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Context: Lateral ankle sprains are among the most com-
mon injuries in sport, with the anterior talofibular ligament (ATFL)
most susceptible to damage. Although we understand that after
a sprain, scar tissue forms within the ligament, little is known
about the morphologic changes in a ligament after injury.

Objective: To examine whether morphologic differences
exist in the thickness of the ATFL in healthy, coper, and
unstable-ankle groups.

Design: Cross-sectional study.
Setting: Laboratory.
Patients or Other Participants: A total of 80 National

Collegiate Athletic Association Division I collegiate athletes (43
women, 37 men, age¼ 18.2 6 1.1 years, height¼ 175.8 6 11.1
cm, body mass¼75.0 6 16.9 kg) participated in this study. They
were categorized into the healthy, coper, or unstable group by
history of ankle sprains and score on the Cumberland Ankle
Instability Tool.

Main Outcome Measure(s): A musculoskeletal sonograph-
ic image of the ATFL was obtained from each ankle. Thickness

of the ATFL was measured at the midpoint of the ligament
between the attachments on the lateral malleolus and talus.

Results: A group-by-limb interaction was evident (P¼ .038).
The ATFLs of the injured limb for the coper group (2.20 6 0.47
mm) and the injured limb for the unstable group (2.28 6 0.53
mm) were thicker than the ATFL of the ‘‘injured’’ limb of the
healthy group (1.95 6 0.29 mm) at P ¼ .015 and P ¼ .015,
respectively. No differences were seen in the uninjured limbs
among groups.

Conclusions: Because ATFL thicknesses of the healthy
group’s uninjured ankles were similar, we contend that lasting
morphologic changes occurred in those with a previous injury to
the ankle. Similar differences were seen between the injured
limbs of the coper and unstable groups, so there must be
another explanation for the sensations of instability and the
reinjuries in the unstable group.
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Key Points

� The anterior talofibular ligament can be viewed using musculoskeletal ultrasound imaging.
� The anterior talofibular ligaments of previously sprained ankles were thicker than those of uninjured ankles.
� Although coper ankles were more functionally similar to healthy ankles than to unstable ankles, they were

structurally different. Only further research can determine the relationship between ligament damage and functional
stability of the ankle.

M
usculoskeletal ultrasound (MSUS) imaging is a
new technique being used in the sports medicine
setting. Compared with other imaging tech-

niques, such as radiographic or magnetic resonance
imaging (MRI), MSUS offers a safer, more time-efficient,
and more cost-effective alternative. A real-time image can
be captured via MSUS by using a transducer to send high-
frequency sound waves into the body and recording the
echo of the sound waves reflecting back, providing an
image of the internal structure.1,2 This method has been
found to be effective in imaging upper extremity, lower
extremity, and joint injuries.1,3,4

Oae et al3 reported greater than 90% accuracy for both
MSUS and MRI in identifying injuries to the ankle. Lateral
ankle sprains (LASs) are among the most common injuries
in sport.5 An estimated 850 000 new ankle sprains occur

each year in the United States,7 which does not include a
70% reinjury rate at the ankle.6 Ankle stability plays an
important role in injury prevention. Passive stability of the
ankle is predominantly the responsibility of ligaments
supporting the bony structure of the talocrural joint because
there are no musculotendinous insertions on the talus.
Ligaments supporting the lateral complex of the ankle
include the anterior talofibular ligament (ATFL), calcaneo-
fibular ligament, and posterior talofibular ligament. The
ATFL is a flat ligament that attaches from the anterior
border of the lateral malleolus to the talus, just anterior to
the lateral malleolus articular surface.8 The ATFL limits
plantar flexion and inversion, motions that coincide with
the most common mechanism of injury.8 As a result, the
ATFL becomes vulnerable in a plantar-flexed and inverted
position and is most susceptible to damage during an
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LAS.5,6,9 An isolated tear of the ATFL occurs in about 80%
of LASs.10,11

