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Subtalar instability remains a topic of debate, and its precise cause is still unknown. The mechanism of injury and clinical symptoms
of ankle and subtalar instabilities largely overlap, resulting in many cases of isolated or combined subtalar instability that are often
misdiagnosed. Neglecting the subtalar instability may lead to failure of conservative or surgical treatment and result in chronic
ankle instability. Understanding the accurate anatomy and biomechanics of the subtalar joint, their interplay, and the contributions
of the different subtalar soft tissue structures is fundamental to correctly diagnose and manage subtalar instability. An accurate
diagnosis is crucial to correctly identify those patients with instability who may require conservative or surgical treatment. Many
different nonsurgical and surgical approaches have been proposed to manage combined or isolated subtalar instability, and the
clinician should be aware of available treatment options to make an informed decision. In this current concepts narrative review, we
provide a comprehensive overview of the current knowledge on the anatomy, biomechanics, clinical and imaging diagnosis,

nonsurgical and surgical treatment options, and outcomes after subtalar instability treatment.
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Subtalar instability was first described by Rubin'®® in 1962,
but it still remains a controversial topic. Although subtalar
injuries are commonly associated with acute lateral ankle
injuries,?”108:156:173 gyhtalar instability is still an uncertain
clinical entity, and its involvement in lateral ankle insta-
bility is still unknown. Clinical symptoms of subtalar insta-
bility largely overlap with those of lateral ankle instability,
making subtalar instability a diagnostic challenge.-84:86
The precise cause of subtalar instability remains a topic
of debate, and only in recent years has subtalar instability
been viewed as a distinct clinical entity. Proposed theories
include the chronic tear of the calcaneofibular ligament
(CFL), the cervical ligament (CL), or the interosseous talo-
calcaneal ligament (ITCL).? Isolated injuries of the CFL,
the CL, and the ITCL are very uncommon, suggesting a
concomitant involvement of other ankle and subtalar liga-
ment injuries. As lateral ankle instability presents a simi-
lar mechanism of injury and symptoms, the subtalar
instability is often misdiagnosed. Neglecting subtalar
instability may lead to failure of surgical treatment of
patients presenting with mechanical ankle instability
(MAI)®>® or persistent functional ankle instability
(FAI).®38* It is thus crucial to correctly identify subtalar
instability and decide on the best treatment approach.
Herein, we provide an overview of the current knowledge
on the anatomy, biomechanics, clinical and imaging
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diagnosis, nonsurgical and surgical treatment options, and
outcomes after subtalar instability treatment.

ANATOMY OF THE SUBTALAR JOINT

The subtalar joint is composed of the anterior, middle, and
posterior articulating facets between the inferior talus and
the dorsal aspect of the calcaneus (Figure 1).1%2 The poste-
rior facet of the talus forms a saddle-shaped joint with the
calcaneus covering the largest area of the articular surface
of the subtalar joint complex.2? The tarsal canal and the
tarsal sinus separate the posterior facet from the anterior
and middle facets.?® The posterior facet articulation is set
at an oblique axis offset 45° from the longitudinal axis of the
foot.%° In some individuals, the middle surface is supported
by the sustentaculum tali, and the anterior surface is sup-
ported by the anterior process of the calcaneus, creating a
new articular surface. The talar head, the calcaneus, and
the navicular bony surfaces articulate anteriorly to form
the talocalcaneonavicular joint, also known as the acetab-
ulum pedis.??

The anterolateral ligament complex provides most of the
protection against excessive inversion while the central
pivot of the subtalar joint occurs at the ITCL,**! which is
positioned at the intersection of the long axis of the leg and
the axis of Hencke. The lateral subtalar ligament complex
is divided into intrinsic and extrinsic ligaments (Figure 2).
Intrinsic ligaments include the ITCL and the CL—also
called anterolateral talocalcaneal and oblique talocalcaneal
ligament—which provide anterior and medial support to
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Figure 1. Bony anatomy of the subtalar joint. CFL, calcaneo-
fibular ligament.

the subtalar joint. There are variations in orientation of the
CL and the ITCL, which should be considered during sur-
gical interventions. The CL is composed of 2 or more bands
and usually runs obliquely at a 45° angle through the tarsal
sinus, with insertions at the superolateral surface of the
calcaneus and the talar neck!?”!1%; however, occasionally,
it is seen to course in a vertical manner, suggestive of a
stress adaptation.!** The ITCL is usually shaped as a
band-type ligament (92.5%) but can also appear as a fan-
type (5%) or a multiple-type (2.5%) ligament.”® It is usually
described as running obliquely superomedial to inferome-
dial, although in some specimens fibers that lie in a supero-
lateral to inferomedial direction have been found.®”

The anterolateral extrinsic ligament complex consists
mostly of the CFL. The CFL is the only ligament at the
lateral ankle that crosses both the ankle and the subtalar
joint. A few anatomic variants have been described in the
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literature, including fibers that diverge anteriorly and
insert at the lateral talus forming a Y-shaped and a
V-shaped CFL'® and that are also possibly related to the
lateral talocalcaneal ligament (LTCL). The CFL acts to
restrain the anterolateral ankle laxity and is assisted by
the LTCL. The talocalcaneal ligament complex is formed
by 2 compartments: (1) the superficial lateral compart-
ment, comprising the CL and the sinus tarsi ligaments,
along with the inferior extensor retinaculum (IER) and
(2) the deep central compartment, including canalis tarsi
ligaments, with the ITCL and the deep band of the IER.'!*

The IER is continuous with the lower leg lateral fascia and
is subdivided into 3 layers: (1) the superficial layer inserts
into the lateral border of the anterosuperior tubercle of the
calcaneus and extends laterally to reinforce the sheath of the
peroneal tendons; (2) the intermediate layer forms the pulley
for reflection of the extensor digitorum longus and peroneus
tertius tendons and inserts into the lateral aspect of the ante-
rior process of the calcaneus; and (3) the deep layer is a part of
the central compartment and forms a sling at the neck of the
talus, penetrating the canalis tarsi and blending with the
ITCL.? The IER contributes to the stabilization of the central
and lateral compartments; the superficial and intermediate
layers of the IER, together with the CL, form the most super-
ficial part of the anterolateral ligamentous support, while
the deep layer of the IER connects the structures of the lat-
eral and central compartments.!'* The CL serves as the
strongest connection between the talus and calcaneus and
inserts in the dorsal surface of the anterior calcaneal tuber-
cle, where it blends with the fibers of the intermediate layer
of the IER. The long axis of the CL fibers is oriented at 45° to
50° to the calcaneus in the sagittal plane.*'*

The medial ligament complex is composed of the anterior
tibiosubtalar section of the deltoid ligament and, in combi-
nation with the superomedial aspect of the spring ligament,
contributes to keep the subtalar joint stable during sliding,
rolling, and torsion.® The spring ligament complex (also
known as the plantar calcaneonavicular ligament) is a
group of ligaments that originate on the anterior calcaneus
below and between the anterior and medial facets.” The
spring ligament plays a key role in supporting and stabiliz-
ing the talar head along with the articulating surfaces of
the calcaneus and the navicular and assists in stabilizing
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Figure 2. Ligamentous anatomy of the subtalar joint. CFL, calcaneofibular ligament; CL, cervical ligament; ITCL, interosseous

talocalcaneal ligament.

the anterior subtalar joint.3*7! The superficial layer of the
medial deltoid ligament attaches to the spring ligament via
its tibionavicular and anterior tibiotalar portions that
together provide anteromedial stabilization to the peritalar
joint, known as the “coxa pedis.”**2

