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Introduction
Syndesmotic malreduction rate following an acute ankle 

syndesmosis rupture fixation vary widely between studies 
depending on the imaging modality chosen and the criteria used. 
Literature demonstrated malreduction rate between 16 and 52% 
[1,2]. This complication can lead to early degenerative changes 
of the tibiotalar joint as it modifies the weight-bearing surface 
area of the ankle joint. Interestingly, when the syndesmotic 
screw is removed, in most cases, the syndesmotic malreduction 
realigns to normal values [3]. As the suture-button device is  

 
dynamic, it is not known if this implant is more forgiving and 
offer a better alignment of the fibula in the tibial incisura with the 
micromotions allowed. The purpose of this study is to compare 
the rate of syndesmosis malreduction in patients surgically 
treated for an acute unstable syndesmosis rupture with either 
a 3.5mm quadricortical screw or a suture-button device. With 
the use of mid-term radiographic and clinical measures, the 
hypothesis that malreduction would impair functional outcome 
was also evaluated.

Abstract

Background: Syndesmotic malreduction rate following an acute ankle syndesmosis rupture fixation vary widely between studies depending 
on the imaging modality chosen and the criteria used. The purpose of this study is to compare the rate of syndesmosis malreduction in patients 
surgically treated for an acute unstable syndesmosis rupture with either a 3.5mm quadricortical metallic screw or a suture-button device 
(Tightrope®, Arthrex, Naples, FL). 

Methods: A prospective and retrospective cohort study was conducted to compare the rate of syndesmosis malreduction in patients 
surgically treated for an acute unstable syndesmosis rupture with either a 3.5mm quadricortical screw or a suture-button device. Patients 
enrolled in a previous prospective randomized trial were deemed eligible for this study. Sixteen patients in the static group and 14 patients in 
the dynamic group were enrolled in this study. The two groups were similar regarding demographic, social and surgical data. Mean follow-up 
was 3.7 (range 2.5-5.3) years. Radiographic and clinical measures were prospectively collected. The primary outcome measure was the rate of 
syndesmosis malreduction observed on a CT-scan of both ankles. Main functional measures were the Olerud-Molander and AOFAS scores. 

Results: The malreduction rate measured on CT scan images was 1/14 (7.1%) for the dynamic implant and 3/16 (18.8%) for the static 
implant (p=.28). No correlation could be drawn between malreduction and functional outcomes at mid-term follow-up. There were significantly 
more cases of syndesmosis ossification in the screw fixation group.

Conclusion: The syndesmosis malreduction rate following fixation of an acute syndesmotic rupture is higher in the screw fixation group 
compared to the dynamic device group without reaching statistical significance. There is no negative impact of this malreduction on the mid-
term functional outcomes. Studies with more patients and with longer follow-up periods are required to better assess those issues.

Level of evidence: II
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Materials and Methods

Study design
A prospective and retrospective cohort study was conducted 

at an academic Level I trauma center to compare the rate of 
syndesmosis malreduction in patients surgically treated for 
an acute unstable syndesmosis rupture with either a 3.5mm 

quadricortical screw or a suture-button device (Tightrope, 
Arthrex Inc, Naples, FL). Radiographic and clinical measures were 
prospectively collected. The primary outcome measure was the 
rate of syndesmosis malreduction observed on a CT-scan of both 
ankles. Main functional measures were the Olerud-Molander 
score and the AOFAS score. The hypothesis that malreduction 
would impair functional outcome was also evaluated.

Figure1: Flowchart Qualité Réduction Syndesmoses

Patient selection
Patients enrolled in a previous prospective randomized trial 

(RCT) comparing the functional outcome after stabilization of an 
acute syndesmosis rupture with either a 3.5mm quadricortical 
screw or a suture-button device were deemed eligible for 
this study. After IRB approval and written consent, specific 
assessment was achieved through a bilateral ankle computed 
tomography, a series of functional tests (Olerud-Molander, 
AOFAS) and a physical examination. Measures were compared 
between patients with static syndesmosis fixation or dynamic 
fixation. Patients were excluded if they had: a new injury to the 
lower limb (ipsi- or controlateral) during the interval between 
the end of the RCT and the control visit, pregnancy, or if they 
were enrolled in another center for the previous RCT (in order 
to standardize CT measures) or unable to comply with the study 
protocol (e.g. cardiac impairment, mental retardation). (Figure 
1) illustrates the flow diagram of the study.