After an LAS, the fibrous structure of an ankle ligament
is often disrupted by severe damage. Using MRI, Takao et
al12 reported visible scarring of the ATFL after injury.
Using MSUS, McCarthy et al13 described a thickened
ATFL, osseous spurs, and synovitic lesions after injury.
Thickness values for the ATFL have been derived primarily
from cadaveric studies14,15; however, MRI-based in vivo
studies demonstrated thickness of the ATFL to be in the
range of 2 to 3 mm.16,17 An abnormal ligament could affect
the stabilizing properties of the ligament. In animal studies,
although scar tissue formed within a ligament after injury,
the newly scarred ligament allowed normal movement;
however, the load capacity of that ligament was decreased
by 60%.18–20 Therefore, the strength of a ligament can be
sufficient for active movement and injury rehabilitation
soon after injury, but the decrease in load capacity of the
scarred ligament may affect its stabilizing properties.

Despite medical treatment and postinjury rehabilitation,
more than 50% of individuals who sustain a moderate or
severe ankle sprain experience some degree of residual
disability and impairment due to symptoms such as pain,
instability, loss of range of motion, and edema.6,21 Those
who do not fully recover from their ankle sprain often
develop chronic ankle instability (CAI), which limits
function not only in sport but also in activities of daily
living. Patients with CAI typically complain of the ankle
‘‘giving way’’ or of repeated ankle sprains under seemingly
low-risk conditions.22

Typically, CAI researchers have categorized participants
into 2 groups: those with ankle instability (unstable) and
those without ankle instability (healthy). The unstable
group consists of individuals who experience recurrent
sprains, sensations of instability, or both. Unfortunately,
this method of grouping ignores those who sustained an
ankle sprain but did not experience recurrent sprains or
sensations of instability. In general, an ankle ‘‘coper’’ refers
to an individual who has experienced an initial ankle sprain
but not a subsequent sprain.23 Only recently have copers
been addressed in ankle-instability research.24–29 Because
copers are still a new cohort in this research, the
classification of ankle copers differs somewhat among
researchers.25,28

Although we understand that the fibrous nature of a
ligament is disrupted after an LAS, little is known about the
actual morphologic changes in a ligament. Therefore, the
purpose of our study, using a mixed-model analysis, was to
determine whether MSUS can be used to see differences in
ligament thickness between the uninjured limb and the
injured limb among the healthy, coper, and unstable groups.
We hypothesized that the ligaments of the previously
injured ankles would be thicker than the uninjured ankles.

METHODS

Participants

A total of 80 National Collegiate Athletic Association
Division I collegiate athletes (43 women, 37 men, mean age
¼ 18.2 6 1.1 years, mean height¼ 175.8 6 11.1 cm, mean
body mass ¼ 75.0 6 16.9 kg) participated in this study.
Each participant completed the Cumberland Ankle Insta-
bility Tool (CAIT) and reported the number of sprains for
each ankle (Table 1). Participants were excluded if they had
a history of ankle surgery, had any sprain other than an
LAS, or had experienced an ankle sprain within 6 months
of data collection (excluding any acute physiologic
response to the injury). Participants with a history of
bilateral ankle sprains were excluded. All participants read
and signed the informed consent approved by the
University of Delaware Institutional Review Board, which
also approved the study.

Grouping

The CAIT is a valid and reliable questionnaire used to
determine functional ankle instability from self-reported
symptoms.30 Based on a 30-point system, a score of 26 or
above is considered healthy, whereas a score of 25 or below
is considered functionally unstable.31 Participants were
grouped into the healthy, coper, and unstable groups by
their CAIT scores and ankle injury histories. A healthy
ankle was an ankle with no previous history of a sprain and
with a score of 26 or above on the CAIT. Based on previous
research,25,28 we developed a more stringent classification
for a coper ankle, defining it as an ankle that (1)
experienced a single previous sprain at least 12 months
ago, (2) returned to the preinjury level of activity, (3)
scored in the healthy group (�26) of the CAIT, and (4) had

Table 1. Detailed Demographic Data for Each Group

Variable

Healthy Group:

Uninjured, ‘‘Injured’’

Coper Group:

