HIGH ANKLE SPRAINS (SYNDESMOTIC) IN ATHLETES:
DIAGNOSTIC CHALLENGES AND REVIEW OF THE LITERATURE

A. Molinari, M. Stolley, BSN, A. Amendola, MD

INTRODUCTION

Although ankle injuries are among the most common
injuries that occur in athletes, the severity and degree
of these injuries vary greatly owing to the complexity
of the ankle and surrounding structures. Compared
with lateral ankle sprains, syndesmotic or high ankle
sprains occur less often in the general and sport popula-
tions and usually experience a longer recovery period
further compounding the difficulty of evaluating and
treating this type of injury. Syndesmotic injuries that
have radiographic widening as evidence of disruption
are relatively straightforward in terms of making the
diagnosis, and therefore directing treatment. However,
as seen much more commonly in sports, those sprains
with normal radiographic joint and bony relationships are
much more difficult to assess in terms of severity. The
reason for the difficulty is that diagnosis is dependent
on subjective clinical findings. As a result, these present
a significant diagnostic and treatment dilemma for the
sports medicine physician. It would be advantageous
to be able to delineate the severity of injury in syndes-
motic sprains without obvious widening or mechanical
abnormalities. The purpose of this paper is to review
the literature as a means of elucidating any diagnostic
radiographic findings, including MR imaging, with the
anticipation this review may lead to further research
directions on this topic.

BACKGROUND

Reports of syndesmotic sprain incidence vary from 1%
to 11% of all ankle injuries.'? Jones et al. conducted an in-
depth analysis of several studies and found that time lost
from sport due to syndesmosis sprains ranged from 0 to
137 days, with averages ranging from 10 to 14 days up
to 52 days.? The ranges stated illustrate the variability in
degree and severity of syndesmotic ankle injury. Further-
more, research conducted on the evaluation and treat-
ment of syndesmotic ankle sprains has been relatively
nominal, although interest has grown in recent years.*’
In a study done by Wright et al. on National Hockey
League players, out of 14 syndesmosis ankles sprains
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examined, only one player showed mortise diastasis on
stress x-rays although 74% of ankle injuries studied were
syndesmosis injuries.'® Nussbaum et al. also found a low
number of radiographs with mortise widening; only 1
out of 17 athletes tested demonstrated widening on his
radiograph.!! Therefore, there lies a great importance
in augmenting our evaluation and imaging techniques
as well as our understanding of the mechanisms and
anatomy of tibiofibular syndesmotic injuries in order
to improve assessment and management of high ankle
sprains with a normal mortise relationship.

ANATOMY

An appreciation of the anatomy related to the syn-
desmotic relationship is essential in understanding the
injury and related pathoanatomy and radiographic find-
ings. In the inferior tibiofibular syndesmosis, the distal
fibula (with a convex surface) unites with the distal tibia
(with a concave surface).®'2® The three ligaments that
help stabilize this articulation are the anterior tibiofibular
ligament (AITFL), the superficial and deep components
of the posterior tibiofibular ligament (PITFL), and the in-
terosseous ligament or membrane. The AITFL originates
from the anterolateral tubercle of the tibia and its fibers
run in an oblique direction, distally and laterally insert-
ing on the longitudinal tubercle on the anterior border
of the lateral malleolus.***' This ligament may consist of
two to three bands or be multi fascicular.'® The AITFL
is wider at the tibial insertion than at the fibular inser-
tion, and has been described as having a triangular®® or
trapezoidal shape.”'**> The PITFL consists of superficial
and deep components,5'2!* although some categorize the
deep component as a separate ligament.’>'> The super-
ficial component fulfills the same purpose as the AITFL
holding the fibula and tibia together. Originating from
the posterolateral distal fibula, the PITFL runs more hori-
zontally and inserts on the posteromedial distal tibia. The
deep component, also known as the inferior transverse
ligament, is a strong collection of fibers located below
the posterior tibial margin and runs from the posterior
ridge of the tibia to the lateral malleolar fossa even more
horizontally than the superficial component.5*

The interosseous membrane (IOM) facilitates the
prevention of posterolateral bowing of the fibula during
activities that place stress on the fibula.!'” The IOM con-
nects the tibia and fibula along nearly the entire length
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Figure 1A, B. AP and Lat x-ray of 18 year old football player with
high ankle sprain. AP shows lack of tibio fibular overlap.

of the medial aspect of the two bones and separates the
anterior and posterior muscles in the leg.'? Located just
above the talocrural joint, the interosseous ligament is
a collection of fibers at the distal end of the IOM that
mostly run from the tibia to the fibula.'*'¢ Its function has
been described as spring-like, allowing the medial and
lateral malleolus to slightly separate during dorsiflexion
at the ankle joint.>¢