Study procedure
Eligible patients were contacted by phone by one of the 

investigators to explain the study. Once a verbal consent was 
obtained, patients were invited to the hospital to receive further 
information and eventually participate in the study. Participant 
visits took place between June 2012 and January 2013. During 

this single visit, each patient was given ample details about the 
study and any other information requested in order to obtain an 
informed written consent to participate in the study. The study 
had been previously approved by the institutional ethics review 
board and was conducted in accordance with guidelines for the 
conduct of research on human subjects.

Data collection
Retrospective data: Patient’s medical charts as well as 

research chart from the previous RCT were reviewed by one of 
the investigators. Demographic data, fracture characteristics, 
results of functional and clinical tests, and radiographic data 
were collected for each eligible patient. 

Prospective data: A single blinded, independent, trained 
medical interviewer who was not involved in the study analysis 
evaluated the patients. All the data were collected during the 
single visit to the hospital. The specific assessment was achieved 
with the use of a CT-scan of both ankles, radiographic imaging 
of the ankle (AP, mortise and lateral views) and functional 
questionnaires.

Radiographic evaluation
CT scan measures: Malreduction of the syndesmosis was 

assessed on CT-scan of both ankles with use of a standardized 
technique. Sequential 7-mm-thick axial cuts were taken from 

http://dx.doi.org/10.19080/JOJOOS.2019.02.555588


How to cite this article: Mélissa Laflamme, Marie Claude Leblanc, Anne Marie Bédard, Stéphane Pelet. Mid-term Quality of Syndesmosis Reduction 
According to the Method used for Fixation of an Acute Ankle Syndesmosis Rupture. JOJ Orthoped Ortho Surg. 2019; 2(3): 555588. 
DOI: 10.19080/JOJOOS.2019.02.555588

0059

Juniper Online Journal of Orthopedic & Orthoplastic Surgery 

the same scanner machine (patient supine, both ankles tied) 
from the mid-shaft tibia to the subtalar joint. The measures 
were obtained 1cm proximal to the tibiotalar joint line: [4] the 
anterior width corresponds to the distance between the tip of 
the anterior tibial tubercle and the nearest point of the fibula, 
and the posterior width is the distance between the medial 
border of the fibula and the nearest point of the lateral border of 
the posterior tibial tubercle (Figure 2A). The residual diastasis 
(RD) is the mean of anterior and posterior differential width 

(difference between normal and injured side). Malreduction of 
the syndesmosis was defined as a mean RD ≥ 2mm [5]. Fibular 
rotation was measured with the tibio-fibular angle (TFA) on the 
same CT-scan axial cut. TFA is the angle between a line drawn 
between the anterior and posterior point of the incisura and a 
line drawn in the fibula representing its orientation [6] (Figure 
2B). Malrotation of the distal fibula was proposed as a difference 
in the TAF between the two ankles ≥15 degrees [7]. 

Figure2: CT Scan Axial Cuts.

A. Length of Anterior and Posterior Width.

B. Measurement of the Tibio-Fibular Angle (TFA).

Standard X-rays: Plain radiographs of both ankles were 
taken in the AP, mortise and lateral views. Fixation failure, 
loosening, degenerative changes and heterotopic ossifications 
were recorded. The reduction of the syndesmosis was assessed 
with the medial clear space (MCS) and the tibio-fibular clear-
space (TFCS). MCS is considered normal if less than 4mm, and 
TFCS if less than 6mm on both AP and mortise views. Talo-
crural angle was also measured to make sure fibular length 
was adequate. Normal talocrural angle was established to be 
between 8 and 15 degrees. Two investigators read all scans and 
radiographs once. They were both blinded to the identity of the 
patient and its functional results. The mean of both values was 
used to define the quality of reduction of the syndesmosis. If 
a difference ˃2mm or 5 degrees was present between the two 
measures, two other independent measures were taken from the 
same investigators and the mean of the two closest values was 
used. 

