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Review Article

Diagnosis and Treatment of Chronic Lateral Ankle
Instability: Review of Our Biomechanical Evidence

ABSTRACT

Definitive diagnosis and optimal surgical treatment of chronic lateral

ankle instability remains controversial. This review distills available

biomechanical evidence as it pertains to the clinical assessment,

imaging work up, and surgical treatment of lateral ankle instability.

Current data suggest that accurate assessment of ligament integrity

during physical examination requires the ankle to ideally be held in 16� of
plantar flexion when performing the anterior drawer test and 18� of
dorsiflexion when performing the talar tilt test, respectively. Stress

radiographs are limited by their low sensitivity, and MRI is limited by its

static nature. Surgically, both arthroscopic and open repair techniques

appear biomechanically equivalent in their ability to restore ankle

stability, although sufficient evidence is still lacking for any particular

procedure to be considered a superior construct. When performing

reconstruction, grafts should be tensioned at 10 N and use of

nonabsorbable augmentations lacking viscoelastic creepmust factor in

the potential for overtensioning. Anatomic lateral ligament surgery

provides sufficient biomechanical strength to safely enable immediate

postoperative weight bearing if lateral ankle stress is neutralized with a

boot. Further research and comparative clinical trials will be necessary

to define which of these ever-increasing procedural options actually

optimizes patient outcome for chronic lateral ankle instability.

D iagnosis and treatment of chronic lateral ankle instability (CLAI)
continues to generate debate among orthopaedic surgeons. The
ubiquity of acute ankle sprains predicates that although 80% to 90%

of lateral ankle ligamentous injuries respond successfully to nonsurgical
management, the absolute number of those that go on to develop CLAI is
substantial.1 Over the past few decades, numerous surgical procedures have
been developed to address CLAI, including formal open anatomic ligament
repair, anatomic reconstruction using autograft or allograft, nonanatomic
reconstruction, and minimally invasive or arthroscopic techniques.2-5 As
with many advancements in the field of orthopaedic surgery, however, the
evolution of these technologies and their clinical applications has increas-
ingly outpaced the biomechanical and clinical evidence supporting their use
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and the Sport’s Medical Clinic of Bordeaux,
Bordeaux-Mérignac, France (Guillo).

This work was supported in part by the Kanzawa
Medical Research Foundation, the Nakatomi
Foundation, and the Japan Rheumatism
Foundation to S.C.

None of the following authors or any immediate
family member has received anything of value
from or has stock or stock options held in a
commercial company or institution related
directly or indirectly to the subject of this article:
Chang, Morris, Saengsin, Tourné, Guillo, Guss,
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under different conditions. Given a lack of consensus
regarding how best to identify and treat CLAI, we
sought to review and synthesize the available biome-
chanical evidence to help surgeons more effectively
manage patients with CLAI until better comparative
clinical studies become available.

Ankle Function: Understanding Stability to
Recognize Instability
An absolute benchmark for diagnosing CLAI continues
to elude clinicians because the continuum of anatomic
structures whose injury can precipitate CLAI remains
broad. This may include either singular or combined
injury to and partial or complete incompetence of the
anterior talofibular (ATFL), calcaneofibular (CFL),
and/or posterior talofibular ligaments. Numerous ana-
tomic, biomechanical, and clinical studies have demon-
strated that injury to the ATFL and CFL plays a critical
role in generating CLAI.4,6-8 To effectively detect the
presence of abnormal ankle motion resulting from lig-
amentous incompetence, the surgeon must first under-
stand the anatomic limits of physiologic ankle motion.

Ringleb et al7 examined cadaver ankle and subtalar
joint range of motion limits in six degrees of freedom
before sectioning the stabilizing ligaments that cross
these joints. In the uninjured ankle, the authors found
normal anterior translation of the tibiotalar joint to be
approximately 8.56 4.1 mm and normal talar inversion
to be about 6.9� 6 5.1�.7 As suggested by the SDs of
their observed measurements, delineation of normal is
confounded by the fact that every patient has an indi-
vidualized degree of baseline ligamentous laxity.9 These
data suggest, however, that—rather than focusing on
absolute values to evaluate instability—surgeons are
best served by comparing tibiotalar translation and talar
angulation to the contralateral, unaffected side. This
serves as a highly effective internal control.

How to Assess Ankle Stability—a
Biomechanical Explanation
Physical Examination Techniques
Clinical assessment of ankle stability is complicated by
the fact that lateral ligament tensions vary with relative
degrees of ankle dorsiflexion or plantar flexion.9 Fur-
thermore, although CLAI is most commonly depicted
by a propensity toward recurrent inversion events,
normal inversion motion is generally afforded by the
subtalar joint rather than the tibiotalar joint. Accord-

ingly, hindfoot range of motion can become abnormal
when either the ankle or subtalar joint is rendered
unstable.7 This biomechanical coupling between ankle
and subtalar joint can limit the ability of physical
examination to pinpoint the responsible joint when
patients have symptoms suggestive of CLAI.

