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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Apply US technique to imaging the
ankle and the midfoot ligaments.

m Apply dynamic maneuvers to improve
visibility of the normal ankle and midfoot
ligaments and to increase confidence in
sprain detection and grading.

m Describe the normal anatomic struc-
ture and main pathologic patterns of
ankle and midfoot ligaments at US.

See www. rsna.orgleducation/search/RG.

Scan this code for
access to supple-
mental material

on our website.

The ankle is the most frequently injured major joint in the body,
and ankle sprains are frequently encountered in individuals playing
football, basketball, and other team sports, in addition to occur-
ring in the general population. Imaging plays a crucial role in the
evaluation of ankle ligaments. Magnetic resonance imaging has
been proven to provide excellent evaluation of ligaments around the
ankle, with the ability to show associated intraarticular abnormali-
ties, joint effusion, and bone marrow edema. Ultrasonography (US)
performed with high-resolution broadband linear-array probes

has become increasingly important in the assessment of ligaments
around the ankle because it is low cost, fast, readily available, and
free of ionizing radiation. US can provide a detailed depiction of
normal anatomic structures and is effective for evaluating ligament
integrity. In addition, US allows the performance of dynamic ma-
neuvers, which may contribute to increased visibility of normal liga-
ments and improved detection of tears. In this article, the authors
describe the US techniques for evaluation of the ankle and midfoot
ligaments and include a brief review of the literature related to their
basic anatomic structures and US of these structures. Short video
clips showing dynamic maneuvers and dynamic real-time US of
ankle and midfoot structures and their principal pathologic patterns
are included as supplemental material. Use of a standardized imag-
ing technique may help reduce the intrinsic operator dependence of
US. Online supplemental material is available for this article.

©RSNA, 2015 ¢ radiographics.rsna.org

Introduction
The ankle ligaments stabilize the bones of the hindfoot during mo-
tion, guide and constrain the complex movement of these bones with
respect to the leg and midfoot bones, and transmit motion from one
hindfoot bone to another (1,2). Bones and ligaments, together with
the joint capsule, are functionally linked to form the hindfoot joint
complex (3).The biomechanical role of this anatomic complex is to
adjust the orientation and shape of the entire foot arch around the
major axis of the subtalar joint (also known as the Henke axis) (3,4).
In the microscopic context, ankle ligaments consist of type I collagen
fibers with parallel orientation. Their normal thickness ranges from 2
to 5 mm, depending on the structure (5-10).

The ankle is the most frequently injured major joint in the body
(11), and the lateral compartment is the most commonly affected
site (12). Ankle sprains are frequently encountered in individuals
playing football, basketball, and other team sports (13,14). These
injuries can lead to chronic pain and instability and may delay return
to sport activity (15).
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TEACHING POINTS

B The ankle is the most frequently injured major joint in the
body, and the lateral compartment is the most commonly
affected site.

B The ultrasound beam must be directed as perpendicular as
possible to the examined structure to avoid anisotropy.

B The anterior talofibular ligament is the weakest and most
frequently injured among the three components of the LCL
complex of the ankle joint.

B |n inversion sprains, the CFL is usually sequentially torn after
the anterior talofibular ligament is torn. Thus, if the anterior
talofibular ligament is already determined to be normal, an
isolated tear of the CFL is unlikely.

B Rupture of the deltoid ligament is rarely encountered without
additional injuries to the ankle, owing to the uncommon oc-
currence of eversion ankle sprains and to the intrinsic thick-
ness of the ligament. Thus, US is not usually used alone in
the evaluation of such traumatic events. However, it can be
helpful for differentiating a ligamentous injury from a lesion of
the adjacent posterior tibial tendon, because both conditions
manifest with similar symptoms.

Arthroscopy has been shown to be effective
for evaluating ankle ligaments. However, it is ex-
pensive and highly invasive, with a complication
rate of up to 9% (16). Thus, imaging plays a cru-
cial role in the evaluation of the ankle ligaments.
Imaging should start with radiography, which
provides information on the osseous anatomic
structure (17). Magnetic resonance (MR) imag-
ing and MR arthrography have been shown to
enable excellent evaluation of ligaments around
the ankle and have the ability to show associ-
ated intraarticular abnormalities, joint effusion,
and bone marrow edema (18-20). However, MR
imaging and MR arthrography are relatively ex-
pensive, and images may be burdened by artifacts
when metallic implants are present (21,22).

High-resolution ultrasonography (US) has
become increasingly important in the assess-
ment of ligaments around the ankle because it is
low cost, fast, readily available, and free of ion-
izing radiation (23). US can provide a detailed
depiction of normal anatomic structures and
is effective in evaluating ligament integrity. In
contrast to MR imaging, US allows performance
of dynamic maneuvers, which may contribute
to increased visibility of normal ligaments and
improved detection of tears. Furthermore, US
can be used effectively for patients with metallic
implants. It may also be used to detect abnor-
malities, such as tendonopathy, ganglia, bursitis,
joint effusion with loose bodies, and neurovas-
cular abnormalities (23-31). In contrast to US
of other joints in the body, US of the ankle is
not performed thoroughly but is usually targeted
to evaluate specific structures as suggested by
clinical findings (32).
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In this article, we describe US techniques
for evaluating the ankle ligaments and include a
brief review of the literature related to the basic
anatomic structures and US of these ligaments.
Short videos showing dynamic maneuvers and
dynamic real-time US of ankle ligaments and
their principal pathologic patterns are included as
online supplemental material.

General

Principles of US Evaluation
Because ankle ligaments are basically bundles of
collagen fibers, at US they appear as echogenic
fibrillar structures similar to those elsewhere in
the body (32,33). Thus, the ultrasound beam
must be directed as perpendicular as possible
to the examined structure to avoid anisotropy.
Anisotropy is a common occurrence in clinical
practice when examining linear structures (eg,
tendons and ligaments). It leads to a decrease in
the reflected echoes, resulting in reduction of the
echotexture and, potentially, simulating a tear
(34). However, with experienced US operators,
anisotropy has been reported to help differentiate
ligaments from the adjacent soft tissue (34).

