
REVIEWARTICLE

Internal fixation of distal tibiofibular syndesmotic injuries:
a systematic review with meta-analysis

Chen Wang & Xin Ma & Xu Wang & Jiazhang Huang &

Chao Zhang & Li Chen

Received: 31 May 2013 /Accepted: 20 June 2013 /Published online: 20 July 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract No consensus had been reached about the optimal
method for syndesmotic fixation. The present study analysed
syndesmotic fixation based on the highest level of clinical
evidence in order to obtain more reliable results. Medline,
Embase and Cochrane database were searched through the
OVID retrieval engine. Manual searching was undertaken
afterward to identify additional studies. Only randomized
controlled trials (RCT) and prospective comparative studies
were selected for final inclusion. Study screening and data
extraction were completed independently by two reviewers.
All study characteristics were summarized into a table. The
extracted data were used for data analysis. Twelve studies
were finally included: six of them were RCTs, two were
quasi-randomized studies and four were prospective com-
parative studies. Four comparisons with traditional metallic
screw were identified in terms of bioabsorbable screws,
tricortical fixation method, suture-button device as well
as non-fixation choice in low syndesmotic injuries. Both
absorbable screws and the tricortical fixation method
showed almost no better results than traditional quad-
ricortical metallic screw (p>0.05). Additionally, existing
studies could not illustrate their efficiency of reducing
hardware removal rate. The suture button technique had
significantly better functional score (p=0.003), ankle
motion (p=0.02), time to full weightbearing (p<0.0001) and
much less complications (p=0.0008) based on short and
intermediate term follow-up data. Transfixation in low
syndesmotic injuries showed poorer results than the non
fixed group in all outcome measurements, but didn’t
reach a significant level (p>0.05). The present evidence
still couldn’t find superior performance of the bioab-
sorbable screw and tricortical fixation method. Their

true effects in decreasing second operation rate need
further specific studies. Better results of the suture-
button made it a promising technique, but it still needs
long-term testing and cost-efficiency studies. The
patients with low syndemotic injuries should be well
assessed before fixation determination and the indication
of screw placement in such conditions needs to be
further defined.
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Introduction

It was estimated that 90,000 ankle fractures occur in the
United Kingdom every year in the population aged 20–
65 years. Among them, up to 13 % of fractures had
associated distal syndesmotic injuries [1, 2]. Till now,
no gold standard was available for diagnosis of tibiofibular
syndesmotic injury [3, 4]. The current prevailing methods
were intra-operative hook test or 7.5NM external rotation
stress test [5–8].

Anatomical reduction of the ankle mortise is a critical
factor for satisfactory functional recovery and even
1 mm lateral shift of the talus would cause a decrease
of the tibiotalar contact area by 42 % [9]. Various
syndesmotic fixation techniques have been introduced
over recent decades including transyndesmotic screws
[10, 11], Kirschner wires [12], syndesmotic staples
[13], syndesmotic bolt [14], bioabsorbable implants
[15] and recently emerged suture-button devices [16].
Nevertheless, none of them has been proved to be
optimal. Transyndesmotic screw was the most common-
ly used method but also has obvious flaws both clinically
and biomechanically [17, 18]. Thus, many uncertainties
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about the syndesmotic screw technique still exists in
terms of the height of screw placement, number of
cortices engaged, size of screws and necessity for screw
removal [19].

Due to the great amount of controversies about distal
tibiofibular syndesmotic fixation, several authors have
reviewed related literature in order to find preferred opin-
ions. Schepers [20] has compared the clinical and biome-
chanical outcomes of the suture-button device to the tra-
ditional syndesmotic screw and found a relatively shorter
recovery period and lower removal rate in the suture-button
group. He also reported there is no better result for syndes-
motic screw removal [21]. Daas et al. [22] demonstrated
a faster rehabilitation with suture-button fixation than
syndesmotic screw.

