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Abstract

systems

Background: Chronic ankle instability (CAl) may result from repeated, frequent ankle sprains during sports activities.
Manual examination for CAl is conducted; however, quantitative methods for the evaluation of CAl have not been
established, and the reproducibility of the amount of stress is low. This cross-sectional study aimed to use a stress
device and ultrasound for the quantitative evaluation of the change in the length of the anterior talofibular
ligament (ATFL) during simulated anterior drawer and ankle inversion stress tests.

Methods: Questionnaires were provided to 160 healthy college students (86 men, 74 women; 320 ankles). We
extracted two groups from them: control subjects without a history of ankle injury (n =64 ankles) and subjects with
CAl (n =54 ankles). We calculated the change in the length of the ATFL with anterior drawer and inversion stress
tests at ankle joint plantar flexions of 0°, 20°, and 45° using ultrasound images.

Results: The anterior length change rates were significantly higher in the CAI group than in the control group at
ankle joint plantar flexions of 20° and 45° in men (P < 0.05). The inversion length change rates were significantly
higher in the CAI group at ankle joint plantar flexion of 20° in men (P < 0.05). No significant between-group
difference in the anterior and inversion length change rates was observed in women.

Conclusions: Stress ultrasound revealed greater length changes in the ATFL in the CAl group than in the control
group. The stress test may be useful at ankle joint plantar flexion of 20° for men.
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Background

Ankle sprains are among the most frequently occurring
sports injuries, accounting for approximately 12-20% of
all injuries [1-3]. Ankle sprains often occur in cutting
and jumping situations during sports activities [4, 5] and
are roughly categorized into two types: internal and ex-
ternal sprains. Internal sprains occur in approximately
70-77% of cases [6], whereas external sprains occur in
approximately 5-14% [6, 7]. The most common causes
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of ankle sprains are ankle plantar flexion injuries and
valgus injuries, calcaneofibular ligament (CFL) damage
occurring in approximately 2% of cases [6], in contrast
with anterior talofibular ligament (ATFL) damage occur-
ring in approximately 65-73% of cases [6, 8]. The ATFL
begins on the inner leading edge of the fibular lateral
malleolus and attaches to the neck of the talus. The
ATFL limits plantar flexion and ankle inversion [8] and
may be easily and more frequently damaged with inver-
sion ankle sprains. The fibular lateral malleolus is lo-
cated more distally than the medial malleolus.
Additionally, the lateral ligament of the ankle joint is fra-
gile compared with the medial ligament [9], which may
explain why the ATFL has higher rates of injury with
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inversion ankle sprains. The talocrural joint is most ana-
tomically stable in the dorsiflexion position; however,
bone stability is reduced in the plantar flexion position.
ATEFL stability greatly contributes to the overall stability
of the ankle joint [9].

In addition to the high incidence of inversion ankle
sprains, the rate of recurrent trauma and injury to the
ankle is approximately 73.5% [10]. In many cases, inver-
sion ankle sprains tend to be considered minor injuries
[11]. However, when rehabilitation is insufficient and
ankle sprains are recurrent, sequelae such as chronic ankle
instability (CAI) are likely to occur. As ankle joint instabil-
ity is an indicator of CAI [12], post-injury rehabilitation is
crucial. Without rehabilitation, CAI can become a great
hindrance to participation in sports activities. Hertel re-
ported that CAI occurs because of repetitive ankle sprains
caused by a combination of structural and functional in-
stabilities [13, 14]. According to the International Ankle
Consortium, the criteria for CAI include the following: a
history of one or more ankle sprains; an ankle with a his-
tory of “giving way,” which indicates joint instability; and
an ankle condition that meets the criteria in recom-
mended questionnaires such as the Cumberland Ankle In-
stability Tool and Identification of Functional Ankle
Instability questionnaire. The criteria for excluding a diag-
nosis of CAI are a history of no more than one (initial)
joint sprain within a 1-year period, a history of ankle
sprain within 3 months, and a history of fracture or sur-
gery on the lower limbs. Functional instability of the ankle
joint is diagnosed using scoring instruments or subjective
feelings of ankle instability as well as other subjective
symptoms in daily life. Sports surgery performed as treat-
ment for functional instability can also be used to diag-
nose functional instability of the ankle [13]. In many
cases, evaluations of ankle instability are objectively per-
formed using manual examination, radiography, or mag-
netic resonance imaging (MRI).

