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Introduction and thesis outline

Introduction

1. Background

Injury to the distal tibiofibular syndesmosis can occur after an ankle sprain or after an acute
ankle fracture. In an estimated 1-11% of all ankle sprains, injury of the distal tibiofibular syn-
desmosis occurs which is known as a high ankle sprain [1-3]. However, depending on the
type and level of sporting activities the incidence of syndesmotic injury can be as high as
75% [4-7]. Whether acute ankle fractures are accompanied with injury of the syndesmosis
depends on the type of ankle fracture. Based on radiological findings, several fracture classifi-
cation systems have been developed.These classifications can aid in predicting the presence
of injury to the syndesmosis in relation to the level of the fibula fracture or to the mechanism
of trauma. Clinically frequently used fracture classification systems are the Danis-Weber and
AO-Miiller classification that pertain to the level of the distal fibula fracture, and the Lauge-
Hansen classification which is based on the trauma mechanism, i.e. on the position of the
foot at the moment of injury and the direction in which the talus moves within the ankle
mortise [8-10]. Detailed information about the three fracture classifications can be found in
tables 1-3 (pages 16/17/18). Despite the frequency and importance of injury of the syndes-
mosis, the management of this kind of injury has remained controversial [11-29].

2. Problem definition

In order to use a fracture classification which uses the distal tibiofibular syndesmosis as a
point of reference, good knowledge about the syndesmosis is fundamental. This concerns not
only information about the exact boundaries of the syndesmosis, but also the exact location
and direction of the tibiofibular ligaments.

2.1 Boundaries of the syndesmosis

Fracture classification systems are useful because they enable one to define a fracture pat-
tern, which subsequently forms the basis for a treatment plan. As in the Danis-Weber and
AO-Miiller fracture classification system the level of fibula fracture is related to the distal
tibiofibular syndesmosis, one would expect that the anatomic position of the syndesmosis
as well as which osseoligamentous structures are exactly involved are precisely defined [30,
31]. However, neither in anatomical textbooks (among others Lanz und Wachsmuth), nor in
articles referring to the fracture classification systems are the upper and lower border of the
syndesmosis mentioned [32-38]. Presumably, injury to the syndesmosis refers to injury to
the tibiofibular ligaments, and most likely the anterior tibiofibular ligament. A syndesmosis
is, strictly speaking, a fibrous joint in which two adjacent bones are linked by a strong mem-
brane or ligaments.The distal tibiofibular joint is also a syndesmosis and consists of two bones
and four ligaments.The distal tibia and fibula form the osseous part of the syndesmosis and
are linked by the distal anterior tibiofibular ligament (ATIFL), the distal posterior tibiofibular
ligament (PTIFL), the transverse ligament and the interosseous ligament [39, 40].

In order to determine what radiologists define as the tibiofibular syndesmosis, I presented an
anteroposterior radiograph of a normal ankle at a congress about musculoskeletal radiology
(Sandwich course 2-5 February 2010, Ede, The Netherlands). Both residents and consultants
in radiology, the latter with different fields of interest and varying years of experience, were
asked to define the lower and upper border of the syndesmosis (Fig. 1, on next page). On the
first day there were 366 participants, consisting of 56% consultants and 44% residents, and
on the second day there were 453 participants, consisting of 59% consultants and 41% resi-
dents.
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Fig. 1. Anteroposterior radiograph of a normal ankle.
A vertical scale in cm allows demarcation of the lower
(at 0 cm) and upper (at 8 cm) border of the syndesmosis.

The results showed a large variation in demarcation of both the lower and the upper border of the
syndesmosis (Fig. 2, continues on next page). The lower border was more or less centred around
the tibiotalar joint line and ranged from 1 cm below to 1 cm above the tibiotalar joint line in 82%.
For the upper border of the syndesmosis however, the de facto upper border of the syndesmosis,
i.e. at 8-9 cm above the tibiotalar joint, was chosen as the least likely possibility. Generally, when
consultants were compared with residents, the position of the lower border was demarcated more
or less equally. The upper border, however, showed some variation with the residents’ estimation
of the upper border being slightly lower positioned than that of the consultants’. This means that
classification of a fibula fracture as infra- trans- or suprasyndesmotic is not uniform and could be
an explanation for the observed poor to moderate interobserver variation for the Weber fracture
classification [41, 42].

A Lower border syndesmosis

45 ODay1

40 | IlDayZ |

-3 -2 -1 0 1 2 3 4 5

cm above tibiotalar joint line
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Fig. 2. Distribution of the estimated lower (4, B) and upper borders (C, D) of the syndesmosis by two groups
of consultants and residents in radiology on two different days.




Introduction and thesis outline

2.2 Position and direction of syndesmotic ligaments

Understanding the exact anatomy of both the osseous and ligamentous structures is essen-
tial for interpretation of plain radiographs, ultrasound (US), computed tomography (CT) and
magnetic resonance (MR) images, in ankle arthroscopy and in therapeutic management.
Several techniques have been used to obtain a better insight into the anatomy of the osseo-
ligamentous structures comprising the ankle syndesmosis [30, 43-49]. In human cadavers
microscopic and macroscopic analysis of the bones and ligaments have shown that the distal
tibiofibular joint is not only a syndesmotic joint but also a synovial joint [39].

Radiography is the most commonly used technique to image the ankle and evaluate the inte-
grity of the syndesmosis. For that reason the congruity of the ankle mortise and the distance
between the distal tibia and fibula are evaluated. Frequently used measurements include the
tibiofibular clear space (TFCS), the tibiofibular overlap (TFO) and the ratio of the medial clear
space and the superior clear space (MCS/SCS) (Fig. 3). A normal TFCS should be less than
6mm, and a normal TFO should be greater than 6mm [50].The absolute value of a normal
MCS should not exceed 4mm, and a normal SCS/MCS ratio is larger than one [51].Tibiofibular
overlap and medial and superior clear space are the most useful. This as one-sided traumatic
absence of tibiofibular overlap may be an indication of syndesmotic injury, and a medial clear
space larger than a superior clear space is indicative of deltoid injury, which could be associ-
ated with syndesmotic injury [52].

Fig 3. A schematic drawing of the ankle shows land-
marks used for measurements of the different ra-
diologic parameters. L=lateral border of the fibula;
M=medial border of the fibula; A=anterior tibial tu-
bercle; P=posterior tibial tubercle; I=floor of incisura
fibularis; T=tibial plafond; S=superior point of medial
talus; MT=medial side of talus; LMM=lateral side me-
dial malleolus.AM is tibiofibular overlap (TFO). MI is
tibiofibular clear space (TFCS).TS is superior clear
space (SCS) and MTLMM is medial clear space (MCS).
(Copy with permission from A. Beumer Clin. Orthop.
Rel. Res 2004;423:227-234).

The syndesmotic ligaments have not been as extensively studied with ultrasound (US) as the
medial and lateral collateral ligaments [53-56]. The anterior tibiofibular ligament is easy to
depict because it lies superficially. The posterior tibiofibular ligament, however, is less easy
to depict as it is not only positioned a little deeper but also because it is difficult to position
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the US probe in the curved space between the Achilles tendon and the fibula. Ultrasound can
clearly depict a torn anterior tibiofibular ligament in the acute stage but is less accurate after
elapse of time. Furthermore, the results are dependent on the skills of the radiologist [55].
Computed tomography has been used to analyze the relation of the tibia and fibula and to
determine the morphology of the fibular incisure [31, 57-59].The fibula lies in a groove of
the tibia that in most cases has a concave shape, but can be flat, and is held in this groove
by the four syndesmotic ligaments that attach it to the tibia.A shallow fibular incisure might
predispose to syndesmotic injury as the fibula is not held firmly in position. Also, after an
acute ankle fracture it is more difficult to reposition the fibula when the tibial groove is flat.
With CT, widening of the mortise exceeding 3 mm can reliably be assessed, as well as gross
deformity, fibular malrotation or displacement [60]. CT can therefore be of aid in planning
revision surgery.

Evaluation of the syndesmotic ligaments can be performed with arthroscopy and MRI. With
arthroscopy, using either anterior or posterior portals, the anterior and posterior tibiofibular
ligaments can be visualized [61,62]. However it is not possible to visualize the entire anterior
tibiofibular ligament as it lies intra-articularly for only 20% [63]. Furthermore, due to its ana-
tomical position, only the inferior part of the posterior tibiofibular ligament can be seen, i.e.
the transverse ligament, whereas the interosseous ligament, extending above the syndesmot-
ic recess between the distal tibia and fibula, cannot be visualized at all. During arthroscopy
widening of the tibiofibular syndesmosis can be tested using a bone hook.When a bone hook
with a width of 3 mm can be turned around in the space between the distal tibia and fibula
the suspicion of syndesmotic injury is raised (unpublished data A. Beumer, M.P. Heijboer, De-
partment of Orthopaedics, Erasmus University Medical Center).

The value of MRI in acute and chronic syndesmotic injuries has been described in several
articles [5,64-66].Vogl et.al. performed a contrast-enhanced MRI in 38 patients with an acute
ankle trauma and clinical suspicion of a lesion in the syndesmosis, in which a tear of the
ATIFL markedly enhanced in T1-weighted images [67]. Muratli et. al. used MR arthrography in
the first few days after injury in 15 patients with a Weber type B or C ankle fracture to dem-
onstrate leakage of contrast into the tibiofibular space as a sign of syndesmotic diastasis [68].
Several authors paid attention to the position of the ligaments paraxial to the imaging plane
and concluded that axial imaging with the foot in full dorsiflexion provided optimal views of
the anterior and posterior tibiofibular ligaments [69, 70].

Until now the usual three orthogonal planes, i.e. axial, coronal and sagittal planes, have been
used to depict the tibiofibular ligaments.A basic concept in visualizing a ligament with MRI
is that the plane of imaging should be along the longitudinal axis of the ligament.When the
image plane is oblique to this axis the ligament is not depicted along its entire length but
only partially. This could lead to interpretation of an intact ligament as a ruptured ligament.
Therefore, as the anterior and posterior distal tibiofibular ligament run in an oblique plane,
imaging in the axial plane can result in false positive findings [64,66,71].The transverse liga-
ment lies in the axial plane and can therefore be depicted with the standard axial view.The
interosseous ligament extends between the distal tibia and fibula and can be depicted in a
coronal plane.
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3. Focus area

Knowledge about the detailed anatomy of the distal tibiofibular ligaments in relation to dif-
ferent imaging modalities plays an important role in evaluation of imaging findings in both
acute and chronic injury. In this thesis special attention is paid to the anatomy of the distal
tibiofibular syndesmosis which served as a basis to improve depiction of the syndesmotic
ligaments with MRI.As only with MRI it is possible to obtain information about all four tibio-
fibular ligaments, as well as the osseous structures and their relationships.

4. Goal
The goal of this thesis is to improve knowledge of the anatomy of the distal tibiofibular syn-
desmosis and apply this knowledge in clinically used fracture classification systems.

5. Outline of the thesis

In chapter one an overview of the literature is given about imaging techniques of the syn-
desmosis of the ankle. In chapter two a pictorial review reveals the normal anatomy of the
distal tibiofibular syndesmosis based on a review of the literature, supplemented with our
own findings at microscopy and macroscopy. In chapter three, MR-plastination-arthrography
is presented as a new technique to correlate plastination slices with the intra- and extraar-
ticular anatomy of the distal tibiofibular syndesmosis as seen with MRI.These anatomic fin-
dings lead to the development of a new oblique imaging plane for MRI. In chapter four this
new oblique MR imaging plane is used to depict, in healthy volunteers, the anterior and pos-
terior tibiofibular ligaments. In chapter five the additional value of this oblique imaging plane
in detection of syndesmotic injury is demonstrated in patients with an acute ankle fracture.
In chapter six three frequently used fracture classifications (Weber, AO-Miiller and Lauge-
Hansen) were compared to MRI, regarding their ability to predict injury of the syndesmosis
in acute ankle fractures.

Table 1. Weber fracture classification.

Type Fracture description
A Fibula fracture below the level of the syndesmosis
B Fibula fracture at the level of the syndesmosis:

- juxtasyndesmotic: syndesmosis intact
- transsyndesmotic: syndesmosis injured

C Fibula fracture above level of the syndesmosis, and may
be as high as just below the fibular head (Maisonneuve
fracture)
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Table 2. AO-Miiller fracture classification (malleolar segment type 44).

Category A injury below the level of the distal tibiofibular syndesmosis (infrasyndesmotic).
Al isolated infrasyndesmotic lesion
Al.1 rupture of the lateral collateral ligament.
A.1.2 avulsion of the tip of the lateral malleolus
Al3 transverse fracture of the lateral malleolus
A2 infrasyndesmotic lesion associated with a fracture of the medial malleolus
A21 rupture of the lateral collateral ligament together with a fracture of the medial
o malleolus
A22 avulsion of the tip of the lateral malleolus together with a fracture of the medial
- malleolus
A23 transverse fracture of the lateral malleolus together with a fracture of the medial
o malleolus
A3 infrasyndesmotic lesion together with a postero-medial fracture
A3.1 rupture of the lateral collateral ligament together with a postero-medial fracture
A3.2 avulsion of the tip of the lateral malleolus together with a postero-medial fracture
A33 transverse fracture of the lateral malleolus together with a postero-medial fracture
Category B injury at the level of the distal tibiofibular syndesmosis (transsyndesmotic)
B.1 isolated transsyndesmotic fibular fracture
B.1.1 simple fracture of the fibula
B.1.2 simple fibular fracture with a rupture of the anterior syndesmosis
B.1.3 multifragmentary fibular fracture
B.2 transsyndesmotic fibular fracture with a medial lesion
B21 simple fracture of the fibula with rupture of the anterior syndesmosis and a rupture of the
= medial collateral ligament
B.2.2 simple fibular fracture with rupture of the anterior syndesmosis and a fracture of the
- medial malleolus
B.2.3 multifragmentary fibular fracture with a medial lesion
B.3 transyndesmotic fibular fracture with a medial lesion and a Volkmann'’s fracture
B3.1 simple fracture of the fibula with rupture of the medial collateral ligament and a Volkmann
- fracture
simple fracture of the fibula with a fracture of the medial malleolus and a Volkmann
B.3.2 f
racture
multifragmentary fibular fracture with a fracture of the medial malleolus and a Volkmann
B.3.3 fracture
Category C injury above the level of the distal tibiofibular syndesmosis (suprasyndesmotic)
C.1 simple suprasyndesmotic fracture of the fibular diaphysis
C.1.1 simple fibular diaphyseal fracture with rupture of the medial collateral ligament
C.1.2 simple fibular diaphyseal fracture with a fracture of the medial malleolus
Ccl13 simple fibular diaphyseal fracture with a fracture of the medial malleolus and a Volkmann
o fracture (Dupuytren)
C.2 multifragmentary suprasyndesmotic fracture of the fibular diaphysis
c2.1 multifragmentary fracture of the fibular diaphysis with rupture of the medial collateral
o ligament
C.2.2 multifragmentary fracture of the fibular diaphysis with a fracture of the medial malleolus
C23 multifragmentary fracture of the fibular diaphysis with a Medial lesion and a Volkmann
e fracture (Dupuytren)
C3 proximal fibular lesion (Maisonneuve)
C31 Maisonneuve fracture without shortening and without a Volkmann
e Fracture
C.3.2 Maisonneuve fracture with shortening without a Volkmann fracture
C33 Maissonneuve fracture wih a medial lesion and a Volkmann fracture
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Table 3. The Lauge-Hansen fracture classification describes the mechanisms of ankle fractures, based on the
position of the foot at the time of injury and the direction in which the talus moves within the ankle mortise.
It defines both the bony and ligamentous injury.The following five groups of ankle fractures can be discerned:
supination-adduction, supination-eversion, pronation-abduction, pronation-eversion and pronation-dorsiflexi-
on. Depending on the degree of severity the main groups can be further divided into stages.

Type of injury Pathology
Foot position/ direction of force

Supination adduction 1) Transverse fracture fibula at or distal to the level of
the tibiofibular joint/ tear of collateral ligaments
2) Vertical, oblique fracture of the medial malleolus/
tear of the deltoid ligament

Supination eversion (external rotation) 1) Disruption of the anterior tibiofibular ligament
or an avulsion of its tibial attachment (Tillaux
Sfracture) or fibular attachment (Wagstaffe-Le Fort
[fracture)

2) Spiral,oblique fracture of the distal fibula.The fracture
line runs from proximal posterior to distal anterior at
a variable distance from the tibiotalar joint

3) Disruption of the posterior tibiofibular ligament or
fracture of the posterior malleolus

4) Fracture of the medial malleolus or rupture of the
deltoid ligament

Pronation abduction 1) Transverse fracture of the medial malleolus or
rupture of the deltoid ligament
2) Rupture of the anterior and posterior syndesmotic
ligaments or avulsion fracture of their insertion(s)
3) Short, oblique fracture of the fibula 0,5-1cm above
the distal articular surface of the tibia

Pronation eversion (external rotation) 1) Transverse fracture of the medial malleolus or
disruption of the deltoid ligament

2) Disruption of the anterior tibiofibular ligament.The
ligament may avulse its tibial attachment (Tillaux
Sfracture)

3) High oblique, spiral fibular fracture. No fracture
is less than 2,5 cm above the tibiotalar joint. The
fracture pattern runs from proximal anterior to
distal posterior. The fibula may fracture proximally
at the neck (Maisonneuve fracture)

4) Rupture of posterior tibiofibular ligament or
avulsion fracture of the posterolateral tibia

Pronation dorsiflexion/ pilon fracture 1) Fracture of the medial malleolus
2) Fracture of the anterior margin of the tibia
3) Supramalleolar fracture of the fibula
4) Transverse fracture of the posterior tibial surface
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Abstract

A syndesmosis is defined as a fibrous joint in which two adjacent bones are linked by a strong
membrane or ligaments. This definition also applies for the distal tibiofibular syndesmosis,
which is a syndesmotic joint formed by two bones and four ligaments. The distal tibia and
fibula form the osseous part of the syndesmosis and are linked by the distal anterior tibiofibu-
lar ligament (ATIFL), the distal posterior tibiofibular ligament (PTIFL), the transverse ligament
and the interosseous ligament.Although the syndesmosis is a joint, in literature the term syn-
desmotic injury is used to describe injury of the syndesmotic ligaments.

In an estimated 1-11% of all ankle sprains, injury of the distal tibiofibular syndesmosis occurs.
Forty percent of patients do still have complaints of ankle instability six months after an an-
kle sprain.This could be due to widening of the ankle mortise as a result of increased length
of the syndesmotic ligaments after acute ankle sprain. Since widening of the ankle mortise by
1mm decreases the contact area of the tibiotalar joint with 42%, this could lead to instability
and hence an early osteoarthritis of the tibiotalar joint.

In fractures of the ankle, syndesmotic injury occurs in about 50% of type Weber B and in
all of type Weber C fractures. However, it seems in discussing syndesmotic injury, the exact
proximal and distal boundaries of the distal tibiofibular syndesmosis are not well defined.
There is no clear statement in the Ashhurst and Bromer etiological, the Lauge-Hansen genetic
or the Danis-Weber topographical fracture classification about the extent of the syndesmosis.
This joint is also not clearly defined in anatomical textbooks, such as Lanz and Wachsmuth.
Kelikian and Kelikian postulate that the distal tibiofibular joint begins at the level of origin
of the tibiofibular ligaments from the tibia and ends where these ligaments insert into the
fibular malleolus.

As the syndesmosis of the ankle plays an important role in the stability of the talocrural
joint, understanding of the exact anatomy of both the osseous and ligamentous structures is
essential in interpreting plain radiographs, CT and MR images, in ankle arthroscopy and in
therapeutic management.

With this pictorial essay we try to fill the hiatus in anatomic knowledge and provide a detai-
led anatomic description of the syndesmotic bones with the incisura fibularis, the syndesmo-
tic recess, synovial fold and tibiofibular contact zone and the four syndesmotic ligaments.
Each section describes a separate syndesmotic structure, followed by its clinical relevance
and discussion of remaining questions.
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Introduction

A syndesmosis is defined as a fibrous joint in which two adjacent bones are linked by a strong
membrane or ligaments. This definition also applies for the distal tibiofibular syndesmosis,
which is a syndesmotic joint formed by two bones and four ligaments. The distal tibia and
fibula form the osseous part of the syndesmosis and are linked by the distal anterior tibi-
ofibular ligament (ATIFL), the distal posterior tibiofibular ligament (PTIFL), the transverse
ligament and the interosseous ligament.Although the syndesmosis is a joint, in literature the
term syndesmotic injury is used to describe injury of the syndesmotic ligaments. To avoid
confusion we will do the same.

In an estimated 1-11% of all ankle sprains, injury of the distal tibiofibular syndesmosis oc-
curs[1]. Forty percent of patients do still have complaints of ankle instability six months after
an ankle sprain.This could be due to widening of the ankle mortise as a result of increased
length of the syndesmotic ligaments after acute ankle sprain.As widening of the ankle mor-
tise by 1mm decreases the contact area of the tibiotalar joint with 42% [2, 3], this could lead
to instability and hence an early osteoarthritis of the tibiotalar joint.

Syndesmotic injury can occur after trauma of the ankle, both with or without a fracture of
the osseous part. In fractures of the ankle, syndesmotic injury occurs in about 50% of type
Weber B and in all of type Weber C fractures, whereas in ankle sprains without fracture syn-
desmotic injury accounts for 1-11% of all injuries (Hopkinson et al., 1990).

However, in discussing syndesmotic injury it seems the exact proximal and distal boundaries
of the distal tibiofibular syndesmosis are not well defined.There is no clear statement in the
Ashhurst & Bromer (1922) etiological, Lauge-Hansen (1950) genetic or Weber [4] topographi-
cal fracture classifications, concerning the exact extent of the syndesmosis. This joint is also
not clearly defined in anatomical textbooks, such as Lanz and Wachsmuth [5]. Kelikian and
Kelikian (1985) postulate that the distal tibiofibular joint begins at the level of origin of the
tibiofibular ligaments from the tibia and ends where these ligaments insert into the fibular
malleolus[6].

As the syndesmosis of the ankle plays an important role in the stability of the talocrural joint,
understanding of the exact anatomy of both the osseous and ligamentous structures is es-
sential for interpretation of plain radiographs, CT and MR images, in ankle arthroscopy and
in therapeutic management.

With this pictorial essay we try to fill the hiatus in anatomic knowledge and provide a detailed
anatomic description of the syndesmotic bones with the incisura fibularis, the syndesmotic
recess, synovial fold and tibiofibular contact zone and the four syndesmotic ligaments. Each
section below describes a separate syndesmotic structure, followed by its clinical relevance
and discussion of remaining questions.
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Syndesmotic bones and incisura fibularis

Anatomy

At the apex of the syndesmosis, the crista interossea tibiae, i.e. the lateral ridge of the tibia,
bifurcates caudally into an anterior and posterior margin (Fig. 1, see next page). The ante-
rior margin ends in the anterolateral aspect of the tibial plafond called the anterior tubercle
(Chaput’s tubercle). The posterior margin ends in the posterolateral aspect of the tibial pla-
fond called the posterior tubercle. The anterior and posterior margin of the distal tibia enclose
a concave triangle, with its apex 6-8cm above the level of the talocrural joint [6]. The base
of the triangle is formed by the anterior and posterior tubercle of the tibia with the incisura
tibialis in between.The anterior tubercle is more prominent than the posterior tubercle and
protrudes further laterally and overlaps the medial two thirds of the supramalleolar shaft of
the fibula [6].

