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Article

Introduction

Ankle injuries are the most common lower extremity  
injuries.9 They represent a sequence of bone and/or ligament 
lesions23 that lead to acute syndesmotic diastasis (acute syn-
desmotic instability) in about a quarter of cases.23,33 Adequate 
surgical treatment of the acute syndesmotic diastasis is of 
great importance, because otherwise there is a high risk of 
very limited function of the ankle joint.8,33,43 Being the con-
ventional surgical treatment, syndesmotic screw fixation 
(SF) is known to be associated with complications such as 
implant irritation, loosening or breakage, and limited range 
of motion (ROM).13,41 For these reasons, there have been 

1061405 FAOXXX10.1177/24730114211061405Foot & Ankle OrthopaedicsRamadanov et al
research-article2021

1Department of Emergency Medicine, University Hospital Jena, Friedrich 
Schiller University, Jena, Thüringen, Germany
2Center of Orthopaedics and Traumatology, University Hospital 
Brandenburg an der Havel, Brandenburg Medical School Theodor 
Fontane, Germany
3Department of Statistics, Faculty of Medicine, University of Salamanca, 
Salamanca, Spain
4Department of Surgical Propaedeutics, Faculty of Medicine, Medical 
University of Pleven, Pleven, Bulgaria

Corresponding Author:
Nikolai Ramadanov, MD, Department of Emergency Medicine, 
University Hospital Jena, Friedrich Schiller University, Am Klinikum 1, 
Jena, Thüringen 07747, Germany. 
Email: nikolai.ramadanov@gmail.com

Comparison of Outcomes Between  
Suture Button Technique and Screw 
Fixation Technique in Patients With  
Acute Syndesmotic Diastasis: A Meta-
analysis of Randomized Controlled Trials

Nikolai Ramadanov, MD1,2 , Simon Bueschges3,  
and Dobromir Dimitrov, Prof. MD4

Abstract
Background: Our aim was to compare the outcome between suture button (SB) stabilization and syndesmotic screw 
fixation (SF) in patients with acute syndesmotic diastasis.
Methods: A systematic literature search up to June 30, 2021, was performed to identify randomized controlled trials 
(RCTs) comparing outcomes of SB with SF techniques in patients with acute syndesmotic diastasis. We calculated mean 
differences for continuous outcomes, using the Hartung-Knapp-Sidik-Jonkman method, and odds ratio for dichotomous 
outcomes, using the Mantel-Haenszel method.
Results: Eight RCTs involving 569 patients met the inclusion criteria, 1 RCT with level I evidence, and 7 RCTs with 
level II evidence. The meta-analysis showed that the SB technique had a higher AOFAS score <6 months and 12 months 
postoperatively (MD = 4.74, 95% CI 1.68-7.80, P = .01; and MD = 5.42, 95% CI 1.50-9.33, P = .02) and reduced the risk 
of implant irritation (OR = 0.31, 95% CI 0.11-0.89, P = .03), implant failure (OR = 0.06, 95% CI 0.02-0.23, P < .01), and 
reoperation (OR = 0.43, 95% CI 0.22-0.83, P = .01). The 2 approaches did not differ in further functional outcomes or 
postoperative complications.
Conclusion: Because functional outcomes showed no relevant difference between both SB and SF, the advantage of SB 
appears to be in the lower risk for postoperative complications. The SB technique led to fewer cases of implant irritation, 
implant failure, and reoperation compared with SF.
Level of Evidence: Level I, meta-analysis of RCTs.
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attempts of alternative methods of surgical treatment such as 
a dynamic stabilization. The usage of suture buttons (SBs) 
seems to be a very promising surgical technique for dynamic 
stabilization of the acute syndesmotic diastasis.30,39 Although 
some meta-analyses on this topic are available, some do not 
provide reliable results and others followed poor statistical 
methods.4,10-12,14,26,29,36,45-47 The specialist literature still has 
room for high-quality studies on this subject. We formulated 
the following PICO (population, intervention, control, and 
outcomes) question: In human participants in acute syndes-
motic diastasis injury, is the SB technique superior com-
pared with the SS technique in functional outcome and 
complications? Furthermore, we examined the consistency 
of our results with similar meta-analyses.

Methods

Literature Search and Study Selection

We followed the PRISMA-P guidelines. The review protocol 
was registered with PROSPERO on July 25, 2021, and finally 
approved on August 27, 2021 (CRD42021269965) at http://
www.crd.york.ac.uk/PROSPERO/. We searched PubMed 
without restrictions to publication date or language up to June 
30, 2021, for relevant randomized controlled trials (RCTs), 
building a BOOLEAN search strategy: [(syndesmotic screw 
OR screw fixation) AND (ankle fracture OR syndesmosis)]. 
Furthermore, we searched Google Scholar for relevant RCTs 
and checked citations of screened studies and reviews. First, 
we scanned titles and abstracts to select RCTs for further con-
sideration. Then, we scanned the full texts of the selected 
articles for inclusion. The decision on inclusion of each RCT 
was determined by the consensus between the 2 independent 
reviewers (NR and DD).