In most objective manual examinations, it is impos-
sible to create a constant load during manual operation
tests; however, the two manual ankle examination
methods that are currently used to identify sprains are
the anterior drawer and inversion stress tests. Stress
X-ray photography using the Telos stress device (Telos)
can make the load constant but exposes the patient to
radiation, which is a disadvantage of the test. MRI is
used to visualize muscle and ligamentous tissues but is
limited by its high cost and low versatility because of the
massive size of the equipment. In recent years, ultra-
sound imaging devices for these purposes have increased
in popularity. These devices have begun to replace MRI
because they allow changes in body tissues to be visual-
ized in real time as manual stresses to the joints can be
applied on the sports fields, in stadiums, and in out-
patient clinics [15, 16]. Ultrasound is comparatively
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low-cost, imposes fewer restrictions on usage locations,
and is very safe for patients. Lee et al. reported the use-
fulness of quantitative evaluations using ultrasound in
combination with the anterior drawer stress test [17]. In
a previous study, differences in length change rates of
the fibular lateral malleolus and talus were identified
among patients with a history of ankle sprains after eval-
uations that included anterior drawer stress test or ultra-
sound imaging [18, 19]. However, manual ankle joint
stress tests cannot define ankle joint plantar flexion an-
gles and are not reproducible because it is impossible to
make the loads constant.

In this study, we compared a control group (subjects
with no history of ankle sprain and lower limb surgery)
with a CAI group (subjects with ankle joint instability)
to clarify differences in length change rates of the fibular
lateral malleolus and talus based on anterior drawer and
inversion stress tests performed at different ankle joint
plantar flexion angles using Telos and diagnostic ultra-
sound imaging systems.

Methods

Subjects

Questionnaires were provided to 160 healthy college stu-
dents (86 men, 74 women; 320 ankles). The study data
extraction method included the following: history of one
or more ankle sprains, which are criteria for CAI ac-
cording to the International Ankle Consortium; two or
more episodes of an ankle “giving way”; and two or more
ipsilateral ankle sprains experienced within the prior 6
months. These criteria met the standards of the Cum-
berland Ankle Instability Tool, which is a recommended
questionnaire used for subjects who do not meet any of
the criteria. CAI is identified by a score of 24 points or
less out of 30 using the Cumberland Ankle Instability
Tool and a score of over 11 points using the Identifica-
tion of Functional Ankle Instability questionnaire. We
extracted two groups from them: 54 ankles (28 men, 26
women) with CAI and 64 uninjured ankles (30 men, 34
women) participated in this study (Table 1).

Prior to their participation, all subjects were verbally
informed about the purpose and contents of this re-
search, and written informed consent was obtained from
each subject. The study was approved by the ethics com-
mittee of Niigata University of Health and Welfare (no.
17798-170,285), and the research was conducted in ac-
cordance with the tenets of the Declaration of Helsinki.

Equipment used

In this study, we used a diagnostic ultrasound imaging
system (Aplio 500; Canon Medical Systems, Tokyo, Japan)
and a high-frequency linear probe (PLT-1005 BT, 10 MHz;
Canon Medical Systems, Tokyo, Japan) to photograph the
fibular lateral malleolus and talus. Quantitative stresses
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Table 1 Characteristics of the Chronic Ankle Instability and Control Groups

Mean £ SD Mean £+ SD
Variable Men P Women P

CAl (n=28) Control (n=30) Value CAl (n=26) control (0 =34) Value
Age, y 209+ 14 20408 0.098 20416 207 £22 0.153
Height, cm 1742 +98 1731+£93 0.800 1582+68 1546+ 88 0.753
Body weight, kg 71.0+£7.7 68.1+99 0.650 580+82 553+95 0.538
No. of previous ankle sprains 31+153 NA NA 264238 NA NA
Time since last sprain, mo 9.0+290 NA NA 103+3.67 NA NA

were applied to the ankle joints to simulate anterior
drawer and inversion stresses using the Telos stress device
(Aimedic MMT Co., Ltd., Tokyo, Japan). In addition, a
joint angle meter (Takase Medical Co., Ltd., Tokyo, Japan)
was used to measure the ankle joint flexion angle. All
ankle angles were determined by one examiner.

