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The classic presentation of syndesmotic injury usually 
occurs with the Danis-Weber type C ankle fractures 

[1, 2]. Tibiofibular joint malreduction with syndesmotic 
injury has been shown to impair ankle function and lead 
to early osteoarthritis (OA) [3, 4]. For this reason, the 
stabilization of syndesmosis is mandatory during bone 
fixation [4, 5]. Preoperative and intraoperative methods 

have been used for diagnosing this injury. However, the 
reliability of these methods remains controversial.

Weber type C lateral malleolar fractures extend to the 
syndesmotic joint, and if the fracture is displaced, com-
puted tomography (CT) shows unreduced syndesmo-
sis. Preoperative radiology and Hook test after fracture 
stabilization of the fracture may not be compatible with 

ABSTRACT
OBJECTIVE: We always confirm the diagnosis of syndesmotic injury with a Hook test for all ankle fractures and fixed if 
necessary. Then, we noticed a discrepancy between preoperative radiology and the Hook test. Moreover, we want to report 
the reliability of syndesmotic fixation decisions with Hook test and preoperative radiology.

METHODS: A total of 37 surgically treated patients with isolated Weber type C ankle fractures were included in the study. 
In all patients, the syndesmosis joint was injured in preoperative computed tomography and X-ray imaging. However, only 
patients with (+) Hook tests had undergone a syndesmosis fixation. Patients were divided into two groups: Group A: Hook 
tests (+) and Group B: Hook test (–). Also, the groups were compared according to clinical outcomes with the Visual Analog 
Scale (VAS), American Orthopedic Foot and Ankle Society (AOFAS), and foot and ankle disability index (FADI) scores.

RESULTS: The mean participant age was 39 (19–80) years, and the mean follow-up period was 47.27 (22–68) months. 
Groups A and B consisted of 17 (45.9%) and 20 (54.1%) patients, respectively. The mean VAS, AOFAS, and FADI scores 
were 17.7±14.3, 90.32±8.06, and 92.9±6.88, respectively. “Excellent” and “good” results were found in 34 (%91.8) patients 
according to AOFAS nad FADI. The malreduction rate was 8.1% in all patients, 5% in group A, and 11.8% in group B. No 
statistically significant differences in final functional scores were found between groups A and B.

CONCLUSION: Hook test is reliable and adequate for evaluating the stability and quality of syndesmosis reduction. Weber 
type C lateral malleolar fractures in the decision of syndesmosis fixation; although syndesmosis injury is diagnosed in preop-
erative radiology, we recommend that the diagnosis be confirmed with the Hook test.
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each other. In this study, we reported the mid-term func-
tional and radiological results of the cases in which we 
decided to have syndesmosis surgery with the Hook test.

The outcomes of cases with Hook test (−) would be 
an important factor for us. Because cases with Hook test 
(−) would have corrected the wrong diagnosis of syn-
desmosis (+) in preoperative radiology. Our hypothesis 
is that the results of the hook test (−) cases show us the 
superiority of the hook test over preoperative radiology, 
while the hook test (+) and (−) results of both groups 
show us the accuracy of the hook test. Therefore, the 
cases were grouped as hook (+) and hook (−) according 
to Hook test, and the radiological and clinical outcomes 
of the groups were wanted to be reported.

Our hypothesis stated that Hook test is efficient in 
the decision of the syndesmosis injury in Weber type C 
fractures and prevents misdiagnoses caused by preoper-
ative CT. Our main goal was to inform the validity and 
reliability of the intraoperative Hook test in the decision 
of the syndesmosis fixation.