Anterior drawer (AD) AU1and talar tilt testing (TT) are
commonly used in clinical practice to assess lateral ankle
ligament integrity. Bahr et al10 emphasized the impor-
tance of ankle position when performing these exami-
nations because the ATFL is maximally tensioned
during ankle plantar flexion and the CFL is maximally
tensioned during ankle dorsiflexion. Ozeki et al11

quantified ankle position relative to maximal ligament
tension, finding that the ATFL was maximally tensioned
at 16� plantar flexion, whereas the CFL was maximally
tensioned at 18� dorsiflexion. Ligament tensioning oc-
curs along a continuum, with linear increases in ATFL
strain as the ankle progressively plantarflexes and
countervailing increases in CFL strain as the ankle
dorsiflexes.12

As an anatomic linkage between the distal fibula and
the talus, the ATFL provides restraint to sagittal talar
translation and axial talar rotation. VanDijk et al13 noted
that ankle instability often involves incompetence of the
lateral ankle ligament complex without concomitant
deltoid pathology, resulting in lateral ankle laxity that
allows talar rotation around an intact medial deltoid
hinge. Application of isolated sagittal translation during
traditional AU3AD testing, therefore, may not accurately
capture concomitant rotational laxity. In 1999, Mann
described adding rotational freedom to the AD tech-
nique, which was later adapted by Phisitkul et al after
studying this hypothesis in a cadaver model. Phisitkul AU4

et al14 reported improved ability to diagnosis lateral
ankle instability with an anterolateral test compared with
traditional direct AD testing. In their described exami-
nation technique, the hindfoot is held with the thumb
overlying the lateral ankle joint line, and the ankle is
plantarflexed 10� to 15� as the other hand stabilizes the
tibia. While translating the foot anteriorly, the foot is
allowed to internally rotate and the clinician’s thumb
meant to palpate any potential step-off between the
anterior fibula and the lateral talus. The authors deter-
mined that the anterolateral drawer test was more
accurate in diagnosing ATFL incompetence compared
with AD testing14 ( ½F1�Figure 1, Supplemental Digital Con-
tent, Video, http://links.lww.com/JAAOS/A573). Subse-
quent studies by the senior author demonstrated a high
sensitivity and reliability with anterolateral drawer test-
ing, independent of an examiner’s experience level.15 In
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2016, Miller et al16 further studied the utility of the
anterolateral drawer test by objectively evaluating dis-
placement of the lateral talus within the ankle mortise. He
and his coauthors used a custom apparatus that could
perform either the traditional AD test or the anterolateral
drawer technique and found increased talar rotation and
translation when using the anterolateral compared with
the AD test. Notably, the amount of lateral talar dis-
placement observed with the anterolateral drawer test
was found to be almost twice that of the standard AD
test. Such biomechanical findings suggest the antero-
lateral drawer test to be superior to the AD test for
clinical detection of lateral ankle instability.

TT is an additional physical examination technique
that clinicians routinely use to assess coronal plane sta-
bility afforded by the CFL. In a cadaver study of 20 an-
kles, Hunt et al17 examined the biomechanical
implications of CFL transection. Simulating weight
bearing by applying an axial load to cadaver specimens,
the authors found that peak pressures in the tibiotalar
joint increased, as did talar and calcaneal inversion
angles, after CFL release.

Evaluation of the CFL by physical examination may be
difficult because it requires the clinician to differentiate ti-
biotalar tilt from subtalar motion, both of which can be
renderedabnormal inCLAI.18 Furthermore, the ligaments
that stabilize the ankle also help stabilize the subtalar
joint—although the converse is not necessarily true.19,20

Kamiya et al21 found that isolated sectioning of the CFL
among 10 cadaver specimens increased talar tilt from 2.9�
6 1.5� to 11.1�6 5.6�, while noting no dramatic increase

in talar tilt after additional sectioning of the subtalar
cervical and interosseous ligaments. Isolated CFL tran-
section also increased subtalar angle in the coronal plane
from 35.7� 6 6.0� to 40.2� 6 6.3�, whereas additional
transection of the subtalar specific ligaments increased the
talocalcaneal angle even further to 51.7� 6 11.8�. A
separate biomechanical study by Pellegrini et al22 high-
lighted the overwhelming importance of the CFL in pre-
serving subtalar joint stability, suggesting that the
importance of the CFL may supersede that of the talo-
calcaneal ligaments. Their biomechanical data supported
CFL contribution to subtalar stability but no subtalar
ligamentous complex contribution to ankle joint stability.
This distinction underscores the intimate relationship
between CLAI and subtalar instability. Ankle instability
may coexist with subtalar instability—thereby limiting the
diagnostic specificity of the TT test in CLAI. This
examination, nonetheless, represents to this day the most
pertinent means of evaluating CFL competence.

It bears remembering, however, that the vast majority of
biomechanical research examining physical maneuvers in
CLAI—including the AD, anterolateral drawer, and TT
tests—has been performed while leaving the deltoid liga-
mentous complex intact. It is unclear how such biome-
chanical findings might be affected by the loss of this medial
hinge, and the contribution of deltoid incompetence toward
CLAI represents an important area for future study.

Imaging Studies
Imaging plays another integral role in the evaluation of
CLAI. Imaging modalities used to assess lateral ankle

Figure 1

The anterolateral drawer test is performed with the hindfoot held with the thumb overlying the lateral joint line and the ankle
plantarflexed 10� to 15�while the other hand stabilizes the tibia. While pulling the foot forward, the foot is allowed to internally rotate and
the palpating thumb assesses any progressive step-off between the anterior fibula and the lateral talus.

