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Abstract

Introduction Injuries to the distal tibiofibular syndesmo-
sis are frequent and continue to generate controversy.
Methods The majority of purely ligamentous injuries
(“high ankle sprains™) is not sassociated with a latent or
frank tibiofibular diastasis and may be treated with an
extended protocol of physical therapy. Relevant instability
of the syndesmosis with diastasis results from rupture of two
or more ligaments that require surgical stabilization. Syndes-
mosis disruptions are commonly associated with bony avul-
sions or malleolar fractures. Treatment consists in anatomic
reduction of the distal fibula into the corresponding incisura
of the distal tibia and stable fixation. Proposed means of fixa-
tion are refixation of bony syndesmotic avulsions, one or two
tibiofibular screws and suture button. There is no consensus
on how long to maintain fixation. Both syndesmotic screws
and suture buttons need to be removed if symptomatic.
Results/Complications The most frequent complication
is syndesmotic malreduction and may be minimized with
open reduction and intraoperative 3D scanning. Other com-
plications include hardware failure, heterotopic ossifica-
tion, tibiofibular synostosis, chronic instability and post-
traumatic arthritis.

Conclusion The single most important prognostic factor is
anatomic reduction of the distal fibula into the tibial incisura.
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Introduction

Injuries to the distal tibiofibular syndesmosis are estimated
to occur in about 1-18 % of all ankle sprains [19, 34, 48]
and up to 23 % of all ankle fractures [88, 133]. These inju-
ries may be missed in the absence of a frank diastasis and if
unrecognized lead to chronic instability and posttraumatic
ankle arthritis [35, 77, 90]. The true prevalence of these
injuries may, therefore, be higher than previously reported,
as is also reflected in a high prevalence of late calcifica-
tions (up to 32 %) at the syndesmosis in professional foot-
ball players [14, 124] and up to 50 % in patients with ankle
fractures [113].

The syndesmotic complex provides a dynamic support to
the ankle that is important for normal performance. While
there is consensus that improper treatment of syndesmotic
injuries is a negative prognostic factor in both sprains and
fractures of the ankle, controversy prevails on many aspects
of their management [89]. Over the last years, a plethora
of articles has appeared that deals with the biomechanics,
detection, reduction and fixation of syndesmotic injuries.
This article reviews the current aspects of the management
of syndesmotic injuries with an emphasis of studies that
were published over the last 5 years.

Anatomy
The tibiofibular syndesmosis consists of a proximal part
between the fibular head and the proximal tibial metaphy-

sis that is formed by the Ligg. capitis fibulae anterior and
posterior, the aponeurotic interosseous membrane, and the
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Fig.1 Ankle specimen with the ligaments of the distal tibiofibu-
lar syndesmosis from anterior (a) and posterior (b): distal portion of
the IOM interosseous membrane, AITFL anterior inferior tibiofibular
ligament, PITFL posterior inferior tibiofibular ligament, T7TFL trans-
verse tibiofibular ligament. Photograph: Eddie Elsner, Dresden, Ger-
many

distal tibiofibular syndesmotic complex, for which the term
syndesmosis is often used synonymously. The latter con-
sists of five separate portions (Fig. 1).

The anterior—inferior tibiofibular ligament (AITFL)
descends from the anterior tubercle of the tibia (Tillaux-
Chaput) to the anterior tubercle of the distal fibula (Le Fort,
Wagstaffe). It consists of 2-3 portions running parallel to
each other. The posterior—inferior tibiofibular ligament
(PITFL) descends posterolaterally from the posterior tuber-
cle of the tibia (Earle) to the posterior margin of the distal
fibula. It is more compact and runs more horizontally than
the AITFL [6]. The transverse tibiofibular ligament (TTFL)
lies distal to the posterior tibiofibular ligament and has a
fibrocartilagineous appearance. It runs almost horizontally
to the posterior tubercle of the fibula and is sometimes hard
to discriminate from the posterior tibiofibular ligament. It
has, therefore, synonymously been described as a deep por-
tion of the PITFL, inferior transverse ligament (ITL), or a
fibrocartilagineous reinforcement of the posterior capsule
of the ankle joint [6, 28]. The interosseous tibiofibular liga-
ment (IOL) contains short, strong collagenous and elastic
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fibers that fan out into a network almost completely filling
the space between the tibial incisura and the correspond-
ing medial margin of the fibula [41]. In the sagittal plane,
it forms a triangle with its base 1-1.5 cm above the ankle
joint level [6]. It lies in the pivot of the rotational plane
of the distal fibula [45, 61]. Finally, the distal portion of
the interosseous membrane (IOM) is considered by many
as a separate part of the distal syndesmosis. It consists of
aponeurotic fibers that are recruited from the cranial ori-
gins of the anterior and posterior tibiofibular ligaments in
direct continuation of the apex of the pyramid-shaped IOL
at 4-5 cm above the ankle joint level. Its fibers are thinner
and longer than that of the IOL.

