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Abstract

Background: Syndesmotic instability is a significant concern in the management of unstable ankle fractures, occurring
in approximately 10% to 13% of these cases. Early recognition and stabilization of syndesmotic injuries are essential to
ensure optimal long-term outcomes. Several techniques are currently in use, often involving complex procedure and/or
costly devices. Our study presents a syndesmosis fixation technique using K-wires that is both simple and cost-effective.
Methods: This is a retrospective single-center case series. Three hundred seventy-seven ankle fractures with intraoperative
syndesmosis instability and subsequent syndesmosis fixation with a K-wire were treated between 2002 and 2012. Of the
377 patients, 51 died and we were able to obtain long-term questionnaire completions from 94 patients (29% of presumed
living patients), with a mean follow-up of 10.6 = 3.0years.

Results: The mean age was 46.6 = 18.5years; 42% were Danis-Weber type B and 58% type C fractures. Syndesmosis
fixation failure was observed in 9 (2%) patients, and 5 (1%) patients had K-wire displacement without loss of syndesmosis
reduction. The Manchester-Oxford Foot Questionnaire (MOXFQ) was obtained 10*3years after surgery. The mean
MOXFQ pain score was 25.9 = 25.4, the mean functional score was 18 = 24.8, and the mean social score was 13.7 £22.2.
Conclusion: We report long-term (10.6 = 3 years) functional outcomes using a validated patient-reported questionnaire
in patients who underwent syndesmosis fixation with 2 K-wires for unstable ankle fractures. In the subset of patients we
were able to find in follow-up, we found low rates of syndesmosis fixation failure, low pain scores, and excellent functional
outcomes. The availability and low cost of these implants make this technique an accessible and cost-effective solution to
consider for syndesmosis fixation.

Level of Evidence: Level IV, retrospective case series.

Keywords: syndesmosis rupture, syndesmotic instability, ankle fracture, Manchester-Oxford Foot Questionnaire
(MOXFQ), K-wire, distal tibiofibular joint
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fractures, such as the Maisonneuve fracture.>* The most
common mechanisms that produce syndesmotic instability
are supination-external rotation (SER) and pronation-
external rotation (PER).%!?

Early diagnosis of syndesmosis injury and adequate sur-
gical stabilization are recommended to avoid the develop-
ment of ankle instability, chronic pain, poor function, and
carly osteoarthritis in the ankle joint.>2%* Different tech-
niques and materials are currently used, but may not be
accessible in all health care settings, particularly in resource-
limited environments. Trans-syndesmotic screw fixation is
traditionally considered the gold standard, even if suture-
button fixation is increasingly gaining popularity,?? as
recent studies have demonstrated noninferior functional
results and even faster return to sports and lower complica-
tions rates."?'3> Nevertheless, alternative fixation methods
have been described, such as elastic plates and K-wires.'#33
In 1994, Peter et al'® described a technique for syndesmosis
transfixation using 2 K-wires introduced obliquely across
the tibiofibular joint. However, little is known about this
technique as the available data are almost inexistent. To our
knowledge, outcomes of syndesmosis fixation with K-wires
in unstable ankle fractures have only been reported once by
Missbach-Kroll et al'* in 2003. In their study, syndesmosis
K-wire fixation provided good to excellent outcomes with
low complication rates. However, of the 50 included
patients, only 36 were reviewed, and no validated outcome
scores were used.

Our study aims to describe the surgical technique and
report complication rates and long-term functional outcomes
using the validated Manchester-Oxford Foot Questionnaire
(MOXFQ) in patients treated with syndesmotic K-wire fixa-
tion for unstable ankle fractures. Although radiologic assess-
ment remains a standard practice for evaluating the efficacy
of syndesmosis fixation techniques, our study seeks to dem-
onstrate that the ultimate measure of success is the functional
recovery of the patient, and it can be achieved with a simple
and cost-effective technique.