JAAOS® ---
-- Month 00, 2020, Vol 00, No 00 ---
-- © American Academy of Orthopaedic Surgeons 3

R
eview

A
rticle

Song Ho Chang, MD, PhD, et al

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.



ligament stability include stress radiographs, MRI, and
dynamic ultrasound (DUS).

Stress radiography has been purported as an objective
supplement to potentially subjective physical examination
findings, performed while applying either an AD or TT
stress maneuver23 (½F2� Figure 2). Reported threshold values
supporting a diagnosis of instability during AD testing
have included anterior translation of 10mmor at least a 5-
mm side-to-side difference when comparing the injured
and uninjured ankles.23 Similarly, an absolute TT of more
than 10� or at least a 5� difference between ankles has
been reported to correlate with ankle instability.23 Stress
radiography, though, uses a two-dimensional (2D) imag-
ing modality to diagnose a three-dimensional (3D) issue.
The substantial translational and rotational components
inherent to any AD maneuver and the potentially con-
founding element of subtalar motion during TT testing, as
highlighted by the aforementioned biomechanical data,
likely limit any significant utility of this modality.24

Hoffman et al23 evaluated the accuracy of stress
radiographs by comparing traditional TELOS (TELOS
Medical USA) stress radiographs with measurements
attained using an Optotrak 3D (NaturalPoint) sensor
system among 20 cadaver specimens. They found that
stress radiographs consistently underestimated both
displacement and angular values as calculated in three
dimensions and that even single-plane measurements
were more accurately approximated using the Optotrak
3D system. The authors concluded that stress radio-
graphs clearly underestimate anterior talar translation
and talar tilt angles.

MRI facilitates evaluation of lateral ankle ligament
integrity and other associated ankle pathology. Morvan
et al25 found preoperative MRI to be reliable and valid for

surgical decision making in CLAI. He and his coauthors
examined 22 patients with CLAI who obtained a preop-
erative MRI and subsequently underwent ankle arthros-
copy. They determined thatMRI is sensitive for identifying
ATFL abnormality and reported that MRI correctly
anticipated perioperative surgical technique selection—
whether ligament repair or anatomic reconstruction—
in 90.9% of operated patients. Agreement between
MRI findings and arthroscopic assessment was sub-
stantial (k = 0.70). Their results corroborate that MRI
can detect intrinsic ligament defect or deficiency but do
not support its ability to assess ligament function. The
major limitation of MRI is that it is generally per-
formed in the absence of physiologic load, and
although MRI-compatible stress devices have been
developed, they are not yet ubiquitous.26,27

Few studies have examined the relationship between
CLAI and concomitant lateral ankle ligament morphol-
ogy on MRI. Jung et al26 retrospectively examined lig-
ament patterns seen on MRI among 132 patients with
CLAI who had undergone surgical repair or recon-
struction. All patients in the study also had preoperative
stress radiography using a TELOS device. He and his
coauthors found that ATFL thickness was abnormal in
almost all (96%) cases, whereas CFL thickness was
abnormal in only 71% of ankles. Most commonly, the
injured ligament was attenuated rather than thickened.
Moreover, although TT on stress radiographs inversely
correlated with ATFL and CFL thickness (rates of TT
increased as ligaments attenuated), the same was not
found with AD translation.

Jolmanetal28 performed a retrospective analysis ofMRI
findings among 112 patients who had undergone a surgical
procedure for CLAI compared with 75 patients who had

Figure 2

Stress radiography of the ankle. Anterior drawer stress examination: (A,B) vertical stress demonstrates abnormal anterior displacement
of the talus with respect to the tibia exceeds 10 mm. TalarAU9 tilt examination: (C, D) talar tilt more than 10� demonstrates abnormal AU10 :.
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been referred for other reasons. All surgical patients also
received stress XRsAU5 as part of their workup. The authors
attempted to quantify the ability of MRI to predict CLAI
and identified a sensitivity of 82.6% but a specificity of
53.3%. Given the relatively high sensitivity but low spec-
ificity of MRI, they concluded that surgeons are far better
served by using MRI for recognizing additional peri-
articular pathology rather than as a primary diagnostic tool
for CLAI. Biomechanical evidence supporting the use of
MRI to confirm the actual diagnosis of CLAI is lacking.

Over the past decade, the use of DUS has rapidly
evolved in musculoskeletal medicine. Ultrasound pro-
vides point of care testing that dynamically assesses both
joint stability and ligamentous integrity (½F3� Figure 3). In
2016, Cho et al29 performed a retrospective study of 28
patients treated by a single surgeon who had undergone
arthroscopic ankle assessment and modified Broström
repair for CLAI after also having undergone preoper-
ative DUS, stress XR, and MRI. Preoperatively, the
authors found that 100% of patients had a lax and wavy
ATFL on DUS and that the affected ATFL stretched to
an average of 2.8 6 0.3 cm under stress compared with

only 2.3 6 0.2 cm on the unaffected side. Notably, the
authors could identify no significant difference in ATFL
resting length between the injured and uninjured sides
(P = 0.777). Based on these data, they proposed a
potential criterion for diagnosing ankle instability lig-
ament to be length change of greater than 20% in
response to stress examination. Although application of
such dynamic evaluations represents a step in the right
direction for the diagnosis of CLAI, further validation of
DUS via biomechanical and clinical evaluation will still
be necessary to define its role as a diagnostic tool.