The shape of the fibular incision (incisura fibulae, pero-
neal groove) of the distal tibia at the level of the syndes-
mosis displays a considerable inter-individual variation
[60, 74, 114]. The absolute depth of the incision varies
between 1.0 and 7.5 mm [45, 60]. In anatomical studies,
only 60-75 % of the specimens had a concave surface of
the lateral aspect of the tibia, the remainder being shallow,
irregularly shaped or slightly convex [24, 45]. The risk of
malreduction of the distal fibula into the incision in cases
of syndesmotic disruption may be increased with the latter
configurations.

In a CT study of 107 normal ankles, Lepojarvi et al.
[60] found the distal fibula to be situated either centrally or
anteriorly within the incisura in 97 % of cases. They sug-
gested that posterior translation indicates malreduction.
They also found that the difference between anterior and
posterior width of the incisura was significantly greater in
males (2.7 mm) than in females (2.1 mm) and a high vari-
ation in the incisural width, as suggested earlier in radio-
graphic studies [60, 114]. The authors cautioned that the
larger joint size in males may lead to the false assumption
of malreduction in some cases [60].

The anterior syndesmotic ligament is predominately or
exclusively (63 %) supplied by the anterior branch of the
peroneal artery, the anterior tibial artery providing addi-
tional branches in the remaining 37 %. The posterior syn-
desmotic ligaments are supplied by the posterior branch of
the peroneal artery in 100 % [67]. The peroneal artery per-
forates the interosseous membrane at an average of 3 cm
above the ankle joint level. The anterior tubercle of the tibia
(Chaput) and underlying lateral tibial plafond are supplied
by an anastomotic network between the perforating branch
of the peroneal artery and the anterior tibial artery [20].

Biomechanical considerations

Because of the oblique axis of the ankle joint that ascends
8° in the frontal plane and 6° in the transverse plain, and
the irregular shape of the talus, which is broader ventrally
and laterally, the distal fibula performs a three-dimensional
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movement with respect to the distal tibia during physiologi-
cal dorsiflexion and plantarflexion that is restricted by the
tibiofibular syndesmosis [9, 19, 85, 92, 100, 112]. The deep
portion of the deltoid ligament also contributes to syndes-
motic stability acting as a restraint against lateral shift of
the talus [96, 132].

Numerous biomechanical studies have evaluated the
exact amount of the relative movement of the distal fibula
with respect to the distal tibia with various methods. From
maximum plantarflexion to dorsiflexion, the fibula moves
0.82-3 mm laterally [1, 19, 28, 43, 51, 53, 85, 110], 0.9—
1.34 mm posteriorly [1, 43, 85, 110], and rotates externally
0.5°-3.7°[1, 5, 9, 19, 43, 85]. The intermalleolar distance
increases with dorsiflexion of the talus by 1.0-1.25 mm
[19, 85]. In addition, a distal translation of the fibular tip
of about 2.4 mm has been observed during normal gait [92,
100].

Several sectioning studies have looked at the contri-
bution of the different portions of the syndesmosis for
mechanical stability. Ogilvie-Harris and colleagues [78]
found that the AITFL provided 35 %, the TTFL 33 %, the
IOL 22 %, and the PITFL 9 % of the overall tibiofibular
stability. Xenos et al. [132] performed serial sectioning of
the syndesmosis from anterior to posterior with a constant
external rotation load of 5 Nm on the foot. Tibiofibular dia-
stasis increased by 2.3 mm with dissection of the AITFL,
by an additional 2.2 mm with sectioning of the distal § cm
of the IOM resulted and by another 2.8 mm with sectioning
of the PITFL. Sarsam and Hughes [96] found a 30° and 40°
increase in external rotation of the talus through sectioning
the AITFL after an experimental fibular fracture above and
below the syndesmosis, respectively. Two studies found
greater strength of the PITFL as compared to the AITFL
although not significant in ten specimens [9, 97].

More recent experiments have demonstrated the impor-
tance of an intact IOL for overall stability of the syndes-
mosis complex [90]. Hoefnagels et al. [46] found a signifi-
cantly superior stiffness and load to failure of the IOL over
the AITFL in cadaver feet. It may be concluded from the
existing studies that with the rupture of two or more syn-
desmotic ligaments relevant mechanical instability will
result, although biomechanical data do not necessarily
reflect the clinical situation [90].

Mechanism of injury

Syndesmotic injury is predominately produced by forced
external rotation of the talus in the ankle mortise [26]. With
the foot in dorsiflexion, the broader posterior part of the
talus is forced into the ankle mortise thus putting an addi-
tional strain on the syndesmotic ligaments [30, 59, 132].
Both fractures of the distal fibula and ruptures of the syn-
desmosis ligaments have been produced experimentally in

the nineteenth century by Maisonneuve and Honigschmied
[62] through forced external rotation. Back then, authors
such as Chaput, Earle, LeFort and Wagstaffe produced and
described bony avulsions of the syndesmotic ligaments that
still bear their names [135].

