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MRI in acute ligamentous injuries of the ankle
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Summary. Ankle sprains are the most common lower limb injuries and affect more frequently young athletes;
imaging is needed for an accurate diagnosis of such traumatic injuries. The purpose of this review is to analyse
the magnetic resonance (MR) findings of both normal and pathological ankle’s ligaments; indeed, MRI is the
gold standard for the diagnosis of acute traumatic injuries and is useful for differentiation of the causes of ankle
instability as well as for pre-operative planning. (www.actabiomedica.it)
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Introduction

Ankle sprains are the most common lower limb
injuries (incidence between 5-7 per 1000 persons/year
in Europe), affecting more frequently young athletes
(1); the most common mechanism of injury is repre-
sented by inversion of the foot (less frequently ever-
sion). Therapeutic and rehabilitative strategies are
planned after a precise radiological evaluation of the
ligamentous injury.

The purpose of this review is to analyse the mag-
netic resonance (MR) findings of both normal and
pathological ankle’s ligaments.

Imaging

Ankle x-ray is the first imaging method used to
detect fractures and bone gaps, although it cannot ef-
ficiently evaluate occult fractures and soft tissue altera-
tions.

CT allows an excellent assessment of skeletal frac-
tures; nevertheless it shows low accuracy in soft tissue
evaluation and presents an higher radiation exposition
compared to x-ray.

Ultrasound imaging is a powerful diagnostic tool
to evaluate both superficial ligaments and tendons; in-
deed, through dynamic manoeuvres US allows a func-
tional evaluation, too.

MRI is the most accurate diagnostic procedure
for the evaluation of traumatic ligamentous injuries,
given its high contrast resolution and accuracy in the
detection of bone oedema,; it is not indicated for acute
injury (with the exception of professional athletes). At
MRI imaging the ligaments appear as thin structures,
with linear low signal intensity in TIW- and T2W-se-
quences; they are highlighted by the adjacent adipose
tissue, the latter showing high signal intensity.

Injured ligaments are identified as either disrupt-
ed or thickened and irregular structures, associated
with signal’s alterations. Fluid-sensitive sequences are

helpful in identifying these injuries.
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Anatomical and pathological findings

Ankle’s ligamentous structures can be grouped
into five different complexes:

1. Lateral collateral ligament complex (LCL)

Sprains in inversion and plantar flexion cause in-
juries of the lateral complex; they represent more than
20% of all sportive traumatic disorders (2-4). Depend-
ing on the intensity of trauma, ligaments are consecu-

tively affected (Tab. 1 and Fig. 1).

Anterior talo-fibular ligament (ATF)

ATF originates from the anterior margin of the
lateral malleolus and lies anterior-medially to fit the
lateral tubercle of the talus; it limits both the anterior
displacement of the talus and the plantar flexion of the
ankle. ATF is best viewed in axial plane, and it may
present more than one component (5-7) (Fig. 1 D).
Injuries of the ATF can be suspected according to the
before mentioned morphological and signal altera-
tions; moreover, the “bright rim sign” (Fig. 2) - reflect-
ing a cortical defect with bright dot like or curvilinear
high-signal-intensity lesions on T2W-sequences - can
suggest a ligamentous alteration too (8).

Calcaneo—fibular ligament (CF)

CF originates from the anterior region of the lat-
eral malleolus and lies obliquely and posteriorly to fit
in on the postero-lateral region of the calcaneus. PC

is best viewed in oblique coronal plane (2) (Fig. 1 and
Fig. 3).

Posterior Talofibular ligament (PTF)
It originates from the malleolar pit of the medial
surface of the lateral malleolus and lies horizontally to

Table 1. According to biomechanical studies, the ATF is the
weakest lateral ankle ligament, therefore is the firstly involved
in inversion/plantar flexion sprains, consequently the CF, CL
and PTF. The pure inversion sprains which affect only the CF

are extremely rare

Phase1  ATF

Phase 2 ATF + CF

Phase3 ATF + CF + CL
Phase4 ATF+CF+CL +PTF

Figure 1. MRI DP-SPAIR images (A, B, C) of a young male
obtained after traumatic inversion ankle sprain; image A (axial
view) shows the lesion of the ATF (arrow) and of the PTF
(arrowheads); Image B (coronal view) shows the lesion of FC
(thick arrow) and of the PTF (arrowhead); image C (coronal
view) shows the lesion of the CL (corrugated arrow). Image A
and C shows the spongious oedema of the medial area of the
taluls (curved arrow) caused by the impaction with the tibial
malleulus. TSE T2w- axial view image (D) shows normal anat-
omy of ATF (arrow) and PTF (arrow head), highlighted by the
presence of a intraarticular hyperintense effusion

fit on the postero-lateral tubercle of the talus. PTF is
best viewed in oblique coronal plane (Fig. 3) but can

also be detected in the axial plane (9, 10) (Fig. 1).