How Much Ankle Ligament Tightness Is
Necessary to Provide Functional Ankle
Stability?
Once surgical indications for CLAI are met, surgeons
face the task of restoring sufficient lateral ankle ligament
stability in a manner that avoids both under- and over-
tightening. The critical questions requiring translation of
biomechanical data into clinical care are the following:
(1) howmuch lateral ankle ligament tightness is required

Figure 3

Ultrasound images of the ATFL obtained from a patient with chronic lateral ankle instability. Images were obtained after identifying the
bony landmarks of the fibula and the talus: (A) resting position of the healthy side of the ATFL; (B) healthy side of the tensioned ATFL
with AD stress; (C) resting position of the injured side of the ATFL; (D) injured side of the ATFL with AD stress remain redundant; yellow
dotted lines indicate contour ofAU11 the ATFL. ATFL length was measured as the linear distance between the bony landmarks of the fibula
and the talus. AD = anterior drawer, ATFL = anterior talofibular ligament

JAAOS® ---
-- Month 00, 2020, Vol 00, No 00 ---
-- © American Academy of Orthopaedic Surgeons 5

R
eview

A
rticle

Song Ho Chang, MD, PhD, et al

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.



for physiologic ankle stability? and (2) does the site of
ligamentous damage and incompetence affect the ability
of the surgeon to reliably restore ankle stability?

Precise quantification of lateral ankle ligament sta-
bility presents a unique challenge because current tech-
nology provides no way of measuring in vivo ligament
load to failure. In theory, however, recreating normal
ligament tension, which itself varies from person to per-
son, should serve as an acceptable surrogate. Further
confoundingmatters, it remains unclearwhether gains at
the time of surgery can be preserved over time—or
whether the inherently elastic nature and expectations of
biologic tissues translate equally for inelastic, nonab-
sorbable constructs.

In recent years, biomechanical studies have attemp-
ted to quantify the load to failure of the intact ATFL and
CFL in cadaver models.30 The mean ATFL load to
failure and the mean ATFL maximal strain were noted
to range between 154 and 231 N and 15 6 6%,
respectively. The mean CFL load to failure and the
mean CFL maximal strain were noted to be 307 N and
13 6 3%, respectively.30-32 The wide range of load to
failure values, particularly for the ATFL (58 to 500 N),
represents a 10-fold difference.31 These biomechanical
data suggest that a minimal threshold for restoring
ligamentous stability to patients with CLAI may exist,
but that some patients may require far more robust
surgical stabilization than others to sufficiently restore
lateral ankle stability. How surgeons identify where
patients specifically fall along this biomechanical
spectrum, and thus which patients require more robust
surgical stabilization than others, also remains a source
of continued debate.

Another poorly addressed subject in the literature
pertains to how and to what extent the varied sites of
lateral collateral ligament injury—be it at the origin,
midpoint, or insertion—affect the ability of the surgeon
to reliably restore ankle stability using modern day
techniques. Most surgical repair techniques focus on
the ligamentous origin of both the ATFL and the CFL
at the fibula, but this is not invariably the site of injury.
Pierre et al31 reported that 50% of ATFL injures in a
cadaver injury model were avulsions from the talar
insertion, whereas another 44% were classified as
midsubstance ruptures. No fibular ligament avulsion
injuries were noted in this study—although today this
anatomic region represents the most common site for
ligament repair or advancement during surgery. Kim
et al33 examined ATFL rupture sites using MRI in vivo
and found that the most common site of ligament
rupture was at the fibular attachment site (40%), fol-

lowed by a 27.3% propensity to rupture at the talar
insertion site, a 14.5% rate of midsubstance ligament
tearing, and an 18.2% occurrence across multiple
simultaneous locations within the ligament. Clearly,
modern surgical advancement and repair techniques do
not always correspond with the site of ligamentous
damage and incompetency.

When reconstructing lateral ankle ligaments, how
much should the surgeon tension each ligament? One
biomechanical study analyzing CFL graft tension during
surgical reconstruction found that 10 N of initial CFL
graft tension best mimics normal kinematics and laxity
comparable to the native ligament, consistent with
physiologic in situ graft force (10 to 20 N).34 To our
knowledge, however, no biomechanical study has yet
examined the effect of ATFL graft tension on ankle
motion—nor the effect over time of creep on graft
tension when either auto- or allograft tissues are
transplanted from another site to the ankle. Nonethe-
less, excessive graft tensioning does risk graft failure,
with the added potential to overconstrain the ankle
joint—particularly when placed nonanatomically.
Although it is intuitive that any graft can be under-
tensioned, the implications of overtensioning, both in
the short and long term, represent another area in need
of additional investigation.