Material and Methods
Study Population

The local ethics committee approved this study. We per-
formed an electronic chart review of all consecutive surgi-
cally treated rotational ankle fractures with intraoperative
syndesmosis instability and subsequent syndesmosis fixa-
tion with K-wire in patients aged 18 years or older between
January 2002 and December 2012. Data on baseline patient
characteristics, including age, sex, comorbidities (American
Society of Anesthesiologists score and diabetes), and life-
style factors (body mass index and smoking status) were
obtained from the anesthesia records. Mechanisms of

accidents were obtained from the emergency reports. Bone
quality was carefully considered in the selection of the frac-
ture fixation method. However, for the purpose of evaluat-
ing syndesmosis fixation using K-wires, we intentionally
employed a uniform technique across all patients, irrespec-
tive of bone quality or other potential confounding factors.
Fractures were classified using the Danis-Weber classifica-
tion in type A or infrasyndesmotic (AO/OTA 44-A), type B
or transsyndesmotic (AO/OTA 44-B), and type C or supra-
syndesmotic (AO/OTA 44C)."* Fractures were further
divided into unimalleolar, bimalleolar, and trimalleolar
according to the number of fractured malleolus based on
preoperative radiographs.* The first author reviewed all the
radiographs, evaluating fracture patterns on the preopera-
tive radiographs. A second independent analysis of 105
randomly selected cases was performed to assess the
interobserver reliability of the classification system.

Complications and adverse events were classified into 5
categories: (1) wound problems with wound infection and
skin necrosis; (2) syndesmosis fixation failure with loss of
syndesmosis reduction; (3) fracture nonunion, defined as
failure to consolidate more than 6 months after surgery; (4)
presence of tibiofibular synostosis; and (5) K-wire dis-
placement without loss of reduction. Radiographic param-
eters including clear medial space, tibiofibular space, and
tibiofibular overlap were used to assess loss of reduc-
tion.”?® Postoperative radiographs and clinical examina-
tion were performed at 6 weeks, 3, 6, and 12 months after
surgery. Radiographs were reviewed for fracture and hard-
ware-related complications, assessing syndesmotic and
ankle joint congruity. Reoperations for partial hardware
removal (K-wires only) and total hardware removal were
noted. Exclusion criteria for this study included patients
<18years of age, polytrauma cases, patients with associ-
ated ipsilateral foot injuries, and patients without available
postoperative radiographs or incomplete radiologic follow-
up. A secondary analysis was conducted to assess the cor-
relation between the syndesmotic loss of reduction and
K-wire loosening and some demographic characteristics
(age, sex, body mass index, diabetes, smoking status)
assessed at the baseline.

Questionnaires

The questionnaires that were sent out to the patients
included the MOXFQ and the 12-Item Short Form Health
Survey. The MOXFQ is a patient-administered measure
consisting of 16 items. The translated and validated French
version was used.? The 3 domains (walking/standing, pain,
and social interaction) were summed to provide a single
summary index score.'> The questionnaires were sent by
mail to all eligible patients (patients still alive and with a
known address) 103 years after surgery.
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Figure |. Weightbearing anteroposterior (left) and lateral (right) ankle radiograph illustrating a unimalleolar Weber B fracture with

2 K-wires used for syndesmosis fixation.

Surgical Technique

Open reduction and internal fixation of ankle fractures were
performed according to the standard principles of the AO/
OTA fracture fixation.® After fracture fixation, syndesmosis
stability was tested under fluoroscopy using the modified
Cotton or Hook test. In cases where syndesmosis widening
was observed, further syndesmosis fixation was performed.
Before fixation, syndesmosis was reduced under direct visu-
alization and temporarily secured with a reduction clamp or
K-wires. Once adequate reduction was achieved, definitive
syndesmosis fixation was performed with K-wires.

To perform this technique, two 1.6-mm Kirschner
wires were inserted obliquely from distal to proximal and
angled anteriorly (approximately 30°, along the inter-
malleolar plane) across the distal tibiofibular syndesmo-
sis. The K-wire was then advanced to the medial tibial
cortex and the distal end of the K-wire was cut, bent, and
impacted on the fibula. A second K-wire was inserted
parallel to the first, following the same steps. Figure 1
shows the radiographs of an ankle fracture with syndes-
motic K-wire fixation. The final stability of the syndes-
mosis was assessed with the external rotation stress test
and the Hook test under fluoroscopy. After surgery, all
patients were immobilized in a nonweightbearing lower
leg cast or boot for 6 weeks. Weightbearing was allowed
as tolerated at 6 weeks post-operatively, and ankle range

of motion exercises were then initiated, starting at
6 weeks postoperatively.