BIOMECHANICS OF THE SUBTALAR JOINT
Biomechanics

The position of maximal ankle stability, that is, the close-
packed position of the subtalar joint, occurs in the squatting
position, which places the talocrural joint in maximum dor-
siflexion and the subtalar joint in eversion with calcaneal
valgus.’® During dorsiflexion-plantarflexion and
inversion-eversion movements, the subtalar joint acts as a
uniaxial joint in which the calcaneus rotates under the
talus from dorsolateral to medioplantar. In the calcaneal
rotation axis, which runs obliquely from anterodorsomedial
to posteroplantolateral and penetrates the talar neck, the
rotation angle tends to be higher in inversion-eversion (20°
+ 2°) than in dorsiflexion-plantarflexion (16° + 3°). The cal-
caneal motion occurs predominantly around maximum
dorsiflexion and plantarflexion during dorsiflexion-plan-
tarflexion, but it displays an uninterrupted motion during
inversion-eversion movements.?* The subtalar joint
inclines 42° + 9° in the sagittal plane and deviates 23° +
11° medially in the horizontal plane relative to the axis of
the foot, allowing for accommodation to uneven surfaces.>®
The subtalar joint range of motion (ROM) can vary accord-
ing to the measurement technique!! and should be care-
fully interpreted when measured clinically.®

The articular surfaces are not the main source of limita-
tion of talar tilt.?’ Primary stabilization of the subtalar
joint is variably attributed to the ITCL, the CFL, and the
C1,.16:30,138,148,175,190 mhe anterior talofibular ligament
(ATFL) and the CFL act synergistically to prevent talar tilt
within the ankle mortise.?’ The ATFL elongates more dur-
ing plantarflexion and supination, whereas the CFL

increases in length with dorsiflexion and pronation.3® Dur-
ing supination, the CL provides initial stabilization, but
when supination is followed by plantarflexion to produce
inversion, the ATFL acts to provide secondary stabiliza-
tion.'® The ATFL primarily restricts internal rotation of the
talus in the mortise and adduction in plantarflexion.'?®
Forced inversion with the ankle in dorsiflexion or neutral
sagittal position can lead to damage to the CFL, the CL, and
the ITCL, resulting in subtalar joint injury.'®

The Role of the CFL and ITCL in Subtalar Instability

The CFL provides exclusive stabilization of the subtalar joint
when the ankle is in neutral dorsiflexion-plantarflexion and
almost exclusively restricts adduction when the ankle is in
neutral position and in dorsiflexion'®?; during plantarflex-
ion, it is assisted by the ATFL.'2° The CFL tightens in
supination-dorsiflexion and becomes lax in plantarflexion-
eversion.® It is the second weakest ligament of the ankle,
with a load to failure 2 to 3.5 times higher than that of the
ATFL.* After the ATFL, the CFL is the most frequently
injured ligament of the lateral ankle complex.?”*¢57 Dis-
ruption of the CFL leads to a significantly increased laxity
in all 3 planes of motion, resulting in mechanical laxity of
the joint.!0%118:190 Cadaveric studies have shown that
ankle sprains that include CFL injury result in decreased
rotation stiffness and peak torque, alteration of contact
mechanics, increased inversion of the talus and calcaneus,
and increased medial translation coupled with anterior or
posterior displacement of the calcaneus.®7146:2%0 Repair-
ing both the ATFL and the CFL simultaneously is the cor-
nerstone of hindfoot and midfoot kinematics after combined
injury.’® When repairing the CFL and the ATFL simulta-
neously in a cadaveric model and applying an inversion
torque from 0° to 20° of inversion, D’Hooghe et al*! reported
that the CFL failed first (before the ATFL) and at signifi-
cantly lower torque (the ATFL failed at 40% more torque)
and lower rotation angle (the ATFL failed at more 62%
rotation), which indicated vulnerability of the repaired
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CFL. These findings suggest that we should allow sufficient
time for ligament healing before loading the ankle in the
rehabilitation course. Combined injuries of the CFL, the
ITCL, and the CL potentially cause chronic subtalar insta-
bility. Interestingly, Kamada et al®® reported a case of clin-
ically diagnosed chronic subtalar instability that revealed
during arthroscopy an elongated and fibrotic CFL at its
calcaneal insertion while the ATFL, the ITCL, and the CL
appeared normal. In a cadaveric model, Pellegrini et al'3®
noted that significant increases in subtalar motion
occurred after transection of only the CFL, resulting in
increased inversion and external rotation, particularly
with dorsiflexion.

Failure of the ITCL can cause subtalar instability
because of an unconstrained subtalar axis.!63%148:174 The
combined failure of the ITCL and the ATFL can cause
abnormal anterolateral rotatory laxity of the ankle-
subtalar joint complex while weightbearing, especially dur-
ing walking and running.'”® Several biomechanical and
cadaveric studies!®3%:92148174175 1) 4v6 investigated the
ITCL role in the ankle-subtalar complex; however, its role
remains controversial. Associated injury to the LTCL and/
or the IER adds rotational inversion-eversion instability.!%°
While several authors have considered the CFL as the main
restrictor for subtalar instability,*%1%° other authors have
placed equal or greater importance on the ITCL and CL
intrinsic ligaments, ®16:30:148,175

The Role of the Spring Ligament in Subtalar
Instability

Deltoid and spring ligament insufficiency are classified
according to their location using the Hintermann classifi-
cation: type 1 is a proximal tear or avulsion of the deltoid
ligament, type 2 is an intermediate tear of the deltoid liga-
ment, and type 3 is a distal tear/avulsion of the deltoid and
spring ligaments.%® Injuries of the spring ligament are
mainly determined by the mechanism and intensity of
injury and have a significant clinical relevance, as they
cause complex ankle laxity. In peritalar subluxation—char-
acterized by hindfoot valgus, midfoot abduction, and fore-
foot supination—the spring ligament and other medial soft
tissues are weakened, resulting in loss of the medial longi-
tudinal arch. Peritalar subluxation results in an anatomic
deformity, placing the forefoot in supination and the mid-
foot in abduction, with plantarflexion of the talus within
the mortise and posterolateral subluxation of the subtalar
joint. Rupture or attrition of the spring ligament is now
recognized as a contributing factor to hindfoot valgus defor-
mity.*®® Fusion of the anterior and middle calcaneal artic-
ular facets occurs in 67% of patients, and this pattern can
cause laxity of the spring ligament via increased mobility
and uneven weight distribution of the talar head.!

How Does Chronic Functional Lateral Ankle
Instability Differ From Subtalar Instability?

Whereas MAI is determined purely via physical examina-
tion and stress radiography, a diagnosis of FAI involves
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subjective symptoms and clinical signs. FAI develops from
postural deficiency,216%12% proprioceptive impair-
ment,2%*%1%7 pneuromuscular control deficits, 33136191 and
muscle weakness,*>31:194 g5 opposed to MAI that originates
from ligamentous laxity.5%7%"! Patients with chronic ankle
instability (CAI) may display mechanical laxity, functional
instability, or recurrent sprains, which can occur indepen-
dently or in combination.®®

Patients with CAI may express signs of apprehension
and avoidance of weightbearing, describe a history of recur-
rent ankle sprains, and often require the use of braces and
other precautions.®®18¢ On physical examination, subtalar
instability can display similar presentation to CAILZ? Intri-
cate anatomy and biomechanics of the ankle joint complex
make it difficult to diagnose the subtalar component of CAI,
as ankle function cannot be dissociated from the subtalar
function. Patients with CAI show reduced supination joint
position sense, highlighting the importance of considering
the anatomic subtalar joint axis when assessing pronation
and supination proprioception.®® Hindfoot varus, plantar-
flexed first ray, or a cavus foot type are common findings in
patients with both CAI and subtalar joint instabil-
ity,17103:155 [yt patients with isolated subtalar instability
present an increased foot inward rotation as compared with
patients with CAIL? A report of gait analysis has indicated
that patients with CAI show more tibiotalar and subtalar
kinematic variation during balanced heel testing, as com-
pared with healthy controls.*®

Identifying MAI in functionally unstable ankles is impor-
tant to understand the origin of instability. Instrumented
arthrometer-based assessment has shown that functionally
unstable ankles display greater anteroposterior displace-
ment after loading compared with uninjured ankles.” Still,
functionally unstable ankles without MAI can also show
abnormal arthrokinematics compared with the contralat-
eral healthy ankle.’* More specifically, ankles with FAI
show significantly greater subtalar internal rotation dur-
ing ankle dorsiflexion as well as during dorsiflexion concur-
rently with ankle internal rotation.