Inclusion/Exclusion Criteria and Types of 
Outcome

We included all RCTs that directly compared SB with SF in 
acute syndesmotic diastasis injuries in human participants. 
We excluded all RCTs that did not provide outcome of 
interest and that reported any dynamic stabilization meth-
ods other than SB. We measured functional outcome and 
postoperative complications. Most of the RCTs provided 
information on the functional outcome, using AOFAS, 
OMA, or ROM. The American Orthopaedic Foot & Ankle 
Society (AOFAS) ankle-hindfoot scale from 0 to 100 points 
is divided into 3 parts describing pain, function, and align-
ment, with 100 being the best result.19 The Olerud-Molander 
Ankle (OMA) scale from 0 to 100 points is a self-reported 
functional scoring system, with 100 being the best score.28 
We accepted the evaluation of AOFAS and OMA at <6, 6, 
12, or ≥24 months postoperatively. We used the time points 

with the largest number of observations of reported AOFAS 
and OMA, in case that it was observed more than once <6 
or ≥24 months postoperatively. The normal ROM of the 
ankle joint is approximately 15 degrees for dorsiflexion 
(extension) and 30 degrees for plantarflexion.37 It strongly 
reflects the function of the joint. Complication is defined as 
a secondary adverse event, or development leads to a more 
difficult course of therapy. Postoperative complications such 
as implant irritation, implant failure (including screw break-
age), joint malreduction, reoperation (including planned 
removal), and other complications were investigated.

Data Extraction and Risk of Bias and Level of 
Evidence Assessment

Two reviewers (NR and DD) extracted the following data: 
first author, year of publication, number of patients, patient 
characteristics, follow-up period, implant used, and fracture 
type. In several cases, standard deviation (SD) had to be 
calculated by the statistician, because some RCTs reported 
only the range of numbers. The SD calculation was con-
ducted according to the following formula: (higher range 
value – lower range value)/4.16,17 In case that the RCTs pro-
vided different information on intention to treat (ITT) and 
per protocol (PP) analysis, we used the numbers from the 
ITT analysis. We assessed the RCTs for their risk of bias 
and level of evidence, according to Cochrane’s Risk of Bias 
2 (RoB 2) tool and the guidelines of the Centre for Evidence-
Based Medicine.3,38

Meta-analysis: Measures of Treatment Effect

In our statistics, the SB group was named “experimental 
group” and the SF group was named “control group.” We 
tested both fixed (FE) and random effects (RE) models. RE 
models provided more reliable results, so we proceeded as 
follows: We calculated mean differences (MDs) with 95% 
CIs for continuous outcomes, using the Hartung-Knapp-
Sidik-Jonkman method and an RE model. We calculated the 
odds ratio (OR) and their 95% CIs for dichotomous out-
comes, using the Mantel-Haenszel method and an RE 
model. Study weighting was performed by inverse vari-
ance. We calculated prediction intervals to estimate where 
to expect the next data point sampled. We calculated the t 
test to determine statistically significant differences between 
the means of the 2 groups. We used a significance level of P 
= .05. Heterogeneity was assessed using Cochrane’s Q test 
(P value <.10 is indicative of heterogeneity) and Higgins 
test I² (low heterogeneity: <25%, moderate heterogeneity: 
25%-75%, and high heterogeneity: >75%).18 All statistic 
calculations were conducted by a professional statistician, 
using the R packages meta and metafor.35,42 We presented 
our results in Forest, Baujat, and Funnel plots.

http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
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Results

Study Identification and Selection

Overall, 1815 studies were found in initial literature search 
and screened by titles and abstracts according to our pre-
defined inclusion criteria, as noted in the PRISMA flow dia-
gram (Figure 1). After full-text analysis, 7 RCTs left for 
further consideration.1,6,21,22,31,32,34 Two of them used the 
same initial data.1,32 We included the study that gave us 
more information and had the lower risk of bias.32 
Furthermore, we identified 1 more RCT by citation search5 
and by search of Google Scholar,14 leaving a total of 8 RCTs 
for inclusion in final meta-analysis.5,6,14,21,22,31,32,34

Characteristics of the RCTs

Table 1 shows the main characteristics of the 8 included 
RCTs. These studies were published between 2009 and 
2020, altogether involving 569 patients. Two hundred sev-
enty-eight of the included patients (average age 40.6 

years) were operated with SB, and 291 of the included 
patients (average age 40 years) were operated with SF. 
The sample size of these trials ranged from 24 to 113 
patients, and the follow-up period ranged from 12 to 60 
months. Four of 8 RCTs did not report SD.5,14,31,32 All stud-
ies were published in English language. The follow-up 
period ranged from 12 to 60 months. The RCTs included 
all kind of ankle injuries (fractures and ligament ruptures) 
leading to acute syndesmotic diastasis, requiring operative 
treatment. Table 2 shows the summarized risk of bias 
assessment. One study of 8 was an anonymized RCT with 
a level I evidence6; the other 7 studies were non anony-
mized RCTs with level II evidence.5,14,21,22,31,32,34

Functional Outcomes

AOFAS
AOFAS score <6 months postoperatively. Data on 399 

patients (including 195 patients with SB and 204 patients 
with SF) were pooled from 5 RCTs. Compared with the 

Figure 1. PRISMA flow diagram.
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SF group, the AOFAS <6 months postoperatively was 4.7 
points higher in the SB group (MD = 4.74, 95% CI 1.68-
7.80, I2 = 27%, P = .01; Figure 2).