Uninjured, Injured

Unstable Group:

Uninjured, Injured

Number of participants 46 24 10

Sex, women/men 24/22 13/11 6/4

Mean 6 SD

Height, cm 174.4 6 11.02 178.2 6 11.8 176.8 6 10.0

Mass, kg 73.7 6 17.5 77.1 6 16.0 76.0 6 17.8

Age, y 18.3 6 0.6 18.0 6 1.8 18.3 6 0.5

Cumberland Ankle Instability Tool score Uninjured: 28.6 6 1.3 Uninjured: 28.9 6 1.2 Uninjured: 29.0 6 1.5

‘‘Injured’’: 28.5 6 1.4 Injured: 28.4 6 1.4 Injured: 22.3 6 4.3a,b

Ankle sprains, No. Uninjured: 0.0 6 0.0 Uninjured: 0.0 6 0.0 Uninjured: 0.0 6 0.0

‘‘Injured’’: 0.0 6 0.0 Injured: 1.0 6 0.0c Injured: 1.8 6 0.6a,b

a Indicates statistical significance between the unstable and coper limbs.
b Indicates statistical significance between the unstable and uninjured limbs.
c Indicates statistical significance between the coper and uninjured limbs.
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no episodes of reinjury. An unstable ankle was one that
scored 25 or below on the CAIT, regardless of the number
of previous ankle sprains. Hence, the healthy group
consisted of the participants who had bilaterally uninjured
ankles; the coper group consisted of those who experienced
unilateral sprains and currently had a healthy, uninjured
ankle and a coper ankle; and the unstable group consisted
of those who experienced unilateral sprains and currently
had a healthy, uninjured ankle and an unstable ankle
(Figure 1).

Procedures

All imaging and thickness measurements were performed
by the same examiner, who was blinded to the classification
of the ankles. Measurements for thickness of the ATFL
were obtained using MSUS. An ultrasound image of the
ATFL was taken (model Logiq e compact ultrasound
machine; General Electric Company, Waukesha, WI) using
a 5- to 13-MHz multifrequency linear transducer. Because
the ATFL is a superficial structure, the examiner (K.L.) set
the transducer at a frequency of 12 MHz and an image
depth of 2.5 cm to capture the clearest, highest resolution
image possible. The transducer head was placed obliquely
from the distal fibula, over the sinus tarsi area, capturing the
origin and insertion point of the ATFL (Figure 2).
Ultrasonic gel (Aquasonic 100; Parker Laboratories, Inc,
Fairfield, NJ) was used as the conductive medium for the
sound waves to travel between the probe and the skin.

Once the examiner identified the ligament, she manipu-
lated the angle of the transducer head to capture the
superficial and deep borders of the ligament. After the full
image of the ligament was captured, it was saved.
Thickness of the ATFL was measured at the midpoint of

the ligament between the attachments on the lateral
malleolus and talus using the built-in measuring tool of
the MSUS unit (Figure 3). We analyzed the reliability of
the thickness measurements by calculating intraclass
correlation coefficients (ICCs) between 2 researchers
(ICC¼ 0.91). Measurements were taken from both ankles.

Data Analysis

The independent variables were group (healthy, coper,
unstable) and limb (uninjured, injured). The healthy group
consisted of the participants who had bilaterally uninjured
ankles. However, 1 limb of each participant in the healthy
group was operationally defined as ‘‘injured’’ for the sake of
statistical analyses, even though it was not truly an injured
limb. The coper group consisted of those who had
experienced a unilateral sprain and currently had an
uninjured ankle and a coper ankle. The unstable group
consisted of those who had experienced a unilateral sprain
and currently had an uninjured ankle and an unstable ankle.
The dependent variable was the thickness of the ATFL. A
mixed-model 3 3 2 analysis of variance was used to
analyze between-subjects and within-subject interactions of
group and limb factors. We conducted post hoc analyses
using a Bonferroni adjustment. Data were analyzed using
SPSS (version 19.0; SPSS, Inc, Chicago, IL). Statistical
significance was set at P � .05.