DIAGNOSIS OF SUBTALAR INSTABILITY

Currently, there is no consensus regarding which is the
best method for evaluating subtalar instability or laxity.12®
It is difficult to correctly establish the diagnosis, and it is
often overlooked in traditional lateral ankle instability.®
However, clinical examination is the most common method
used, and stress radiographs and magnetic resonance
imaging (MRI) can also play an important role.'?® There
are several available diagnostic procedures that should be
combined to assess subtalar instability (Table 1).

There are a few researchers who have suggested a set of 5
clinical criteria to diagnose subtalar instability.”®91199
Patients with subtalar instability present at least 4 of the
5 following criteria: (1) recurrent ankle sprain, (2) sinus
tarsi pain and tenderness, (3) hindfoot looseness or giving
way, (4) hindfoot instability on physical examination, and
(5) radiographic subtalar instability on ankle and Broden
varus stress views (ipsilateral subtalar tilt >10° or
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TABLE 1
Available Diagnostic Methods for Subtalar Instability®

Diagnostic Method Purpose

Mechanism of injury, symptoms
Signs of ligament injury, lower leg
alignment, manual stress testing

Clinical history
Physical examination

Imaging
Stress radiography Objective assessment of subtalar laxity
Using MRI Assess structural integrity of subtalar

ligaments and peripheral structures
Subtalar arthrography Assess structural integrity of subtalar
ligaments and peripheral structures
CT Hindfoot alignment and damage of
peripheral bony structures; useful if
combined with stress measurements
Assess structural integrity of subtalar
ligaments with dynamic testing
Diagnostic arthroscopy In cases that show equivocal findings;
helpful to visualize ligaments that
are difficult to assess in MRI/US (eg,
ITCL)

Using US

“CT, computed tomography; ITCL, interosseous talocalcaneal
ligament; MRI, magnetic resonance imaging; US, ultrasound.

contralateral subtalar tilt difference >5°). These diagnostic
guidelines can help clinicians when establishing the diag-
nosis in patients in whom subtalar instability is suspected,
but they still require further research to validate their
accuracy in identifying patients with isolated and combined
subtalar instability and laxity.

Clinical Evaluation

A thorough clinical history is the cornerstone of correct
diagnosis. On initial evaluation of an acute injury, the clin-
ical information in terms of the injury mechanism can help
the clinician to understand how the injury occurred and
which structures may be injured. Symptoms of ankle and
subtalar instability are similar, and distinguishing
between these pathological entities is challenging.?8486
Most patients give a history of an acute inversion injury
and may describe hearing a “pop” upon injury.®* Patients
with chronic injuries may describe other symptoms, such as
a feeling of “giving way,” recurrent swelling, subtalar joint
stiffness, and diffuse pain in the hindfoot, with significant
aggravation during sports activities or walking on uneven
ground. Questioning when and how the instability symp-
toms initiated can help to differentiate clinical instability
from patient apprehension.

Initial physical examination should include assessment
of the lower leg alignment in all planes. The foot should be
assessed for cavus or planus deformities and, when present,
whether they are flexible or fixed. Examination should also
include the Silfverskiold test to rule out gastrocnemius
tightness.'®® A positive Molloy impingement test is indica-
tive of posttraumatic synovial impingement.'®! Maximal
tenderness is usually elicited over the ATFL. Pain inhibi-
tion in the acute stage can produce false-negative results,
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making initial clinical evaluation challenging. Repeating
the examination several days later can help to clarify the
initial findings and distinguish between minor and more
severe injuries involving ligamentous damage. Tenderness
is not effective for diagnosing ligamentous injury, although
in combination with ecchymosis or hematoma it reaches
90% sensitivity.®

Manual stress testing is an essential component of
the clinical evaluation, but it is inherently difficult to quan-
tify and is limited to the practitioner’s sensibility and
experience.’® Pain may preclude the ability to perform pro-
vocative tests in patients with acute symptoms or lead to
false-negative results.'2%18 Delayed physical diagnostic
examination (4 to 5 days postinjury) provides higher diag-
nostic accuracy, with high sensitivity and specificity (96%
and 84%, respectively).'¥2 When the level of pain allows,
the clinician should stress the hindfoot and will usually find
an increased amount of inversion.®® With delayed assess-
ment, the ecchymosis or the hematoma disappears, but the
lateral sinus tarsi tenderness remains.®

There are a few manual tests for assessing the subtalar
joint, but none can be used to reliably diagnose subtalar
instability or truly differentiate between subtalar and lat-
eral ankle instability.'2® In 1997, Thermann et al'”® intro-
duced the rotation stress test assisted by radiography,
where the clinician applied inversion and internal rotation
stress, followed by an adduction stress to the forefoot, while
holding the heel and the forefoot rigid, with the foot in 10°
of dorsiflexion. They noticed that in cases of subtalar insta-
bility, there was an increased medial shift of the calcaneus
(>5 mm) or a larger opening of the subtalar angle (>5°).
The anterolateral drawer test is used to assess subtalar
joint laxity (Figure 3). In case of subtalar laxity, the test
stress will cause increased anteromedial shift and varus tilt
of the hindfoot.'° In a cadaveric study with selective liga-
ment sectioning, this test showed high sensitivity (100%)
and reasonable specificity (67%).184 The talar tilt stress test
(Figure 4A) will usually be positive in the presence of com-
plete disruption of the CFL; however, a negative result does
not rule out instability.!®® The medial subtalar glide test
(Figure 4B) can also identify a subgroup of patients who
display subtalar instability in addition to CAL®?

Imaging Evaluation

Several imaging options are available to diagnose subtalar
instability, including stress radiography, MRI, computed
tomography (CT), arthrography, and ultrasound (US)
imaging. However, none of these imaging modalities can
reliably distinguish between lateral ankle instability and
subtalar instability.?®

Stress radiography has been used for decades to assess
ankle laxity. Stress radiography can be performed using
manual stress (Figure 5) or arthrometers, which can show
an increased anterior calcaneus translation and higher sub-
talar talar tilt.85198202 However, the subtalar tilt varies sub-
stantially among patients with CAI, and the same subtalar
tilt seen on stress radiographies does not always reproduce
into the same results when using helical CT, which puts into
question the reliability and validity of stress radiographs to
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Figure 3. The anterolateral drawer test to assess subtalar joint laxity. The tibia is stabilized and the hindfoot is held with maximum
ankle dorsiflexion to lock the joint in the ankle mortise and avoid tibiotalar movement. Then, (A) anterior stress is applied at the
posterior calcaneus, (B) combined with inversion, internal rotation, and adduction of the forefoot, as shown by arrows.

