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Copious research exists regarding ankle instability, yet lateral
ankle sprains (LASs) persist in being among the most common
recurrent musculoskeletal injuries. Key anatomical structures
of the ankle include a triform articulating structure that includes
the inferior tibiofibular, talocrural, and subtalar joints. Function-
ally, force absorption and propulsion through the ankle
complex are necessary for any task that occurs in weight
bearing. For optimal ankle performance and avoidance of
injury, an intricate balance between stability and mobility is

during sports and activities of daily living. Consideration for the
many structures that may be directly or indirectly involved in
LASs will likely translate into advancements in clinical care. In
this clinical review, we present the structure, function, and
relevant pathologic states of the ankle complex to stimulate a
better understanding of the prevention, evaluation, and
treatment of LASs.
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necessary to ensure that appropriate force transfer occurs
l ateral ankle sprains (LASs) are the scourge of sport

participation. As the most common lower extrem-
ity orthopaedic injury, approximately 23 000 ankle
sprains occur daily in the United States.!?> The LAS is the
most frequent injury during athletic participation, affect-
ing an estimated 1.5 to 2.0 million people in the United
States each year.>™ Athletes and other stakeholders also
incur substantial costs from these injuries. Lost time from
sport participation, school, or work® and the associated
monetary costs® are markers of resource depletion directly
related to LASs. Furthermore, LASs account for up to 1.6
million physician office visits,” approximately 600 000
emergency department visits,® and more than 8000
hospitalizations per year.” Associated annual health care
costs in the United States are estimated to be $4.2
billion.”!” In addition, LASs often progress and become
long-term problems, with residual symptoms, early-onset
posttraumatic ankle osteoarthritis, and long-term defi-
cits.!!'® These residual effects often lead to decreased
physical activity,'” with the resultant increased health care
costs and effects on quality of life.

One of the most common long-term consequences of
LAS is chronic ankle instability (CAl), affecting 30% to
70% of those who experience a first-time LAS.'®! The
manifestation of CAI is a result of an LAS; the initial LAS
is a criterion for diagnosis of CAIL?° Included in the clinical
presentation of CAI are pain, the perception of ankle
instability, and recurrent episodes of giving way, with these
characteristics lasting at least 1 year after the initial
injury.?! Various combinations of these key characteristics
and other signs and symptoms have been included in
models for 3 presentations of CAI (mechanical insufficien-
cy,”? functional instability,” and perceived instability*)
and the updated model of CAI* that includes individuals

who do not have obvious structural or functional deficits
but still experience recurrent sprains. Although often
viewed as mild injuries, LASs represent an important
public health problem.”!> Based on the high and persistent
recurrence rate and frequency of subsequent comorbidities,
current care and education concerning LASs are inade-
quate.?*

The International Classification of Functioning, Disabil-
ity, and Health (ICF), adopted by the World Health
Organization in 2001, is a model that supports the scientific
basis for studying health and health-related conditions.?
This model allows for a comprehensive biopsychosocial
approach to understanding how a disease state affects an
individual patient while considering that personal and
environmental factors provide the contextual influences on
the perceptions of health and disability.*® Briefly, within the
ICF, domains of deficits are related to (1) body structures
and functions (ie, pertaining to anatomic, neurologic, and
physiological processes), (2) activities (eg, walking,
running, or throwing), and (3) participation in life situations
and the ability to perform in the individual’s role (eg, an
athlete’s full participation in the sports of choice).
Mitigating factors include personal influences (somatic,
cognitive, and psychological factors, such as age, weight,
self-efficacy, lifestyle, and personal traits) and environ-
mental influences (sociologic and ecologic factors, such as
support network, stakeholders, work environment, and
access to health care).

A health condition, such as LAS, can result in a
pathologic state for (1) body structures and functions,
which is termed an impairment and defined as a specific
disruption to anatomic or functional processes; (2) activity,
which is termed a limitation and is defined as the inability
to execute a task; and (3) participation, which is termed a
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restriction and is defined as the limited capacity for
involvement in life situations. The contextual influences
of personal and environmental factors can affect or be
affected by impairments, limitations, and restrictions that
a patient is experiencing.?® The effects of LAS, including
CAI and posttraumatic ankle osteoarthritis, in the context
of the ICF domains are presented in Figure 1. Although
this is not an exhaustive representation of all the literature
on LAS:s, it is evident that LAS and highly likely that the
consequent morbidities of CAI and posttraumatic ankle
osteoarthritis can affect all aspects of life and the
perceptions of health and disability. Therefore, the
purpose of our clinical review was to present the structure,
function, and relevant pathologic states of the ankle-joint
complex (ankle complex) to promote a better understand-
ing of the prevention, evaluation, and treatment of LASs.

