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ARTICLE INFO ABSTRACT

Background: Syndesmotic injury with supination-external rotation (SER)-type ankle fractures are well
known for the serious damages to the osseous and soft tissue envelope. However, the Lauge-Hansen
classification system does not provide sufficient information related to syndesmotic injury. In this study,
we aimed to investigate factors for preoperative detection of syndesmotic injury according to fracture
patterns in SER Il and IV ankle fractures by using radiography and computed tomography (CT).
Methods: All operative SER IIl and IV ankle fractures treated by a single surgeon from 2009 to 2015 were
enrolled in a retrospective database. Based on computed tomographic evidence and intra-operative
Cotton test, stable and unstable groups of the ankle factures were divided.
Results: A total of 52 patients with SER I, 75 patients with SER IV, and 27 patients with SER IV equivalent
ankle fractures were identified, with 106 in the unstable syndesmosis group (68.8%) and 48 patients in
the stable syndesmosis group (31.2%). Medial space widening and fragment angle of the fibular posterior
cortex were significant predictors. The cutoff values of these factors were 4.4 mm and 32.8 degrees,
respectively.
Conclusions: CT was superior to simple radiography in predicting syndesmotic injury at the preoperative
period in SER-type IIl and IV. Medial space widening and fragment angle of the fibular posterior cortex, as
predictive factors, showed significant correlations. In particular, sharper fragment angle of the posterior
cortex indicated higher probability of instability that remained after fracture fixation.

© 2019 Elsevier Ltd. All rights reserved.
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Introduction Supination-external rotation (SER)-type ankle fracture is the
most frequent pattern of the operative fracture in the Lauge-
Hansen classification. The SER-type III fracture is an injury

involving both the lateral and posterior malleoli without damage

Syndesmotic injuries are often concurrent with ankle fractures,
increasing the instability of the fractures and making fracture

reduction and stabilization more difficult. Chronic untreated
syndesmotic instability could result in pain when walking and
early degenerative arthritis [1-5].
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of the medial component. The SER-type IV fracture is an injury that
involves both the lateral and medial malleoli making the ankle
unstable. The SER IV equivalent is a second type of unstable SER
injury. It affects analogous rotational mechanism and lateral
malleolar fractures although it includes a medial soft-tissue
ligamentous injury with an intact medial malleolus.

These types of SER fractures require operative management due
to unstable ankle [6,7]. SER injuries in the Lauge-Hansen
classification system require further clarification related to
concurrent syndesmotic injuries. However, these injuries cannot
clarify concurrent syndesmotic injuries.
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Preoperative recognition on imaging studies is important for
orthopedic surgeons performing surgical procedures for ankle
fractures. In this study, we aimed to investigate factors for
preoperative detection of syndesmotic injury according to fracture
patterns in SER IIl and IV ankle fractures by using radiography and
computed tomography (CT).

Materials and methods
Study group selection

We used an institutional review board-approved trauma registry
with retrospectively collected clinical and radiological data con-
taining all ankle fractures. All operative SER Il and IV ankle fractures
treated by a single surgeon from 2009 to 2015 were enrolled.

Preoperative ankle three-dimensional CT reconstruction were
performed for all patients in both ankles, using 64-slice multi-
detector CT (MDCT) canner (Aquilion Model TSX-101A, TOSHIBA
medical systems corporation, Shimoishigami, Japan). Demograph-
ic data, including age and sex as well as injury mechanism, were
recorded. The inclusion and exclusion criteria of this study are
summarized in Table 1.

Operative technique and group dividing

SER-type ankle fractures were divided into two groups based on
computed tomographic evidence of tibio-fibular displacement at
the syndesmotic lesion before surgery. Open reduction and
internal fixation of the fibular fracture was done using standard
AO technique. Then, the distal tibiofibular articulation was directly
exposed anteriorly, utilizing the same posterolateral approach that
was used for open reduction and internal fixation of the fibula.
Dissection is performed until the disrupted anterior inferior
tibiofibular ligament is visualized. The distal fragment of the
fibular was pulled distally and rotated internally via a small clamp
to reduce the distal tibiofibular articulation by attempting to center
the fibula within the tibial incisura, and confirming fluoroscopic
reduction of the syndesmosis using standard radiographic
parameters and direct visualization.