Figure 4. The talar tilt test to assess subtalar joint laxity. The tibia and fibula are stabilized proximally and (A) a varus stress (arrow)
is applied while holding the calcaneus for the talar tilt stress test or (B) it is applied a medially directed stress (arrow) while holding

the calcaneus for the medial subtalar glide test.

accurately measure subtalar tilt.'3® Combining CT with the
Broden view at 45° allows visualization of the posterior sub-
talar facets and provides better discernment between talo-
calcaneal and talotibial instability.®* A separation of the
posterior facet of the calcaneus and talus >7 mm is indica-
tive of subtalar instability.®® Some caution is advised
because the Broden view may give a false impression of tilt,
as only the posterior aspect of the subtalar joint is visualized,
implying that only the “subluxated” part of the joint is being
considered.'®? Measuring the medial calcaneal displace-
ment and subtalar tilt after varus stress can detect ITCL
injury (100% detection rate).2°2 Kato®® reported that
>4 mm of anterior talocalcaneal displacement was indica-
tive of subtalar instability when applying anterior stress
during lateral and anteroposterior radiography of the
hindfoot. Nonetheless, the correlation with pathological
subtalar instability is still uncertain.'?® Lee et al®® reported

the results of a manual stress radiographic assessment of
the anterior-supination drawer test—a variation of the
anterolateral manual test (with high intra- and intertester
reliability)—and showed an increased talar rotation when
there was a combined ATFL and CFL injury and even higher
talar rotation if an additional CL injury was also associated.
The test showed a fair predictive value for an ATFL and CFL
combined injury (area under the curve, 0.78). Still, it must be
acknowledged that this test is limited to the experience and
sensibility of the examiner. Rather than using 45° Broden
stress radiographs, clinicians may consider the measure-
ment of talar rotation using the anterior-supination drawer
test and radiography.?®12?

In the setting of a patient with subtalar instability,
MRI can be used to assess the ligamentous structural integ-
rity and identify any associated injury that may be associ-
ated with subtalar instability.!?® MRI offers a precise
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Figure 5. Manual stress radiography under varus stress to assess talar tilt: (A) no stress and (B) with varus stress.

visualization of the primary subtalar ligaments.!?® The
ATFL was visualized in all patients; the CFL in the coronal
plane, in 80% of patients; the CL, in 88%; and the talocalca-
neal ligament in the sagittal plane, in 56% of the
patients. The ITCL (Figure 6A) and the extensor retinacu-
lum are visible on coronal oblique views. The CL is well
visualized in all planes, with the coronal plane being the best
plane to assess the ligamentous integrity. The anterior cap-
sular ligament is a thickening of the anterior capsule of the
posterior subtalar joint and is situated lateral and posterior
to the ITCL.'°® Patients with subtalar instability display
thinner and a narrower anterior capsular ligament com-
pared with those with lateral ankle instability’®® and
healthy controls.®* A thickness of <2.1 mm has a 66.7% sen-
sitivity and specificity for subtalar instability, and a width of
<7.9 mm has a sensitivity of 80% and a specificity of 76.2%.%"

Absence or complete tear of the anterior capsular liga-
ment (Figure 6B) occurs in up to 60% of patients with sub-
talar instability, as opposed to 13% of those with lateral
ankle instability.'®® The anterior capsular ligament appears
to be associated with subtalar laxity,®>'%° and its role in
subtalar laxity requires further research. The ATFL thick-
ness and complete ATFL tear are significantly more
expressed in patients with lateral ankle instability, but Yoon
et al'®® noted no significant differences for complete CFL
tear, ITCL thickness and width, or CFL thickness. Proper-
ties of the ITCL, the CL, or the IER are similar between
patients with subtalar instability and lateral ankle instabil-
ity and healthy controls."*!%® MRI seems to better detect CL

(73% sensibility and 89% specificity) versus ITCL tears (44%
sensibility and 60% specificity).%® Isolated CL or combined
CL and ITCL are found in 7% and 26% of patients with
subtalar instability, respectively.!®* Research on ankle and
subtalar ligament tears and structural consistency has
shown heterogeneous results; no single ligament has been
identified as the only cause of subtalar instability, but rather
a combined involvement of these ligaments appears to be
leading to subtalar instability.'*

Using MRI to find CL and ITCL injuries is useful because
CL and ITCL tears are associated with worst clinical out-
comes (giving way and residual pain) at follow-up.'"® To
better assess the structural abnormalities and functional
competence of ligaments on MRI scans, forced inversion
should be applied to increase the sensitivity and accuracy.
Seebauer et al'®! used stress MRI to measure bony dis-
placement and found increased subtalar tilt and anterior
and medial talocalcaneal displacement in patients with
subjective instability.

Subtalar arthrography has been used to evaluate the dam-
age of the peripheral structures and can evidence disruption
of ankle and subtalar capsule ligamentous structures.'?*
Subtalar arthrography is also useful in assessing patients
with CLF insufficiency. It provides variable sensitivity and
specificity values in identifying CLF rupture. 6”158 The most
commonly reported findings associated with CLF injury
include leakage to the ankle, peroneal tendon sheaths, and
the subcutaneous tissue; absence of the microrecess; and
presence of the lateral recess.'®”
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Figure 6. (A) T1-weighted MRI scan with a coronal view showing rupture of interosseous talocalcaneal ligament (arrow). (B) T2-
weighted fat-suppressed MRI scan with a sagittal view showing absence of the anterior capsular ligament (arrow). MRI, magnetic

resonance imaging.

CT may be useful for assessing the hindfoot alignment
or joint laxity during stress testing. However, the value of
CT imaging is limited, as it does not allow direct visuali-
zation of the capsular ligamentous structures. Coronal
tomosynthesis stress imaging provides clearer visualiza-
tion of the subtalar joint compared with other cross-
sectional imaging, such as CT or MRI, with lower dose of
exposure to radiation and shorter examination time than
those of CT.1"2 Quantitative dynamic CT provides a
detailed analysis of subtalar motion and can assist in the
evaluation of subtalar instability.>?

Subtalar joint instability may also be assessed using
US imaging with high correlation to the Zwipp stress
radiography method.®® A fibulotrochlear angle ratio
>1.6 between neutral and inversion stress on US is indic-
ative of subtalar laxity.'®® The use of US is, however,
limited to the clinician’s experience and sensibility. US
is probably underutilized as a diagnostic tool because of
the required expertise.!??

Diagnostic Arthroscopy

Ankle and hindfoot arthroscopy can have a role in the
diagnosis of subtalar instability in patients in whom clin-
ical history, physical examination, and imaging proce-
dures are equivocal.*®19% It allows visualization of
ligaments that are difficult to assess during the physical
examination and imaging procedures (eg, the ITCL) and
evaluates functional competence while applying stress
under direct visualization.'®

Subtalar Instability and Sinus Tarsi Syndrome

The underlying cause and definition of sinus tarsi syn-
drome is still under debate. Many patients with chronic
subtalar instability may also present with sinus tarsi syn-
drome®%1*3 that can be caused by scarring of the ITCL.*8
Some studies have reported an association between sinus
tarsi syndrome and CL and ITCL injuries.*®%%1%* Sam-
marco’®* found that 10 in 14 patients with sinus tarsi syn-
drome had tears of the ITCL. Although only 1 patient
demonstrated instability on preoperative stress radio-
graphs, 7 patients evidenced subtalar instability during
intraoperative measures (medial glide of the calcaneus out
from under the talus). Lee et al'% found 33% partial tears
of the CL and 88% partial tears of ITCL in patients with
sinus tarsi syndrome. In patients presenting with chronic
subtalar instability and sinus tarsi syndrome, an anes-
thetic injection into the sinus tarsi can alleviate symptoms
and allow better identification of the location of pain.'*3
Subtalar arthroscopy can be used to assess subtalar joint
instability, especially in patients in whom the diagnosis of a
sinus tarsi syndrome is inconclusive.*81%°

TREATMENT

The choice between nonsurgical and surgical treatment is
still controversial because of the limited literature, hetero-
geneity in terms of the combination of ligamentous
injuries, and the lack of studies focusing on the nonsurgical
treatment of subtalar instability. A systematic review
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comparing functional treatment, plaster cast immobiliza-
tion, and surgical treatment of acute ankle sprains showed
that while the surgical treatment was associated with
higher complication rates, longer time away from work,
higher costs, and no significant clinical outcome advan-
tages over the nonsurgical management, it resulted in
improved laxity restoration, fewer recurrences, and less
residual pain.®®