The fibular part of the syndesmosis is congruent with its tibial counterpart.The crista interos-
sea fibularis, i.e. the ridge on the medial aspect of the fibula, also bifurcates into an anterior
and posterior margin and forms a convex triangle that is located above the articular facet
on the lateral malleolus. The base of the fibular triangle is formed by the anterior tubercle
(Wagstaffe-Le Fort tubercle) and the, almost negligible, posterior tubercle. The apex of the
fibular triangle and the apex of the tibial triangle are situated at the same level. The convex
shape of the distal fibula matches the concave incisura tibialis.

The incisura tibialis is also known under a variety of other names: the incisura fibulae, fibular
incisure of the tibia, incisural notch, fibular notch of the tibia, peroneal groove of the tibia
and syndesmotic notch. According to international terminology (Terminologia anatomica)
its official name is incisura fibularis tibiae. Whenever the incisura tibialis is flattened, i.e. less
concave, the distal fibula accordingly becomes less convex.The depth of the incisura tibialis
increases from proximal to distal and its shape varies from concave (60-75%) to shallow (25-
40%) giving the syndesmosis a rectangular shape with irregular forms [7, 8]. Its depth varies
from 1.0 to 7.5 mm [9, 10] and is a little less in women than in men [11].

Clinical relevance

The size and shape of the incisura tibialis play an important role in ankle injury. The ante-
rior tibial tubercle is larger than the posterior tubercle and prevents forward slipping of
the distal fibula, while the diminutive posterior tubercle allows backward dislocation of the
distal fibula. In fibula fractures caused by external rotation, the posterior tubercle functions
as a fulcrum and the distal fibula spins around its longitudinal axis in a lateral direction [6].
A shallow incisura tibialis may predispose to recurrent ankle sprains [12] or syndesmotic
injury with fracture-dislocation [13].After an acute ankle fracture, good repositioning of
the fibula is necessary to create a good alignment and rotation of the fibula in the incisura
tibialis, in order to maintain a good position of the talus in the tibiofibular joint or ankle
mortise. When the talus moves 1 mm laterally, the contact area of the tibiotalar articulation
decreases by 42% [3].This could lead to early osteoarthritis of the tibiotalar joint.

It is difficult to determine the correct alignment of the fibula on a plain X-ray of the ankle.
Several measurements have been introduced to assess the integrity of the syndesmosis and
stability of the ankle on X-rays, such as the tibiofibular overlap (TFO) [14, 15], the tibiofibu-
lar clear space (TFCS) [15-17] and the ratio between the medial and superior clear space
(MCS/SCS) [18]. However, compared with MRI, CT and peroperative findings, these mea-
surements are not very accurate [19, 20]. Therefore in patients with suspected instability of
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the distal tibiotalar joint a CT or MRI should be performed to evaluate more accurately the
position of the fibula in the incisura tibialis [21].

Fig. 1. Axial CT images at the level of the distal tibiofibular joint from (@) proximal to (4) distal (male, 53 years).
The interosseous membrane (1) is visible between the tibial and fibular crest (a).A little lower, the tibial crest
forms an anterior and posterior margin (2).The lateral aspect of the distal fibula is convex and fits into the
concave tibial incisure.The fascicles of the interosseous ligament bridge the fibular incisure and run obliquely
upward from the fibula towards the tibia. In the axial plane, the obliquely running fibres are depicted as small
dots (3).The interosseous ligament extends till 1cm above the tibiotalar joint. In (¢) the full length and maximal
depth of the incisure are visible.At the level of the tibiotalar joint the anterior aspect of the fibular incisure flat-
tens again to form the contact area with the fibula (4), which is also flat at its antero-medial border.
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Tibiofibular contact zone

Anatomy

At the base of the syndesmosis there is a small area where the tibia and fibula are in direct
contact. This area is called the tibiofibular contact zone. Its facets are covered with a small
strip of hyaline cartilage with a thickness of about 0.5-1.0 mm [5, 6, 22, 35]. (Fig. 2 and Fig.
3, on next page).The tibial cartilage rim is a continuation of the cartilage covering the tibial
plafond and is 3-9 mm in length and about 2-5 mm in height.The rim of fibular cartilage is
continuous with the articular facet of the fibular malleolus.

Anterior

Fig. 2. A 45° oblique slice through the right distal tibiofibular syndesmosis of a fresh frozen anatomic specimen
(male, 85 years).A thin layer of cartilage (1) covers the lateral tibia and the medial fibula at the level of the tibio-
fibular contact zone. In between is the syndesmotic recess, which is filled with intra-articularly injected green
coloured resin (2) and abuts the posterior margin of the ATIFL (3). In the middle of the recess and just anterior
to the PTIFL (4), some fibres of the interosseous ligament (5) are visible. E fibula; T, tibia.

Clinical relevance

There is little information about the variation in size and presence of the cartilage-covered
tibiofibular contact area and little is known about its function.The contact zone is not always
present [22].

The minimal size of the cartilaginous facets could be explained by the fact that the main
forces acting on the distal tibiofibular articulation are strain forces [23].The two bones can
come into direct contact in maximal plantar flexion when the fibula rotates internally and
shifts anteriorly.

Although this articulation can be seen as only a minor joint concerning the size of its cartilage
surface, this bony connection can play an important role in the detection of malalignment
of the malleolar mortise in ankle fractures or in anatomically based reconstructive surgery
of the anterior syndesmosis. In this respect a detailed knowledge of the three dimensional
situation after fracture of this joint is of great importance.The articular facets might help as
landmarks for accurate repositioning of the lateral malleolus in the incisura fibularis [22].
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Fig. 3. A 45° oblique slice through the distal tibiofibular joint of a fresh frozen specimen (male, 86 years).The
ATIFL has a triangular aspect and consists of multiple tight fibres interspersed with some fat (1).The fibres start
at the broad-based anterior tibial tubercle (Chaput) (2) and converge towards the fibular tubercle (Wagstaffe -
Le Fort) (3).Just behind the ATIFL is the small cartilage-covered tibiofibular contact zone (4), which abuts the
fat pad (5) of the synovial recess (6). The posterior fibres of the interosseous ligament (7) gradually coalesce
with the PTIFL (8).In (¢) the network of thin fibro-fatty fibres forming the interosseous ligament is visible. The
schematic drawing shows the level of oblique dissection.

Syndesmotic recess (Recessus tibiofibularis)

Anatomy

A syndesmotic recess is nearly always present between the distal tibia and fibula [5, 33] (Fig.
4,5).This synovial lined plica extends from the tibiotalar joint and varies in size. Cranially, it
is bordered by the distal aspect of the interosseous ligament. Medially, the plica is directly at-
tached to the distal tibia with a small amount of connective tissue. Laterally, a fat containing
synovial fold is interposed between the synovial lining and the fibula, which contains loose
connective tissue with an abundance of vessels and occasionally some small nerves [22, 24]
(Fig. 6, 7, see next pages).The synovial recess is attached to the fibula just proximal to the
most superior border of the lateral malleolar articular surface and extends posteriorly with
diffuse attachment to the entire posterior margin of the transverse ligament [32, 33] (Fig. 8,
see next pages).

The antero-posterior borders of the syndesmotic recess are variable and depend on the pres-
ence of a tibiofibular contact area anteriorly and a synovial fold or fat pad posteriorly. Re-
garding the anterior border, the plica extends to the posterior aspect of the ATIFL when the
tibiofibular contact area is absent (Fig. 9, on next pages).Posteriorly, when the fat pad is small
or absent, the plica borders on the anterior lining of the PTIFL (Fig. 10, on next pages). Its
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antero-posterior length varies from 10 to 15 mm [22].The width of the syndesmotic recess is
2 mm and its height varies from 4 to 25 mm [6, 22, 24-28].

Fig. 4. Correlation between MR image (left) and plastinated slice (right) at the same level through the tibiofi-
bular syndesmosis (female, 84 years).The intra-articularly injected green dye is visible in the tibiofibular recess
(1), which extends between the anterior (2) and posterior (3) tibiofibular ligament.As the MR image is obtained
without intra-articular contrast, the recess is not visible here.The incisura fibularis is shallow with an irregular

contour.

Fig. 5. MR-arthrography of the tibiotalar joint with a
coronal view of the syndesmotic recess (female, 43
years).This recess is visible as a vertical, contrast-filled
pouch between the distal part of the tibia and fibula
(arrow). E fibula; T, tibia; Ta, talus.

Fig. 6. Coronal proton-density-weighted MR image
(female, 23 years).The fat-containing synovial fold (1)
protrudes from the incisura fibularis into the lateral
superior tibiotalar joint space. During dorsal flexion of
the foot, the talus pushes the tibia and fibula outwards,
therewith increasing the space of the tibial incisure.
This leads to retraction of the fatpad, as can be seen
during arthroscopy.
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Fig. 7. Microscopy (haematoxylin-azophloxin; female, 89 years). Oblique slice at the level of the anterior (4)
and posterior (B) distal tibiofibular syndesmosis.The tibial and fibular facets of the tibiofibular contact zone are
covered with a thin layer of cartilage (1).The small recess (2) between the two facets extends anteriorly to the
posterior aspect of the ATIFL (3), and posteriorly almost to the anterior aspect of the PTIFL (4).The synovial
fold (5), consisting of fat and loose connective tissue, is attached to the fibula and is continuous with the ante-
rior aspect of the PTIFL.The synovial recess (2) is covered by a single cell layer of synoviocytes and is directly
attached to the tibia. E fibula; T, tibia.

Fig. 8. Exposure of syndesmotic ligaments in a dissected right ankle (male, 92 years). (a) The trapezoid mul-
tifascicular anterior tibiofibular ligament (ATIFL) (1) runs obliquely upwards from the anterior fibular tubercle
towards the anterior tibial tubercle. (b) The band-like posterior tibiofibular ligament (PTIFL) (2) runs obliquely
upwards from the posterior fibular tubercle towards the posterior tibial tubercle. (¢) View from below after
removal of the talus shows the curved and horizontally running transverse ligament (3) and the inferior margin
of the ATIFL. In (d) fat (4) from the synovial fold is visible in the tibial incisure between the transverse ligament
and the small contact area between the tibia and fibula (5).E fibula; T , tibia.
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Fig. 9. Correlation between detailed view of ATIFL (1) in a 45° oblique plastinated slice (@) and an MR image
(b) taken at exactly the same level (male, 71 years). Green coloured resin is visible in the syndesmotic recess
(2) which abuts the posterior margin of the multifascicular ATIFL (1).There is a small tibiofibular contact zone
devoid of cartilage just posteriorly of the ATIFL (3).E fibula;T, tibia.

Fig. 10. Correlation between detailed view of PTIFL in a 45° oblique plastinated slice () and an MR image (b)
taken at exactly the same level (male, 71 years). Green coloured resin is visible in the syndesmotic recess (1)
which abuts the anterior margin of the multifascicular PTIFL (2). E fibula; T, tibia.

Clinical relevance

In acute injury to the syndesmosis, i.e. injury mostly to the ATIFL, the syndesmotic recess can
tear. In the acute setting, arthrography of the tibiotalar joint would demonstrate leakage of
contrast fluid into the incisura tibialis or, depending on the extent of injury, into the interos-
seous ligament between the tibia and fibula, or even outside the borders of the ATIFL and
PTIFL [29, 30].

The syndesmotic recess runs the risk of being traversed during the insertion of fine wires
when using external fixators for the treatment of fractures or placement of a set screw.To
minimize the risk of septic arthritis of the ankle due to pin tract infections, it is best to avoid
areas of capsular extensions [31].

In chronic injury of the syndesmosis, the synovial lining may become irregular due to inflam-
mation. Kim et al. (2007) speculated that in contrast enhanced MRI, an abnormal upward
extension of enhancing tissue surrounding the syndesmotic recess could be an ancillary sign
of syndesmotic instability caused by syndesmotic disruption[24].
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In inflammation of the syndesmosis, such as rheumatoid arthritis, scalloping of the medial
border of the distal fibula can occur due to chronic erosion, secondary to hyperplastic syn-
ovial villi and invasive pannus in a ‘bare area” devoid of articular cartilage.The scalloped de-
fects measured 7-23 mm in length [32].

With dorsiflexion the synovial fold retracts between the tibia and fibula, and is pushed down-
ward during plantar flexion of the foot.This movement of the fatpad can be easily seen dur-
ing ankle arthroscopy. In healthy volunteers the height of the fat pad protruding from the
incisura tibialis into the tibiotalar joint varied from 0 to 7 mm (Hermans JJ, Beumer A, Klein-
rensink GJ, unpublished MRI data). The synovial fold or fat pad is therefore a normal finding
and should not be mistaken for synovial thickening. Both its gross appearance and histologic
structure may indicate that this fold functions like a meniscus and is needed for stability and
proper function [33].

The Syndesmotic ligaments

Anterior tibiofibular ligament (Ligamentum tibiofibulare anterius)

Anatomy

About 20% of the distal anterior tibiofibular ligament (ATIFL) is intra-articular [34].The ATIFL
extends in an oblique way from the anterior tubercle of the distal tibia, on average 5 mm
above the articular surface, to the anterior tubercle of the distal fibula, running from proxi-
mal-medial to distal-lateral and crossing the antero-lateral corner of the talus (Fig. 8, see pre-
vious pages).The angle formed by a line along the tibial plafond in the coronal view and a
line along the ATIFL varies between 30 to 50° [9, 22, 35, 36]. Posteriorly, it forms an angle of
65° with the sagittal plane [35].The ATIFL has a multifascicular aspect, caused by fatty tissue
interposed between the multiple collagen bundles (Fig. 3, 4,9, see previous pages).Viewed in
a coronal plane, it is composed of three bundles, separated by 2-mm-wide gaps that converge
slightly in the latero-distal direction and consequently give the ATIFL a trapezoid shape [22,
35].

The upper part is the shortest (6.0-8.9 mm), with a width of 4.0-4.9 mm and thickness of
1.8-3.0 mm. It originates just above the anterior tubercle of the tibia and is attached just
above the anterior tubercle of the fibula. Sometimes it is divided into two stronger fascicles.
The middle, and strongest, part runs between the anterior tubercle of the tibia and fibula. It
measures about 12.0-15.5 mm in length, 8.3-10.0 mm in width and of 2.6-4.0 mm in thick-
ness. It is sometimes divided into three or four smaller ligaments. The lower part, which is
the longest, extends just below the anterior tubercles and measures 17.0-20.6 mm in length,
3.8-4.0 mm in width and 2.0-2.2 mm in thickness.

An accessory antero-inferior tibiofibular ligament, also called Bassett s ligament, which runs
inferior and parallel to the ATIFL, is described in literature.This accessory ligament, not dem-
onstrated in this pictorial essay, can be identified in 21-92% of dissected ankles of human ana-
tomic specimen or MRI studies [37-43].The fibular attachment of Bassett’s ligament is distal-
medial to the ATIFL and its fibres blend with the tibial attachment of the distal fibres of the
ATTFL.The ligament is 17-22 mm in length, 1-2 mm in thickness, and 3-5 mm in width [37,
39].1t is not covered by synovial tissue, is intra-articular and crosses the proximo-lateral mar-
gin of the ankle and comes into contact with the lateral talar trochlea during dorsiflexion.
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Clinical relevance

Bartonicek (2003) described a meniscoid structure just behind the ATIFL[22]. It is possible
that he in fact thereby encountered one of the shorter deep fibres of the ATTFL. On axial MRI
the ATIFL is triangular-shaped and shows more than one fascicle. Nikolopoulos (2004) dem-
onstrated that in five ankles the ATTFL appeared to consist of two layers, one deep and one su-
perficial, which were separated by a thin fibrofatty septum[39]. Brostroem (1964) mentioned
that the superficial anterior fibres are 2-3 cm long and the deeper posterior fibres somewhat
shorter[44].As 20% of the ATIFL lies intra-articularly, the most inferior and deepest fibres are
easily seen with arthroscopy and should not be interpreted as a meniscus or scar tissue.

It is easier to get a good depiction of the transverse cross-sectional area of the ATIFL with MRI
than with gross macroscopy.Although the ATIFL is described as a flat band on dissection [45],
on a transverse cross section with MRI or plastination it looks more triangular [46]. In our
experience we have never seen a separate superficial and deep layer of the ATIFL.In both the
coronal, axial and oblique MR images the ATIFL consists of a variable number of contiguous
fibrous fibres separated by fat, which could give the impression of a multilayered structure.
The number of fascicles can vary from a few thick fibres to up to seven thin fibres.

The ATIFL is the weakest of the four syndesmotic ligaments and is the first to yield to forces
that create an external rotation of the fibula around its longitudinal axis [6].

It is important to distinguish the accessory ligament from the ATIFL because it can poten-
tially cause anterolateral ankle impingement and pain in the presence of a normal ATIFL due
to synovitis and scarring in the anterolateral groove and cartilage abnormalities in the ante-
rolateral talar dome [37]. Resection of the accessory ligament does not lead to instability and
relieves pain in patients with chronic ankle complaints after ankle sprain [41].

In patients with chronic instability of the syndesmosis, an anatomical reconstruction of the
anterior syndesmosis can be considered.The widened syndesmosis can be reduced, followed
by medial reinsertion of a bone block with the tibial insertion of the intact but elongated
ATIFL [47].

As the ATTFL is located superficially, just beneath the skin, it can be well visualized with ultra-
sound.With high frequency US (15MHz), injuries of the ATIFL can be detected with an accuracy
of 85% [48].As the ATIFL runs obliquely, MR images in an axial plane could lead to depiction of
a partly interrupted ligament, leading to a false positive diagnosis of a ruptured ligament. Using
an additional oblique image plane of about 45 degrees reduces this problem [49].

Posterior tibiofibular ligament (Ligamentum tibiofibulare posterius)

Anatomy

The PTIFL is a strong ligament that extends from the posterior tibial malleolus to the poste-
rior tubercle of the fibula and runs from proximal-medial to distal-lateral (Fig. 8, see previous
pages). It forms a 20-40° angle with the horizontal plane and a 60-85° angle with the sagittal
plane [9, 35]. Its lower part, or transverse ligament, runs more horizontally than the PTIFL
[22].The PTIFL has a similar shape and structure as the ATIFL. It is triangular with a broad
base at the tibial insertion. Its fascicles more or less converge to the posteromedial aspect
of the fibula (Fig. 4, 10, see previous pages). Therefore the length of the proximal fibres is
shorter than the distal fibres; respectively 9.7 + 6.9 mm (3.4-21.2 mm) and 21.8 + 7.5 mm
(6.4-32.5 mm).The mean width of the ligament is 17.4 + 3.5 mm (11.1-21.5 mm), with a
tibial insertion thickness of 6.4 + 1.9 mm (4.4-9.0 mm) and fibular insertion thickness of 9.7
+ 1.7 mm (8.0-11.4 mm) [35, 39].The PTIFL, like the ATIFL, is multifascicular and consists
of multiple collagen bundles interspersed with fat. Its most distal fibres are in close contact
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with the transverse ligament and some fibres from the fibular insertion sometimes even ap-
pear to be continuous with it [35].

Clinical relevance

According to the fracture classification of Lauge-Hansen, rupture of the posterior syndesmo-
sis, i.e. the PTIFL or avulsion fracture of the PTIFL, can occur in supination-eversion, prona-
tion-eversion or pronation-abduction injury of the ankle.As the PTIFL is a thick and strong
ligament, excessive stress results more often in a posterior malleolus avulsion fracture than
in a rupture of the ligament [50]. With direct reduction of the posterior malleolus avulsion
fracture, the syndesmosis can be stabilized. However, this is only feasible when the PTIFL is
intact [19].

Transverse ligament (Ligamentum tibiofibulare transversum)

Anatomy

The transverse ligament runs horizontally between the proximal margin of the fibular mal-
leolar fossa and the dorso-distal rim of the tibia and may extend as far as the dorsal aspect
of the medial malleolus (Fig. 11, 12, see next pages). Its length varies from 22 to 43 mm [35,
39]. 1t is a thick, round ligament that deepens the posteroinferior rim of the tibia and forms
a labrum analogue (Fig. 8, see previous pages and Fig. 13, see next pages). Some fibres of the
posterior talofibular ligament coalesce with the most distal fibres of the transverse ligament
and form the so called tibial slip, or intermalleolar ligament (IML) (Fig. 14, see next pages).
According to Oh et al. (20006) the intermalleolar ligament is a separate anatomic entity and
almost invariably present in 81.8% of 77 specimens [51, 52]. The IML arises slightly proxi-
mal to the origin of the posterior talofibular ligament in the malleolar fossa and distal to the
origin of the transverse ligament [53]. Its shape varies from a thick string to a band, with a
length of 39.2 mm (28.2-44.9 mm), a width of 3.7 mm (0.8-8.8 mm), and a thickness of 2.8
mm (0.4-5.8 mm), and occasionally extends into the joint. The medial insertion sometimes
consists of two or three slips.The medial arising sites of the IML include both the medial and
lateral border of the medial malleolar sulcus, through the septum between the M. flexor digi-
torum longus and M. tibialis posterior, or the medial part of the posterior margin of the tibia
[52].The IML runs parallel to the transverse ligament, from which it is always separated by a
triangular or quadrilateral-shaped soft tissue space. During plantar flexion the IML becomes
less taut and approximates the transverse ligament [51].

Clinical relevance

In the literature there is controversy whether the transverse ligament and distal posterior ti-
biofibular ligament form one anatomic unit or are two distinct structures. Golano et al. (2002)
stated that the transverse ligament is the deep part of the posterior tibiofibular ligament[51],
whereas Lee et al. (1998) demonstrated that MR arthrography allowed resolution of the su-
perficial and deep component of the posterior tibiofibular ligament[54].

Even more controversy exists about the tibial slip and intermalleolar ligament. Bartonicek
(2003) considered the tibial slip as a reinforced strip of the joint capsule[22], whereas others
showed that the intermalleolar ligament is a separate anatomic structure with diverse mor-
phologic features [51, 52].The observed frequency of the IML varies from 19% in MRI of the
ankle to 82% in dissected anatomical specimens [51-53, 55].This difference could be due to
difference in used techniques, like MRI, dissection, cryosection or arthroscopy, the number
of patients or specimens used or the position of the foot during investigation.
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The space between the transverse ligament and IML makes the posterolateral approach in
ankle arthroscopy most suitable for avoiding ligamentous structures. During anterior ankle
arthroscopy with standard antero-medial or antero-lateral ports, the transverse and intermal-
leolar ligament are visible but not the posterior tibiofibular ligament.To visualize the PTIFL,
posterior arthroscopy or endoscopy is necessary. The intermalleolar ligament can be the
cause of the posterior impingement syndrome in ballet dancers, where in extreme plantar
flexion, entrapment or even a bucket handle tear of the ligament can occur [52, 53].

Fig. 11. Axial () and oblique image (b) at the level of the ti-
biotalar joint with the posterior inferior tibiotalar ligament
(PTIFL) (1) and, in front of it, the transverse ligament (2)
(female, 30 years).The PTIFL runs from the posteromedial
aspect of the fibula towards the posterior tibial tubercle.
The transverse ligament originates postero-medially from
the fibula just above the fibular malleolar fossa and inserts
onto the dorsal ridge of the tibia up to the level of the me-
dial malleolus. In (¢) the posterior talofibular ligament (3)
runs from the fibular malleolar fossa towards the posterior
talar tubercle and is only partly depicted. E fibula;T, tibia;
Ta, talus; MM, medial malleolus; LM, lateral malleolus.
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Fig. 12. Axial proton-density-weighted MR images (a, b) and axial T1-weighted MR images with fat suppression
with intra-articular contrast (¢, d) at the level of the tibiotalar joint, in the same patient (female, 47 years).The
transverse ligament (1) originates postero-medially from the fibula, just above the fibular fossa, and inserts on
the dorsal ridge of the tibia. It forms a labrum-like structure to keep the talus from moving posteriorly (@).The
posterior tibiofibular ligament (PTIFL) (2) is visible 5 mm above this level, which originates from the postero-
medial corner of the fibular malleolus and inserts on the posterior tibial tubercle (b).The transverse ligament
(3), extends like a thick band along the entire border of the posterior tibial ridge, where it serves as a labrum
for the talus (¢).The PTIFL (4) is short and triangular-shaped and bridges the fibula and tibia posteriorly (d). MM,
medial malleolus; LM, lateral malleolus;Ta, talus.