An unstable syndesmotic injury was confirmed on the Cotton
test, intraoperatively after all fractures were internally fixed and
was defined as a tibio-fibular clear space of >5 mm. Syndesmotic
screw fixation was performed using a 4.0-mm cortical screw when
unstable syndesmotic injuries were diagnosed [4,8-11].

Majority of SER-type ankle fractures with tibio-fibular dis-
placement preoperatively in the CT scan showed positive cotton
test intraoperatively. However, nine patients had syndesmotic
injury with tibio-fibular instability intraoperatively during the
cotton test. According to preoperative and intraoperative syndes-
motic evaluation, the patients were assigned into two groups: the
unstable syndesmotic group and the stable syndesmotic group.

CT scan evaluation

Bilateral ankle CT scans were obtained preoperatively to assess
for gross articular and syndesmotic tibio-fibular displacement to

Table 1
Inclusion and exclusion criteria for patients in this study.

Inclusion criteria

An ankle fracture classified as SER-type III, IV, or SER IV equivalent injury.
Exclusion criteria

(1) Patients with a CT scan performed at an outside hospital

2) Patients who do not agree with both ankle CT scans

3) An ankle fracture resulting from a direct blow

4) Abnormal ankle anatomy of the ipsilateral and contralateral lowerlimb

(
(
(

determine whether syndesmotic operation was necessary. CT of
the ankle was performed using a CT scanner (SOMATOM Definition
Edge, SIEMENS, Germany), with 120 kVp, 150-mm field of view, on
0.5-mm interval. CT scans were conducted with the patient in the
supine position. Multi-detector CT and three-dimensional recon-
structions were performed.

A syndesmotic tibio-fibular displacement was determined by
calculating the difference in distance from the anterior and
posterior aspects of the tibial incisura to the fibula for both the
injured and uninjured ankles. All measurements were made 1 cm
superior to tibial plafond for each ankle.

On preoperative ankle radiographs, four parameters that
describe lateral malleolar fracture patterns were measured:
fracture height of the anterior cortex defined as the vertical
height between the distal tibial articular surface and most obvious
fracture line of anterior cortex of lateral malleolus (Fig. 1A),
fracture height of the posterior cortex defined as the vertical height
between the distal tibial articular surface and most obvious
fracture line of posterior cortex of lateral malleolus (Fig. 1B),
fragment angle between the fracture line and posterior cortex of
the lateral malleolus (Fig. 1C, below: fragment angle), and medial
joint space defined as perpendicular length between the medial
malleolus articular surface and medial talar articular surface on the
plane of intercollicular groove on coronal view(Fig. 1D). Fragment
angle was measured because it showed association according to
fracture height difference between the anterior and posterior
cortex.

Reliability test

Radiographic measurements were performed on 2 separate
occasions by 2 independent investigators in a blinded manner. The
investigators were simultaneously instructed by a surgeon who
was trained in foot and ankle surgery. Each investigator then
practiced taking measurements on sample radiographs while
being observed. The investigators were blinded to one another’s
measurements and to their own previous measurements. Each set
of measurements was obtained with a minimum interval of 3
months to ensure that the previous alignment angle measure-
ments would not be remembered. Interobserver and intraobserver
reliability was determined by calculating the intraclass correlation
coefficients for continuous data; the interobserver and intra-
observer class measurements of all of the radiographic parameters
were satisfactorily correlated (Table 2).

Statistical analysis

A priori power analysis was performed to determine appropri-
ate sample size. Both study groups showed a power of 0.9 for
detecting a Aintercept of 2 at an alpha level of 0.05. The minimum
number of subjects required to satisfy this condition for the
smaller group was 78.