Nonsurgical Treatment

Nonsurgical treatment of subtalar instability is similar to
that of ankle instability and should be tailored to the
patient’s individual deficits. The algorithm for nonsurgical
treatment is based on the assessment of 4 potential deficits
(ROM, strength, balance, and functional activities).*> Non-
surgical management is mostly based on the early func-
tional rehabilitation focusing on controlling clinical
symptoms and restoration of the neuromuscular deficits
(eg, ankle inversion-eversion weakness, proprioceptive def-
icits, and peroneal muscle latency).®®1°* Patients present-
ing with MAI are less likely to benefit from nonsurgical
approaches than are those with FAI. The nonsurgical treat-
ment of subtalar instability is similar to that of injuries of
the lateral ankle ligaments, and it is based on bracing to
limit supination, foot insoles, and a tailored exercise pro-
gram focusing on proprioceptive training and strengthen-
ing of all ankle/hindfoot muscles, especially of the peroneal
muscles, for 6 weeks in acute cases and 12 to 16 weeks in
chronic cases.'®°

Ankle bracing has been shown to be helpful in the treat-
ment of ankle instability and reduction of the odds for
recurrent episodes,*>® but we advise some caution when
recommending bracing alone, as it can lead to decreased
normalized electromyographic muscle activity (ie, motor
recruitment).?” Lace-up ankle orthosis has shown better
results than have semirigid ankle support, elastic bandage,
and tape.®® When administered together with functional
rehabilitation, taping and bracing provide mechanical sup-
port for ligament injury>! while improving proprioceptive
feedback to the joint”® and, most importantly, help prevent
recurrent sprains.*® Although ankle taping or bracing
appears to not improve joint position sense and sense of
movement in functionally unstable ankles,**” the positive
outcomes on improving ankle stability should encourage its
use. Athletes with FAI have shown decreased radiographic
talar tilt after ankle bracing.'®! The use of semirigid brac-
ing is known to have a stabilizing effect of foot inversion in
the subtalar joint.?®°% A semirigid ankle brace has been
shown to limit subtalar inversion by 5° after sectioning of
the CFL in a cadaveric simulated subtalar joint instability
model.?® Bracing has also been shown to limit subtalar
rotation by 30% in an intact ankle; by 36% when the CFL
was cut; and by 34% when the CFL, the CL, and the ITCL
were cut.?® A similar reduction in subtalar inversion has
also been observed with bracing in subtalar unstable ankles
(CFL, CL, and ITCL).®2 A 1-week immobilization followed
by a functional brace has shown excellent results; after 5-
year follow-up, 88% of the patients with isolated ATFL
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injury were symptom-free, but only 30% of patients with
combined ATFL and CFL injuries were asymptomatic. 5

Combining a lateral subtalar sling with traditional ankle
taping helps to resist subtalar inversion and supination
after 2 to 3 hours of physical activity'®? as well as the post-
exercise posteroanterior translation and inversion-eversion
tilt.'°® However, the semirigid brace or taping has limited
effects in ankles with CAI during weightbearing ankle and
subtalar internal rotation in plantarflexion.®® Moreover,
although bracing is able to limit inversion of the subtalar
joint, it did not restrict motion after application of internal
or external rotational torques in a cadaveric model.®? This
means that in more severe ankle sprains involving the
CFL, the CL, and the ITCL injuries, the application of an
ankle brace might be less effective in limiting internal-
external rotational instability than in cases of inversion
instability of the subtalar joint.52

Insoles supporting the mediolongitudinal and transverse
arches reduced abnormal maximum ankle internal rotation
from 3.3° to 2.3° in cadaveric simulation with ATFL and
ITCL sectioning.'™ This effect is likely because of improved
arch configuration stability.'™ When instability symptoms
during walking or running do not decrease using ankle
bracing, medial longitudinal arch support strategies may
be considered.

A functional tailored rehabilitation program should aim
to improve muscle strength and coordination and address
the potential proprioceptive deficits, regardless of the use of
ankle taping or bracing. Exercise therapy has been shown
to improve self-reported function and prevent recurrent
episodes. Functional rehabilitation strategies seem to be
more effective than is immobilization in managing ankle
injuries.'>%® Strategies that increase the ankle ROM, flex-
ibility, and strength of the peripheral musculature are also
effective.*°° Improving the muscle strength and coordina-
tion of peroneal muscles provides protection against ankle
inversion.® Ankle mobilization techniques should be used to
improve dorsiflexion and joint function.?33%187 Neuromus-
cular and balance training helps reeducate the nerve net-
work or improve proprioception, and it is effective in
improving ankle function and reducing recurrence
episodes.40’121’185

Surgical Treatment

There is considerable controversy about the optimal surgi-
cal management of subtalar laxity. Surgery should only be
considered after failure of nonsurgical treatment properly
administered for at least 3 to 6 months.!?®

Many techniques have been described for subtalar insta-
bility, including anatomic repair and reconstruction tech-
niques, which may be augmented using tenodesis
procedures. However, none of these techniques appear to
restore the native contact mechanics of the ankle joint or
motion patterns of the hindfoot.'*® Choosing the most suit-
able treatment can be influenced by many factors, and mak-
ing an informed decision is challenging because there are
only a few high-quality controlled trials. Treatment may
vary depending on the treatment of isolated subtalar laxity
or when it is combined with CAI. In cases of combined
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Figure 7. (A) The nonanatomic Evans tenodesis procedure. The peroneus brevis muscle is separated, and its proximal end is
sutured to the peroneus longus muscle. The peroneus brevis tendon is detached at the musculotendinous junction, but its distal
insertion is preserved. A tunnel is created connecting the posterosuperior side of the fibula to the lateral malleolar tip, and the
peroneus brevis tendon is routed through the tunnels from anterior to posterior and sutured on itself at the muscle belly. (B) The
nonanatomic Chrisman-Snook procedure. Half of the peroneus brevis tendon is harvested proximally, but its distal attachment is
preserved. A diagonal tunnel is made at the lateral malleolus, and another is made on the calcaneofibular ligament insertion at the
calcaneus. The peroneus brevis graft is passed anteroposteriorly through the lateral malleolar tunnel, routed below the peroneal
tendons, and then passed posteroanteriorly through the calcaneal tunnel. The graft is tensioned with the ankle in neutral flexion and
rotation and sutured on itself. (C) The nonanatomic modified EImslie procedure. Half of the peroneus brevis tendon is harvested
proximally, but its distal attachment is preserved. A horizontal tunnel is made at the lateral malleolus, and another is made on the
calcaneofibular ligament insertion at the calcaneus. The peroneus brevis graft is passed anteroposteriorly through the lateral
malleolar tunnel, routed below the peroneal tendons, passed posteroanteriorly through the calcaneal tunnel, and then sutured

on itself.

instability, the reconstruction of the CFL is crucial to
restore subtalar laxity.'?%177 Anatomic reconstruction
techniques; ligament repair using augmentation for rein-
forcement, either autologous (distal extensor retinaculum)
or synthetic (suture tape or internal brace); or the older
nonanatomic reconstruction techniques have all been well
described. ¥ The anatomic reconstruction or repair aims to
restore the ankle anatomy of main subtalar stabilizers
(ITCL, CFL, and CL) and recover normal arthrokinematics,
and it is usually considered superior to nonanatomic recon-
structions.®!3%177 In cases of isolated subtalar laxity, ana-
tomic reconstruction techniques are recommended.