PATHOANATOMY

Considering the anatomy, the usual injury pattern of
syndesmosis sprains will be easier to understand. In an
incomplete syndesmotic sprain, the anterior portion of
the AITFL (need to be consistent with abbreviation—
choose ATFL or AITFL)may be partially or completely
torn as a result of the fibula separating from the tibia in
an external rotation mechanism, for example. Although
this ligament may be completely torn, normal x-rays
taken will still appear to be normal (no mortise widening)
as the PITFL (need to be consistent with abbreviation)
and interosseous membrane provide enough stability to
hold the ankle joint in place (see Figures 1A-B, 2A-D,
3A-B, 4A-B). However, a comprehensive physical ex-
amination of the ankle joint should indicate a significant
ankle injury, usually because the patient has difficulty
pushing off and weight bearing, arousing suspicion of
a syndesmosis sprain.

On the other hand, in cases where complete disrup-
tion has occurred and mortise widening is present, the
diagnosis is generally very clear (see Figure 5). In
addition to trauma to the anterior tibiofibular ligament,
the deltoid ligament, the posterior tibiofibular ligament
and interosseous membrane may be affected as well. As
a result, the ankle becomes much less stable and the

Figure 2. MRI visualization of syndesmosis sprain through injury
to the AITFL and PITFL A, B, C: Edema in the area of the PITFL
attachment on the tibia, but the ligament is intact; D: AITFL intact
therefore likely ER mechanism, not inversion; E: AITFL is disrupted.
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Figure 3. Arthroscopic view with missing anterior inferior tibio fibular
ligament (evidence for disruption).

4A

Figure 4 A, B. AP and Lat post arthroscopic debridement and fixa-
tion with syndesmosis screw.

mortise relationship is not able to be maintained, thus
easily seen on radiographs. As mentioned above,mortise
widening only occurs in a small percentage of syndes-
motic injuries'®!! and usually the radiographic diagnosis
is difficult with those partial injuries.

MECHANISM

Although less frequent in the general population,
Boytim et al. noted that there was a greater incidence in
the professional football population included in a study
on syndesmosis injuries.’® High ankle sprains are more
common in collision sports including football, ice hockey,
and soccer'® (see Figures 6A, 6B). This suggests that
athletes participating in such sports are more susceptible
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Figure 5. Radiographic AP view of mortise wid

to syndesmosis injuries. Fritschy et al. also did a study
on Olympic skiers that experienced external rotation
and syndesmotic injury due to the twisting nature of the
sport and the rigidness of ski boots.'? External rotation
has been described as the most common mechanism
for this type of injury,“'*1%% but there have also been
reports of hyperdorsiflexion associated with external
rotation,5® axial loading of the ankle,!! and inversion.!
Although these are the major mechanisms which have
been discussed, any mechanism which results in a force
on the separation of the tibia and fibula or a rotation of
the talus within the mortise is significant.
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Figure 6A. External rotation mechanism as often observed in football
but can occur in other sports. Drawing courtesy of the late Dr. J.
C. Kennedy.

Figure 6B. Axial loading and hyperdorsiflexion mechanism observed
in baseball players sliding into a base; can occur in other sports.
Drawing courtesy of the late Dr. J. C. Kennedy.

DIAGNOSIS

In regards to evaluation of syndesmosis sprains,
there remains a controversy over the most effective ap-
proach.”3%122 In the physical examination, evaluation of
the syndesmosis is commonly conducted using localiza-
tion of pain, anatomic palpation, and a variety of stress
tests including the squeeze test, the external rotation
test, the fibula-translation (drawer) test, the Cotton test,
and the crossed-leg test.?59182023

Figure 7B. Functional activity improves with the taping technique,
confirming syndesmotic instability.

EXAMINATION OF THE SYNDESMOSIS SPRAIN
(NORMAL MORTISE RELATIONSHIP)

In a syndesmosis without any mortise widening,
physical examination may become an important part of
diagnosing the patient. Upon reviewing the mechanism
involved in a patient’s injury, suspicion of a syndesmo-
sis sprain may be raised. If palpating the areas usually
affected in a high ankle sprain (AITFL, PITFL, medial
malleolus) causes pain, the examiner may surmise fur-
ther that the syndesmosis is involved in the injury.>%182
The stability of the ankle joint may be examined by
asking the patient to perform a number of maneuvers
including performing a toe raise, walking, and jumping.
In a gait analysis performed by Spaulding, findings
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Figure 8. External rotation stress test reproduces pain in the syn-
desmotic area.