Fig. 13. MR arthrogram with an oblique image at the level of
the tibiotalar joint shows the curved transverse ligament (1)
running from the posteromedial aspect of the fibula to the
posterior inferior rim of the tibia (female, 16 years). E fibula;
T, tibia; Ta, talus.
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Fig. 14. MR-arthrogram: coronal T1-weighted image with
fat suppression and with intra-articular contrast in the
tibiotalar joint (male, 23 years).The fibula (F), the pos-
terior malleolus of the tibia (T) and the posterior body
of the talus (Ta) are visible.The posterior talofibular li-
gament (TFP) (1) runs more or less horizontally from
the fibular fossa to the posterior process of the talus.
Just above the origin of the TFP in the fibular fossa, the
intermalleolar ligament originates (2), extending medi-
ally and fusing with the transverse ligament (3) at the
medial aspect of the posterior ridge of the distal tibia.
The transverse ligament runs between the posterome-
dial fibula, just above the fibular fossa,and the posterior
ridge of the distal tibia. E fibula;T, tibia;Ta, talus.

Interosseous ligament (Ligamenta tibiofibularia)

Anatomy

The interosseous membrane (Membrana interossea cruris) extends between the tibia and
fibula, and at its lowermost end thickens and gives rise to a spatial network of pyramidal
shape. This network is filled with fatty tissue and steep running fascicles and forms the
interosseous ligament (Fig. 1, 2, 4, see previous pages). Most fibres run in a latero-distal and
anterior direction from the tibia to the fibula, although some fibres on the anterior aspect run
in the reverse direction.The most distal fibres attach to the tibia at the anterior tubercle level
and descend straight to the fibula, where they attach just above the level of the talocrural
joint. The most proximal fibres attach to the tibia at the apex of the incisura tibialis [22, 35].
The length of fibres gradually increases from proximal to distal, with a proximal length of 6.6
+ 1.3 mm (5.8-7.6 mm) and distal length of 10.4 + 3.1 mm (8.2-12.6 mm).The thickness of
the interosseous ligament is 4.7 = 1.1 mm (3.8-5.3 mm), its width at the fibular attachment
21.2 = 1.7 mm (20.0-22.5 mm) and its width at the tibial attachment 17.7 = 1.0 mm (17.1-
18.5 mm). The measurements of Nikolopoulos et. al. (2004) differ a little from these values
(ength 3-6 mm, thickness 2-4 mm and width 2-4 mm)[39]. However the trend of these
data is the same.The presence of the interosseous ligament is variable. In some individuals it
is absent, whereas in others it is rather markedly present, especially in those with a flattened
incisura of the tibia and fibula.The area underneath the interosseous ligament is generally filled
with the synovial plica from the tibiotalar joint [22,35].

Clinical relevance

Not only is there a gradual transition of the interosseous membrane into the interosseous
ligament [25], but there also appears to be a continuous transition between the interosseous
tibiofibular ligament and the ATTFL and PTIFL. However, Bartonicek (2003) describes that on
a sagittal section the ATIFL is sharply separated from the anterior surface of the interosseous
ligament by a narrow gap[22].
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The interosseous ligament is thought to act as a “spring’, allowing for slight separation
between the medial and lateral malleolus during dorsiflexion at the talocrural joint, and thus
for some wedging of the talus in the mortise. This is also reflected in the change of shape,
reflecting the tension in the ATIFL and PTIFL, as can be observed with ultrasound during
plantar- and dorsiflexion of the foot (Fig. 15).

The interosseous ligament not only functions as a buffer, neutralizing forces during for ins-
tance the ‘heel strike’ phase in walking, but also has a function in stabilizing the talocrural
joint during loading [7, 9, 56]. Haraguchi et al. (2009) described that the distal tibiofibular
ligaments and interosseous membrane were loaded throughout the stance phase, which pro-
vides a theoretical basis for evidence of syndesmosis screw breakage or loosening[57]. In
anatomical specimens the relative importance of the individual syndesmotic ligaments to
syndesmotic stability was found to be 35% for ATIFL, 33% for the transverse ligament, 22% for
the interosseous ligament and 9% for the PTIFL [58].

Fig. 15. Ultrasound images of anterior (1) (a, b) and posterior (2) (c, d) tibiofibular ligament (female, 20 years).
In plantar flexion the ATIFL is slack (a).In dorsiflexion the talus pushes the tibia and fibula outwards, with stret-
ching of the anterior tibiofibular ligament as a result (). The same mechanism applies for the PTIFL. In plantar
flexion the ligament is slack with a resulting increase echogenicity (¢). In dorsiflexion the fibres are stretched
and are more longitudinally aligned (). E fibula; T, tibia.
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Conclusion

As the syndesmosis plays an important role in stability after acute or chronic osseoligamen-
tous injury, understanding of the anatomy is essential in both diagnostic imaging and thera-
peutic management. In this article we described in detail the anatomy of the separate osseo-
ligamentous structures of the distal tibiofibular joint, which is a complex syndesmotic joint,
and discussed the clinical relevance of these structures.
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MR-plastination-arthrography: a new technique used to study the distal tibiofibular syndesmosis

Abstract

Objective: The purpose of this study was to describe a new technique called MR plastination
arthrography to study both intra- and extra-articular anatomy.

Materials and Methods:In six human cadaveric lower legs MR arthrography was performed
in either a one-step or two-step procedure.In the former a mixture of diluted Gadolinium and
dyed polymer was injected. In the latter the dyed polymer was injected after arthrography
with diluted Gadolinium.Three-millimeter slices of these legs, obtained in a plane identical to
that of the MR images, were plastinated according to the E12 technique of von Hagens.The
plastination slices were subsequently compared with the MR images.

Results: The one-step procedure resulted in an inhomogeneous arthrogram. The two-step
procedure resulted in a good correlation between the high-resolution MR images and plasti-
nation slices, as expressed by a good comparison of anatomic detail of the small syndesmotic
recess.

Conclusion: Images of the distal tibiofibular syndesmosis obtained with plastination arthro-
graphy correlated well with images acquired by MR arthrography when performed in a two-
step procedure.
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Introduction

MR arthrography is an accepted technique to study intra-articular pathology. In patients with
an injury of the distal tibiofibular syndesmosis the joint space and its recesses may be in-
volved.Therefore the normal anatomy not only of the syndesmotic ligaments but also of the
joint space and of the height and contour of the syndesmotic recess is of interest. One way to
study the anatomy is by using the technique of plastination, in which biologic tissues are im-
pregnated by curable polymers [1].This results in dry, odorless, and durable specimens that
have intact gross and microscopic anatomy. However the joint space itself and its recesses
are not easily recognized because in the process of plastination the joint fluid is removed.
Therefore we decided to combine plastination with arthrography. In this way, both the joint
space and its outlining structures can be depicted.

In this article we describe our experiences with two techniques of plastination arthrogra-
phy. The images obtained by plastination arthrography were correlated with images of MR
arthrography and were used to study the normal anatomy of the distal tibiofibular syndes-
mosis.

Materials and Methods

We used six fresh frozen human cadaveric lower legs, which were amputated through the
knee joint. The specimens were thawed 12 - 24 hours before scanning. In all specimens both
a conventional MR as well as a MR arthrography were performed.As contrast agent we used
Gadolinium (Magnevist® dimeglumingadopentetate, Schering, Germany; Gd) in MR and dyed
polymer in plastination. After MR imaging the leg was frozen again for a week at -20°C in
order for the intra-articular polymer to cure.After this, 3 mm slices of fresh frozen legs were
obtained in a 45° oblique axial plane identical to that of the MR images. These slices were
then plastinated according to the E12 technique of von Hagens.The plastination slices were
subsequently compared with MR images.

The injection of contrast fluid for MR-plastination arthrography was performed in either a
one-step or a two-step procedure.In the one-step procedure MR arthrography was performed
after a single injection with a mixture of NaCl (0.9%), Gd, and dyed polymer. In the two-step
procedure injection of a mixture of NaCl (0.9%) and Gd for MR arthrography was followed
by removal of the Gd and a second injection of dyed polymer for plastination arthrography.
To prevent artifacts at the level of the anterior syndesmosis, injection was performed be-
tween the tendon of the anterior tibial muscle and the medial malleolus at the level of the
talocrural joint.

For the one step procedure it was necessary to find the optimal concentration of Gd and the
optimal curation speed of the polymer solution. Two series with each nine different Gd con-
centrations were made in test tubes.The dilutions of Gd in these tubes increased from 1:50
- 1:250 with steps of 25, with NaCl (0.9%) as the diluting agent.The first series was made
with a fast curing polymer, the second series with a slow curing polymer. The slow curing
polymer was made with half the amount of hardening component (Biodur Hirter E2) of that
used in the fast curing polymer.

The 18 test tubes were scanned axially using T1 weighted FFE images (TR = 5.1 ms,TE = 1.8
ms, o = 55°),a 128 x 256 matrix, NSA =1, and one slice with a thickness of 10 mm at a 1.5T
MRI (Gyroscan, Philips, Best,The Netherlands).The tubes were scanned at 2-minute intervals
for a period of 8.5 h.The change in signal intensity with time was plotted in time-intensity
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curves. The time available to perform MR-plastination-arthrography was determined by the
time the signal of the mixture had faded for 50%.

A 1.5T MR (Gyroscan, Philips, Best,The Netherlands) and C3 surface coil around the cadaver
ankles were used to obtain high-resolution images of the distal tibiofibular syndesmosis.The
syndesmosis was scanned in a coronal, an axial and an oblique axial plane.The latter plane
had shown to give the best images of the syndesmosis in a previous study [2,3].T1-weighted
images were acquired with a matrix of 512 x 512, a field of view of 120-140 mm and 2.5 mm
slice thickness. For the MR arthrography T1-weighted images with spectral fat suppression
(SPIR) were obtained using a matrix of 512 x 512, a field of view of 120-140 mm and 3.0 mm
slice thickness.With these scan parameters an in plane resolution of about 250 x 250 um was
realized. Cod oil markers were fixed to the leg before scanning started in order to be able to
define the exact plane in which the ankle had to be sawed [4].

Results

With time the signal intensity of the mixtures of Gd and polymer decreased as is demonstra-
ted by the time-intensity curves (Fig. 1).The time-intensity curves showed the following: the
decrease in signal intensity was initially greater in the fast-curing polymer than in the slow-
curing polymer; after 512 minutes both polymers still had not completely solidified as the
signal intensity of both the fast and slow curing polymer had not reached zero yet; at higher
dilutions the decrease in signal intensity occurred at a greater rate than at lower dilutions.
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Fig. 1. Signal intensity (SI (%)) versus scan time (min) of two series of mixtures with polymer and Gadolinium
(Gd) with different curing speed. I = fast curing; Il = slow curing polymer. Each series contains nine different
Gd dilutions varying from 1:50 to 1:250, in steps of 25 (1-9).

49




MR-plastination-arthrography: a new technique used to study the distal tibiofibular syndesmosis

MR-plastination-arthrography was performed in either a one- or a two-step procedure. For
the one-step procedure we used the mixture with the slow curing polymer with 1:50 diluted
Gd. Although this procedure resulted in a good plastination arthrogram, the MR arthrogram
appeared to be inhomogeneous (Fig. 2).

Fig. 2. Axial T1-w image with fat suppression after
an intra-articular injection with a mixture of diluted
Gd and polymer (one-step procedure). E fibula; T, ta-
lus.The arthrogram is inhomogeneous: there are both
areas with high signal intensity (arrow) as well as
areas with signal voids (asterisk).

For the two-step MR plastination arthrography, we first performed a conventional MR arthro-
gram with 1: 250 diluted Gd, followed by an intra-articular injection of dyed polymer. This
resulted in both a homogeneous MR arthrogram as well as a good plastination arthrogram.
The images acquired after the two-step MR plastination arthrography were compared with
the plastination arthrography and showed an excellent correlation (Fig. 3). The talocrural
joint space and its recesses were filled with contrast agent in the MR arthrogram and with
dyed polymer in the plastination arthrogram.The syndesmotic recess was clearly visible in
both the MR and the plastination arthrogram and the inner boundaries of the joint could
easily be identified. The noncontrast enhanced MR images demonstrated ligaments, muscles,
tendons and the neurovascular bundles in great detail. The same structures were clearly re-
cognizable in the plastinated slices.

Directly behind the anterior tibiofibular ligament was a small fat pad, which protruded varia-
bly into the talocrural joint (Fig. 4).In the T1-weighted images, the fat pad had the same signal
intensity as the subcutaneous fat.In the MR arthrogram, a technique with fat suppression was
used.The fat could now be seen as a signal void abutting the posterior border of the anterior
tibiofibular ligament and indenting the syndesmotic recess (Fig. 3).

The anterior and posterior tibiofibular ligaments were only partially depicted in the axial
images of the talocrural joint. However, in the oblique plane, running 45° in caudal-cranial di-
rection from the lateral malleolus and related to the tibia plafond, the syndesmotic ligaments
were depicted in their entire length (Fig 5, see next pages).

The transverse ligament was best seen in an axial image since it runs parallel to the tibial
plafond between the medial and lateral malleolus, and forms a labrum like structure at the
posterior distal tibia. We cannot present a plastination image of this ligament in the axial
plane since we only made images in the aforementioned oblique plane. The interosseous
membrane was well visualized in both the axial and the oblique plane since it constitutes a
continuous sheet between the crest of the tibia and fibula.
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Fig. 3. Correlation between noncontrast enhanced MRI (A), plastination arthrography (B),and MR arthrography
(C, D) at the level of the syndesmosis. The green dye (B) and contrast (C, D) are visible in the syndesmotic
recess. The recess is not visible in the noncontrast MRI (4).The anterior and posterior tibiofibular ligaments
outline the syndesmotic recess.The fat pad is visible behind the anterior tibiofibular ligament (A4, B).The cod oil
markers are visible as white balls on the skin (4, ©).

Fig. 4. Coronal T1-w image. A small fat pad (arrow)
protrudes into the tibiotalar joint.
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Fig. 5. Axial (left) and 45° oblique (right) T1-w image. In the axial image the anterior tibiofibular ligament looks

interrupted (arrow).In the oblique image the ligament is depicted along its entire length (arrow).

Discussion

Several techniques can be used to perform MR arthrography. All techniques however are
based on the presence of an intra-articular contrast-enhancing agent and on distension of the
joint.A joint effusion or haemarthros, due to an acute or chronic injury of the joint, leads to
distension of the joint with the intra-articular fluid acting as a natural contrast agent.Another
way to perform an arthrogram is by injecting a saline solution into the joint and injecting
Gd intravenously.The most commonly used technique however, is an intra-articular injection
of a diluted Gd solution [5].This results in a high intra-articular signal and therefore a good
depiction of the intra-articular anatomy.

Until now no technique was available to perform plastination arthrography. Plastination is a
process in which tissues are dehydrated and impregnated with a polymer. It is an excellent
method to study anatomy, but as fluids are taken out of the tissues during the process, it is
difficult to study intra-articular anatomy. Plastination arthrography could be the solution for
this problem.When a polymer is added to the Gd solution there will be a decrease in signal
intensity with time because curing of the polymer results in an increasing solidity of the mix-
ture.This decrease in signal intensity goes on until, finally, there is a signal void.

In order to be able to perform MR arthrography we looked for that specific mixture of Gd
and polymer, which would give us the maximum time window to scan before the signal in-
tensity, dropped below a visible level. The mixture showing the highest signal intensity for
the longest period of time was the slow-curing polymer with a 1:50 diluted Gd solution. At
50% decrease of the initial signal intensity, this Gd-polymer mixture was still clearly visible.
The 50% reduction in signal intensity was reached after 150 minutes. Since we needed circa
50 minutes to prepare the Gd-polymer mixtures before we could start MRI scanning, the total
available time window before the signal intensity dropped below a visible level added up to
200 minutes.This gave us ample time to perform the MR imaging.

The most convenient way to perform MR Plastination arthrography is with a single intra-arti-
cular injection of a mixture of Gd and polymer. Such a mixture did not give a good result in
this study.Although the joint could be clearly visualized, the arthrogram was inhomogeneous.
As such it was not possible to study the joint lining and syndesmotic recess.There could be
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a number of reasons for this phenomenon.

Firstly, the ongoing process of curing could be the cause of this inhomogeneous arthrogram.
However, this is not likely since all images were acquired within approximately 110 min after
we started the preparation of the Gd-polymer while the total available time window amoun-
ted 200 minutes.

Secondly the presence of joint fluid and/or the presence of tissues forming the joint lining
may give an additional interaction between the Gd and polymer.This could lead to a faster
decrease of signal intensity in the joint than was observed in the test tubes. Moreover the
curing process itself may be an inhomogeneous process.

Changing the order of mixing the components of the polymer solution with the hardening
component (Biodur Hirter E2) added last however, did not result in a more homogenous
arthrogram. We therefore changed towards a two-step procedure with a conventional MR
arthrogram as a first step, followed by an intra-articular injection of a dyed polymer and plas-
tination of the leg.

The obliquely running anterior and posterior tibiofibular ligaments are only partially visible
in axial images of the talocrural joint.This may lead to the erroneous interpretation of a rup-
ture of these ligaments. Generally, a ligament is best depicted in a plane along its length. We
therefore scanned and sawed the specimen in an oblique plane, which was defined with the
aid of markers containing cod oil, which were attached to the skin of the cadaveric leg.
This article shows that the study of clinically relevant anatomical structures clearly improves
by using plastination arthrography.This can best be done following the two-step procedure.
The first step was the MR arthrogram with a 1:250 diluted Gd solution; the second step the
plastination arthrogram with a dyed polymer. With this technique we achieved an excellent
correlation between MR images and plastinated slices of the distal tibiofibular syndesmosis.
MR-plastination-arthrography demonstrated the clinically relevant syndesmotic recess, the
fat pad, and the tibiofibular ligaments in great detail. This technique can be applied to study
the anatomy of any synovial joint. However, it is essential to obtain plastination slices in the
same plane as the imaging slices.To optimize this technique for each joint may be a subject
for future studies.
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Abstract

Objective: The optimal MRI scan planes of collateral ligaments of the ankle have been de-
scribed extensively, with the exception of the syndesmotic ligaments. We assessed the opti-
mal scan plane for depicting the distal tibiofibular syndesmosis.

Materials and Methods: In order to determine the optimum oblique caudal-cranial and later-
al-medial MRI scan plane, two fresh frozen cadaveric ankles were used.The angle of the scan
plane that demonstrated the anterior and posterior distal tibiofibular ligament uninterrupted
in their full length was determined. In a prospective study this oblique scan plane was then
used in addition to the axial and coronal planes, for MRI scans of both ankles in 21 healthy
volunteers. Two observers independently evaluated the ATIFL and PTIFL regarding the con-
tinuity of the individual fascicles, thickness and wavy contour of the ligaments in both the
axial and oblique plane. Kappa was calculated to determine the interobserver agreement.
McNemar’s test was used to statistically quantify the significance of the two scan planes.

Results: In the axial plane the ATIFL was in 31% (13/42) partly and in 69% (29/42) completely
discontinuous; in the oblique plane the ATIFL was continuous in 88% (37/42) and partly
discontinuous in 12% (5/42). Compared to the axial plane, the oblique plane demonstrated
significantly less discontinuity (p<0.001), but not significantly less thickening (p=1.00) or
less wavy contour (p=0.06) of the ATIFL. In the axial scan plane the PTIFL was continuous
in 76% (32/42), partially discontinuous in 19% (8/42) and completely discontinuous in 5%
(2/42); in the oblique plane the PTIFL was continuous in 100% (42/42). Compared to the
axial plane, the oblique plane demonstrated significantly less discontinuity (p=0.002), but
not significantly less thickening (p=1.00) or less wavy contour (p=0.50) of the PTIFL. The
interobserver agreement score and kappa (k) regarding the continuity for the ATIFL in the
axial and oblique plane was 91% (x = 0.79) resp. 91% (x = 0.55); for the PTIFL it was 86%
(x = 0.65) resp. 100% (x = not defined).

Conclusion: Until now the ATIFL and PTIFL have been scanned in the usual orthogonal scan
planes.The advantage of MRI scanning in an oblique image plane of about 45 degrees lies in
a better evaluation of the ligaments compared to the axial plane, particularly a better inter-
pretation of ligament continuity, thickening and wavy contour.This may lead to a reduction
in false positive results, especially regarding partial or complete ligament ruptures.This can
be of considerable aid in therapeutic management.

N
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Introduction

Injury of the distal tibiofibular syndesmosis occurs in approximately 1-11% of all ankle sprains
[1-3].This number may increase to more than 40% in those actively involved in high contact
or collision sporting activities [4].

Syndesmotic instability in adults can be due to widening of the ankle mortise (complete
tibiofibular diastasis) or to posterior translation and external rotation of the fibula (anterior
tibiofibular diastasis).The latter is more common and more difficult to recognize. The chronic
instability results from increased length of the syndesmotic ligaments that have healed elon-
gated after an acute rupture that was not adequately treated [5-7]. Lateral shift of the talus
more than 2 mm and external rotation of the talus larger than five degrees, reduce the mean
joint contact area and increase the contact pressure in the ankle [8,9]. Since widening of the
ankle mortise by 1mm decreases the contact area of the tibiotalar joint with 42% [10] this
could lead to an early osteoarthritis of the tibiotalar joint.

Radiography, arthrography, ultrasound and CT have been used to assess the integrity of the
syndesmosis. Several authors have described that radiography has limited use in the assess-
ment of syndesmotic integrity [11-13]. Conventional X-ray arthrography is not routinely used
anymore as it is an invasive examination, although it clearly displays syndesmotic and other
ligamentous injuries [14-16]. Ultrasound can clearly depict a torn tibiofibular ligament in
the acute stage but is less accurate after elapse of time and the results are very dependent
on the skills of the radiologist [17].With the use of CT, widening of the mortise exceeding 3
mm can reliably be assessed as well as gross deformity [18]. However external rotation of the
distal fibula, such as seen in anterior tibiofibular diastasis, is not easily recognised, due to the
“round” shape of the fibula at that level.

The value of MRI in acute and chronic syndesmotic injuries has been described in several
papers [19-23]. In these papers the usual three orthogonal scan planes (axial, coronal and
sagittal) and the position of the foot during imaging (neutral, 10-20 degrees dorsiflexion or
40-50 degrees plantar flexion) have been used to evaluate the optimal scan plane of both the
collateral and the syndesmotic ankle ligaments [21,23]. However, since the anterior and pos-
terior distal tibiofibular ligament run obliquely to the orthogonal planes [24], the axial scan
plane may lead to a false-positive interpretation regarding the presence of a syndesmotic
injury when MRI results are compared with operative findings [20, 25].

In the present study we assessed the additional value of an oblique scan plane for depicting
the anterior and posterior distal tibiofibular syndesmotic ligaments in cadaveric specimens
and validated this in healthy volunteers.The clinical relevance is illustrated with three clini-
cal cases.
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Materials and Methods

In two fresh frozen cadaveric lower legs, amputated below the knee, we obtained images of
the ankle in a 1.5T MR (Philips Gyroscan, Best,The Netherlands).The legs were thawed for
24 hours before scanning. We used a wrap around surface coil (E1 coil).A T1-weighted turbo
spin echo (TSE) sequence was used (TR 500ms;TE 15ms;TF 5) with a FOV of 12 x 12 cm, a
matrix of 512 x 512 and slice thickness of 2.5 mm with a gap of 0.2 mm and NSA of 2.