Measurement method

Measurements of the fibular lateral malleolus and talus at
rest

Using diagnostic ultrasound according to the method of
Singh [20], a linear probe was used to measure the dis-
tance between the fibular lateral malleolus and talus,
which is the most prominent part of the proximal sur-
face of the fibula in the anterior half of the outer anter-
ior slope of the ankle joint (Fig. 1).

Anterior drawer and inversion stress test measurements
To perform the anterior drawer stress test, the subject
was placed on a bed in lateral position with the feet on

the Telos. The posture at the time of measurement was
as follows: 10° of hip joint flexion and 20° of knee joint
flexion. The position of stress at ankle joint plantar flex-
ions of 0°, 20°, and 45° was set at 5cm proximal to the
fibular lateral malleolus. The anterior drawer stress test
was performed with a load of 130N or higher, and the
process was photographed (Fig. 2).

To perform the inversion stress test, the subject was
placed on the bed in supine position with the feet on the
Telos and the knee joint at 20° of flexion. The position of
stress at ankle joint plantar flexions of 0°, 20°, and 45° was
set at 5cm proximal to the fibular lateral malleolus. The
inversion stress test was performed with a load of 130N
or higher, and the process was photographed (Fig. 3).

Ankle joint flexion angles were measured by three ex-
aminers using goniometers during anterior drawer and
inversion stress test measurements. Based on a previous
study that reported that the length change rate reached
a maximum under a load of 130 N or higher, we set our
load at 130 N [18].

Fig. 1 Ultrasound images of the fibular lateral malleolus and talus The probe is applied to the long axis of the fibular lateral malleolus and the
anterior lateral portion of the talus as markers. We checked the anterior and posterior talus bone projections, which are drawn at sharp angles on
the image. Subsequently, we checked the rounded fibular lateral malleolus and photographed them in B mode

“Fibula

Lateral malleolus
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45°

Fig. 2 Anterior drawer stress test position and limb position To perform the anterior drawer stress test, the subject is placed on a bed in lateral
position with the feet on the Telos. The posture at the time of measurement was as follows: 10° of hip joint flexion and 20° of knee joint flexion.
The position of stress at ankle joint plantar flexions of 0°, 20°, and 45° was set at 5 cm proximal to the fibular lateral malleolus. The anterior drawer
stress was measured under a load of 130N or more and photographed

Analysis method

Three ultrasound images were obtained at rest and dur-
ing stress, and the recorded images were analysed using
Image] analysis software (National Institutes of Health,

Length Change Rates
= (Stress Value-Resting Value/Resting Value) x 100

Atlanta, GA, USA, 2012). Three measurements were ob-
tained from each image, and the average value was cal-
culated. Considering individual differences, the distances
between the fibular lateral malleolus and talus at rest
and during stress were measured and recorded as length
change rates of the fibular lateral malleolus and talus.

Test reproducibility

A total of 20 men (age, 20.8 £ 1.3 years; height, 175.1 +
3.9 cm; weight, 72.3 £ 6.9 kg) and 20 women (age, 20.4 +
1.5 years; height, 163.1 +3.9cm; weight, 58.1 +5.6kg)
who did not have ankle joint pain were investigated with
respect to measurement reproducibility of length change

20°

Fig. 3 Inversion stress test position and limb position To perform the inversion stress test, the subject was placed on a bed in supine position
with the feet on the Telos and the knees bent. The position of stress at ankle joint plantar flexions of 0°, 20°, and 45° was set at 5 cm proximal to
the fibular lateral malleolus. The inversion stress was measured under a load of 130N or more and photographed
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rates at ankle joint plantar flexion angles of 0°, 20°, and
45°. Three measurements were obtained, and the average
value was used, similar to the method employed to meas-
ure length change rates of the fibular lateral malleolus and
talus. Measurements were repeated at 2 days after the first
measurement to verify their reproducibility.