Statistical Analysis

This is a descriptive study of a series of patients treated
with a specific surgical technique and long-term follow-up.
Baseline characteristics and outcomes were assessed by
presenting means and SDs for continuous variables and
totals and percentages for categorical variables. Baseline
characteristics were assessed for all patients and for those
who responded to the questionnaire at follow-up to detect
significant (P < .05) discrepancies.

Results

A total of 377 ankle fractures with intraoperative syndes-
mosis instability and subsequent syndesmosis fixation with
a K-wire were included. The mean age was 46 years (range,
18-90; SD 18.5) and 229 (60.7%) were male. Baseline char-
acteristics of the patients are shown in Table 1. Injury char-
acteristics and fracture types are shown in Table 2. The
interobserver reliability of two independent examiners in
classifying a random sample of 105 radiographs showed
almost perfect agreement, with an ICC of 0.894 (95% CI
0.844 to 0.928).
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Table I. Baseline Characteristics of All Patients and MOXFQ
Respondents.

Responders
All Only
(n = 377) (n = 96)
Age, y, mean = SD 46.6 = 185 47.7 = 15.6
Male sex, n (%) 229 (60.7) 57 (59.4)
Lifestyle factors
BMI, mean = SD 268 £ 5.0 26.6 = 4.0
BMI by category, n (%)
Normal weight (18.5-24.9) 141 (37.4) 38 (39.6)
Overweight (25-29.9) 138 (36.6) 43 (44.8)
Obese (>30) 76 (20.2) 15 (15.6)
Missing BMI 22 (5.8) 0 (0)
Smoking status, n (%)
Current smoker 124 (32.9) 22 (22.9)
Former smoker 33 (8.8) 6 (6.3)
Never smoked 166 (44) 55 (57.3)
Not known if ever smoked 54 (14.3) 13 (13.5)
Comorbidities
Diabetes, n (%) 21 (5.6) 2 (2.1)
ASA score, n (%)
| 154 (40.8) 47 (49)
Il 184 (48.8) 46 (47.9)
-1v 39 (10.3) 3.0

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body
mass index; MOXFQ, Manchester-Oxford Foot Questionnaire.

Table 2. Fracture Characteristics and Accident Type for All
Patients and MOXFQ Respondents.

All, n (%) Responders Only, n (%)

Fracture characteristics

Right side 200 (53.1) 47 (49)

Open fracture 39 (10.3) 9 (94)

Displaced fracture 151 (40.1) 38 (39.6)
Danis-Weber classification

A 0 0

B 159 (42.2) 34 (35.4)

C 218 (57.8) 62 (64.6)
Number of fractured malleoli

Unimalleolar 191 (50.7) 42 (43.8)

Bimalleolar 98 (26) 25 (26)

Trimalleolar 88 (23.3) 29 (30.2)
Type of accident

Simple fall 217 (57.6) 48 (50)

Transportation 65 (17.2) 21 (21.9)

Sports 68 (18) 17 (17.7)

Other 27 (7.2) 10 (10.4)

Abbreviation: MOXFQ, Manchester-Oxford Foot Questionnaire.

Complications

Acute syndesmosis fixation failure was observed in 9 patients
(2%) at early stage of the follow-up at 6 weeks postoperatively

in 5 cases and at 3 months in 4 cases. All had abnormal postop-
erative radiologic measurements, which were further con-
firmed by bilateral ankle CT. Seven of the 9 patients underwent
revision syndesmosis fixation surgery. In 2 patients with radio-
graphic evidence of loss of reduction, postoperative CT mea-
surements of the syndesmosis showed an increased tibiofibular
distance of 3 and 2.8mm compared to the uninjured ankle.
Revision surgery was not performed in these 2 patients. Five
patients (1.3%) presented with K-wire-related complications,
including 4 cases of K-wire displacement and 1 case of K-wire
breakage. Of these, none presented with secondary loss of syn-
desmosis reduction and 4 patients underwent K-wire removal.

