-
view), calculated the parameters on CT scans. In addition, for
intraobserver reliability testing, the measurements were re-
peated after a three month interval, with a randomized patient
order.

Statistical analysis

Statistical data analysis was performed with SPSS software,
version 20.0 (SPSS, Chicago, IL, USA). Inter- and intra-
observer agreements were measured with the two-way mixed
single measures interclass correlation coefficient with 95%
confidence intervals reported (95% CI). The parameters were
normally distributed. Comparisons for all parameters were
performed with the paired t test between the CT scans of the
uninjured ankles and operatively treated injured ankles. The
level of significance for statistical analysis was set at p < 0.05.

Results

Demographic data

Patients’ average age was 47.3 (range, 19–82) years with eight
males and 22 females. Fourteen patients received a
syndesmotic screw, and 16 patients received a suture-button
device. According to the AO classification, there were 19 AO
44 B and 11 AO 44 C fractures. All demographic data are
presented in Table 1. None of the untreated ankles showed
signs of previous injury or other pathologies in the CT.
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Inter-observer and intra-observer reliability

All measurements had a high agreement both for the inter-
observer (range, 0.83–0.94) and intra-observer (range, 0.71–
0.95) correlation coefficients with only one correlation coefficient
below 0.8 (postTFD_unin, 0.72 KI [0.38–0.87]) (Table 2) [19].

Comparability

antTFD and D_fib could be measured in all CT scans. It was not
possible to measure postTFD on the injured side in eight CT

scans due to a displaced posterior tibial fragment. A large inter-
individual variance could be found between all parameters
(Table 3). If the difference of antTFD_unin and antTFD_inju
was 2 mm or less than 2 mm (n = 15), there was a strong signif-
icant pairwise correlation between the following parameters:
antTFD (n= 15; r = 0.89; p< 0.001), D-fib (n = 15; r = 0.83;
p< 0.001), and postTFD (n = 11; r = 0.84; p = 0.001) between
the injured and uninjured side. With the numbers available, no
significant correlation could be detected if the difference was
more than 2 mm (antTFD, n = 15, r = 0.39, p = 0.16; D-fib,
n = 15; r= 0.40; p= 0.14; postTFD, n = 11, r = 0.43, p= 0.19.
Therefore, we defined antTFD as the main parameter of interest.
No correlation of postTFD was possible in four pairs of both
groups due to the insufficient reduction of the posterior tibial
fragment. Relative ratios (Rel_antTFD) could not improve com-
parability between the injured and the uninjured side.

Discussion

The most important findings of this study were the excellent
inter- and intra-observer reliability of the measurements for

Table 1 Demographic and clinical characteristics of all patients
included (N = 30)

All patients Syndesmotic screw TightRope

Number 30 14 16

Average age 47.3 (19–82) 48.4 (23–82) 46.1 (19–79)

Female 22 10 12

Male 8 6 2

AO 44 B 19 5 6

AO 44 C 11 10 9

Fig. 1 Coronary and sagittal view
of an ankle demonstrating the
standardized approach for
selecting the image slices. Based
on the coronary views, the axial
views depicting the slice 1 cm
above the distal tibial joint were
chosen

Fig. 2 Definition of all parameters in an axial CT image 1 cm proximal to
the tibia plafond. ATF, anterior tibiofibular distance; D_fib, fibular
diameter; PTF, posterior tibiofibular distance
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both the injured and uninjured tibiofibular parameters.
However, no significant correlation between the injured and
uninjured side could be found with the difference of
antTFD_unin and antTFD_inju being more than 2 mm. The
calculation of relative ratios did not improve comparability.
Thus, the hypothesis must be rejected. Still, the measurement
technique seems to be accurate.

Interestingly, in patients with differences of the
antTFD_unin and antTFD_inju exceeding 2 mm, the fibular
diameter did not correlate between both sides anymore. This
can be caused by two separate reasons. First, fibular fracture
reduction could be insufficient leading to a fibular shortening
and/or malrotation. But reduction of fibular length had been
controlled beforehand in the CT. Second, this might be caused
bymalrotation of the whole fibula. Thereby, in cases without a
complete rupture of the interosseous membrane with persis-
tent tibiofibular fixation, rotation would be the consequence of
an anterior or posterior shifting of the fibular in relation to the
tibia. In current literature, numerous attempts have been made
to define normal tibiofibular parameters [15, 20]. Transferring
these measurements into actual clinical settings has proven to
be difficult. Phisitkul et al. have developed a method to define

