Anterior Talofibular Ligament
Ruptures, Part 1
Biomechanical Comparison of Augmented Broström Repair
Techniques With the Intact Anterior Talofibular Ligament
Nicholas A. Viens,*y MD, Coen A. Wijdicks,* PhD, Kevin J. Campbell,* BS,
Robert F. LaPrade,*y MD, PhD, and Thomas O. Clanton,*yz MD
Investigation performed at the Department of BioMedical Engineering,
Steadman Philippon Research Institute, Vail, Colorado
Background: The concept of utilizing nonabsorbable suture tape fixed directly to bone to augment Broström repairs of the anterior talofibular ligament (ATFL) has been proposed. No biomechanical studies of this technique are available.
Hypothesis: We hypothesized that suture tape augmentation alone and Broström repair with suture tape augmentation would
have similar biomechanical properties to the intact ATFL at time zero in a cadaveric model.
Study Design: Controlled laboratory study.
Methods: Eighteen fresh-frozen cadaveric ankles were randomized into 3 groups of 6 specimens each: (1) intact ATFL, (2) suture
tape augmentation, and (3) Broström repair with suture tape augmentation. The specimens were loaded to failure to determine the
strength and stiffness of each construct.
Results: The mean ultimate load to failure of suture tape augmentation (315.5 6 66.8 N) was significantly higher than that of the
intact ATFL (154.0 6 63.7 N) (P = .017). The mean ultimate load of the Broström repair with suture tape augmentation (250.8 6
122.7 N) was not significantly different from that of the intact ATFL. The mean stiffness of augmentation alone (31.4 6 9.9 N/mm)
was significantly higher than that of the intact ATFL (14.5 6 4.4 N/mm) (P = .008). The mean stiffness of the Broström repair with
augmentation (21.1 6 9.1 N/mm) was not significantly different from that of the intact ATFL.
Conclusion: The ATFL with suture tape augmentation is at least as strong and stiff as the native ATFL at time zero in a freshfrozen cadaveric model.
Clinical Relevance: The Broström repair for lateral ankle ligament ruptures is often unsuccessful in circumstances of poor tissue
quality. Augmentations, such as with suture tape, have been proposed for these situations. Suture tape used alone or in combination with the Broström repair provided increased strength and stiffness compared with the standard Broström repair, which
produced an immediate strength of less than 50% of the intact ATFL. Adding strength to the Broström repair may be valuable
in patients with generalized ligamentous laxity, in large patients or elite athletes, or when graft reconstruction is not feasible.
Keywords: anterior talofibular ligament (ATFL); Broström repair; lateral ankle ligament rupture; ligament repair augmentation;
suture tape

Ankle sprains are one of the most common injuries in
sports, accounting for 15% to 20% of all injuries.10,16 Ankle
sprains in the United States’ general population are generally seen in emergency departments at a rate of 2.15 per
1000 person-years.33 Eighty-five percent of sprains involve
the lateral ankle, with one third or more of these injuries
resulting in chronic disability and approximately 10% to
20% of patients experiencing recurrent sprains.10,12,18
This ankle instability can subsequently lead to altered
ankle kinematics, chondral injuries, and ankle
arthritis.8,15,26,28 Therefore, when patients experience
recurrent ankle sprains and instability despite appropriate
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nonoperative strategies, surgical treatment is often indicated. Secondary repair of the anterior talofibular ligament
(ATFL), the most commonly injured lateral ligamentous
structure, was described in 1966 by Broström7 and has
been reported to improve abnormal ankle kinematics
with good clinical outcomes and low morbidity.3,5,31
Despite the value of the Broström procedure in the
treatment of ankle instability, limitations of this technique
exist. For instance, at time zero, Waldrop et al32 demonstrated that both direct suture repair of the ATFL and
the use of suture anchors in the fibula or talus had significantly inferior strength compared with the intact ATFL in
a cadaveric model. As a result, the need for early protection
of all 3 types of Broström repairs and cautious early rehabilitation were emphasized.32 This corroborated the work
of Kirk et al,17 who also recommended the need for protection of the Broström repair because of ATFL elongation. To
manage situations where the tissue is less than adequate,
numerous modifications of the original Broström technique
have been described,20 such as reinforcement with the inferior extensor retinaculum described by Gould et al2,4,14 or
the addition of an Evans procedure as described by Girard
et al.13 Nevertheless, clinical concerns over the early
strength of these secondary repairs and the need to limit
rehabilitation remain. In patients with long-standing lateral ankle instability with attenuated native tissue and
in very large patients and/or elite athletes, both of whom
are likely to place extra stress on their ankles, the adequacy of these repairs has been questioned.13,24 To address
situations such as these, the concept of using high-strength
nonabsorbable suture tape, which prior literature has
described for rotator cuff repairs,6,9,29 to augment
Broström repairs of the lateral ankle ligament has been
proposed (Mackay, unpublished data, 2012). No biomechanical data are currently available investigating this
technique in the ankle.
The purpose of this study was to perform a biomechanical comparison of suture tape augmentation alone and
Broström repair with suture tape augmentation to the
intact ATFL in a controlled laboratory biomechanical
model. We hypothesized that both techniques would have
similar biomechanical properties at time zero when compared with an intact isolated ATFL.