MATERIALS AND METHODS

The study was performed following the ethical standards 
of the Declaration of Helsinki. All patients provided 
informed consent before inclusion in the study. Insti-
tutional Review Board (IRB) approval (Date: June 26, 
2019, Number: 2019/514/156/6) was obtained. After 
IRB approval was obtained, 69 patients with fibula distal 
fractures between April 2014 and February 2018 were 
retrospectively examined. Patients who were older than 
16 years and had single Weber type C fractures with 
syndesmotic injury based on CT were included. The ex-
clusion criteria included open (1 patient), previous an-
kle fractures (3 patients) and concomitant fractures (8 
patients), diabetic or other neuropathies (2 patients), a 
delay to trauma to surgery more than 7 days (4 patients), 
and inadequate ability of the patient to cooperate (2 pa-
tients). Furthermore, patients with <2 years of follow-up 
were excludedfrom the study. Further, 49 patients were 
found to be suitable for inclusion and were followed up. 
Seven patients in group A and five patients in group B 
had <2 years of follow-up. The remaining 37 patients 
were included in the study. Patients were divided into 
two groups: Group A: Hook test (+) and group B: Hook 
test (–). In these two groups, preoperative and postop-
erative radiological findings and clinical outcomes were 
compared. Radiologic evaluations were performed using 
preoperative CT and bilateral postoperative ankle CT. 

Preoperative CT evaluations were obtained based on the 
technique described by Yeung et al. [6] Measurements 
were made in 1-mm-thick slices using a bone window, 
and PACS was used for measurements. The morphology 
width and volume of the syndesmosis were measured on 
the axial images. Anterior, middle, posterior, and maxi-
mal (aTFD, mTFD, pTFD, and maxTFD, respectively) 
tibiofibular distances were obtained from axial CT im-
ages at 10 mm proximal to the tibial plafond as described 
in previous studies [6]. Postoperative radiological evalu-
ations; syndesmosis reduction was controlled with post-
operative bilateral weight-bearing ankle AP radiography 
and bilateral axial CT (compared measurements with the 
uninjured side) at the last follow-up time of the patients. 
The reduction of the distal tibiofibular joint was assessed 
by measuring the width of the syndesmosis from both 
ankles in the anterior (anterior widening [AW]) and 
posterior (posterior widening [PW]) borders in axial 
CT scans approximately 1 cm proximal from the tibial 
plafond. The mean width of the syndesmosis was cal-
culated as described by Mukhopadhyay et al. [7] ([AW 
injured ankle- AW normal side] + [PW injured ankle- 
PW normal side])/2. Malreduction was defined as >2 
mm side-to-side difference, in accordance with the litera-
ture [7–9]. As an example of this technique, CT images 
of a case with malreduction are shown in Figure 1. All 
patients underwent open reduction plate and screw fixa-
tion for the fibula fracture. The fixation was done accord-
ing to the Arbeitsgemeinschaft für Osteosynthesefragen 
fixation principles with anatomical distal fibula plates 
[10]. After bone fixation, the Hook test was performed 
intraoperatively by applying a lateral force to the fibula 
with a bone hook clamp. Lateral displacement causing 
tibiofibular widening is considered a pathological sign 
and an indication for syndesmotic fixation. Syndesmo-
sis was fixed only in patients in whom intraoperative 
tibiofibular widening was observed. All surgeries were 

Highlight key points

• Ankle CT has no role in the evaluation of syndesmosis injury 
in ankle fractures.

• In the surgical treatment of ankle fractures, preoperative CT 
of ankle may make false diagnosis of syndesmosis injury.

• Intraoperative unique manual tests are very succesful in the 
diagnosis of syndesmosis injury and should be used in the 
decision of syndesmosis fixation.

• Functional results are very poor in malreduction of the syn-
desmosis joint.
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performed by two surgeons who were interested in foot 
and ankle surgery. Fixation of the syndesmosis was done 
with a 3.5-mm full-thread cortical screw from the fibula 
to the tibia and parallel to the joint line when the an-
kle joint was in a neutral position. The screw was placed 
1.5–2 cm above the joint line, and three cortices were 
passed in all patients. No washer was used. After syn-
desmosis fixation, the reduction of the distal tibiofibular 
joint was checked using fluoroscopy.

In all patients in group A, Hook test was (+) per-
formed. After applying plate screw osteosynthesis for 
fracture reduction, Hook test (+) was used to determine 
whether to perform syndesmosis fixation.

In all patients, the ankle was immobilized for 6 weeks 
in a below-knee cast in a neutral position allowing for 
partial weight-bearing. After the cast removal, the ankle 
was examined, and a research physiotherapist instructed 
the patient on the rehabilitation protocol. No additional 
bracing was used, and weight-bearing was allowed as 
tolerated. Patients visited the outpatient clinic after 3, 6, 

and 12 weeks. Joint congruity and fracture healing were 
assessed using X-rays. Additional visits were scheduled 
if necessary. Syndesmosis screws were removed 12 weeks 
after surgery in all group A patients.