Simply put, the ankle complex is formed by the
compound articulations of the talocrural, distal tibiofibular,
and subtalar joints. Although the structures and functions of
these 3 joints are often described separately, an intricate
relationship exists among them, and they cannot be
disconnected. Before discussing the relevant anatomy and
biomechanics of the ankle complex, we describe its
function from the position of the foot on the ground, which
is often loosely termed the closed kinetic chain (CKC)
position. We will use this term with the understanding that,
strictly speaking, it may not be entirely biomechanically

v

Personal Factors

Decreased health-related
quality of life52-5%

The effect of lateral ankle sprain in the context of the International Classification of Functioning, Disability, and Health.2®

accurate in every instance. For our article, this term will
help to simplify the descriptions that follow and more
accurately describe the position of the foot when the ankle
is injured.

BONY ANATOMY
Talocrural Joint

Overall, the bony stability of the talocrural joint is very
good. Superiorly, the talocrural joint includes the tibia
(medial) and fibula (lateral), and inferiorly, the talus. The
tibia and fibula create the ankle mortise, an inverted U-
shaped structure that forms the proximal segment of the
talocrural joint. The articulating surfaces on the inner
surfaces of the medial and lateral malleoli are convex, and
the inferior surface of the tibia is concave.

Inferior to the ankle mortise sits the talus, with a wedge-
shaped body and the neck and spherical head extending
anteriorly at approximately 90° to the tibia. The body of the
talus is wider anteriorly than posteriorly and has 1 convex
facet superiorly. Two concave facets on the outer walls
extend approximately halfway down the sides of the talar
body. These 3 facets articulate with those on the tibia and
fibula. More surface area of the talus is dedicated to
articulation with the tibia than the fibula. However, the
fibula extends inferiorly at the lateral side of the talocrural
joint compared with the medial malleolus, allowing for
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Figure 2. The functional subtalar joint. The functional subtalar-
joint complex is divided into the 2 compartments: the posterior
compartment (talocalcaneal joint) and the anterior compartment
(talocalcaneonavicular joint). Stability is provided by the extrinsic
ligaments (the calcaneofibular and deltoid ligaments) and a series
of broad, thick intrinsic ligaments situated in the tarsal canal.

—

increased contact surface area. The reciprocating convex-
concave features facilitate tracking and motion of the
talocrural joint, and together, these 3 structures provide
considerable bony congruity that gives stability to the
talocrural joint. Finally, an articular surface covers the head
of the talus.

Subtalar Joint

Although often mentioned, the subtalar joint and its
relevant structures are less well understood.’®>% Three
separate articulations exist between the talus and the
calcaneus. The inferior surface of the talus has 3 facets
(anterior, middle, and posterior calcaneal facets), whereas
the calcaneus has 3 corresponding surfaces (anterior,
middle, and posterior talar facets).”® The posterior and
middle facets of the talus are on the body, and the anterior
facet is on the underside of the talar head. The primary and
largest articulation, which is formed by the posterior facets,
is concave at the talus and convex at the calcaneus. The
remaining 2 are flatter; more gliding than rotation occurs
between these surfaces (Figure 2).

Between the articulated middle and posterior facets, a gap
that spans the medial to the lateral side of the subtalar joint
is called the tarsal canal. As it expands laterally, the space
becomes the sinus tarsi. A fourth subtalar articulation exists
between the talus and navicular. Although not typically

considered part of the true subtalar joint, this articulation
has an important role in normal subtalar motion.

Among these 4 articulations, the subtalar joint is divided
into 2 compartments (Figure 2).° The posterior compart-
ment, comprising the talocalcaneal articulations at the
posterior facets, is sometimes considered the anatomic or
true subtalar joint. The anterior compartment also includes
the junctions between the talocalcaneal middle and anterior
facets, as well as the articulation of the talus with the
navicular (the talocalcaneonavicular joint). Together, the
anterior and posterior compartments are considered the
functional subtalar joint, as the motions that occur between
them cannot be separated during CKC functional tasks.

Other Bony Anatomy of the Foot

Even though they are perhaps less relevant to the direct
biomechanics of the ankle complex, the other bony
structures of the foot have functional roles during CKC
tasks. Distal to the navicular are cuneiforms 1 through 3,
which articulate with the first, second, and third metatar-
sals, respectively. Lateral to the navicular and distal to the
calcaneus sits the cuboid, a large tarsal that articulates with
the fourth and fifth metatarsals. Fourteen phalanges
articulate distally with the metatarsals.

Medial and Lateral Foot Columns

With all of the bony anatomy now described, we can
highlight the larger functional division of the foot into 2
columns, which encompass all the bones of the foot (Figure
3). The medial foot column includes the talus, navicular,
cuneiforms, and metatarsals and phalanges of the first,
second, and third rays. The lateral foot column comprises
the calcaneus and the fourth and fifth cuboid rays. A
discussion of the roles of the medial and lateral foot
columns during normal supination and pronation, as well as
with LAS, follows.