However, all these systematic reviews didn’t limit the
literature quality, therefore, a large portion of the in-
cluded studies were retrospective cohort studies or case
series with no control group. We suppose that these
studies would bring some bias and, consequently, reduce
the reliability and validity of their conclusions. Addi-
tionally, several high quality studies have been pub-
lished over the past several years and, to the authors’
knowledge, high level systematic review of syndesmosis
fixation is still unavailable up to now. Therefore, we
believe that it is necessary to obtain the most reliable
evidence with regard to the distal tibiofibular syndesmostic
fixation.

Methods

Inclusion criteria

Studies that met all the following criteria were included:
(1) clinical study, (2) study designs to be randomized
controlled trial or prospective comparative study, (3) the
main objective of the study should be directly concerning
distal tibiofibular syndesmotic fixation, (4) all subjects
should be adults aged more than 18 years and have been
clearly diagnosed as syndesmotic injuries, (5) patients
should receive operative management and internal fixa-
tion of tibiofibular syndesmosis, (6) study compares the
syndesmotic fixation patients to the non-fixed group if it
met above requirements, and (7) no restriction to article
language.

Exclusion criteria

The literature which was excluded consisted of: (1) retro-
spective studies, (2) studies without a control group, (3) poor
quality prospective comparative studies (obvious heteroge-
neities between two groups), and (4) follow-up duration

of less than three months or study subjects to be less than 20
in all.

Search strategy

Retrieval was conducted by searching databases of Medline
(1946 to present with daily update), Embase and Cochrane
Central Register of Controlled Trials through the OVID
search engine. Publication years were limited from 1990 to
May 2013. In order to identify additional studies, we manu-
ally searched the database of Medline (In-Process & Other
Non-Indexed Citations) and Journals @ Ovid by using the
keyword of “syndesmo$” or “tibiofibular”.

Study review and selection

Two authors independently selected eligible studies from
the primary search results using the above criteria. The
included researches were checked and agreement was
reached for the final determination of included studies.
For each reviewer, repeated articles from different data-
bases were first identified and the excess ones were
therefore removed. Of the remainder, title screening
was used to identify the articles with respect to the
distal tibiofibular syndesmotic injuries or treatment.
Then abstracts of each article were read to exclude
biomechanical studies, case reports, reviews, clinical
surveys and surgical techniques. Careful full-text review
was performed for the remaining ones and only the
studies which strictly met the criteria could be eventually
enrolled.

Data extraction

Data extraction was completed according to a standard form
which was made before the beginning of the present review.
It was primarily extracted by the first author and then
checked by the other two authors. The form consists of three
parts which were basic information (authors and publishing
years), study design and method, along with outcome mea-
surement results.

Results

In total 1,287 references were found in the primary search.
Among them, 868 articles were gained through Medline
(1946 to present with daily update), Embase and Cochrane
Central Register of Controlled Trials. The remaining 419
items were obtained by manually searching. Thirty clinical
studies were left through screening, and fulltext review was
performed according to pre-defined eligibility criteria. There
were 17 retrospective studies and another one turned out to
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be with subject number less than 20. The whole screening
process was shown in a flow diagram (Fig. 1). Therefore, 12
studies were finally included [23–34] and are summarized in
Table 1.

Four separate comparisons about distal syndesmotic fix-
ation were covered in these eligible studies: (1) clinical out-
comes of absorbable implants versus traditional screws, (2)
clinical outcomes of tricortical screw fixation versus more
widely used one quadricortical screw fixation, (3) the newly
emerged suture-button technique versus screw placement,
(4) whether it was necessary to fix the low syndesmotic
injury (to be less than 5 cm from the proximal ankle joint
surface) in cases of Weber B and low Weber C fracture.

Eight of the included studies were randomized controlled
trials while the other four were prospective comparative
studies. One RCTwas written in Chinese and was translated
into English so that it can be provided when necessary. Six of
them were classified as level I clinical evidence with the
concealed randomized allocation method and low lost to
follow-up rate. The other two were quasi-randomization
trials. Only two RCTs and one prospective comparative
study had an examiner who was blinded to the group alloca-
tion. The data analysis results of all extracted data are shown
in Tables 2, 3, 4 and 5.