Visual Analog Scale (VAS), American Orthopedic 
Foot and Ankle Society (AOFAS), and Foot and Ankle 
Disability Index (FADI) scores were calculated for all pa-
tients at the final follow-up time. According to AOFAS 
and FADI scores, 90–100 points were accepted as “excel-
lent” results, 80–90 points were accepted as “good” results 
and <80 points were accepted “poor” results. At the final 
follow-up period, syndesmosis reduction was evaluated 
with bilateral CT axial slides in all patients. Radiation 
exposure was minimized by taking one CT image at a 
time of both ankles. All patients were informed of this 
procedure beforehand.

OA was assessed with CT following the classifica-
tion of Morrey and Wiedeman (grade 0=no signs of 
OA; grade I: minimal narrowing of the joint space and 
the formation of osteophytes; grade II: Marked narrow-
ing of the joint space and the formation of osteophytes; 
and grade III: Total degeneration of the joint and gross 
deformity or ankylosis) [11, 12]. The Brooker classifica-
tion system was used for heterotopic ossification (HO). 
The radiologist assessing preoperative and follow-up CT 
scans was blinded to functional results.

In five patients, implant removal was required due 
to plate and screw protrusion. Two of our patients had 
superficial wound infections and were treated with oral 
antibiotherapy. One patient developed ankle stiffness, 
and the range of motion was regained with physical ther-
apy in 6 months. Our patient with uncontrolled diabetes 
mellitus underwent plate and screw removal, and several 
debridements were performed because of deep infection 
and osteomyelitis. Thus, this patient was excluded from 
the study. Reflex sympathetic dystrophy developed in 
three patients. All of them recovered with oral biphos-
phonates and physical therapy.

Statistical Analysis
The consistency of continuous variables to normal distri-
bution was tested with the Shapiro–Wilk test. Descrip-
tive statistics were used to define the average of continu-
ous variables, standard deviation, minimum, median, and 
maximum). Comparisons of two variables not suitable 
for independent and normal distributions were made 
using the Mann–Whitney U test. The Chi-square test 
(or Fisher’s exact test where appropriate) was used to ex-

Figure 1. An example of evaluating a case of malreduction 
on CT by Mukhopadhyay method [7]: normal side (A, B) 
and operated (C, D). (A) AW normal side, (B) AW operated 
side, (C) PW normal side, and (D) PW operated side. Mean 
width of the syndesmosis: [(AW operated ankle – AW normal 
side) + PW operated ankle – PW normal side)]/2, showing 
more than 2-mm side-to-side difference signifying malre-
duced syndesmosis [(6.95–2.65)+(5.62 – 4.77)/2=2.4 mm].

AW: Anterior widening of tibiofibular borders; PW:Posterior widening of 
tibiofibular borders.

A

C

B

D
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amine the relationship between categorical variables. The 
statistically significant level was set at 0.05. The analyses 
were performed using the MedCalc Statistical Software 
version 12.7.7 Program (MedCalc Software bvba, Os-
tend, Belgium; http://www.medcalc.org; 2013).

RESULTS

The mean age was 39 (19–80) years. Twenty-three 
(62.2%) patients were men, and 14 (37.8%) were 
women. The mean follow-up period was 47.27 (24–68) 

months. The mean VAS, AOFAS, and FADI scores were 
17.7±14.3, 90.32±8.06, and 92.9±6.88, respectively 
(p=1.000, 0.964, and 0.775, respectively). “Excellent” 
and “good” results were found in 34 (91.8%) patients, 
poor results were found in 3 patients (8.1%) according to 
AOFAS and FADI scores.