The images were acquired in the axial, coronal, sagittal and several oblique planes, with the
foot in neutral position.The oblique image plane was defined in the coronal and sagittal plan
scans. In the coronal view the acute angle of the oblique plane was related to the tibial pla-
fond and ran caudal-cranially and lateral-medially through the distal fibula.The angle of the
oblique plane varied from 30-60 degrees with steps of 5 degrees (Fig. 1a). In the sagittal view
the direction of the oblique plane ran parallel to a line along the inferior border of the ante-
rior and posterior tibia (Fig. 1b).The angle of the scan plane that demonstrated the multiple
fascicles of the anterior (ATIFL) and posterior distal tibiofibular ligament (PTIFL) uninterrup-
ted in their full length was defined as the optimal angle. The optimal angle was defined by
consensus by two observers (JH, NW).

Fig. 1 Coronal (4) and sagittal (B) MR images, which indicate the angle of the oblique image plane for the ante-
rior and posterior distal tibiofibular ligament. In the coronal plane the angle varied from 35 to 60°, with steps of
5°.In the sagittal view the direction of the oblique plane runs parallel to a line along the inferior border of the
anterjor and posterior tibia.

After determination of the optimal angle of the oblique MRI scan plane, this plane was used
additionally to the axial and coronal views to scan the syndesmosis of both ankles in 21
healthy volunteers (9 males; range 21-30 yrs and 12 females; range 21-30 yrs). Inclusion cri-
teria for the volunteers were: age over 18 years, no history of trauma in the past year, no
previous surgery and no inflammatory disease of the ankle or foot.The same MR scanner and
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T1-w TSE sequences as in the cadaveric legs were applied.The anterior and posterior distal
tibiofibular ligaments were evaluated with respect to continuity of the separate fascicles,
thickening of the fascicles and a wavy contour of the ligament [26]. Regarding the continuity
of the fascicles the ATTFL and PTIFL were assigned a score in both the axial and the oblique
image plane:“zero” when none of the fascicles of the ligament between the tibia and fibula
were interrupted (i.e. continuous),“one” when one or more, but not all of the fascicles, were
interrupted (i.e. partly interrupted) and “two” when all fascicles were interrupted (i.e. com-
pletely interrupted). Thickening of the fascicles and a wavy contour of the ligament were
scored as either present or absent.

The images were independently analyzed by two musculoskeletal radiologists with 10 (JH)
and 30 (AG) years experience.The interobserver agreement was determined by the kappa
agreement score (0.00 - 0.20: poor;0.21 - 0.40: fair; 0.41 - 0.60 moderate; 0.61 - 0.80 good;
0.81 - 0.90:very good;0.91 - 1.00: extra good). McNemar’s test was used to statistically quan-
tify the significance of the axial and oblique scan planes regarding the continuity, thickening
and wavy contour, of the anterior and posterior distal tibiofibular ligament, with a p-value less
than 0.05 considered as significant. Statistical analysis was performed with Statistical Package
for Social Sciences (SPSS) 15.0.

In three clinical cases the additional value of the oblique scan plane is demonstrated with
respect to diagnosis and treatment.

Results

Cadaveric ankles

When the ankle joint was imaged in the axial plane the fascicles of the anterior distal tibiofi-
bular ligament appeared to be discontinuous between the anterior tubercle of the tibia and
the anterior tubercle of the fibula.This apparent discontinuity slowly decreased when the 30
degrees angle of the scan plane was increased with steps of five degrees.At about 35 degrees
the uninterrupted ATIFL became visible and showed the multifascicular aspect of the liga-
ment to good advantage. With a scan angle greater than 55 degrees the fascicles appeared to
be discontinuous again.The plane of 45 degrees also demonstrated the posterior distal tibio-
fibular ligament in its full length. In both the coronal and sagittal plane the ATIFL and PTIFL
were not depicted with as much detail as in the oblique plane.

Volunteers

The interobserver agreement was calculated with kappa and the agreement score (Table 1).
The axial scan plane demonstrated a partial (Fig. 2) or complete discontinuity (Fig. 3, see next
page) of the ATIFL in 31% (13/42) respectively in 69% (29/42) of the twenty one volunteers.
In the 45 degrees oblique scan plane the ATIFL was continuous in 88% (37/42) and partially
discontinuous in 12% (5/42). In the oblique plane the fascicles were more often continu-
ous than in the axial plane (p<0.001). When compared to the axial plane, the oblique plane
demonstrated less thickening (5% resp. 2%; p=1.00) and less wavy contour (24% resp. 12%;
p=0.06) of the ATIFL, but both were not significant (Table 2).
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Table 1 Agreement score [AS (%)] and kappa (K), regarding continuity, thickening, and wavy contour of the an-
terior tibiofibular ligament (ATIFL) and posterior tibiofibular ligament (PTIFL) in the axial and oblique planes
of both ankles in 21 volunteers.

ATIFL PTIFL
Axial Oblique Axial Oblique

AS AS AS AS

%) X ©%) K %) K %) b
Continuity 91 0.79 91 0.55 86 0.65 100 detom
Thickening 91 0.46 95 0.48 95 0.72 98 0.79

not

Wavy 91 0.77 98 0.90 88 0.23 95 determined

Table 2. Frequencies of ligament characteristics of ATIFL and PTIFL in the axial and oblique planes of both an-
kles in 21 volunteers.The fascicles are continuous (CO), or partially or completely interrupted (PI resp. CD.

ATIFL PTIFL
Axial\Oblique CO PI CI CO PI CI
Continuous (CO) 0 0 0 0 32 0 0 32
Partially interrupted (PI) 12 0 1 13 8 0 0 8
Completely interrupted (CI) 25 0 4 29 2 0 0 2
37 0 5 42 42 0 0 42

Fig. 2 Axial (4) and oblique (B) T1-weighted turbo spin echo (TSE) image of the anterior distal tibiofibular liga-
ment in a healthy volunteer. In the axial image (4) two of the three visible fascicles of the anterior tibiofibular
ligament (ATIFL) are partially interrupted (arrow). In the oblique image (B) all three fascicles are continuous
and visible along their entire length.Therefore, partial discontinuity of the fascicles of the ATIFL cannot be used
as a parameter for a partial rupture of the anterior syndesmosis, when scanned in an axial plane.
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Fig. 3 Axial (4) and oblique (B) T1-weighted TSE image of the anterior distal tibiofibular ligament in a healthy
volunteer.The axial image (4) shows a discontinuous aspect of the inferior fascicle of the ATIFL, also called Bas-
sett’s ligament (white arrow). In the oblique image (B) a thick continuous Bassett’s ligament is visible. Posteri-
orly the transverse ligament (gray arrow) and posterior tibiofibular ligament (PTIFL; black arrow) are depicted;
in the oblique plane (B) only the lowermost fascicle of the PTIFL is depicted at this level.

In the axial scan plane the PTIFL was continuous in 76% (32/42), partially discontinuous in
19% (8/42) and completely discontinuous in 5% (2/42).In the oblique plane the PTIFL was
continuous in 100% (42/42) (Fig. 4). In the oblique plane the fascicles were more often con-
tinuous than in the axial plane (p=0.002). When compared to the axial plane, the oblique
plane demonstrated less thickening (10% resp. 7%; p=1.00) and less wavy contour (5% resp.
0%; p=0.50) of the PTIFL, but both were not significant (Table 2, see previous page).

Fig.4 Axial (4) and oblique (B) T1-weighted TSE image of the posterior distal tibiofibular ligament (arrow) in
a healthy volunteer. In the axial image (A4) the discontinuous fascicles of the PTIFL are visible, whilst in the
oblique image (B) the fascicles are intact. Therefore, in the oblique image plane the posterior syndesmosis is
demonstrated to its better advantage.
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Clinical cases

The clinical relevance of the oblique scan plane for the syndesmosis is demonstrated with
three cases.The first case is a 37 year old patient with a sprain of her ankle (Fig. 5). On the T2-
weighted turbo spin echo (TSE) images in the axial plane the ATIFL appeared discontinuous.
In the oblique scan plane however the anterior syndesmosis was continuous. Therefore the
ATTFL was not completely ruptured as suggested by the image in the axial plane.Although an
isolated rupture of the ATIFL can be treated nonoperatively, it preferably should be treated
in a plaster, whilst a sprain, i.e. a partial rupture of the anterior syndesmosis, can be treated
functionally [27].Additional finding of interest was a bone bruise of the distal tibia as indi-
cated by the high signal intensity area on the coronal STIR (i.e. short tau inversion recovery)
image (Fig.60).

Fig. 5 Axial (4) and obhque (B) T2-weighted TSE image of an ankle sprain.
The ATIFL (arrow) is discontinuous on the axial image (4) and, although a
little thickened, the ligament is continuous on the oblique image (B).The
anterior syndesmosis is therefore not ruptured as suggested by the axial
image.The coronal short tau inversion recovery (STIR) image shows bone
marrow edema in the distal tibia (asterisk, C).
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Fig. 6 Axial (4) and oblique (B) T1-weighted TSE image of a chronic injury of the ATTFL.The axial image shows a
thickened and discontinuous aspect of the ATIFL (white arrow;A). However, in the oblique image the ligament
is continuous, although quite thickened (white arrow; B).The two fascicles of the PTIFL are continuous, but
slightly thickened in both the axial and oblique planes (black arrow).
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The second case is a 44 year old man who complained of chronic instability after he had
sprained his ankle about a year ago (Fig. 6, see previous page).The T1-weighted turbo spin
echo (TSE) axial image showed a thickened and discontinuous aspect of the ATIFL, while in
the oblique image the ATIFL was continuous.The anterior syndesmosis was thickened due to
fibrosis that makes the fascicles of the ligament no longer individually visible. In the chronic
situation an anatomic reconstruction is the best treatment if the ATIFL is continuous. If not
salvage surgery such as tenodesis or arthrodesis may be performed.These surgeries relieve
the instability but alter the biomechanics [5].

The third case is a 12 year old boy with an acute sprain of his left ankle (Fig. 7). He sustained
a sprain of the same ankle 8 months previously. Extensive imaging (X-Ray, CT and MR) finally
demonstrated an old avulsion fracture of the anterior tubercle of the distal fibula (Wagstaffe-
Lefort) The oblique plane demonstrated an intact anterior distal tibiofibular ligament attached
to an avulsion fracture of the anterior fibula, whereas axial images at adjacent levels of the
distal tibiofibular joint showed the avulsion fracture of the anterior aspect of the fibula with
a discontinuous aspect of the ATIFL. Based on this information the surgeon could fixate the
avulsed fibular fragment with a staple and stabilize the syndesmosis with a setscrew, after de-
bridement of the medial gutter to allow the talus to resume its normal position. Without the
information obtained from the oblique MRI plane, a more substantial reconstructive surgery
would have been planned.

Fig. 7 Axial (4, B) and oblique (D) proton density and axial (C) T2-weighted TSE images of a 12-year-old boy.The
two axial proton density-weighted images, at two adjacent levels of the distal tibiofibular joint (4, B), demon-
strate the avulsion fracture of the anterior aspect of the fibula (Wagstaffe-Lefort, asterisk), with a discontinuous
aspect of the anterior distal tibiofibular ligament (arrow).The axial T2-weighted image (C) also shows the fibu-
lar avulsion fracture and interrupted anterior syndesmosis. However, on the oblique proton density image (D)
the fibular avulsion fragment (asterisk) is attached to an intact anterior distal tibiofibular ligament (arrow).
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Discussion

Many studies have been carried out to determine the optimal plane for scanning the lateral
collateral ankle ligaments with MRI. Only a few studies have been performed regarding the
optimal scan plane for the syndesmotic ligaments [21, 23]. According to the literature the
axial and coronal scan planes are optimal for depicting the ATIFL, PTIFL and transverse liga-
ments, and the axial plane for the interosseous ligament.The basic concept is that a ligament
is depicted best when the scan plane runs parallel to the direction of that ligament. Since
the ATIFL and PTIFL run in an oblique direction with respect to the tibial plafond, imaging
of the ATIFL and PTIFL should be optimal in an oblique plane, instead of the commonly used
axial and coronal planes.As one can expect, an obliquely running ligament will likely show a
partial or complete discontinuity when imaged in an axial plane.

The ATIFL has antero-posteriorly a triangular shape, is about 1 cm in height and has a thick-
ness of 5 mm. It consists of 3 bundles, separated by 2 mm wide gaps that slightly converge in
the laterodistal direction [24].The superficial anterior fibers are 2 to 3 cm long, the deeper
posterior fibers are somewhat shorter [3].It extends in an oblique way between the anterior
tubercle of the distal tibia and the anterior tubercle of the distal fibula and runs from medial-
superior to lateral-inferior and crosses the anterolateral corner of the talus.The angle formed
between a line along the tibial plafond in the coronal view and a line along the anterior distal
tibiofibular ligament varies from 30-50 degrees [24, 28-30].

The PTIFL has a quadrilateral shape, is about 1 cm in height, 6 mm thick and 18 mm wide.
Its fibers extend between the posterior tibial malleolus and posterior tubercle of the fibula
from medial-superior to lateral-inferior. It runs slightly more horizontally than the anterior
tibiofibular ligament [24].

Based on these data it seems a logical step to introduce an oblique image plane for depicting
the ATTFL and PTIFL.To find the optimal angle of this oblique plane we first used two cada-
veric lower legs. We increased the angle gradually from 30 till 60 degrees with steps of five
degrees. In the range of 35-55 degrees, the individual fascicles of both the ATIFL and PTIFL
were visible in their entire length. We finally chose an angle of 45 degrees (in consensus JH,
NW) as the optimal angle for the oblique image plane, as this angle has an upper and lower
range of about 10 degrees without the risk of not depicting the ligaments properly.

In our volunteers we analyzed the ATIFL and PTIFL with regard to continuity, thickening and
a wavy aspect of the ligament, since these are characteristics of ligamentous injury [26]. In
the axial plane the ATIFL and PTIFL were continuous in 0% respectively 76%, while they were
continuous in 88% resp. 100% in the oblique plane. In the axial plane the fascicles were de-
picted as partly or completely interrupted.This could easily give the impression of a rupture
of the ligament [25].An example of this problem is demonstrated in the paper by Oae et al
(Radiol 2003), where axial MRI images showed a rupture of the ATIFL in one patient and a
rupture of the PTIFL in another, both of which proved to be incorrect at ankle arthroscopy.
Since the range in the angle of the anterior distal tibiofibular ligament varies, it sometimes
will happen that not all of its fascicles lie in the oblique image plane of 45 degrees, as occur-
red in 12% of the healthy volunteers.

Other characteristics of an injured ligament are thickening and a wavy aspect. In two volun-
teers, one or more of the fascicles of the ATIFL appeared to be thickened in the axial plane
(in only one in the oblique plane). Basset described a thick inferior fascicle of the ATIFL as
a possible cause of anterolateral tibiotalar impingement [31].The ATIFL consisted of two or
three rather thick fascicles in some, and multiple thin fascicles in other volunteers. Since
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none of the volunteers had a history of serious ankle trauma or current ankle complaints, it
is reasonable to assume that a thickened aspect of one or more of the fascicles, especially
when present in both ankles, could be a normal variant. Possibly the ATIFL is composed of
a variable number of fascicles, with variable thickness, instead of the three mentioned by
Bartonicek [24]. SubHas et. al. also mention a thickened inferior ligament (i.e. Bassett) in the
presence of a normal ATIFL [32].

In a few cases the ATIFL or PTIFL demonstrated a wavy aspect in the axial plane, in 10 resp.
2 cases, and remained wavy in the oblique plane,in 2 resp. 0 cases (Fig. 8).1It is not clear why
the wavy aspect of these ligaments, as observed in the axial plane, disappeared in the oblique
plane. Possibly, insertion of the ligament on a slightly protruding tibial and fibular tubercle
gives this impression.A wavy aspect of the syndesmotic ligaments has until now been inter-
preted as a sign of injury and could therefore also lead to false positive findings.

Fig. 8 Axial (4) and oblique (B) T1-weighted TSE image of the ATIFL (arrow) in a healthy volunteer. The ATTFL
has a wavy aspect on the axial image (4) and a straight aspect on the oblique image (B).The continuity and
multifascicular aspect of the ATIFL are better demonstrated on the oblique image.A wavy aspect of the ATIFL
can thus not be used as a parameter for injury of the ATIFL, in an axial scan plane.

Although the agreement score regarding the different characteristics of the ATIFL and PTIFL
was generally good (86% - 100%), the kappa value (k) however varied from fair to good
(0,23 - 0,90) (Table 1, see previous page).For example the agreement score regarding conti-
nuity of the PTIFL in the oblique plane was 100%, while kappa was only 0,65. Discrepancies
between the percentage agreement and kappa values in our case can be explained by the
skewed distribution of categories. In such cases kappa is known to have poor properties as
an index for measuring agreement. In two cases, continuity and wavy aspect of the PTIFL in
the oblique plane, the value for kappa could not even be determined [33].

We compared the oblique plane only with the axial plane and not with the coronal plane.
The oblique and axial plane differ in only one parameter i.e. the angle in which the ligaments
are depicted, while the cross sectional direction is the same, whilst the oblique and coronal
plane differ in two parameters,i.e. both a different cross sectional direction as well as a diffe-
rent plane.Although the coronal view is good for depicting the multifascicular aspect of the
ATTFL and PTIFL, in our volunteers the fascicles of the ATIFL and PTIFL were never entirely
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visible along their full length between their insertion on the tibia and fibula. The coronal
plane is therefore less suited for analysis of traumatic changes.

Our study has several shortcomings. First, we only used two cadaveric legs. It would be bet-
ter to determine the range of angles of the ATIFL and PTIFL in a larger number cadaveric legs
or volunteers. Maybe the ATIFL and PTIFL should each be scanned with a different optimal
angle? Second, ideally the best way to analyze the ATIFL and PTIFL would be to determine
the exact angle of both ligaments in each individual separately.This would mean that in each
individual first an axial and coronal dataset should be acquired. Subsequently in the axial
plane the angle with the coronal plane could be established and next in the coronal images
the angle with the axial plane. However this would make it an elaborate and time consuming
procedure and not very practical. We therefore chose a fixed angle of 45 degrees for the
oblique MRI scan plane and accept a small percentage (12%) of partly interrupted ligaments.
Third, although the volunteers are healthy, it is unlikely they never had any previous ankle
trauma. On average almost everyone sustains an inversion injury of the ankle once during
their lifetime. Thirty nine percent of the volunteers had signs of minor injury of the collateral
ankle ligaments, visible as a slight thickening of one or more of the collateral ankle ligaments.
Although isolated injury of the syndesmosis, known as a high sprain, can occur, it often has a
more protracted recovery period and therefore would be easier remembered. On the other
hand minor syndesmotic injury could also go undetected and heal with a slight thickening
or maybe wavy aspect of the ATIFL.

Clinically, information about the integrity of the syndesmotic ligaments is of importance, be-
cause it determines the kind of therapy the patient gets. Especially the ATIFL plays an im-
portant role in stability of the syndesmosis. In case of an isolated injury of the ATIFL (a high
sprain) a complete rupture of the ATIFL should be treated with a no weight bearing cast or
surgery, while a partly ruptured ATTFL can be treated functionally with a weight bearing cast.
Until now the ATIFL and PTIFL have been scanned in the usual orthogonal MRI scan planes.
The advantage of scanning in an oblique image plane of about 45 degrees lies in a better
depiction of both ligaments when compared to the axial plane and with it a better inter-
pretation of continuity, thickening and wavy contour. This may lead to a reduction in false
positive results, especially regarding partly or completely ruptured ligaments, and can be of
considerable aid in therapeutic management.

Conclusion

The MRI scans for the syndesmosis ligaments ATIFL and PTIFL have been carried out in the
three usual orthogonal scan planes.The advantage of scanning in an oblique image plane of
about 45 degrees lies in a better depiction of both ligaments when compared to the axial
plane,and with it a better interpretation of continuity, thickening and wavy contour.This may
lead to a reduction in false positive results, especially regarding partly or completely ruptured
ligaments, and can be of considerable aid in therapeutic management as demonstrated by the
three clinical cases.
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Tibiofibular syndesmosis in acute ankle fractures: additional value of an oblique MR image plane

Abstract

Objective: To evaluate the additional value of a 45° oblique MRI scan plane for assessing the
anterior and posterior distal tibiofibular syndesmotic ligaments in patients with an acute
ankle fracture.

Materials and Methods: Prospectively, data of 44 consecutive patients with an acute ankle
fracture who underwent a radiograph (AP, lateral and mortise view) as well as a MRI, in both
the standard three orthogonal planes and in an additional 45° oblique plane was collected.
The fractures on the radiographs were classified according to Lauge-Hansen (LH).The as-
pect of the anterior (ATIFL) and posterior (PTIFL) distal tibiofibular ligaments, as well as the
presence of a bony avulsion in both the axial and oblique planes were evaluated on MRIL.
MRI findings regarding syndesmotic injury in the axial and oblique planes were compared
to syndesmotic injury predicted by LH. Kappa, and the agreement score was calculated to
determine the interobserver agreement.The Wilcoxon signed rank test and McNemar’s test
were used to compare the two scan planes.

Results: The interobserver agreement (k) and agreement score (AS (%)) regarding injury of
the ATIFL and PTIFL, and the presence of a fibular or tibial avulsion fracture, was good to
excellent in both the axial and oblique image planes (0.61<k<0.92; 84%<AS<95%). For both
ligaments the oblique image plane demonstrated significantly less injury than the axial plane
(p<0.001).There was no significant difference in detection of an avulsion fracture in the axial
or oblique plane, neither anteriorly (p=0.50) nor posteriorly (p=1.00). With syndesmotic in-
jury as predicted by LH as comparison, the specificity in the oblique MR plane increased for
both anterior (from 7% to 86%) and posterior (from 48% to 86%) syndesmotic injury when
compared to the axial plane.

Conclusion: Our results show the additional value of an 45° oblique MR image plane for de-
tection of injury of the anterior and posterior distal tibiofibular syndesmosis in acute ankle
fractures. Findings of syndesmotic injury in the oblique MRI plane were closer to the diagno-
sis as assumed by the Lauge-Hansen classification than in the axial plane. With more accurate
information, the surgeon can better decide when to stabilize syndesmotic injury in acute
ankle fractures.
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Introduction

Disruption of the distal tibiofibular syndesmosis in ankle fractures is common and usually
results from an external rotation injury. In up to 13% of all ankle fractures, and in 20% of
patients requiring internal fixation, there will be an associated injury to the syndesmosis [1-4].
It is commonly agreed that adequate reduction of ankle fractures reduces late osteoarthritis.
However, evaluating syndesmotic stability in ankle fractures is still a subject of debate as it is
unclear when to stabilize an injured syndesmosis [5-12].

The value of MRI in acute and chronic syndesmotic injuries has been described in several
articles, and the axial image is known to be the most useful image plane [13-17]. However,
imaging in the axial plane can result in false positive findings [14, 18] since the anterior and
posterior distal tibiofibular ligament run in an oblique plane [19, 20]. Several studies reported
that the most commonly injured and reliably visualized anterior tibiofibular ligament on MRI
might not be seen in its entire length on one single transverse image, and a partially imaged
ligament may be mistaken as a tear despite careful observation of contiguous slices [16,
21, 22].A recent study demonstrated that the anterior and posterior syndesmotic ligaments
are better depicted in an oblique image plane of about 45° when compared to the axial
plane, and that the integrity of the ligaments can be better evaluated [23]. Therefore, this
prospective study evaluated the additional value of an oblique MRI scan plane for assessing
the anterior and posterior distal tibiofibular syndesmotic ligaments in patients with an acute
ankle fracture.
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Materials and Methods

The data of 44 consecutive patients with an acute ankle fracture who underwent a radiograph
as well as a MRI in both the standard three orthogonal planes and in an additional oblique
plane was collected and analyzed. In the 44 patients, the fracture distribution according
to Lauge-Hansen was 59% supination external rotation (SE), 5% pronation external rotation
(PE), 25% supination adduction (SA), 9% pronation adduction (PA), 2% pronation dorsiflexion
(PD).The mean age of the patients was 36 years and ranged between 16-61 years; 25 were
men and 19 were women. In 24 patients the injury involved the left and in 20 the right ankle.
In 16 patients the fracture was treated with an open reduction and internal fixation (ORIF),
with a setscrew placed in 4 patients.