AOFAS score 6 months postoperatively. Data on 423 
patients (including 207 patients with SB and 216 patients 
with SF) were pooled from 6 RCTs. There was no differ-
ence in AOFAS scores 6 months postoperatively between 
the SB and SF groups (MD = 0.63, 95% CI −3.11 to 4.36, 
I2 = 75%, P = .68; Figure 2).

AOFAS score 12 months postoperatively. Data on 423 
patients (including 207 patients with SB and 216 patients 
with SF) were pooled from 6 RCTs. Compared with the SF 
group, the AOFAS scores 12 months postoperatively was 
5.4 points higher in the SB group (MD = 5.42, 95% CI 
1.50-9.33, I2 = 88%, P = .02; Figure 2).

AOFAS score ≥24 months postoperatively. Data on 234 
patients (including 115 patients with SB and 119 patients 
with SF) were pooled from 3 RCTs. There was no differ-
ence in AOFAS ≥24 months postoperatively between the 
SB and SF groups (MD = 5.60, 95% CI −7.41 to 18.60, I2 
= 98%, P = .21; Figure 2).

Table 2. Risk of bias summary. 

Random 
sequence 
generation  

(selection bias)

Allocation 
concealment 

(selection bias)

Blinding of 
participants 

and personnel 
(performance bias)

Incomplete 
outcome data 
(attrition bias)

Selective 
reporting 
(reporting 

bias)
Other 
bias

Overall risk 
of bias

Andersen  
et al. 20181

Y Y N Y Y Y High

Coetzee and 
Ebeling  
20095

U U Y N N U High

Colcuc et al. 
20186

Y Y Y Y Y Y Low

Giza et al.  
201914

Y Y N Y Y U High

Kortekangas  
et al. 201521

Y Y Y Y Y U Moderate

Laflamme  
et al. 201522

Y Y N U Y Y High

Raeder  
et al. 202031

Y Y Y Y U Y Moderate

Raeder  
et al. 202032

Y Y Y Y U Y Moderate

Sanders  
et al. 201934

Y Y Y Y N Y High

Abbreviations: Y, yes; N, no; U, unclear.

OMA
OMA score <6 months postoperatively. Data on 324 

patients (including 158 patients with SB and 166 patients 
with SF) were pooled from 4 RCTs. There was no differ-
ence in OMA score <6 months postoperatively between 
the SB and SF groups (MD = 4.81, 95% CI −5.45 to 
15.08, I2 = 68%, P = .23; Figure 2).

OMA score 6 months postoperatively. Data on 324 
patients (including 158 patients with SB and 166 patients 
with SF) were pooled from 4 RCTs. There was no differ-
ence in OMA score 6 months postoperatively between 
the SB and SF groups (MD = 6.17, 95% CI −5.70 to 
18.05, I2 = 88%, P = .20; Figure 2).

OMA score 12 months postoperatively. Data on 480 
patients (including 234 patients with SB and 246 patients 
with SF) were pooled from 6 RCTs. There was no differ-
ence in OMA score 12 months postoperatively between 
the SB and SF groups (MD = 4.00, 95% CI −0.96 to 8.96, 
I2 = 90%, P = .09; Figure 2).

OMA score ≥24 months postoperatively. Data on 253 
patients (including 124 patients with SB and 129 patients 
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Figure 2. (continued)
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with SF) were pooled from 3 RCTs. There was no differ-
ence in OMA score ≥24 months postoperatively between 
the SB and SF groups (MD = 0.98, 95% CI −26.96 to 
25.00, I2 = 93%, P = .89; Figure 2).

ROM
Dorsiflexion 6 months postoperatively. Data on 207 

patients (including 101 patients with SB and 106 patients 
with SF) were pooled from 3 RCTs. There was no differ-
ence in dorsiflexion 6 months postoperatively between the 
SB and SF groups (MD = 1.44, 95% CI −1.29 to 4.17, I2 = 
0%, P = .15; Figure 3).

Dorsiflexion ≥ 12 months postoperatively. Data on 304 
patients (including 149 patients with SB and 155 patients 
with SF) were pooled from 4 RCTs. There was no differ-
ence in dorsiflexion ≥12 months postoperatively between 
the SB and SF groups (MD = −0.84, 95% CI −5.44 to 3.77, 
I2 = 89%, P = .60; Figure 3).

Plantarflexion 6 months postoperatively. Data on 207 
patients (including 101 patients with SB and 106 patients 
with SF) were pooled from 3 RCTs. There was no differ-
ence in plantarflexion 6 months postoperatively between 
the SB and SF groups (MD = 0.61, 95% CI −9.52 to 10.73, 
I2 = 66%, P = .82; Figure 3).

Plantarflexion ≥12 months postoperatively. Data on 304 
patients (including 149 patients with SB and 155 patients 
with SF) were pooled from 4 RCTs. There was no difference 
in plantar flexion ≥12 months postoperatively between the 
SB and SF groups (MD = 1.62, 95% CI −4.86 to 8.10, I2 = 
51%, P = .48; Figure 3).