Statistical analyses

The sample size was performed using Ene 3.0. The required
sample was determined taking as a reference the data re-
ported by de Noronha M [21]. The distance and length
change rates of the fibular lateral malleolus and talus were
tested for normality using the Shapiro-Wilk test with re-
spect to plantar flexion angles in each group. Student’s
t-test and Welch’s t-test were performed after checking for
normality. One-way analysis of variance without repetition
was performed for each plantar flexion angle, and a poster-
jori tests were performed using the Tukey—Kramer method.
The average of three measurements was calculated using
intraclass correlation coefficients (ICC) (1, 3) to determine
the reproducibility of length change rates of the fibular lat-
eral malleolus and talus at plantar flexion angles. All statis-
tical analyses were performed using SPSS for Windows
version 20 (IBM Corp., Armonk, NY, USA), with statistical
significance set at P < 0.05.

Results

Verification of measurement reproducibility

The ICCs (1, 3) for the length change rates of the fibular
lateral malleolus and talus ranged from 0.875 to 0.949
(Table 2). According to previous research criteria, our
measurement reproducibility was high because reprodu-
cibility is considered almost perfect when the ICC is
0.81 or higher [22].

Distance between the fibular lateral malleolus and talus
at rest

No change in ankle joint flexion angle at rest

The average distance between the fibular lateral malle-
olus and talus at rest was 20.8 + 2.6 mm in the control

Table 2 Inter-session reliability of the distance between the
fibular malleolus and talus®

Sex N Ankle joint angle ICC Reliability
Men 0° 0.949 Almost perfect
20 20° 0.935 Almost perfect
45° 0.899 Almost perfect
Women 0° 0922 Almost perfect
20 20° 0.827 Almost perfect
45° 0.875 Almost perfect

ICC intraclass correlation coefficient

@According to previous research criteria, the measurement reproducibility in
this study was considered high because reproducibility is thought to be
almost perfect when the ICC is 0.81 or more [22]
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group and 22.6 3.4 mm in the CAI group (Table 3).
The values were significantly higher in the CAI group
than in the control group for both men (P =0.045) and
women (P =0.042). In a same-sex comparison, both
men and women showed significantly higher values in
the CAI group than in the control group. Furthermore,
when compared according to sex, men in both the con-
trol and CAI groups showed significantly higher values
than women in both groups.

Change in ankle joint flexion angle at rest

When changing the ankle joint flexion angle at rest, the dis-
tance between the fibular lateral malleolus and talus was
significantly higher in men than in women at 20° (P =
0.036) and 45° (P =0.043) in the control group and at 45°
(P =0.034) in the CAI group (Table 4). The men and
women in the CAI group showed significantly higher dis-
tances than those in the control group at ankle joint plantar
flexions of 45° (P = 0.043) and 0° (P = 0.038), respectively.

Length change rates of the fibular lateral malleolus and
talus during the anterior drawer stress test

Data according to sex

Among men, length change rates between the fibular lat-
eral malleolus and talus during the anterior drawer
stress test were significantly higher in the CAI group at
ankle joint plantar flexions of 20° (P =0.016) and 45°
(P =0.033) (Table 5). The control group showed signifi-
cantly higher length change rates at an ankle joint plan-
tar flexion of 0° than at an ankle joint plantar flexion of
20°. Among women, no significant difference was ob-
served at any of the plantar flexion angles between the
control and CAI groups.

Length change rates of the fibular lateral malleolus and
talus during the inversion stress test

Data according to sex

Among men, length change rates between the fibular
lateral malleolus and talus during the inversion stress
test were significantly higher in the CAI group at an
ankle joint plantar flexion of 20° (P =0.029) (Table 5).
The control group showed significantly higher length
change rates at an ankle joint plantar flexion of 0°
than at an ankle joint plantar flexion of 20°. Among

Table 3 Average distance between the fibular malleolus and
talus at rest

Control CAl P value Effect size
Men 21.73+£267 (mm) 2351 +3.65 (mm) *P=0.045 0.06
Women 1990+ 254 (mm) 21.61£3.05(mm) *P=0.042 0.14
P value *P=0.046 *P=0.040
Effect size 0.13 0.09