Absorbable implants or metallic screws

Four studies were concerned with comparison of absorbable
and metallic screws. Two of them were randomized con-
trolled trials; the others were a quasi-randomized trial and a
prospective study. Overall 147 patients with syndesmotic
injuries were included and 77 received absorbable screw

fixation. All syndesmotic injuries were diagnosed radio-
graphically before surgery and further confirmed by hook
test intraoperatively. PLLA (polylevolactic acid) screw was
employed in three studies while the other used PDLLA
(poly-DL-lactic acid) screw. Average follow-up duration
was 13.36±2.63 months.

All metallic screws were routinely removed six to eight-
weeks after primary operation while only two symptomatic
patients (2.6 %) needed removal in the absorbable screw
group. No significant difference was found in terms of sub-
jective satisfaction, return to previous sports (p=0.19) and
ankle range of motion (dorsiflexion p=0.87; plantarflexion
p=0.15). Complications occurred in four patients of the
absorbable group (5.2 %) consisting of one deep infection,
one moderate foreign body reaction and two palpable rem-
nants. There were three wound infections in the metallic
screw group (4.3 %) and two of them happened after routine
implant removal. No significant difference was found with
regard to complication incidence (p=0.53).

Tricortical versus quadricortical fixation

Two RCTs and one quasi-randomized study were included
for comparison of tricortical and quadricortical fixation. In
total 232 patients with syndesmotic instability (diagnosed
with hook tests during operations) were enrolled and 118 of
them received 3.5-mm tricortical screw fixation. One study
displayed long-term results with a mean follow-up time of
8.4 years. The other two reported short-term results (150 days
and one year).

Tricortical fixation had significantly better OMS score
(Olerud–Molander score) at three months after surgery

Fig. 1 Flow chart representing
study selection
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(p=0.02); while in long-term follow-up, a significant differ-
ence was detected in ankle dorsiflexion favouring quadri-
cortical fixation (p=0.04). The short-term complication rate
in both groups was 20.1 % with problems of malreduction,
loss of reduction, screw failure and wound infections. In
long-term follow-up results, 25 % of patients developed
ankle arthritis (five in tricortical and seven in quadricortical).
No significant difference was found between the two fixation
methods for both long-term (p=0.68) and short-term
(p=0.51) complication rate. Moreover, the short-term
(p=0.09) and long-term (p=0.93) radiographic evaluation
had no significant differences either.

Suture-button fixation versus syndesmotic screw

Two prospective comparative studies and one RCT with a
total of 120 patients (60 suture-button fixations, 60 syndes-
motic screws) were included. Mean follow-up duration was
19.1±14.5 months. Compared with conventional screw, the
suture-button showed significantly higher AOFAS score
(American Orthopedic Foot & Ankle Society scoring sys-
tem) (p=0.003), better ankle plantar flexion (p=0.02) and
shorter time to full weightbearing (p<0.0001) according to
the short- and medium-term results. For the radiographic
evaluation, TFCS (tibiofibular clear space) was significantly
smaller in the suture-button group (p<0.0001), but no dif-
ference in the MCS (medical clear space) (p=0.89) and TFO
(tibiofibular overlap) (p=0.39).

Only two suture-button devices needed secondary remov-
al whilst 30 % of the screw implantations were routinely
removed and 25 % needed to be removed due to various
symptoms. The complications rates were 35.4 % in screw
fixation and mainly consisted of hardware failure, loosening
and malreduction. Complications happened in 3 % of suture-
button fixation and significantly lower than with the metallic
screw (p=0.0008).

Fix or not for low syndesmotic injuries

One RCT involved SER (supination-external rotation)
IV ankle fractures and one prospective comparative
study of low weber C fractures was enrolled. Sixty-
nine patients were included with low syndesmotic inju-
ries to be less than 5 cm from the proximal ankle joint
surface and clear diagnosis of instability through hook
test or external rotation stress test intraoperatively. Thir-
ty patients received syndesmotic transfixation with 3.5-
mm metallic screws while the others had no fixation.
There was no significant difference between the two
groups with respect to range of motion (p=0.78), VAS
score (visual analogue scale) (p=0.08), OMS score
(p=0.88) and complication rates (p=0.38). However,
all outcome measurements were relatively poorer inT
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screw fixed patients and almost reached the significance
level in VAS score and ankle range of motion.

