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Abstract

Ankle fractures are among the most com-
mon injuries treated by orthopaedic traumatol-
ogists. These fractures range from stable, sim-
ple injuries to complex, multi-planar unstable
ones. Osseo-ligamentous structures play a
paramount role in maintaining the stability of
the ankle joint. The deltoid ligament is among
the most important ankle static stabilizers.
Rupture of this ligament along with a lateral
malleolar fracture is considered by many as an
unstable type of injury and usually requires
surgical treatment (bi-malleolar equivalent).
Left untreated, it may lead to chronic pain, loss
of function and secondary arthritis. Due to lack
of high-quality evidence, there are no well-
defined, well-accepted criteria for the diagno-
sis and treatment for treating this type of injury.

Introduction

Ankle fractures are among the most com-
mon injuries treated by orthopaedic surgeons.'
Since the ankle is a ring-like structure com-
prised of bony and ligamentous components, a
rotational type of injury often results with the
disruption of two or more structures. A deltoid
ligament (DL) tear is commonly associated
with a fracture of the lateral malleolus, com-
monly known as a “bi-malleolar equivalent”
injury. Often, this occult injury goes unnoticed
when using simple, static plain radiographs.
By using arthroscopy, we have diagnostic evi-
dence that DL disruption exists in 39.6% of
ankle fractures.> Magnetic Resonance Imaging
(MRI) in acute ankle fractures shows an inci-
dence 58.3%.? The most commonly described
mechanism leading to this injury is supination
external rotation (SER), which corresponds to
AO/OTA 44B type fibula fracture.*> SER is
further sub-classified into four groups, two of
which are of interest to us: SER II is a stable
injury without a medial lesion, while SER IV
(Figure 1) is an unstable injury due to either a
fracture of the medial malleolus or incompe-
tence of the deep DL.*® As mentioned, DL dis-

ruption is often missed.*!° If not treated, it may
cause ankle instability, chronic pain and early
traumatic arthritis of the ankle joint.!

The correct treatment of DL disruptions
associated with ankle fracture is still a matter
of debate. The options can include non-opera-
tive treatment, operative fixation of the lateral
injury only, and direct suture repair of the DL.
The latter treatment option is still controver-
sial. Some studies suggest early exploration
and treatment of DL rupture,'>'* while other
studies suggest conservative non-surgical
treatment if anatomical reduction of the ankle
mortise is achieved. Some authors advocate
routine exploration of the medial side when
DL disruption is suspected. This paper will
review the anatomy of the DL, the diagnosis of
DL disruption, and the current treatment
options for this injury according to available
evidence.

Anatomy and biomechanics

Three bones constitute the ankle joint:
the talus, the distal tibia and the fibula. This
joint is a saddle-shaped articulation sup-
ported by the medial and lateral osseo-liga-
mentous complexes, as well as the distal
tibiofibular syndesmosis.'”> The medial
osseo-ligamentous complex, commonly
known as the deltoid ligament (DL), con-
sists of superficial and deep components.
The superficial layer includes the tibionav-
icular (TNL), tibiospring (TSL), and tibio-
calcaneal ligaments (TCL), which cross the
ankle and subtalar joints.!®!” It originates
from the anterior colliculus of the medial
malleolus.'® The deep deltoid component
originates from the larger and more distal
posterior colliculus.' It consists of two por-
tions, the anterior tibiotalar and posterior
tibiotalar ligaments.?*2! The superficial
component stabilizes the hind foot against
eversion, while the deep component stabi-
lizes the talus against external rotation
and,?> together, against valgus load.
Furthermore, the deep component is consid-
ered by many as the major contributor to
ankle stability.”>*> Ramsey et al. showed
that even small deviations of the talus result
in significantly reduced joint contact areas
and emphasized the critical role of the DL
in ankle stability.?

Diagnosis

It is of the utmost importance to differ-
entiate between SER II and SER IV (DL
rupture without medial malleolus fracture).
SER II or isolated lateral malleolus fracture
is a stable injury and usually can be man-
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aged conservatively, while SER IV is con-
sidered an unstable injury, often requiring
surgical stabilization.

Clinical signs

Focal tenderness, swelling and ecchy-
mosis over the medial malleolus suggest
injury to the DL, according to some
authors.”” Conversely, other studies devalu-
ate the sensitivity, specificity, positive
(PPV) and negative predictive value (NPV)
of these physical signs in DL disruption and
instability.?®30 A recent prospective study by
Dabash et al.?' supports the former opinion,
hence patients with medial tenderness have
a significantly higher risk of having an
unstable SER ankle fracture. Still, the study
concluded that tenderness alone as a sole
criterion for instability would lead to an
unacceptable number of false positive and
false negative diagnoses of instability.
Another clinical sign suggested for assess-
ing stability of the ankle fracture is the abil-
ity to bear weight immediately after the
injury. A recent study has demonstrated that
patients who were able bear weight are 8
times more likely to have a stable fracture.®
However, clinical assessment alone of DL
rupture is essentially not acceptable for the
diagnosis of DL rupture in isolated lateral
malleolus fractures, thus necessitating fur-