US of ankle ligaments should be performed
with commercially available high-frequency linear
transducers with frequencies ranging from 10 to
18 MHz. Images presented in this article were ac-
quired with an iU22 US system (Philips Medical
Systems, Bothell, Wash) equipped with a 17-5-
MHZz linear probe, a MyLab 70 XvG system (Es-
aote, Genova, Italy) equipped with a 13-6-MHz
linear probe, or an Aplio 400 system (Toshiba
Medical Systems, Tokyo, Japan) equipped with a
18-7-MHz linear probe. Use of a soft-gel spacer
between the US probe and the skin may be help-
ful to optimize the surface of skin contact but will
not improve image quality (35).

Anatomic bone landmarks should be used to
align the US probe along the course of the liga-
ments, which are usually scanned along their
longer axis. Short-axis US can be helpful in the
context of equivocal findings but is not routinely
needed. Damaged ligaments may manifest as dif-
ferent US patterns. Ligament thickening, loss of
physiologic fibrillar echotexture, and presence
of calcifications suggest chronic or degenerative
abnormalities. Interruption or absence of fibers
in the expected anatomic location is indicative of
a ligament tear.

Specific dynamic maneuvers can be performed
to stress the joint and create tension in the liga-
ments. For assessment of the normal anatomic
structure, dynamic maneuvers may help straighten
the ligament and, therefore, enable it to be more
perpendicular to the US beam. In addition, dy-
namic maneuvers may be used to increase the
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Figure 1. Anterior inferior TFL. This ligament extends obliquely
downward and laterally from the anterior margin of the fibular
tubercle of the tibia to the anterior border of the distal fibular
shaft and lateral malleolus. (a) Schematic drawing of the anterior
inferior TFL anatomic structure. (b) Probe positioning on the lat-
eral ankle. (c) US scan of the anterior inferior TFL (arrowheads).
F = fibula, Ti = tibia.

diagnostic accuracy of the detection of tears and
to differentiate a partial from a complete tear (36—
39). Pertinent dynamic maneuvers are discussed
in the relevant sections of this article.

Ankle Ligaments
Tibiofibular Ligaments

Biomechanics.—The tibia and fibula are articu-
lated at their distal end at the inferior tibiofibular
joint. This joint is mechanically linked to the an-
kle and is placed in tension by flexion-extension.
It is stabilized by two ligaments, one anterior and
one posterior (10).

Anterior Inferior Tibiofibular Ligament.—The
anterior inferior tibiofibular ligament (TFL) is a
stiff, flattened band lying anterior to and partially
blended with the interosseous membrane. Approxi-
mately 20% of the anterior inferior TFL is intraar-
ticular (40). It extends obliquely downward and
laterally from the anterior margin of the fibular tu-
bercle of the tibia to the anterior border of the distal
fibular shaft and the lateral malleolus. The normal
thickness of this ligament ranges between 2.6 and 4
mm (10) (Fig 1). A normal anterior inferior TFL.
may have a fascicular appearance and should not
be confused with an injury or tear.

Most studies on the visibility of ligaments
around the ankle were performed 15-20 years
ago and involved the use of US systems and

radiographics.rsna.org

probes that had lower performance parameters,
compared with more recent high-end equip-
ment. Thus, it is possible that the already high
detection values reported in the literature have
improved. Milz et al (41) reported visibility of
the anterior inferior TFL in 89.6% of cases in a
series of 48 ankle specimens.

The anterior inferior TFL plays a crucial role
in increasing the stability of the distal tibiofibular
joint and is involved in up to 11% of ankle sprains
(10). In these cases, patients may complain about
instability resulting from the widening of the ankle
mortise. A 1-mm widening of the ankle mortise
implies a 42% loss of contact area of the tibiotalar
joint, possibly leading to early osteoarthritis (42).
The accuracy of US in the diagnosis of anterior
inferior TFL sprains has been reported to be ap-
proximately 85% (43). Previous trauma in the
anterior inferior TFL is shown in Figure 2. The
scanning technique for the anterior inferior TFL is
reported below, in addition to other components
of the lateral compartment of the ankle.

Posterior Inferior TFL.—The posterior inferior
TFL is stronger than the anterior inferior TFL.
It extends transversely from the posterior tu-
bercle of the tibial shaft to the posterior aspect of
the lateral malleolus. The most inferior fascicles
comprise the inferior transverse ligament, which
appears as a thick band extending from the pos-
terior tubercle of the talus to the posterior aspect
of the tibial articular surface, just lateral to the
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medial malleolus. The posterior inferior TFL is
usually less visible than the anterior inferior TFL.
and is rarely involved in ankle sprains (44). This
ligament is not usually assessed as part of routine
US of the lateral ankle. However, it can be stud-
ied by placing the transducer almost horizontally
and medially from the posterior aspect of the tip
of the lateral malleolus (Fig 3). Dynamic evalua-
tion of the posterior inferior TFL includes dorsi-
flexion and eversion of the hindfoot, maneuvers
that may reduce anisotropy (45).

Lateral and Medial Ligaments
Biomechanics.—The joints of the hindfoot are

stabilized by two main ligamentous systems (the
lateral collateral ligament [LLCL] and medial col-
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Figure 2. US scan shows a fibrotic appearance
of the anterior inferior TFL after previous trauma.
The ligament is remarkably thickened and inho-
mogeneous (). F = fibula, Ti = tibia. (Courtesy of
Luca De Flaviis, MD, Studio Radiologico De Flaviis,
Milan, Italy.)

Figure 3. Posterior inferior TFL. This
ligament extends transversely from the
posterior tubercle of the tibial shaft to the
posterior aspect of the lateral malleolus.
(a) Schematic drawing of the posterior
inferior TFL anatomic structure. (b) Probe
positioning on the lateral ankle. (c) US
scan of the posterior inferior TFL (arrow-
heads). F = fibula, Ti = tibia.

lateral ligament complexes) and two accessory
systems (the anterior and posterior ligaments).
The collateral functional complexes have the bio-
mechanical purpose of containing the lateral forces
that act around the ankle and could be considered
as inversion and eversion ligament chains (46,47).

LCL Complex

The inversion ligament chain acts along two axes:
the main tension line, originating from the lateral
malleolus and extending along the anterior bundles
of the LCL complex, and the accessory tension line,
originating from the medial malleolus and extend-
ing along the posterior bundles of the medial collat-
eral ligament complex. The eversion ligament chain
also acts along two lines: the main tension line, orig-
inating from the medial malleolus and extending
along the anterior bundles of the medial collateral
ligament complex, and the accessory tension line,
originating from the lateral malleolus and extending
along the posterior bundles of the LCL complex
(46,48). The LCL complex of the ankle consists of
three separate ligaments: the anterior talofibular
ligament, the posterior talofibular ligament, and the
calcaneofibular ligament (CFL).