ANKLE COMPLEX DURING WALKING

A primary functional task of the lower extremity is
walking and, as an extension, running. For each of these
tasks, a gait pattern is adopted. Gait is an oscillating pattern
of force accommodation and generation designed for
locomotion.®! Throughout the gait cycle, a cyclical pattern
of absorption and propulsion occurs. Absorption deceler-
ates and controls forward progression, and propulsion
continues that forward progression. Many musculoskeletal
injuries occur because of improper force absorption, such as
from poor mechanics, a bad landing, or a stumble on a
slippery surface.

During gait, the leg and foot move around 3 primary axes
of rotation, termed rockers: the heel rocker, ankle rocker,
and forefoot rocker (Figure 4).°>%* In the stance phase of
walking gait, initial contact begins with the heel landing on
the ground. With the heel on the ground, the foot is lowered
to the ground and rotation occurs around the heel. This is
the heel rocker.®*®* With the foot flat on the ground, the leg
advances anteriorly over the foot, with the axis of rotation
occurring at the talocrural joint; this is the ankle rocker.5>%
After leg progression and moving into terminal stance, the
heel and midfoot lift off the ground, with rotation occurring
around the metatarsophalangeal joints.>® This is the
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Figure 3. The foot columns and subtalar-joint motion in the closed kinetic chain. These combined frontal-plane and transverse-plane
motions occur simultaneously, resulting in a multiplanar rotation. This is different from single-plane, noncardinal motion and is a
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away from the lateral foot column results in a wider, flatter foot.

Jforefoot rocker. Next, the toes leave the ground, ending the
stance phase for that limb. Tying this to force absorption
and propulsion, force absorption occurs during the heel
rocker. The ankle rocker is transitional, moving from
absorption to propulsion, and the individual’s center of
gravity advances over the stance foot. Finally, the forefoot
rocker is associated with propulsion. When shifting from
walking to running, the heel rocker will be eliminated first
to minimize absorption and increase propulsion.®! To move
into sprinting, the ankle rocker will be diminished to
maximize the efficiency of the most propulsive rocker.®!

BIOMECHANICS
Talocrural Joint

At the talocrural joint, the primary osteokinematics are
dorsiflexion and plantar flexion, which occur in the
approximate cardinal sagittal plane (<10° off axis). In the
anatomic position with the foot positioned at 90° to the
tibia, the talocrural joint typically has more available
plantar flexion than dorsiflexion. Throughout the walking-

/\

\ (

Figure 4. The rockers. The 3 rockers of gait describe the foot and
leg rotational motions during the absorption and propulsions
stages of the stance phase of gait. A, Heel rocker. The foot is
lowered to the ground around the calcaneus (heel). B, Ankle rocker.
The leg advances over the foot around the talocrural joint. C,
Forefoot rocker. The heel lifts off the ground around the
metatarsophalangeal joints.

gait cycle, the talocrural joint moves through 2 phases of
alternating dorsiflexion and plantar flexion: 2 plantar-
flexion cycles and 1 dorsiflexion cycle occur during the
CKC stance phase,’** and 1 dorsiflexion cycle occurs
during the swing phase of gait.®!-**

The first plantar-flexion phase occurs during the heel
rocker and allows for force absorption at the beginning of
the stance phase.®® This is a controlled deceleration to assist
in maintaining a consistent walking speed and allow for
accurate foot placement in preparation for full weight
acceptance. The second plantar-flexion phase occurs during
the forefoot rocker,®® propelling the body forward during
the final stage of the stance phase. During this motion, the
hindfoot lifts off the ground followed by the forefoot and
toes. During the stance phase between the 2 plantar-flexion
cycles, the ankle rocker causes stance-phase dorsiflexion.®!
This locks the talocrural joint into the closed-packed
position®® and allows the leg to become a more rigid beam
for efficient energy transfer. The Table provides a summary
of the motions of the talocrural and subtalar joints during
the gait cycle.

At the joint surfaces, the talocrural joint is in the closed-
packed position during dorsiflexion® based on the wedge
shape of the superior aspect of the talar body, which
maximizes contact between the talar dome and the
mortise.%® Furthermore, the talus puts stress on the
ligamentous structures of the tibia and fibula, increasing
compression while the ankle is dorsiflexed. In plantar
flexion, the posterior talus, which is the narrower part of the
wedge, is in more contact with the mortise, decreasing the
bony stability of the talocrural joint (open-packed position),
and the inferior tibiofibular ligaments are more slack. In
this position, reliance on the ligamentous contributions to
stabilize the talocrural joint is increased. The arthrokine-
matics of the talocrural joint are generally understood, but
we will note these in the context of the CKC. With the
calcaneus and, therefore, talus fixed to the ground, the
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Table.

Motions and Muscular Actions of the Talocrural and Subtalar Joints During Walking

Gait Phase
Swing Stance
Talocrural motion Dorsiflexion Plantar flexion Dorsiflexion Plantar flexion
Rocker Heel Ankle Forefoot
Muscle group Concentric anterior Eccentric anterior Eccentric posterior Concentric posterior
compartment? compartment? compartments® compartments®©

Action Active dorsiflexion

Subtalar motion

Hindfoot Supination Supination Supination
Midfoot and forefoot Supination Supination Supination
Foot columns Stacked

Controlled plantar flexion

Controlled dorsiflexion Active plantar flexion

Pronation Pronation Pronation Pronation Supination
Supination Pronation Pronation Pronation Pronation
Transition Unstacked Transition

@ The anterior compartment of the leg includes the tibialis anterior, extensor hallucis longus, and extensor digitorum longus.