Complications

Implant irritation. Data on 472 patients (including  
230 patients with SB and 242 patients with SF) were 
pooled from 7 RCTs. Compared with the SF group, the 

Figure 2. Forest plot of functional outcome (AOFAS and OMA) between SB and SF techniques. AOFAS, American Orthopaedic 
Foot & Ankle Society score; IV, inverse variance; OMA, Olerud-Molander Ankle score.
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frequency of risk for implant irritation was lower in the 
SB group (OR = 0.31, 95% CI 0.11-0.89, I2 = 22%, P = 
.03; Figure 4).

Implant failure. Data on 401 patients (including 196 
patients with SB and 205 patients with SF) were pooled 
from 6 RCTs. Compared with the SF group, the frequency 

Figure 3. Forest plot of functional outcome (ROM) between the SB and SF techniques. IV, inverse variance; ROM, range of motion.
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Figure 4. Forest plot of complications rates between the SB and SF techniques. MH, Mantel-Haenszel.
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of risk for implant failure was lower in the SB group (OR 
= 0.06, 95% CI 0.02-0.23, I2 = 0%, P < .01; Figure 4).

Joint malreduction. Data on 545 patients (including 266 
patients with SB and 279 patients with SF) were pooled 
from 7 RCTs. There was no difference in the frequency of 
joint malreduction between the SB and SF groups (OR = 
0.55, 95% CI 0.27-1.11, I2 = 25%, P = .10; Figure 4).

Reoperation. Data on 369 patients (including 180 patients 
with SB and 189 patients with SF) were pooled from 6 
RCTs. Compared with the SF group, the frequency of risk 
for reoperation was lower in the SB group (OR = 0.43, 95% 
CI 0.22-0.83, I2 = 0%, P = .01; Figure 4).

Other complications. Data on 401 patients (including 196 
patients with SB and 205 patients with SF) were pooled 
from 6 RCTs. There was no difference in the frequency of 
other complications between the SB and SF groups (OR = 
1.12, 95% CI 0.32-3.86, I2 = 31%, P = .86; Figure 4).

Baujat and Funnel plots are given in the supplemental 
material.

Discussion

Eight RCTs with 569 patients were included in this meta-
analysis. The SB group consisted of 278 patients, and the 
SF group consisted of 291 patients. One study among 8 
was an anonymized RCT with a level I evidence,6 the other 
7 studies were nonanonymized RCTs with level II evi-
dence.5,14,21,22,31,32,34 The value of this meta-analysis results 
from the limitation of inclusion criteria to RCTs and use of 
high-quality statistical methods. It offers the highest sam-
ple size of all RCT meta-analyses11,15,29,36 on this topic 
(Table 3). However, our meta-analysis concentrated only 
on decisive outcome parameters in order to maintain trans-
parency of the results. SB showed slightly better functional 
results. The main advantage of SB is in the lower risk for 
postoperative complications compared with SF. The SB 
technique had fewer cases of implant irritation, implant 
failure, and reoperation. Joint malreduction and other com-
plications showed no difference between SB and SF.

We measured the functional outcome with information 
on AOFAS and OMA scores and ROM. SB showed slightly 
better functional results. The AOFAS score <6 months 
postoperatively was 4.7 points higher and 12 months post-
operatively 5.4 points higher in the SB group compared 
with the SF group. AOFAS scores 6 and ≥ 24 months post-
operatively, OMA score, and ROM showed no difference 
between the SB and SF groups. The minimal clinically 
important difference is the smallest change in patient out-
come that would require a change in patient management.24 
Because there are no fixed reference values for the ankle 
with regard to the minimal clinically important difference, 

we can only estimate that a difference of about 5 does not 
seem clinically relevant. Therefore, it is questionable 
whether a change in the surgical techniques by the operators 
is justified on the basis of functional outcome.

Our findings showed major differences in postoperative 
complications regarding implant irritations, implant failure, 
and reoperation. The incidence of implant irritations 
occurred in 3% of patients operated with the SB technique 
and in 11% of patients operated with the SF technique. 
Local tissue irritation is a frequent reason for implant 
removal in cases with SF. Furthermore, it is believed that 
the SB knot is more tolerable for the tissue than the screw 
head. The incidence of implant failure occurred in 0% of 
patients operated with SB technique and in 18% of patients 
operated with the SF technique, which is a very obvious 
advantage for the SB technique. The fact that the SB implant 
is flexible and the SF is rigid might play a role in regard to 
implant failure. Some studies have shown it is possible to 
initiate full weightbearing earlier following SB tech-
nique.7,27,40 Earlier full weightbearing might cause screw 
breakage before the syndesmosis healing process is com-
plete. Malreduction of the syndesmosis is a very important 
predictor of the long-term outcome after treatment of ankle 
fractures.43 However, we did not find any difference in mal-
reduction between the 2 groups. In this context, however, 1 
detail must be taken into account. The study by Raeder 
et al32 had a very high contribution to the overall result, as it 
is obvious from the Baujat plot (see supplemental material), 
which had a study weight of 34.5% (see Figure 4). The 
results of this study differ significantly from the rest of the 
included RCTs with regard to malreduction. The incidence 
of syndesmotic malreduction occurred in 58% of patients 
operated with the SB technique and in 53% of patients oper-
ated with the SF technique in the RCT by Raeder et al.32 It 
occurred in 5% of patients operated with SB technique and 
in 14% of patients operated with the SF technique in the rest 
of the included RCTs. The very high incidence of syndes-
motic malreduction in both SB and SF groups examined in 
the RCT by Raeder et al32 might be explained by the fact 
that their research group determined the radiologic position 
of the syndesmosis by CT scan. In addition, this study had 
the longest follow-up period. The incidence of reoperation 
occurred in 9% of patients operated with the SB technique 
and in 14% of patients operated with the SF technique. The 
higher reoperation rate is certainly a consequence of the 
higher complication rate with the SF technique than the SB 
technique. Other complications did not show any difference 
between the SB and SF techniques. There is 1 possible com-
plication that neither RCT might have considered. Is it con-
ceivable that the SB construct stretches or even erodes into 
the bone over time. A broken screw is very clearly visible in 
conventional radiographs; the elongation within the SB 
construct is less visible. A fairer and more accurate com-
parison would be the assessment of the radiologic diastase 
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Table 3. Comparison with related meta-analyses.