MATERIALS AND METHODS
Specimens
Eighteen fresh-frozen cadaveric ankles were thawed, dissected, and utilized in part 1 of this 2-part study. Specimens were included if they had no prior ankle ligament
tears or surgery, were age 65 years (mean, 53.2 years;
range, 31-65 years), and had no history of cancer as the
cause of death. Specimens were randomized to 1 of 3
groups to be tested: (1) intact ATFL, (2) suture tape augmentation, and (3) Broström repair with suture tape augmentation. Specimens were kept moist with saline to
prevent tissue desiccation throughout testing.
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Surgical Approach
For all specimens, a curvilinear incision was made anterior
to the fibula, 3 cm proximal to the ATFL insertion on the
talus and extending along the distal anterior fibula. Deeper
dissection allowed for identification of the inferior extensor
retinaculum. Once identified, the retinaculum was
retracted, exposing the underlying ATFL. The capsular
interval between the anterior inferior tibiofibular ligament
(AITFL) and the ATFL was identified and the ankle joint
opened, exposing the lateral trochlea of the talus. A curved
hemostat was placed within the joint and passed under the
lateral capsule and the ATFL, exiting directly anterior to
the peroneal tendon sheath. The capsuloligamentous tissue
from the interval between the AITFL insertion and the calcaneofibular ligament (CFL) insertion near the tip of the fibula was then divided, sectioning the ATFL. The specimen
was assessed clinically with an anterior drawer test to verify that complete sectioning of the ATFL was performed.

Isolation of the Intact ATFL and Repair
In all specimens, the intact ATFL or the ATFL repair technique was isolated in a standardized fashion before biomechanical testing. All native soft tissues were stripped
completely from the tibia and fibula, with the exception
of the ATFL attachment from the distal fibula to the lateral talus. The muscle attachments of the tibia and fibula
were removed. The tibia was also removed, leaving the fibula and foot for testing. The foot was left intact with the
skin present. An elliptical incision was made across
the hindfoot posteriorly at the Achilles insertion. Once
the soft tissues were removed, the deltoid ligament, the
anterior capsule, and the posterior capsule were incised,
leaving the lateral ligaments. The syndesmosis ligaments,
the posterior talofibular ligament, and the CFL were then
cut, leaving only the intact ATFL or the repaired ATFL isolated in all specimens.