The distribution of these radiologic and functional 
parameters according to groups A and B are shown in 
Table 1. No statistically significant differences in final 
functional scores were found between groups A and B 
(Table 1, 2). Group A comprised 17 (45.9%) patients, 

  Group A Group B p 
  Mean±SD, Median (Min–Max) Mean±SD, Median (Min–Max)

Follow-up (month) 44±15, 43 (24–66) 50±13, 51 (24–68) 0.232
Age 38±11, 39 (19–52) 40±14, 39 (20–80) 0.892
VAS score 18±15, 20 (0–40) 18±14, 21 (0–35) 1.000
FAOS score 90±9, 88 (75–100) 91±8, 89 (77–100) 0.964
FADI score 92.4±7.7, 92 (75–100) 93.4±6.3, 94.2 (78.8–100) 0.775
Sex , %   1.000
 Male 64.7 60
 Female 35.3 40
Osteoarthritis (Morrey-Wiedeman classification)   0.305
 Grade 0 70.6 90
 Grade 1 17.6 10
 Grade 2 11.8 0
Malreduction   0.584
 (+) 11.8 5
 (–) 88.2 95

SD: Standard deviation; Min: Minimum; Max: Maximum; VAS: Visual analog socre; FAOS: Foot and ankle outcome score; FADI: Foot and ankle disability score.

Table 1. Range of parameters for groups A and B. Group A: Hook test (+) and fixed syndesmosis. Group B: Hook test (-) and 
not fixed syndesmosis

  Malreduction (+) Malreduction (−) 
  Mean±SD, Median (Min–Max) Mean±SD, Median (Min–Max)

Follow-up (month) 42±21, 32 (27–-66) 48±14, 50 (24–68)
Age 35±10, 32 (26–46) 39±13, 39 (19–80)
VAS score 30±10, 30 (20–40) 17±14, 20 (0–40)
FAOS score 82±6, 84 (75–87) 91±8, 89 (75–100)
FADI score 87.2±10.6, 92.3 (75–94.2) 93.4±6.5, 94.2 (78.8–100)

SD: Standard deviation; Min: Minimum; Max: Maximum; VAS: Visual analog socre; FAOS: Foot and ankle outcome score; FADI: foot and ankle disability score.

Table 2. Effect of functional scores of malreduction
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while group B comprised 20 (54.1%). According to the 
Morrey–Wiedeman classification, five (13.3%) patients 
had grade I and two (5.4%) patients had grade II OA. No 
grade III patients participated in our study. The HO rate 
was 8% (3/37). All lesions were around the syndesmosis 
joint, and all patients were in group A. The mean VAS, 
AOFAS, and FADI scores in patients with HO were 26, 
90.6, and 87.3, respectively.

The malreduction was detected in three patients 
(8.1%). Two of them belonged to group A, and the re-
maining one belonged to group B (Table 3). One of the 
patients who was diagnosed malreduction in group A, 
malreduction was diagnosed at the first postoperative 
day and had revision surgery on the 2th postoperative day 
in the early period. The reduction was achieved for this 
patient with an additional syndesmosis screw and a sec-
ond surgical intervention. The VAS, AOFAS, and FADI 

scores of this patient were 20, 87, and 94, respectively, at 
the final visit. No evidence of OA was detected in this 
patient. The other two patients with malreduction did 
not accept a second intervention. In these two patients, 
VAS, AOFAS, and FADI mean scores were 35, 80, and 
82, respectively, at the final visit. Furthermore, grade 1 
OA was detected in both of them.

In patients with OA, the VAS, AOFAS, and FADI 
scores were 23, 88, and 89, respectively, at the final visit. 
Although no significant differences were found, the 
functional results were slightly lower in patients with 
grade II OA.

DISCUSSION

Syndesmosis reduction is crucial to restoring ankle joint 
anatomy and function, preventing the development of 
ankle arthritis in ankle fractures [4, 5]. Assessments of 
syndesmosis diagnosis can be divided into preoperative 
and intraoperative methods. The former is based on 
the analysis of the preoperative X-rays. Radiography 
demonstrated an obvious injury with a clear widen-
ing of the syndesmosis. However, more recent stud-
ies showed that preoperative radiography was poor at 
predicting subtle syndesmotic injuries. It seemed that 
radiography alone was not enough to determine the 
need for a trans-syndesmotic fixation. Some authors 
supported that magnetic resonance imaging (MRI) 
might clarify the complex syndesmotic injuries [13]. 
However, MRI is expensive and less accessible to pa-
tients and requires an experienced operator. Although 
arthrogram may provide more information, it is an in-
vasive method and needs an experienced operator [14]. 
Some authors reported the use of ankle arthroscopy in 
diagnosing syndesmotic injury [13, 15]. However, the 
addition of an arthroscopic procedure may prolong the 
surgical time and increase the costs. Some intraoper-
ative manual tests, such as Hook and Chertsey tests, 
have been described. The latter needs radiopaque ma-
terial and an experienced operator.