Anterior Talofibular Ligament.—The anterior
talofibular ligament is the weakest and most fre-
quently injured among the three components of
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Figure 4. Anterior talofibular ligament. This ligament originates
from the anterolateral border of the lateral malleolus and inserts
on the lateral surface of the talar neck. (a) Schematic drawing of
the anterior talofibular ligament anatomic structure. (b) Probe po-
sitioning on the lateral ankle. (c) US scan of the anterior talofibular

ligament (arrowheads). F = fibula, Ta = talus.

radiographics.rsna.org

a.

b.

Figure 5. US appearances of injured anterior talofibular ligament. F=fibula, Ta = talus. (a) Acute full-thickness tear of
the anterior talofibular ligament in a 27-year-old basketball player. The ligament stump is clearly visible (arrowheads),
together with fluid effusion in the anterolateral recess (x). (b) Fibrotic appearance of the anterior talofibular ligament
after trauma. The ligament is remarkably thickened and inhomogeneous (arrowheads). Note the tiny bone avulsion
over the proximal insertion (arrows). (Courtesy of Luca De Flaviis, MD, Studio Radiologico De Flaviis, Milan, Italy.)

the LCL complex of the ankle joint. It connects
the anterolateral border of the lateral malleolus
and the lateral surface of the talar neck (Fig 4).
Along its course, it blends with some fibers of
the capsule of the tibiotalar joint. The anterior
talofibular ligament serves to stabilize the talus,
preventing anterior talar motion. The primary
function of the anterior talofibular ligament is
to restrain the anterior displacement of the talus
with respect to the fibula and tibia. The axis of
the anterior talofibular ligament becomes paral-
lel to the axis of the leg when the foot is plantar
flexed (ie, pushed down); thus, the anterior
talofibular ligament acts as a collateral ligament.

Because most sprains occur when the foot is in
plantar flexion, injuries to this ligament most
frequently occur, either in isolation or in associa-
tion with the CFL, when the foot is inverted (ie,
turned in). In these cases, US findings include
diffuse or focal areas of hypoechoic thickening
of the ligament, accompanied by intrasubstance
linear defects in the context of a partial-thickness
tear (19). Small avulsed bone fragments can also
result from a traction mechanism (Fig 5).
Friedrich et al (49) reported visibility of the
anterior talofibular ligament in 91% of cases in a
series of 20 healthy volunteers. Milz et al (41) re-
ported visibility of the anterior talofibular ligament
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in 89.6% of cases in a series of 48 ankle speci-
mens. The accuracy of US in the diagnosis of an-
terior talofibular ligament and CFL tears has been
reported to range from 87% to 100% (32,41).

Posterior Talofibular Ligament.—The posterior
talofibular ligament is the deepest ligament in
the LCL complex. It is intracapsular but extrasy-
novial and runs horizontally from the lateral tu-
bercle of the posterior process of the talus to the
posterior aspect of the lateral malleolus (ie, the
fibular malleolar fossa). The primary function of
the posterior talofibular ligament is to counter-
act the posterior displacement of the talus. This
ligament is under greatest strain in full dorsiflex-
ion of the ankle (48). The posterior talofibular
ligament is rarely torn in ankle sprains, because
bone stability protects the ligament when the
ankle is in dorsiflexion. Because of its deep loca-
tion and lack of an adequate US window, this
ligament is difficult to assess at US and can be
only partially visualized. Therefore, US cannot
be considered a valid diagnostic tool for evalu-
ation of the posterior talofibular ligament (32).
However, US of this ligament is performed by
placing the transducer almost horizontally, with
an edge positioned on the posterior tip of the
lateral malleolus (Fig 6).

Sconfienza et al 169

Figure 6. Posterior talofibular ligament.
This ligament originates from the lateral
tubercle of the posterior process of the ta-
lus and inserts on the posterior aspect of
the lateral malleolus. (a) Schematic draw-
ing of the posterior talofibular ligament
anatomic structure. (b) Probe positioning
on the lateral ankle. (c) US scan of the pos-
terior talofibular ligament (arrowheads).
F = fibula.

CFL.—The CFL is the longest ligament in the
LCL complex. It is a strong cord-like structure
with a vertical oblique course deep under the
peroneal tendons. It extends from the tip of the
lateral malleolus to the trochlear eminence on
the lateral surface of the calcaneus, acting as a
stabilizer of the subtalar joint (Fig 7) (32).The
primary function of the CFL is to restrain inver-
sion of the calcaneus with respect to the fibula.
The CFL and the anterior talofibular ligament
play different roles according to the ankle posi-
tion. The CFL is the main lateral stabilizer of
the ankle in both the neutral position and dor-
siflexion (48). However, the anterior talofibular
ligament remains the most commonly injured
ligament in the lateral compartment, because
the majority of sprains occur during flexion and
inversion of the foot.

In inversion sprains, the CFL is usually se-
quentially torn after the anterior talofibular
ligament is torn. Thus, if the anterior talofibular
ligament is already determined to be normal, an
isolated tear of the CFL is unlikely (32). A partial
tear of the CFL is shown in Figure 8.

Scanning Technique for the Lateral Ankle.—The
scanning technique for the lateral ankle is shown
in Movie 1 (online). The lateral aspect of the an-
kle is examined with the patient lying supine on
the bed, with the knee of the relevant leg flexed
90° and with the foot slightly internally rotated.
Another option is to have the foot hang over the
edge of the bed to allow the operator to move the
ankle correctly, according to the relevant liga-
ments. In any position, the aim of the dynamic
maneuvers is to achieve adequate tension of the
relevant ligaments (32,35,50).

The tip of the lateral malleolus is a useful bone
landmark on which to start the examination of
the lateral ligaments. With the ankle internally
rotated, the anterior talofibular ligament is eas-
ily imaged by placing one edge of the US probe
on the tip of the lateral malleolus with the probe
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Figure 7. CFL. This ligament originates from the lateral mal-
leolar tip and inserts on the lateral surface of the calcaneus.
(@) Schematic drawing of the CFL anatomic structure. (b) Probe po-
sitioning on the lateral ankle. (c) US scan of the CFL (arrowheads).
C = calcaneus. F = fibula, PBT = peroneus brevis tendon, PLT =
peroneus longus tendon.