Nonanatomic Reconstruction. Nonanatomic reconstruc-
tion techniques use various configurations of grafts using
the peripheral tendon to provide stability when it is not
possible to repair the ligament remnants. Early reports of
nonanatomic reconstruction include mostly tenodesis tech-
niques, such as the Elmslie, Watson-Jones, Evans teno-
desis, Chrisman-Snook, and Larsen techniques.®® Smith
et al'®® later described a modification of the Chrisman-
Snook technique with a more anatomic reconstruction of
the CFL. Several grafts choices and lengths can be used,
and there are many pearls and pitfalls of which the sur-
geons must be aware during the tunnel placement to avoid
injury.'??

Thermann et a suggested the Evans tenodesis
(Figure 7A) or the Chrisman-Snook (Figure 7B) procedure
for isolated or combined subtalar laxity. For a single

1173

TIReferences 18, 27, 32, 77, 83, 86, 113, 137, 140, 178, 179, 184, 189,
197.

ligamentous lesion with adequate ligamentous tissue avail-
able, they recommended direct reconstruction of the liga-
ment or, if no tissue is available, a periosteal flap repair to
replace the ATFL or the CFL. For a double ligament lesion,
they recommended a combination of direct and indirect
reconstruction techniques or, in the absence of the ATFL
and the CFL, a modified Evans tenodesis. For isolated sub-
talar instability, they recommended that the Chrisman-
Snook procedure should be preferred. The Larsen
procedure can be improved by using anchors, which make
it technically easier to secure the end of the tendon to the
calcaneal bone tunnel.

The modified Elmslie procedure (Figure 7C) preserves
half of the peroneus brevis tendon and provides adequate
graft for reconstruction while preserving muscle function.
The peroneus longus is superficial to the peroneus brevis, is
easier to dissect, and is also longer and thicker. Using a
split peroneus longus tendon to reconstruct the ATFL and
the CFL allows the foot to be in neutral in the sagittal
plane, avoiding loss of inversion and inversion strength
that is common with other techniques.!®® Alternatively,
by using the plantaris tendon instead of the peroneus bre-
vis tendon, the procedure preserves proprioceptive stability
function of the peroneus brevis muscle.'®® Although nonan-
atomic reconstruction techniques reduce subtalar motion,
they do not restore proper ankle biomechanics and are asso-
ciated with higher risk of subtalar stiffness and secondary
osteoarthritis.®®

Anatomic Reconstruction. Anatomic reconstruction pro-
cedures use tendon grafts and replicate the ATFL and CFL
anatomic positions, aiming to recreate normal ankle
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Figure 8. (A) Anatomic isolated reconstruction of the CL described by Schon et al.'®® Half of the peroneus brevis tendon is
harvested proximally, but its distal attachment is preserved. The graft is routed through the calcaneus vertical tunnel and passed
through the talar neck tunnel, and then it is brought back and sutured on itself. (B) Triligamentous reconstruction using a plantaris
tendon graft described by Schon et al. The graft is routed through a calcaneus (exiting at the posterior calcaneal tuberosity) and
fibular tunnels, recreating the CFL and the ATFL, respectively. Then, it is passed through a tunnel at the talar neck (exiting at the
floor of talar canal) and to a tunnel at the anterior and lateral calcaneus, replicating the CL. The graft is brought back by the same
tunnels and secured to itself. (C) Triligamentous reconstruction, described by Schon et al, using half or the entire peroneus brevis
tendon when the plantaris tendon is not available. The peroneus brevis tendon is harvested, but its distal insertion is preserved. The
graft is routed through a tunnel at the anterior and lateral calcaneus (exiting at the floor of the talar canal) and then to a tunnel at the
talar neck, replicating the CL. The graft is passed posteroinferiorly through a fibular tunnel, routed beneath the peroneal longus
tendon then through a calcaneal tunnel (at the posterior calcaneal tuberosity), and attached to itself and the surrounding soft tissue.
(D) ITCL anatomic reconstruction using a strip of the Achilles tendon described by Kato.®® The graft is passed though oblique
tunnels at the calcaneus and the talar neck. The graft ends are fixed using staples. (E) ITCL anatomic reconstruction using half of
the peroneus brevis tendon described by Pisani'*' and Pisani et al.'*® Half of the peroneus brevis is passed through the calcaneus
and talar neck tunnels and then brought back through another calcaneal tunnel. The 2 tunnels aim to replicate the double-stranded
ITCL. The graft end is looped and sutured on itself. ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; CL, cervical
ligament; ITCL, interosseous talocalcaneal ligament.

biomechanics. Techniques diverge related to graft position-
ing, number and angle of tunnels in the fibula, and the
fixation techniques.18-3%77:113,137.189 My ltiple auto- and
allografts have been suggested, including semitendi-
nosus,””"® gracilis, 3264170 Achilles,® and plantaris ten-
don. 113134135 The yge of most of these grafts is appealing
because the graft is easily harvested with no or low donor-
site morbidity and does not compromise peroneal function.

Schon et al'° described the isolated reconstruction of the
CL early in 1991 using one-half of the peroneus brevis graft
through tunnels in the calcaneus and the talar neck, which
is indicated for patients with mild isolated subtalar insta-
bility (Figure 8A). Schon et al'® also described the triliga-
mentous reconstruction using a plantaris tendon

(Figure 8B) or using half or the entire peroneus brevis ten-
don (Figure 8C), which consists of the anatomic reconstruc-
tion of the CFL, the ATFL, and the CL. The graft is weaved
through tunnels at the calcaneus, the fibula, the talar neck,
and floor of the tarsal canal. Variations of this technique
have been suggested using different grafts, including one-
half of the peroneus brevis'®? and medial one-third of the
Achilles tendon.'®® Kato,®® Pisani,'*! and Pisani et al'*?
described anatomic reconstruction of the ITCL using a strip
of the Achilles tendon (Figure 8D) or the peroneus brevis
tendon (Figure 8E).

More recent variations of ATFL and CFL reconstruction
are performed arthroscopically for easily identifying the
correct insertion points and for better graft positioning
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Figure 9. Interosseous talocalcaneal ligament reconstruction
using a suture-button fixation device. The tunnel placement
can be safely achieved using a fluoroscopically guided per-
cutaneous technique described by So et al.'®* The graft is
then fixed using a suture-button fixation device.

using suture anchors, staples, or endobuttons for graft fix-
ation.'®® Correctly identifying bony landmarks of the ATFL
and the CFL is important during minimally invasive recon-
struction procedures.'!® As there is no difference in identi-
fying the CFL insertion at the calcaneus between the
percutaneous and the arthroscopic techniques, both
techniques are suitable as reconstruction procedures. %
So et al'®* proposed a standardized method for tunnel
placement to reconstruct the ITCL via a suture-button
fixation device (Figure 9) using a fluoroscopically guided
percutaneous technique. Excessive initial graft tension of
the CFL should be avoided, as it can overconstrain the graft
and lead to abnormal subtalar kinematics.'®!