Suture Tape Augmentation Surgical Technique
In 6 ankle specimens, the capsuloligamentous ends of the
ATFL were identified after sectioning but were not sutured
together. The sectioned ends of the ATFL were used as
guides for tunnel placement. Two 3.4-mm tunnels were
created in the fibula and talus at the origin and insertion
of the native ATFL, using a calibrated drill guide followed
by a 4.75-mm tap (Arthrex Inc, Naples, Florida). Consistency with manufacturer and drill type was emphasized
to minimize aperture variability and tunnel dimensions.11
A 4.75-mm suture anchor (BioComposite SwiveLock,
Arthrex Inc) was loaded with 2 mm–wide suture tape composed of braided ultra high molecular weight polyethylene
(UHMWPE) and polyester (FiberTape, Arthrex Inc) and
seated into the talus. The foot was then held in relaxed
plantar 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. A second 4.75-mm anchor loaded with the opposite
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Figure 1. (A) Suture tape augmentation (right ankle specimen). Ultra high molecular weight polyethylene (UHMWPE)
and polyester suture tape in the anterolateral distal fibula
(asterisk) and talus (arrowhead) along the lateral articular
margin is secured with biocomposite anchors at the origin
and insertion points of the anterior talofibular ligament
(ATFL). (B) Broström repair with the suture tape augmentation (right ankle specimen). Suture tape is placed superficial
to 2 No. 0 UHMWPE and polyester sutures passed through
the capsuloligamentous ends and tied in an imbricated position. Suture tape is secured in the talus with an anchor
(arrowhead) at the insertion site of the ATFL, while the second anchor loaded with suture tape is placed into the anterolateral distal fibula (asterisk) at the origin of the ATFL.
end of the suture tape was then seated into the fibula
under tension (Figure 1A). The anterior drawer test was
applied to each specimen to verify stability of the ankle
mortise.

Broström Repair With Suture Tape Augmentation
Surgical Technique
In 6 ankle specimens, the capsuloligamentous ends were
identified after they were sectioned. Similar to the suture
tape augmentation technique, two 3.4-mm drill holes
were first placed in the fibula and talus. After creation of
the tunnels, attention was paid to the Broström repair of
the ATFL. The foot was then held in relaxed plantar flexion 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. Two No. 0 nonabsorbable
braided sutures (FiberWire, Arthrex Inc) were placed
through the sectioned capsuloligamentous ends for repair
of the ATFL in an imbricated position, similar to the technique described by Broström7 and others.32 After securing
the Broström repair, a 4.75-mm anchor loaded with suture
tape was seated into the previously created talar tunnel
superficial to the repair. A second 4.75-mm anchor with
suture tape was then seated into the fibula superficial to
the repair and the suture tape tensioned (Figure 1B).
The anterior drawer test was applied to each specimen to
verify stability of the ankle mortise.

Figure 2. Left ankle specimen secured in a custom fixture
and mounted to the load actuator of a dynamic tensile testing
machine before biomechanical testing. The foot is placed in
20° of inversion and 10° of plantar flexion relative to the vertical fibula. Spherical pushpins are placed in the vertical
plane at the same height of the insertion sites of the native
anterior talofibular ligament footprints in the fibula and talus
for detection by the video extensometer.

Specimen Preparation for Testing
Similar testing methods have been previously published,32
with modifications for this 2-part study described here in
detail. Each specimen was rigidly secured onto a plate
with a steel strap over the superior portion of the dorsum
of the foot. A 6 mm–diameter drill was used to create an
80 mm–deep pilot hole from posterior to anterior into the
calcaneus. To further secure the foot and prevent deflection
off the foot plate, a pin was placed into the calcaneus
through the back of the custom fixation device, through
the pilot hole adjacent to the posterior calcaneus. Two
50-mm screws were placed inferiorly across the subtalar
joint to prevent movement during loading. The mounted
foot and plate were then placed on a custom alignment fixture with the foot in 20° of inversion and 10° of plantar flexion relative to the vertical fibula. A 6 mm–diameter drill
was used to create a medial to lateral tunnel through the
fibula, 10 cm proximal from the joint. A 6 mm–diameter
pin was placed through the fibular tunnel in a custom
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TABLE 1
Demographics and Mean Ultimate Load to Failure and Stiffness Compared With the Intact ATFLa
Demographics
Group
Intact
Augmentation alone
Broström with augmentation

Ultimate Load to Failure

Stiffness

Male:
Female, n

Age, Mean
(Range), y

Mean 6
SD, N

D

%D

P Value

Mean 6 SD,
N/mm

D

%D

P Value

4:2
3:3
4:2

55.6 (45-64)
50.2 (31-65)
54.0 (41-59)

154.0 6 63.7
315.5 6 66.8
250.8 6 122.7

—
161
97

—
51
39

—
.017
.175

14.5 6 4.4
31.4 6 9.9
21.1 6 9.1

—
16
6

—
52
29

—
.008
.369

a

ATFL, anterior talofibular ligament.

fixture, which was mounted to the load actuator of
a dynamic tensile testing machine (ElectroPuls E10000, Instron Systems, Norwood, Massachusetts). Six plates were
compressed into the fibula from 2 levels and 3 directions
to surround and ensure the fibula would remain vertical relative to the foot under loading. Finally, the foot plate was
secured to the base of the test bed after aligning the fibula
in the anatomic neutral orientation relative to the talus.