Figure 8. US scan shows a partial tear of the CFL.
The ligament appears inhomogeneous and hy-
poechoic (arrowheads), with periligamentous effu-
sion (x). C= calcaneus, F=fibula, PBT = peroneus bre-
vis tendon, PLT = peroneus longus tendon, Ta = talus.

almost parallel to the sole of the foot (Fig 4b).
The anterior talofibular ligament can be seen as a
hyperechoic fibrillar band in tension between the
lateral malleolus and the talus (Movie 2 [online]).
The functionality of the anterior talofibular liga-
ment can be tested by using the anterior drawer
test. This test consists of stressing the plantar
flexion and internal rotation of the foot. This may
help to differentiate partial- from full-thickness
tears by separating the stumps of a torn ligament
(Movie 3 [online]).

From the position used to evaluate the ante-
rior talofibular ligament, one edge of the probe
should be held over the lateral malleolus and the
other edge should be rotated cranially to image
the anterior inferior TFL along its major axis (Fig
1b). At this position, the anterior inferior TFL
can be seen as a short, thick, hyperechoic fibrillar
band extending from the fibular malleolus to the
anterior aspect of the tibia. Dynamic evaluation
of the anterior inferior TFL may be performed
while placing the ligament in tension with dorsi-
flexion and varus positioning (Movie 4 [online]).
The anterior inferior TFL and the anterior talo-
fibular ligament can be easily differentiated on
the basis of their anatomic orientations.

To image the CFL, from the position used
to image the anterior inferior TFL, one edge

of the probe should be held over the tip of the
lateral malleolus and the probe should be ro-
tated caudad to reach a coronal plane, with the
distal edge of the probe slightly posterior to

the lateral malleolus (Fig 7b). The CFL has a
concave course, which makes its evaluation par-
ticularly challenging. Forced dorsiflexion of the
foot tightens the CFL, making it straighter and
more perpendicular to the US beam (Movie 5
[online]), thus allowing optimal visibility. On its
long axis, the CFL is visualized as a thick hyper-
echoic fibrillar band extending from the inferior
aspect of the lateral malleolus to the lateral sur-
face of the calcaneus. In some cases, short-axis
evaluation of the CFL may be helpful (32). In
short-axis evaluation, the ligament is seen as

an oval-shaped structure located deep under
the peroneal tendons, with an echogenicity that
may vary according to the orientation of the
US beam. When the CFL is continuous, forced
dorsiflexion of the foot displaces the peroneal
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Figure 9. Tibionavicular ligament. This ligament originates from the anterior border of the anterior colliculus
of the medial malleolus and inserts on the dorsomedial aspect of the navicular. (a) Schematic drawing of the
tibionavicular ligament anatomic structure. (b) Probe positioning on the medial ankle. (c) US scan of the tibi-

onavicular ligament (arrowheads). N = navicular, Ta = talus, Ti = tibia.

tendons superficially. This is an indirect sign of
continuity of the CFL. If displacement is absent
and the peroneal tendons do not move during
this test, a complete CFL tear can be diagnosed
reliably (11). During forced foot dorsiflexion,
fluid effusion may cause distention of the lateral
talocalcaneal recess (Movie 6 [online]).

Medial Collateral

Ligament Complex

The medial collateral ligament in the ankle, also
known as the deltoid ligament, is a strong liga-
mentous complex with various components. Al-
though the anatomic description of this ligament
varies widely among different authors (6-8),
there is general agreement that the medial col-
lateral ligament consists of two distinct layers. A
deep layer extends from the medial malleolus to
the talus and consists of the anterior and poste-
rior tibiotalar ligaments. A triangular superficial
layer extends from the medial malleolus to the
navicular bone, the spring ligament, and the
calcaneus and consists of the tibionavicular liga-
ment, the tibiospring ligament, and the tibiocal-
caneal ligament (51). The deep layer is stronger
and more important for ankle stability than the
superficial layer. In addition, the interlacing of
the tibiospring ligament, the tibionavicular liga-
ment, and the spring ligament complex supports
the talar head and stabilizes the talocalcaneo-
navicular joint. During ankle motion, all parts

of the deltoid ligament act as a unit providing
support to the ankle. Insufficiency of the medial
collateral ligament may lead to osteoarthritis in
the ankle joint (51).

Lesions of the deltoid ligament occur during
severe eversion injuries and are usually associ-
ated with fractures of the lateral malleolus and
with lateral displacement of the talus. Less com-
monly, deltoid ligament injuries are observed
in association with avulsion fractures of the
medial malleolus at the site of attachment of its
superficial portion. Rupture of the deltoid liga-
ment is rarely encountered without additional
injuries to the ankle, owing to the uncommon
occurrence of eversion ankle sprains and to the
intrinsic thickness of the ligament (14). Thus,
US is not usually used alone in the evaluation of
such traumatic events. However, it can be help-
ful for differentiating a ligamentous injury from
a lesion of the adjacent posterior tibial tendon,
because both conditions manifest with similar
symptoms. Focal changes of the deltoid liga-
ment are more frequent than are full-thickness
tears. Of note, because of the multilayered ap-
pearance of the ligament, detection of focal
changes in the ligament may be particularly
challenging. In full-thickness tears, findings in-
clude ligament interruption, soft tissue edema,
and hematoma. Inability to detect the ligament
may be a sign of a complete tear, although not
all fascicles of the ligament are always present or
visible, even in individuals with normal ankles.
In these cases, MR imaging should be used to
show the injury and to help detect the presence
of possible associated findings.

Superficial Layer—The tibionavicular ligament
originates from the anterior border of the anterior
colliculus of the medial malleolus and inserts on
the dorsomedial aspect of the navicular bone (Fig
9). Some fibers may extend to the superomedial
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Figure 10. Tibiospring ligament. This ligament connects the anterior
malleolar colliculus to the superior border of the superomedial spring

ligament (SL). (a) Schematic drawing of the tibiospring ligament ana- [
tomic structure. (b) Probe positioning on the medial ankle. (c) US scan
of the tibiospring ligament (arrowheads). C = calcaneus, SL = spring
ligament, Ti = tibia.