The secondary analysis conducted to assess potential
correlations between the loss of syndesmotic reduction and/
or K-wire loosening and demographic factors (age, sex,
body mass index, diabetes, and smoking status) found no
significant associations. An illustrative radiograph of 1 case
of K-wire displacement is shown in Figure 2. A summary of
complications and hardware removal rates is shown in
Table 3.

Patient-Reported Outcomes results

Of the 377 patients, 51 died and 58 were lost to follow-up.
Atotal of 268 patients completed a comprehensive 12-month
radiographic follow-up and were eligible for questionnaire
participation. Of the suspected still living patients, 94
patients (29%) completed the questionnaire, with a mean
follow-up of 10.6 = 3.0years postsurgery (Figure 3). The
94 patients who completed the questionnaire did not differ
significantly in baseline characteristics from the 377 con-
secutive patients operated on between 2002 and 2012. The
results of the patient-reported outcome measures are shown
in Table 4. The mean MOXFQ pain score was 25.9 £ 254,
the mean function/walking score was 18 * 24.8, and the
mean social score was 13.7 £ 22.2. According to pain cat-
egories, 35 (37%) reported no ankle pain, 39 (42%) mild
pain, 13 (14%) moderate pain, and 7 (7%) severe pain.

Discussion

This study reports the long-term clinical results of syndes-
mosis fixation using 2 K-wires in patients with unstable
ankle fractures in a subset of patients we were able to con-
tact. Our results suggest that this technique provides good
to excellent clinical and functional outcomes and is associ-
ated with low complication rates. To our knowledge, there
is only 1 study reporting clinical outcomes and complica-
tion rates in patients with syndesmosis injuries and ankle
fractures where the syndesmosis was fixed with K-wires.!4
Between 1988 and 1996, 50 patients undergoing this tech-
nique were reviewed with a mean follow-up of 8.3 years.
Complications with secondary K-wire displacement were
seen in 10% of patients. In our study, K-wire loosening and
displacement were less common (1.3%). K-wire loosening
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Figure 2. Nonweightbearing anteroposterior (left) and lateral (right) ankle radiograph illustrating a bimalleolar Weber B fracture

with K-wire loosening and secondary displacement.

Table 3. Summary of Complications and Hardware Removal
Surgery Rates.

All, n (%)  Responders Only, n (%)

Complications 32 (8.5) 6 (6.3)

Wound problems 16 (4.2) 2(2.1)

Hardware fracture or 5(1.3) 0(0)

displacement

Nonunion 2 (0.5) (1)

Synostosis 0 (0) 0 (0)

Loss of reduction 9(124) 3@3.0)
Hardware removal

Partial (K-wire only) 16 (4.2) 5(5.2)

Total 145 (38.5) 45 (46.9)

may be explained by the fact that K-wires are flexible and
the small amount of movement that occurs between the tibia
and the distal fibula may cause K-wire loosening with con-
sequent displacement. We believe that the use of quadricor-
tical K-wires and their impact on the fibula may be helpful
in preventing secondary displacement. In addition, the use
of 2 K-wires provides additional stability and prevents

potential loss of syndesmosis reduction in the event of
K-wire loosening or breakage.

Fixation failure and loss of syndesmosis reduction can
lead to widening of the mortise and further osteoarthritis.?
Their incidence has been reported to be 10% to 16% after
screw fixation and 0% to 5% after flexible fixation.!®** Our
study shows comparable results to other flexible techniques,
with loss of syndesmosis reduction observed in 2.4% of
patients. These results suggest that K-wires can provide
stable fixation and maintain syndesmosis reduction through-
out the healing process. This is supported by the biome-
chanical study by Peter et al'® that compared the use of 2
K-wires inserted obliquely across the distal tibiofibular syn-
desmosis with the use of a 3.5-mm transverse screw. Distal
joint motion and pressure contact characteristics were mea-
sured in injured and uninjured ankles. No significant differ-
ences were found between the 2 techniques, and the authors
conclude that both techniques stabilize the injured syndes-
motic joint equally well.

One of the main hopes with the introduction of flexible
syndesmosis fixation was to avoid the need for hardware
removal and reduce revision rates. Reoperation rates are
found to be most of the time higher in patients with screw
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Syndesmosis surgery
(01/2002 to 12/2012),
N=377

Dead, N =51

Lost to Follow-up, N =58

Eligible to questionnaire, N = 268

Response, N =94
Response rate 35.1%

Time to questionnaire 10.6 Yrs £ 3.0 yrs

Figure 3. Flow chart of patients from enrolment to data analysis.

