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Anterior Talofibular Ligament
Ruptures, Part 2

Biomechanical Comparison of Anterior Talofibular
Ligament Reconstruction Using Semitendinosus
Allografts With the Intact Ligament

Thomas O. Clanton,*yz MD, Nicholas A. Viens,yz MD, Kevin J. Campbell,y BS,
Robert F. LaPrade,yz MD, PhD, and Coen A. Wijdicks,y PhD
Investigation performed at the Department of BioMedical Engineering,
Steadman Philippon Research Institute, Vail, Colorado

Background: Anatomic reconstructions of the lateral ankle ligaments with grafts have been proposed for patients with general-
ized ligamentous laxity, long-standing instability with attenuated native tissues, varus hindfoot misalignment, or failed prior lateral
ligament surgery and for very large patients or elite athletes because of increased demands.

Hypothesis: Anatomic reconstruction of the anterior talofibular ligament (ATFL) using a semitendinosus allograft fixed with bio-
composite interference fit screws would have similar biomechanical properties to the intact ATFL at time zero in a cadaveric
model.

Study Design: Controlled laboratory study.

Methods: Allograft reconstruction of the ATFL was performed in 6 fresh-frozen cadaveric ankles. The specimens were loaded to
failure to determine the strength and stiffness of the reconstruction and compared with data from 6 cadaveric specimens with
intact ATFLs.

Results: The mean ultimate load to failure of the allograft reconstruction (170.7 6 54.8 N) was not significantly different from that
of the intact ATFL (154.0 6 63.7 N). The mean stiffness of the allograft reconstruction (23.1 6 9.3 N/mm) was also not significantly
different from that of the intact ATFL (14.5 6 4.4 N/mm).

Conclusion: Anatomic reconstruction of the ATFL with allografts demonstrated similar strength and stiffness to the native liga-
ment at time zero in a fresh-frozen cadaveric model.

Clinical Relevance: This technique of anatomic reconstruction of the ATFL with allografts has biomechanical validation for use in
clinical situations where a Broström repair of the lateral ankle ligaments is unlikely to be successful or has previously failed.

Keywords: allograft reconstruction; anterior talofibular ligament (ATFL); Broström failure; interference fit screws; lateral ankle lig-
ament rupture; semitendinosus graft

Anatomic repair of the lateral ankle ligaments as described
by Broström,5 often augmented by the Gould modifica-
tion,21 remains the standard surgical option for treating
patients with chronic lateral ankle instability.2,3,14,32 Clin-
ical outcomes utilizing this technique for certain patient
groups have been reported to be less successful.39 Specifi-
cally, patients with generalized ligamentous laxity, long-
standing ankle instability, or failed prior lateral ligament
surgery are less likely to have adequate local tissue for
imbrication techniques alone and have experienced infe-
rior clinical results.29,30 For these patient subsets, as well
as very large patients, elite athletes, or patients with varus
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hindfoot misalignment, who are all likely to place added
demands on the repaired lateral ligament and therefore
have increased risks of failure,9,19,40 various anatomic
reconstructions with autografts and allografts have been
reported with promising, but often limited, early results.§

To our knowledge, biomechanical evaluations of graft
reconstruction of the lateral ankle ligament using modern
fixation techniques are currently unavailable.

The purpose of this study was to describe a technique of
anatomic reconstruction of the anterior talofibular liga-
ment (ATFL) using a semitendinosus allograft and perform
a biomechanical comparison with the intact ATFL in
a fresh-frozen cadaveric model. We hypothesized that ana-
tomic reconstruction of the ATFL would exhibit similar
biomechanical properties at time zero when compared
with the isolated intact ATFL.

MATERIALS AND METHODS

Specimens

Six fresh-frozen cadaveric ankles were thawed, dissected,
and utilized specifically for part 2 of this 2-part study.
Specimens were included if they had no prior ankle liga-
ment tears or surgery, were age �65 years (mean, 54.8
years; range, 45-64 years), and had no history of cancer
as the cause of death. Before the initiation of this 2-part
study, 24 specimens were randomized to 1 of 4 groups for
testing and analysis. Two experimental groups are dis-
cussed here: (1) intact ATFL and (2) allograft reconstruc-
tion. Data from the other 2 groups were presented in
part 1. The 6 intact ATFL specimens were used for both
part 1 and part 2 of this study. Specimens were kept moist
with saline to prevent tissue desiccation through testing.

Dissection Procedure

For all ankle specimens, a curvilinear incision was made
anterior to the fibula, allowing identification and section-
ing of the ATFL. Each specimen was then assessed clini-
cally with the anterior drawer test to confirm that
complete sectioning of the ATFL had been performed.