Figure 11. Tibiocalcaneal ligament.
This ligament originates from the me-
dial aspect of the anterior colliculus of
the medial malleolus, descends verti-
cally, and inserts on the medial border
of the sustentaculum tali. (a) Schematic
drawing of the tibiocalcaneal ligament
anatomic structure. (b) Probe position-
ing on the medial ankle. (c) US scan
of the tibiocalcaneal ligament (arrow-
heads). C = calcaneus, PTT = posterior
tibial tendon, T = tibia.

portion of the spring ligament. The tibionavicular
ligament has been reported to be present in ap-
proximately 55% of the general population (52).

The tibiospring ligament connects the ante-
rior malleolar colliculus to the superior border
of the superomedial portion of the spring liga-
ment (Fig 10) (52).

The tibiocalcaneal ligament originates from
the medial aspect of the anterior colliculus of the
medial malleolus, descends vertically, and inserts
on the medial border of the sustentaculum tali
(Fig 11).This ligament has been reported to
be present in approximately 88% of the general
population (52). A partial tear of the tibiocalca-
neal ligament is shown in Figure 12.

Deep Layer—The anterior tibiotalar ligament is
a very thin ligament. It originates from the tip of
the anterior colliculus and the anterior part of
the intercollicular groove of the medial malleolus
and inserts on the medial surface of the talus

radiographics.rsna.org

just distal to the anterior part of the medial talar
articular surface. Its absence can be attributed to
a normal anatomic variance (Fig 13) (52).

The posterior tibiotalar ligament is the thick-
est of the medial ligaments of the ankle. This
ligament originates from the upper segment of
the posterior surface of the anterior colliculus,
the intercollicular groove, and the surface of
the posterior colliculus of the medial malleolus.
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Distally, the fibers insert on the medial surface
of the talus under the tail of the articular facet
around the posteromedial talar tubercle (Fig 14)
(52).

Scanning Technique for the Medial Ankle.—
The scanning technique for the medial ankle is
shown in Movie 7 (online). The medial aspect
of the ankle is examined with the patient ly-

ing supine or seated with the plantar surface of
the foot rolled externally or in a frog leg posi-
tion. The probe is placed on the coronal plane
somewhat posteriorly at the medial aspect of the
palpable tibia (50). A short deep and a lon-

ger superficial tibiotalar portion of the deltoid
ligament are seen. When the probe is rotated
anteriorly, the tibiocalcaneal ligament is seen

in an intermediate superficial position and the
tibionavicular ligament is seen in an anterior
superficial position. At US, both the superficial
and the deep bands are oblique to the probe and
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Figure 12. US scan shows a partial tear of
the tibiocalcaneal ligament. The proximal
portion of the ligament has normal fibrillar
echotexture (arrowheads). More distally, the
ligament is diffusely inhomogeneous (arrow),
with some periligamentous fluid effusion ().
The distal insertion of the ligament is also in-
homogeneous and hypoechoic ().

Figure 13. Anterior tibiotalar ligament.
This ligament originates from the tip of the
anterior colliculus and the anterior part of
the intercollicular groove of the medial mal-
leolus and inserts on the medial surface of
the talus just distal to the anterior part of the
medial talar articular surface. (a) Schematic
drawing of the anterior tibiotalar ligament
anatomic structure. (b) Probe positioning
on the medial ankle. (c) US scan of the an-
terior tibiotalar ligament (arrowheads). Ta =
talus, Ti= tibia.

thus appear as relatively hypoechoic structures
in the normal ankle. In particular, the tibiotalar
ligament complex, because of its angulation and
the fat interspersed between fascicles, is gener-
ally hypoechoic at US, and its normal appear-
ance could mimic a tear. In addition, the tibio-
calcaneal ligament has a straight vertical course
and appears as a thin hypoechoic band located
deep under the posterior tibial tendon.

To increase the diagnostic capability when
examining such ligaments, dynamic evaluation is
recommended. Because of its triangular shape,
dynamic evaluation of the deltoid ligament may
be performed while creating tension in the liga-
ment components selectively with dorsiflexion
(ie, tension of the posterior deep tibiotalar com-
ponents and laxity of the anterior superficial
tibionavicular component) or plantar flexion (ie,
tension of the anterior superficial tibionavicular
component and laxity of the posterior deep tibio-
talar components) (Movie 8 [online]).
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Figure 14. Posterior tibiotalar ligament. This ligament originates from the upper seg-
ment of the posterior surface of the anterior colliculus, the intercollicular groove, and the
anterior surface of the posterior colliculus of the medial malleolus. The fibers insert on the
medial surface of the talus under the tail of the articular facet, up to the posteromedial
talar tubercle. (a) Schematic drawing of the posterior tibiotalar ligament anatomic struc-
ture. (b) Probe positioning on the medial ankle. (c) US scan of the posterior tibiotalar
ligament (arrowheads). PTT = posterior tibial tendon, Ta = talus, Ti = tibia.
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Figure 15. Dorsal calcaneocuboid liga-
ment. This ligament originates from the dor-
sal aspect of the calcaneus and inserts over
the superior aspect of the navicular bone.
(a) Schematic drawing of the dorsal calca-
neocuboid ligament anatomic structure.
(b) Probe positioning on the superolateral
midfoot. (c) US scan of the dorsal calcaneo-
cuboid ligament (arrowheads). C = calca-
neus, Cu = cuboid.

Midfoot Ligaments

Lateral Ligaments

The ligaments on the dorsal lateral side of the
midfoot are the dorsal calcaneocuboid ligament
and the dorsal talonavicular ligament. A third liga-
ment, the bifurcate ligament (also known as the
Chopart ligament), is the major stabilizer of the
calcaneonavicular joint. The bifurcate ligament
extends in two strong bands from the anterior cal-

caneal tuberosity to the lateral side of the navicular
and the dorsal surface of the cuboid. This ligament
is scarcely detectable at US. The calcaneocuboid
ligament is a thickening of the dorsolateral surface
of the fibrous capsule of the calcaneocuboid joint,
rather than a real separated ligament (Fig 15).
This ligament is injured in up to 5.5% of inversion
sprains, one-third of which result in a chronically
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Figure 16. Dorsal talonavicular ligament. This ligament originates
from the dorsal surfaces of the neck of the talus and inserts over the
dorsomedial aspect of the navicular bone. (a) Schematic drawing
of the dorsal talonavicular ligament anatomic structure. (b) Probe
positioning on the superolateral midfoot. (c) US scan of the dorsal
talonavicular ligament (arrowheads). N = navicular, Ta = talus.

unstable calcaneocuboid joint, and is often over-
looked at conventional radiography and MR imag-
ing (32). The dorsal talonavicular ligament extends
from the dorsal surfaces of the neck of the talus to
the navicular (Fig 16). It is joined with the dorsal
capsule of the talonavicular joint and is covered by
extensor tendons. Dorsal talonavicular ligament
tears have been described after inversion injuries
associated with forcible plantar strains (53-55).