Measures of function: Ankle function was evaluated with the 
Olerud-Molander score (OM) [8] and the American Orthopedic 
Foot and Ankle Society score (AOFAS) for the ankle-hindfoot [9]. 

OM is the only reliable and validated score for ankle fractures in 
the literature [10]. It consists of nine functional items divided 
in three categories: subjective complaints (pain, stiffness and 
swelling), performances (stair-climbing, running, jumping, 
squatting) and impact on daily-living status (walking aids, work 
or activities of daily life). The scale ranges from 0 to 100 with 100 
being the best functional result and 80 the lower limit for good 
functional results. A 15-point difference is considered clinically 
significant. The AOFAS score is not specifically validated for ankle 
fractures but is widely used by many surgeons for ankle and 
hindfoot problems [11]. It consists of objective and subjective 
parameters on a numeric scale allowing an evaluation of the 
function (seven criteria), alignment (one criteria) and pain (one 
criteria), for a maximum of 100 points. Ankle range of motion of 
both ankles was measured with a goniometer. 

Statistical analysis: Data were processed and analyzed with 
Excel (version 2.0, Microsoft Office Professional 2007, Redmond, 
Washington). Continuous variables are reported as the mean 
and the standard deviation. Comparisons of proportions were 
based on the Fisher exact test. A t-test was used to compare 
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the functional results. All tests were two-sided, and the level of 
significance was set at p˂0.05 [12]. 

Results
70 patients participated in the RCT. Seven were initially 

excluded (1 pregnancy, 6 from other centers). From the 
63 left, 15 patients could not be reached and 18 refused to 
participate. Therefore, 30 patients were enrolled in the current 
study. Fourteen patients initially fixed with a Tightrope® 
(Arthrex, Naples, FL) and 16 patients treated with one 3.5mm 
quadricortical screw signed the consent form (Figure 1). Mean 
time between the surgery and the last evaluation was 3.7 years 
(range, 2.5-5.3). The demographic data between the two groups 
were similar for age at surgery, sex, body mass index (BMI), 
smoking and work-related injury. More patients in the dynamic 
fixation group performed a physical work (Table 1). Between 

the end of the RCT and this study, six patients had their screw 
removed (mainly for pain) and four patients their suture button 
removed (three for pain and skin irritation and one for superficial 
infection). Four patients presented a significant syndesmosis 
malreduction on the CT-scan according to our criteria: one 
patient (7.1%) in the dynamic fixation group (increased RD) and 
three patients (18.8%) in the screw fixation group (two with an 
increased RD and one with malrotation) (p=0,60). The mean 
RD in patients with a reduced syndesmosis is less than 1mm 
(0.92±0.54) and the mean TFA difference 5.73 degrees (±3.69). 
Interestingly patients with a malreduced syndesmosis on CT-
san also have an increased tibio-fibular clear-space (p=0,04). 
Table 2 presents the radiologic findings according to the quality 
of reduction, and Table 3 the individual measures for the four 
patients with a malreduced syndesmosis [13].

Table 1: Baseline Characteristics.

 Dynamic Fixation (N = 14) Static Fixation (N = 16) p Value

Mean follow-up (yrs) 3.8 3.7 -

Age at surgery (yrs)# 40.9 (13.5) 41.6 (13.1) 0,45

Sex  

 Male 9 (64.3%) 10 (62.5%)
0,92

 Female 5 (35.7%) 6 (37.5%)

Body Mass Index# 27.7 (2.8) 27.6 (3.1) 0,48

Smoking  

 Yes 2 (14.3%) 2 (12.5%)
0,89

 No 12 (85.7%) 14 (87.5%)

Working type  

 Mainly physical 9 (64.3%) 5 (31.3%)

0,12 Mainly intellectual 4 (28.6%) 8 (50%)

 Retired 1 (7.1%) 3 (18.7%)

Work-related injury 1 (7%) 1 (6%) -

Table 2: Radiologic Parameters according to the Quality of Reduction.