Table 4. Manchester-Oxford Foot Questionnaire (MOXFQ)
and [2-ltem Short Form Health Survey (SF-12) Results.

Mean = SD
MOXFQ pain score 259 = 254
MOXFQ walking score 18 =248
MOXFQ social interaction score 13.7 £ 222
MOXFQ single index score 19.1 =224
SF-12 mental health score 46.2 = 10.8
SF-12 physical health score 46.7 = 10.3

fixation than flexible fixation. Recent systematic reviews
and meta-analyses on the use of suture button or screw
showed that screw systematic removal is progressively
losing appeal, because of increasing evidence of non-infe-
riority of on-demand removal even in case of screw
breakage.!%!1930

Although on-demand screw removal is gaining popu-
larity, the reoperation rate due to local pain, skin irrita-
tion, or limited range of motion (ROM) remains around
23% for screws'® and between 6% and 9% for suture but-
ton implants.>'"172! In our cohort, K-wire removal was
performed in 4.2% of patients. The decision to remove
the hardware was entirely up to the surgeon. However, we
hypothesize that patient complaints may be the main
motive, suggesting that this fixation may be associated
with low rates of discomfort.

Concerns have been raised about the economic burden of
different techniques used for syndesmosis fixation.’? At their
median cost, suture buttons are likely to be cost effective over
screws, at least for symptomatic screw removal rates greater
than 17.5%."8 It was not our aim to perform a cost analysis of
the use of K-wires for syndesmosis fixation. However, apart
from the low removal rate, K-wires remain a very inexpensive
device, available worldwide, and almost unbeatable in terms
of reducing health care costs compared to other devices cur-
rently in use. K-wire fixation is an excellent solution in situa-
tions where access to other implants is economically restricted,
without compromising patient outcomes.

As mentioned above, long-term functional outcomes
have been reported once by Missbach-Kroll et al'* They
reported good to excellent results in 81% of patients at
8.3 years of follow-up. However, no standardized outcomes
or validated questionnaires were used. In the current study,
clinical outcomes were assessed with the MOXFQ and
12-Item Short Form Health Survey scores, and results
showed low pain scores and excellent functional outcomes
at 10 = 3years after the initial surgery.

This study has several limitations, mostly inherent to his
retrospective design. Firstly, syndesmosis reduction was
only assessed by ankle radiographs, which may limit the
true incidence of loss of reduction in our cohort. Second,
the radiologic follow-up timeline ends at 1 year after the
index surgical procedure, whereas the principal functional
outcome timeline ends up to 10 = 3years after surgery.
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Third, the high patient mobility in our urban area and the
fact that our hospital is a referral trauma center in a tourist
area may have contributed to the 29% response rate among
suspected living patients to our questionnaire. We acknowl-
edge that the relatively young age of our cohort of patients
representing the study population, a mean of only 46 years,
may make it difficult to generalize our findings to the gen-
eral population, even though the technique has been used in
much older patients, up to 90years of age, and no statisti-
cally significant correlation was found between age and
comorbidities and the occurrence of K-wire loosening/syn-
desmosis reduction loss. Moreover, the retrospective nature
of the study and the lack of a control group also contribute
to a lower level of evidence. Regarding the secondary anal-
ysis, which found no significant correlations between the
loss of syndesmotic fixation or K-wire loosening and demo-
graphic factors, the strength of the evidence is inherently
limited because of the small number of events. Further
research comparing this technique with more traditional
fixation techniques is warranted.

Conclusion

This is the first study to report long-term functional out-
comes using a validated patient-reported questionnaire in a
large series of patients with syndesmosis fixation using 2
K-wires for unstable ankle fractures. In the subset of
patients we were able to contact in long-term follow-up,
this technique was associated with apparent low rates of
syndesmosis fixation failure, low pain scores, and very
good functional outcomes at follow-up. Furthermore, the
availability and low cost of these implants make this tech-
nique a cost-effective solution for syndesmosis fixation
without compromising stability and patient outcomes.
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