Written informed consent was obtained and the study was approved by the institutional
review board. Inclusion criteria were an acute ankle fracture not older than 48 hours after
trauma, and closure of the growth plates. Exclusion criteria were associated neurological or
vascular injuries, fractures associated with a hindfoot or midfoot fracture, a former trauma of
the ankle, contra-indications for MRI, and an insufficient knowledge of the Dutch language.
Radiographs obtained at presentation included AP, lateral and mortise views. The fractures
on the radiographs were classified according to Lauge-Hansen (Table 1, see next page) by a
radiologist with 11 years experience in musculoskeletal radiology (JH).

MRI was performed on a 1.5T Gyroscan (Philips, Best, the Netherlands) with a wrap-around ankle
coil (E1 coil).The foot was kept in a fixed (neutral) position and stabilized with sandbags or a plas-
ter. Dual TSE images (TR=3500-4500ms; TE=11ms; TE=120ms; Echo train length=14) were per-
formed in three orthogonal planes,i.e. axial, coronal and sagittal, and in an additional 45° oblique
plane. The oblique image plane was defined in the coronal and sagittal views (Fig. 1).

Fig. 1: Coronal (4) and sagittal (B) MR image, which indicate the angle of the 45° oblique image plane for the
anterior and posterior distal tibiofibular ligament. In the coronal plane the angle of 45° is related to the tibial
plafond. In the sagittal view the direction of the oblique plane runs parallel to a line along the inferior border
of the anterior and posterior tibia.
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In the coronal view the 45° angle of the oblique plane was related to the tibial plafond and
ran in a caudal-cranial and lateral-medial direction through the distal fibula. In the sagittal
view the direction of the oblique plane ran parallel to a line along the inferior border of the
anterior and posterior tibia. All series were performed with a 512x512 matrix. The field of
view was 18-20cm for coronal and sagittal imaging, and 12-15cm for axial and oblique imag-
ing.The slice thickness of the images was 3.0mm (gap 0.3mm) with a NSA of 2.A STIR,i.e.a
short tau inversion recovery image (TR=1460ms; TE=15ms; Echo train length=14), was per-
formed in the coronal plane, with a field of view of 18-20cm, a slice thickness of 4mm (gap
0,4mm) and a 256x256 matrix.

Table 1. The Lauge-Hansen fracture classification describes the mechanisms of ankle fractures, based on the
position of the foot at the time of injury and the direction in which the talus moves within the ankle mortise.
It defines both the bony and ligamentous injury.The following five groups of ankle fractures can be discerned:
supination-adduction, supination-eversion, pronation-abduction, pronation-eversion and pronation-dorsiflexion.
Depending on the degree of severity the main groups can be further divided into stages.

Type of injury Pathology
Foot position/ direction of force

Supination adduction 1) Transverse fracture fibula at or distal to the level of
the tibiofibular joint/ tear of collateral ligaments
2) Vertical, oblique fracture of the medial malleolus/
tear of the deltoid ligament

Supination eversion (external rotation) 1) Disruption of the anterior tibiofibular ligament
or an avulsion of its tibial attachment (Tillaux
Jfracture) or fibular attachment (Wagstajfe-Le Fort
[fracture)

2) Spiral,oblique fracture of the distal fibula.The fracture
line runs from proximal posterior to distal anterior at
a variable distance from the tibiotalar joint

3) Disruption of the posterior tibiofibular ligament or
fracture of the posterior malleolus

4) Fracture of the medial malleolus or rupture of the
deltoid ligament

Pronation abduction 1) Transverse fracture of the medial malleolus or
rupture of the deltoid ligament
2) Rupture of the anterior and posterior syndesmotic
ligaments or avulsion fracture of their insertion(s)
3) Short, oblique fracture of the fibula 0,5-1cm above
the distal articular surface of the tibia

Pronation eversion (external rotation) 1) Transverse fracture of the medial malleolus or
disruption of the deltoid ligament

2) Disruption of the anterior tibiofibular ligament.The
ligament may avulse its tibial attachment (Tillaux
Sfracture)

3) High oblique, spiral fibular fracture. No fracture
is less than 2,5 cm above the tibiotalar joint. The
fracture pattern runs from proximal anterior to
distal posterior.The fibula may fracture proximally
at the neck (Maisonneuve fracture)

4) Rupture of posterior tibiofibular ligament or
avulsion fracture of the posterolateral tibia

Pronation dorsiflexion/ pilon fracture 1) Fracture of the medial malleolus
2) Fracture of the anterior margin of the tibia
3) Supramalleolar fracture of the fibula
4) Transverse fracture of the posterior tibial surface
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The MR images were independently analyzed by two radiologists with respectively 11 and 31
years of musculoskeletal experience (JH,AG).They were blinded to the results of the radio-
graphs.The majority of the patients were examined with MRI on the day of injury.All were
examined within 10 days of injury and 5 patients were examined postoperatively.

The anterior and posterior syndesmosis consist of their ligament and their tibial and fibular
attachment sites.We first evaluated these two aspects of the syndesmosis separately,and then
combined these findings, as this coincides with clinical practice regarding syndesmotic in-
jury. On MRI the syndesmotic ligaments, i.e. the anterior and posterior distal tibiofibular liga-
ment, were evaluated in both the axial and oblique planes and assigned a score: 0 = normal;
1 = thickened; 2 = partially ruptured or 3 = completely ruptured.A normal distal tibiofibular
ligament consisted of multiple continuous thin fibres interspersed with normal high signal
intensity fat on dual TSE weighted images.In a thickened ligament the continuous fibres were
thickened, not sharp and the signal intensity of fat was intermediate on dual TSE weighted im-
ages.A complete rupture was defined when the ligament was either discontinuous or invis-
ible, or showed increased signal intensity with fluid in the ligament on T2-weighted TSE im-
ages. In a partially ruptured ligament the discontinuity was not complete [16, 18,20, 23, 24].
The presence of a bony avulsion, both anteriorly and posteriorly, was also assigned a score:
0 = no avulsion; 1 = tibial avulsion; 2 = fibular avulsion; 3 = avulsion of both tibial and fibular
tubercle.Anteriorly this classification was according to Wagstaffe. Posteriorly a fracture of the
malleolus tertius, irrespective of its size, was defined as an avulsion.

The findings of the aspect of the distal tibiofibular ligament in combination with the pres-
ence of a bony avulsion were combined into the overall presence of anterior or posterior
syndesmotic injury: 0 = normal syndesmosis, i.e. normal ligament without bony avulsion;
1 = thickened syndesmosis, i.e. thickened ligament without bony avulsion; 2 = partially rup-
tured syndesmosis, i.e. partially ruptured ligament without bony avulsion; 3 = completely
ruptured syndesmosis, i.e. ruptured ligament without a bony avulsion or an intact ligament
with a bony avulsion.

The interobserver agreement was determined by the kappa agreement score (k) (0.00 - 0.20:
poor; 0.21 - 0.40: fair; 0.41 - 0.60 moderate; 0.61 - 0.80 good; 0.81 - 0.90: very good; 0.91 -
1.00: excellent agreement). In case of ordinal scores, i.e. the aspect of the ATIFL and PTIFL,a
weighted kappa agreement score was determined. The Wilcoxon signed rank test was used
to compare the axial and oblique scan planes regarding the aspect of the ATIFL and PTIFL,
and the overall injury scores of anterior and posterior syndesmotic injury.The McNemar test
was used to compare the axial and oblique scan planes regarding the presence of an avulsion
fracture.The sensitivity and specificity for detection of syndesmotic injury were determined
when MRI findings were compared with Lauge-Hansen. A two-sided p-value less than 0.05
was considered as significant. Statistical analysis was performed with Stat (version 11.0; Stata-
corp., College station, Texas, USA).
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Results

The kappa regarding the aspect of the ATIFL was respectively 0.61 and 0.92 for the axial
respectively oblique image plane, with agreement scores (AS) of 84% and 91%, respectively
(Table 2).The kappa regarding the presence of a tibial or fibular avulsion fracture of the ATIFL
was respectively 0.71 and 0.84 for the axial and oblique image planes, with agreement scores
(AS) of 91% and 95%, respectively.

Compared to the axial plane, the oblique plane demonstrated in 45% (20/44) lower injury
scores and in 55% (24/44) equal injury scores of the ATIFL (p<0.001) (Fig. 2). Nine patients
showed an avulsion fracture anteriorly. The presence of a tibial or fibular avulsion of the
ATTFL was not significantly different in the axial and oblique planes (p = 0.50). Anteriorly,
2/3 patients with a tibial, and 5/6 patients with a fibular avulsion fracture showed injury of
the ATIFL in the axial plane, whereas in the oblique plane none of the avulsion fractures was
associated with injury of the ATIFL (Fig. 3, Fig. 4).

Fig. 2 Axial (4) and oblique (B) proton density TSE (turbo spin echo) image. In the axial plane (4) the
multifascicular AITFL (1) is discontinuous, while in the oblique plane (B) the fascicles of the AITFL are intact.In
both planes the PITFL (2) is intact.T, tibia; E fibula; Ant, anterior.

Fig. 3 Axial (4) and oblique (B) proton density TSE (turbo spin echo) image. In the axial plane (4) the AITFL (1)
is discontinuous.There is a large avulsion fragment from the anterior tibial tubercle (2).(B) In the oblique plane
the intact AITFL is attached to the tibial avulsion fracture.This is an example of a Wagstaffe type I fracture (or
Chaput-Tillaux fracture) with an intact AITFL.T, tibia; E fibula;Ta, talus;Ant, anterior.
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Fig. 4 Axial, oblique and sagittal proton density TSE (turbo spin echo) images. In the axial plane (upper left) the
AITFL (1) is discontinuous. In front of the fibula lies an avulsed fibular fragment (2). In the oblique plane (lower
left), the continuous AITFL (1) is attached to the fibular avulsion (2). On the sagittal image (right) the avulsion
fracture from the anterior tubercle of the fibula is just visible above the obliquely running fibula fracture.This
is a type II Wagstaffe fracture: a fibular avulsion fragment attached to an intact AITFL. Posteriorly the PITFL (3)
is ruptured in the axial plane (upper left). In the oblique plane (lower left) the intact PITFL (3) is attached to a
slip of periost from the posterior malleolus (4).T, tibia; E fibula; Ant, anterior.

Table 2: Interobserver agreement (kappa) and agreement score (AS (%)) between the axial and oblique MRI
planes regarding the aspect of the anterior (ATIFL) and posterior (PTIFL) distal tibiofibular ligament, the
presence of a tibial or fibular avulsion fracture and overall presence of anterior or posterior syndesmotic injury.
P-values refer to comparison between the axial and oblique plane.

ATIFL PTIFL
Axial Oblique Axial Oblique
AS AS AS AS
K ) K ) p K %) X P
Ligament 0.61 84 0.92 91 <0.001 0.83 84 0.86 91 <0.001
Avulsion 0.71 91 0.84 95 0.50 0.83 93 0.83 91 1,00

Syndesmosis (.48 84 0.81 86 <0.001 0.79 80 0.83 89 <0.001

79




Tibiofibular syndesmosis in acute ankle fractures: additional value of an oblique MR image plane

The kappa for the aspect of the PTIFL was respectively 0.83 and 0.86 for the axial and oblique
image planes, with agreement scores (AS) of 84% and 91%, respectively (Table 2).The kappa
regarding the presence of a tibial or fibular avulsion fracture of the PTIFL was 0.83 for both
the axial and oblique image plane, with an agreement score (AS) of 93% for both planes.
Compared to the axial plane, the oblique plane demonstrated in 62% (27/44) lower injury
scores and in 36% (16/44) equal injury scores of the PTIFL (p<0.001).In 2% (1/44) the injury
score in the oblique plane was higher than in the axial plane. Eleven patients showed an
avulsion fracture posteriorly. The presence of a tibial or fibular avulsion of the PTIFL was not
significantly different in the axial and oblique planes (p = 1.00). Posteriorly there were only
avulsion fractures of the tibia and none of the fibula. In 6/11 patients with a posterior tibial
avulsion, the PTTFL was injured in the axial plane but not in the oblique plane (Fig. 5)

Fig. 5 Axial (4) and oblique (B) proton density TSE (turbo spin echo) image. (4) Posterolateral oblique fracture
of the posterior malleolus (1) with a discontinuous PITFL (2) in the axial plane, but with an intact PITFL in the
oblique plane (B).In both planes the AITFL (3) is ruptured.T, tibia;Ant, anterior.

Findings of ligament integrity and the presence of an avulsion fracture were combined to
determine overall anterior or posterior syndesmotic injury. The kappa regarding anterior
syndesmotic injury was respectively 0.48 and 0.81 in the axial and oblique image planes, with
agreement scores (AS) of 84% and 86%, respectively. The oblique image plane demonstrated
significantly less anterior syndesmotic injury than the axial plane (p < 0.001). Regarding
posterior syndesmotic injury, the kappa was 0.76 resp. 0.79 for the axial resp. oblique image
plane, with a respective agreement score (AS) of 75% and 79%. The oblique image plane
showed significantly less posterior syndesmotic injury than the axial plane (p < 0.001).

We compared the overall anterior and posterior syndesmotic injury as found on MRI, with
syndesmotic injury as defined by the Lauge-Hansen fracture classification on the radiograph
(Table 3).In 14 patients Lauge-Hansen predicted absence of injury of the anterior syndesmosis,
whereas MRI demonstrated absence of injury in 1 patient in the axial plane and in 12/14
patients in the oblique plane. In 30 patients Lauge-Hansen predicted presence of injury of
the anterior syndesmosis, which was shown in 30 and 28 patients in the axial and oblique
plane, respectively (Table 3). Compared to LH, this resulted in a sensitivity and specificity of
respectively 100% and 7% for the axial plane, and a sensitivity and specificity of respectively
93% and 86% for the oblique plane for detection of anterior syndesmotic injury.
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In 29 patients Lauge-Hansen predicted absence of injury of the posterior syndesmosis, whereas
MRI demonstrated absence of injury in 14 patients in the axial plane and in 25 patients in
the oblique plane (Fig. 6). In 15 patients Lauge-Hansen predicted presence of injury of the
posterior syndesmosis, which was shown in 13 and 11 patients in the axial and oblique
plane respectively (Table 3). Compared to LH, this resulted in a sensitivity and specificity of
respectively 87% and 48% for the axial planes,and a sensitivity and specificity of respectively
73% and 86% for the oblique plane for detection of posterior syndesmotic injury.

Table 3: Anterior and posterior overall syndesmotic injury on MRI, i.e. injury to distal tibiofibular ligament or
avulsion fracture, in the axial (ax) and oblique (obl) image planes, related to the Lauge-Hansen (LH) fracture
classification on the radiograph. Normal and thickened ligament (0/1) and partial and ruptured ligament (2/3)
are grouped together.Anterior or posterior syndesmotic injury in LH: absent = 0 and present = 1.

LH anterior injury LH posterior injury
MRI 0 1 [1} 1
ax obl ax obl ax obl ax obl
0/1 1 12 0 2 14 25 2 4
2/3 13 2 30 28 15 4 13 11

Fig. 6 Axial (upper left) and oblique (lower left) proton density TSE (turbo spin echo) image. AP (upper
right) and lateral (lower right) radiograph.A local swelling at the level of the distal fibula is visible on the AP
radiograph.The lateral radiograph shows an oblique fracture in the distal fibula.According to Lauge-Hansen this
is a supination-external rotation type 2 fracture (SE2).In the axial plane (upper left) the AITFL (1) and PITFL (2)
are both discontinuous. In the oblique plane (lower left) the AITFL is also discontinuous, but the multifascicular
PITFL is intact. The fracture line through the fibula is visible in both planes.T, tibia;Ant, anterior.
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Discussion

Our study population consisted of 44 consecutive patients with an acute ankle fracture.The
fracture distribution was conform other studies with reported fracture types of LH type SE
(42-72%), PE (7-22%), SA (6-20%) and PA (5-21%) [25].

Many clinical and radiographic tests have been suggested to diagnose a disruption of the syn-
desmosis. Clinical tests include the squeeze test, Cotton test, exorotation stress test and fibula
translation test, but these are not reliable when syndesmotic injury is associated with an an-
kle fracture because of the pain, swelling and dislocation [26].Radiologically the syndesmosis
can be evaluated with a radiograph, ultrasound, CT or MRI. Several authors have described
that a radiograph has limited value in the assessment of syndesmotic integrity [27-29]. Stress
radiographs with the foot in external rotation may demonstrate the diastasis, but are rarely
used in clinical practice [30]. Ultrasound can clearly depict a torn tibiofibular ligament in
the acute stage but is less accurate after elapse of time, and the results are dependent on the
skills of the radiologist [31].With the use of CT, widening of the mortise exceeding 3 mm can
reliably be assessed, as well as gross deformity or malreduction [32-34].

The value of MRI in acute and chronic syndesmotic injuries has been described in several
articles.Vogl et.al. performed a contrast-enhanced MRI in patients with an acute ankle trauma
and clinical suspicion of a syndesmotic tear, in which a tear of the ATIFL markedly enhanced
in T1-weighted images [16]. Muratli et. al. used MR arthrography in the first few days after
injury to demonstrate leakage of contrast into the tibiofibular space as a sign of syndesmotic
diastasis [35]. Schneck et. al. paid attention to the position of the ligaments paraxial to the
imaging plane, and concluded that axial imaging with the foot in full dorsiflexion provided
optimal views of the anterior and posterior tibiofibular ligaments [17].

However, imaging in the axial plane can result in false positive findings [14, 18] as the an-
terior and posterior distal tibiofibular ligaments run in an oblique plane [19, 20]. Several
studies reported that the most commonly injured and reliably visualized anterior tibiofibular
ligament on MRI might not be seen in its entire length on one single transverse image, and a
partially imaged ligament may be mistaken as a tear despite careful observation of contigu-
ous slices [16, 21, 22, 24]. Boonthathip et. al. showed in cadavers that oblique image planes
parallel to the long axis of the ligament better display the normal anatomy of the tibiofibular
syndesmotic ligaments when compared with standard imaging planes [36]. Hermans et. al.
demonstrated in a recent study in healthy volunteers that the ATIFL and PTIFL are better
depicted in an oblique image plane of about 45° when compared to the axial plane,and that
the integrity of the ligaments can be better evaluated [23]. We therefore imaged the ATIFL
and PTIFL with an additional 45° oblique plane and compared this with the commonly used
axial plane.

The interobserver agreement (k) and agreement score (AS (%)) regarding injury of the ATTFL
and PTIFL was good to excellent in both the axial and oblique image plane (0.61<k<0.92;
84%<AS<91%). For both ligaments the oblique image plane demonstrated significantly lower
injury scores than the axial plane (p < 0.001). In a recent study of Hermans et. al. in 20
healthy volunteers, as well as in this study with 44 patients with an acute ankle fracture, the
oblique image plane resulted in less false positive findings.

The interobserver correlation (k) and agreement score (AS(%)) regarding the presence of a
fibular or tibial avulsion fracture, was good to excellent in both the axial and oblique image
planes (0.71<k.< 0.84; 91%<AS< 95%).There was no significant difference in detection of an
avulsion fracture in the axial or oblique planes, neither anteriorly (p = 0.50) nor posteriorly
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(p = 1.00).In the axial plane in 2/3 patients with a tibial avulsion and 5/6 patients with a fibu-
lar avulsion, injury of the ATIFL was detected, whereas in the oblique plane the bony avulsion
was present without a rupture of the ATIFL.

In 1875 Wagstaffe was the first to describe two cases of an avulsion fracture from the anterior
tibiofibular ligament [37]. In case of a Wagstaffe fracture combined with a lateral malleolar
fracture, the ATIFL avulsion fragment was classified as type I, II or IIL. Type I is a displaced
avulsion fracture of the distal end of the tibia, and is very rare.The most commonly occurring
type is type II, which is a fracture of the anterior spike of the proximal fibular fragment.Type
III is a fracture of the anterior tubercles from both the tibia and fibula, and is also very rare
[38,39].In our study we found 7/44 patients with a type Il Wagstaffe fracture on MRI but not
on the radiograph.If the surgeon can reduce the avulsed fragment properly and obtain stable
fixation, direct bone-to-bone union can be achieved, inducing more physiologic healing of
the syndesmosis. Park et al described one case in which the Wagstaffe fracture was displaced
into the joint and caused chronic ankle pain and restricted joint motion [38]. Nelson de-
scribed in a series of 50 transmalleolar fractures, 18% fibular avulsions (Wagstaffe type II frac-
tures) and 8% tibial avulsions (Wagstaffe type I or Chaput-Tillaux fractures).In some cases the
avulsed fragment did wedge the joint open [9].A Wagstaffe fracture can be easily overlooked
because of a fracture hematoma, torn capsule or covering by an intact extensor retinaculum.
Therefore careful examination of the anterior syndesmosis area is necessary after fixation of
the lateral malleolar fracture.

Posteriorly we only found avulsion fractures of the tibia and no avulsion fractures of the
fibula. In 6/11 patients with a tibial avulsion, the PTIFL appeared to be ruptured in the axial
plane, and was shown to be intact in the oblique plane. Generally spoken, when an avulsion
fracture occurs, the ligament attached to the avulsion remains intact. Therefore our findings
in the oblique image plane were concordant with this generally accepted statement. This
finding has important implications for treatment of unstable ankle fractures. In case of a frac-
ture of the distal posterior tibia with an intact PTIFL, syndesmotic stability can be achieved
by fixation of the posterior malleolus fragment, without the use of a syndesmotic screw [40].
An additional value of MRI is information about the exact size,location and orientation of the
posterior malleolus fracture.This may help the surgeon in choosing the surgical approach to
the fragment [41].

Injury of the anterior or posterior distal tibiofibular syndesmosis can be either a rupture of
the distal tibiofibular ligament or a bony avulsion from either the fibula or tibia.The interob-
server correlation («), regarding injury of the anterior syndesmosis was moderate (k=0.48)
for the axial plane and very good (k=0.81) for the oblique plane, although the agreement
score for both planes was good (84% and 86%, respectively). Discrepancy between the per-
centage agreement and kappa value can be explained by the skewed distribution of catego-
ries in our study. In case of the latter, kappa is known to have poor properties as an index
for measuring agreement [42]. The interobserver correlation (k) and agreement score for
posterior syndesmosis injury were very good.

To further substantiate our data, we compared our findings at MRI with the Lauge-Hansen
fracture classification, as with this classification it is possible to predict injury to the anterior
and posterior syndesmosis. For the oblique MRI plane, the specificity increased for both ante-
rior (from 7% to 86%) and posterior (from 48% to 86%) syndesmotic injury when compared
to the axial plane.This means a substantial decrease in false positive injury of the ATIFL and
PTIFL. Although we do not know if the Lauge-Hansen fracture classification allows an ana-
tomically correct diagnosis, it is likely that the oblique images are closer to the diagnosis than
the axial images.
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Several studies focused on the position of the foot during imaging in order to evaluate the
ankle ligaments.The best full-length visualization of the ATIFL and PTIFL would be obtained
in the axial plane, with the foot taped into full dorsiflexion [15, 17].As it is difficult to obtain
a position of full dorsiflexion in a patient with an acute ankle fracture, we maintained the
foot in a neutral position. It is hard to imagine what influence the foot in dorsiflexion would
have on imaging in the axial plane of the obliquely running ATIFL and PTIFL. With dorsiflex-
ion the only effect on the ligaments would be an increased tension, as the talus pushes the
fibula outwards. It therefore seems more likely that, not the position of the foot but the angle
of the image plane, plays a more important role in depicting the syndesmotic ligaments.This
concept is confirmed in the current study, in which the oblique plane showed a decrease
in false positive findings, especially regarding injury of the ATIFL. This finding is the more
relevant as, until now, the ATIFL was the most reliably visualized syndesmotic ligament in an
axial MRI.Thus, MRI could help in selecting patients for an open reduction with internal fixa-
tion (ORIF) in case of suspicion of syndesmotic injury in an acute ankle fracture.