Anatomic variations

Posterior intermalleolar ligament (PIML), known
as “marsupial meniscus”, is located between the pos-
terior tibio-fibular ligament (PITFL) and the anterior
talo-fibular ligament (AITFL) and lies from the fibular
malleolar pit to the posteromedial area of the tibia (2).

Lateral talo-calcanear ligament and Posterior talo-
calcanear ligament

2. Tibiofibular syndesmosis (distal)

The lesions of the tibio-fibular syndesmosis repre-
sent about 7% of ankle injuries, commonly after exter-
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Figure 2. TSE T2-w axial image shows the lesion of the ATF
(arrowhead) associated with a cortical defect with curvilinear
high-signal-intensity (“bright rim sign” - arrow)

Figure 3. (A) TSE T2-w coronal images showing the normal
anatomy of FC, that in its proximal portion it is slightly dif-
ferentiable because of its course below the peroneal tendons (ar-
row); PFA ligament is normal (arrowhead). (B) FC ligament is
clearly visible in its distal portion before the calcaneal insertion
(arrow)

nal rotation and iperdorsiflexion. An isolated external
rotation may cause a lesion of the anterior part of the
deltoid ligament or a fracture of the medial malleolus.

The tibio-fibular syndesmosis is best viewed in

axial and oblique coronal planes (10-13).

Figure 4. (A) TSE T2-W MR axial image shows the integ-
rity of tibiofibular syndesmosis; particularly, ATFL appears as
a thin linear low signal intensity structure (arrow). (B) DP-
SPAIR MR axial image demostrates the lesion of ATFL (ar-
row), characterized by interruption and presence of joint fluid
(arrowhead)

Anterior Tibio-fibular ligament (ATFL)

AITFL originates from the anterior tubercle of
the tibia, lies lateral-caudally and fits on the front edge
of the lateral malleolus (Fig. 4). An anatomic variant
- Bassett’s ligament - is separated with the main com-
ponent of the AITFL through a fibro-adipose septum;
the latter should not be misdiagnosed as a ligamentous
tear (6, 7, 14).

Posterior tibio-fibular ligament (PTFL)

PITFL originates from the rear edge of the lateral
malleolus and heads skull-medially to insert on the
posterior tibial tubercle (Fig. 5).

Figure 5. DP-SPAIR MR axial images. (A) Shows the normal
appearance of the PTFL as a low signal intensity structure (ar-
row). (B) Shows the lesion of the PTFL, which is characterized
by a thickened structure, disomogeneus signal intensity and soft
tissue oedema (arrowhead)
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Transverse tibio—fibular ligament (TTFL,)
TTFL originates from the proximal portion of
the malleolar pit to fit on tibial rear edge.

Interosseous ligament (IOL)

IOL connects tibia and fibula about 0.5-2 cm
above the articular surface of the tibiotalus joint and
can be considered as a continuation of the distal inter-
osseous membrane.

3. Medial collateral ligament complex (MCLC)

MCLC is composed of two different layers,
namely superficial and deep, hardly distinguishable
both pathologically and radiologically; also, given its
shape it is defined as “deltoid”(Fig. 6 A).

The lesions of the medial complex are rare (Fig.
6 B); indeed, they represent approximately only 5% of
sprains ankle.

In more than 10% of the cases lesions of the me-
dial complex are associated with injury of the distal
tibio-fibular syndesmosis (10, 13, 15).

Superficial component

The superficial component originates from the
anterior tubercle of the medial malleolus directed pos-
teriorly.

Figure 6. (A) TSE T2w MR coronal image shows the normal
appearance of the deltoid ligament (arrows). (B) DP-SPAIR
MR coronal image demonstrates the lesion of the deltoid liga-
ment (arrow) associated with bone oedema of tibial melleolus
and the medial area of the talus (curved arrow)

The tibio-navicular ligament (‘TINL)is always pre-
sent; it fits on the navicular and shares the upper por-
tion with the spring ligament.

The tibial-spring ligament (TSL) is inserted on the
lateral portion of the oblique supero-medial band of
the spring ligament (Fig. 9 A).

The tibio-calcaneal ligament (TCL) is inserted on
the posterior region of sustentaculum tali.