Do We Have to Address Calcaneofibular
Ligament Repair When Both the Anterior
Talofibular Ligament and the
Calcaneofibular Ligament are Injured?
When both the ATFL and the CFL are injured, the
resultant movement pattern precipitates a significant
shift in the center of force across the tibiotalar joint
during weight bearing and inversion, substantially
altering ankle and subtalar joint biomechanics.
Recently published data by Hunt et al17 highlight the
biomechanical importance of addressing CFL insuffi-
ciency during lateral ankle ligament surgery to opti-
mally restore native ankle joint kinematics. Looking
specifically at the role of the CFL in CLAI, they
examined the biomechanical differences between
combined ATFL and CFL repair versus ATFL repair
alone in 20 cadaver ankles. They found greater ankle
stability in the combined ATFL and CFL ligament
repair group (P. 0.05) and concluded that CFL injury
does contribute substantively to CLAI. The authors
proposed that in addition to addressing ATFL insuf-
ficiency, CFL repair is also warranted when rendered
incompetent.
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The Biomechanical Studies of
Nonanatomic Reconstruction
Multiple published studies have repeatedly docu-
mented the subtalar joint stiffness that can ensue from
nonanatomic reconstruction.35-37 Colville et al35

evaluated tibiotalar joint and subtalar joint kine-
matics after a series of nonanatomic lateral ankle
ligament stabilization procedures that included the
Evans, Chrisman-Snook, and Watson-Jones techni-
ques. He and his coauthors found that nonanatomic
surgical reconstruction did not restore physiologic
ankle range of motion. Zarins and others have also
demonstrated through cadaver testing that the
Chrisman-Snook and Watson-Jones procedures cause
range of motion restriction and kinematic alteration
at the tibiotalar joint.36,37 The caveat with these two
investigations—and all such cadaver work—is that,
although being helpful at time zero, neither study
elucidates what would happen over weeks, months, or
years as these elastic biologic tissues potentially
loosen over time. Accumulated evidence provided by
numerous biomechanical studies does not support
ongoing use of the nonanatomic reconstructive op-
tions previously used to address CLAI, instead
favoring anatomic solutions.

The Biomechanical Evidence of
Postoperative Rehabilitation
Rehabilitation protocols may also be informed by a
better understanding of the stress-strain relationships
of the lateral ankle ligaments. Normal ankle motion
entails some degree of ligamentous elastic strain. Bio-
mechanical cadaver testing indicates that as the ankle
transitions from 40� plantar flexion to 30� dorsi-
flexion in an otherwise neutral foot position, ATFL
strain changes by approximately 7% and CFL strain
changes by about 5%.11 However, protecting the
ankle against inversion and eversion with an ankle
brace throughout this range of motion reportedly
decreases overall ATFL strain to such an extent that it
approaches physiologic values for the intact state.38

As axial load increases, contact pressures between the
tibial, fibular, and talar articular surfaces increase
rotational ankle stability, suggesting that weight
bearing in neutral may actually improve stability.39,40

These biomechanical data support safe early and
aggressive rehabilitative protocols for postrepair and
postreconstruction patients—as long as the ankle is
kept in neutral.

Which Surgical Technique Reigns
Biomechanically Supreme?
In recent years, numerous authors have purported poten-
tial advantages of a rapidly evolving surgical technique
portfolio over existing procedures—so, which procedure
is best? In many cases, the science to support these new
techniques, however promising they may be, has not kept
pace with their clinical use and advocacy.41,42 Direct
ligament repair, known as the Broström technique, re-
mains the historic benchmark.3 This procedure is often
reinforced by the Gould modification, which incorporates
the inferior extensor retinaculum into the primary con-
struct. Numerous surgical adjuncts have since emerged as
alternatives to facilitate anatomic ligament repair,
including suture anchor and suture tape augmentation,
and arthroscopic and mini-open modifications.5

As an alternative option to direct ligamentous repair,
anatomic reconstruction has also become increasingly
popular, using either autograft or allograft. Historically,
suchprocedureswere typically reserved fora select groupof
patients who (1) had ligament remnants that were insuffi-
cient for enabling direct repair, (2) had previously failed
direct repair, (3) presentedwith a high bodymass index, or
(4) had a superimposed generalized ligamentous laxity.43

Arthroscopic and percutaneous variations of anatomic
repairs and reconstructions have been recently described
as alternatives to formal open approaches and are gaining
in popularity. With the number of viable surgical options
ever expanding, surgeons are increasingly tasked with
determining which technique would best suit their patient
under which circumstance. A particular challenge in
championing one technique over another stems from the
fact that little biomechanical data, and almost no com-
parative data, have ever been published to quantify the
relative strengths, weakness, and differences between
these procedures. Such evidence is hopefully forthcoming
and much needed in our literature.

Direct Open Ligament Repair: Is There Any
Biomechanical Difference Between the
Broström and the Broström-Gould
Procedures?
Asoriginallydescribed, theBroström technique is a direct,
open ankle ligament repair or imbrication meant to
restore ATFL integrity. The subsequently described and
popular Broström-Gould modification incorporates the
inferior extensor retinaculum into this construct to
ostensibly increase the strength of this ligament repair.44

Few studies, however, have compared the actual bio-
mechanical differences between these two procedures.
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In a cadaver model, Aydogan et al45 compared the
biomechanical resistance to inversion stress between the
Broström and Broström-Gould augmentation after mid-
substance repair in nine matched pairs of cadaver speci-
mens. They found that ATFL failure occurred at similar
inversion angles in both treatment groups, but that the
Broström-Gould augmentation group required greater
torque to failure and, based on this, concluded that
inferior extensor retinacular augmentation provided a
protective effect to primary ligament repair.