 Reduced Syndesmosis (n=26) Malreduced Syndesmosis (n=4) p Value

CT-scan measures  

 Residual diastasis 0.92 (0.54) 2.17 (0.47) < 0,01

 Residual TFA 5.73 (3.69) 9.06 (8.54) 0,21

X-Ray measures*  

 Medial clear space 3.0 (0.7) 2.9 (0.7) 0,60

 Tibio-fibular clear space 4.9 (0.8) 5.9 (0.6) 0,04

 Talo-crural angle 12.2 (2.7) 13.5 (4) 0,42

Results expressed as means (standard deviation). Distances in mm and angles in degrees.

*Measured on the true ankle AP view.

Table 3: Radiologic Parameters of the Four Patients with Syndesmosis Malreduction.

Nr Type of Fixation Implant Removal Broken Implant
X-Ray CT-Scan

MCS TFCS TCA AW PW RD RTFA

12 Tightrope Yes - 2.9 5.2 13.8 4.8 5.9 2.8 9.1
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5 Screw Yes - 2.5 6.1 6.7 5.1 6.4 2.3 8.1

23 Screw Yes - 2.5 6.7 15.9 5.5 7.1 2.2 14.4

47 Screw No No 3.6 5.5 17.5 3.2 5.7 1.5 23.2

Values expressed in mm for distances and degrees for angles.

Nr = randomization number; MCS = medial clear space

TFCS = tibio-fibular clear space 

TCA = talo-crural angle 

AW = anterior width

PW = posterior width 

RD = residual diastasis

RTFA = residual tibio-fibular angle.

We observed a broken screw in seven patients, leaving only 
three patients with an intact screw at this mid-term follow-
up. Interestingly there is no relationship between an absent or 
broken screw and syndesmosis malreduction (p=0,49). Broken 
suture-buttons cannot be seen on x-rays or CT-scan, but no 
displacement of the buttons (either on the medial or lateral side) 
was observed (when compared to the last radiographs from the 
RCT). An absent suture-button is not related to a malreduced 
syndesmosis (p=0,27). Partial ossification of the syndesmosis 
was significantly more common in the screw fixation group (n=9, 
56.3%) compared to the dynamic fixation group (n=3, 21.4%; 
p=0,05) [14]. No synostosis was observed. Five patients showed 
a consistent osteolysis around the screw path, and only one in the 
dynamic fixation group (p=0,1). Patients in the dynamic fixation 
group presented a better clinical outcome at this mid-term 
follow-up for the Olerud-Molander score (96.7±5.3 vs 93.1±5.9, 
p=0,18) and the AOFAS (96.5±6.9 vs 92.3±5.0, p=0,1), without 
achieving statistical significance. The clinical scores were not 
influenced by the quality of reduction: Olerud-Molander reduced 
96.4±.5.5 vs malreduction 100±0, p=0,32, and AOFAS reduced 
96.2±3.9 vs malreduction 93.3±8.7, p=0,91.

Discussion
Since anatomic reduction of the syndesmosis after an 

acute rupture is the only predictor of functional outcomes, 
[15] needless to say that obtaining and maintaining anatomic 
reduction is a crucial aspect of the surgical procedure. Untreated 
or improper reduction of the syndesmosis injury will get to a 
loss of tibio-talar congruency, ankle instability and in the long-
term, to invalidating degenerative changes. The prevalence of 
malreduction of the distal tibio-fibular joint varies greatly in the 
literature depending on the imaging modality and the criteria 
used and is much higher than previously thought. Schwarz [2] 
had 16% malreduction out of 37 patients fixed with screw on 
post-operative CT scan. In Gardner’s study, [16] 13 of their 25 
patients (52%) had a malreduced syndesmosis on post-operative 
unilateral CT scan. Weening [15] had a 16% malreduction rate 
out of 51 patients on plain radiograph only. As for Mukhopadhyay, 
[5] 42% of their 19 patients had malreduction on bilateral CT 
scan. This prospective study compared the rate of malreduction 