Allograft Reconstruction Technique

Reconstruction of the ATFL was performed using human
semitendinosus allografts (AlloSource, Centennial, Colo-
rado) in 6 ankle specimens. The hamstring grafts, approx-
imately 4.5 mm in diameter and at least 150 mm in length,
were kept moist and tensioned at 89 N for 15 minutes
before implantation to reduce graft creep.23 Once the distal
fibula and lateral talus were identified, the sectioned ends
of the ATFL and guidelines from prior anatomic litera-
ture6,20,34,44 were used to establish the specific landmarks
for anatomic reconstruction of the ATFL. A 5.0-mm tunnel
was reamed to a depth of 25 mm over an islet pin (Arthrex
Inc, Naples, Florida) that was placed at the insertion of the
ATFL just off the articular margin of the lateral talus and
aimed approximately 20� toward the talar body. A second
5.0-mm tunnel was overreamed at the superior aspect of
the ATFL origin on the distal fibula from the anterior dis-
tal fibula through to the posterior fibula more proximally,
re-creating the 25� angle of the native ATFL from the hor-
izontal plane (Figure 1A).44 Consistency with manufac-
turer and reamer type was emphasized during the
surgical protocol to minimize aperture variability and tun-
nel dimensions.18 A 5.5-mm biocomposite interference fit
screw (BioComposite Tenodesis Screw, Arthrex Inc) was
loaded with the semitendinosus allograft and seated into
the talar tunnel. With the graft secured in the talus, the
opposite end of the graft was passed proximally through

Figure 1. Right ankle specimens. (A) Tunnels are placed in the anterolateral fibula at the origin of the anterior talofibular ligament
(ATFL) and along the lateral articular margin of the talus at the insertion site of the ATFL. Note the placement of the right-angle
retractor through a second proximal incision posterior to the fibula that was used to protect the peroneal tendons during tunnel
placement and graft tensioning. (B) Reconstruction of the ATFL with a single-bundle semitendinosus allograft secured with 2 bio-
composite interference fit screws at the ligament origin on the fibula and insertion site on the talus.

§References 4, 6, 7, 12, 13, 15, 24, 25, 27, 28, 31, 33, 35, 42, 43, 46.
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the fibular tunnel. The foot was then held in relaxed plan-
tar flexion (ie, 10�-20�) with 5� of eversion with a bump
placed under the tibia, allowing the foot to reduce under
the ankle mortise and avoid any anterior translation.41 A
second 5.5-mm interference fit screw was then seated
into the fibular tunnel while holding the graft under max-
imum manual tension (Figure 1B). The anterior drawer
test was manually applied to each specimen to verify the
restoration of ankle stability.

Specimen Preparation and Biomechanical Testing

Biomechanical testing methodology has been previously
published,45 with modifications described in detail in
part 1. After each specimen was secured in a custom fixture,
the construct was mounted to the test frame actuator of a ten-
sile testing machine with the foot in 20� of inversion and 10�
of plantar flexion (Instron E10000 ElectroPuls Dynamic
Testing System, Instron Systems, Norwood, Massachusetts).
A video extensometer was used to measure the displacement
of the fibula relative to the talus as it was pulled at 20 mm/
min by the actuator (Advanced Video Extensometer, Instron
Systems). The data were recorded with Instron BlueHill 2
software (Instron Systems), and further analysis and calcula-
tions were performed with Microsoft Excel software (Micro-
soft Inc, Seattle, Washington).

Statistical Analysis

Statistical analysis was performed with predictive analyt-
ics software (SPSS version 20, SPSS Inc, Chicago, Illinois).
The study compared data for each group using a 1-way
analysis of variance (ANOVA). For ANOVAs that demon-
strated a statistically significant difference, a post hoc
Tukey honestly significant difference test was conducted
to assess the location of the means that were statistically
significant between the groups. A significant difference
was determined to be present for P \ .05.

RESULTS

No significant differences were seen for demographic vari-
ables between the study groups (Table 1). The mean ulti-
mate load to failure of the allograft reconstruction
(170.7 6 54.8 N) was not significantly different than that
of the intact ATFL (154.0 6 63.7 N). The mean stiffness
of the allograft reconstruction (23.1 6 9.3 N/mm) was
also not significantly different than that of the intact
ATFL (14.5 6 4.4 N/mm) (Figure 2). Reconstruction of

the ATFL failed because of graft pullout from the fibular
tunnel (n = 5/6) and the talar tunnel (1/6).