In a biomechanical cadaver study, Markolf et al. [64]
confirmed that forced ankle dorsiflexion and external foot
torque applied to a dorsiflexed, axially loaded ankle could
produce high ankle sprains (syndesmotic injuries). They
suggested that the most likely mechanism was falling for-
ward on a weight-bearing foot while rotating the tibia
internally, putting an external rotation strain on the ankle.
However, several other trauma mechanisms such as inver-
sion and plantarflexion have been described in the literature
[48].

Syndesmosis injuries may occur in isolation, but the
majority of syndesmotic disruptions are produced in the
wake of ankle fractures and fracture-dislocations. The
sequel of syndesmotic injuries and associated fractures has
been described extensively in the clinical and biomechani-
cal series of Lauge-Hansen [59]. The syndesmotic liga-
ments will most likely be disrupted in pronation type ankle
fractures with the foot in dorsiflexion at the time of injury
[91], while relevant injury to the tibiofibular syndesmosis is
less likely to occur in supination type ankle fractures [83].

Diagnosis
Clinical examination

Patients with an injury to the tibiofibular syndesmosis typi-
cally present with pain in the anterolateral aspect of the
ankle joint that is aggravated by forced dorsiflexion. Pain
over the syndesmosis can be provoked with passive exter-
nal rotation of the foot in neutral position against the fixed
lower leg [30]. Compressing the tibia to the fibula above
the midpoint of the calf (“squeeze test”) provokes pain at
the level of the distal tibiofibular syndesmosis [30, 48]. For
the “cross-legged test”, the patient is sitting and rests the
mid-tibia of the injured leg on the knee. The patient himself
produces pain in the region of the syndesmosis with a gen-
tle downward force on the medial side of the knee [55]. A
functional “stabilization test” may be used in athletes with
suspected syndesmosis sprains [129, 131]. A stabilizing
athletic tape applied tightly above the ankle joint substan-
tially reduced pain after standing, walking and performing
a toe raise and jump.

So far, only the external rotation test has been shown to
correlate with a syndesmotic injury and longer return to
preinjury activities in clinical series [3, 8]. Biomechani-
cal evaluation of the four common clinical test showed no
accurate prediction of the degree of mechanical injury [10].
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Fig. 2 Landmarks on standard mortise (a) and lateral (b) radio-
graphs: tibiofibular overlap (TFO), tibiofibular clear space (ligne
claire, TCS), medial clear space (MCS), anterior tibiofibular interval
(ATF), anteroposterior tibiofibular ratio (APTF = A/B [36])

De César et al. [21] compared the results of clinical exami-
nation with the MRI findings in 56 patients. The prevalence
of syndesmotic injuries in the MRI was 17.8 %. Both the
external rotation test and the calf squeeze test had a low
sensitivity (30 and 20 %, respectively) and high specificity
(94 and 85 %, respectively), suggesting that a negative test
does not preclude syndesmotic injury but a positive test is
highly indicative of an injury to the syndesmosis [21].

Radiographic examination

Standard radiographs of the ankle include the lateral and
anteroposterior view with the foot in 20 degrees of internal
rotation (“mortise view”). Chaput, in 1907 [17], described
the “ligne claire” (tibiofibular clear space, TCS) as a meas-
ure for syndesmotic integrity (Fig. 2). Other radiographic
landmarks include the tibiofibular overlap (TFO) and the
medial clear space (MCS). An anteroposterior view of the
complete lower leg is done in case of local tenderness to
exclude a proximal fibular (Maisonneuve’s) fracture or dis-
location of the superior tibiofibular syndesmosis.
Generally, a TCS of <6 mm, a TFO of 6 mm or more
(or 42 % of the fibular width) in the AP view or >1 mm in
the mortise view are considered to be normal [40]. Ostrum
et al. [80], in a cadaveric study, revealed gender-specific
differences. According to their data, a TCS <5.2 mm in
females and <6.47 mm in females and a TFO >2.1 mm in
females and >5.7 mm in males should be considered nor-
mal. This corresponds to a TFO of >24 % and a TCS of
<44 % of the fibular width [80]. Similarly, Dikos et al.
[23] noted that the tibiofibular interval in the CT scans of
30 healthy volunteers was significantly greater in men than
in women. When evaluating the ankle radiographs of 392
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Fig. 3 a, b Latent diastasis demonstrated with stress fluoroscopy.
Note the widening of the TCS and MCS (double arrows) under
forced external rotation

Fig.4 CT scanning reveals tibiotalar subluxation in the coro-
nal plane (a) and malposition of the distal fibula with respect to the
incisura in the horizontal plane with a small bony avulsion of the
PITFL (b). The case example shows an additional comminuted calca-
neal fracture and talar body fracture in a complex foot trauma

patients without known pathology at the ankle, Shah et al.
[102] found a mean tibiofibular overlap of 8.3 mm in the
true ap view and 3.5 mm in the mortise view. The mean
TCS was 4.6 and 4.3 mm, respectively. Interestingly, the
authors found a subset of patients with a complete lack of
tibiofibular overlap in the mortise view as a normal vari-
ant. They found the TCS in the mortise view to be the most
accurate measurement with a side-to-side difference of
only 0.7 mm.