® The posterior compartments of the leg include the superficial posterior compartment (gastrocnemius, soleus, and plantaris) and the deep
posterior compartment (tibialis posterior, flexor hallucis longus, and flexor digitorum longus).

¢ Some controversy exists about whether this is a concentric or isometric contraction.

concave surface of the ankle mortise rolls and glides
anteriorly on the talus during the dorsiflexion motion that
occurs throughout the ankle rocker.®® Therefore, for
dorsiflexion to occur in the CKC, the tibia must progress
anteriorly over the talus and the talus must glide posteriorly
within the ankle mortise. Familiarity with the osteokine-
matics and arthrokinematics at the talocrural joint is
important to the subsequent discussion of the pathome-
chanics of LAS.

Subtalar Joint

The osteokinematics of the subtalar joint are more
complex when described in the CKC. It is well established
that inversion and eversion occur at the anatomic subtalar
joint (the posterior subtalar compartment).®” A clinician can
manually reproduce this motion when the patient is in a
non—weight-bearing position. However, this cannot be
isolated during physiological motion, and the actions at
the anterior and posterior compartments must be considered
together when the foot is on the ground and the calcaneus is
fixed.®

During CKC supination, calcaneal inversion occurs at the
anatomic subtalar joint; however, motion at the navicular
and cuboid also occurs. In this position, inversion becomes
supination, which is a combination of plantar flexion,
inversion, adduction, and external rotation® of the tibia and
the medial foot column.®® Eversion becomes pronation,
which is a combination of dorsiflexion, eversion, abduction,
and internal rotation of the tibia and medial foot column.
For supination and pronation, the talus-navicular and
calcaneus-cuboid act as joined segments of the medial
and lateral columns, respectively (Figure 3). During
supination, the talus-navicular elevates (dorsiflexes) and
rotates externally (abducts) on the fixed calcaneus-cuboid.
External rotation of the talus-navicular is initiated by the
tibia, resulting in a higher, narrower foot. In this position,
the medial column stacks vertically on the lateral foot
column, resulting in a more parallel alignment of the 2 foot
columns (Figure 3).

During pronation, the reverse occurs. The talus-navicular
lowers (plantar flexes) and rotates medially (adducts) on the
fixed calcaneus-cuboid. Internal rotation of the talus-
navicular comes from internal rotation of the tibia during
this motion. This results in a wider and flatter foot, with the

medial and lateral foot columns unstacked and positioned in
an off-parallel, intersecting alignment (Figure 3). During
supination and pronation, the frontal-plane and transverse-
plane motions occur in an approximate 1:1 ratio and
cannot be separated during CKC tasks. Therefore, the
resultant motion of the functional subtalar joint is multi-
planar with integrated rotary motion and not single-planar
motion in a noncardinal-plane direction. During walking
gait, pronation begins during the heel rocker and continues
throughout the ankle rocker when the foot reaches its
lowest position with respect to the ground. With the
transition into propulsion during the forefoot rocker, the
foot begins to elevate and stack in a more supinated
position, creating a rigid foot for push-off (Table).

The arthrokinematics of the functional subtalar joint
during the CKC movement are complex®®, which directly
results from the joint-surface anatomy of the anterior and
posterior compartments. At the anterior compartment, the
talus is convex, and the navicular is concave.®®’® At the
posterior compartment, the talus is concave at its inferior
surface, and the corresponding surface of the calcaneus is
convex.®®’® This reciprocating convexity and concavity
help produce the rotary motion at the subtalar joint. During
CKC supination, the medial roll of the talus (inversion) that
occurs with supination is coupled with a medial glide for
the posterior compartment but a lateral glide for the anterior
compartment. For pronation, this is reversed. The lateral
roll (eversion) of the talus at the posterior compartment is
coupled with lateral glide and at the anterior compartment
is coupled with medial glide. To summarize the biome-
chanics of the inversion mechanism?!7"~77 in the CKC (the
position of LAS injury), the pathomechanics actually
involve a multiplanar-supination motion and not strict
inversion as this mechanism is often described.

STRUCTURES
Tibiofibular Joint

The tibia and the fibula are tightly bound together by an
interosseous membrane. Strong anterior and posterior
tibiofibular ligaments located superiorly and inferiorly
(anterosuperior, posterosuperior, anteroinferior, and pos-
teroinferior tibiofibular ligaments) also stabilize the prox-
imal and distal joints. Normal stability and motion at both
joints are important for function of the ankle complex.”®”®
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Figure 5. Ligaments relevant to stability of the ankle complex. A, Anterior view. B, Posterior view.