showed that syndesmosis injury decreased the ability
to push off of the toes while walking, and therefore the
above-mentioned actions should be painful or hindered
if there is a syndesmosis injury. Described by Williams
et al., Amendola has incorporated the “stabilization
test,” which is performed by tightly taping patient’s leg
just above the ankle joint in an attempt to stabilize the
syndesmosis’ (see Figure 7A). If toe raises, walking,
and/or jumping are less painful upon taping, this would
indicate a positive test result’ (see Figure 7B). The
Cotton test, performed by translating the talus medial
to lateral within the mortise, may also indicate deltoid
ligament injury associated with the syndesmosis sprain
if increased translation or pain is noted.*?? Finally, as
external rotation is one of the more common mecha-
nisms, the external rotation test proves to be useful in
confirming suspicions of syndesmosis involvement in
the injury (see Figure 8).5%1120.23

IMAGING

Although helpful in identifying problematic areas,
these physical tests are mostly used in conjunction
with radiographic findings. With imaging, the ankle
may be examined in the anteroposterior (AP), lateral,
and mortise views. The mortise view is another form
of the AP view internally rotating the tibia by 15° to
20° which allows a better visualization of any diastasis
in the syndesmosis.® Again, with sprains these views
will be normal.
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SYNDESMOSIS INJURIES WITH
MORTISE WIDENING

Among the AP and mortise views, there are a number
of measurements taken in an attempt to quantify the
severity of the injury. On the AP view, the tibiofibular
clear space (TFCS) is measured horizontally between
the lateral border of the posterior tibial malleolus at
its widest point and the medial border of the fibula.?>?
Also measured horizontally on the AP view, tibiofibular
overlap (TFO) is the distance between the medial bor-
der of the fibula and the lateral border of the anterior
tibial tubercle.?*? Finally, the medial clear space (MCS)
measured on the mortise radiograph is described as
the distance between the lateral aspect of the medial
malleolus and medial border of the talus.?>* There re-
mains a controversy over the reliability of these three
parameters,>”?>% although a study conducted by Nielson
et al. indicates a correlation between MCS widening and
deltoid ligament tears.? Beumer et al. also proposes
that syndesmotic injury may be indicated by a unilateral
absence of TFO.%

Even though the combination of physical examina-
tion and radiology is the more common diagnostic tool
in the field of orthopaedics, a number of studies have
found that radiographic measurements fail to be entirely
reliable due to the difficulty in accurately positioning
the ankle even in ideal laboratory conditions.?**” There-
fore, other forms of radiology, including CT (Computed
Tomography) and MRI (Magnetic Resonance Imag-
ing) have been utilized in order to improve accurate
diagnosis.”#?122% It has been noted that CT is more
effective at picking out 2-mm and 3-mm diastases than
plain radiography.?” Although CT is more sensitive than
radiography in visualizing the syndesmosis, more subtle
1-mm diastases remain difficult to pick out in a CT scan.?
Taser et al. introduced a novel solution to this problem.
Taser used CT in order to render a three-dimensional
reconstruction of the tibiofibular joint space thereby
allowing calculations of the volume.? In this manner, us-
ing CT to render three-dimensional images may enable
the physician to more effectively grade the severity of a
syndesmotic ankle sprain when compared to the normal
joint volume.

SYNDESMOSIS SPRAINS:
NORMAL MORTISE RELATIONSHIP

Initial investigation should include routine x-rays. Oc-
casionally there may be some suggestion of injury, but
not commonly. On a delayed basis, calcification may oc-
cur at the posterior tibia and the interosseous membrane
following the initial injury (see Figure 9).

Under normal mortise relationship, it remains difficult
diagnosing a syndesmosis sprain with plain radiography.
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Figure 9. AP view calcification in the interosseous space 2 mos after
a high ankle sprain.

If there is suspicion of a syndesmotic injury but no
evidence on a plain x-ray, one may choose to perform
stress views. These may be performed manually or with
aTelos stress device. Beumer et al. utilized the Telos de-
vice (Austin and Associates) on cadaver specimens and
concluded that external rotation stress radiostereometric
analysis (RSA) is useful in detection of some forms of
syndesmotic instability.?® However, we have found that
due to the stability of the mortise these stress views
will usually be stable unless it is a complete disruption.
(see Figure 10)

Owing to this uncertainty, close follow-up should be
conducted on the patient. Moreover, follow-up is also
important in regards to delayed heterotropic ossifica-
tion occurring on the posterior aspect of the tibia and
the distal portion of the interosseous membrane.*118
2 If trauma occurred in the PITFL or the IOM, bleed-
ing may have occurred and subsequently healed as an
abnormal formation of bone on these surfaces. It has
been noted in the literature that this may not be visible
until 6 months after the injury. This reinforces the im-
portance of following up on syndesmosis sprains even
after symptoms have subsided.

Figure 10A. External rotation stress test using the Telos device to
apply force to the syndesmosis.

Figure 10B. Radiographic view of the ankle while utilizing the Telos
external rotation stress test.