Fig. 7 Axial (4) and oblique (B) proton density TSE (turbo spin echo) image. Posterior tibial periost slip (1) with
a discontinuous PITFL (2) in the axial plane (4) and an intact PTIFL in the oblique plane (B).In both planes the
AITFL (3) is ruptured.Although there is a screw present in the fibula (4), the quality of the MR image is still good
and the tibiofibular ligaments can be well evaluated.T, tibia; E fibula;Ant, anterior.

A shortcoming of our study was firstly, due to logistic problems, in 5/44 of patients it was
not possible to obtain a preoperative MRI. However, in the patients with a plate and screws,
the quality of the MR image was still good, and the ATIFL and PTIFL as well as the presence
of a tibial or fibular avulsion could be well evaluated (Fig. 7). Secondly, we did not have an
invasive technique, like arthroscopy, available to confirm our MRI findings. However, in our
opinion it would not be ethical to perform an ankle arthroscopy in patients who would be
treated with only a plaster. Moreover, our study population now comprises both patients
with and without syndesmotic injury, which therefore reduces a selection bias that would
occur when only operated patients had been included. In the latter case, the a priori chance
of syndesmotic injury would have been very high.

In conclusion, our results show the additional value of an oblique MR image plane for de-
tection of injury of the anterior and posterior distal tibiofibular syndesmosis in acute ankle
fractures. More accurate information about the tibiofibular syndesmosis could lead to a bet-
ter treatment plan, resulting in fewer complaints of chronic syndesmotic injury or even early
osteoarthritis.
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Conclusion

Our results show the additional value of an oblique MR image plane for detection of injury
of the anterior and posterior distal tibiofibular syndesmosis in acute ankle fractures.The 45°
oblique MRI plane demonstrated significantly less ligamentous injury than the axial planes,
for both the ATIFL and PTIFL. Findings of syndesmotic injury in the oblique MRI plane were
closer to the diagnosis as assumed by the Lauge-Hansen classification than in the axial plane.
With more accurate information, the surgeon can better decide when to stabilize syndesmotic
injury in acute ankle fractures.
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Abstract

Objective: Through the shortcomings of clinical examination and radiographs, injury to the
syndesmotic ligaments is often misdiagnosed. When there is no indication to operate the frac-
tured ankle, the syndesmosis is not tested intra-operatively and rupture of this ligament may
be missed. Subsequently the patient is not treated properly leading to chronic complaints
such as instability, pain and swelling. We evaluated three fracture classification methods and
radiographic measurements with respect to syndesmotic injury.

Materials and Methods: Prospectively the radiographs of 51 consecutive ankle fractures
were classified according to Weber, AO-Miiller and Lauge-Hansen. Both the fracture type and
additional measurements of the tibiofibular clear space (TFCS), tibiofibular overlap (TFO),
medial clear space (MCS) and superior clear space (SCS) were used to assess syndesmotic
injury. MRI, as standard of reference, was performed to evaluate the integrity of the distal tibi-
ofibular syndesmosis.The sensitivity and specificity for detection of syndesmotic injury with
radiography was compared to MRI.

Results: The Weber and AO-Muller fracture classification system, in combination with addi-
tional measurements, detected syndesmotic injury with a sensitivity of 47% and a specificity
of 100%, and Lauge-Hansen with a sensitivity and specificity of both 92%.TFCS and TFO were
not correlated with syndesmotic injury and a widened MCS was not associated with deltoid
ligament injury.

Conclusion: Syndesmotic injury as predicted by the Lauge-Hansen fracture classification cor-

related well with MRI findings. With MRI the extent of syndesmotic injury and therefore
fracture stage can be assessed more accurately compared to radiographs.
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Introduction

Treatment of ankle fractures is determined by several factors such as patient age, soft tissue
status, dislocation of the fracture and integrity of the distal tibiofibular syndesmosis. As the
major stabilizer of the distal tibiofibular joint, the ligamentous complex of the syndesmosis
is critical in maintaining normal ankle function.The lateral malleolus of the fibula is firmly
held in the fibular notch of the tibia, providing a tight elastic ankle mortise. There are four
syndesmotic ligaments: the anterior distal tibiofibular ligament (ATIFL) and posterior distal
tibiofibular ligament (PTIFL) which attach the anterior and posterior tibial and fibular tuber-
cles respectively; the interosseous ligament (IOL) which is the thickened continuation of the
interosseous membrane (IOM) and the transverse ligament extending between the malleolar
fossa of the fibula and the dorsal rim of the distal tibia [1-4].

The classification of malleolar fractures constitutes the basis for treatment of acute ankle
fractures. Three frequently used methods to describe ankle fractures are the Danis-Weber,
AO-Miiller and Lauge-Hansen fracture classification [5-7].According to Weber and AO-Miiller,
a fracture is classified based on the level of the fibular fracture in relation to the syndesmotic
ligaments. Lauge-Hansen describes the trauma mechanism of ankle fractures, based on the
position of the foot at the time of injury and the direction in which the talus moves within
the ankle mortise.

Additionally a number of radiographic parameters are used to evaluate the integrity of the
syndesmotic and deltoid ligaments. Absence of tibiofibular overlap (TFO) at one side, and a
tibiofibular clear space (TFCS) larger than 6mm may be an indication of syndesmotic injury
[8-10].A medial clear space (MCS) surpassing the tibial clear space (TCS) is indicative of del-
toid injury, which regularly accompanies injury of the syndesmosis [10].

As it is difficult to assess injury to the syndesmosis on radiographs, the true incidence is a
matter of speculation. Through the shortcomings of clinical examination and radiographs [2,
11], injury to the syndesmotic ligaments is often misdiagnosed. Subsequently the patient is
not treated properly, leading to chronic complaints such as instability, pain, swelling and early
osteoarthritis [12, 13]. MR imaging enables identification of syndesmotic injuries that were
not diagnosed at the initial radiographs and clinical examination [14-17].

The primary goal of this study is to correlate three clinically often used facture classification
systems with MR findings, regarding injury of the syndesmosis in acute ankle fractures. Se-
condary goals are to determine the correlation between the radiographic measurements and
fracture treatment in relation to syndesmotic injury.

Materials and methods

In a prospective study, between April 2004 and February 2007, 51 consecutive skeletally
mature patients with an acute ankle fracture not older than 48 hours after trauma, who un-
derwent radiographs as well as a MRI at the Erasmus University Medical Center in Rotterdam,
were included. Exclusion criteria were, associated neurological or vascular injuries, fractures
that were associated with a hindfoot or midfoot fracture,a former trauma of the ankle, contra-
indications for MRI, and an insufficient knowledge of the Dutch language. Informed consent
was obtained and the study was approved by the institutional review board.

Radiographs obtained at presentation included antero-posterior, lateral and mortise views.
The fractures on the radiographs were classified according to the Weber,AO-Miiller and Lau-
ge-Hansen fracture classification systems [5-7]. Both the fracture type and additional mea-
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surements of the TFCS, TFO, and MCS/SCS ratio were used to assess possible syndesmotic
injury on a radiograph (Fig. 1).The TFCS is the horizontal distance between the posterolateral
border, the anterolateral border or the incisura fibularis of the tibia and the medial border of
the fibula. The TFO is the horizontal distance between the medial border of the fibula and the
lateral border of the anterior tubercle, and was measured at 1cm above, and parallel to the
tibial plafond.The MCS is the widest distance between the medial border of the talus and the
lateral border of the medial malleolus and was measured 0.5cm beneath the talar dome, on a
line parallel to the superior talar joint surface.The SCS was the vertical distance between the
talar dome and the tibial plafond (Fig. 1) [8,9, 18-22].ATFCS larger than 6mm, the absence of
tibiofibular overlap (TFO < Omm), a MCS/SCS ratio larger than 1 or a MCS larger than 4mm,
were considered deviated and indicative for possible syndesmotic injury. The radiographs
were blinded for identity and evaluated by a radiologist with 11 years experience in muscu-
loskeletal radiology (JH). For the Weber and AO-Miiller fracture classification expected syn-
desmotic injury was determined by the fracture type in combination with the measurements.
For the Lauge-Hansen fracture classification expected syndesmotic injury was based on the
trauma mechanism deducted from the radiographs.

Fig 1. A schematic drawing of the ankle shows land-
marks used for measurements of the different ra-
diologic parameters. L=lateral border of the fibula;
M=medial border of the fibula; A=anterior tibial tu-
bercle; P=posterior tibial tubercle; I=floor of incisura
fibularis; T=tibial plafond; S=superior point of medial
talus; MT=medial side of talus; LMM=lateral side me-
dial malleolus.AM is tibiofibular overlap (TFO). MI is
tibiofibular clear space (TFCS).TS is superior clear
space (SCS) and MTLMM is medial clear space (MCS).
(Copy with permission from A. Beumer Clin. Orthop.
Rel. Res 2004;423:227-234).

MRI was performed on a 1.5 T Gyroscan (Philips, Best, Netherlands) with a wrap-around an-
kle coil (E1 coil).The foot was kept in a fixed (neutral) position and stabilized with sandbags
or a plaster. Dual TSE images (TR=3500-4500ms; TE=11ms; TE=120ms; Echo train length=14)
were performed in three orthogonal planes,i.e. axial, coronal and sagittal, and in an additional
45° oblique plane. The oblique image plane was defined in the coronal and sagittal views.
In the coronal view the 45" angle of the oblique plane was related to the tibial plafond and
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ran in a caudal-cranial and lateral-medial direction through the distal fibula. In the sagittal
view the direction of the oblique plane ran parallel to a line along the inferior border of the
anterior and posterior tibia [23].All series were performed with a 512x512 matrix.The field
of view was 18-20cm for coronal and sagittal imaging and 12-15cm for axial and oblique im-
aging.The slice thickness of the images was 3,0mm with a NSA of 2. For cartilage analysis a
sagittal T1 FFE (TE 20ms, TR7.8ms, flip angle 25°), with a FOV of 15cm, matrix 512x243, slice
thickness of 3.0mm with 1.5mm overlap, and NSA=2 was performed.A STIR, i.e. a short tau
inversion recovery image (TR=1460ms; TE=15ms; Echo train length=14), was performed in
the coronal plane, with a field of view of 18-20cm, a slice thickness of 4mm (gap 0,4mm) and
a 256x256 matrix.

The MR images were independently analyzed by two radiologists with 11 respectively 31
years of musculoskeletal experience, and finally read in consensus (JH,AG).They were blin-
ded to the results of the radiographs.The majority of the patients were examined with MRI
on the day of injury. Nineteen patients were treated with an open reduction with internal
fixation (ORIF), of whom six underwent a MRI postoperatively. In all patients a MRI was ob-
tained within 7 days after starting treatment, either plaster or surgery.

The presence of anterior or posterior syndesmotic injury was defined as: 0 = normal syn-
desmosis, i.e. normal ligament without bony avulsion; 1 = thickened syndesmosis, i.e. thick-
ened ligament without bony avulsion; 2 = partially ruptured syndesmosis, i.e. partially rup-
tured ligament without bony avulsion; 3 = completely ruptured syndesmosis, i.e. ruptured
ligament without a bony avulsion or an intact ligament with a bony avulsion.The anterior and
posterior distal tibiofibular ligament, were evaluated in both the axial and oblique plane.A
normal distal tibiofibular ligament consisted of multiple continuous thin fibres interspersed
with normal high signal intensity fat on dual TSE weighted images. In a thickened ligament
the continuous fibres were thickened, not sharp and the signal intensity of fat was intermedi-
ate on dual TSE weighted images. A complete rupture was defined when the ligament was
either discontinuous or invisible, or showed increased signal intensity with fluid in the liga-
ment on T2-weighted TSE images. In a partially ruptured ligament the discontinuity was not
complete [14,17,23-25].A tibial or fibular avulsion, both anteriorly and posteriorly, was evalu-
ated as either present or absent. Posteriorly a fracture of the malleolus tertius, irrespective of
its size, was defined as an avulsion.The interosseous and transverse ligament were evaluated
as: 0 = normal, 1 = thickened, 2 = partially ruptured or 3 = completely ruptured.

The treatment plan was based on the radiographs, without knowledge of MRI findings, and
was denoted as: 0 = plaster, 1 = open reduction and internal fixation (ORIF) without setscrew,
or 2 = ORIF with setscrew.

With MRI as gold standard, the sensitivity and specificity in assessing syndesmotic injury with
the Weber, AO-Miiller and Lauge-Hansen fracture classification, were calculated. Correlation
between the MCS-SCS ratio and deltoid ligament injury, as well as the correlation between
the TFCS and TFO and syndesmotic injury were analyzed with the Mann-Whitney U test. All
analyses were conducted using SPSS (version 15.0, SPSS Inc., Chicago, USA). A two-sided p-
value <0.05 was considered statistically significant.
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Results

In total 51 patients were included with a mean age of 37 years and a range between 16 - 62
years; 28 were men and 23 were women. In 27 patients the injury involved the left and in 24
the right ankle. In six patients the MRI was performed postoperatively, within 2 days of the
injury in five, and after 7 days in one patient.The other 45 patients underwent a MRI before
treatment was started. Treatment consisted of a plaster in 32 patients, and ORIF with or wit-
hout a setscrew in 6 and 13 patients respectively.

Weber and AO-Miiller fracture classification

According to Weber 11 (21.6%) fractures were classified as type A, 23 (45.1%) as type B and
11 (21.6%) as type C (Table 1, see end of chapter 6).Six fractures (11.8%) could not be clas-
sified and involved either a solitary fracture of the medial malleolus with unknown status of
the lateral collateral ligaments or a tibial avulsion fracture.

According to AO-Miiller 11 (21.6%) fractures were classified as type A, 20 (39.3%) as type B
and 9 (17.7%) as type C, with referral to table 1 for detailed sub classifications. In 11 (21.6%)
patients the fracture could not be described.Those involved, in addition to the six fractures
that also could not be classified according to Weber, five fibula fractures combined with ei-
ther a fracture of the medial malleolus or the posterior malleolus.

In 33 patients with normal measurements on the radiographs, MRI showed absence of syn-
desmotic injury in 13 cases, consisting of nine patients with a Weber type A and 4 patients
with a no classifiable fracture (Table 2, see next page).In the remaining 20 patients with nor-
mal measurements, anterior syndesmotic injury was present in 9 (Fig. 2, see next page), and
both anterior as well as posterior syndesmotic injury in 11 patients. Syndesmotic injury was
defined as either a rupture of the tibiofibular ligament or an intact tibiofibular ligament at-
tached to an avulsion fracture. The measurements were normal in two patients with a Weber
type A, or AO-Miiller A1.2 and A1.3 fracture, with only anterior syndesmotic injury, and in 10
patients with a Weber type B (3 with only anterior and 7 with anterior and posterior injury),
or 7 with a AO-Miiller B1.1 fracture (3 with only anterior and 4 with anterior and posterior
injury) and one AO-Miiller B3.3 fracture (anterior and posterior injury). The measurements
were also normal in 6 patients with a Weber type C fracture, with only anterior syndesmotic
injury present in 3 and both anterior and posterior injury in another 3 cases,and in 4 patients
with an AO-Miiller type C fracture, 3 with anterior and 1 with both anterior and posterior
injury. Two fractures that could not be classified by Weber and six not by AO-Miiller also sho-
wed syndesmotic injury.

In 18 patients with deviating measurements syndesmotic injury was present in all of them,
with only anterior syndesmotic injury in eight and both anterior and posterior injury in 10
patients. These involved 13 patients with a Weber type B fracture, and 12 patients with AO-
Miiller type B fracture (at least B1.2) and one no classifiable fracture, with only anterior syn-
desmotic in 8 and both anterior and posterior syndesmotic injury in 5 patients. The measu-
rements deviated in 5 patients with a Weber or AO-Miiller type C fracture with both anterior
and posterior syndesmotic injury.

With MRI as gold standard, both the Weber and AO-Miiller classification in association with
the additional measurements, detected injury of the anterior and posterior syndesmosis with
a sensitivity of 47% (95%CI: 31-64%), and a specificity of 100% (95%CI: 75-100%). No correla-
tion was found between the TFCS and TFO and the presence of syndesmotic injury (p=0.152
and p=0.682 respectively). With a MCS/SCS ratio>1 or MCS>4mm, no correlation could be
demonstrated with a rupture of the superficial or deep deltoid ligament (p=1.00).
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Table 2. Predicted syndesmotic injury in acute ankle fractures, classified on radiographs according to Weber and
AO-Miiller and additional measurements, compared with syndesmotic injury on MRI.Associated measurements
on radiographs: 0 = normal; 1 = deviated. Syndesmotic injury on MRI: 0 = no injury; 1 = anterior syndesmotic
injury; 3 = anterior and posterior syndesmotic inj

Weber Syndesmotic injury (MRI) AO-Miiller Syndesmotic injury (MRI)
0 1 3 0 1 3
0 9 2 0 0 9 2 0
A 44A
1 0 0 0 1 0 0 0
0 0 3 7 0 0 3 5
B 44B
1 0 8 5 1 0 7 5
0 0 3 3 0 0 3 1
C 44C
1 0 0 5 1 0 0 5
0 4 1 1 0 4 1 5
nc nc
1 0 0 0 1 0 1 0

Fig. 2. AP (4) and lateral (B) radiograph, show a distal fibula fracture (1). Measurements are normal. The coronal
proton-density-weighted MR image (C) also shows the fibula fracture (1).The axial proton-density-weighted MR
image (D) is just below the level of the fibula fracture, and demonstrates the rupture of the ATIFL (2).The fasci-
cles of the PTIFL (3) are a little thickened but intact.This is a Weber type B,AO-Miiller type B1.1, Lauge-Hansen
SE2 fracture, with normal measurements but with anterior syndesmotic injury.Ant, anterior;T, tibia; E fibula.
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Lauge-Hansen fracture classification

According to Lauge-Hansen, 28 (54.8%) fractures were classified as supination external ro-
tation (SE), 4 (7.8%) as pronation external rotation (PE), 11 (21.6%) as supination adduction
(SA), 3 (5.9%) as pronation adduction (PA),and 1 (2.0%) as pronation dorsiflexion (PD), with
referral to table 1 for detailed sub classifications. In 4 (7.8%) patients the fracture could not
be classified. These involved either a solitary fracture of the medial malleolus with unknown
status of the collateral ligaments, a tibial avulsion fracture and a fibula fracture not visible on
the radiographs.

In 15 patients without expected syndesmotic injury on the radiographs, MRI showed ante-
rior syndesmotic injury in 3 patients (two SA1 and one no classifiable fracture) (Table 3).In
36 patients with expected syndesmotic injury on the radiographs, MR showed one patient
without injury (PD2 fracture). Compared to MRI, Lauge-Hansen under- resp. overestimated
syndesmotic injury in 9 and 5 patients respectively (Table 3).

With MRI as gold standard, the Lauge-Hansen classification detected injury of the anterior
and posterior syndesmosis with a sensitivity of 92% (95%CI: 79-98%), and a specificity of 92%
(95%CI: 64-99.8%).

Table 3: Predicted syndesmotic injury as expected by Lauge-Hansen based on trauma mechanism deducted
from the radiographs (Synd-X) compared with syndesmotic injury on MRI (Synd-MR). Syndesmotic injury: 0 =
no injury; 1 = anterior syndesmotic injury; 3 = anterior and posterior syndesmotic injury.

Synd.X Synd-MR
0 1 :
0 12 3
1 1 10
3 0 4 15

Syndesmotic injury on MRI

Syndesmotic injury consisted of either a rupture of the distal tibiofibular ligament or an in-
tact tibiofibular ligament with a bony avulsion from either the tibia or fibula. Anteriorly, the
distal tibiofibular ligament was ruptured in 27 patients and intact but associated with a fibu-
lar avulsion in 8 patients, and a tibial avulsion in one. On the radiographs, however, only the
tibial avulsion and 3/8 fibular avulsion fractures were visible. Posteriorly, the distal tibiofibular
ligament was ruptured in 3 patients.An intact ligament associated with an avulsion fracture
occurred in 18 patients, but only at the tibia, and was defined as any size of posterior mal-
leolus fracture. The posterior malleolus fracture was not visible on the radiographs in 6/18
patients, although it involved a large posteromedial fragment in three. Injury of the posterior
syndesmosis occurred only in combination with anterior injury (n = 21).
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The interosseous ligament was injured in 7 patients, and in 6/7 patients showed intact fasci-
cles with an avulsed periost from its tibial attachment.The interosseous ligament was ruptu-
red in 3 patients in association with a ruptured anterior syndesmosis (Fig. 3, see next page)
and in 3 patients with a ruptured anterior as well as posterior syndesmosis. In one patient it
involved a ruptured interosseous ligament in combination with only a fracture of the medial
malleolus.The transverse ligament was completely ruptured in 1 patient with only anterior
syndesmotic injury, and partially ruptured in another with both anterior and posterior syn-
desmotic injury.The interosseous membrane (IOM) was intact in 39 patients, and its integrity
could not be determined in one. The IOM was injured in 11 patients, with a rupture in 4 and
intact but attached to an avulsion of tibial periost in 7 patients. Both findings were interpreted
as a rupture of the membrane.In 8/11 cases the rupture of the interosseous membrane was
above the level of the fibula fracture and involved, in the majority, a supination-external rota-
tion trauma (n=7).In 3/11 cases with a ruptured membrane at or below the level of the fibula
fracture, it involved a pronation-external-rotation trauma in two.

Fig. 3. A,B,Cand D

98




Correlation between radiological assessment of acute ankle fractures and syndesmotic injury on MRI

Fig. 3. AP (A4) and lateral (B) radiograph. Short distal fibula fracture (1) extending from just below till just above
the level of the tibiotalar joint line. Measurements are normal.This fracture is classified as:Weber type B,AO-Miil-
ler type B1.1 and Lauge-Hansen SE2. Coronal (C, D), axial (E) and 45° oblique (§ G, H) proton-density-weighted
MR images.The coronal MRI (C, D) shows the fibula fracture (1), a postero-lateral osteochondral lesion of the
talar dome (2), a normal interosseous ligament (3), a thickened superficial (4) and a normal deep (5) deltoid
ligament. On the axial (F) and oblique MR image (F) the transverse ligament (6) is ruptured.The PTIFL (7) ap-
pears to be ruptured in the axial plane () but is still continuous, although thickened, in the 45° oblique plane
(B).The ATIFL (8) is ruptured (G). With the MRI findings this would change the fracture into a AO-Miiller type
B1.2 but it would still be Lauge-Hansen SE2.Ant, anterior;Ta, talus;T, tibia; E fibula.

Treatment

Treatment was based on radiographs and peroperative findings, but without knowledge of
MRI findings.In 19 patients the fracture was treated with an open reduction and internal fixa-
tion (ORIF), and in six of them the syndesmosis was fixated with a setscrew (Table 4, see next
page). ORIF with a setscrew involved 1 patient with a rupture of the anterior syndesmosis
associated with a rupture of the interosseous ligament, 3 patients with a rupture of both the
anterior as well as posterior syndesmosis, and 2 patients with a rupture of both the anterior
as well as posterior syndesmosis in association with a rupture of the interosseous ligament.
All were Weber type C fractures or PE4 (n=4), PA3 (n=1) or SE3 (n=1).The syndesmosis was
fixated with a setscrew in 4 patients with an intact and in 2 patients with a ruptured inte-

99




Correlation between radiological assessment of acute ankle fractures and syndesmotic injury on MRI

rosseous membrane. In 0% (0/10) of Weber type B fractures and 86% (6/7) of Weber type C
fractures treated with ORIF a setscrew was required.