Hypomobility of the proximal tibiofibular joint can limit or
alter motion at the talocrural joint.%°

Distally, the anteroinferior and posteroinferior tibiofibu-
lar ligaments originate from the fibula and travel medially
and superiorly to insert on the tibia. Relative to the ankle
mortise, these 2 ligaments are situated at the lateral one-
third of the entire width of the tibia and fibula (Figures 5
and 6). At the distal tibiofibular joint, the anteroinferior and
posteroinferior tibiofibular ligaments do not directly
stabilize the lateral ankle; however, compromise to the
distal tibiofibular ligaments can indirectly destabilize the
talocrural joint by decreasing compressive forces between
the tibia and fibula.

Talocrural Joint

The ligamentous stabilizers of the talocrural joint are
extrinsic, as they are part of, or lie outside of, the joint
capsule. Three primary ligaments are specific to the
talocrural joint, crossing the joint space between the ankle
mortise and the talus. However, other structures provide
further static stability (Figures 5 and 6). Probably the most
easily recognized are the anterior talofibular ligament
(ATFL) and posterior talofibular ligament (PTFL), which
provide stability to the lateral joint.! The ATFL is oriented
90° to the lateral malleolus, traveling anteriorly to insert on
the talus. In contrast, the PTFL extends approximately 180°
in the opposite direction to insert on the posterior talus. The
PTFL extends around the talus to nearly the most medial
part on the posterior side. Originating between the ATFL
and the PTFL, the calcaneofibular ligament (CFL) extends
from the lateral malleolus at approximately 45° inferiorly
and posteriorly past the talus to insert on the calcaneus.
This ligament is often grouped with the ATFL and PTFL
and provides stability to the lateral talocrural joint, but it
does not directly stabilize this joint. Although not typically

damaged during LAS, portions of the tibial-side deltoid
ligament (in particular, the anterior and posterior tibiotalar
bands) are direct stabilizers of the talocrural joint.®* The 2
central bands of the deltoid ligament, the tibionavicular
ligament and the tibiocalcaneal ligament, provide second-
ary stability to the talocrural joint.

Capsuloligamentous Stability of the Subtalar Joint
(Extrinsics and Intrinsics)

The subtalar joint is stabilized by extrinsic and intrinsic
ligaments (Figures 2, 5, and 6). The 2 primary extrinsic
ligaments are the lateral CFL, which is an important
subtalar stabilizer, and the 2 central bands of the deltoid
ligament (tibionavicular and tibiocalcaneal ligaments) on
the medial side, which provide stability to the subtalar
joint.®! As a lateral extrinsic stabilizer of the subtalar joint,
the CFL is a stabilizer primarily as the talocrural joint
moves into dorsiflexion. It is up to 3.5 times stronger than
the ATFL.®® Three smaller extrinsic ligaments are also
specific to the subtalar joint: the medial talocalcaneal
(posterior aspect of the medial talar tubercle to the posterior
aspect of the sustentaculum tali), the posterior talocalcaneal
(posterior aspect of the lateral talar tubercle to the superior
aspect of the posteromedial calcaneus), and the lateral
talocalcaneal (anterior and deep to the CFL with parallel
fibers).>® Although these 3 interosseous perimeter ligaments
are small, they are a potential source of pain in chronic
subtalar instability.

The intrinsic subtalar ligaments include a series of broad,
thick ligaments situated in the tarsal canal that separate the
anterior and posterior compartments (Figures 2, 5, and
6).>%8 Located centrally in the subtalar joint is the
interosseous talocalcaneal ligament (ITCL). This broad,
thick ligament extends from the inferior surface of the
anterolateral talar neck to the superior surface of the talus.
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Although the specific direction of stabilization for the ITCL
is controversial, it likely has a multiplanar role in
stabilization similar to that of the anterior cruciate ligament
at the knee. Moving medially from the ITCL and across
from the tarsal canal sit the cervical ligament (dorsolateral
aspect of the anterior calcaneus to the dorsolateral talus,
adjacent to the sinus tarsi) and the bifurcate ligament with
its 2 bands (dorsolateral aspect of the anterior calcaneus to
the dorsolateral navicular and the dorsomedial cuboid).
Fibrous bands also extend from the inferior extensor
retinaculum and enter the tarsal canal, merging with these
structures to further enhance stability. Although these are
separate structures, the close proximity and tight articula-
tion make it difficult to separate these structures even in
cadaveric dissection. Collectively, these intrinsic ligaments
are called the subtalar-joint complex. An increasing body
of evidence supports the role of the ITCL as the primary

stabilizer of the functional subtalar-joint complex3>® and

provider of a crucial source of somatosensory informa-
tiOIl 89-91

MUSCULAR AND NEURAL ANATOMY
Extrinsic Foot Muscles

The extrinsic foot muscles are the primary movers of the
ankle and foot. These muscles, which originate proximal to
the talocrural joint, are separated by strong intermuscular
septa into 4 compartments: the anterior, lateral, superficial
posterior, and deep posterior compartments (Figure 7). The
roles of these muscle groups are described in the CKC as
they function in the gait cycle. The anterior compartment
(tibialis anterior, extensor hallucis longus, extensor dig-
itorum longus) is innervated by the deep peroneal nerve.
The primary roles of this compartment are to eccentrically
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Peroneus longus . Gastrocnemius o