In a CT scan of an ankle with normal mortise relation-
ship, visualization of any diastasis will not be applicable.
Therefore, CT has another useful application in order
to detect an additional injury associated with some syn-
desmosis sprains: avulsion fractures. Avulsion fractures
occur when a fragment of bone tears away from the main
mass of bone where a ligament attaches. In syndesmo-
sis sprains, avulsion fractures may occur on either the
anterior or posterior aspect of the tibia and have been
noted to occur in up to 50% of syndesmosis injuries.?
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Figure 11. CT view of anterior and posterior avulsion fractures of
the tibia as a result of syndesmosis sprain.

In this case, CT becomes an important radiographic
tool owing to the fact that avulsion fractures can occur
without diastasis (see Figure 11). Therefore, if CT is not
utilized this type of fracture may be missed.

MRI provides yet another important method of di-
agnosing syndesmosis injuries with a normal mortise
relationship. Looking at MRI films, it becomes much
easier to visualize ligament tears, ankle joint fluid leak-
ing into the tibiofibular space, and edema.*** Therefore,
syndesmosis sprains may again be identified despite an
ankle appearing normal on plain x-ray. Oae et al. found
that obtaining transverse sections offered the view most
useful for evaluation of the tibiofibular syndesmosis.
Furthermore, in their MR imaging study, the two crite-
ria that they employed in assessing ligament disruption
were ligament discontinuity and either a wavy or curved
ligament contour or nonvisualization of the ligament.”

Utilizing MR imaging, soft tissue injuries are visual-
ized more extensively than plain radiography, allowing
the observer to improve assessment of syndesmotic
diastasis and ligament damage.*”* Numerous studies
have indicated a much higher accuracy, sensitivity, and
specificity associated with MR imaging when confirmed
by ankle arthroscopy.”®*?? Furthermore, a study done by
Brown et al. noted that syndesmotic disruption may be
associated with a number of secondary findings in MR
imaging including anterior talofibular ligament injury,
osteochondral lesions, bone bruise, and tibiofibular joint
incongruity* (see Figures 2A-E).

DISCUSSION
Even after a thorough review of the literature, it is
difficult to identify an adequate method of evaluating-
syndesmosis sprains with a normal mortise relationship.
The literature on these types of injuries is lacking, and
the severity of the injuries has been poorly appreciated.
As aresult, predictions on time lost from sport continue

136  The Iowa Orthopaedic Journal

to be elusive to the physician. A complete diagnosis is
best made through appropriate imaging modalities in
conjunction with and correlated with the history and
physical examination. Using all of these tools along with
repeat examinations and complete follow-up, it may be
easier to determine the extent of the injury.

Currently, more prospective research is needed to
accurately assess the extent and severity of these inju-
ries. This information is essential in order to improve
predictability of down time associated with syndesmosis
sprains as well as conservative versus operative treat-
ment options. Currently, non-operative treatment seems
to be the conventional approach, with Nussbaum et al.
and Williams et al. both preferring a 3-phase approach.”!!
The first phase (acute phase) aims to protect the injured
joint and reduce pain and swelling through complete im-
mobilization (splint, cast, or boot) and pain control. The
second phase (subacute phase) includes an increase in
exercise intensity with goals of restoring strength and
function in basic motions such as ambulation. The third
phase (advanced training phase) continues with the
goal of discharging the patient back to sports participa-
tion. The patient engages in continued strengthening,
neuromuscular training, and sport-specific exercises in
order to evaluate stability of the syndesmosis. Determin-
ing when the patient may return to sports is a difficult
decision and is based upon a combination of physical
examination and ability to perform sport-specific skills
and movements.*!!

If diastasis on plain or stress radiography or ar-
throscopic evidence of instability in the syndesmosis
exists, surgical treatment is recommended. Indications
for operative treatment in the case of sprains without any
evidence of diastasis still remain controversial. Surgical
treatment consists of reduction and fixation of the syn-
desmosis across the distal fibula and tibia using either
1 or 2 screws or a recently described suture technique
known as the TightRope Syndesmosis Repair (Arthrex)
which is gaining increased recognition as an alternative
to trans- syndesmotic fixation.®! This suture and button
technique eliminates complications associated with
screws such as hardware pain and screw breakage.

Future investigation and research will likely prove to
be very useful in improving knowledge and treatment
of syndesmosis injuries. Controversy surrounds almost
every aspect of syndesmosis injuries from diagnosis
to treatment and more research will help in defining
all these aspects of this injury. One important topic of
research can include assessing the value of current
physical examination techniques and investigating the
correlation of new diagnostic techniques. Further inves-
tigation on imaging modalities and their value in aiding
the evaluation of severity should be helpful. Research
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on treatment should include investigating conservative
versus surgical treatment in patients with very similar
severity of syndesmosis sprains, in particular those inju-
ries without syndesmotic widening. Overall syndesmotic
sprains still remain a controversial subject, diagnostic
imaging remains cloudy at best, and therefore this sub-
ject will benefit greatly from further study.
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