CAl chronic ankle instability
*Significant difference between groups (P < 0.05)
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Table 4 Average distance between the fibular malleolus and talus according to ankle joint angle at rest

Ankle joint angle Men control (mm)

0° 19.62+385
20° 22.26 +2.68
45° 23.14+249

Ankle joint angle Women control (mm)

0° 1832+229
20° 2026 £2.17
45° 21.12+£2.55
0° 19.62+3.85
20° 2226 +2.68
45° 23.14+249
Ankle joint angle Men CAl (mm)
0° 21.73£4.51
20° 23.65+398
45° 2503 +3.57

Men CAI (mm) P value Effect size
21.73+4.51 P=0.102 0.18
23.65+3.98 P=0.966 0.36
2503 +3.57 *P=0.043 0.09
Women CAIl (mm) P value Effect size
20.57 £4.22 *P=0.038 0.06
21.80+3.95 P=03832 022
2250+3.82 P=0.864 0.22
1832+229 P=0917 0.29
2026+2.17 *P=0.036 0.14
21124255 *P=0.043 0.11
Women CAI (mm) P value Effect size
20.57 £4.22 P=0838 0.19
21.80+3.95 P=0.732 0.09
22.50+3.82 *P=0034 0.06

CAl chronic ankle instability
*Significant difference between groups (P < 0.05)

women, no significant difference was observed at any
of the plantar flexion angles between the control and
CAI groups.

Discussion

Our findings suggest that the anterior drawer and
inversion stress tests are effective for determining
length change rates between the fibular lateral malle-
olus and talus at an ankle joint plantar flexion of 20°
in men. This may be the best ankle joint angle for
the measurement of length change rates. Lee et al.
evaluated the ATFL after ankle sprains and examined
changes in the distance between the fibular lateral

malleolus and talus during stress tests using diagnos-
tic ultrasound [17]. Sisson et al. also conducted
quantitative evaluations of the ankle joint using
Telos and ultrasound [23]. In the present study, we
compared the data of a control group comprising
subjects with no history of ankle sprains or lower
limb surgery to the data of a CAI group comprising
subjects with ankle joint instability. We were able to
clarify the differences in length change rates between
the fibular lateral malleolus and talus using anterior
drawer and inversion stress tests and the differences
in ankle joint plantar flexion angles using Telos and
diagnostic ultrasound.

Table 5 Average dehiscence rate between the fibular malleolus and talus by ankle joint angle during stress

Joint angle Men control (mm)
Anterior 0° 6.81+3.92

20° 326+2.18

45° 395+£2.11
Inversion 0° 553+253

20° 344+£195

45° 419+226
Joint angle Women control (mm)
Anterior 0° 546£2.10

20° 565+4.18

45° 6.20£4.55
Inversion 0° 7.83+£4.66

20° 831+£538

45° 573+£298

Men CAl (mm) P value Effect size
7.50 £ 444 P=0.102 0.24
741+399 *P=0016 0.09
6.77 £3.49 *P=0033 0.03
745+ 451 P=0.086 032
570+2.16 *P=0.029 0.15
498 £251 P=1.005 0.22
Women CAIl (mm) P value Effect size
497 £0.95 P=0.098 0.06
454 +284 P=0.102 0.11
524 +266 P=0987 0.22
532+239 P=0.808 031
523+262 P=0.955 0.26
567 £265 P=1.009 0.28