Discussion

Syndesmotic injuries were commonly encountered clinical
conditions since they occurred in isolation or associated with
fibular fractures [35, 36]. Recently, many controversies have
emerged in various aspects of syndesmotic fixation [19].
However, no systematic review has been reported to analyse
the high level clinical evidence in this field. The present
study summed up high-quality studies after strict screening
in order to find more reliable outcomes.

Besides being few in number, randomized trials reporting
on the syndesmotic fixation were generally of relatively poor
quality. The most prominent flaws were inadequate subjec-
tive number, lack of blindness and high heterogeneity of
outcome measurements. It had been estimated that a sample
size of nearly 200 would be adequate to detect a significant
difference of ankle range of motion between the two groups
[33]. Furthermore, a study population of 60 only found a
20 % difference of Olerud–Molander ankle scores [33]. The

functional scores, radiological evaluation and ankle range of
motion were presented in a diversity of patterns and these
variations would reduce the validity of our data analysis.

Nonetheless, despite the above limitations, the subject
enrolled criteria and the diagnosis of syndesmotic instability
were quite comparable among these studies. The group char-
acteristics in each study were also well controlled.

Syndesmotic fixation was supposed to be necessary in
cases of syndesmotic instability [37, 38]. Currently, trans-
syndesmotic screw is still the predominant treatment [39].
However, the distal fibula had 1- to 2-mm lateral translation
and 2° external rotation during ankle dorsiflexion in normal
gait [40]. Implantation of the screw nearly eliminated all
these normal syndesmotic motions [41]. Most surgeons rou-
tinely performed a second operation for screw removal [42,
43]. Thus, new materials, techniques and devices had
appeared for better preservation of physiologic motion and,
at the same time, avoid the secondary removal.

The absorbable syndesmotic screw was introduced in
order to revolve secondary hardware removal of traditional
metallic screw [44]. The current review found that only
2.6 % of the absorbable implanted patients needed a second
operation. But unfortunately, this data could not strongly