Prisk et al46 also investigated the effect of lateral
ligament injury, repair, and reconstruction on ankle and
hindfoot contact mechanics and motion patterns. He
and his coauthors tested cadaver specimens by applying
combined compressive (200 N) and inversion (4.5 N-m)
loads to the hindfoot. In contrast to the study by Ay-
dogan et al, however, they sectioned the ligaments at the
bony interface and subsequently repaired not only the
ATFL but also the CFL, both with bone tunnels. They
similarly found that the Broström-Gould modification
provided additional support to the ankle and hindfoot
relative to the Broström repair, reducing inversion and
axial rotation with inversion—but also noted that this
resulted in increased intra-articular contact pressures
beyond that found in the uninjured state. It remains
unclear whether these elevated contact pressures are
mitigated by gradual viscorelaxation of the repaired
tissue over time. More recently, Behrens et al1 evaluated
the biomechanical stability conferred by open Broström
repair versus open Broström-Gould modification in a
cadaver ankle instability model using the Telos ankle
stress apparatus. Cadaver specimens underwent AD and
TT testing while a 170 N load was applied to simulate a
weight-bearing scenario in (1) the intact state, (2) after
sectioning of the ATFL and the CFL off the fibula, and
(3) after subsequent repair of both the ATFL and the
CFL using suture anchors. In contradistinction to the
results found by Ayodgan and Prisk, Behrens found no
stability difference between the use of the traditional
Broström repair versus the modified Broström-Gould
procedure and therefore concluded that the Gould
augmentation offered marginal benefit in terms of
conferred ankle stability under physiologic loading
conditions.

The difficulty in extrapolating these varied biome-
chanical conclusions lies in the fact that (1) there is no
standardized location of ligamentous transection, as the
ligament may be transection from the fibula, talus, or
midsubstance, (2) the modern modified Brostom-Gould,
unlike the original procedure, often incorporates a CFL
repair in addition to an ATFL repair, and (3) no stan-

dardized repair exists between the midsubstance, bone
tunnel, or suture anchor approach. Perhaps the most
crucial shortcoming, however, is the fact that cadaver
models do not allow for ligament healing to occur. In the
in vivo setting, the strength of any lateral ankle ligament
repair at time zero is arguably less than it would
be months later, which is why surgeons generally limit
patient activity during the initial recovery period.

Open Repair: Broström/Broström-Gould
Repair Versus Suture Anchor Repair
Suture anchor repair of the lateral ankle ligamentous
complex has gained popularity in recent years. The
technique is simple and well described and, as with
almost all published case series of the various surgical
options for CLAI, demonstrates excellent short- to mid-
term clinical outcomes in most patients.47 From a bio-
mechanical perspective, Waldrop et al48 compared the
strength of repair using nonabsorbable, continuous
braided polyethylene/polyester multifilament sutures
in a direct repair without bone tunnels to that of bio-
composite suture anchors. Load to failure testing was
conducted with cadaver specimens divided into four
groups: intact ankle ligaments (control), traditional
open Broström suture repair, Broström double suture
anchor modified repair in the talus, and Broström
double suture anchor modified repair in the fibula. The
study authors found that use of suture anchors produces
an ATFL repair that can withstand loads to failure
similar to standard Broström suture repair. In addition,
however, the study revealed that all three repair groups
were substantially lower in strength and stiffness when
compared with the intact native ATFL.

Brown et al49 compared the biomechanical strength
of an all-soft suture anchor construct placed in the
fibula against a nonabsorbable, continuous braided
polyethylene/polyester multifilament suture. The Gould
modification was performed in both groups, and after
repair, all ankles were mounted to the testing machine in
20�of planter flexion and 15� of internal rotation and
then loaded to failure. Stiffness, failure torque, and
failure angle were recorded and compared, and no
statistical differences were found in ligament repair
strength or ankle stiffness between constructs. In addi-
tion, the study showed that most ankles failed at the
tissue level rather than at the ligament-anchor-bone
interface. The authors concluded that all-soft suture
anchors can be an alternative to other larger anchors
and that the failure point is generally a consequence of
the integrity of the suture-ligament interface rather than
the anchor-bone interface.
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Open Repair: Broström/Broström-Gould
Repair Versus Suture Tape Augmentation
In recent years, synthetic implants and tendon grafts have
been proposed to enhance the time zero construct sta-
bility of anatomic ATFL repair.48,50 Because of the
potential risk of donor-site morbidity after graft harvest,
as well as the inferior biomechanical results seen in some
studies of direct suture or suture anchor repair techni-
ques at time zero when compared with the intact ATFL,
there has been a groundswell of interest in alternative
methods of ligament augmentation.48

Recent attention has been focused on synthetic suture
tape augmentation as a potential strategy for improving
the initial stability and durability of lateral ankle ligament
repair or reconstruction30,51 (½F4� Figure 4). Advocates of
these techniques also argue that enhanced primary ATFL
stability could allow for a potentially accelerated reha-
bilitation protocol. Willegger et al52 evaluated the bio-
mechanical stability of suture tape augmentation using
cadaver specimens after isolated midsubstance transec-
tion of the ATFL and observed that suture tape aug-
mentation for ATFL reconstruction demonstrated similar
biomechanical stability when compared with the intact
native ATFL. Subjective tightening of the suture tape was
performed with the ankle slightly plantarflexed and in 5�
of eversion and with a hemostat under the tape. NoAU6

comment could be made, however, on the actual effec-
tiveness of these constructs after time zero in an in vivo
state, nor about the potential for overtightening or any
long-term impact this might have given a lack of physi-
ological viscorelaxation in these synthetic constructs.