CAl chronic ankle instability
*Significant difference between groups (P < 0.05)
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The distance between the fibular lateral malleolus and
talus at rest was significantly higher in the CAI group in
both men and women. A previous study by Croy et al.
indicated no significant difference in the distance be-
tween the fibular lateral malleolus and talus at rest (18.6
+ 1.5 mm in the control group and 18.8 + 2.1 mm in the
CAI group) [18]. This result was different from that of
our study. The ATFL adheres to the fibular lateral malle-
olus and talus and prevents dehiscence [9]. As the ATFL
becomes flaccid with repetitive ankle sprains, there is a
high possibility that this might have been the reason for
the greater distance between the fibular lateral malleolus
and talus in the CAI group. In addition, the distance be-
tween these structures at rest was significantly higher
among men in the control and CAI groups than among
women in both groups. With changes in distance, the in-
fluence of the shapes of the fibular lateral malleolus and
talus may come into play. Taser et al. reported that the
width of the fibular lateral malleolus at 1 cm distal to the
tibial plafond was significantly greater in men than in
women [24]. Lee et al. reported that the shape of the
fibular lateral malleolus and talus is different among in-
dividuals [17]. It is possible that there are sex-related dif-
ferences in bone shapes among men and women, which
is the reason why we strongly feel that different evalu-
ation methods are required for men and women.

Differences in length change rates between the fibular
lateral malleolus and talus during the anterior drawer
stress test were not significantly different between the
CAI and control groups at an ankle joint plantar flexion
of 0°. Croy et al. reported that the anterior dehiscence
rates of the fibular lateral malleolus and talus were sig-
nificantly higher in the CAI group than in the control
group when anterior drawer stress test was performed at
an ankle joint plantar flexion of 0° [18]. Anatomically,
the ATFL, which is adherent to the fibular lateral malle-
olus and talus, tenses during ankle plantar flexion and
relaxes during dorsiflexion [9]. Furthermore, a cadaver
study showed that during ATFL dissection, the trochlea
of the talus moved inward with the inner deltoid liga-
ment as the axis while rotating inward [24]. This shows
that the ATFL is flaccid in the intermediate ankle joint
position, which may be why dehiscence of the fibular lat-
eral malleolus and talus increased in the control group
and no significant difference was observed between the
CAI and control groups. However, the length change
rates of the fibular lateral malleolus and talus were sig-
nificantly higher in the CAI group than in the control
group at ankle joint plantar flexions of 20° and 45° in
men. The ATFL functionally slows or stops the forward
movement of the trochlea of the talus in the plantar
flexion position [25] and limits the dehiscence of the
fibular lateral malleolus and talus in ankle plantar
flexion. However, in the CAI group, the distance
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restricting the dehiscence of these structures increased
because of the flaccid nature of the ATFL. Therefore, we
considered this to be the reason for the decrease in the
fibular lateral malleolus and talus dehiscence rates at
plantar flexions of 20° and 45° compared with those at 0°
in the anterior drawer stress test.

Conversely, length change rates of the fibular lateral
malleolus and talus during the inversion stress test were
lower among men in the control group than in the CAI
group at an ankle joint plantar flexion of 20°. Under in-
version stress, the ATFL becomes tenser with ankle joint
plantar flexion and inversion. The calcaneofibular liga-
ment (CFL) also becomes tenser with inversion [9]. The
CFL originates from the anterior end of the fibula below
the ATFL attachment and runs obliquely backward, ap-
proximately 130° with respect to the long axis of the fib-
ula. Thus, it becomes tense with dorsiflexion and
inversion [9]. It is thought that when the ATFL and CFL
are tense, they restrict the length change rates during
ankle joint plantar flexion and inversion. Therefore, men
in the control group had significantly lower length
change rates between the fibular lateral malleolus and
talus at an ankle joint plantar flexion of 20°. In addition,
Croy et al. reported that inversion stress at an ankle joint
plantar flexion of 30° in their CAI group was associated
with significantly high length change rates [8]. Based on
this information, we considered that the rate of inver-
sional dehiscence between the fibular lateral malleolus
and talus increased in the CAI group because of the flac-
cidity of the ATFL under inversion stress and the ab-
sence of movement cessation of the talus.

In this study, no significant difference in anterior
drawer and inversion stress test results was observed
between women in the control group and those in
the CAI group. Ventura et al. reported no significant
differences among women in their sprain and
non-sprain groups with respect to the rate of positiv-
ity of the anterior drawer test for the talus on stress
radiography [26]. That study and ours showed similar
results, suggesting that both the ATFL and movement
cessation caused by the CFL contribute to the func-
tion of the fibular lateral malleolus and talus. The ef-
fects caused by these ligaments are stronger in
women than in men.