Preoperative CT has been reported to be effective in 
the diagnosis of syndesmotic injury in ankle fractures 
[16, 17]. Tibio-fibular distance measurements on axial 
CT images predict syndesmotic instability [6].

Dissociation caused by fracture displacement should 
always be considered. It is important to distinguish be-
tween syndesmosis diastasis and ankle instability accord-
ing to CT findings. In our study, the tests were checked 

  Mean±SD Median (Min–Max)

Follow-up (month) 47.27±14.06 50 (24–68)
Age 38.68±12.4 39 (19–80)
VAS score 17.78±14.3 20 (0–40)
FAOS score 90.32±8.06 88 (25–75)
FADI score 92.9±6.88 94.2 (25–75)
Age (n=37), %
 Male 62.2
 Female 37.8
Syndesmosis screw, %
 Yes 45.9
 No 54.1
Osteoarthritis (Morrey-Wiedeman 
classification), %
 Grade 0 81.1
 Grade 1 13.5
 Grade 2 5.4
Heterotipic ossification 
(syndesmotic), %
 Yes 8.1
 No 91.9
Malreduction 
 Yes 8.1
 No 91.9

SD: Standard deviation; SD: Standard deviation; Min: Minimum; Max: Maximum; 
VAS: Visual analog socre; FAOS: Foot and ankle outcome score; FADI: Foot and 
ankle disability score.

Table 3. Demographic parameters for the study
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under fluoroscopy before and after bone reduction and 
also after syndesmotic reduction. This process might 
have reduced misdiagnosis in our series.

Kocadal et al. [18] reported a mean AOFAS score 
of 86.1 in ankle fractures with syndesmotic injury. 
However, in a meta-analysis, the mean AOFAS score 
was found to be 91.3 [19]. Colcuc et al. [20] reported 
a mean FADI score of 94.0 in their series. In our study, 
the mean AOFAS, FADI, and VAS scores were 90.3, 
92.9, and 17.7, respectively. However, no statistically 
significant difference in functional scores was found 
between groups A and B. Our results were similar to 
those in the literature.

Several studies showed that the loss of syndesmotic 
joint reduction is an important predictor of functional 
outcomes in patients with syndesmotic injury [7, 21]. 
In our study, the functional results of the patients with 
malreduction were also poor. Thus, anatomical reduction 
of the bone might provide more syndesmosis stability and 
better functional outcomes in ankle fractures associated 
with a syndesmotic injury. In a recent meta-analysis com-
paring the suture button and syndesmotic screw fixation 
types of syndesmotic injury, the mean malreduction rate 
was reported as 6.1% [22]. In our study, the malreduc-
tion rate was similar to that in the literature (8.1%).

In a prospective study, syndesmotic injury fixation 
was checked by intraoperative CT and fluroscopy in 36 
patients, and postoperative reduction success rates were 
compared with postoperative axial CT. In this study, 
malreduction rates with intraoperative CT (%6) were 
significantly lower than malreduction rates based on 
intraoperative fluroscopy (40%). After this study, intra-
operative radiography was found to be unsuccesful in 
diagnosis [23]. On the contrary, we found that we were 
successful (8.1% malreduction rate) in diagnosis with 
fluoroscopy obtained by intraoperative Hook tests in 
our patient group with a similar number (37 patients). 
Facilities in every operating room, such as intraoper-
ative CT, do not always exist. Furthermore, intraop-
erative CT has disadvantages such as mobilization of 
anesthetized patients and extension of surgical times.