DISCUSSION

Anatomic reconstruction of the ATFL using a semitendino-
sus allograft fixed with biocomposite interference fit screws
demonstrated similar strength and stiffness to the intact
ATFL. This study represents the first biomechanical evalu-
ation of anatomic reconstruction of the ATFL using a free
tendon graft compared with the native ligament. In

TABLE 1
Specimen Demographics

Group

Demographics

Male:Female, n Age, Mean (Range), y

Intact anterior
talofibular ligament

4:2 55.6 (45-64)

Allograft reconstruction 5:1 54.0 (46-58)

Figure 2. Box plots comparing biomechanical data between
the intact anterior talofibular ligament (ATFL) and allograft
reconstruction of the ATFL. The horizontal line within the
box indicates the median. Each box extends from the 25th
to 75th percentile. The vertical bars represent the smallest
and largest observed values. (A) Ultimate load to failure in
Newtons (N). (B) Stiffness in Newtons per millimeter (N/mm).
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comparison with prior research, this study demonstrates
that allograft reconstruction of the ATFL also produces
superior immediate strength and stiffness when compared
with the standard Broström repair of the ATFL.45 This
study provides biomechanical validation for the described
technique of anatomic reconstruction of the ATFL using
a semitendinosus allograft because it closely reapproxi-
mated the strength and stiffness properties of the native lig-
ament. Because of the use of a routinely available allograft
and interference fit screws, this anatomic reconstruction of
the lateral ligament not only allows for reproducible and
secure fixation but also independent placement and tension-
ing of both the ATFL and calcaneofibular ligament (CFL) (if
required) grafts.33 This technique also provides a valid
option that does not require the use of a patient’s normal
tendon, such as the peroneus brevis,19 in clinical situations
where a standard Broström repair has previously failed or is
likely to be insufficient.

Prisk et al36 evaluated ankle contact mechanics and
motion in a cadaveric model using a 6 degrees of freedom
robotic system and demonstrated that tendon graft recon-
struction more closely reapproximated native contact
mechanics under inversion loads than did either the
Broström or Broström-Gould repairs. Despite the improve-
ments, all 3 techniques were unable to completely restore
normal ankle mechanics.36 Information about the relative
strength and stiffness of a modern graft reconstruction
compared with the isolated intact ATFL has remained
unknown before the current study.

Several methods of graft reconstruction of the lateral
ankle ligaments have previously been reported with good
clinical success at short-term follow-up.|| Specific technical
complexities, added operative time, and potential surgeon
unfamiliarity with graft harvest, as well as patient morbid-
ity involved with the use of autografts, could all limit the
utility of some of these techniques in practice. For instance,
despite good and excellent clinical results and restored
ankle stability in all 28 patients (29 ankles) at a mean
follow-up of 23 months, the ATFL and CFL reconstruction
technique popularized by Coughlin et al12,13 utilizes poten-
tially difficult and time-consuming steps of tunnel creation,
gracilis tendon autograft harvest, and graft fixation reliant
upon tendon-to-tendon and tendon-to-periosteum sutures.

While the debate concerning the merits of autograft ver-
sus allograft tissue remains largely unresolved, as
exhibited by anterior cruciate ligament reconstruction in
the knee,8,17,22,37 less controversy seems to surround the
relative advantages of using modern implants for graft fix-
ation. Biocomposite interference fit screws provide ade-
quate tendon-to-bone strength in the foot and ankle with
the added benefits of ease and speed of use and the need
for less tendon length than traditional methods of
tendon-to-tendon suture fixation.10,11,38 Biocomposite
interference fit screw constructs, as tested by both
Sabonghy et al38 and Jeys et al,26 may withstand greater
loads than the previously reported strength of the native
ATFL.1 Finally, the low rates of short-term complications

reported using bioabsorbable screws in the foot and ankle10

add further support for their use in reconstruction of the
lateral ankle ligaments, as in our preferred surgical tech-
nique described and investigated here.

Limitations to this study include the increased age of
the specimens compared with the typically younger, ath-
letic population in whom reconstructions of the lateral
ankle ligament are performed.16,46 In addition, the bone
density of the specimens was not evaluated during this
study and, therefore, was not controlled for during data
analysis. Nevertheless, the random assignment of each
specimen to 1 of 4 experimental groups before initiating
this 2-part study was performed to minimize the potential
confounding effects of age and tissue quality on the results.
Given the similar age distributions between the groups, we
believe that the effect of specimen age when comparing
groups was limited. This study demonstrates the biome-
chanical properties of allograft reconstruction of the
ATFL at time zero only, which eliminates the effects of bio-
logical healing over time. Finally, given that this study
evaluated allograft reconstruction of the ATFL alone and
did not incorporate reconstruction of the CFL, future stud-
ies that can accurately account for the contributions of
both components of reconstruction of the lateral ligaments
will be valuable to pursue.

CONCLUSION

Anatomic reconstruction of the ATFL using an allograft
semitendinosus tendon secured with biocomposite interfer-
ence fit screws demonstrated similar strength and stiffness
to the native ligament at time zero in a fresh-frozen cadaveric
model. This study provides biomechanical validation support-
ing the use of a reproducible technique of anatomic recon-
struction of the ATFL. This can be used in patients who
have failed prior repairs of the lateral ankle ligaments or
those with specific clinical factors predisposing them to Bros-
tröm repair failure, including generalized ligamentous laxity,
long-standing ankle instability with attenuated native tis-
sues, varus hindfoot misalignment, and increased demands
such as large patient size or participation in elite athletics.
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