Latent diastasis is proved with stress radiographs, if nec-
essary under regional anesthesia (Fig. 3). External rotation
stress is applied manually under fluoroscopy or lateral shift
with a standardized Telos device on radiographs [90, 136].
Widening of the TCS and MCS of 2 mm and more is con-
sidered to be pathological [132].

Computed tomography (CT) scanning is a more accurate
method of detecting syndesmotic injuries, especially with
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Fig.5 MRI reveals a complete tear of the tibiofibular interosseous
ligament (arrow)

diastases of 3 mm and less that may go undetected with
plain radiographs [25, 32, 90]. CT scanning of both ankles
allows determination of anteroposterior translation, rota-
tion and shortening as well as the exact location of bony
avulsions (Fig. 4). When obtaining CT scans in 30 healthy
volunteers, Dikos et al. [23] found that tibiofibular inter-
vals (the clear space as measured on CT scans) did not vary
more than 2.3 mm and rotation of the fibula did not vary
more than 6.5° between ankles of the same person.

Magnetic resonance imaging (MRI) has a 93 % speci-
ficity and 100 % sensitivity for injury of the AITFL and a
100 % specificity and sensitivity for injury of the PITFL
when compared to arthroscopic findings in acute syndes-
motic injuries [111]. It also detects injuries to the IOL
(Fig. 5). Assessing syndesmotic injuries with MRI is asso-
ciated with a high inter-observer agreement [73]. Sikka
et al. [103] compared MRI findings to disability in profes-
sional football players. They found that an increasing grade
of injury as judged with MRI was positively correlated with
the number of missed games and practices.

Treatment

Indications for surgical fixation

Because the existing classification systems do not offer
a clear therapeutic algorithm, clinical and radiographic

examination should focus on detecting and documenting
the amount of latent diastasis—as seen in stress radiographs

and frank diastasis—which is obvious on plain radiographs
[90]. As biomechanical studies with different setups have
shown, lateral translation or shortening of 2 mm and exter-
nal rotation of 5° of the distal fibula result in non-physio-
logical pressure redistribution at the ankle joint [116, 134].

Instability of the distal tibiofibular syndesmosis with a
frank or latent diastasis of more than 2 mm, either isolated
or in conjunction with malleolar fractures, is treated with
open reduction and fixation using one or two syndesmosis
screws [41, 85, 90, 125]. For malleolar fractures, Boden
and colleagues [12] concluded from biomechanical stud-
ies that a syndesmotic screw is warranted, if the fibular
fracture extended more than 4.5 cm above the ankle joint
line. These criteria have been confirmed by several clini-
cal studies [19, 121]. However, all authors suggested that
general radiographic criteria for syndesmotic fixation
are of relatively low value compared with the intraopera-
tive impression of syndesmotic stability or instability and
should, therefore, only be used as a guide in the diagno-
sis and management of these injuries [121]. Nielson et al.
[76] demonstrated that the level of the fibular fracture was
not consistent with the level of disruption of the syndesmo-
sis and the interosseous membrane in an MRI study and,
therefore, concluded that the amount of syndesmotic injury
cannot be detected by the radiographic level of the fibular
fracture alone.

Patients without latent or frank diastasis (“high ankle
sprains”) are treated with a short course of rest, ice, eleva-
tion and non-steroidal antiphlogistics (RICE) until subsid-
ence of pain. This may include 1-3 weeks immobilization
in a commercial brace or cast-boot followed by physical
therapy to restore motion and strength and lastly sport-
specific tasks in athletes [4, 129]. Patients have to be coun-
seled that the time lost from sports is longer and residual
complaints beyond 6 months are more frequent after syn-
desmotic sprains as compared to lateral ankle sprains [14,
34,48, 113].