In a study, preoperative CT in the diagnosis of the 
syndesmosis was compared with the Chertsey test (a 
radiographic dye method for intraoperative evaluation 
of syndesmotic injuries), which is one of the intraop-
erative tests for diagnosing syndesmotic injuries [24]. 
The Chertsey test was found positive in 13 (33.3%) of 
39 patients diagnosed syndesmotic injury in preopera-

tive CT, which was found valuable in diagnosing syn-
desmosis. In our study, 17 (45.9%) of 37 patients with 
syndesmotic injury on preoperative CT were Hook 
test (+). The aforementioned study and our study had 
quite similiar points: similiar patient numbers (37 in 
our study and 39 in this study) and both intraoperative 
tests and preoperative CT evaluation of syndesmosis 
were compared. However, in this study, the syndesmotic 
injury was accepted as a completely correct diagnosis in 
preoperative CT, whereas we compared the superior-
ity of these two diagnostic methods over each other by 
controlling them with postoperative intact ankle using 
comparative compression ankle radiographs and com-
parative bilateral ankle CT. This was because our study 
also reported preoperative CT overdiagnosis. This was 
the highlight of our study.

In the aforementioned study, the authors reported 
that a fracture with syndesmotic injury resulted in 
greater pain and reduced function [23]. In our study, the 
mean functional results of both groups were good. This 
difference might be due to more successful diagnoses and 
prevention of overtreatment.

In general, functional results of patients with ankle 
OA are similar to those of patients who have no OA 
findings as reported in the literature [9]. In our study, 
the functional results were also similar between the 
patients without OA. The classical knowledge estab-
lishes that OA develops after 2 years in ill-consolidated 
ankle fractures. The limitation of this study was that 
our patients had a short follow-up period (mean 47.7 
months). Therefore, perhaps, in the worst-case sce-
nario, nowadays they are normal, but they may develop 
pan-OA in the future. Hence, more detailed follow-ups 
are required. We want to provide information on the 
early stages because we think that OA develops early if 
severe malreduction of syndesmosis occurs.

Preoperative axial ankle CT has been reported as a 
successful method for diagnosing syndesmotic injury [6, 
17]. However, in our study, the Hook test showed no in-
jury in 54.1% of the patients with a (+) preoperative CT 
diagnosis. Furthermore, the functional scores and radio-
logical results were excellent in these patients. Therefore, 
we think that preoperative CT scans without other tests 
may cause misdiagnosis in assessing syndesmosis and 
Hook test is highly efficient in the diagnosing of syn-
desmotic injuries.

In another study, the authors reported that syn-
desmosis was reduced spontaneously in malreduction 
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cases after the syndesmosis screw was removed [25]. 
They reported a malreduction rate of 36% and a sponta-
neous reduction rate of 89% after screw removal. The au-
thors concluded that syndesmotic screw removal might 
provide anatomic reduction of malreduced syndesmosis. 
We think that this malreduction rate is probably due to 
unnecessary fixation of an intact syndesmosis joint.

HO is a well-documented long-term complication of 
syndesmotic injury [26–28]. In our study, three patients 
(8.1%) with HO were found. No severe cases or synos-
toses were encountered in our study. We could not make 
any comment about this complication because of the low 
patient number and short follow-up time. However, in 
patients with HO, we found that the tibiofibular area had 
narrowed in the axial CT. We think that excessive rigid 
fixation of the syndesmosis with a screw may cause HO. 
Furthermore, the fixation of a noninjured syndesmosis 
may cause additional complications, such as HO, due to 
overtreatment.

The limitations of this study were as follows: (1) small 
size sample in the two groups and (2) a relative short 
postoperative follow-up period to detect OA changes. 
The other limitations were the retrospective nature of 
the study; a prospective study might have provided more 
information. With a prospective model, preoperative and 
postoperative CT scans can be compared after fracture 
fixation. The strengths of our study comprised investi-
gating isolated Weber type C lateral malleolar fractures 
without syndesmotic injury. Furthermore, all surgeries 
were performed by two experienced foot and ankle sur-
geons, controlling for the reduction on the normal side 
using bilateral CT scans.

Conclusion
We suggest using the Hook test to determine the dis-
tinction between syndesmotic ligament disruption and 
real syndesmotic instability. Hook test after the fixation 
of bones provide practical, rapid, and safe determina-
tions without additional radiation and costs. These tests 
are reliable and adequate for evaluating the stability and 
quality of the syndesmosis reduction. In addition, pre-
operative CT may lead to a false positive diagnosis of 
syndesmosis injury, and also, unnecessary fixation of syn-
desmosis may cause malreduction and HO.
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