Viensetal30 also compared the strength of suture tape
augmentation alone versus Broström repair with suture

tape augmentation after injury to the ATFL with an
intact CFL. Fresh-frozen cadaver ankles were random-
ized into three groups: intact ATFL, suture tape aug-
mentation alone after transection of the ATFL, and
Broström repair with overlying suture tape augmenta-
tion. The mean ultimate load to failure and the mean
stiffness of the isolated suture tape augmentations were
significantly higher than those of the intact ATFL. The
mean ultimate load to failure and the mean stiffness of
the Broström repair with superimposed suture tape
augmentation were, however, not significantly different
from those of the intact ATFL—possibly due to a more
superficial suture tape tunnel in the fibula, given the
need to accommodate for a concomitant Broström
repair anchor, or perhaps by altered tensioning of the
suture tape due to the underlying ATFL repair. Based on
this information, the authors concluded that the suture
tape used alone or in combination with the Broström
repair provided increased strength and stiffness com-
pared with the intact ATFL.

Schuh et al51 compared three different Broström
procedures during simulated vivo AU7torsion conditions
akin to an ankle sprain: the traditional Broström repair,
suture anchor repair, and suture anchor repair com-
bined with tape augmentation. The tape augmentation
group showed statistically superior performance in
terms of angle at failure and failure torque compared
with the other ATFL repair methods. Based on these
data, currently available biomechanical evidence sug-
gests that nonabsorbable synthetic tape appears to be a
potentially good choice as a biomechanical augment for
CLAI—at least for the time zero condition in patients for
whom augmentation is deemed necessary. Given lack of

Figure 4

Photograph showing suture tape augmentation for chronic lateral ankle instability.
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any physiologic creep or viscorelaxation ability in these
constructs, however, and the residually unclear degree
to which such constructs should be tightened, the long-
term implications of potential overtightening or kine-
matic alteration must be taken into consideration.
Furthermore, the success of any direct repair technique
is predicated on some degree of in vivo healing. Unlike
nonbiologic constructs, which are often strongest at
time zero, biologic constructs may become stronger as
they heal and incorporate. Therefore, biomechanical
cadaver testing of a biologic repair against a nonbiologic
repair may become a less relevant comparison when
projected onto long-term outcomes. Ultimately, the real
question may lie in whether the accelerated rehabilita-
tion protocols purportedly enabled by suture tape
augmentation offset the inherent risk of irreversible
overtightening and foreign body load.

Native Anterior Talofibular Ligament Repair
Versus Anatomic Allo/Autograft
Reconstruction
Although the Broström procedure remains the historical
benchmark for treating patients with lateral ankle
instability, patients with generalized ligamentous laxity,
high BMI, varus hindfoot malalignment, or failed pre-
vious lateral ligament surgery have been identified as
more likely to experience inferior clinical results with
repair, either due to increased mechanical demands or
poor quality tissues41 ( ½F5�Figure 5). To mitigate these
factors, various anatomic reconstructions using both
autografts and allografts have been developed in recent
years and have demonstrated promising results53

( ½F6�Figure 6). In a fresh-frozen cadaver model, Clanton
et al50 performed a biomechanical comparison between
the intact ATFL and an anatomic ATFL reconstruction

Figure 5

A cavovarus foot is a risk factor for chronic ankle instability. A clinical picture and radiographic image of cavovarus foot: (A) a
preoperative clinical picture of cavovarus foot. A peek-a-boo (medially displaced) heels should be noted. This is evident when the
medial aspect of the heel can be seen from a front view. B, A postoperative image of cavovarus foot with lateral ankle instability. A
calcaneal lateral slide osteotomy with lateral ligament reconstruction was performed. Convex upwardMeary angle indicates cavus foot.
C, A case in which, in addition to the lateral slide, the first ray was dorfilexed to correct the Meary line. ATFL = anterior talofibular
ligament, CFL = calcaneofibular ligament
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using semitendinosus allograft with biocomposite inter-
ference screw fixation to both the fibula and the talus.
Compared with an intact ATFL, the anatomic allograft
ATFL reconstruction demonstrated similar strength and
stiffness to the native ligament at time zero. Prisk et al46

compared the ankle joint contact mechanics and hindfoot
motion patterns between intact lateral ankle ligaments,
sectioned ATFL and CFL, Broström and Broström-Gould
repairs, and autograft lateral ligament reconstruction. For
the latter, they used a 5-mm strip of sectioned peroneus
brevis tendon readily available in the cadaver, but they
repaired it in an anatomic fashion through a fibular tunnel
with interference screws in the talus, fibula, and calcaneus.
They tested cadaver specimens by applying a combined
compressive (200 N) and inversion (4.5 N-m) loads to the
hindfoot and found graft reconstructions capable of
restoring the native level of inversion at 20�of planter
flexion, whereas the Broström-Gould procedures did not.
Furthermore, the graft reconstructions were felt to restore
the native contact mechanics of the ankle joint more closely
than either the Broström procedure or the Broström-Gould
modification. However, the authors noted that graft

reconstruction limited coupled axial rotation of the hind-
foot and increased medial shift in the center of tibiotalar
pressure at 20� of plantar flexion. They therefore
hypothesized that limited coupled axial rotation with
inversion may be caused by greater stiffness of the graft
tissue compared with the native ATFL and CFL. Based on
these biomechanical data, it appears that anatomic lateral
ankle ligament reconstruction—whether by autograft or
allograft—is able to closely approximate native ATFL
tensile strength. It is unclear, however, whether the
heightened intra-articular contact pressures associated with
allograft reconstruction are temporary or whether intra-
articular contact pressures normalize over time through
progressive creep relaxation of the graft with repetitive
joint loading.