Table 2 Data analysis of absorbable screw versus metallic screw

Outcome measurement Studies Patients Statistical method Effect size P value

01. Unable to return to sports 1 38 Odds ratio M-H, fixed, 95 % CI 0.35 [0.07,1.7] 0.19

02. Ankle dorsiflexion 2 85 Mean difference IV, fixed, 95 % CI −0.21 [−2.65.2.23] 0.87

03. Ankle plantarflexion 2 85 Mean difference IV, fixed, 95 % CI 1.87 [−0.66,4.4] 0.15

04. TFCS 2 77 Mean difference IV, fixed, 95 % CI −0.04 [−0.34, 0.25] 0.78

05. TFO 2 77 Mean difference IV, fixed, 95 % CI −0.28 [−0.69, 0.13] 0.47

06. Complication 4 147 Odds ratio M-H, fixed, 95 % CI 1.23 [0.29, 5.17] 0.53

07. Subjective satisfaction 2 70 Only reported no difference between
two groups

CI confidence interval, TFCS tibiofibular clear space, TFO tibiofibular overlap

Table 3 Data analysis of tricortical fixation versus quadricortical fixation

Outcome measurement Studies Patients Statistical method Effect size P value

01. OMS score at three months 1 64 Mean difference IV, fixed, 95 % CI −10.70 [−19.7, −1.7] 0.02*

02. OMS score at one year 1 64 Mean difference IV, fixed, 95 % CI −5.5 [−13.77, 2.77] 0.19

03. OMS score at eight years 1 48 Mean difference IV, fixed, 95 % CI 0.5 [−10.63, 11.63] 0.93

04. Radiologic problems at one year 1 64 Odds ratio M-H, fixed, 95 % CI 0.34 [0.1, 1.16] 0.09

05. Radiologic problems at eight years 1 48 Odds ratio M-H, fixed, 95 % CI 1.05 [0.32, 3.45] 0.93

06. Ankle dorsiflexion at one year 1 64 Mean difference IV, fixed, 95 % CI 1.7 [−1.94, 5.34] 0.36

07. Ankle dorsiflexion at eight years 1 48 Mean difference IV, fixed, 95 % CI 7.6 [0.42, 14.78] 0.04*

08. Complications within one year 2 184 Odds ratio M-H, fixed, 95 % CI 1.16 [0.56, 2.41] 0.68

09. Complications at eight years 1 48 Odds ratio M-H, fixed, 95 % CI 0.68 [0.21, 2.18] 0.51

CI confidence interval, OMS Olerud–Molander score

* Indicates statistical significance
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illustrate a reduced removal rate since all metallic screws
were routinely removed. Additionally, absorbable screws
showed no superior results in other evaluation aspects.

On the other side, absorbable screws had long been ques-
tioned about the biomechanical strength and foreign body
reaction [24]. Our data analysis demonstrated that there is no
loss of reduction, and this was consistent with the biomechan-
ical study which concluded that the PLA screw had enough
strength to resist postoperative forces when distal tibiofibular
syndesmosis occurred. In recent years, PLLA material has
been proven to be much more biocompatible than older
PGA (polyglycolide) [45], and only one moderate foreign
body reaction occurred in the absorbable group. Therefore,
we felt that the main issue of absorbable syndesmotic screw
had to switch from its biomechanical strength or foreign body
reaction to its true benefits brought to the patients.

Tricortical screw fixation has been reported to have less
biomechanical impact on normal syndesmotic motion [27]
and would be a method to obviate second removal. The
present review revealed 43 % fewer operations for implant
removal in the tricortical group. However, this result was
also not fully reliable since 52 % of the quadricoritcal
patients received routine removal as initial protocol. The
tricortical fixation group had better functional results at
three months after surgery. Hoiness and Stromsoe [29] be-
lieved that this would be related to its advantage of relative

dynamic syndesmotic fixation. However, there was no such
difference at one-year followup. This may be due to reduced
immobilization effect of quadricortical screw over time, and
motion between distal tibia and fibula was gradually permit-
ted [27]. In contrast, the tricortical fixation proved to be
inferior in ankle range of motion in long-term results.

Moore et al. [28] reported that three cortical fixation was
associated with more loss of reduction occurrence and con-
tributed to its inadequate fixation strength. However our data
analysis found neither significant difference of loss of reduc-
tion nor total complication incidence between the two meth-
ods. But there was still inadequate biomechanical evidence
to stand for the efficiency of tricortical fixation.

The suture-button technique is relatively new and it pro-
vides dynamic fixation of the distal syndesmosis [16, 46].
The physiologic micromotion could be more preserved than
traditional rigid fixation. Our results supported this view-
point since we found significantly better functional recovery
and ankle joint motion in the suture-button group with much
fewer complications. Meanwhile, the TFCS and time to full
weightbearing were also significantly better than syndes-
motic screws. Theoretically, routine removal of suture-
button was not necessary. But recent literature has reported
about local soft tissue irritation of suture-button, and Naqvi
et al. [46] had recommended hardware removal. The present
review only found one local irritation and one superficial