ther investigation.
OPEN a ACCESS



Imaging

The standard ankle fracture radiograph-
ic series consists of AP, lateral and mortise
views. The lateral view offers the advantage
of evaluating the size of the medial malleo-
lus fragment and assessing the anterior and
posterior colliculi. This is important since
involvement of the posterior colliculus sug-
gests involvement of the deep component of
DL along with its operative implications.>
Radiographic signs, such as talar tilt and
medial clear space (MCS) widening, can be
assessed on AP and mortise views. The
MCS is the distance between the medial
wall of the talar body and the most lateral
aspect of the medial malleolus.
Traditionally, a normal MCS has been
described as being less than 4 mm,3*-3¢ and
should be within 1 mm of the superior clear
space (SCS).>” Many consider an MCS of
more than 4 mm as an indication for opera-
tive treatment.’4? Conversely, Schuberth et
al.* suggested that the MCS is not a reliable
indicator of deltoid ligament integrity.
These authors found that, for MCS of 4 mm,
the false positive rate was 53.6%. False pos-
itive rates were 26.9% and 7.7% for MCS
>5 mm and >6 mm, respectively. Michelson
et al.® found that comparison of the MCS
with the SCS to be more reliable for assess-
ing DL integrity, since it serves as an inter-
nal control for radiographic magnification.
This finding is consistent with other
studies.®

Physiologic loading and stress radiogra-
phy of the ankle is thought by many to elu-
cidate signs of instability and to be more
specific than static films. This can be done
either by gravity stress view (GSV) or by
manual external rotation stress view (ESV).
GSV confers several advantages, does not
require an examiner, is less painful and
gives a relatively standard amount of force
(gravity).#4

The validity of stress radiographs was
studied extensively on cadavers. Park et
al.*® dissected six fresh cadavers and
sequentially disrupted the osseous-ligamen-
tous structures depicting the SER type of
injury. The authors concluded that an MCS
>5 mm done in dorsiflexion was the most
reliable criterion to predict deltoid incom-
petency with sensitivity, specificity, and
positive and negative predictive values of
100%. Another cadaveric study by Ashraf et
al ¥’ also sequentially destabilized the
osseous-ligamentous structures according
to SER type of injury. GSVs were done in
neutral and plantarflexion ankle positions.
The authors concluded that the ankle posi-
tion did not change the MCS in the gravity
stress test.
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Some clinical studies compared stress
tests to various imaging modalities. A recent
study by Leeuwen et al.*® investigated 39
patients with a SER-type injury with MCS
<6 mm in regular mortise view. All patients
underwent GSV and MRI scans. The find-
ings indicated that GSVs have a more dis-
criminative ability for a DL tear than a reg-
ular ankle mortise view. Furthermore,
Nortunen et al.* prospectively studied 61
patients with isolated lateral malleolar frac-
tures with ankle stability being assessed
using external rotation stress test and MRI.
The findings showed that the vast majority
of patients had partial tears, while a com-
plete tear was rare. The authors recom-
mended the routine use of EST rather than
MRI to assess ankle stability.

Stenquist er al’° evaluated 51 isolated
distal fibula fractures for medial tenderness.
Seventy-nine percent of patients with a pos-
itive medial tenderness test also had an
unstable fracture. The authors concluded
that medial tenderness is a good screening
tool for further investigating ankle stability.
Schottel et al’' emphasized that even
absolute stress MCS measurement of
greater than 5 mm is not to be used alone for
diagnosing DL rupture.

A recent prospective comparative study
conducted by Rosa et al’* was made to
assess the accuracy of ultrasound (US) for
diagnosing DL disruption. Eighty-one
patients with apparently isolated fractures
of the lateral malleolus underwent GST and
US. Sixty-four of the 81 were diagnosed
with a DL disruption. Only eight (12.5%)
cases were diagnosed with complete tears.
The ultrasonography results showed 100%
sensitivity, 90% specificity, 97% positive
predictive value, and 100% negative predic-
tive value in DLassessment. The authors
also showed that GST with MCS >5 mm

had a complete tear of the DL.

Radiographic measurements still have
several limitations due to varying degrees
of magnification, ankle position, and differ-
ent techniques, all of which may make
measurement of the MCS difficult and chal-
lenging. Nonetheless, when there is a high
index of suspicion of DL disruption, further
investigation using stress radiographs
and/or ultrasonography may prove to be
beneficial as adjuvants for the diagnosis in
suspected cases based on clinical grounds,
such as tenderness, ecchymosis and mecha-
nism of injury.