of the syndesmosis after fixation with two different types of 
implants. Our results indicate that there are more syndesmosis 
malreduction with screw fixation compared to the dynamic 
fixation. Our possible explanation is that the suture-button 
allows for some micromotions that might help the positioning of 
the fibula more anatomically in its incisura if the fibular fracture 
is well reduced. This might be more forgiven to the surgeon 
than when the distal tibio-fibular joint is not perfectly reduced 
and rigidly fixed with a screw. Most biomechanical studies 
have previously demonstrated the advantages of the dynamic 
fixation of the syndesmosis with restoration of the physiologic 
movements mainly in the sagittal plan [16-20]. Other clinical 
studies demonstrated good clinical results with this implant. 
Coetzee, [21] with an underpowered randomized study, and 
Laflamme [22] in a randomized controlled trial, recently showed 
clinical advantages to the dynamic fixation compared to the 
screw.

Traditional radiographic measurements on AP and mortise 
views should not be relied on solely for determining the 
syndesmosis status and the mortise stability, [23] a principle 
that can reasonably be apply to post-operative syndesmosis 
fixation follow-up. Axial CT scan clearly shows the tibio-fibular 
relationship and can assesses coronal and sagittal translation 
as well as rotation whereas plain x-rays only show coronal 
malreduction. Ebraheim7 showed that all diastasis of at least 
2 mm were visible on CT scan, but as much as 3 mm were not 
detectable on routine radiographs. Gardner [24] also showed 
the poor ability of radiographic measurements to assess the 
syndesmosis postoperatively with sensitivity of 31% and 
specificity of 83% compared to CT scan. Since subtle syndesmosis 
malreduction can increase the tibio-talar contact area to a great 
amount, imaging used must be able to detect small changes. As 
such, postoperative CT scan is a powerful tool in the diagnosis of 
postoperative malreduction of the syndesmosis. Some authors 
[25] now use routine postoperative CT scan bilaterally to assess 
the reduction and identify potential problems early. Our results 
confirm the results of previous studies. Naqvi [26] also showed 
a lower malreduction rate with the suture-button compared 
to screw fixation in his series of 46 patients. In fact, none of 
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the patient fixed with the dynamic device were malreduced, 
compared to five patients in the screw fixation group (21.7%). 
To note, all of the patients in the screw fixation group had their 
screw removed at approximately 10 weeks, a major difference 
from our study where most of the screw stayed in place. We had 
three malreductions (18.8%) in the screw fixation group, two 
for an increased diastasis and one for a malrotation of the fibula 
in the incisura. Naqvi [26] did not evaluate the malrotation in 
his study, therefore his results might underestimate the true 
malreduction rate. He defined malreduction as more than 2mm 
difference between the normal and injured ankle in the posterior 
measurement alone. For the evaluation of the diastasis, our 
study used the identification points in Elgafy’s study [4] and the 
criteria defined by Mukhopadhyay [5].

This brings up the issue that there is no clear definition of 
what is a syndesmosis malreduction in the literature. Gardner 
[16] arbitrary determined that a 2mm difference between the 
anterior and posterior measurements in the injured ankle was 
diagnostic of a malreduction, but this does not consider the 
anatomical variability of the distal tibio-fibular joint. This might 
even have led to an overestimation of the real malreduction rate 
because of some possible false positive results as described by 
Mukhopadhyay [5]. Another measurement method comes from 
Elgafy’s publication [4]. With 100 CT scan of normal ankles, he 
stated that the mean width of the distal tibio-fibular syndesmosis 
anteriorly between the tip of the anterior tibial tubercle and the 
nearest point of the fibula was 2mm, and that the mean width 
of the distal tibio-fibular syndesmosis posteriorly between the 
medial border of the fibula and the nearest point of the lateral 
border of the posterior tibial tubercle was 4mm. Interestingly, 
Nault [6] had different numbers for the same measurements. 
Her values of 4 and 8mm for absolute distance between tibia 
and fibula anteriorly and posteriorly respectively are two times 
larger, but with the same ratio between both values. Their 
range of normal values is wide, with the anterior measurement 
between 1.5 and 6.4mm and the posterior value between 2.1 and 
11.5mm.