Meta-analysis (year) Sample Size Studies Included Comment

Chen et al (2019)4 397 3 RCTs
6 non-RCTs

Almost same studies included as Fan et al (2019)10 and Gan et al 
(2019)12

Fan et al (2019)10 420 3 RCTs
7 non-RCTs

Same studies included as Gan et al (2019)12

Gan et al (2019)12 282 5 RCTs Same RCTs included as Onggo et al (2020)29

Shimozono et al (2019),36 different sample size, partly different results
Gan et al (2019)12 420 3 RCTs

7 non-RCTs
Same studies included as Fan et al (2019)10

Grassi et al (2020)15 335 7 RCTs All types of dynamic fixation techniques
McKenzie et al (2019)26 275 2 RCTs

4 non-RCTs
Lowest sample size

Onggo et al (2020)29 280 5 RCTs Same RCTs included as Gan et al (2019),12

Shimozono et al (2019),36 different sample size, partly different results
Shimozono et al (2019)36 285 5 RCTs Same RCTs included as Gan et al (2019),12

Onggo et al (2020),29 different sample size, partly different results
Xie et al (2018)45 539 5 RCTs

6 non-RCTs
–

Xu et al (2021)46 654 6 RCTs
6 non-RCTs

Highest sample size

Zhang et al (2017)47 390 3 RCTs
6 non-RCTs

Almost same studies included as Fan et al (2019)10 and Gan et al 
(2019)12

Abbreviation: RCT, randomized controlled trial.

between the 2 constructs under CT scan. Another major 
point of discussion is that some of the included RCTs had 
planned screw removal6,32,34 and others did not.5,14,21,22,31 
This acts as a confounding factor on the outcome parame-
ters “reoperation” and “implant failure.” However, it must 
be said that the planned screw removal still is a reoperation 
with all the associated risks. If a screw removal is not 
planned, a screw breakage after achieving full weightbear-
ing is not unlikely. However, this must also be viewed criti-
cally, as a delayed diastasis can also occur in due course 
after screw breakage.

By making an overview of related meta-analyses, some 
peculiarities catch the eye (Table 3). There are 4 related 
RCT meta-analyses.11,15,29,36 First of all, the 2019 meta-
analysis by Grassi et al15 included 335 patients from 7 
RCTs providing information on all types of dynamic stabi-
lization techniques.1,5,6,21,22,25,44 Two of them reported 
results of surgery by wire cerclages25 and elastic hook 
plates.44 Therefore, the results are comparable to a limited 
extent. However, the 2019 meta-analysis by Grassi et al15 
found that dynamic fixation of syndesmotic injuries 
reduced the risk of complications and reoperation and 
improved clinical outcomes as compared to static screw 
fixation. Three further related RCT meta-analyses11,29,36 
included exactly the same 5 RCTs.1,5,6,21,22 All of these 
RCTs were found in our literature search. However, we 
excluded one of them, namely, the 2018 RCT by Andersen 
et al1 that used the same initial data as another RCT32 we 
found. Therefore, we included the RCT that gave us more 

information and had the lower risk of bias, namely, the 
2020 RCT by Raeder et al.32 Furthermore, we found 3 more 
RCTs14,31,34 that were not found in the related RCT meta-
analyses.11,15,29,36 When comparing the 3 meta-analysis, it 
is immediately noticeable that although the same RCT 
were included, different statements were made regarding 
the sample size, namely, 282 patients in the 2020 meta-
analysis by Gan et al,11 280 patients in the 2020 meta-anal-
ysis by Onggo et al,29 and 285 patients by Shimozono et al 
in 2019.36 A very important limitation of the 2019 RCT 
meta-analysis by Shimozono et al36 was that the authors 
performed statistics using an FE model. The authors should 
have avoided FE models because such models underper-
form in the presence of any heterogeneity. RE models are 
more conservative, provide better estimates with wider 
CIs, and the results are more scientifically generalizable.2,20 
However, the 2019 RCT meta-analysis by Shimozono 
et al36 found that the SB technique improved functional 
outcomes and reduced the risk of implant breakage and 
joint malreduction as compared to the SF technique. The 
2020 meta-analysis by Gan et al11 and the 2020 meta-anal-
ysis by Onggo et al29 were performed using RE models. 
Onggo et al29 even tested FE and RE models as we did in 
our study. When comparing the 2 RCT meta-analyses, it is 
noticeable that in addition to different total sample sizes, 
different data were extracted for AOFAS and OMA scores 
12 months postoperatively and DF and PF 6 months postop-
eratively, leading to different results and partly different con-
clusions. Another difference between both meta-analyses is 
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that the 2020 meta-analysis by Onggo et al29 distin-
guished between types of postoperative complications, 
whereas the 2020 meta-analysis by Gan et al11 presented 
postoperative complications as one single outcome 
parameter. However, the 2020 meta-analysis by Onggo 
et al29 found that the SB technique improved AOFAS 
score 12 months postoperatively and reduced the risk for 
implant failures compared with the SF technique. The 
2020 meta-analysis by Gan et al11 stated that the SB 
technique improved functional outcomes and reduced 
the risk for overall postoperative complications com-
pared with the SF technique.