Deep component

The deep component originates from the anterior
tubercle of the medial malleolus.

The anterior tibio-talar ligament (ATTL) fits on
the inner face of the neck of the talus; the posterior
tibio-talar ligament (PTTL) fits over the medial sur-
face of the talus, below and behind the articular face of
the medial malleolus.

4. The tarsal sinus

The tarsal sinus is a cavity between the calcaneus
and the talus -filled with adipose tissue -containing
vascular structures, nerve endings and five ligamentous
bands that serve as stabilizers of the lateral ankle and
back-foot.

Those ligaments — best viewed in coronal and sag-
ittal MRI planes (Fig. 7) - are injured in association
with trauma of TTP and LCL (Fig. 1) in about 39%
of cases (2).

Interosseous talocalcanear ligament (ITCL,)

ITCL extends from the sulcus tali to sulcus cal-
canei; it continues with the medial fibres of the cervi-
cal ligament and crosses the medial roots of extensors
retinaculum (2) (Fig. 7B).

ITCL controls the talus in the movements of
eversion and inversion by maintaining apposition of
the talus and calcaneus.

Cervical ligament (CL)

It is a robust beam that connects the neck of the
talus with the upper surface of the calcaneus (2) (Fig. 7
A,D) to limit the inversion of the hindfoot.

Extensors retinaculum (ER)
It consists of three beams, namely lateral, inter-
mediate and medial (Fig. 7 C). The extensor retinacu-
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lum assists the cervical ligament in limiting inversion
of the subtalar joint.

5. Spring ligament

Injuries of the plantar part of the spring ligament
occur during major trauma; in young athletes they are
caused by direct trauma on the head of the talus.

This hammock-shaped complex is called plantar
calcaneus-navicular ligament and plays an important
role in the stability of the mid-foot; it consists of three
structures (13).

Spring ligament is best viewed in axial and sagit-
tal MRI planes; the medial component can be identi-
fied in coronal plane, too (Fig. 8; Fig. 9) (16).

The supermedial band (SM)

SM band originates from the sustentaculum tali
and inserts on the navicular bone; it has an average
thickness of 3 mm and is separated - through fibro-
cartilagineous tissue covered with synovium (gliding
areas) - from the posterior tibial tendon (PTT).

Figure 7. TSE T2-w coronal (A, B, C) and axial (D) MR im-
ages show normal findings of sinus tarsi ligaments; in particular,
the cervical ligament (arrow in A and D), the Interosseous talo-
calcanear ligament (arrow in B) and the extensor retinaculum
(arrow in C)

Figure 8. (A) TSE T1w axial MR image shows the IPL band
(arrowhead) and the MPO band (arrow). (B) DP-SPAIR axial
MR images are of less importance in the detection of such liga-
ment because of the suppression of the adipose tissue, therefore
the evaluation of the ligament is difficoult

The Oblique Medioplantar band (MPO) and In-

feroplantar band (IP)

MPO and IPL are located deeper than the band
of the SM. The MPO originates from the coronoid
fossa of the calcaneus and inserts on the medial tuber-
cle of the navicular bone; it is generally viewed in the
axial and coronal planes.

Figure 9. TSE T2-w RM images. (A) normal anatomy of SM
band in coronal view (arrow) and of the TS (arrowhead); the
gliding zone is circled. B normal anatomy of SM band in axial
view (arrow). (C) normal finding of IPL band in sagittal view
(arrow)
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The IP band is shorter, thicker and originates from
the coronoid fossa, more anteriorly than MPO, and
fits on the lower portion of the navicular tuberosity;
it is best viewed in the sagittal and coronal planes and
has an average thickness of 4 mm. The typical MRI
findings of the spring ligament injuries - comprising
interruptions, ligamentous thickening and inhomoge-
neous signals — are best detected through fluid sensi-
tive sequences.

Spring ligament’s lesions are frequently associated
with tendinopathy of the PTT.

The recess of the spring ligament, namely a virtual
space communicating with the talus-calcaneo-navico-
lar articulation through the space between the MPO
and IPL, should not be confused with a ligamentous
injury (17-21).

Conclusion

Knowledge of ligamentous anatomy is needed to
fully understand the basic mechanism of injury, there-
fore facilitating an accurate and early diagnosis; the
latter is made possible through MR imaging, which
displays - with high contrast resolution and panoramic
view- the whole anatomy of the ankle.

MR is the gold standard for the diagnosis of acute
traumatic injuries of ankle ligaments, to differentiate
between the various causes of ankle instability and for
the pre-operative planning in those cases in which a
surgical approach is needed.
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