There are few reports in the literature that dis-
cuss midfoot sprains, and these reports reveal a
variable incidence of such tears (Fig 17). However,
signs of dorsal lateral midfoot ligament damage
have been reported in up to 40% of acute ankle
sprains, mainly related to the bifurcate ligament.
This finding supports the hypothesis that these
injuries may occur with higher frequency than is
reported in the literature (56).

Scanning Technique

for the Lateral Midfoot

To evaluate the dorsal lateral ligaments of the
midfoot, the patient is supine or seated in the

Figure 17. US scan shows a fibrotic appearance
of the dorsal talonavicular ligament after trauma.
The ligament is remarkably thickened and inhomo-
geneous (arrowheads). N = navicular, Ta = talus.
(Courtesy of Luca De Flaviis, MD, Studio Radio-
logico De Flaviis, Milan, Italy.)

same position described for the study of the lat-
eral ligaments of the ankle (50).To evaluate the
calcaneocuboid ligament, the foot should be
placed in slight inversion. The distal edge of the
probe should be placed over the base of the fifth
metatarsal bone, which represents a useful bone
landmark. Then, the probe should be translated
approximately 2 cm cranially to encounter the
calcaneocuboid joint (Fig 15b). The correct scan-
ning plane is reached when the superficial aspect
of the calcaneus becomes almost flat. To assess the
dorsal talonavicular ligament, the foot should be
plantar flexed to achieve adequate tension. The
probe should be oriented for a sagittal scan over
the anterior tibiotalar joint recess. Then, the probe
should be moved distally until the proximal head is
over the neck of the talus and slightly moved later-
ally (Fig 16b). Because this ligament is not parallel
to the skin surface, a gentle distal tilt of the probe
may be useful to avoid anisotropy.

Medial Ligaments

The plantar calcaneonavicular ligament (CNL)
is also known as the spring ligament complex.
It blends with the deltoid ligament and is one
of the major stabilizers of the longitudinal arch
of the foot. This complex extends from the
calcaneus to the navicular bone. The spring
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Figure 18. Superomedial CNL. This ligament originates from the sub-
stentaculum tali of the calcaneus and inserts on the superomedial na-
vicular. It lies deep under the posterior tibial tendon, from which it is
separated by a fibrocartilaginous gliding zone. (a) Schematic drawing of
the superomedial CNL anatomic structure. (b) Probe positioning on the
medial midfoot. (c) US scan of the superomedial CNL (arrowheads). C =
calcaneus, N = navicular, PTT = posterior tibial tendon.

Figure 19. US scan shows a partial tear of the
superomedial CNL after trauma. The ligament
is thickened and inhomogeneous (arrowheads)
and partially discontinuous in its deep portion
(arrows). Fluid effusion can be seen around the
ligament (x). C = calcaneus, N = navicular, PTT =
posterior tibial tendon.

ligament includes three portions that can be
easily differentiated: the superomedial CNL,
the medioplantar oblique CNL, and the infero-
plantar longitudinal CNL. The distal part of
the superomedial CNL is directly articulated
with the talar head. At this level, the articular
surface of the superomedial CNL is covered
with fibrocartilage, creating a gliding articular
surface with the head of the talus. This area is
also known as the spring ligament—fibrocartilage
complex (Fig 18). In acute traumatic injury, the
spring ligament complex is infrequently injured;
to our knowledge, only two cases of isolated
spring ligament injury have been reported (Fig
19) (51). Because of the proximity of the spring
ligament to the posterior tibial tendon and the
integral function of the ligament in stabilizing
the plantar arch, spring ligament injuries are of-
ten associated with posterior tibial tendon dys-
function. Mansour et al (51) reported posterior
tibial tendinosis in 18 of 19 patients affected by
superomedial CNL insufficiency.

The medioplantar oblique CNL extends from
the calcaneal coronoid fossa to the medial as-
pect of the navicular bone (Fig 20). The infero-
plantar longitudinal CNL lies anteriorly to the
medioplantar oblique CNL, extending from the
calcaneal coronoid fossa to the inferior navicular

radiographics.rsna.org

bone. This is the thickest of the three compo-
nents of the spring ligament (Fig 21).

Scanning Technique

for the Medial Midfoot

To evaluate the CNL, the patient is supine or
seated in the same position described for the
study of the deltoid ligament complex (50). The
ligament is scanned along the long axis by plac-
ing one tip of the US probe inferior to the me-
dial malleolus, over the sustentaculum tali, and
tilting the other end slightly superiorly toward
the superomedial aspect of the navicular bone
(Figs 18b, 20b, 21b) (51). The superomedial
CNL has a longitudinal course, appears as a
thin hyperechoic band connecting the sustentac-
ulum tali and the navicular bone, and is located
deep under the posterior tibial tendon (Fig 18c¢).
In some cases, short-axis evaluation of the CFL
may be helpful (32). The medioplantar oblique
CNL and the inferoplantar longitudinal CNL
components of the spring ligament are only
occasionally seen at US because of their deep
and complex course. Dynamic evaluation of the
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spring ligament could be performed by tension-
ing the structure with valgus alignment of the
heel and abduction at the talonavicular joint.