When comparing the non-RCT meta-analyses,4,10,12,26,45,46,47 
it is again noticeable that several of them included exactly 
the same studies, namely, the 2019 meta-analysis by Fan 
et al10 and the 2019 meta-analysis by Gan et al,12 or almost 
the same studies, namely, the 2019 meta-analysis by Chen 
et al4 and the 2017 meta-analysis by Zhang et al.47 The 2019 
meta-analysis by McKenzie et al26 had a very small sample 
size considering that it was not limited to RCTs. Considering 
good scientific practice, some of these meta-analyses were 
unnecessary to publish. However, their overall results were 
in consistency with the results of the RCT meta-analyses.

We identified the following limitations of this meta-
analysis: first, this meta-analysis did not consider the pos-
sible influence of the operating surgeon and the use of 
different implant brands; second, there are differences 
between the included RCTs in the number, positioning, 
and size of screws and the number of SBs used; third, 
there are differences between the included RCTs in ankle 
injury patterns; fourth, the information on postoperative 
complications was collected at different time points among 
the included RCTs; fifth, in some RCTs, there was planned 
implant removal and in others not, which influences the 
outcome parameter “reoperation.” All of these points 
might have an impact on the results. Nevertheless, there 
are still not enough RCTs to conduct a meta-analysis 
taking into account these limitations.

Conclusions

Our overall findings suggested slightly better outcomes of 
SB compared with SF. Because functional outcomes 
showed no relevant difference between SB and SF, the 
advantage of SB appears to be a lower risk for postoperative 
complications. The SB technique was found to have fewer 
cases of implant irritation, implant failure, and reoperation 
compared with SF.

Author Note

Nikolai Ramadanov author is now affiliated to Center of 
Orthopaedics and Traumatology, University Hospital Brandenburg 
an der Havel, Brandenburg Medical School Theodor Fontane, 
Germany.

Ethical Approval

Ethical approval was not sought for the present study because this 
is a systematic review and meta-analysis.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this arti-
cle. ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iD

Nikolai Ramadanov, MD,  https://orcid.org/0000-0003-4669- 
8187

Supplemental Material

Supplementary material is available online with this article.

References

 1. Andersen MR, Frihagen F, Hellund JC, Madsen JE,  Figved 
W. Randomized trial comparing suture button with single 
syndesmotic screw for syndesmosis injury. J Bone Joint Surg 
Am. 2018;100:2-12. doi: 10.2106/JBJS.16.01011.

 2. Brockwell SE,  Gordon IR. A comparison of statistical meth-
ods for meta-analysis. Stat Med. 2001;20(6):825-840. doi: 
10.1002/sim.650.

 3. Centre for Evidence-Based Medicine. Levels of evidence 
(March 2009). Accessed July 8, 2011. http://www.cebm.net/
index.aspx?o=1025

 4. Chen B, Chen C, Yang Z, Huang P, Dong H,  Zeng Z. To com-
pare the efficacy between fixation with tightrope and screw 
in the treatment of syndesmotic injuries: a meta-analysis. 
Foot Ankle Surg. 2019;25(1):63-70. doi: 10.1016/j.fas.2017 
.08.001.

 5. Coetzee JC,  Ebeling PB. Treatment of syndesmoses dis-
ruptions: A prospective, randomized study comparing con-
ventional screw fixation vs TightRope® fiber wire fixation 
– medium term results. SA Othop J. 2009;8(1):6.

 6. Colcuc C, Blank M, Stein T, Raimann F, Weber-Spickschen 
S, Fischer S,  Hoffmann R. Lower complication rate and 
faster return to sports in patients with acute syndesmotic rup-
ture treated with a new knotless suture button device. Knee 
Surg Sports Traumatol Arthrosc. 2018;26(10):3156-3164. 
doi: 10.1007/s00167-017-4820-3.

 7. Cottom JM, Hyer CF, Philbin TM,  Berlet GC. Treatment 
of syndesmotic disruptions with the Arthrex TightRope: a 
report of 25 cases. Foot Ankle Int. 2008;29(8):773-780. doi: 
10.3113/FAI.2008.0773.

 8. de-Las-Heras Romero J, Alvarez AML, Sanchez FM, et al. 
Management of syndesmotic injuries of the ankle. EFORT 
Open Rev. 2017;2(9):403–409.