All of the groups had not a normal distribution according to the
Shapiro-Wilk normality test. Comparison between the unstable
and stable syndesmotic groups was conducted using a t-test or
Mann-Whitney U test and a chi-square test according to the data
characteristics. Receiver operating characteristic (ROC) curves
were used to evaluate classification and optimal cutoff values were
estimated for every effective radiologic value following youden
index method. To combine the factors that significantly contrib-
uted to unstable syndesmotic injuries, binary logistic regression
with the stepwise selection method using CT measurements was
used. A p-value <0.05 was considered statistically significant in the
logistic regression analysis. All statistical analyses were performed
with SPSS version 25.0 and R version 3.3.1(‘OptimalCutpoints’
packages).
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Fig.1. Three dimensional reconstructed image(A,B), sagittal image and coronal image on CT scan showing four parameters which describes lateral malleolar fracture patterns.
(A) Fracture height of the anterior cortex. (B) Fracture height of the posterior cortex. (C) Fragment angle. (D) Medial joint space (perpendicular distance between the articular

surface of the medial malleolus and the medial talar articular surface on the coronal view of computed tomography).

Table 2
Intraobserver and interobserver reliabilities of measurements.

Intraobserver reliability

Interobserver reliability

Measurement ICC 95% ClI ICC 95% Cl

CT scan

Fracture height - anterior cortex 0.90 0.79-0.97 0.92 0.87-0.99
Fracture height - posterior cortex 0.91 0.79-0.97 0.90 0.79-0.96
Fragment angle’ 0.88 0.78-0.97 0.89 0.78-0.98
Medial joint space 0.92 0.87-0.97 0.93 0.86-0.99

" Fragment angle means the angle between the fracture line and posterior cortex of the lateral malleolus.

Results

A total of 590 patients with an ankle fracture underwent
operative treatment from May 2009 to December 2015. Among
these patients, 154 with SER III, IV, and IV equivalent type ankle
fractures were included. A total of 52 patients with SER III, 75
patients with SER IV, and 27 patients with SER IV equivalent ankle
fractures were identified, with 106 in the unstable syndesmosis
group (68.8%) and 48 patients in the stable syndesmosis group
(31.2%) (Fig. 2). Patient demographics and co-morbidities were
similar between the two groups. The mean age (and standard

deviation) of the patients at the time of surgery was 47.7 £17.7

years.

The comparison between the unstable and stable syndesmotic
groups showed that age, Fracture height of the posterior cortex,
fragment angle, and medial joint space on CT scans were significantly

different between the two groups (p < 0.05 for all) (Table 3).

Multiple logistic regression model using stepwise selection
method, age, fracture height of the posterior cortex, fragment
angle, and medial joint space on CT scans, showed that fragment
angle and medial joint space on CT were significant contributing
factors to unstable syndesmotic injury (Table 4).

590 patients (feet) Meanage47.7 +17.7 years

!

154 SER-type
ankle fractures

SERIII

34%

Fig. 2. Flow diagram of the involved patients. Total of 590 patients with an ankle fracture who underwent operative treatment were included in the study. 154 SER-type ankle
fractures were included. Of these patients, 106 were classified as unstable syndesmotic group and 48 were as stable syndesmotic group. The mean age was 47.7 + 17.7 years.

106 Unstable group (68.8%)

48 Stable group (31.2%)

Stable

31.2%
J Unstable

68.8%
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Table 3
Comparison between the unstable and stable syndesmotic injury groups.
Unstable syndesmosis group (N =80) Stable syndesmosis group (N =78) p value

Age 38.4+16.8 511 +17.9 <0.05
CT scan
Fracture height - anterior cortex (mm) 1.6+2.2 0.2+0.9 >0.05
Fracture height - posterior cortex (mm) 32+17 1.6+1.1 <0.001
Fragment angle* (degree) 22 degrees 37 degrees <0.001
Medial joint space 5.80+ 17 3.82+26 <0.001

Table 4
Logistic regression analysis of the unstable and stable syndesmotic groups
(Performed upon categorical variables).

p value 0Odd ratio(95% CI)
Age 0.797 0.955-1.036
CcT
Fracture height -posterior cortex (mm)  Not applicable
Fragment angle (degree) 0.008 2.461-449.185
Medial joint space 0.000 6.010-288.958

" Multicolinearity was detected between fracture height of posterior cortex and
Fragment angle. Therefore fracture height - posterior cortex was not accessed
losgistic regression analysis.