Several approaches have been suggested to perform ana-
tomic reconstruction, with more recent techniques being
performed arthroscopically or via the assistance of endos-
copy. Lui''® described an anatomic arthroscopy-assisted
reconstruction using a free plantaris tendon autograft to
reconstruct the CFL as an extra-articular structure and the
ATFL as a capsular structure. Coughlin et al®? recon-
structed the ATFL and the CFL using a free gracilis tendon
transfer combined with a direct repair of the ATFL with
minimal exposure, while Michels et al'2%127 described an
endoscopic technique to reconstruct both the ATFL and the
CFL. Wang and Xu'® recommended a minimally invasive
reconstruction of the ATFL and the CFL using a semiten-
dinosus tendon autograft, and Takao et al'®® described a
minimally invasive all-inside out ATFL and CFL recon-
struction technique using an anatomic Y-shaped graft.
These techniques can be performed arthroscopically with
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Figure 10. Anatomic reconstruction of subtalar ligaments
using a semitendinosus allograft described by Jung et
al.”® The allograft is passed through 2 fibular tunnels: one
from the fibular distal tip to the posterior fibula (origin of the
CFL) to the midfibular axis and another from above the origin
of the ATFL, obliquely directed (45°) to the midfibular axis
(1 cm proximal to the previous tunnel). The graft is then fixed
using a 2-cm whip stitch at the posterior calcaneus and an
interference screw at the anterior calcaneus. This technique
aims to replicate the anterior and posterior subtalar ligaments
in which the anterior limb assumes the function of the ITCL
and the CL and the posterior limb anatomically reconstructs
the CFL. ATFL, anterior talofibular ligament; CFL, calcaneo-
fibular ligament; CL, cervical ligament; ITCL, interosseous
talocalcaneal ligament.

or without remnant preservation,**?® with similar stiffness

and load to ultimate failure.** The arthroscopic procedure
may be combined with lateral ankle endoscopy to provide a
better view of the internal anatomy of the ankle.5”"%® Sur-
geons may opt to use a percutaneous technique to identify
the lateral malleolus as the cutaneous reference for the
calcaneal tunnel placement of the CFL reconstruction, as
it seems more reliable than does the pure arthroscopic tech-
nique. Caution is advised, as the sural nerve is at risk of
injury during the procedure.!?

However, the described ATFL and CFL anatomic recon-
structive techniques neglect important subtalar ligaments,
such as the ITCL, the CL, and the LTCL. Jung et al™® sug-
gested a reconstruction of the anterior and posterior sub-
talar ligaments using a free semitendinosus allograft by
which the anterior limb assumed the function of the ITCL
and the CL and the posterior limb anatomically recon-
structed the CFL (Figure 10). Higashiyama et al®* sug-
gested an arthroscopic reconstruction of the ATFL, the
LTCL, and the CFL using a triangle-shaped tendon graft
from the gracilis tendon. This is a good salvage technique
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Figure 11. Anatomic repair using the Brostrém-Gould proce-
dure. The calcaneofibular ligament and the anterior talofibular
ligament rupture ends are directly repaired and reinforced
using the extensor retinaculum.

when there is an LTCL dissection during arthroscopic
reconstruction of the ATFL and the CFL.

Anatomic Repair

Anatomic repair techniques aim to restore the native anat-
omy and normal joint mechanics via in situ repair of the
injured ligaments, which includes repair by either shorten-
ing and fixing them to the bone surfaces or augmenting
them using local structures.*

The primary Brostrom-Gould procedure is the most
widely used anatomic repair technique for ankle and sub-
talar joint instability. Brostrom and Sundelin® originally
described a direct anatomic repair of the ATFL and the CFL
without the use of a peroneal tendon transfer. Later, Gould
et al®® modified this procedure, adding a portion of the IER
connected to the fibula to augment the superficial and
deep lateral ligaments. The Brostrom-Gould procedure
(Figure 11) was designed to limit inversion in the ankle and
subtalar joints in combined instability.

The Brostrom procedure can be augmented using the
IER,"+130178 4 peroneal split,’*° or a suture tape.2”17%-197
If there is poor consistency of the CFL remnants, a doubled
and distally pedicled periosteal flap'®® or the distal extensor
retinaculum® can be performed to augment the CFL recon-
struction. By augmenting the repair using the IER, the
extensor flap works as an actual neoligament, providing
reinforcement, collagen input, and peripheral stabilization
at the calcaneal insertion, thus reinforcing the CFL.}"® The
modified Brostrém-Gould procedure can reinforce the CL
using a rectangular flap of the superior section of the IER.*58
The modified Brostrém-Gould procedure with a semisingle

Current Concepts on Subtalar Instability 13

ATFL reconstruction using an IER advancement provides
similar stability to the reconstruction of the ATFL and the
CFL.'°! Some studies, nonetheless, have shown that there is
no biomechanical advantage in augmenting the Brostrom-
Gould procedure.!®”* The Brostrom-Gould procedure aug-
mented using an autogenous split (one-third to one-half) of
the peroneus longus free tendon graft is relatively simple
and offers improved laxity restoration, preservation of the
peroneus brevis tendon, preservation of a portion of the per-
oneus longus tendon, near anatomic reconstruction, and an
aesthetic result.!*® Performing the Brostrom repair in an
open or arthroscopic fashion does not affect load to failure
or stiffness,”® and thus both approaches may be used. A
modified Brostrom-Gould technique using an allograft
tenodesis decreases subtalar inversion and internal rotation,
but it is unable to improve subtalar instability during neu-
tral inversion.?® There are reports of good outcomes of ATFL
isolated repair after combined ATFL and CFL
injury®®101192. however, in cases of subtalar instability,
repair of both ligaments (if feasible) using an augmentation
strategy (IER or synthetic) is recommended.

Outcomes

Most studies related to the surgical outcomes of subtalar
instability are case series with a small number of partici-
pants, limiting the recommendations on the best treatment
approach. Table 2 displays the outcomes of available stud-
ies in the past 26 years (with N > 10) on the surgical treat-
ment of subtalar instability that have at least 12 months of
follow-up.

Subtalar Dislocations

Subtalar dislocation (Figure 12) is rare, but it is the most seri-
ous condition leading to subtalar laxity and functional insta-
bility. Medial dislocation is the most common (80%-85% of the
cases)®® and involves rupture of all the lateral subtalar liga-
ments (CFL, ITCL, and CL) because of an inversion force. The
foot is in plantarflexion and inversion, which are combined
with external rotation of the talus. The CL tears first, the ITCL
tears second (from anterior to posterior), and thereafter the
anterior and posterior talocalcaneal joints dislocate.”

Management starts with an immediate closed reduction.
This should be performed as soon as possible to prevent fur-
ther damage to the skin and neurovascular structures.!®?!
Open reduction is performed by flexing the knee to relax the
gastrocnemius muscle, with constant countertraction man-
euvers to accentuate the deformity. Thereafter, longitudinal
traction and force is applied in the opposite direction of the
dislocation to reverse the deformity.®'%® When the closed
reduction fails, open reduction is indicated as soon as possi-
ble,? but it should be taken into account that an open reduc-
tion results in poorer clinical outcomes.'®® Management
after reduction consists of immobilization and full weight-
bearing in a walker boot or a walking cast for 4 to 6 weeks.?
However, some surgeons suggest avoiding weightbearing
during immobilization.”®!2® After immobilization, the
patients should start physiotherapy treatment to improve
strength, ROM, and proprioception.’?
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TABLE 2
Surgical Outcomes of Stabilization Techniques for Subtalar Instability for Studies With 10 or More Patients and a Minimum

12-Month Follow-up®

The Orthopaedic Journal of Sports Medicine

Outcomes
Follow-up,
mo, Mean Pain and Functional Instability and Other

Study (Year) No. of Ankles Stabilization Technique (range) Scores Outcomes

Smith et al'®3 18 Modified Chrisman- 37 (24-68) None Talar tilt reduced from
(1995) Snook procedure using 13.7° to 2.3°

a more anatomic

reconstruction of the

CFL

Kato® (1995) 20 ITCL reconstruction 54 (36-84) None Anterior talus

using partial Achilles displacement decreased

tendon graft (n = 14) or from 4.9 to 2.3 mm

triligamentous (ITCL reconstruction)

reconstruction (n = 6) and from 4.8 to 3.8 mm
(triligamentous
reconstruction)