RESULTS

No statistically significant differences were demonstrated
in demographic data among groups in sex, age, height, and
body mass. The CAIT scores between the unstable and
coper groups, as well as between the unstable and healthy
groups, were different at P , .001. The mean number of

Figure 1. Group assignments.

Figure 2. Placement of the transducer head for Imaging the
anterior talofibular ligament.

Figure 3. A musculoskeletal ultrasound image of the anterior
talofibular ligament and thickness measurement.
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sprains among groups was also statistically different at P ,
.001.

We observed group-by-limb interaction (F2,73¼ 3.432, P
¼ .038, effect size ¼ 0.086), as shown in Figure 4. The
partial g2 was used for the effect size. A partial g2 of 0.086
represents a greater than medium effect size.32 The
Bonferroni post hoc analysis (Table 2) revealed a thicker
ATFL for the injured limb of the coper group compared
with the ‘‘injured’’ limb of the healthy group (P ¼ .015).
The ATFL was also thicker in the injured limb of the
unstable group compared with the ‘‘injured’’ limb of the
healthy group (P ¼ .015). No differences were detected in
the uninjured control limbs among the groups (Table 3).

DISCUSSION

The thickness of the ATFL was not different between the
uninjured ankles of the same participants in the healthy
group. Yet the ATFL was thicker in the previously injured
ankles of the coper and unstable groups compared with the
‘‘injured’’ ankle of the healthy group. Therefore, we
conclude that morphologic changes occurred in the ATFLs

of previously injured ankles. The thicknesses of the ATFLs
measured using MSUS in this study were similar to those
reported by Dimmick et al16 using MRI. We found a 0.25-
to 0.33-mm increased thickness of the injured coper and
unstable ankles compared with the healthy ‘‘injured’’
ankles. Although differences of 0.25 to 0.33 mm may not
seem substantial, they represent an increase of nearly 16%
in ligament thickness compared with the ATFL of an ankle
that had never been injured. Understanding the morpho-
logic changes to the static restraints of the ankle joint after
injury is needed to determine the extent of the injury and to
make postinjury treatment recommendations.

The interaction of the group-by-limb factors shows that
the differences within the limbs depend on the group
(Figure 4). The nearly horizontal line of the healthy group
shows that the ankles of the healthy group did not differ.
The steeper slopes of the lines for the coper and unstable
groups show the interaction of the differences between
groups. These morphologic changes are reflected by the

Figure 4. Limb-by-group analysis showing interaction. a Indicates a difference between the ‘‘injured’’ limb of the healthy group and the
injured limb of the unstable group (P¼ .015). b Indicates a difference between the ‘‘injured’’ limb of the healthy group and the injured limb of
the coper group (P¼ .015).

Table 2. Post Hoc Pairwise Comparisons

Limb Comparison P Value

Healthy uninjured to coper uninjured .424

Healthy uninjured to unstable uninjured .512

Coper uninjured to unstable uninjured .963

Healthy ‘‘injured’’ to coper injured .015a

Healthy ‘‘injured’’ to unstable injured .015a

Coper injured to unstable injured .584

a Indicates statistical significance.

Table 3. Anterior Talofibular Ligament Thickness Between

Groups, mm (Mean 6 SD)

Group

Anterior Talofibular Ligament Thickness

Uninjured Limb Injured Limb

Healthy 1.97 6 0.42 1.95 6 0.29

Coper 2.06 6 0.50 2.20 6 0.47a

Unstable 2.07 6 0.46 2.28 6 0.53b

a Indicates a difference between the ‘‘injured’’ limb of the healthy
group and the injured limb of the coper group (P ¼ .015).

b Indicates a difference between the ‘‘injured’’ limb of the healthy
group and the injured limb of the unstable group (P ¼ .015).
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increased thickness of the ATFL in previously injured
ankles. Because ligament thickness did not differ among
the uninjured, control ankles across groups, we suggest that
the morphologic changes that occurred were secondary to
the ankle injury. However, a prospective study is needed to
confirm this hypothesis.