Biomechanical Testing
A video extensometer was utilized to accurately measure
the displacement of the fibula relative to the talus by tracking the spheres of contrasting 3.0 mm–diameter spherical
pushpins, which were placed in the vertical plane at the
same height of the insertion sites of the native ATFL footprints in the fibula and talus (Advanced Video Extensometer, Instron Systems) (Figure 2). A tensile load of 15 N was
gradually applied over 10 seconds, and the gauge length
between the 2 spherical pins was measured by the video
extensometer and recorded. This load was then held for
5 seconds to remove potential creep and then loaded to failure by displacing the fibula at a rate of 20 mm/min. The
data were recorded by Instron BlueHill 2 software (Instron
Systems), and further analysis and calculations were then
performed with Microsoft Excel software (Microsoft Inc,
Seattle, Washington). Stiffness (N/mm) was calculated
during the linear portion of the force-deflection curve,
and the load (N) at 3.0 mm of displacement was recorded.
The cause and type of each specimen failure were also
recorded.

RESULTS
No statistical differences were seen for demographic variables between any of the study groups. Table 1 demonstrates group demographics and the percentage change
in both ultimate load to failure and stiffness for the 2 techniques compared with the intact ATFL.
The mean ultimate load to failure of suture tape augmentation (315.5 6 66.8 N) was significantly higher than that of
the intact ATFL (154.0 6 63.7 N) (P = .017). The mean ultimate load to failure of the Broström repair with suture tape
augmentation (250.8 6 122.7 N) was not significantly different than that of the intact ATFL (P = .175). The ultimate
loads to failure of the 2 techniques were not significantly different from each other (P = .436) (Figure 3A).
The mean stiffness of augmentation alone (31.4 6
9.9 N/mm) was significantly higher than that of the intact
ATFL (14.5 6 4.4 N/mm) (P = .008). The mean stiffness of
the Broström repair with augmentation (21.1 6 9.1 N/mm)
was not significantly different than that of the intact
ATFL (P = .369). The stiffness values of the 2 techniques
were not significantly different from each other (P = .111)
(Figure 3B).
The native ATFL failed because of a ligament avulsion
at the talus footprint (n = 6/6). Suture tape augmentation
failed because of suture pullout of the anchor at the fibula
(5/6) and the talus (1/6). The Broström repair with suture
tape augmentation failed because of fibular anchor pullout
(4/6), talar anchor pullout (1/6), and midsubstance suture
elongation (1/6).

DISCUSSION
Statistical Analysis
Statistical analysis was performed with predictive analytics 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 demonstrated 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.

The strength and stiffness of the Broström repair with
suture tape augmentation were not significantly different
from those of the intact ATFL in this cadaveric model.
Suture tape augmentation alone demonstrated an approximately 50% higher mean load to failure and stiffness compared with the intact ATFL. The 2 techniques were not
significantly different from each other. Given that prior
research has reported the ATFL with the standard Broström repair to be at least 50% weaker than the native
ATFL at time zero,32 the results of this study also exhibit
that both suture tape augmentation techniques produce
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Figure 3. Box plots comparing biomechanical data between groups. 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. The
asterisk represents significant differences (P \ .05). (A) Ultimate load to failure in Newtons (N). (B) Stiffness in Newtons per millimeter (N/mm).
stronger and stiffer results than those of the standard
Broström repair.
The present study provides important biomechanical
information about both suture tape augmentation alone
and suture tape used in conjunction with a Broström
repair of the ATFL. Based on these data, however, it
remains unclear what clinical role either of these techniques may have in the treatment of patients with lateral
ankle instability. Increased strength and increased stiffness compared with the intact ATFL or standard Broström
repair do not necessarily translate into a superior treatment option for patients. Additional research and clinical
follow-up will be necessary before the widespread use of
nonabsorbable suture tape techniques can be recommended for the ankle. In addition to the results of suture
tape augmentation, this study also provides further reinforcement of prior research describing biomechanical properties of the intact ATFL. Data from this study reporting
the mean ultimate load to failure (154.0 N 6 63.7 N) of
the ATFL compare closely to results reported initially by
Attarian et al1 (138.9 N 6 23.5 N) and more recently by
Waldrop et al32 (160.9 N 6 72.2 N).
Caution should be used when making strength and stiffness comparisons between this and prior studies, given the
differences in displacement measurement techniques and
the variability in custom fixtures. However, the results of
the study relative to the intact ATFL provide the ability
to interpret between studies of varying test methodologies.
Advancements in testing methodology compared with Waldrop et al32 included maintenance of the fibula in the vertical direction throughout testing, with the surrounding
plates in multiple planes designed to prevent migration