Liu and 39 Lateral shift of the entire 55 (24-84) 26 excellent, 8 good, 3 fair, 34 (9 of 11 college-level and
Jacobson!!? lateral capsule- and 2 poor results 25 of 28 recreational
(1995) ligament complex and 92% were satisfied athletes) returned to

proximal advancement preinjury level of sports
of the LTCL and IER

Thermann et al'” 34 Chrisman-Snook 60 13 excellent, 18 good, and 3 Medial displacement of the
(1997) tenodesis for isolated satisfactory results calcaneus improved

(n = 16) or combined from 9 mm (6-14 mm) to

subtalar instability 2 mm (0-5 mm); the

(n =18) talocalcaneal tilt, from
11° (6°-16°) to 3° (0°-5°)

Karlsson et al®? 22 Anatomic reconstruction 36 (24-60) 15 with good to excellent = Decrease of talar tilt from
(1998) in which the CL, the results (Karlsson- 7° (4°-11°) to 4° (0°-6°)

CFL, and the LTCL Peterson instability and talocalcaneal
were imbricated and score) displacement from 3 mm
reinforced using the (2-5 mm) to 1 mm
lateral root of the IER (0-3 mm)
Complications: lateral
branch of the superficial
peroneal nerve (14%)
Coughlin et al®? 29 (5 cases with Anatomic reconstruction 23 (12-52)  Patient satisfaction: 86%  Return to daily activities at

(2004)

subtalar
instability)

of ATFL and CFL
using free gracilis graft

excellent and 14% good

AOFAS score improved
from 57 to 98, the VAS
pain improved from 7.2
to 0.6, and the
postoperative Karlsson
score was 95.3

6 patients reported mild
pain at final follow-up

12 wk (5-24 wk) and to
sports at 6.5 mo
(3-12 mo)

25% had residual laxity

Talar tilt decreased from
13° to 3°; talar anterior
translation, from 10 to
5 mm

21% reported mild swelling
after exercise; 24%,
morning stiffness after
exercise

4 patients reported 5
recurrent injuries (3
mild sprains between 6
and 12 mo and 2 after
return to sports)

(continued)
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TABLE 2 (continued)

Outcomes
Follow-up,
mo, Mean Pain and Functional Instability and Other
Study (Year) No. of Ankles Stabilization Technique (range) Scores Outcomes
Mabit et al; 310 (28% had Direct capsular 156 (60-360) The Karlsson score with Complications: neurologic
SOFCOT!® subtalar ligamentous 87% good and very good lesions (9%), infection
(2010) involvement) reattachment results (5%), hematoma (3%),
Augmented repair Stability and pain reflex sympathetic
(periosteum, IER, and subscores were dystrophy (3%), and
peroneus tertius) satisfactory DVT (1%)
Nonanatomic Karlsson scores were Osteoarthritis (grades 2
reconstruction using poorer using Castaing and 3) was present in 3%
part of the peroneus peroneus brevis plasty of patients, and 92%
brevis (hemi-Castaing) (compared with direct were satisfied
Nonanatomic capsular ligamentous
reconstruction using reattachment) because
the whole peroneus of the pain and residual
brevis (Castaing) instability
Jung et al™® (2015) 20 Anatomic reconstruction 15 (all >12) The VAS pain score Patients resumed work in
of the ATFL and the improved from 6 to 2; the 2.6+ 1.1 mo
CFL using AOQFAS hindfoot score, The subtalar tilt angle
semitendinosus from 66 to 90; and the decreased from 11.5° +
allograft with Karlsson-Peterson 2.7° to 3°
biotenodesis screws instability score, from 57

to 91
100% were satisfied

“AOFAS, American Orthopaedic Foot & Ankle Society; ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; CL, cervical
ligament; DVT, deep venous thrombosis; IER, inferior extensor retinaculum; ITCL, interosseous talocalcaneal ligament; LTCL, lateral
talocalcaneal ligament; SOFCOT, Societe Francaise d’Orthopedie-Traumatologie; VAS, visual analog scale.

Figure 12. (A) The lateral view and (B) the anteroposterior view radiographs of a patient with subtalar dislocation.
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Chronic subtalar instability may occur after the subtalar
dislocation in up to 55% of the patients.2’! The risk of devel-
oping functional instability is associated with younger age
and shorter time of immobilization, and thus immobiliza-
tion should be maintained for at least 6 weeks in young and
active patients.'*® Progression to posttraumatic subtalar
arthritis is common in these patients, and isolated subtalar
arthrodesis can achieve good results as long as the anatomy
and alignment were well maintained.*'%

AUTHORS’ PREFERRED DIAGNOSIS AND
TREATMENT PROCEDURES

In our clinical practice, we establish the diagnosis of sub-
talar instability via clinical history; physical examination;
and when required, imaging procedures. After suspicion of
subtalar ligament injury (clinical history, signs, and symp-
toms), we proceed with manual testing of joint laxity (ante-
rolateral drawer and talar tilt tests). If symptoms (pain and
subjective instability) are combined with pathological lax-
ity, we refer the patient for an imaging assessment. We use
manual stress radiography to objectively measure the talar
tilt, and we use MRI to assess the structural integrity of the
subtalar ligaments. In patients with equivocal findings and
persistent pain and instability symptoms, we occasionally
perform a diagnostic arthroscopy to directly visualize the
subtalar ligaments and search for other potential causes of
symptoms.

We perform surgery as the first-line treatment in
patients presenting with catching and/or locking of the
joint with a bony fragment or extensive articular cartilage
damage. For all other patients with subtalar instability, we
manage them using 6 months of nonoperative treatment
protocol aiming to restore ROM, neuromuscular deficits
(strength, muscle activation, flexibility, and balance/pro-
prioception), and functional/sports ability. In patients par-
ticipating regularly in sports, we augment the
rehabilitation strategy using short-term ankle bracing
(either taping or lace-up brace). If we find foot posture def-
icits, we refer the patient to a podiatrist for foot insoles.
When symptoms and/or functional deficits do not resolve
after the 6-month nonoperative strategy, we opt for surgical
treatment. We prefer the anatomic augmented repair using
a synthetic ligament or a gracilis tendon autograft. In
patients with subtalar dislocation, we perform an immedi-
ate closed reduction (or open if closed reduction fails),
which is followed by 4 to 6 weeks of immobilization and full
weightbearing in a walker boot. After the immobilization
period, the patient follows the traditional rehabilitation
protocol as described for subtalar instability.

CONCLUSION

The precise cause of functional subtalar instability remains
a topic of debate, but the recognition of subtalar instability
or laxity as a distinct clinical entity in recent years reflects
an improved understanding of the ankle joint complex in
both healthy and injured states. Identifying those patients
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with CAI who also display subtalar instability is the cor-
nerstone for treatment choice. Clinical symptoms largely
overlap with those of lateral ankle instability, making diag-
nosing subtalar instability or laxity a challenge. Some man-
ual tests (eg, the anterolateral drawer test) have been
proposed to identify subtalar instability with higher sensi-
tivity. MRI is a useful tool to identify injury of the subtalar
ligaments. Surgeons should look for spring ligament injury,
as it can contribute to rotatory laxity. Stress MRI can have
an important role in correlating the capsuloligamentous
structural integrity with the functional competence of the
subtalar ligaments.

Nonsurgical approaches are always the first line of treat-
ment. If these fail for 6 months, surgical treatment should
be considered, including reconstructive and repair proce-
dures. Surgical treatment choice can be guided based on
whether there is isolated or combined instability or laxity.
The CFL and the ITCL have a clear role in subtalar stabil-
ity, and these should be adressed in treatment
protocols. Making an informed decision is still challenging
because most studies are case series and there are only a
few high-quality controlled trials. Future research should
focus on finer diagnostic tools to better identify the cause of
subtalar instability or laxity and to differentiate subtalar
from combined ankle instability and laxity. High-quality
and adequately powered randomized clinical trials are war-
ranted to investigate the superiority of anatomic recon-
struction or repair techniques.
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