Table 4 Data analysis of suture-button fixation versus screw fixation

Outcome measurement Studies Patients Statistical method Effect size P value

01. AOFAS score 3 120 Mean difference IV, fixed, 95 % CI −4.28 [−7.15, −1.41] 0.003*

02. Time to full weightbearing 2 96 Mean difference IV, fixed, 95 % CI −3.17 [−3.78, −2.56] P<0.0001*

03. Ankle dorsiflexion 1 24 Mean difference IV, fixed, 95 % CI −3.4 [−6.41, 0.41] 0.08

04. Ankle plantarflexion 1 24 Mean difference IV, fixed, 95 % CI −10.0 [−18.6, −1.4] 0.02*

05. MCS 2 96 Mean difference IV, fixed, 95 % CI −0.01 [−0.19, 0.17] 0.89

06. TFO 2 96 Mean difference IV, fixed, 95 % CI 0.33 [−0.42, 1.07] 0.39

07. TFCS 2 96 Mean difference IV, fixed, 95 % CI −0.96 [−1.34, −0.58] P<0.0001*

08. Complications 3 120 Odds ratio M-H, fixed, 95 % CI 0.12 [0.03, 0.41] 0.0008*

CI confidence interval, TFCS tibiofibular clear space, TFO tibiofibular overlap,MCSmedial clear space, AOFASAmerican Orthopedic Foot &Ankle
Society scoring system

* Indicates statistical significance

Table 5 Data analysis for comparison of fix or not in low syndesmotic injuries

Outcome measurement Studies Patients Statistical method Effect size P value

01. Ankle dorsiflexion 1 24 Mean difference IV, fixed, 95 % CI −1.0 [−8.01, 6.01] 0.78

02. Ankle plantarflexion 1 24 Mean difference IV, fixed, 95 % CI 5 [−1.25, 11.25] 0.12

03. OMS score 1 24 Mean difference IV, fixed, 95 % CI −4.0 [−54.12, 46.12] 0.88

04. VAS score 1 24 Mean difference IV, fixed, 95 % CI −14.2 [−29.91, 1.51] 0.08

05. Complication 1 45 Odds ratio M-H, fixed, 95 % CI 0.25 [0.01, 5.54] 0.38

CI confidence interval, OMS Olerud–Molander score, VAS visual analogue scale
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infection in 60 patients. Avoidance of an additional operation
would compensate for the excessive cost of suture-button
implant but the accurate cost-efficiency outcomes need spe-
cific studies.

The better results of the suture-button technique in short-
and intermediate-term followup has made it a promising way
for syndesmotic injury treatment. But undeniably, the current
studies in this field are of relative low quality and the exact
performance of suture-button fixation in the long term also
needs further reports.

Boden’s classical biomechanical study [47] suggested that
syndesmotic screw should only be applied when syndes-
motic injury was 3–4.5 cm higher than the proximal tibiota-
lar articular surface combined with deltoid ligament disrup-
tion. This conclusion has been further testified by other
researchers [48, 49] and has been accepted by many surgeons
in their clinical practice. However, trans-syndesmotic fixa-
tion was also considered when the external rotation stress test
or hook test showed instability.

Our analysis demonstrated there is no significant differ-
ence for syndesmotic screw implantation in low syndesmotic
injuries. This would partly contribute to the recent biome-
chanical finding that medial structure was the primary factor
of ankle stability [50, 51]. On the other side, although all
these patients were clearly diagnosed as syndesmotic insta-
bility though intra-operative external rotation stress test, we
surprisingly found that all outcome measurements were rel-
atively poorer for the fixed group. Such findings prompted
that unnecessary screw placement would not only impose
additional problems such as secondary operation and in-
creasing cost, but also would bring reserve effects on final
recovery. The relatively inferior outcomes could strongly
relate to the disappearing of normal syndesmotic micro-
movement after fixation. The current evidence demonstrated
no benefit for screw fixation in low syndesmotic injured
patients. Therefore, carefully evaluation should be con-
ducted before fixation determination in such cases and, more
importantly, the indication of syndesmotic screw should be
further researched and defined.

Conclusion

There were still many uncertainties about syndesmotic fixa-
tion. Bioabsorbable screw and tricortical fixation method
seldom showed better results than the traditional one four
cortical screw fixation. At present, no reliable data supported
their efficiency in hardware removal rate reduction. The
suture-button device is a flexible fixation method and seems
to be promising. It had led to better functional outcomes and
lower complication rates in short- and intermediate-term
followup, but still premature due to lack of long-term results
and cost-efficiency studies. The screw fixation in low

syndesmotic injury showed marginally poorer results. More
high-quality RCTs are required to further explicit the indica-
tion of syndemostic screw placement in such conditions.
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