 9. Elsoe R, Ostgaard SE,  Larsen P. Population-based epidemi-
ology of 9767 ankle fractures. Foot Ankle Surg. 2018;24(1): 
34–39.

https://orcid.org/0000-0003-4669-8187
https://orcid.org/0000-0003-4669-8187
http://www.cebm.net/index.aspx?o=1025
http://www.cebm.net/index.aspx?o=1025


Ramadanov et al 13

 10. Fan X, Zheng P, Zhang YY,  Hou ZT. Dynamic fixation ver-
sus static fixation in treatment effectiveness and safety for 
distal tibiofibular syndesmosis injuries: a systematic review 
and meta-analysis. Orthop Surg. 2019;11(6):923-931. doi: 
10.1111/os.12523

 11. Gan K, Xu D, Hu K, Wu W,  Shen Y. Dynamic fixation 
is superior in terms of clinical outcomes to static fixation 
in managing distal tibiofibular syndesmosis injury. Knee 
Surg Sports Traumatol Arthrosc. 2020;28(1):270-280. doi: 
10.1007/s00167-019-05659-0.

 12. Gan K, Zhou K, Hu K, Lu L, Gu S,  Shen Y. Dynamic fixa-
tion versus static fixation for distal tibiofibular syndesmosis 
injuries: a meta-analysis. Med Sci Monit. 2019;25:1314-1322. 
doi: 10.12659/MSM.913324.

 13. Gardner MJ, Demetrakopoulos D, Briggs SM, Helfet DL,  
Lorich DG. Malreduction of the tibiofibular syndesmosis in 
ankle fractures. Foot Ankle Int. 2006;27(10):788–792.

 14. Giza E, Oliver T, Kreulen C, et al. A prospective, random-
ized suture-button vs screw syndesmotic fixation. Foot Ankle 
Orthop. 2019;4(4). doi: 10.1177/2473011419S00185.

 15. Grassi A, Samuelsson K, D’Hooghe P, et al. Dynamic sta-
bilization of syndesmosis injuries reduces complications 
and reoperations as compared with screw fixation: a meta-
analysis of randomized controlled trials. Am J Sports Med. 
2020;48(4):1000-1013. doi: 10.1177/03635465198499 
09.

 16. Higgins JPT,  Deeks J. Selecting studies and collecting 
data. In: Higgins JPT,  Green S, eds. Cochrane Handbook 
for Systematic Reviews of Interventions Version 5.1.0. The 
Cochrane Collaboration; 2011:chap 7.

 17. Higgins JPT, Deeks J,  Altman D. Special topics in statis-
tics. In: Higgins JPT,  Green S, eds. Cochrane Handbook 
for Systematic Reviews of Interventions Version 5.1.0. The 
Cochrane Collaboration; 2011:chap 16.

 18. Higgins JP,  Thompson SG. Quantifying heterogeneity in a 
meta-analysis. Stat Med. 2002;21:1539–1558.

 19. Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson 
MS,  Sanders M. Clinical rating systems for the ankle-
hindfoot, midfoot, hallux, and lesser toes. Foot Ankle Int. 
1994;15(7):349-353.

 20. Kontopantelis E,  Reeves D. Performance of statisti-
cal methods for meta-analysis when true study effects 
are non-normally distributed: a simulation study. Stat  
Methods Med Res. 2012;21(4):409-426. doi: 10.1177/096 
2280210392008.

 21. Kortekangas T, Savola O, Flinkkilä T, et al. A prospective ran-
domised study comparing TightRope and syndesmotic screw 
fixation for accuracy and maintenance of syndesmotic reduc-
tion assessed with bilateral computed tomography. Injury. 
2015;46(6):1119-1126. doi: 10.1016/j.injury.2015.02.004.

 22. Laflamme M, Belzile EL, Bédard L, van den Bekerom MP, 
Glazebrook M,  Pelet S. A prospective randomized multi-
center trial comparing clinical outcomes of patients treated 
surgically with a static or dynamic implant for acute ankle 
syndesmosis rupture. J Orthop Trauma. 2015;29(5):216-223. 
doi: 10.1097/BOT.0000000000000245.

 23. Lauge-Hansen N. Ligamentous ankle fractures; diagnosis and 
treatment. Acta Chir Scand. 1949;97(6):544-550.

 24. Maltenfort MG. The minimally important clinical dif-
ference. Clin Spine Surg. 2016;29(9):383. doi: 10.1097/
BSD.0000000000000446.

 25. Massobrio M, Antonietti G, Albanese P,  Necci F. Operative 
treatment of tibiofibular diastasis: a comparative study 
between transfixation screw and reabsorbable cerclage. 
Preliminary result. Clin Ter. 2011;162(6):e161-e167.

 26. McKenzie AC, Hesselholt KE, Larsen MS,  Schmal H. A sys-
tematic review and meta-analysis on treatment of ankle frac-
tures with syndesmotic rupture: suture-button fixation versus 
cortical screw fixation. J Foot Ankle Surg. 2019;58(5):946-
953. doi: 10.1053/j.jfas.2018.12.006.

 27. Naqvi GA, Shafqat A,  Awan N. Tightrope fixation of ankle 
syndesmosis injuries: clinical outcome, complications and 
technique modification. Injury. 2012;43(6):838-842. doi: 
10.1016/j.injury.2011.10.002.