Conclusions
US has shown valuable results in the evaluation
of the normal and pathologic anatomic structures
of the ankle and provides an imaging modality
alternative to MR imaging and MR arthrography.
Use of a standardized imaging technique that
allows dynamic imaging may play an important
role in the assessment of the anatomic structure
and main pathologic patterns of the ankle. How-
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Figure 20. Medioplantar oblique CNL. This ligament extends from
the medial portion of the navicular to the calcaneal coronoid fossa.
(a) Schematic drawing of the medioplantar oblique CNL anatomic
structure. (b) Probe positioning on the medial midfoot. (c) US scan
of the medioplantar oblique CNL (arrowheads). C = calcaneus, N =
navicular, PTT = posterior tibial tendon.

e

Figure 21. Inferior plantar longitudinal CNL.
This ligament lies anterior to the medioplan-
tar oblique CNL, extending from the inferior
navicular to the calcaneal coronoid fossa. This
is the thickest of the three components of the
spring ligament. (a) Schematic drawing of the
inferior plantar longitudinal CNL anatomic
structure. (b) Probe positioning on the medial
midfoot. (c) US scan of the inferior plantar
longitudinal CNL (arrowheads). C = calcaneus,
N = navicular, PTT = posterior tibial tendon.

ever, US is limited to imaging of superficial soft
tissue and is not able to depict deeper abnor-
malities such as a bone bruise, hidden fracture,
or cartilage lesion. Thus, additional evaluations
with other imaging modalities (ie, conventional
radiography and MR imaging) may be needed to
detect lesions associated with ligament tears.

References

1. Taser F, Shafiq Q, Ebraheim NA. Anatomy of lateral ankle liga-
ments and their relationship to bony landmarks. Surg Radiol Anat
2006;28(4):391-397.

2. Mann RA. Functional anatomy of the ankle joint ligaments. Instr
Course Lect 1987;36:161-170.



RadioGraphics

178 January-February 2015

3.

10.

11.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

Seringe R, Wicart P; French Society of Pediatric Orthopaedics. The
talonavicular and subtalarjoints: the “calcaneopedal unit” concept.
Orthop Traumatol Surg Res 2013;99(6 suppl):S345-S355.

. Linklater J, Hayter CL, Vu D, Tse K. Anatomy of the subtalar

joint and imaging of talo-calcaneal coalition. Skeletal Radiol
2009;38(5):437-449.

. Burks RT, Morgan J. Anatomy of the lateral ankle ligaments. Am

J Sports Med 1994;22(1):72-77.

. Golano P, Vega ], de Leeuw PA, et al. Anatomy of the ankle liga-

ments: a pictorial essay. Knee Surg Sports Traumatol Arthrosc
2010;18(5):557-569.

. Milner CE, Soames RW. Anatomy of the collateral ligaments of

the human ankle joint. Foot Ankle Int 1998;19(11):757-760.

. Ludolph E, Hierholzer G. Anatomy of the ligaments of the upper

ankle joint [in German]. Orthopade 1986;15(6):410-414.

. Golano P, Mariani PP, Rodriguez-Niedenfuhr M, Mariani PF,

Ruano-Gil D. Arthroscopic anatomy of the posterior ankle liga-
ments. Arthroscopy 2002;18(4):353-358.

Hermans JJ, Beumer A, de Jong TA, Kleinrensink GJ. Anatomy of
the distal tibiofibular syndesmosis in adults: a pictorial essay with
a multimodality approach. ] Anat 2010;217(6):633-645.

van Dijk CN, Mol BW, Lim LS, Marti RK, Bossuyt PM. Diagnosis
ofligament rupture of the ankle joint: physical examination, arthrog-
raphy, stress radiography and sonography compared in 160 patients
after inversion trauma. Acta Orthop Scand 1996;67(6):566-570.
van den Bekerom MP, Oostra R]J, Alvarez PG, van Dijk CN.
The anatomy in relation to injury of the lateral collateral liga-
ments of the ankle: a current concepts review. Clin Anat 2008;
21(7):619-626.

van den Bekerom MP, Kerkhoffs GM, McCollum GA, Calder
JD, van Dijk CN. Management of acute lateral ankle ligament
injury in the athlete. Knee Surg Sports Traumatol Arthrosc
2013;21(6):1390-1395.

. McCollum GA, van den Bekerom MP, Kerkhoffs GM, Calder JD,

van Dijk CN. Syndesmosis and deltoid ligament injuries in the ath-
lete. Knee Surg Sports Traumatol Arthrosc 2013;21(6):1328-1337.
Maffulli N, Longo UG, Gougoulias N, Caine D, Denaro V. Sport
injuries: a review of outcomes. Br Med Bull 2011;97:47-80.
Rubin LG. Subtalar joint arthroscopy. Clin Podiatr Med Surg
2011;28(3):539-550.

Ludolph E, Hierholzer G, Gretenkord K, Ryan U. Research into
the anatomy and X-ray diagnostics of the fibular ligaments at the
ankle joint. Arch Orthop Trauma Surg 1984;103(5):348-352.
Lucas P, Kaplan P, Dussault R, Hurwitz S. MRI of the foot and
ankle. Curr Probl Diagn Radiol 1997;26(5):209-266.

. Schneck CD, Mesgarzadeh M, Bonakdarpour A, Ross GJ. MR

imaging of the most commonly injured ankle ligaments. I. Normal
anatomy. Radiology 1992;184(2):499-506.

Lee SH, Jacobson J, Trudell D, Resnick D. Ligaments of the ankle:
normal anatomy with MR arthrography. ] Comput Assist Tomogr
1998;22(5):807-813.

Aliprandi A, Sconfienza LM, Randelli F, Bandirali M, Di Leo
G, Sardanelli F. Magnetic resonance imaging of painful total hip
replacement: detection and characterisation of periprosthetic fluid
collection and interobserver reproducibility. Radiol Med (Torino)
2012;117(1):85-95.

Aliprandi A, Sconfienza LM, Randelli P, et al. Magnetic resonance
imaging of the knee after medial unicompartmental arthroplasty.
Eur ] Radiol 2011;80(3):e416—e421.

Klauser AS, Tagliafico A, Allen GM, et al. Clinical indications
for musculoskeletal ultrasound: a Delphi-based consensus paper
of the European Society of Musculoskeletal Radiology. Eur Radiol
2012;22(5):1140-1148.

Bianchi S, Martinoli C, Gaignot C, De Gautard R, Meyer JM.
Ultrasound of the ankle: anatomy of the tendons, bursae, and
ligaments. Semin Musculoskelet Radiol 2005;9(3):243-259.
Allison SJ, Nazarian LN. Musculoskeletal ultrasound: evalu-
ation of ankle tendons and ligaments. AJR Am ] Roentgenol
2010;194(6):W514.