To reduce the 70% reinjury rate for patients with ankle
sprains,6 we need to understand why copers (a new cohort
in ankle-instability research) do not experience recurrent
sprains. Although scarred ligaments have a reduced
tolerance for high loads,20 our findings showed that the
morphologies of the coper and unstable ankles were
similar. Therefore, a previous injury may have caused
lasting morphologic changes in the ligament, but it is not
simply the structure of the ligament that causes instability.
Given that CAI is a multifaceted problem, it is important to
have a comprehensive understanding of all of the changes
an individual experiences to understand the difference
between those who are ankle copers and those who suffer
from the long-term effects of multiple ankle sprains.
Because CAI can be caused not only by mechanical
insufficiencies but also by functional deficiencies,33 appre-
ciating the sensorimotor changes is necessary. Continued
research on the uninjured, coper, and unstable groups is
required to acquire a more robust comprehension of the
differences among groups and ways to prevent recurrent
ankle sprains. We acknowledge that a paired comparison of
participants with an unstable ankle and a coper ankle would
strengthen this study. In fact, 4 participants presented with
an unstable ankle and a coper ankle. However, the low
power of such a small participant pool meant that we could
not identify true differences between those ankles.

Therefore, in addition to understanding the anatomic
differences of the ATFL after an ankle sprain, it is
important to be familiar with the physiologic and
sensorimotor changes. The ankle ligaments have been
assumed to become more lax with each subsequent sprain.
Yet a previous study involving our participants casts doubt
on this theory.34 Liu et al34 found that ligament laxity, as
assessed by an ankle arthrometer, did not increase with
each subsequent sprain. Croy et al29 reported similar
increases in ligament length in the anterior and inversion
directions of the coper and CAI groups. Thus, ligament
laxity does not seem to be affected by the number of ankle
sprains, even though an apparent change is seen in the
ligaments of previously injured ankles. We know that the
load capacity of a newly scarred ligament can be decreased
by 60%.20 Hence, understanding both the anatomic and
physiologic alterations to the ligament is essential to
appreciating the effect of injury on the passive restraints
of the ankle. Other biomechanical factors could also affect
the integrity of the ligament. Perhaps passive joint stiffness
explains the lack of difference in ligament laxity despite a
structural difference. Joint stiffness is characterized by the
resistance to change during stretching.35 Recognizing
changes in joint laxity with force may better explain the
physiologic changes in the ligament after injury and the
anatomic changes seen in this current study. However,
further research is necessary to comprehend the biome-
chanical alterations of a ligament resulting from injury.

Because CAI does not stem solely from mechanical
insufficiencies, it is possible that the symptoms experienced
by these individuals are caused in part by sensorimotor

changes. This could further explain why morphologic
changes were similar between the coper and unstable
groups, yet only the participants in the unstable group
complained of lasting symptoms of instability. Balance
deficits affected by the sensorimotor system are a major
symptom of ankle instability.36,37 Changes in motor control
of the brain in both feedback and feedforward mechanisms
have been reported.37 This could explain why, although
both the coper and unstable groups presented with
ligamentous abnormalities, only the unstable group com-
plained of the symptoms of instability.

We acknowledge limitations to this study. First, injury
history was based only on participant recall. Second, the
group sizes were unequal. However, although the latter
factor may affect the statistical analyses, it may still
clinically represent those who experience these unilateral
injuries. Third, the lack of further physiologic data, such as
laxity or sensorimotor measures, limits our ability to justify
the differences among groups. Further research incorporat-
ing these data would add to our understanding of joint
changes after injury.

Morphologic changes occur in the ATFLs of previously
injured ankles. Because one of the main roles of ligaments
is to provide stability to a joint, these morphologic
changes could compromise joint stability. Yet not all
patients with a history of ankle sprain complain of residual
symptoms. Therefore, during the rehabilitation of an ankle
sprain, clinicians should focus on preventing permanent
alterations of ligaments and targeting functional deficien-
cies. Interventions such as prophylactic bracing and
modalities that lessen uncontrolled scar tissue formation
could be useful.
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