Intraoperative stress testing

When syndesmotic instability is suspected in malleolar
fractures, stability of the syndesmotic complex is tested
after open reduction and internal fixation of the fibular
fracture. Most commonly, this is done by the hook test as
described by Heim [41]. Under fluoroscopic control, the
fibula is pulled laterally and dorsally. Because relevant
disruption of the syndesmosis causes a three-dimensional
instability, the fibula not only displaces laterally but also in
the anteroposterior direction which can be tested clinically
or in lateral radiographs [15, 78]. Alternatively, an intraop-
erative external rotation test is carried out. In cases of dia-
stasis or anteroposterior instability of more than 2 mm fixa-
tion with a syndesmosis screw is indicated.
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Fig. 6 a Frank diastasis with widened TCS and MCS in a 20 year
old skater. b MRI shows disruption of the AITFL; IOL and PITFL
(arrows). ¢ The syndesmosis is visualized via an anterolateral
approach, showing a small avulsion of the AITFL at Chaput’s tuber-
cle. The ruptured AITFL is marked with sutures. d—f Reduction is

Relevant syndesmotic instability has to be expected in
pronation injuries. However, Tornetta et al. [120] found
that 45 % of operatively treated supination external rota-
tion stage 4 (SER 4) injuries displayed syndesmotic insta-
bility on intraoperative stress examination. This under-
lines the general necessity of stressing the syndesmosis
after internal fixation of malleolar fractures, because the
osteoligamentous injury pattern is not always consistent
with the predicted injury pattern according to the Lauge
Hansen stages [31, 76, 89]. On the other hand, in a pro-
spective-randomized study, Pakarinen et al. [82] found
no differences between patients treated with syndesmotic
fixation versus those treated without in SER 4 injuries with
positive intraoperative external rotation stress testing. The
authors concluded that in SER 4 injuries no relevant injury
to the tibiofibular syndesmosis occurs. The numbers were
small, because stress tests were positive in only 24 of 140
patients. The same was found by Kennedy et al. [54] in
“low Weber C” fractures (i.e., within 5 cm of the ankle
joint line).

Stoffel et al. [106], in a cadaveric experiment, found the
lateral stress test (hook test) to be superior to the external
rotation stress test for detecting syndesmotic instability.
Pakarinen et al. [82] found good intraobserver agreement
between the external rotation and hook tests but a poor
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achieved with an overriding pointed clamp and fixation is achieved
with two transsyndesmotic screws. g, h Postoperative CT scanning
shows correct rotation, anteroposterior alignment and length of the
distal fibula

sensitivity of both tests, suggesting that many syndes-
motic injuries may go unnoticed. A cadaveric study sug-
gested that 100 Nm of lateral force may be a benchmark for
the hook test because no significant widening of the TCS
occurs beyond that force [106].

Technique of reduction

In cases of relevant instability, the syndesmosis should be
visualized directly via an anterolateral or lateral approach
to clear the space between the distal tibia and fibula from
avulsed ligaments and to facilitate reduction of bony avul-
sions [89]. Direct visual assessment of the alignment of the
anterior tubercles of the distal tibia and fibula also helps
avoiding malreduction [84].

Reduction of the distal fibula into the tibial incisura is
best achieved with a pointed reduction clamp (Fig. 6). The
clamp should be placed exactly in the axis of the ankle
joint to minimize the risk of malreduction [87, 90]. The
insertion points should be the lateral malleolar ridge on
the fibula and the central part of the medial cortex at the
tibia. Malposition of the reduction clamp, i.e., obliquely to
the axis of the ankle joint, resulted in malreduction of the
distal fibula in cadaveric experiments and the amount of
malreduction increased with the degree of instability [87].
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Assessment of reduction

Several studies have shown that exact assessment of syn-
desmotic reduction cannot be achieved reliably with two-
dimensional fluoroscopy or post reduction radiographs. The
reported rates of malreduction when compared with three-
dimensional fluoroscopy or postreduction CT lie between
22 and 52 % [29, 31, 65, 69, 90, 93, 95, 104, 122].

While the fibular length can be assessed reliably in mor-
tise radiographs of the ankle using Weber’s classical land-
marks, rotational and anteroposterior displacement cannot
be detected with the same reliability. The position of the
distal fibula with respect to the tibia can be assessed on
lateral radiographs [125]. The anterior tibiofibular inter-
val on lateral ankle radiographs is one measure of syndes-
motic integrity and fibular position within the tibial incisura
[109, 127, 132]. More recently, Grenier et al. [36] found
the anteroposterior tibiofibular ratio (APTF) measured on
lateral fluoroscopic view to have a good inter- and intraob-
server reliability. The APTF in their 30 patients (60 ankles
without pathology) averaged 0.94 with a range of 0.63—
1.31. The side-to-side differences were not significant.

Measuring rotation on either anteroposterior or lateral
views is particularly difficult. As much as 30° of external
rotation of the fibula may go undetected with standard 2D
intraoperative fluoroscopy [65]. On the other hand, 10°
of internal fibular rotation could be detected reliably with
standard fluoroscopy. There is no consensus on how to
measure fibular rotation within the tibial incisura on axial
CT scans. Knops et al. [57] compared four different meth-
ods in a cadaver experiment. They found the angle between
the tangent to the anterior tibial surface at its most anterior
point and the bisection of the vertical midline of the fibula
as described by Zwipp [136] are fairly reliable and accurate
with a greater ease of measurement and less anatomic vari-
ability as compared to the other methods.