Open Versus Arthroscopic Ligament Repair
Arthroscopic ligament repair to address CLAI has seen a
tremendous rise in popularity over the past decade.54-56

Proponents of arthroscopic Broström repair note easier
surgical recovery and accelerated return to sport, but no
randomized controlled trials comparing open versus

Figure 6

Anti-ROLL technique. Anatomic reconstruction of the ATFL and the CFL using autograft with interference screws for chronic lateral
ankle: (A) schema of Anti-ROLL; (B) Y-shaped graft; (C) a Y-shaped graft is fixed to the fibular, talus, and calcaneus bone tunnel with
interference screws. ATFL = anterior talofibular ligament, CFL = calcaneofibular ligament. (Courtesy of Dr. Masato Takao.)
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arthroscopic techniques currently exist.57-59 Some studies
have, however, have compared the biomechanical im-
plications of arthroscopic versus open techniques. Giza
et al60 compared the biomechanical stability of open and
arthroscopic Broström procedures in a cadaver model
after ATFL and CFL transection, incorporating two
suture anchors and measuring torque to failure, degrees
to failure, initial stiffness, and working stiffness for each
cadaver specimen. He and his coauthors found no sta-
tistical difference in strength or stiffness of a traditional
open repair compared with an arthroscopic anatomic
repair. Drakos et al61 also compared stability of ankles
with open and arthroscopic Broström repair of both the
ATFL and the CFL using two 3.5-mm-diameter
corkscrew suture anchors. Repaired cadaver ankles
were placed in a Telos ankle stress jigs and subjected
to 1.7 N-m loads to measure the AD translation and
TT angle. A 3D Optitrak navigation system was used
to measure AD translation and TT angle. The au-
thors found no significant differences between the
open and arthroscopic Broström repairs with respect
to translation and total combined ankle motion
during TT testing. Lee et al62 also examined the
strength and stiffness of the open Broström-Gould
augmentation and all-inside arthroscopic Broström
and found no difference in torque to failure, working
construct stiffness, and degrees to failure between
the two surgical repair techniques. Notably, they
transected only the ATFL and used a single anchor
with two pairs of suture in their repair. Based on
available biomechanical data, lateral ankle ligament
repair via a minimally invasive arthroscopic
approach may be reasonably considered. Clinical
studies are needed, however, to confirm non-
inferiority of the arthroscopic techniques alongside
the potential for risk to structures such as the
superficial peroneal nerve.

Arthroscopic Versus Open Reconstruction
Arthroscopic anatomic reconstruction of lateral liga-
ments of the ankle was first described by Guillo et al.63

The authors reconstructed the ATFL and CFL using
gracilis autograft with four arthroscopic portals: an
anteromedial, anterolateral, sinus tarsi, and retro-
malleolar tendoscopic entry. A Y-shaped graft construct
was fixed with a ZipLoop device (Biomet) to the fibular
tunnel, and interference screws (Biomet) were used to fix
the graft to the ATFL talar and CFL calcaneal insertions.
More recent works by Glazebrook et al and Takao
et al64 have highlighted the potential for arthroscopic
reconstruction of the lateral ligaments. In this technique,

named the Anti-ROLL, gracilis autograft or allograft,
which is at least 135 mm in length, is used to create a
Y-shaped construct whose base is passed through a
fibular tunnel and whose two limbs are passed through
the talar ATFL and calcaneal CFL insertion footprints
using interference screws (Figure 6). Multiple arthro-
scopic portals enable the procedure, but it can also be
performed using minimally invasive, small incision
dissections without an arthroscope.65 Initial in vivo
biomechanical testing using TT stress radiographs both
preoperatively and at least 2 years postoperatively
demonstrated significant improvement, but no biome-
chanical study has yet directly compared open
versus mini-open versus arthroscopic reconstruction
techniques.43

Summary

(1) Anterolateral drawer testing should replace tra-
ditional AD testing for routine diagnosis of CLAI
due to the potential constraint of an intact deltoid
ligament. TT testing is critical toward evaluating
CFL competence, but is confounded by subtalar
motion.

(2) Although useful, stress radiography lacks sensi-
tivity, and MRI represents a static modality that
demonstrates injury but not necessarily instabil-
ity—making it better suited to evaluate concomi-
tant intra-articular pathology. DUS allows direct
evaluation of involved structures under stress and
at the point of care.

(3) The Broström procedure effectively treats CLAI
in patients who possess sufficiently healthy tissue,
and the Gould modification may offer a slight
improvement in biomechanical strength.

(4) Suture tape augmentation may closely approxi-
mate native ATFL tensile strength, but inorganic
constructs risk inherent overtensioning. In vitro
comparison of organic versus inorganic constructs
is limited by the lack of postprocedure healing in
cadaver models, and unfortunately, time zero
strength may not reflect long-term biomechanical
outcomes in vivo.

(5) Anatomic reconstructions using allo- or autograft
have become a viable option to address CLAI, but
the clinical circumstances that require the use of
graft reconstruction remain undetermined.

(6) Arthroscopic and open surgical techniques cur-
rently appear equivalent in their ability to restore
ankle stability.
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