The ROC curve showed that fragment angle was useful to
determine cutoff values for unstable syndesmotic injuries (Fig. 3A).
The area under the curve (AUC) for fragment angle on CT was 0.86
(0.796-0.923), and the appropriate cutoff value was 32.9 degrees.
When a fragment angle of <32.9 degrees on a CT scan was used as a
threshold, a sensitivity of 89.4% and a specificity of 72.6% were
achieved to determine unstable syndesmotic injuries in SER-type
ankle fractures.

The ROC curve showed that medial joint space was useful to
determine cutoff values for unstable syndesmotic injuries (Fig. 3B).
The AUC for medial joint space widening on CT was 0.826 (0.740-
0.892), and the appropriate cutoff value was >4.4 mm. When a
medial joint space widening of >4.4 mm on a CT scan was used as a
threshold, a sensitivity of 85.4% and a specificity of 80.2% were
achieved to determine unstable syndesmotic injuries in SER-type
ankle fractures.

On the other hand, the ROC curve showed that fracture height of
the posterior cortex was useful to determine cutoff values for
unstable syndesmotic injuries (Fig. 3C). The AUC for medial joint
space widening on CT was 0.540 (0.469-0.610), and the appropriate
cutoff value was >8.27 mm. When a fracture height of the posterior
cortex of 8.27 mm on a CT scan was used as a threshold, a sensitivity
of 12.8% and a specificity of 99.1% were achieved to determine
unstable syndesmotic injuries in SER-type ankle fractures. Fracture
height of the posterior cortex showed significant contributing

factors (p < 0.05), but there is no correlation in logistic regression
analysis performed upon categorical variables. (p > 0.01)

Discussion

SER injuries are the most common type of ankle fracture [12-
17]. Unstable SER fractures that are left untreated are known to
develop degenerative changes within the ankle joint [18].
Syndesmotic injuries are often concurrent with ankle fractures,
increasing the instability of the fractures and making fracture
reduction and stabilization more difficult. Therefore, in the case of
syndesmotic injuries, predicting whether the internal fixation of
the fracture in the surgical treatment is sufficient or whether the
syndesmotic fixation with internal fixation is necessary is
important.

Stage 3 and 4 pronation-external rotation injuries and stage 3
pronation-abduction injuries in the Lauge-Hansen classification
system frequently coincide with syndesmotic injuries, which
correspond to Danis-Weber type-C fractures [19]. Supination-
adduction injuries in the Lauge-Hansen classification system rarely
occur concurrently with syndesmotic injuries, which correspond
to Danis-Weber type-A fractures [19]. However, SER injuries in the
Lauge-Hansen classification system, corresponding to Danis-
Weber type-B fractures, require further clarification related to
concurrent syndesmotic injuries [20].

The ankle fractures of the SER type were interpreted as Danis
Weber type B because they are based on the fracture level of the
anterior cortex, which is the lower height of the fracture. In
particular, SER III, IV, and IV equivalent ankle fractures did not
show a significant difference in the degree of damage to the
anterior fibula. However, the fracture pattern of the posterior
cortex at the SER type showed varying degrees of damage, and the
stability of the ankle joint was also influenced by the fracture
pattern.