Direct visualization of the syndesmosis is helpful in
reducing the rates of malreduction. To avoid anteroposterior
displacement, the alignment of the anterior margin of the
fibula and tibia (Tubercule de Chaput) should be assessed
clinically via the existing approach [90]. In a small compara-
tive study of 12 patients, Pelton et al. [84] showed an unac-
ceptable rate of malreduction when treating Maisonneuve
Type syndesmotic injuries in a closed manner, while open
reduction with direct visualization of the syndesmosis lead
to anatomic or near-anatomic reduction in all cases. Still,
Miller et al. [69] reported a 16 % rate of malreduction with
direct visualization. Similarly, Sagi et al. [95], in a study of
107 syndesmotic injuries, reported a 15 % malreduction rate
with open reduction compared to a 44 % malreduction rate
with closed reduction of the syndesmosis.

Although the inter-individual variation of the morphol-
ogy of the distal tibiofibular joint is considerable [45, 74],

the intra-individual differences between the two ankles of
one individual are minimal [23, 36, 109]. Therefore, the
contralateral, uninjured ankle may serve as a template for
reduction of the distal tibiofibular joint. Summers et al.
[109] obtained anatomic reduction of the distal fibula into
the tibial incisura while comparing the relationship of the
distal tibia to the fibula on both the anteroposterior and lat-
eral fluoroscopic images to the contralateral, uninjured side
in 17 of 18 patients. Correct reduction was confirmed with
3D fluoroscopy.

Technique of fixation

The classical fixation of syndesmosis ruptures accom-
panied by a malleolar fracture is a single 3.5 mm cortical
screw positioned between 1 and 4 cm above the ankle joint
level (Fig. 7) after fixation of the distal fibula [41, 125]. The
screw is not over drilled to avoid lagging. The anterior tibi-
ofibular ligament is sutured separately or reattached with a
small or mini-fragment screw in cases of bony avulsion at
the distal tibia or fibula. In cases of pure ligamentous syn-
desmosis rupture—including Maisonneuve injuries, in the
authors’ practice a second screw is introduced parallel to
and above the first one to assure rotational stability [90].
The two screws can be connected by a small two-hole plate
to increase torque resistance, e.g., in osteoporotic bone [33].

Several biomechanical and clinical studies revealed no
relevant differences regarding stability and functional out-
come measurements, respectively, between one or two
syndesmotic screws [47, 128], titanium or stainless steel
screws [7], tri- or quadricortical screws [7, 72], transsyn-
desmotic or suprasyndesmotic screws [58], metal or bioab-
sorbable screws [2, 49, 117]. Biomechanical testing of 4.5
vs. 3.5 mm screws revealed conflicting results [39, 115]. In
a finite element analysis, Verim et al. [123] found the low-
est von Mises stress in the screws placed 30—40 mm above
the ankle joint line and, therefore, suggested this position
for syndesmotic screw placement. McBryde et al. [66], in
a biomechanical study, found that placement of the screw
within 2 cm of the tibiotalar joint line was associated with
less widening of the TCS than screw placement 3.5 cm
above the joint line.

The use of suture button repair aims at allowing a more
physiological motion of the distal fibula with respect to the
tibia while maintaining adequate stability [101]. This tech-
nique was shown to be biomechanically equivalent to both
a 3.5 mm tricortical [56] and a 4.5 mm quadricortical screw
[119] and associated with faster rehabilitation in a clini-
cal study [118]. The functional outcomes at the short term
(12-28 months) do not show significant differences with
respect to the AOFAS scores as compared to syndesmotic
screw placement [98]. Patients with suture button fixa-
tion required less implant removal than those fixed with a
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Fig. 7 a, b In ankle fracture-dislocations with syndesmotic disrup-
tion, internal fixation of the distal fibula and medial malleolus is fol-
lowed by transsyndesmotic screw fixation (same patient as in Fig. 4).
¢, d At 1 year follow-up and complete implant removal at the ankle,

syndesmotic screw. However, the need for screw removal is
questioned in the literature, as detailed below. When com-
paring syndesmotic screw fixation to tightrope fixation in a
clinical study, the only variable that had a significant influ-
ence on functional outcome was anatomic reduction of the
distal fibula into the incisura [75].

In ankle fractures and fracture-dislocations, direct fixa-
tion of the posterior tibial fragment (“posterior malleolus™)
firmly reattaches the posterior tibiofibular ligament and,
therefore, significantly contributes to syndesmotic stabili-
zation [70, 91]. In a cadaver study, posterior malleolus fixa-
tion was superior to transsyndesmotic fixation in restoring
stiffness to the ankle joint [31]. In this experiment, pos-
terior malleolus fixation restored stiffness of the cadaver
ankle specimens to 70 %, while syndesmotic screw fixation
only restored stiffness to 40 %. Direct fixation with either
screws or an antiglide plate from posteriorly ensures ana-
tomic fixation and provides more stability as compared to
indirect fixation from anteriorly [91, 126]. After fixation of
the malleolar fractures and the posterior tibial fragment, the
need for an additional transsyndesmotic screw should be
tested intraoperatively as outlined above (Fig. 8).

To retain or to remove the syndesmotic screw?

Controversy prevails on how long to retain syndesmotic
screws and the overall need for removal [89, 99]. As per
AO recommendation, syndesmosis screws are kept in place
for 6-8 weeks with the patient restricted to 15 kg partial
weight-bearing in a below knee cast or special boot [41,
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the mortise is stable without signs of posttraumatic arthritis. Salvage
of the ankle joint was particularly important in this case because the
subtalar joint had to be fused after a comminuted calcaneal fracture

129]. Many authors advocate removal of the screw(s) not
before 3 months or in symptomatic patients only [25, 40,
63, 69, 104].

The syndesmosis screw restricts normal ankle motion
[50, 85]. If the screw is left in place with the patient fully
weight-bearing, screw breakage occurs in 7-29 % [99, 108]
and osteolysis around the screw in 68-91 % [37, 41], while
the ankle joint regains its physiological tibiofibular clear-
ance. Screw breakage appears to be dependent on the screw
diameter and the time of fixation. Stuart and Panchbhavi
have found that 3.5 mm screws are significantly more likely
to break than 4.0 or 4.5 mm screws [108]. The clinical rel-
evance of screw breakage remains to be further elucidated.
Hamid et al. [37] found superior functional results as meas-
ured with the AOFAS score in patients with retained broken
screws (92.4) than in patients with retained intact screws
(83.1). Manjoo et al. [63] found superior results with broken,
loosened or removed screws compared with intact screws.
The authors suggested removal of intact screws only. It can
be speculated that screw breakage restores the normal physi-
ological movement between the distal tibia and fibula.

Miller et al. [71] found superior ankle motion and
functional outcome scores at 2 weeks after locked screw
removal compared with retained screws. However, these
improvements plateaued in the further course with no sig-
nificant differences remaining after 12 weeks. Schepers
et al. [99] reported a 22 % complication rate following
screw removal, including infection in 9 % and recurrent
diastasis in 7 % of cases. Song et al. [104], in a prospec-
tive radiographic study, found that syndesmosis malunions
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Fig. 8 a, b Multifragmentary fracture of the posterior tibial pla-
fond in a trimalleolar ankle fracture ¢ necessitating a direct posterior
approach for restoring joint congruity. d, e Fixation of the posterior

detected on postoperative CT scans corrected spontane-
ously in 8 of 9 patients 1 month after removal of the syn-
desmotic screw and full weight-bearing.

Implant removal may also be necessary after suture
endobutton fixation of syndesmotic injuries. DeGroot et al.
[22] reported that 6 of 24 treated with suture button repair
required removal due to local irritation or lack of motion.
Storey et al. [107] reported removal of the suture button
in 8 of 102 cases for the following reasons: osteomyelitis,
aseptic osteolysis, failure of stabilization, and unexplained
pain over the implant.

Complications

The most common problem in the treatment of syndes-
motic disruptions is malreduction of the distal fibula into

tubercle of the tibia restores syndesmotic stability after internal fixa-
tion of the distal fibula and medial malleolus, obviating the need for
an additional transsyndesmotic screw. f, g Postoperative radiographs

the tibial incisura which has been addressed extensively
above. Treatment consists of anatomic reduction as early
as possible. When analyzing 5,123 consecutive ankle frac-
tures, Ovaska et al. [81] found a 1.6 % reoperation rate.
The majority of patients undergoing surgical revision had
malreduction of the syndesmosis (47 of 79, 59 %), most
commonly malposition of the distal fibula in the tibial
incisura. Secondary correction was successful in 84 %.
Heineck et al. [42] showed in a cadaver model that second-
ary correction can be performed reproducibly within 1.9°
of rotation and 1.5 mm of translation when using K-wires
for marking the deformity as assessed with CT scans. Cor-
rection of syndesmotic malreduction should be carried out
as early as possible to avoid late complications such as
chronic ankle instability and posttraumatic arthritis [90].
The overall rate of wound infections after ankle frac-
tures with or without syndesmotic disruption is <2 %
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Fig. 9 Complete tibiofibular synostosis at the distal portion of the
IOM leading to residual pain after a malleolar fracture with syndes-
motic disruption

[105]. High rates of infection and nonunion (17 %) have
recently been reported with high-energy transsyndesmotic
ankle fracture-dislocations (“logsplitter fracture™) [11]. The
rate of posttraumatic arthritis was 70 % in a series of 23
of these high-energy injuries, reflecting the amount of soft
tissue injury (more than half of the patients had open frac-
tures) and marginal involvement of the tibial plafond.
Failure of syndesmosis fixation is twelve times more
likely to occur in obese patients than in patients with nor-
mal weight when adjusting the data for injury severity [68].
Patients with complicated diabetes are 3.4 x more likely to
develop complications such as malunion or nonunion after
malleolar fractures than those without [89]. Multiple tibi-
ofibular screws, augmented fixation with bone cement and
fibular plate fixation with multiple screws have been sug-
gested to avoid failure of fixation in these patients [33, 89].
With tightrope fixation, wound problems and irritations
at the knot over the fibula have been described in 17 % of
cases [75]. Burying the knot in a recess beneath the fibular
periosteum has been suggested to eliminate this problem.
DeGroot et al. [22] observed osteolysis and subsidence of
the device into the bone in 4 of 24 cases and heterotopic
ossification in 3 of 24 cases after suture button repair.
Heterotopic ossifications at the distal tibiofibular joint
(Fig. 9) have been observed in up to 50 % of patients with
follow-up radiographs after syndesmotic injury [113]. The
prevalence has been reported to be higher with the use of
bioabsorbable screws [13]. The prevalence of a tibiofibu-
lar synostosis has been reported in 1.7-18.2 % [16, 86,
130]. Recently, Hinds et al. [44], in a study of 564 ankle
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fractures, identified male sex (OR = 2.82), syndesmotic
screw fixation (OR = 2.46) and tibiofibular dislocation
(OR = 1.74) as independent risk factors for the develop-
ment of a complete synostosis (as seen in 16.1 % of all
patients) and incomplete bony bridging (seen in 8.2 %).
Plantarflexion, dorsiflexion and inversion were significantly
reduced in patients with radiographic tibiofibular synosto-
sis [40]. Karapinar et al. [52] noted a higher rate of tibiofib-
ular synostosis after quadricortical screw fixation compared
with tricortical screw fixation. However, there was no dif-
ference in the functional outcomes after 2 years. Sympto-
matic synostosis requires surgical removal.

For reduced range, ankle of motion due to intra-articu-
lar adhesions following syndesmotic injury, arthroscopic
debridement and chondroplasty, if indicated, relieves symp-
toms in the short term [77, 78]. Han and colleagues [38]
reported significant functional improvement from arthro-
scopic marginal resection of chronically injured syndesmo-
sis ligaments irrespective of additional screw fixation, and
suggested that hypertrophy and impingement are the main
causes of pain in chronic syndesmotic injury.

Chronic syndesmotic instability results from inadequate
detection or fixation of syndesmosis disruptions. It is char-
acterized by continued pain, limited ankle range of motion
and the inability to perform on a preinjury level after syn-
desmosis injuries with or without malleolar fractures. Typi-
cally, patients report a sensation of giving way and pain
while walking on uneven grounds [90, 136]. Treatment
consists in a secondary, near-anatomic syndesmoplasty,
preferably with one half of the peroneus longus tendon
[35].

Olson et al. [79] reported favorable results of tibiofibu-
lar arthrodesis in ten patients at a minimum follow-up of
2 years. Two patients required reoperation but no second-
ary ankle fusion became necessary. However, the poten-
tial problems of tibiofibular synostosis as discussed above
should be borne in mind.

Results

The results of non-operative, functional treatment of syn-
desmosis sprains without diastasis are favorable with good
to excellent outcomes reported in 86—100 % and full return
to sports in almost all cases [4, 34, 113].

The pioneers of operative fracture treatment, Chaput and
Quénu, already found that malleolar fractures with diastasis
carry a worse prognosis than those without [17]. In recent
clinical studies, the mere presence of a syndesmotic injury
is a negative prognostic factor in malleolar fractures [27,
127].

There is evidence from numerous clinical series that
anatomic reduction of the distal fibula within the incision at
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the distal tibia is the single most important prognostic fac-
tor in the treatment of malleolar fracture with syndesmotic
disruption [18, 26, 54, 75, 95, 127, 128]. Chissel and Jones,
in a study of 43 patients with Weber type C ankle frac-
tures, of which 31 were treated with a syndesmosis screw,
found that a syndesmotic widening of more than 1.5 mm
was associated with an unacceptable outcome at 2—8 years
follow-up [18]. Sagi et al. [94] when comparing severe
with non-severe ankle fractures requiring syndesmotic
stabilization still found syndesmotic malreduction to give
significantly worse outcomes in both groups. Wikergy et al.
[128] at a follow-up of 8.4 years noted poorer functional
scores in patients with a difference in the syndesmotic
width between the operated and the non-operated ankle
of 1.5 mm or more. Although several studies suggested an
overuse of the syndesmosis screw, this did not adversely
affect the functional result [18, 90].
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