Superficial peroneal nerve Tibial nerve
Peroneus brevis Soleus

Plantaris

Intrinsic Plantar Muscles by Layers of the Foot
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Figure 7. The relevant neuromuscular structures of the ankle complex.

lower the foot to the ground during the heel rocker, which
we will describe, and to dorsiflex the talocrural joint to
assist with foot clearance during the swing phase of gait
(second dorsiflexion arc). The lateral compartment (pero-
neus longus and peroneus brevis) is innervated by the
superficial peroneal nerve and helps to move the ankle and
foot into pronation through the ankle rocker. The peroneus
longus also helps to drive the first ray into the ground to
assist with the transition to propulsion. The superficial
posterior compartment (gastrocnemius, soleus, plantaris),
innervated by the tibial nerve, acts during the ankle rocker
and then the forefoot rocker. These muscles contract
eccentrically to slow tibial progression over the ankle and
foot and then concentrically to initiate the plantar flexion
needed for the final propulsive action during the forefoot
rocker. The Table provides a summary of the muscular
actions of the extrinsic foot muscles during the gait cycle.

Intrinsic Plantar Muscles

The intrinsic plantar muscles originate and insert within
the foot to provide local stability and active support to the
foot arches. These muscles are typically described as
separated into 4 layers based on their depth from the plantar
surface (Figure 7). Although each intrinsic plantar muscle
has a unique action, this muscle group acts collectively to
promote dynamic foot stability.”” In weight bearing,
coordinated contraction of the intrinsic plantar muscles
can be observed through a shortening of the distance
between the metatarsal heads and calcaneus and a
narrowing of the foot width in the region of the metatarsal
heads. The synergistic action of these muscles supports the
medial longitudinal and transverse arches of the foot,
working with the bones, ligaments, and joint capsules to
create a functional half dome at the underside of the foot.”?
In addition to the motor action of the intrinsic plantar
muscles, these structures provide a neural contribution to
foot stability when in a weight-bearing position. Innerva-
tion for the intrinsic plantar muscles comes from the medial

and lateral plantar nerves, which originate from the tibial
nerve and can be initially identified in the tarsal tunnel near
the inferior border of the flexor retinaculum. In addition to
innervating the intrinsic plantar muscles, the medial and
lateral plantar nerves innervate the skin overlying the
medial and lateral aspects of the plantar surface of the foot
and digits. Collectively, the intrinsic plantar muscles and
plantar surface provide valuable somatosensory information
regarding the environment, movement, and perturbation.®?

LATERAL ANKLE SPRAIN
Mechanisms

The mechanisms of LASs can be characterized as direct
contact, indirect contact, or noncontact.?>%3 A direct-
contact mechanism involves contact, often from another
player, to the medial leg just before or during foot
placement, resulting in forced inversion.”® An indirect-
contact mechanism involves contact from an obstacle or
individual that alters the way the foot is brought to the
ground during weight acceptance.®®?* For example, this
mechanism could include stepping on another player’s foot
while landing from a jump or into a divot while running on
uneven terrain. Noncontact injuries are characterized by
landing inappropriately when no other external forces or
obstacles are apparent.’?** Indirect-contact and noncontact
mechanisms typically occur during rapid changes of
direction (cutting) or when stopping quickly. In sports
such as basketball, football, lacrosse, soccer, and volleyball,
it is not surprising that LAS is one of the most common
injuries.>*12:94¢ What takes place while abruptly changing
direction in athletic activity needs to be considered.

For most LASs, particularly noncontact injuries, the
mechanism includes talocrural plantar flexion, subtalar
inversion, and external rotation of the medial foot column.
As described, in the transition from walking to running, the
heel rocker is nearly eliminated.®’ By reducing the
absorption that occurs during the heel-rocker plantar-
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flexion arc of motion, the individual accelerates and shifts
into a running gait. When decelerating, the heel rocker is
reincorporated to absorb forward momentum, and the
individual shifts back to a walking gait. During cutting,
the directional momentum must be rapidly reduced
(absorption) and then reversed to propel the individual into
a new direction (propulsion). With this rapid shift from
absorption to propulsion, the body may respond with
inappropriate force-attenuating strategies, and a musculo-
skeletal injury in the form of a noncontact ankle-sprain
event can theoretically occur. The heel-rocker plantar-
flexion arc is used to absorb the directional momentum and
bring the foot to the ground.®! When this plantar-flexion arc
is combined with the laterally directed force of a cutting
maneuver, an LAS can result. However, LAS mechanisms
may vary based on sport. For example, in their recent study
of LAS mechanisms in men’s and women’s volleyball,
Skazalski et al®’ determined that rapid inversion without
plantar flexion due to contact with another player was the
primary mechanism for most injuries. Although a plantar-
flexed position is often involved in LASs, other positions
can also stress the lateral joint structures.