In this study, the anterior and posterior heights were measured
separately. To intuitively understand these heights, fragment
angle, which is the angle formed by these indicators, was measured
from the lateral side.
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Fig. 3. Receiver operating characteristic curve of the preoperative fragment angle, medial clear space and fracture height (anterior and posterior cortex) measurements
between the unstable and stable syndesmotic groups. The (A) curve defines the cutoff value of the preoperative fragment angle as 29.1 degrees. The (B) curve defines the cutoff
value of the preoperative medial clear space as 5.7 mm. The (C) curve defines the cutoff value of the preoperative fracture height of the posterior cortex as 8.27 mm.
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Fig. 4. Comparison of the area between fracture fragments forming acute (B) and obtuse (A) angle of the fibular posterior cortex. If the angle were acute (B), the amount of
transmitted force becomes larger, resulting wider area of syndesmotic ligament complex damage.

The ankle syndesmosis consists of antero-inferior tibiofibial
ligament (AITFL), interosseous membrane (IOM), and posterior-
inferior tibiofibial ligament (PITFL). In the SER type, the fracture is
present around the AITFL [21-24]. However, IOM or PITFL damage
may accompany depending on the type of fracture, which makes it
easy to cause unstable syndesmotic injury. Posterior malleolar
fracture is attached to PITFL, and unstable posterior malleolar
fracture fragments have been reported to affect syndesmotic
stability [21,24,25]. Therefore, not only the fracture pattern of the
anterior cortex on the fibula, but also that of the posterior cortex
also contributes to syndesmotic stability.

The present study investigated factors that could be used to
detect unstable syndesmosis after open reduction internal fixation
(ORIF) concurrent with SER-type ankle fractures preoperatively
and to provide cutoff values based on preoperative CT and
radiographic measurements. Fracture height of the posterior
malleolus, medial joint space, and fragment angle were significant
preoperative factors that were associated with unstable syndes-
motic injuries. Based on the results, no parameter could validate
syndesmotic stability in radiographs. However, in CT scan,
widening of medial joint space and acute fragment angle were
significantly associated with unstable syndesmotic injury.

Medial joint space widening is known to significantly correlate
with syndesmotic injury [26]. Significance was also confirmed in
the present results on the values measured on CT scans,

Our results showed that medial joint space widening was a
significant preoperative parameter to predict syndesmotic stability
in the coronal plane of the CT scan. We hypothesized that the
height of the posterior malleolus would be significantly related to
syndesmotic instability after internal fixation and the correlation
was proven.

On the other hand, fragment angle was found to be more
significantly correlated. It can be easily decided by the posterior
height because most of the fracture line of the fibular anterior
cortex is located around the AITFL. Fragment angle can show more
significant result because posterior height can be influenced by
bone size.

If the fracture forms an acute angle, IOM damage may occur in a
wider area and fracture size beneath the posterior fracture may be
larger, which can all cause unstable syndesmotic injury. In the
present results, medial joint space widening was a powerful
preoperative parameter to predict syndesmotic stability in the
sagittal plane of the CT scan. We think fragment angle also can be

one of preoperative parameter to predict syndesmotic stability
(Fig. 4).

This study has the following drawbacks. First, data collection
was retrospectively performed. In addition, study period was
calculated to investigate the significant level of the experimental
group. Second, the strength of the external force that caused the
fracture could not be measured quantitatively. In previous studies,
injury energy was divided to high and low depending on the injury
mode. Since the external force that caused the actual fracture was
impossible to measure quantitatively, no analysis based on the
injury mode was performed. Third, the measured parameters
(units expressed in millimeter) were not analyzed according to
height and weight. Several patients showed a 1.5-fold difference in
skeletal structure between male and female. Dividing male and
female is better in obtaining the meaningful optimal cutoff value of
posterior height at least.

However, this study analyzed the significance of various factors
that predicted syndesmotic stability at the preoperative period.
This will help predict and treat syndesmotic instability that
remains after fixation of the fracture site.

Conclusion

CT was superior to simple radiography in predicting syndesmotic
injury at the preoperative period in SER-type Il and IV. Medial space
widening and fragment angle of the fibular posterior cortex, as
predictive factors, showed significant correlations. In particular, the
more acute the fragment angle of the posterior cortex, the higher the
probability of instability remains after fracture fixation.
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