anterior-posterior reduction in a cadaveric study, which has
already been used in clinical studies [20, 21]. Yet, this method
depends on an intact or anatomically reduced posterior tibial
tubercle. Our data is supported by Davidovitch et al., who did
not scan the uninjured side and found no significant difference
in the rate of malreduction comparing intra-operative and
post-operative CT [13]. The threshold for malreduction was
defined by 2 mm as in other studies [13, 22]. Large interindi-
vidual but small intraindividual differences including gender-
specific differences in the anatomy of the incisura fibularis
have been described in anatomic and clinical studies [15,
23]. Certain morphologic variations even have been found to
increase the risk of malreduction [24]. This makes it even
more important to know the regular anatomy of the patient’s
ankle beforehand to evaluate the result of surgery.

In consequence of this data and in accordance with litera-
ture, we now use intra-operative CT of both ankles. This is
technically more demanding and time-consuming but feasible
(Fig. 3). Having the images of both ankles available for direct
comparison makes intra-operative CT scanning more effi-
cient. An immediate correction is possible avoiding revision
surgery. Alternatively, the uninjured side can be included in a
pre-operative CT. Thus, more accurate planning can be done
pre-operatively to save time and effort.

In this study, no patients with ORIF of the posterior tibial
fragment have been included to have more accurate measure-
ments for first assessment of the method. In the next step, this
group must be included for further evaluation, especially as
posteriorlateral approaches to posterior fractures gain impor-
tance [25].

Altogether this study has several limitations which need
to be discussed. The major limitation of this study is the
missing standardized operative protocol such as the choice
of syndesmotic screw or TightRope® which was selected
by the surgeon. Besides, only the hook test was used for
testing syndesmotic instability, and alternative tests like
the external rotation test were not performed. Fibular
length was not measured separately but assumed to be an-
atomic as a result of the anatomical reduction of the fibula.
Additionally, patients treated by a posterior approach were

Table 3 Results of the
measurements of the uninjured
ankles (_unin) (N = 30)

N Minimum Maximum Mean Standard deviation

antTFD_unin 30 7.3 15.9 11.4 2.3

postTFD_unin 30 3.6 17.2 8.7 3.3

D_Fib_unin 30 7.1 20.8 15.8 2.6

D_Tibia_unin 30 29.0 42.4 35.9 3.5

Rel_antTFD_
unin

30 0.19 0.43 0.32 0.06

antTFD, anterior tibiofibular distance; D_fib, fibular diameter, D_Tib, tibial diameter; postTFD, posterior
tibiofibular distance; Rel_antTFD, relative anterior tibiofibular distance

Table 2 Inter-observer and intra-observer correlation coefficients

Parameter Side Observer Correlation coefficient KI

antTFD Injured Inter 0.943 0.858–0.975

Uninjured Inter 0.866 0.720–0.936

D-fib Injured Inter 0.828 0.632–0.920

Uninjured Inter 0.823 0.630–0.916

postTFD Injured Inter 0.882 0.713–0.951

Uninjured Inter 0.845 0.673–0.926

antTFD Injured Intra 0.936 0.762–0.976

Uninjured Intra 0.868 0.726–0.937

D-fib Injured Intra 0.909 0.752–0.964

Uninjured Intra 0.812 0.609–0.910

postTFD Injured Intra 0.909 0.752–0.964

Uninjured Intra 0.715 0.379–0.867
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excluded. Furthermore, no evaluation of bilateral fluoro-
scopic assessment of both sides has been performed, which
might have been an alternative to intraoperative CT. We
assumed that based on the available literature, intraopera-
tive CT was superior to fluoroscopy. Next, the number of
patients included is small. However, the inter- and
intraclass reliabilities were mainly excellent, and signifi-
cant correlations between both sides were found in those
patients where antTDF difference was less than 2 mm.
Finally, no clinical data were evaluated. To conclude, in
order to guarantee intra-operative reduction according to
the patient’s individual anatomy, a pre- or intra-operative
CT of the uninjured side is recommended in patients with
ankle fracture with syndesmotic injury. The antTFD be-
tween both ankles should be within 2 mm to prove suffi-
cient fibulotibial reduction. An intra-operative CT image
of both ankles has the advantage to react immediately in
cases of malreduction avoiding revision surgery.
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