Management and outcome

There are still no generally or widely
accepted guidelines on exploring the DL.
Whether it should be done for all ankle frac-
tures or only in cases in which anatomical
reduction of the mortise could not be
achieved due to DL interposition in the
medial gutter. Some authors chose to deal
with proven DL injury non-operatively,
claiming that they obtained good results
with low complication rates.’>>

Souza et al>’ studied 150 operative
ankle fractures. The results were satisfacto-
ry in 90% of cases. The authors concluded
that DL repair was not indicated when the
lateral side was anatomically reduced and
rigidly fixed. Another study came to a simi-
lar conclusion by evaluating 24 patients
with lateral malleolus factures and DL rup-
tures.> Twenty-one of these 24 underwent
fracture fixation without exploration of the
medial side. The results were good to excel-
lent. This finding is consistent with the find-
ing of Zeegers et al’’ who treated 28
patients sustaining lateral malleolus frac-

Figure 1.
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tures with DL rupture, none requiring medi-
al side exploration. The authors came to the
same conclusion that, once you achieve
congruent ankle mortise, there is no need to
explore and repair the DL.

A recent prospective comparative study
conducted by Sun et al’® evaluated 41
patients sustaining an ankle fracture with
DL disruption. The patients were divided
into three groups. Twelve patients were
treated with superficial DL repair and frac-
ture fixation, 16 patients were treated with
deep DL augmentation in addition to frac-
ture fixation, and 13 patients were treated
conservatively. Overall, no significant sta-
tistical difference was observed in compar-
ing the three groups. Thus, the authors did
not support regular repairing or augmenta-
tion of the ruptured DL.

These studies have some limitations.
The diagnosis of DL rupture was based on
clinical examination and widening of the
MCS on mortise view. Based on those
measures alone, the diagnosis of DL rupture
is not accurate as discussed earlier. Other
limitations are the absence of a control
group and the small sample size.

Furthermore, some studies came to the
opposite conclusion and showed that unre-
paired DL rupture resulted in laxity and
unacceptable results.” Yu et al.® evaluated
106 patients diagnosed with combined lat-
eral malleolus fracture and DL rupture.
These patients underwent DL repair with
fracture fixation. No medial ankle instabili-
ty was noted, and operative stress radi-
ographs were negative. Three recent com-
parative studies recommended that DL dis-
ruption should be repaired. Zhao et al.®!
identified 74 ankle fractures with DL rup-
ture, and 20 of the 74 were treated with sur-
gical repair. Results showed that surgical
repair of the DL significantly reduced the
MCS and malreduction rate, especially for
the AO/OTA type-C ankle fractures.
Another study was conducted by Woo et
al.”? evaluating 78 patients with rupture of
DL with an associated ankle fracture. In this
series, 41/78 underwent repair of the DL
rupture. The results showed better clinical
outcomes for the DL repair group and con-
cluded that direct repair of the DL was ade-
quate for restoring medial stability. A third
comparative study was conducted prospec-
tively by Gu et al.;* these authors evaluated
40 patients diagnosed with ankle fracture
and DL injury. Twenty of the 40 were treat-
ed with DL reconstruction along with frac-
ture fixation. After 18 months of follow-up,
the repair group showed good to excellent
results, which was considerably higher than
that of the control group.

A recent meta-analysis of these three
comparative studies performed by Salameh

et al came to an interesting and somewhat
conflicting conclusion.®* They concluded
that those who underwent DL repair along
with ankle fracture fixation showed a supe-
rior early and late radiological correction of
the MCS. However, there were no differ-
ences in complication rates nor functional
outcome in the operated group compared to
the conservative group.

Conclusions

The ultimate approach to the combined
lateral malleolus fracture with deltoid liga-
ment disruption has been studied extensive-
ly. Contrary to traditional literature, it
seems that not all patients will benefit from
surgical repair of the deltoid ligament. The
treating surgeon should avoid misdiagnos-
ing osseo-ligamentous injuries when
encountering an isolated lateral malleolus
fracture. The level of suspicion should be
raised in cases of high energy injury, medial
ankle tenderness or ecchymosis, supination-
external rotation mechanism and enlarged
MCS. There is some consensus among sur-
geons that DL exploration is indicated in
cases of inadequate reduction of the mortise
during surgery. Furthermore, surgical
exploration of the medial side of the ankle is
considered a minimal and safe procedure
with modest comorbidity.

It is still debatable whether repairing the
DL disruption is beneficial or not. There is
some evidence that repairing the DL disrup-
tion improves the radiological MCS, but
there is no good quality evidence that the
same procedure improves the functional
outcome. We recommend that any concern
for deltoid ligament disruption based on
clinical grounds should be further evaluated
by either stress films or ultrasonography
performed by an expert in musculoskeletal
imaging. The therapeutic approach should
be individually tailored for every patient.

When considering whether to repair the
deltoid ligament or not, the surgeon must
consider the fracture pattern, obstruction to
reduction, soft tissue state, patient comor-
bidities, and level of activity.

Further high-quality studies, such as
randomized control trials, are needed to cre-
ate evidence-based guidelines for the treat-
ment of DL disruption.
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