 28. Olerud C,  Molander H. A scoring scale for symptom evaluation 
after ankle fracture. Arch Orthop Trauma Surg. 1984;103(3): 
190-194.

 29. Onggo JR, Nambiar M, Phan K, et al. Suture button versus 
syndesmosis screw constructs for acute ankle diastasis inju-
ries: a meta-analysis and systematic review of randomised 
controlled trials. Foot Ankle Surg. 2020;26(1):54-60. doi: 
10.1016/j.fas.2018.11.008.

 30. Petscavage JM, Perez F, Khorashadi L,  Richardson ML. 
Tightrope walking: a new technique in ankle syndesmosis 
fixation. Radiol Case Rep. 2010;5(1):354.

 31. Raeder BW, Stake IK, Madsen JE, et al. Randomized trial 
comparing suture button with single 3.5 mm syndesmotic 
screw for ankle syndesmosis injury: similar results at 2 
years. Acta Orthop. 2020;91(6):770-775. doi: 10.1080/17453 
674.2020.1818175.

 32. Raeder BW, Figved W, Madsen JE, Frihagen F, Jacobsen 
SB,  Andersen MR. Better outcome for suture button com-
pared with single syndesmotic screw for syndesmosis injury: 
five-year results of a randomized controlled trial. Bone Joint 
J. 2020;102-B(2):212-219. doi: 10.1302/0301-620X.102B2.
BJJ-2019-0692.R2.

 33. Sagi HC, Shah AR,  Sanders RW. The functional consequence 
of syndesmotic joint malreduction at a minimum 2-year fol-
low-up. J Orthop Trauma. 2012;26(7):439–443.

 34. Sanders D, Schneider P, Taylor M, Tieszer C,  Lawendy AR; 
Canadian Orthopaedic Trauma Society. Improved reduc-
tion of the tibiofibular syndesmosis with TightRope com-
pared with screw fixation: results of a randomized controlled 
study. J Orthop Trauma. 2019;33(11):531-537. doi: 10.1097/
BOT.0000000000001559.

 35. Schwarzer G. Meta: An R package for meta-analysis. R News. 
2007;7(3):40-45.

 36. Shimozono Y, Hurley ET, Myerson CL, Murawski CD,  
Kennedy JG. Suture button versus syndesmotic screw for 
syndesmosis injuries: a meta-analysis of randomized con-
trolled trials. Am J Sports Med. 2019;47(11):2764-2771. doi: 
10.1177/0363546518804804.

 37. Soucie JM, Wang C, Forsyth A, et al; Hemophilia Treatment 
Center Network. Range of motion measurements: reference 
values and a database for comparison studies. Haemophilia. 
2011;17(3):500-507. doi: 10.1111/j.1365-2516.2010.02399.x.



14 Foot & Ankle Orthopaedics

 38. Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool 
for assessing risk of bias in randomised trials. 2019. BMJ. 
366:14898. www.riskofbias.info (10.01.2020)

 39. Thornes B. Ankle syndesmosis injuries treated with the 
TightRope TM suture button kit technique. Foot Ankle Surg. 
2006;5(1):1

 40. Thornes B, Shannon F, Guiney AM, Hession P,  Masterson E. 
Suture-button syndesmosis fixation: accelerated rehabilitation 
and improved outcomes. Clin Orthop Relat Res. 2005;431: 
207-212.

 41. van den Bekerom MP, Hogervorst M, Bolhuis HW,  van Dijk 
CN. Operative aspects of the syndesmotic screw: review of 
current concepts. Injury. 2008;39(4):491–498.

 42. Viechtbauer W. Conducting meta-analyses in R with the 
metafor package. 2010. J Stat Softw. 36(3):1-48.

 43. Weening B,  Bhandari M. Predictors of functional out-
come following transsyndesmotic screw fixation of ankle 
fractures. J Orthop Trauma. 2005;19(2):102-108. doi: 
10.1097/00005131-200502000-00006.

 44. Xian H, Miao J, Zhou Q, Lian K, Zhai W,  Liu Q. Novel elastic 
syndesmosis hook plate fixation versus routine screw fixation 
for syndesmosis injury. J Foot Ankle Surg. 2018;57(1):65-68. 
doi: 10.1053/j.jfas.2017.08.007.

 45. Xie L, Xie H, Wang J, et al. Comparison of suture but-
ton fixation and syndesmotic screw fixation in the treat-
ment of distal tibiofibular syndesmosis injury: a systematic 
review and meta-analysis. Int J Surg. 2018;60:120-131. doi: 
10.1016/j.ijsu.2018.11.007.

 46. Xu K, Zhang J, Zhang P, et al. Comparison of suture-
button versus syndesmotic screw in the treatment of distal 
tibiofibular syndesmosis injury: a meta-analysis. J Foot 
Ankle Surg. 2021;60(3):555-566. doi: 10.1053/j.jfas.2020. 
08.005.

 47. Zhang P, Liang Y, He J, Fang Y, Chen P,  Wang J. A sys-
tematic review of suture-button versus syndesmotic screw in 
the treatment of distal tibiofibular syndesmosis injury. BMC 
Musculoskelet Disord. 2017;18(1):286. doi: 10.1186/s12891-
017-1645-7.

http://www.riskofbias.info