De Maeseneer M, Marcelis S, Jager T, et al. Sonography of the
normal ankle: a target approach using skeletal reference points.
AJR Am ] Roentgenol 2009;192(2):487-495.

Fessell DP, Jacobson JA. Ultrasound of the hindfoot and midfoot.
Radiol Clin North Am 2008;46(6):1027—1043, vi.

Khoury V, Guillin R, Dhanju J, Cardinal E. Ultrasound of ankle
and foot: overuse and sports injuries. Semin Musculoskelet Radiol
2007;11(2):149-161.

Finlay K, Friedman L. Ultrasonography of the lower extremity.
Orthop Clin North Am 2006;37(3):245-275, v.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

radiographics.rsna.org

Peetrons P, Creteur V, Bacq C. Sonography of ankle ligaments. J
Clin Ultrasound 2004;32(9):491-499.

Fessell DP, van Holsbeeck M. Ultrasound of the foot and ankle.
Semin Musculoskelet Radiol 1998;2(3):271-282.

Martinoli C, Bianchi S. Ankle. In: Bianchi S, Martinoli C, eds.
Ultrasound of the musculoskeletal system. Milan, Italy: Springer
Verlag, 2009; 773-834.

Lacelli F, Muda A, Sconfienza LM, Schettini D, Garlaschi G,
Silvestri E. High-resolution ultrasound anatomy of extrinsic carpal
ligaments. Radiol Med (Torino) 2008;113(4):504-516.
Taljanovic MS, Goldberg MR, Sheppard JE, Rogers LF. US of the
intrinsic and extrinsic wrist ligaments and triangular fibrocartilage
complex: normal anatomy and imaging technique. RadioGraphics
2011;31(1):e44.

Silvestri E, Muda A, Sconfienza LM. Ankle. In: Silvestri E, Muda
A, Sconfienza LM, eds. Normal ultrasound anatomy of the mus-
culoskeletal system. Milan, Italy: Springer Verlag, 2009; 115-124.
Brasseur JL, Morvan G, Godoc B. Dynamic ultrasonography [in
French]. ] Radiol 2005;86(12 Pt 2):1904-1910.

Brasseur JL, Luzzati A, Lazennec JY, Guérin-Surville H, Roger B,
Grenier P. Ultrasono-anatomy of the ankle ligaments. Surg Radiol
Anat 1994;16(1):87-91.

Campbell DG, Menz A, Isaacs J. Dynamic ankle ultrasonography:
a new imaging technique for acute ankle ligament injuries. Am J
Sports Med 1994;22(6):855-858.

Mei-Dan O, Kots E, Barchilon V, Massarwe S, Nyska M, Mann
G. A dynamic ultrasound examination for the diagnosis of ankle
syndesmotic injury in professional athletes: a preliminary study.
Am ] Sports Med 2009;37(5):1009-1016.

Donovan A, Rosenberg ZS. MRI of ankle and lateral hindfoot
impingement syndromes. AJR Am ] Roentgenol 2010;195
(3):595-604.

Milz P, Milz S, Putz R, Reiser M. 13 MHz high-frequency
sonography of the lateral ankle joint ligaments and the tibio-
fibular syndesmosis in anatomic specimens. J Ultrasound Med
1996;15(4):277-284.

Harris J, Fallat L. Effects of isolated Weber B fibular fractures
on the tibiotalar contact area. J Foot Ankle Surg 2004;43(1):3-9.
Milz P, Milz S, Steinborn M, Mittlmeier T, Reiser M. 13-
MHz high frequency ultrasound of the lateral ligaments of the
ankle joint and the anterior tibia-fibular ligament: comparison
and results of MRI in 64 patients [in German]. Radiologe
1999;39(1):34-40.

Rasmussen O, Tovborg-Jensen I, Boe S. Distal tibiofibular
ligaments: analysis of function. Acta Orthop Scand 1982;53(4):
681-686.

Milz P, Milz S, Steinborn M, Mittlmeier T, Putz R, Reiser M.
Lateral ankle ligaments and tibiofibular syndesmosis: 13-MHz
high-frequency sonography and MRI compared in 20 patients.
Acta Orthop Scand 1998;69(1):51-55.

Lapidus PW. Kinesiology and mechanical anatomy of the tarsal
joints. Clin Orthop Relat Res 1963;30(30):20-36.

Kotwick JE. Biomechanics of the foot and ankle. Clin Sports Med
1982;1(1):19-34.

Kapandji Al The ankle. In: Kapandji Al ed. The physiology of the
joints. Vol 2, The lower limb. 6th ed. London, England: Churchill
Livingston Elsevier, 2011; 156-177.

Friedrich JM, Schnarkowski P, Riibenacker S, Wallner B. Ultraso-
nography of capsular morphology in normal and traumatic ankle
joints. J Clin Ultrasound 1993;21(3):179-187.

Martinoli C. Musculoskeletal ultrasound: technical guidelines.
Insights Imaging 2010;1(3):99-141.

Mansour R, Teh J, Sharp RJ, Ostlere S. Ultrasound assess-
ment of the spring ligament complex. Eur Radiol 2008;18
(11):2670-2675.

Mengiardi B, Pfirrmann CW, Vienne P, Hodler J, Zanetti M.
Medial collateral ligament complex of the ankle: MR appearance
in asymptomatic subjects. Radiology 2007;242(3):817-824.
Bianchi S, Martinoli C. Plantar hindfoot and midfoot. In: Bianchi
S, Martinoli C, eds. Ultrasound of the musculoskeletal system.
Milan, Italy: Springer Verlag, 2009; 863-865.

Niska M, Mann G. Midfoot sprain. In: Niska M, Mann G, eds.
The unstable ankle. Champaign, Ill: Human Kinetics Publishers,
2002; 162-166.

Hatem SF. Imaging of Lisfranc injury and midfoot sprain. Radiol
Clin North Am 2008;46(6):1045-1060, vi.

Nielsen S, Agnholt J, Christensen H. Radiologic findings in lesions
of the ligamentum bifurcatum of the midfoot. Skeletal Radiol
1987;16(2):114-116.

This journal-based SA-CME activity has been approved for AMA PRA Category 1 Credit™. See www.rsna.orgleducation/search/RG.