This study had several limitations. First, we did not
evaluate the function of the ATFL itself. Second, length
change rates were evaluated using the fibular lateral mal-
leolus and talus as bone markers. It is possible that the
ATFL may not have been damaged in our subjects and
that the length change rate between the fibular lateral
malleolus and talus increased because of joint laxity. It is
difficult to judge whether the effects of joint laxity re-
sulted in CAI This issue should be addressed in future
studies.
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Conclusions

In this study, men in the CAI group showed significantly
higher length change rates of the fibular lateral malleolus
and talus than those in the control group at an ankle
joint plantar flexion of 20° in the anterior drawer and in-
version stress tests. This suggests that an ankle joint
plantar flexion of 20° may be the best angle for the per-
formance of anterior drawer and inversion stress tests in
men and should be considered for use in CAI evalua-
tions. No significant difference in length change rates
based on the ankle plantar flexion position was observed
among women between the control and CAI groups.
Further examinations that take joint laxity into account
are required in the future.

Abbreviations

ATFL: anterior talofibular ligament; CAl: chronic ankle instability;
CFL: calcaneofibular ligament; ICC: intraclass correlation coefficients;
MRI: magnetic resonance imaging

Acknowledgements
The authors would like to thank H. Watanabe, PT, for providing technical
assistance with this project.

Funding
This work was supported by JSPS KAKENHI Grant-in-Aid for Early-Career Sci-
entists (grant number JP 18 K17768).

Availability of data and materials

The datasets used and/or analysed during the current study are available
from the corresponding authors on reasonable request. Please contact
authors for data requests (Ph.D Takanori Kikumoto — email address:
kikumoto@nuhw.acjp).

Authors’ contributions

TK and KA were involved in study conception and design, data collection,
data analysis and interpretation, and drafting the manuscript. EN, Wl and RH
were involved in data interpretation and contributed to drafting the
manuscript. ME was involved in study design, data interpretation, and
contributed to drafting the manuscript. Al authors have read and approved
the final manuscript.

Ethics approval and consent to participate

The study protocol was approved by the institutional review board of
Niigata University of Health and Welfare (no. 17798-170285). Written
informed consent was obtained from each subject.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Institute for Human Movement and Medical Sciences, Physical Therapy
Department, Niigata University of Health and Welfare, 1398 Shimami-cho,
Kita-ku, Niigata-shi, Niigata 950-3198, Japan. “Johto Orthopaedic Clinic, 6-7-6
Higashidori, Akita-shi, Akita 010-0003, Japan.

Page 8 of 9

Received: 14 February 2019 Accepted: 18 April 2019
Published online: 03 May 2019

References

1. Fong DT, Hong Y, Chan LK, Yung PS, Chan KM. A systematic review
on ankle injury and ankle sprain in sports. Sports Med. 2007,37:73-94.

2. Orchard JW, Powell JW. Risk of knee and ankle sprains under various
weather conditions in American football. Med Sci Sports Exerc. 2003;35:
1118-23.

3. Price RJ, Hawkins RD, Hulse MA, Hodson A. The football association medical
research programme: an audit of injuries in academy youth football. Br J
Sports Med. 2004;38:466-71.

4. Doherty C, Delahunt E, Caulfield B, Hertel J, Ryan J, Bleakley C. The
incidence and prevalence of ankle sprain injury: a systematic review and
meta-analysis of prospective epidemiological studies. Sports Med. 2014;44:
123-40.

5. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15
sports: summary and recommendations for injury prevention initiatives. J
Athl Train. 2007,42:311-9.

6.  Woods C, Hawkins R, Hulse M, Hodson A. The football association
medical research Programme: an audit of injuries in professional
football: an analysis of ankle sprains. Br J Sports Med.
2003;37:233-8.

7. Cheung Y, Rosenberg S. MR imaging of ligamentous abnormalities of the
ankle and foot. Magn Reson Imaging Clin N Am. 2001;9:507-31.

8. Waterman BR, Owens BD, Davey S, Zacchilli MA, Belmont PJ Jr. The
epidemiology of ankle sprains in the United States. J Bone Joint Surg Am.
2010;92:2279-84.

9. Golané P, