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Abstract

The distal tibiofibular syndesmosis is essential
for the stability of the ankle mortise. Injury to
the distal tibiofibular syndesmosis can lead to
mortise instability and should be treated with
syndesmotic stabilization to prevent long-term
complications and degenerative osteoarthritis.
Syndesmotic injuries can occur in isolation but
are often accompanied by a fracture and are
most commonly due to external rotation
trauma of the foot. Diagnosing syndesmotic
injury can be challenging and should include
a complete anamnesis and physical examina-
tion. Radiological evaluation can be of assis-
tance but cannot be completely relied
on. Treatment intends to restore the tibiofibular
stability. A number of treatment options have
been described of which the syndesmotic
screw is the most widely used. There is no
consensus on the number and diameter of
screws, the number of cortices, the location of
placement, and the after treatment.

Introduction

The distal tibiofibular syndesmosis plays an
essential role in the stability of the ankle mortise
and is therefore important for weight transmission
and walking (Close 1956; Rasmussen et al. 1982;
Hermans et al. 2010).

In general there are three types of syndesmotic
injury: Often, a syndesmotic injury is accompa-
nied with a fracture, it can also be an isolated
syndesmotic injury without a fracture, and the
last one is an isolated injury of the anterior inferior
tibiofibular ligament. In approximately 10 % of all
patients with ankle fractures, syndesmosis injuries
occur (Jensen et al. 1998) and approximately 20 %
of these patients require internal fixation (Seitz
etal. 1991; Thordarson et al. 1997). The incidence
of syndesmosis injuries is approximately 15 per
100,000 in the general population (Jensen
et al. 1998).

In ankle sprains the incidence of syndesmotic
injury is 1-18 % of all ankle sprains (Hopkinson
et al. 1990; Boytim et al. 1991; Pijnenburg 2006).
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Isolated injury of the anterior inferior tibiofibular
ligament occurs in 3 % of inversion trauma of the
ankle (Pijnenburg 2006). In the literature, with a
sprained ankle usually a lateral ankle sprain is
intended. This is because it is the most common
and there will be injury of the lateral collateral
ligaments. A high ankle sprain is defined as an
isolated injury of the syndesmotic ligaments.
Because clinical examination is generally not spe-
cific, the diagnosis is often missed, causing the
wide spread in incidence. There is a difference
between an injury of one or all syndesmotic liga-
ments and real instability of the distal tibiofibular
joint and the ankle mortise.

Anatomy and Biomechanics

The distal tibiofibular syndesmosis is a
syndesmotic joint formed by two bones and four
ligaments. The distal tibia and fibula form the
osseous part of the syndesmosis, and the lateral
aspect of the distal fibula is convex and fits into
the concave tibial incisure (Hermans et al. 2010).
In 75 % of cases, there are contact facets covered
with 0.5-1.0 mm thick cartilage joining the distal
tibia and fibula, thus forming a true synovial joint
(Bartonicek 2003).

The four ligaments are the anterior inferior
tibiofibular ligament (AITFL), the posterior infe-
rior tibiofibular ligament (PITFL), the inferior
transverse ligament (ITL), and the interosseous
ligament (IOL) (Hermans et al. 2010; Fig. 1).
The syndesmotic ligaments resist lateral and
anterior-posterior diastasis of the fibula from the
tibia. Beumer et al. (2003c) reported that, in an
intact syndesmosis, application of a 75 Nm exter-
nal rotation moment on the foot caused external
rotation of the fibula between 2° and 5° and pos-
terior displacement of the fibula between 1.0 and
3.1 mm. This force can be compared to the force
during the stance phase of gait. It has been shown
that | mm movement of the talus to lateral causes
42 % decrease of contact area of the tibiotalar
articulation. The individual syndesmotic stability
is 35 % for the AITFL, 33 % for the ITL, 22 % for
the IOL, and 9 % for the PITFL (Ramsey and
Hamilton 1976). The IOL proximal continues
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Fig. 1 [: tibia, 2: fibula, 3:
anterior inferior tibiofibular
ligament, 4: interosseous
ligament, 5: posterior
inferior tibiofibular
ligament, 6: inferior
transverse ligament
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into the interosseous membrane (IOM). The IOM
provides lateral translation of the fibula, and it has
been shown that it is an important stabilizer of the
ankle mortise in the absence of the syndesmosis
and the deltoid ligament (Close 1956).

In the literature, the term syndesmotic injury is
used to describe an injury of the syndesmotic
ligaments. This is misleading because the syndes-
mosis is a true joint.

Mechanism of Injury

External rotation of the foot, eversion of the talus,
and hyperdorsiflexion (Hopkinson et al. 1990;
Boytim et al. 1991; Scranton 2002) are the most
common causes of syndesmotic injuries. These
injuries are most prevalent in contact sports,
such as hockey, football, and rugby. External rota-
tion injures the structures of the syndesmosis by
widening the mortise (Turco 1997; Taylor and
Bassett 1993).

The forces which arise in this type of injury
cause the talus to rotate externally, thereby push-
ing the fibula externally away from the tibia, tear-
ing one or more of the syndesmotic ligaments
(Lauge-Hansen 1950; Wuest 1997). Widening of
the ankle mortise that causes syndesmotic injury
can also be the result of hyperdorsiflexion. The
anterior aspect of the talar dome of the talus is
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wider than the posterior aspect causing the wid-
ening of the ankle mortise during dorsiflexion.
With hyperdorsifiexion the forces become too
high and the talus pushes the malleoli apart
(Pankovich 1976) causing a sprain or rupture of
the AITFL and PITFL (Turco and Gallant 1995).
Syndesmotic injury is mostly combined with a
fibular fracture such as Danis-Weber C/prona-
tion-external rotation or pronation abduction
(Riegels-Nielsen et al. 1983) and less frequently
Danis-Weber B/supination-external rotation inju-
ries (Heim et al. 2002). Some authors assume that
the IOM is disrupted to the level of the fibular
fracture and the higher the fibular fracture, the
higher the changes of syndesmotic instability
(Boden et al. 1989; Kennedy et al. 2000). Nielson
et al. (2004) showed that the level of the fibular
fracture does not correlate reliably with the level
of interosseous membrane injury.

In American football and skiing, isolated rup-
tures of the syndesmosis caused by external rota-
tion are reported but are rare (Fritschy 1989; Veltri
et al. 1995; Pijnenburg 2006). The trauma mech-
anism of isolated AITFL rupture is an inversion/
supination trauma of the ankle (Brostrom 1965;
Fritschy 1989; Hopkinson et al. 1990; Uys and

Rijke 2002).
Not all syndesmotic injuries lead to
syndesmotic instability. When an unstable

syndesmotic injury is not recognized and
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therefore untreated, it can cause degenerative
changes leading to osteoarthritis and chronic pain.

Diagnoses
Symptoms

There are no specific symptoms that indicate
syndesmotic injury, but pain in the anterolateral
part of the ankle, swelling, inability to weight
bear, pain during the push off phase of gait, and
a feeling of giving way may be suggestive of an
injury of the syndesmotic ligaments (Hopkinson
et al. 1990). When there is a combination of
syndesmotic injury with lateral ligament injury
or an ankle fracture, the symptoms are not
reliable.

Physical Examination

There are a number of special tests described to
diagnose a syndesmotic injury in the absence of a
fracture. The most common are the external rota-
tion test when an external force is applied to the
foot with stabilization of the leg (Boytim
et al. 1991); the squeeze test, a compression of
the fibula to the tibia above the midpoint of the
calf (Hopkinson et al. 1990); the fibular transla-
tion test to move the fibula from anterior to pos-
terior compared to the tibia (Ogilvie-Harris
et al. 1994); and the Cotton test, where one trans-
lates the talus in the ankle mortise from medial to
lateral with stabilization of the distal leg (Cotton
1910). The tests are positive if they provoke pain
in the syndesmosis region, rather than increased
displacement (Beumer et al. 2003).

The external rotation test has the lowest
interobserver disagreement and the highest sensi-
tivity (Alonso et al. 1998; Beumer et al. 2003;
Sman et al. 2013). A functional stabilization test
can also be subscribed (Harper and Keller 1989):
A stabilizing tape bound the tibia and fibula
tightly together. The patient is asked to stand,
walk, and perform a toe raise and jump. When
the pain is reduced after taping, the test is consid-
ered positive, suggesting a syndesmotic injury.
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The clinical tests may raise the suspicion of a
syndesmotic injury, but they are not accurate in
predicting syndesmotic instability (Beumer
et al. 2003; Sman et al. 2012). Additional diag-
nostics may be necessary in almost all cases.

When syndesmotic injury is associated with an
ankle fracture, clinical tests are not reliable. This
is because of the pain, swelling, and dislocation
that are associated with the fracture.

Imaging

When there is a suspicion of syndesmotic injury, a
standard mortise and lateral ankle radiography are
the first type of imaging. Fractures can be ruled
out or diagnosed. In case of an ankle fracture that
requires surgery, further diagnostic is not neces-
sary because the syndesmotic stability will be
tested intraoperatively. The radiographs consist
of a weight-bearing anterior to posterior (AP), a
lateral view, and a mortise view. For evaluating
diastasis of the fibula from the tibia, the radio-
graphic parameters established by Harper
et al. can be used (Harper and Keller 1989).
These radiographic parameters are tibiofibular
clear space, tibiofibular overlap, and medial
tibiotalar clear space. A tibiofibular clear space of
more than 6 mm or a tibiofibular overlap less than
6 mm on an AP view is suggestive for syndesmotic
injury. This also applies for a tibiofibular overlap
less than 1 mm or a medial tibiotalar clear space of
more than 4 mm on a mortise view (Harper and
Keller 1989; Evans and Schucany 2006; Fig. 2).
All three parameters are affected by rotation of the
tibia. The tibiofibular clear space on an AP view is
the least unreliable of the three parameters because
it is not significantly influenced by rotation of the
tibia (Pneumaticos et al. 2002). Standard radiogra-
phy will identify more severe injury but may not
reveal mild instabilities (Beumer et al. 2003), and
by a high rate of false negatives (Takao et al. 2003),
normal radiographs cannot rule out syndesmotic
instability.

On CT scans, the degree of deviations from
normal tibiofibular clear space, tibiofibular over-
lap, and medial tibiotalar clear space is more pre-
cise than at radiography (Ebraheim et al. 1997).
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Fig. 2 Left: schematic
view. /: tibia, 2: fibula, 3:
incisura fibularis, 4: talus, 5:
tibiofibular clear space, 6:
tibiofibular overlap, 7:
medial tibiotalar clear
space. Right: radiographic

view: evident enlarged (1)
tibiofibular and medial et
tibiotalar clear space ( 1/
& @
ANTERIOR

MRI can effectively image the structures of the
syndesmosis with high interobserver agreement
(Muhle et al. 1998). In acute injuries MRI has
93 % specificity and 100 % sensitivity for injury
ofthe AITFL and 100 % specificity and sensitivity
for injury of the PITFL compared to arthroscopy
(Takao et al. 2003). In chronic syndesmosis injury
sensitivity and specificity of MRI are 90 % and
95 %, respectively (Han et al. 2007). These stud-
ies are based on MRI in axial plane. Hermans
et al. showed that a 45° oblique MRI plane has
additional value in detecting an injury of the
AITFL and the PITFL of their anatomical oblique
course (Hermans et al. 2012).

It is important to determine or rule out if there
is diastase of the fibula from the tibia, because it
has consequences if it is left untreated. Isolated
injury of the AITFL will not cause diastasis of the
fibula from the tibia and therefore imaging is less
important in the acute phase. If symptoms persist,
imaging is indicated.

Arthroscopy

During arthroscopy, a stress test can be performed
or a probe can be introduced in the distal
tibiofibular joint to evaluate the stability of the
syndesmosis. The intraoperative fluoroscopic
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external rotation stress tests are one of the test
most often used (Jenkinson et al. 2005); the
other is the Cotton test (Cotton 1910). An abnor-
mal course or discontinuity of the ligament, a
decrease in its tension, and a positive arthroscopic
stress test are diagnostic criteria for syndesmotic
instability. Takao et al. (2003) described that
arthroscopy provides 100 % accuracy in detecting
syndesmotic injuries (Fig. 3).

Intraoperative Assessment in Surgical
Fixation of Ankle Fractures

It is difficult to predict syndesmotic instability
preoperatively; therefore, intraoperative assess-
ment is essential. The external rotation stress
tests (Jenkinson et al. 2005) and Cotton or hook
test (Cotton 1910; van den Bekerom 2011; Fig. 4)
are the most widely used. These tests should
always be performed after fixation of lateral (and
medial or even posterior) malleolar fractures
because syndesmotic injury combined with stable
or stabilized medial and lateral malleoli does not
always result in syndesmotic instability. Due the
potential severe osteoarthritis of the mal-reduced
ankle, whenever surgeons are in doubt about
syndesmotic instability, fixation of the distal
tibiofibular joint should be performed.
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Fig. 3 Arthroscopy
syndesmotic injury. (a)
tibia, (b) distal tibiofibular
syndesmosis, (¢) talus, (d)
enlarged tibiotalar clear
space

Fig. 4 Intraoperative hook test

Treatment of Syndesmotic Instability

Operative Treatment of Syndesmotic
Instability

There is an abundance of literature concerning the
operative treatment of syndesmotic instability.
A variety of syndesmotic fixation techniques have
been described such as bioabsorbable screws, sta-
ples, cerclage wires, ank nails, bolts, and the
syndesmotic hook; however, these are only
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sparsely noticed in literature and are not widely
used (Burns 1942; Farhan and Smith 1985; Grady
et al. 1995; Kara et al. 1999; Kabukcuoglu
et al. 2000). Recently the use of a flexible implant
has shown to be a safe and secure method, at least at
the short term (den Daas et al. 2012). Most sur-
geons use the syndesmotic stabilization screw
because of the wide experience, simple use, and
good results. However, also the different technique
options with the screw have been subject to debate.

Diameter of Screw

Both 3.5 and 4.5 mm screws for syndesmotic fixa-
tion are widely used, although in recent years there
seems to be a tendency of favoring 3.5 mm screws
(Monga et al. 2008; Bava et al. 2010; Schepers
et al. 2012). In a study in which both screw diam-
eters were biomechanically compared, no advan-
tage was found for a 4.5 mm screw over a 3.5 mm
screw (Thompson and Gesink 2000). Suggestions
to adjust the diameter of the screw to the size of the
fibula and tibia (as well as the length of the screw)
have been made and seem, based on the literature
available, justified (van den Bekerom et al. 2008).
In a more recent biomechanical study, screw size
and the number of engaged tibial cortices had no
significant effect on mechanical stability of the
distal fibula (Markolf et al. 2013).

Number of Screws

In a biomechanical study, two screw fixations
were found to be superior to single screw fixation
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when applying external rotation to the ankle
(Xenos et al. 1995). This was based on the higher
external rotation force needed to induce failure of
the fixation method. The value of this outcome for
clinical practice is however doubtful. Hoiness and
Stromsoe hypothesize that there were no func-
tional differences in outcome, comparing one
4.5 mm quadricortical screw with two 3.5 mm
tricortical screws, because of the same number
of tibial cortices engaged in these two treatment
options (Hoiness and Stromsoe 2004). In a ran-
domized trial, the double tricortical screw fixation
had higher functional scores after 3 months com-
pared to a single quadricortical fixation. After
1 year, no significant differences were found and
long-term results showed no significant difference
(Wikergy et al. 2010). Suggestions on the use
of two screw fixation in certain cases have
been made. Duchesneau and Fallat suggest the
use of a quadricortical screw or two tricortical
screws in mild to moderate diastasis and two
quadricortical screws in complete instability in
Maisonneuve fractures (Duchesneau and Fallat
1995). Thordarson (2004) recommends multiple
quadricortical screw fixation in diabetics even in
stable syndesmosis, in case of high risk for devel-
oping charcot arthropathy. The use of two screw
fixation in obese or noncompliant patients has
been made (van der Griend et al. 1997).

Number of Cortices

Four-cortical fixation provides more rigid stabil-
ity, compared with tricortical fixation in
syndesmotic instability. This method leads to
less physiological movement in the ankle mortise.
It is unclear if this will influence clinical outcome.
In biomechanical research, no difference was
found in strength of fixation of the syndesmosis
through three or four cortices (Beumer et al. 2005;
Nousiainen et al. 2008; Markolf et al. 2013). In a
prospective randomized study, Moore et al. stabi-
lized 127 people with syndesmotic disruptions
with 3.5 mm cortical screws placed through three
or four cortices. No differences were found in loss
of reduction, screw breakage, or need for hard-
ware removal (Moore et al. 2006). The prior
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mentioned statement of Duchesneau and Fallat to
place a quadricortical screw or two tricortical
screws in mild to moderate diastasis and two
quadricortical screws in complete instability in
Maisonneuve fractures could also be useful in
this case. Also the removal of broken screws
may be easier in quadricortical fixation compared
to tricortical fixation.

Position of the Screw

The anatomical position of the fibula is posterior
in respect to the tibia; therefore, a 30° anterior
placement is advised to restore the fibula in
the fibular notch (Hahn and Colton 2000).
To prevent a proximal shift of the fibula, it has
been recommended to place the screw parallel to
the tibiotalar joint (Whittle 1998). Literature
regarding the position of the screw in respect
to the tibial plafond is not conclusive. McBryde
et al. advised placement 2 cm above the
tibiotalar joint because they found less
syndesmotic widening in external rotation com-
pared to screws placed at 3.5 cm proximal to the
tibial plafond (Mcbryde et al. 1997). Kukreti,
Faraj, and Miles evaluated the clinical and radio-
logical outcomes in patients who had a transsyn-
desmotic screw placed and those who had a
suprasyndesmotic syndesmotic screw placed.
They reported no significant difference in terms
of clinical and radiological outcomes (Kukreti
et al. 2005).

Position of the Foot

Olerud reported in their cadaver study a
decreased dorsal flexion of 0.1° for every degree
of plantar flexion at implantation and therefore
advised to place the syndesmotic screw with the
foot in dorsiflexion (Olerud 1985). This could be
explained by the anatomical properties of the
talus. The wider anterior part of the talus could
widen the mortise in dorsal flexion, placing the
screw in neutral, or plantar flexion could impair
this widening and therefore impair dorsal flexion.
Tornetta et al. (2001) concluded that dorsal
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flexion of the ankle was not required during
syndesmotic fixation to avoid loss of dorsal
flexion after stabilization. In a randomized clini-
cal trial by Rao, Muzammil, and Khan, no differ-
ence on the postoperative range of motion was
seen when placing the syndesmotic screw with
the ankle in neutral or 20° dorsiflexion (Rao
et al. 2009).

Arthroscopy

Beside the previously mentioned diagnostic value
of ankle arthroscopy in syndesmotic injury,
arthroscopy can also contribute to the manage-
ment of syndesmotic instability. When reducing
the fibula in the fibular notch, ankle arthroscopy
can monitor the anatomical reduction (Sri-Ram
and Robinson 2005). Especially in Maisonneuve
fractures, this can be a useful tool. Concomitant
intra-articular injury such as chondral lesions can
be monitored and treated when possible (Bekkers
and Pijnenburg 2007).

Postoperative Management

It has been advised to start weight-bearing after
screw removal because of the risk of abnormal
ankle function or screw breakage (Needleman
et al. 1989; Bell and Wong 2006). Beumer et al.
(2005) advised to wait for weight-bearing after
screw removal based on their findings that the
syndesmotic screw cannot prevent excessive
syndesmotic widening when loaded with a load
comparable to body weight. Several clinical stud-
ies however found no difference in functional
scores, pain, and range of motion between
retained and removed screws. In a study by
Manjoo et al., removed, broken, and loose screws
had even better functional outcome than those
with intact screws in situ. Hoiness compared out-
come in patients with syndesmotic instability
treated with one quadricortical screw or two
tricortical screws. The quadricortical screw was
routinely removed, whereas the two tricortical
screws were retained. The authors did not find
significant differences in functional scores, pain
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scores, and maximal dorsal flexion after 1 year
(Hoiness and Stromsoe 2004).

Schepers reviewed clinical studies on the need
for removal of the syndesmotic screw and con-
cluded that the fear of less favorable outcome in
retained screws seems unfounded. The author
reported that screw removal could be considered
if the positioning screw causes physical com-
plaints, which is rare in tricortical placement
(Schepers et al. 2011). In addition, the removal
of the syndesmotic screw is accompanied by a
complication rate of over 20 % (Schepers 2011;
Hsu et al. 2011).

Complications

Complications due to fixation of the disrupted
distal tibiofibular syndesmosis can occur. Inade-
quate reduction, even minimal, can result in
tibiotalar joint incongruences which can lead to
degenerative changes and poor clinical outcome
(Klossner 1962; Ramsey and Hamilton 1976; de
Souza et al. 1985). The rigid screw fixation of a
joint, where normally physiological motion
occurs, can result in syndesmotic screws breakage
or loosening. However, the clinical consequences
of this phenomenon seem minimal.

Synostosis formed after syndesmotic liga-
ments injury and syndesmotic screw placement
have been reported (Albers et al. 1996). It is
unclear if this is the result of the syndesmotic
injury and subsequent hematoma which
ossificates, the use of a syndesmotic screw, or
both (Kaye 1989). Synostosis does not require
treatment, especially if the ankle has good range
of motion (Lindsjo 1981). Removal of the synos-
tosis is advised only in active patients after matu-
ration of the synostosis (van den Bekerom
et al. 2013). Young and sportive patients might
benefit from excision of the symptomatic ossifi-
cation (Kottmeier et al. 1992; Veltri et al. 1995).
Removal, breaking, or loosening of the screw
before the ligaments have completely healed
may induce recurrent diastasis (Donatto 2011)
leading to chronic syndesmotic instability which
is a difficult clinical problem (Roberts 1983;
Whittle 1998).
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Chronic Syndesmotic Instability

Syndesmotic injury can result in chronic
syndesmotic instability. This is a challenging
problem. In the literature, both mechanical and
functional chronic instabilities are described
(Freeman 1965). In mechanical instability clinical
and radiographic criteria can be objectively
documented. Functional instability is based on
clinical symptoms only. With clinical examination
stiffness, limited dorsiflexion in the tibiotalar
joint, persistent pain, and swelling in the
anterolateral aspect of the syndesmosis can be
found. Radiographic examination should include
the Cotton and the fibula translation tests, in
which the possible motion of the fibula in respect
to the tibia is compared to the contralateral side
(van Dijk 2005). The type of management of
chronic syndesmotic instability depends on the
time elapsed after the initial trauma. In patients
with subacute (6 weeks to 6 months) syndesmotic
instability, the ruptured ligament is repaired and
protected with placement of a syndesmotic screw.
In chronic syndesmotic instability the ankle mor-
tise should be restored with the creation of a distal
tibiofibular  synostosis (van den Bekerom
etal. 2009). Although good results with late repair
of syndesmotic instability have been described,
treatment in the acute phase should always be
pursued.

Conclusion

The distal tibiofibular syndesmosis is essential for
the stability of the ankle mortise. Injury to the
distal tibiofibular syndesmosis can lead to mortise
instability and should be treated with syndesmotic
stabilization to prevent long-term complications
and degenerative osteoarthritis.

External rotation of the foot, eversion of the
talus, and hyperdorsiflexion are the most common
causes of syndesmotic injuries.

There are a number of special tests described to
raise the suspicion of a syndesmotic injury, but
they are not accurate in predicting syndesmotic
instability. Additional diagnostics may be
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necessary in almost all cases. To make the diag-
nosis radiography, CT and MRI are used. MRI is
the more specific and sensitive compared with
arthroscopy which has an accuracy of 100 %.

It is difficult to predict syndesmotic instability
preoperatively; therefore, intraoperative assess-
ment is essential.

There is no evidence favoring a 4.5 mm screw
over a 3.5 mm screw or vice versa. Screw diam-
eter might therefore be adjusted to the preference
of the surgeon. No benefit of placing two screws
has been reported. Multiple screw placements
could be considered in instability in Maisonneuve
fractures, diabetic, and/or obese patients. The
most widely used methods of syndesmotic stabili-
zation are the conventional syndesmotic screw and
the flexible implant. Other methods of fixation are
only sparsely mentioned in literature. In biome-
chanical studies minimal anatomical and functional
changes of the stabilized ankle have been
described. In clinical studies no functional limita-
tions of the syndesmotic screw were found, not
even with broken or loosened screws. Retainment
of the syndesmotic screw might therefore be con-
sidered in asymptomatic ankles. Weight-bearing in
a plaster should be allowed postoperatively if an
adequate osteosynthesis has been obtained. The
consequences of not or late recognizing
syndesmotic instability are serious. Complications
of syndesmotic stabilization however are rare.
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