As for rotational malalignment, we used Nault’s method, [6] 
but there are other ways to measure this parameter. Marmor’s 
technique [27] is the angle between a line drawn along the long 
axis of the fibula and a vertical line parallel to the posterior facet 
of the tibial incisura. The normal value in the article is 25.6±5.6 
degrees (SD). No diagnostic criteria exist in the literature for 
this parameter either, but Vasarhelyi [7] stated that 15 degrees 
of malrotation may be significant using another method of 
measurement. He based his cut-off on the poorer functional 
results, but mainly according to the threshold for the femoral 
and tibial torsional malalignment. According to Nault, [6] the 
range of normal values for rotation vary between -1.1 and -15.1 
degrees. We could not identify a difference in the functional 
scores between the reduced and the malreduced syndesmosis. 
Our small sample size is probably the main reason. This aspect 

was well demonstrated by many authors [26,15] and we 
agree with those results. Obtaining and maintaining anatomic 
reduction will lead to more physiologic load distribution 
and ankle biomechanics. The loss of reduction of the ankle 
syndesmosis can lead to mortise widening and osteoarthritis 
[28]. We identified a significant difference in the number of 
partial ossification of the syndesmosis between the two groups. 
The reason for this is unknown. The initial trauma or the osseous 
debris from the drilling cannot explain this difference because 
they are similar between the groups. Wikeroy [29] noted seven 
out of 48 patients with a synostosis on CT scan at a mean follow-
up of 8.4 years after ankle and syndesmosis fixation. All those 
patients had poorer functional scores compared with patients 
without synostosis. All their patients had their syndesmosis 
disruption initially fixed with screw, and the number of cortices 
did not seem to play a role. None of our patients had a complete 
bony bridge, nor we could identify a difference in outcomes, but 
longer follow-up would be required. The main strength of this 
study is the reduction assessment with bilateral CT scan to take 
into account for the possible anatomic variabilities that were 
demonstrated in other studies [30]. Moreover, our cohort of 
patients comes from a prospective randomized study on the type 
of syndesmosis fixation in acute injury. We also acknowledge 
some limitations. First, trying to contact patients from a previous 
study raises the possibility of a significant selection bias, with 
either patient doing well, or the opposite, the one with the 
worst results coming for the follow-up evaluation. We therefore 
looked at our previous results and found that the patients with 
the worst functional results were equally represented in both 
groups. In fact, patients with the lower results represented 40% 
of the dynamic fixation group and 50% of the screw fixation 
group. According to the medical records and a questionnaire 
to the other participating centers, none of the patient not 
included in the study had another surgery for their ankle. The 
last radiographs from the previous study were also looked at, 
but the quality of the reduction of their syndesmosis with CT 
scan is unknown [31]. Also, since no CT scan in the initial post-
operative period was performed, it was not possible to compare 
the initial postoperative reduction and the CT scan at the last 
follow-up. This is a small cohort of patients. Therefore, there 
is not enough power to show a significant difference between 
the two treatment groups. Also, a longer follow-up period 
would be required to be able to identify any difference in the 
functional outcomes between the patients with a reduced and 
a malreduced syndesmosis. We think this difference will appear 
with longer follow-up giving the poor results shown in previous 
studies [32,7] and the biomechanical necessity of syndesmosis’s 
integrity.

Conclusion
The syndesmosis malreduction rate measured on CT scan 

is higher in the screw fixation group compared to the dynamic 
fixation group without reaching statistical significance. Screw 
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fixation leads to a higher number of partial ossifications of the 
syndesmosis which could become significant in the long term. 
There is no negative impact of syndesmosis malreduction on 
the mid-term functional outcomes. Studies with more patients 
and with longer follow-up are required to better assess those 
issues. A more precise and uniform definition of syndesmosis 
malreduction in the literature is also required.
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