of the fibula under loading conditions. Additionally, the
calcaneus pin and screws through the subtalar joint assisted in securing the foot on the plate during testing. With
the use of the video extensometer, displacement measurements used for stiffness calculations were also more confined to the specific region of interest (ie, change in
position of the fibula relative to the talus). Finally, the
loads to failure reported by Waldrop et al32 were more in
line with the ATFL itself because the fibula could more
easily drift during loading. The force vector on the ATFL
or the repair technique in the present study was more representative of the force that occurs during the anticipated
mode of failure of a typical inversion-type ankle sprain.
The suture tape augmentation techniques described for
the lateral ankle in this study are not necessarily homologous to the ‘‘artificial ligaments’’ and ligament augmentations attempted previously for the anterior cruciate
ligament (ACL) of the knee and largely abandoned because
of high failure rates.19,22 Nevertheless, one should not completely ignore that history but instead keep those lessons
in mind when evaluating ‘‘new’’ technologies and surgical
techniques such as suture tape augmentation for the
ATFL. In contrast to the relatively unconstrained articulation of the knee and the intra-articular ACL, the ankle
is a highly constrained joint that is more reliant on bony
constraints than extra-articular soft tissue structures
such as the ATFL.23,25,27,34 Perhaps these and other differences between the knee and ankle will prove to be critical in future studies evaluating ligament augmentation
techniques.
It is important to also mention the issue of appropriate
suture tape tensioning when considering the clinical value
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of these augmentation techniques. We hypothesize that
excess tension on suture tape augmentation could cause
stress shielding of the ATFL and result in poor healing of
the Broström repair. In contrast, inadequate tension would
fail to augment the strength of the overall construct,
thereby defeating the theoretical advantage of such an
augmentation technique.21,30,35 Additional research is
needed to better understand the clinical significance of
this concept in the ankle.
There were limitations to this study. First, the mean
age of the specimens was 53.2 years, which is older than
the population in which Broström repairs of the ATFL
are typically attempted.10,33 The quality of the soft tissues
in the study samples was likely weaker than that seen in
younger patients with this clinical problem. Similarly,
the bone quality of these older cadaveric specimens was
likely to be weaker than in the younger clinical population.
In addition, the bone density of the specimen could not be
controlled using the methodology of this study. Random
assignment of the specimens to each of the 3 experimental
groups theoretically decreased the influence of these agerelated confounding variables on the study results. Finally,
this study demonstrated the biomechanical properties of 2
surgical techniques at time zero only, which eliminates the
effects of biological healing over time.

CONCLUSION
The ATFL with suture tape augmentation is at least as
strong as the native ATFL at time zero in a fresh-frozen
cadaveric model, with augmentation alone demonstrating
50% higher strength and stiffness compared with the
native ligament. Because both suture tape augmentation
alone and Broström repair with suture tape augmentation
result in comparable or greater strength compared with
the intact ATFL, the 2 techniques consequently have
increased strength compared with standard Broström
repairs described previously in the literature. The clinical
role for suture tape augmentation of Broström repairs, specifically the techniques described here, remains to be
determined. Additional research is necessary before clinical recommendations about these techniques for ankle ligament ruptures can be made.
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