Pathomechanics

Talocrural Joint. A concrete understanding of LAS
pathomechanics is crucial. Most clinicians are familiar with
the standard descriptions of injury mechanisms related to
LAS. However, a clear understanding of how these injuries
occur during sport participation is important for improving
evaluation. Athletes tend to describe how they were hurt
while participating. In other words, careful consideration
should be given to how the injury occurred with the foot on
the ground, the associated osteokinematics and arthrokine-
matics, and the resulting force transmission through the
ankle complex.

Lateral ankle sprains most commonly occur after initial
foot contact during functional activities, such as running,
cutting, or landing from a jump.’?®-°® The injury
mechanism has been theorized to take place in as little as
40 milliseconds and move through an arc of motion greater
than 700%s.° Given the explosive nature of an LAS,
insufficient time is available to develop the muscle force
capable of controlling this excessive supination. Of note, no
muscles directly insert onto the talus. Therefore, motion at
the talus is restricted directly by ligaments and the bony
congruency between the talus and mortise.

As discussed, during CKC plantar flexion, the talus is
positioned anteriorly in the ankle mortise. The primary
restraint for excessive anterior talar glide is the ATFL.
Based on its anatomic orientation and size, it is considered
the weakest of the 3 lateral ligaments, which contributes to
the high injury rate of the ATFL.>28!:83%8 The PTFL is
rarely injured during an LAS; however, a direct relationship
appears to exist between the magnitude of force applied
during an ankle sprain and the number of ligaments
damaged.®**® A larger force results in more lateral extrinsic
ligaments being damaged, with the damage occurring in a
pattern that moves from anterior to posterior. Therefore,
damage to the PTFL is most often accompanied by a
fracture or dislocation (ie, with very high-force events).
From the perspective of the rockers, indirect and noncon-
tact LASs occur from incorrect foot placement during the

heel rocker or poor transition into propulsion during the
forefoot rocker. The AFTL is injured, and further damage
occurs to the more posterolateral extrinsic ligaments as the
body transitions through the ankle rocker during tibial
progression over an inappropriately placed foot.

Alternatively, a reverse forefoot rocker can occur. In the
reverse forefoot rocker, the toes are in contact with the
ground first, as when landing from a jump. The midfoot and
hindfoot rock down to the ground around the metatarso-
phalangeal joints, and the heel is brought into contact with
the ground. Given that this is an absorption motion, injury
can occur. Therefore, regardless of the heel or reverse
forefoot rocker, the typical transition toward absorption of
body weight as the individual approaches the ankle rocker
is altered, and force absorption may be transferred to the
ligaments. For both indirect and noncontact mechanisms,
incorrect foot placement and force absorption prohibit the
foot from moving into eversion during foot contact with the
ground, whether on the heel (heel rocker) or with forefoot
landing (ie, reverse forefoot rocker).

Subtalar Joint. As discussed, CKC inversion is actually
supination; the classic inversion ankle pathomechanics are
also a supination mechanism.?""”"~77 With inversion on the
fixed calcaneus, concurrent forefoot adduction and external
rotation of the medial foot column occur. During excessive
CKC supination, the ATFL, and possibly the CFL, can be
injured. The CFL is damaged approximately 25% of the
time in combination with the ATFL but is almost never
damaged in isolation.®* However, this same mechanism can
damage the subtalar intrinsic ligaments. The ITCL and
potentially the other subtalar intrinsic ligaments are
damaged in an estimated 25% to 80% of all LASs,
especially when the CFL is involved.”® With excessive
inversion force, the subtalar ligaments are disrupted in a
logical order, beginning with the CFL. When the CFL is
disrupted, the lateral talocalcaneal ligament, cervical
ligament, bifurcate ligament, and ITCL ligaments may be
damaged.'? Therefore, if damage to the CFL is suspected,
further damage to the subtalar ligaments often follows and
must be evaluated systematically. Concurrent injury to the
lateral extrinsic and subtalar intrinsic ligaments results in
anterolateral instability of the subtalar joint.®”!°! This is
particularly problematic during the stance phase of gait,
resulting in persistent pain, bouts of giving way, and a
general feeling of instability during functional tasks and
activities of daily living.!0%!%3