Table 4. Treatment in relation to syndesmotic injury on MRI. Treatment consists of plaster or open reduction
and internal fixation (ORIF) with or without setscrew. Syndesmotic injury on MRI: 0 = no injury; 1 = anterior
syndesmotic injury; 3 = anterior and posterior syndesmotic injury.

Syndesmotic injury (MRI)

Treatment
0 1 3
Plaster 12 13 7
ORIF - setscrew 1 3 9
ORIF + setscrew 0 1 5

Discussion

Our study population consisted of 51 consecutive patients with an acute ankle fracture.The
fracture distribution was conform to other studies with reported fracture types of LH type
SE (42-72%), PE (7-22%), SA (6-20%) and PA (5-21%) [26].

Anterior or posterior syndesmotic injury was defined as a rupture of the tibiofibular liga-
ment or as an intact tibiofibular ligament attached to an avulsion fracture. With MRI as gold
standard, both the Weber and AO-Miiller classification, in association with the additional mea-
surements, detected injury of the anterior and posterior syndesmosis with a sensitivity of
47% and a specificity of 100%. LH detected syndesmotic injury with a sensitivity and speci-
ficity of both 92%.To compare the sensitivity and specificity of the 3 fracture classification
systems, no distinction was made in the extent of syndesmotic injury, as with Weber and AO-
Miiller it is not possible to differentiate between anterior and posterior syndesmotic injury.
With LH however, syndesmotic injury can be evaluated in more detail. In 14 cases we found
a discrepancy between syndesmotic injury as predicted by LH and findings at MRI. LH under-
respectively overestimated syndesmotic injury in 9 respectively 5 patients. Underestimation
involved three cases in which LH missed a rupture of the anterior syndesmosis, and six cases
in which not only the anterior but also the posterior syndesmosis was injured.

In 3 cases syndesmotic injury was underestimated by LH as MRI showed a rupture of the
anterior syndesmosis. On radiographs, a transverse fibular fracture below the level of the
tibiotalar joint space was present, suggesting a supination adduction type 1 (SA1) fracture.
MRI showed, in addition to the transverse fibular fracture, injury of the anterior syndesmosis
(Fig. 4).This is therefore not compatible with the general statement that the syndesmosis is
not involved in supination-adduction injury, which is by definition an infrasyndesmotic in-
jury. Gardner et. al also found one case, in a series of 59 patients, with a supination-adduction
trauma in which the anterior tibiofibular ligament was ruptured [27].As the ATIFL runs ap-
proximately in a 45° oblique plane from the anterior tibial tubercle to the anterior fibular
tubercle, and just crosses the anterolateral talar corner, its fibular insertion point lies a little
below the level of the tibiotalar joint space [24, 28].A fibula fracture at this level could there-
fore result in injury of the ATIFL.This finding could affect treatment outcome, as in the pre-
sence of syndesmotic injury a non-weightbearing cast would be the preferred treatment. In
case of anterior syndesmotic injury, early weightbearing could result in an elongated healed
ATIFL leading to complaints of chronic instability or even early osteoarthritis.
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Fig. 4. AP (4) and lateral (B) radiograph.A transverse fibular malleolar fracture (1) below the level of the tibio-
talar joint line is visible. No fracture is visible at the medial or posterior malleolus. Measurements are normal.
The fracture was classified as: Weber A, AO-Miiller A1.3, Lauge-Hansen SA1. Coronal (), sagittal (D) and axial
(E) proton-density-weighted MR image.The transverse fibula fracture (1) is visible on the coronal and sagittal
MR image.The lower border of the ruptured ATIFL (2) just lies across the fibula fracture as can be seen on the
sagittal MR image (D). In the 45° oblique image (E) the ATIFL (2) is thickened and avulsed from the fibula.The
PTIFL (3) is intact. Ant, anterior; T, tibia; E fibula.

In 6 other cases of underestimated syndesmotic injury, LH predicted only anterior syndesmo-
tic injury, whereas MRI showed also posterior injury. Anterior syndesmotic injury consisted
of a ruptured ATFIL in 4 and an anterior fibular avulsion fracture in 2 patients. Posterior syn-
desmotic injury involved 5 patients with an intact PTIFL attached to an avulsed fragment of
the posterior malleolus, which was not visible on the radiographs, and one patient with a
ruptured posterior tibiofibular ligament (Fig. 5, see next page).In 2 patients the superficial
deltoid ligament was partially or completely ruptured. With these findings on MRI the frac-
ture would change from SE2 into SE3 in 3 cases, from SE2 into SE4 in two cases and from a
no classifiable SE1/PE1 into PA2 in one case. For therapeutic management it is important to
know whether a fracture is stable or unstable.An unstable fracture should be treated with an
open reduction and internal fixation (ORIF) and, if necessary, syndesmotic stability should
be regained with a setscrew. In two patients with an underestimated SE4 fracture ORIF was
performed without fixation of the syndesmosis with a setscrew, although on MRI the superfi-
cial deltoid ligament was partially or completely ruptured, and the deep deltoid ligament was
intact in both.The measurements deviated only in one case. It is likely that the deep deltoid
ligament prevents a lateral shift of the talus, when the fibula is pulled laterally with the hook
test [29], whereas the superficial deltoid ligament gives restraint to a valgus position of the
talus.
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Fig. 5. AP (4) and lateral (B) radiograph show a distal fibula fracture (1) at the level of the syndesmosis, running
obliquely from antero-inferior to postero-superior, characteristic of a supination-external rotation trauma. Mea-
surements are normal. This fracture is classified as: Weber type B,AO-Miiller type B1.1 and Lauge-Hansen SE2.
Coronal (C) and 45° oblique (D) proton-density-weighted MR image demonstrate the fibula fracture (1),and a
normal deep (2) and superficial (3) deltoid ligament.The ATIFL is ruptured (4), whereas the intact PTIFL (5) is
attached to an avulsion fracture of the posterolateral malleolus (6).This is therefore a Weber type B fracture with
normal measurements but with anterior as well as posterior syndesmotic injury.According to Lauge-Hansen this
is a SE3 fracture.

Overestimation of syndesmotic injury occurred in five cases. In one case with a pronation-
dorsiflexion type2 injury (PD2), the radiographs showed a transverse fracture of the medial
malleolus and a fracture of the anterior rim of the distal tibia, which was interpreted as a
possible Chaput-Tillaux fracture, implying anterior syndesmotic injury. On MRI the fracture
of the medial malleolus was well visualized.The intact multifascicular ATIFL was attached to
a normal tubercle of Chaput, that was adjacent to a comminute impression fracture of the
anterior tibial rim.

In 4 other cases of overestimation, injury of both the anterior and posterior syndesmosis was
expected on the radiographs but MRI showed only anterior injury. In one case with a sus-
pected SE4 trauma, based on a fibula fracture, a suspected medial malleolus avulsion fracture
and posterior syndesmotic injury inferred from the type of trauma mechanism, MRI showed
neither posterior nor medial injury, resulting in down staging of the fracture into SE2.In two
cases, a supination external rotation type 3 and 4 trauma were based on an obliquely running
fibula fracture, from antero-inferior to postero-superior, associated with either an avulsion
fracture of the medial malleolus or suspected posterior malleolus avulsion fracture. MRI, ho-
wever, showed in both cases no posterior malleolus fracture or ruptured posterior tibiofibu-
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lar ligament, but did show either a medial malleolus avulsion fracture or a possibly ruptured
deltoid ligament. Both experimentally and clinically a SE4 injury can exist without damage
to the posterior tibiofibular ligament [30,31].The absence of posterior injury suggests these
fractures could also be a pronation external rotation injury type 3 (PE3). In that case, howe-
ver, the direction of the fibula fracture line should be from antero-superior to postero-inferior,
and usually the level of the fracture is above the syndesmosis, which was not the case in
these 2 patients. In a study with cadavers, Haraguchi et.al. showed that a pronation external
rotation trauma could result in a fibula fracture at the level of the syndesmosis with a fracture
line running from antero-inferior to postero-superior [32]. They also noted that medial injury
occurred after the fracture of the fibula and posterior injury was absent in 4/8 cadavers.This
means that a PE3 and SE4 type of fracture cannot always be distinguished on radiographs or
MRI only. The clinical relevance of this distinction is based on the stability of the tibiotalar
and tibiofibular joint. Because with PE fractures the level of the fibula fracture is above the
syndesmosis and could be accompanied by a rupture of the interosseous membrane, this
fracture type would benefit from a setscrew, whereas fibula fractures within 3.0 - 4.5cm of
the tibiotalar joint do not need a setscrew [33].

The fourth case of overestimated syndesmotic injury involved a pronation-external rotation
type 4 trauma (PE4, i.e. Maisonneuve fracture),based on a proximal fibula fracture,an avulsed
medial malleolus and possible fracture of the posterior malleolus. Although MRI showed an
intact posterior malleolus, the posterior tibiofibular ligament was thickened and attached
to a slip of avulsed tibial periosteum from the posterior malleolus, suggesting at least some
kind of posterior traumatic stress. Therefore, based on these findings the fracture should be
classified as PE3.

On radiographs, injury of the distal tibiofibular syndesmosis can be predicted based on the
type of fracture. According to Weber the more proximal the fibula fracture, the greater the
risk of a disrupted syndesmosis and ankle instability. A rupture of the syndesmotic ligaments
is assumed in all type C and in 50% type B fractures [5]. In the AO-Miiller classification, syn-
desmotic injury is expected in all fractures with at least a type B1.2 fracture. However it is
not possible to predict which of the Weber type B or AO-Miiller type B1.1 fractures will have
injury of the syndesmotic ligaments, and for that reason radiographic measurements can be
used to deduce syndesmotic injury. In our study the Weber and AO-Miiller fracture classifica-
tion showed a low sensitivity of 47% for prediction of syndesmotic injury. In contrast to the
literature in which 50% of Weber type B fractures are expected to have syndesmotic injury,
our study showed syndesmotic injury in all patients, either anterior (48%) or both anterior as
well as posterior (52%). Measurements, however, were normal in 64% with only anterior and
in 67% with both anterior and posterior syndesmotic injury. In all Weber type C fractures syn-
desmotic injury was present, as expected, although the measurements were normal in 55%.
Nielson et. al. showed that the tibiofibular clear space (TFCS) and tibiofibular overlap (TFO)
did not correlate with anterior and posterior tibiofibular ligament injuries [34]. According
to Beumer et. al. there is no optimal radiographic parameter to assess the integrity of the
syndesmosis.Absence of tibiofibular overlap at one side may be an indication of syndesmotic
injury and a medial clear space surpassing the tibial clear space is indicative of deltoid injury
[22].As a secondary question in this study, we looked at the additional value of the measure-
ments and also concluded that the TFCS and TFO did not correlate with syndesmotic injury
and neither did a widened medial clear space correlate with deltoid ligament injury [35].A
possible explanation for normal measurements in the presence of syndesmotic injury, could
be the spontaneous reduction of the tibiofibular diastasis after the acute injury. But whenever
measurements deviated syndesmotic injury was always present, whereas normal measure-
ments did not exclude syndesmotic injury.
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Syndesmotic injury is also underestimated due to the low detection rate of avulsion fractures
on radiographs. When compared to MRI, radiographs detected only 50% (2/9) of anterior
avulsion fractures from either the fibula (n=8) or tibia (n=1) and 67% of the posterior malle-
olus avulsion fractures. Park et. al. found a fibula avulsion fracture (Wagstaffe type II fracture)
in 13/52 (25%) of Weber type B fractures, with an associated diastasis in 11/13 (85%) [36].1n
our study 4/23 (17%) patients with a Weber type B fracture showed a Wagstaffe fracture, and
in only one the measurements deviated. Harper showed in 18 patients with a SE2 fracture
that CT detected occult avulsion fractures of the distal tibia in 39% of the cases [37].In our
series a distal anterior tibial avulsion was present in only one no classifiable fracture with
normal measurements.To detect a posterior malleolus fracture Ebraheim et. al. advocated a
50° external rotation radiograph [38], although Ferries et. al showed that radiographs poorly
assessed the posterior fragment size when compared to CT [39]. Nielson et. al. described a
series of ligamentous Weber B or SE4 fractures, in which the fibula was fractured without
associated fracture of the medial and posterior malleolus, based on only radiographs and
intraoperative exorotational stress tests. Although CT has been used to evaluate the distal
tibiofibular syndesmosis postoperatively, no studies have been performed to compare the
detection rate of avulsion fractures of the distal tibiofibular joint between radiography, CT
and MRI preoperatively. It seems likely however, that CT is superior in detecting especially
small bony avulsions.

Syndesmotic stability occurs in the coronal, sagittal, rotational and axial planes but only the
coronal and rotational plane instability are routinely addressed clinically [40]. Coronal plane
stability is tested intraoperatively with the hook test by pulling laterally on the fibula with a
bone hook. Lateral movement of the fibula or widening of the mortise on the AP radiograph
suggests the need for a setscrew. Van den Bekerom reported a sensitivity of 39% and spe-
cificity of 96% of the hook test with a cut-off of the height of the fibula fracture of 4.5cm
[41]. Rotational plane instability can be tested with an intraoperative fluoroscopic external
rotation stress test and is based on radiographic tibiofibular clear space measurements. With
intraoperative fluoroscopy Jenkinson et. al. detected syndesmotic instability in 37% of ankle
fractures [42]. Xenos et. al. evaluated syndesmotic instability with the external rotation stress
test by assessing posterior movement of the fibula on lateral radiographs [43], suggesting
instability of the syndesmosis in a sagittal plane. These studies show that syndesmotic instabi-
lity can occur in different planes and depends on which of the osseoligamentous structures
are disrupted and therefore play a role in the discussion which ankle fractures need to be
stabilized with a setscrew. Therefore when the surgeon would know preoperatively which
syndesmotic ligaments are injured, application and interpretation of available intraoperative
tests could be optimized and result in a better evaluation of syndesmotic instability and aid
in the decision of using a setscrew.

In this study six fractures were treated with ORIF and a setscrew, including four pronation-
external rotation fractures (PE4), one SE3 and one PA3 fracture, all of which were Weber
type C fractures (Table 15). According to. Egol et.al., in a series of 347 patients with unstable
ankle fractures, 18% type B fractures and 79% type C fractures required syndesmotic stabi-
lization [44, 45]. In another study 50% of unstable AO type B fractures needed a setscrew
[406]. In our study 0% (0/10) type B fractures and 86% (6/7) type C fractures treated with
ORIF required a setscrew. This is remarkable as anterior and posterior syndesmotic injury
occurred in 70% (7/10) Weber type B fractures and was associated with a ruptured, possibly
ruptured or avulsed interosseous ligament in 30% (3/10). In this study in only 56% (5/9) of
SE4 fractures, which are unstable ankle fractures, ORIF was performed, however, without syn-
desmotic stabilization. Stark et. al. observed syndesmotic instability in 39% of unstable Weber
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B lateral malleolar fractures or ligamentous SE4 fractures, i.e. without associated fractures of
the medial and posterior malleolus [42,47]. These findings raise the question how accurate
intraoperative stabilization tests are, not only regarding the way they are performed but also
in interpretation of fluoroscopic findings. Regaining a normal ankle stability is important, as
several studies have shown that surgical treatment yields improved results in unstable ankle
fractures [48, 49].

The interosseous membrane also plays an important role in the stability of ankle fractures,
and the relation between the level of the fibula fracture and extension of the ruptured mem-
brane has frequently been discussed [50, 51]. In our study injury of the interosseous mem-
brane occurred in 11 patients and was located at or below the level of the fibula fracture in
3 cases and above the fibula fracture in 8 cases. The majority of these 8 fractures involved a
supination-external rotation trauma (SE2 (n=3); SE3 (n=1); SE4 (n=4)) and one pronation-ex-
ternal rotation trauma (PE4).This is the only case in which the interosseous membrane itself
was ruptured. It is also the only case in which ORIF was performed with a setscrew. In two
SE2 and three SE4 fractures ORIF without a setscrew was performed (Fig. 6, see next page).
Our study showed several shortcomings. Not in all patients a MRI could be performed pre-
operatively, but the presence of a plate and screws did not influence image quality and the
syndesmotic ligaments could still be well evaluated. The presence of a setscrew could in-
fluence the observer regarding the extent of syndesmotic injury. This occurred only in two
cases in which both anterior and posterior syndesmotic were obviously present, and a bias
therefore not likely. We did not perform a standardized preoperative stress test, and neither
was the intra-operatively used stress test performed in a standardized way, but this is conform
daily routine in our clinic.This study was a radiographic analysis without clinical or long-term
follow-up.

Overall we can conclude that, in this study, the sensitivity for detecting syndesmotic injury
with the Weber and AO-Miiller fracture classification in combination with additional measure-
ments is low,and much higher with the Lauge-Hansen fracture classification. We showed that
syndesmotic injury was present in all Weber type B fractures, although measurements were
normal in 65%. Remarkably, none of the Weber type B fractures treated with ORIF required a
setscrew, although both anterior and posterior syndesmotic injury was present. MRI showed
that posterior syndesmotic injury only occurred in association with anterior syndesmotic in-
jury and consisted in 80% of an intact posterior tibiofibular ligament attached to an avulsion
fracture of the posterior malleolus, which was not visible on the radiographs in 33%.Anterior
avulsion fractures were only visible on the radiographs in 50%.Although Lauge-Hansen is the
best available fracture classification in predicting syndesmotic injury, MRI can be of additio-
nal value in determining its exact extent, as until now when referring to syndesmotic injury
the exact extent of osseoligamentous involvement is not defined.
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Fig. 6. AP (4) and lateral (B) radiograph show an oblique fibula fracture (1), running from antero-inferior to
postero-superior, characteristic of a supination-external rotation injury. The medial malleolus (2) and posterior
malleolus (3) are avulsed. AP (C) and lateral (D) radiograph after open reduction and internal fixation without
a setscrew. The fracture of the posterior malleolus (3) is visible and not fixated.The fracture was classified as:
Weber type C, AO-Miiller C2.3, Lauge-Hansen SE4. Coronal (E), 45° oblique (£ G), and axial proton-density-
weighted (H) MR image.The coronal MRI shows the laterally dislocated talus, with a distal fibula fracture (1) and
an avulsion fracture of the medial malleolus (2) attached to a thickened but intact superficial deltoid ligament
(4).In (F) the ATIFL (5) is ruptured, whereas the PTIFL (0) is intact and attached to an avulsion fracture of the
posterolateral malleolus (3). In (G) the ruptured interosseous ligament (7) is visible. In (H) the fibula fracture
(1) runs proximal to the interosseous membrane (8) which has a small tibial avulsion (9) up to this level. Ant,
anterior;T, tibia; E fibula.
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Conclusion

Lauge-Hansen is the best fracture classification to predict syndesmotic injury with a sensitivi-
ty and specificity of both 92%.The Weber and AO-Miiller fracture classification system detec-
ted syndesmotic injury with a sensitivity of 47% and a specificity of 100%. In this study 100%
of Weber type B fractures showed a rupture of the syndesmosis, in contrast to 50% reported
in the literature. On radiographs underestimation of anterior and posterior syndesmotic in-
jury is partly due to missed fibular or tibial avulsion fractures in 50% and 67% respectively.
Posterior syndesmotic injury occurred only in association with anterior syndesmotic injury
and consisted in 86% of a posterior malleolus fracture. TFCS and TFO did not correlate with
syndesmotic injury, and neither did a widened MCS correlate with deltoid ligament injury. In
12% of patients ORIF with a setscrew was performed, but not only in unstable fractures.
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Ankle fractures are usually diagnosed with two or three standardized radiographs, i.e. the an-
teroposterior, lateral and mortise views.These radiographs are subsequently used to classify
the fracture according to one of three clinically frequently used fracture classification sys-
tems: the Weber, AO-Miiller and Lauge-Hansen classification.A fracture classification system is
useful because it describes the fracture localisation or fracture pattern, which forms the basis
for a treatment plan. Furthermore it has a prognostic value.

In contrast to the Lauge-Hansen fracture classification, which is based on the trauma mecha-
nism, the Weber and AO-Miiller fracture classifications are based on the level of the fibula frac-
ture in relation to the distal tibiofibular syndesmosis.This implies that the exact boundaries
of the syndesmosis and its composing osseoligamentous structures should be well defined.
However, neither in the literature nor in daily practice is specified what is meant by injury of
the syndesmosis nor which and how many of the four tibiofibular ligaments are involved.

As radiologists are the clinical anatomists, or to be more precise: the (consulting) anatomist
in the clinic, I posed a question at a radiological congress about skeletal radiology, in which
both consultants and residents were asked to demarcate the anatomical lower and upper
border of the syndesmosis on a presented AP radiograph of a normal ankle. A bell shaped
frequency distribution showed that 80% of the radiologists defined the lower border at the
level of the tibiotalar joint line, whereas a wide frequency distribution was observed when
the definition of the upper border was asked.The explanation is that syndesmotic injury is
most likely perceived as injury to the distal anterior tibiofibular ligament, and possibly also to
the posterior tibiofibular ligament, as these ligaments are located in a narrow range around
the tibiotalar joint line.The wide range of the perceived upper limit of the syndesmosis can
only be explained by lack of knowledge regarding its anatomy.This means that a distinction
between a Weber type B and C fracture is probably based on a subjective interpretation of
the level of the fibula fracture in relation to the syndesmosis rather than an objective one
based on the exact anatomical extent of the tibiofibular joint.

We therefore performed an extensive analysis of the distal tibiofibular syndesmotic anatomy
in human cadaver specimens, and correlated findings regarding microscopy, macroscopy,
plastination and cross sectional imaging techniques like CT and MRI.This resulted in the ap-
plication of a 45° oblique imaging plane for MRI of the ankle, in addition to the commonly
used three orthogonal imaging planes, to depict the anterior and posterior tibiofibular liga-
ments along their entire length. Both in healthy volunteers as in patients with an acute an-
kle fracture, this additional 45° oblique imaging plane resulted in less false positive findings
when compared to the axial imaging plane.

Not only is the distal tibiofibular syndesmosis a point of reference for the fracture classifica-
tion systems, but also the other way around can the fracture classification be used to predict
syndesmotic injury. We showed however, that with Weber and AO-Miiller syndesmotic injury
can be poorly predicted, especially in the type B fractures which showed at least anterior
syndesmotic injury in all cases when compared to findings at MRI. This is in contrast with
the literature which describes that injury to the syndesmosis is expected in 50% of type B
fractures. Injury to the syndesmosis is better predicted with the Lauge-Hansen classification,
although both under- as well as overestimation did occur.




Conclusion

Detailed knowledge of the anatomy of the distal tibiofibular joint plays an essential role in
interpretation of plain radiographs and cross sectional imaging techniques like MRI.

This knowledge can only be acquired in the dissection room because the basis of inter-
preting the ‘sliced anatomy’ produced by imaging techniques as CT and MRI is the three
dimensional form. Behind each slice lies a three dimensional form.And to really understand
the form, it should be studied by taking the road back in history, back to the time one was
a student, and re-visiting the dissection room.This visit will result in a completely different
experience. Now that one has encountered the many problems (and really experienced them
as problems) of clinical care, one will study the specimen in a much more specific way, and
the effect of one’s visit will be much higher when compared to the time one was ‘forced’ to
attend and take exams.