Talocrural and Subtalar Arthrokinematic and
Osteokinematic Impairments

After LAS, a decrease in dorsiflexion range of motion
(ROM) is common.'”*!% In many patients with LASs,
dorsiflexion ROM improves in 4 to 6 weeks with the
standard of care.'® However, residual dorsiflexion ROM
impairments can persist and are frequent in individuals with
CAI Approximately 30% to 74% of individuals with
unilateral CAI exhibit at least a 5° deficit in the involved
limb,'%%1%7 which may be due to restrictions in posterior
talar glide. Restricted posterior talar glide has been
documented using the posterior talar glide test in collegiate
athletes with a history of LAS'%® and has been identified as
a clinical indicator of CAI at 12-month follow-up.'®’
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Figure 8. Sagittal-plane (medial) view of the talocrural and subtalar joints. A, Unweighted ankle. B, Displacement under stress of the
stable ankle. C, Displacement under stress of the unstable ankle. Unstable ankles can have an average of 2 times the displacement of the
talus on the mortise and the calcaneus on the talus. The anterior drawer stress test tends to be more specific to increased motion at the

talocrural joint than the subtalar joint.!3

Another positional fault at the ankle is an anterior shift in
talar positioning relative to the ankle mortise. This shift
may create anterior impingement and alter the ability of the
tibia to progress normally over the talus when attempting to
dorsiflex in the CKC. As with decreased posterior glide,
anterior positional shift of the talus has been identified in
individuals with CAL''® These limitations in dorsiflexion
ROM have been correlated with impaired dynamic
balance,'!! lateral step-down test performance,''? and
landing biomechanics®’ among individuals with CAI
Therefore, arthrokinematic and osteokinematic deficiencies
are important considerations in the evaluation and rehabil-
itation strategy after LAS.

Finally, increased instability is common after LAS.
Whether this instability is acute or chronic, increased
displacement can occur at the talocrural joint or the subtalar
joint, or both. Inversion stress to the ankle complex tends to
be more definitive for instability of the subtalar joint,
whereas the anterior drawer test better targets the talocrural
joint.''3 Figures 8 and 9 depict the increased opening up of
the talocrural and subtalar joints under anterior drawer and
inversion stresses, respectively.

Intrinsic Plantar Muscle Function, LAS, and CAIl and
LAS

Intrinsic plantar-muscle function has not been thor-
oughly investigated regarding the cause or pathome-
chanics of LAS. However, individuals with CAI exhibit
several impairments in foot function that may contribute
to a vulnerable base of support. For instance, Feger et
al''* reported that people with CAI had decreased total
volume of the intrinsic plantar and extrinsic foot muscles
based on magnetic resonance imaging measurements. The

atrophy of these muscles in the active subsystem may
affect local stability and global mobility of the foot.
Individuals with CAI have also demonstrated decreased
sensory perception over the plantar aspect of the foot,
namely at the heel, first metatarsal head, and fifth
metatarsal base.''>''7 These neural deficits associated
with the tibial distribution may impede perturbation
detection and delay motor coordination to avoid injury.
Finally, patients with CAI who have displayed a pronated
static foot posture have also displayed decreased dynamic
balance.!'® Cumulatively, structure and function of the
foot, including the intrinsic plantar muscles, may have a
role in LAS and associated sequelac. Based on the
retrospective nature of the research to this point, it is
difficult to determine whether intrinsic plantar-muscle
function contributes to the index LAS or at what point in
the recurrent injury cycle foot function may begin to
decline.

CLINICAL CONSIDERATIONS AND SUMMARY

Lateral ankle sprains are common, and a clear under-
standing of the relevant structures and clinical function of
the ankle complex needs to extend beyond the talocrural
joint. We believe several considerations should be included
in the clinical evaluation and rehabilitation process
centered on the structure and function of the ankle complex.

(1) The foot- and ankle-rocker system provides a system-
atic evaluation strategy for understanding injury
mechanisms and postinjury impairments based on the
fundamental functional demands of the joints and
muscles throughout the ankle complex.
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motion at the subtalar joint than the talocrural joint.''3

(2) In addition to having a thorough understanding of the
ligamentous structures that are typically involved at the
talocrural joint after LAS, clinicians should be
competent in describing the anatomy associated with
the subtalar joint. Damage to these structures may be
implicated in a large proportion of LASs but be
undetected during clinical examination. Refining the
evaluation techniques for the subtalar-joint stabilizers
may assist with identifying additional sources of
residual instability and impairment after LAS. Accurate
evaluation and treatment selection rely on correctly
identifying all involved structures and biomechanical
deficits.

With LAS, particularly in recurrent cases, arthrokine-
matic changes may occur in the talocrural joint. This
has implications for the performance of several
functional tasks. Therefore, a thorough understanding
of normal talocrural arthrokinematics is needed to
identify possible restrictions after injury.

Finally, fully understanding the structure and function
of the extrinsic and intrinsic muscles that support the
ankle and foot is important. Although certain muscles,
such as the peroneals, have a logical connection to
LAS, others, such as the tibialis posterior and the
intrinsic plantar muscles, play a large role in dynamic
foot stability. These structures and functions likely
have ramifications for the ankle complex.

&)

(4)

From an anatomic perspective, LASs are much more
complex than simple damage to the ATFL. A complete
working knowledge of the anatomy, biomechanics, and

pathomechanics of both the talocrural joint and subtalar
joint is necessary. Consideration for the many structures
that may be directly or indirectly involved in LAS will
likely translate into advances in clinical care.
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