Only through dynamic interaction between the anatomist, the surgeon and the radiologist,
can increasing anatomic knowledge result in better application and evaluation of fracture
classifications and aid in developing a better treatment plan with an improved clinical out-
come.
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To date many studies have been performed regarding fractures of the ankle. However, only few
studies have been performed in which MRI was used to evaluate not only the osseoligamentous
structures but also the surrounding soft tissue structures of the ankle joint. With the currently avai-
lable MRI techniques (1.5T or 3.07T) it is possible to acquire a nearly isovolumetric 3D dataset
of the ankle, with an imaging voxel of less than 1 mm?. From this dataset each individual
ligament, of both the collateral as well as the tibiofibular ligaments, can be reconstructed in
a plane along its longitudinal axis. With this detailed anatomic information, and because the
greater part of the tibiofibular ligaments are extra-articularly located, MRI and not arthrosco-
py should serve as the gold standard.Therefore, with an isovolumetric MRI scan the following
three questions could be addressed.

1.Which of the tibiofibular ligaments are exactly involved in a fractured ankle?

Three of the four tibiofibular ligaments lie in an obliquely running plane when compared to
the commonly used three orthogonal planes. With only a fixed additional 45° oblique plane
for both the anterior and posterior tibiofibular ligaments, we showed an improved interpre-
tation of the continuity of these ligaments.With a tailored plane for each ligament this would
improve even more.The interosseous ligament is to date rather difficult to image because it
consists of multiple thin fibres running in three different directions.A tailored plane for this
ligament could also better detect injury.Although the interosseous ligament plays an impor-
tant role in the stability of the syndesmosis, it is not mentioned in fracture classifications.
Therefore tailored imaging planes will enable a more accurate evaluation of the involved
syndesmotic ligaments in acute ankle fractures.

2.Which of the tibiofibular ligaments are exactly involved in unstable ankle fractures?

An important decision in treatment of ankle fractures is based on the stability of the fracture.
Several guidelines have been developed as to which ankle fractures are unstable and should
be treated with an open reduction and internal fixation (ORIF). When, after fixation of the
fibula and/or medial malleolus fracture, instability at the tibiofibular joint persists, the syn-
desmosis should be fixated with a setscrew.Tibiofibular instability can be tested intra-opera-
tively with one of several techniques available. Two frequently used methods are the hook
test in which the fibula is pulled laterally,and the exorotation stress test. However these tests
are not performed in a standardized way and interpretation of residual instability is therefore
subjective. With preoperative information available about the status of each individual ankle
ligament, obtained with a 3D isovolumetric MRI, and a standardized way of performing these
tests, remaining instability would be better evaluated and therefore be more uniformly tre-
ated. Also, an intra-operatively performed dynamic MRI could address whether the fracture
is adequately stabilized and whether the fibula is correctly positioned in the tibial incisure.
Therefore preoperatively tailored imaging planes and intra-operative dynamic MRI probably
enable better interpretation of instability and guide the necessity for fixation with a sets-
crew.
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3. Which trauma mechanism leads to which injured tibiofibular ligaments?

With the use of cadaveric specimens more insight has been gained into the trauma mecha-
nism. Lauge-Hansen was the first to relate the position of the foot and direction of the force
to a specific fracture pattern. However, his fracture classification has never been validated
and in recent studies its reproducibility is questioned, mostly because his experiments were
not performed under standardized conditions.Therefore a new cadaver study should be con-
ducted in which the trauma mechanism is standardized and the tibiofibular ligaments as
well as the interosseous membrane are evaluated with a 3D isovolumetric MRI, both before
and after the induced trauma. In addition, stability tests can be performed both before and
after the induced trauma. Thereafter the specimen can be dissected and anatomic findings
be correlated with findings at MRI and the stability tests.This will result in information about
osseoligamentous injury in relation to the stability tests, which in turn are related to the type
of fracture, i.e. type of trauma mechanism.
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In chapter one the subject of this thesis is introduced: imaging of the anatomy of the distal
tibiofibular syndesmosis in human cadavers, healthy volunteers and patients with an acute
ankle fracture.

Injury to the distal tibiofibular syndesmosis can occur after an ankle sprain or after an acute
ankle fracture. Several fracture classification systems have been developed which are based
on radiographic findings of the ankle.These classifications can aid in predicting the presence
of syndesmotic injury in relation to the level of the fibula fracture or to the mechanism of
trauma. Clinically frequently used fracture classification systems are the Danis-Weber and
AO-Miiller classifications that pertain to the level of the distal fibula fracture, and the Lauge-
Hansen classification which is based on the trauma mechanism, i.e. the position of the foot at
the moment of injury and the direction of the occurring force.

However, from a questionnaire completed at a congress on skeletal radiology, it appears that
the perceived anatomic boundaries of the syndesmosis vary tremendously.Also, the direction
of the syndesmotic ligaments has repercussions for imaging techniques like MRI. A general
concept is that ligaments can be best depicted along their longitudinal length. This means
that when ligaments do not parallel the commonly used three orthogonal planes, this can
lead to incorrect interpretation of imaging findings, resulting in chronic ankle instability or
even early osteoarthritis.

Chapter two is a pictorial essay in which we endeavour to fill the hiatus in anatomic know-
ledge of the distal tibiofibular joint and provide a detailed anatomic description of the syn-
desmotic bones with the incisura fibularis, the syndesmotic recess, synovial fold and tibiofi-
bular contact zone and the four syndesmotic ligaments, followed by their clinical relevance
and discussion of remaining questions.

A syndesmosis is defined as a fibrous joint in which two adjacent bones are linked by a strong
membrane or ligaments. This definition also applies for the distal tibiofibular syndesmosis,
which is a syndesmotic joint formed by two bones and four ligaments. The distal tibia and
fibula form the osseous part of the syndesmosis and are linked by the distal anterior tibiofibu-
lar ligament (ATIFL), the distal posterior tibiofibular ligament (PTIFL), the transverse ligament
and the interosseous ligament.Although the syndesmosis is a joint, in literature the term syn-
desmotic injury is used to describe injury of the syndesmotic ligaments.

In an estimated 1-11% of all ankle sprains, injury of the distal tibiofibular syndesmosis occurs.
Forty percent of patients do still have complaints of ankle instability six months after an an-
kle sprain.This could be due to widening of the ankle mortise as a result of increased length
of the syndesmotic ligaments after acute ankle sprain. Since widening of the ankle mortise
by 1mm decreases the contact area of the tibiotalar joint by 42%, this could lead to instability
and hence an early osteoarthritis of the tibiotalar joint.

In fractures of the ankle, syndesmotic injury occurs in about 50% of type Weber B and in all of
type Weber C fractures. However, it seems in discussing syndesmotic injury, the exact proxi-
mal and distal boundaries of the distal tibiofibular syndesmosis are not well defined. There
is no clear statement in the Ashhurst and Bromer etiological, the Lauge-Hansen genetic or
the Danis-Weber topographical fracture classifications about the extent of the syndesmosis.
This joint is also not clearly defined in anatomical textbooks, such as Lanz and Wachsmuth.
Kelikian and Kelikian postulate that the distal tibiofibular joint begins at the level of origin
of the tibiofibular ligaments from the tibia and ends where these ligaments insert into the
fibular malleolus.




Summary

In chapter three a new technique is described to study both intra- and extra-articular anatomy
of a synovial joint, called MR-plastination-arthrography.As the syndesmosis of the ankle plays
an important role in the stability of the talocrural joint, understanding of the exact anatomy
of both the osseous and ligamentous structures is essential in interpreting plain radiographs,
CT and MR images, in ankle arthroscopy and in therapeutic management.

In six human cadaveric lower legs, MR arthrography was performed in either a one-step or
two-step procedure. In the former a mixture of diluted Gadolinium and dyed polymer was
injected. In the latter the dyed polymer was injected after arthrography with diluted Gado-
linium.Three-millimeter slices of these legs, obtained in a plane identical to that of the MR im-
ages, were plastinated according to the E12 technique of Von Hagens.The plastination slices
were subsequently compared with the MR images. The one-step procedure resulted in an
inhomogeneous arthrogram.The two-step procedure resulted in a good correlation between
the high-resolution MR images and plastination slices, as expressed by a good comparison
of anatomic detail of the small syndesmotic recess. Images of the distal tibiofibular syndes-
mosis obtained with plastination arthrography correlated well with images acquired by MR
arthrography when performed in a two-step procedure.

In chapter four the optimal scan plane for depicting the ATIFL and PTIFL is assessed. MRI
is a well proven technique to depict the osseoligamentous components of the ankle joint.
Optimal MRI scan planes for the collateral ligaments of the ankle have been described ex-
tensively, however, with exception for the syndesmotic ligaments. Until now the usual three
orthogonal planes have been used to image the ankle and its syndesmotic ligaments. But, as is
known from detailed anatomic studies, the anterior (ATIFL) and posterior (PTIFL) tibiofibular
ligament run in an oblique plane relative to the tibial plafond. In two fresh frozen cadaveric
ankles we determined the optimum angle of the oblique caudal-cranial and lateral-medial
MRI scan plane.The angle of the scan plane that demonstrated the anterior and posterior
distal tibiofibular ligament uninterrupted in their full length was about 45 degrees. Subse-
quently we tested this oblique plane in healthy volunteers and evaluated the ATIFL and PTIFL
regarding the continuity of the individual fascicles, thickness and wavy contour of the liga-
ments in both the axial and oblique planes. When compared to the axial plane, the oblique
plane demonstrated significantly less discontinuity for both the ATIFL and PTIFL.

In chapter five the additional value of this 45° oblique MRI scan plane for assessing the ante-
rior and posterior distal tibiofibular syndesmotic ligaments in patients with an acute ankle
fracture is evaluated. Fractures on the radiographs were classified according to Lauge-Hansen
(LH), and the aspect of the ATTIFL and PTIFL as well as the presence of a bony avulsion, in both
the axial and oblique planes, were evaluated on MRI. MRI findings regarding syndesmotic
injury in the axial and oblique planes were compared to syndesmotic injury predicted by LH.
The 45° oblique MRI plane demonstrated significantly less ligamentous injury than the axial
plane, for both the ATTFL and PTIFL.There was however, no significant difference in detection
of an avulsion fracture in the axial or oblique planes, neither anteriorly nor posteriorly. When
compared with the Lauge-Hansen fracture classification, the oblique MRI plane showed a
decrease in false positive syndesmotic injuries, anteriorly even more than posteriorly, which
could be of considerable aid in therapeutic management.




Summary

Three frequently used methods to describe ankle fractures are the Danis-Weber, AO-Miiller
and Lauge-Hansen fracture classifications. In chapter six we correlate these fracture classifica-
tion systems with MR findings regarding injury of the syndesmosis in acute ankle fractures.
Treatment of ankle fractures is determined by several factors such as patient age, soft tissue
status, dislocation of the fracture and integrity of the distal tibiofibular syndesmosis. Through
the shortcomings of clinical examination and radiographs, injury to the syndesmotic liga-
ments is often misdiagnosed leading to chronic complaints such as instability, pain and swell-
ing. As the major stabilizer of the distal tibiofibular joint, the ligamentous complex of the
syndesmosis is critical in maintaining normal ankle function.

The classification of malleolar fractures constitutes the basis for treatment of acute ankle frac-
tures. Additionally a number of radiographic parameters were used to evaluate the integrity
of the syndesmotic and deltoid ligaments. Absence of tibiofibular overlap (TFO) at one side,
and a tibiofibular clear space (TFCS) larger than 6mm may be an indication of syndesmotic
injury. A medial clear space (MCS) surpassing the superior clear space (SCS) is indicative of
deltoid injury, which regularly accompanies injury of the syndesmosis. We showed that the
sensitivity for detecting syndesmotic injury with the Weber and AO-Miiller fracture classifica-
tions in combination with additional measurements is low and much higher with the Lauge-
Hansen fracture classification. Remarkably, syndesmotic injury was present in all Weber type
B fractures, although measurements were normal in 65%.

None of the Weber type B fractures treated with ORIF required a setscrew although both an-
terior and posterior syndesmotic injury was present. MRI showed that posterior syndesmotic
injury only occurred in association with anterior syndesmotic injury and mostly consisted
of an intact posterior tibiofibular ligament attached to an avulsion fracture of the poste-
rior malleolus. Both anterior and posterior avulsion fractures are frequently missed on radio-
graphs when compared to MRIL
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Hoofdstuk 1 is de introductie van dit proefschrift dat gaat over het afbeelden van de anato-
mie van het distale tibiofibulaire gewricht in menselijke kadaverbenen, gezonde vrijwilligers
en patiénten met een acute enkel fractuur.

Letsel van de distale tibiofibulaire syndesmose komt zowel voor bij een distorsie als ook bij
een acute fractuur van de enkel. Op basis van bevindingen bij rontgenfoto’s zijn meerdere
fractuur classificaties voor de enkel ontwikkeld. Deze fractuurclassificaties kunnen helpen
bij het voorspellen van syndesmose letsel in relatie tot het niveau van de fibula fractuur of in
relatie tot het trauma mechanisme. In de kliniek veel gebruikte fractuur classificaties zijn de
Weber en AO-Miiller classificatie, die gerelateerd zijn aan het niveau van de fibula fractuur en
de Lauge-Hansen classificatie, die gebaseerd is op het trauma mechanisme, i.e. de positie van
de voet/talus op het moment van trauma en de richting van de optredende kracht.

Echter, zoals bleek uit een enquéte tijdens een congres over skelet radiologie, was er een
grote variatie in de interpretatie van de anatomische grenzen van de syndesmose. Echter, niet
alleen de positie van, maar ook de richting waarin de syndesmose ligamenten lopen zijn van
invloed op afbeeldingtechnieken zoals MRI. Een algemeen uitgangspunt is dat ligamenten het
beste langs hun lengteas kunnen worden afgebeeld. Dit betekent dat, wanneer het verloop
van de ligamenten niet parallel is aan de drie meestal gebruikte orthogonale scanvlakken, dit
kan leiden tot een onjuiste interpretatie van de bevindingen. De gevolgen hiervan kunnen
zijn dat er chronische enkel klachten ontstaan of zelfs vervroegde arthrose.

In hoofdstuk twee wordt geprobeerd om aan de hand van gedetailleerde afbeeldingen het
hiaat in de kennis over de anatomie van het distale tibiofibulaire gewricht op te vullen en
wordt er een gedetailleerde beschrijving gegeven van de incisura tibiae, de tibiofibulaire re-
cessus, de synoviale plooi, de tibiofibulaire contact zone en de vier syndesmose ligamenten,
gevolgd door hun klinische relevantie en bespreking van nog openstaande vragen.

Een syndesmose is gedefinieerd als een fibreus gewricht waarin twee botten met elkaar zijn
verbonden door middel van een sterk membraan of ligamenten. Deze definitie is ook van
toepassing op de distale tibiofibulaire syndesmose. De distale tibia en fibula vormen het os-
sale deel van de syndesmose en zijn met elkaar verbonden door het distale lig. tibiofibulare
anterius, het distale lig. tibiofibulare posterius, het lig. tansversum en het lig interosseum. Al-
hoewel de syndesmose een gewricht is, wordt in de literatuur met letsel van de syndesmose
niet zozeer het gewricht als wel de ligamenten van de syndesmose bedoeld.

Bij circa 1-11% van alle enkel distorsies komt letsel van de distale tibiofibulaire syndesmose
voor. Zes maanden na een enkel distorsie heeft veertig procent van de patiénten nog klach-
ten van een instabiele enkel. Dit kan zijn omdat de enkelvork verwijd is ten gevolge van
uitgerekte syndesmose ligamenten na een enkel distorsie. Verwijding van de enkelvork met
1 mm leidt tot een afname van het tibiotalaire contact oppervlak met 42%. Dit kan leiden tot
instabiliteit van de enkel en dientengevolge tot vroegtijdige artrose van het bovenste sprong-
gewricht.

Indien er sprake is van enkel fracturen komt letsel van de syndesmose voor bij circa 50% van
de Weber type B en bij alle Weber type C fracturen. Echter in discussies over syndesmose
letsel blijkt dat de exacte proximale en distale begrenzing van de syndesmose niet goed zijn
gedefinieerd. Er is geen duidelijke uitspraak over deze begrenzing te vinden noch in de eti-
ologische fractuur classificatie volgens Ashhurst en Bromer, noch in de genetische volgens
Lauge-Hansen of de topografische volgens Danis-Weber. Ook in tekstboeken over de anato-
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mie, zoals dat van Lanz en Wachsmuth, is er geen duidelijke definitie te vinden. Kelikian en
Kelikian postuleren dat het distale tibiofibulaire gewricht begint op het niveau van de origo
van de tibiofibulaire ligamenten aan de tibia en eindigt daar waar de ligamenten insereren
aan de malleolus van de fibula.

In hoofdstuk drie wordt een beschrijving gegeven van een nieuwe techniek, MR-plastinatie-
arthrografie genoemd, om zowel de intra- als extra-articulaire anatomie van een synoviaal
gewricht te kunnen bestuderen. Aangezien de syndesmose van de enkel een belangrijke rol
speelt in de stabiliteit van het talocrurale gewricht, is gedetailleerde kennis van zowel de os-
sale als ligamentaire structuren essentieel voor het kunnen interpreteren van rontgenfoto’s,
CT en MR onderzoeken, voor het verrichten van arthroscopie van de enkel en voor opstellen
van een behandeling.

In zes benen, door mensen ter beschikking gesteld voor de wetenschap, werd MR-arthrogra-
fie verricht in een één-stap dan wel twee-stappen procedure. In het eerste geval werd een
mengsel van verdund Gadolinium en een gekleurd polymeer geinjecteerd. In het tweede ge-
val werd het gekleurde polymeer pas geinjecteerd nadat de arthrografie met verdund Gado-
linium was verricht. Drie millimeter plakken van deze benen, verkregen in hetzelfde vlak als
waarin de MRI was verricht, werden geplastineerd volgens de E12 techniek van Von Hagens.
De geplastineerde plakken werden vervolgens vergeleken met de MR afbeeldingen. De één-
stap procedure leidde echter tot een inhomogeen arthrogram. De twee-stappen procedure
daarentegen resulteerde in een goede correlatie tussen de hoge resolutie MR afbeeldingen en
de geplastineerde plakken, zoals zichtbaar werd in de gedetailleerde anatomie van de kleine
syndesmotische recessus.

In hoofdstuk vier wordt bepaald wat het optimale scanvlak is om de ATIFL en PTIFL af te
beelden. In de loop der tijd heeft MRI zichzelf bewezen als een techniek waarmee het goed
mogelijk is om zowel de ossale als de ligamentaire structuren van de enkel af te beelden. Er
zijn uitgebreide beschrijvingen voor de optimale MRI scanvlakken voor de collaterale liga-
menten van de enkel, maar niet voor de syndesmose ligamenten.Tot op heden worden meest-
al de drie gebruikelijke orthogonale scanvlakken gebruikt om de enkel en zijn syndesmose
ligamenten af te beelden. Maar uit anatomische studies is bekend dat het ligamentum tibio-
fibulare anterius (ATIFL) en posterius (PTIFL) in een schuin vlak verlopen ten opzichte van
het tibia plafond. In twee vers gevroren benen, door mensen ter beschikking gesteld voor
de wetenschap, werd de optimale hoek van een scanvlak bepaald met een caudo-craniaal en
latero-mediaal verloop. Het vlak waarin het ligamentum tibiofibulare anterius en posterius
over hun gehele lengte ononderbroken zichtbaar waren bedroeg 45 graden.Vervolgens is dit
schuine vlak getest bij gezonde vrijwilligers en zijn de ATIFL en PTIFL geévalueerd, in zowel
het axiale als schuine vlak, met betrekking tot de continuiteit van hun afzonderlijke vezels, de
dikte en een golvend aspect van het ligament. Wanneer vergeleken werd met het axiale vlak
bleek dat in het schuine vlak beduidend minder vaak discontinuiteit van zowel de ATIFL als
de PTIFL voorkwam.

Nadat het nut van het schuine vlak in gezonde vrijwilligers is aangetoond, wordt in hoofd-
stuk vijf de toegevoegde waarde van dit schuine vlak voor analyse van letsel van de ATTFL en
PTIFL bij patiénten met een acute enkel fractuur onderzocht. Fracturen op de rontgenfoto
werden geclassificeerd volgens Lauge-Hansen (LH) en het aspect van de ATTFL en PTIFL, als-
ook de aanwezigheid van een avulsie fractuur, werden in zowel het axiale als het schuine vlak
met een MRI geévalueerd. Bevindingen op MRI, met betrekking tot letsel van de syndesmose
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in het axiale en schuine vlak, werden vergeleken met syndesmose letsel zoals dat voorspeld
werd door Lauge-Hansen. Het 45 graden schuine vlak toonde significant minder ligamentair
letsel aan dan het axiale vlak, voor zowel de ATIFL als de PTIFL. Er was echter geen signifi-
cant verschil in detectie van een avulsie fractuur in het axiale en schuine vlak, noch aan de
voorzijde noch aan de achterzijde. In vergelijking met de Lauge-Hansen fractuur classificatie
toonde het schuine MRI vlak een afname van fout positief syndesmose letsel aan, voor zelfs
meer dan achter. Deze bevindingen kunnen een aanzienlijke ondersteuning zijn bij het op-
stellen van een behandelplan.

Drie veel gebruikte methoden om enkel fracturen te beschrijven zijn de Danis-Weber, AO-
Miiller en Lauge-Hansen fractuur classificaties. In hoofdstuk zes worden deze fractuur classifi-
caties gecorreleerd met de bevindingen op MRI met betrekking tot letsel van de syndesmose
in acute enkel fracturen. Behandeling van enkel fracturen wordt bepaald door een aantal
factoren zoals de leeftijd van patiént, de weke delen status, dislocatie van de fractuur en inte-
griteit van de syndesmose. Door beperkingen van zowel lichamelijk onderzoek als rontgen-
foto’s, wordt letsel van de syndesmose vaak onderschat wat kan leiden tot chronische klach-
ten als instabiliteit, pijn en zwelling. Als belangrijkste stabilisator van het distale tibiofibulaire
gewricht, vormt het ligamentaire complex van de syndesmose derhalve een kritische rol bij
het handhaven van een normale enkel functie.

De classificatie van malleolaire fracturen vormt de basis voor behandeling van acute enkel
fracturen. Daarnaast kunnen een aantal rontgenologische parameters gebruikt worden om
de integriteit van de syndesmose en het ligamentum deltoideum te evalueren. Het aan één
zijde afwezig zijn van de tibiofibulaire overlap en een tibiofibulaire “clear space” die groter
is dan 6 mm, zijn een indicatie voor letsel van de syndesmose. Een mediale “clear space” die
groter is dan de superior “clear space” wijst op letsel van het ligamentum deltoideum, wat
vaak gepaard gaat met syndesmose letsel. Wij hebben aangetoond dat de sensitiviteit voor het
detecteren van syndesmose letsel met de Weber en AO-Miiller fractuur classificatie in combi-
natie met de aanvullende metingen laag is en een stuk hoger met de Lauge-Hansen fractuur
classificatie. Opvallend was dat syndesmose letsel in alle Weber type B fracturen voorkwam,
terwijl de metingen in 65% van de gevallen normaal waren.

Geen van de Weber type B fracturen die behandeld werden met een open reductie en in-
terne fixatie (ORIF) kregen een stelschroef, alhoewel er zowel aan de voor- als achterzijde
syndesmose letsel aanwezig was. MRI liet zien dat letsel van de achterste syndesmose alleen
voorkwam in combinatie met letsel van de voorste syndesmose en meestal bestond uit een
intact ligamentum tibiofibulare posterius dat vastzat aan een avulsie fractuur van de posterior
malleolus. In vergelijking met MRI werden avulsie fracturen op rontgenfoto’s vaak gemist,
zowel aan de voor- als achterzijde.
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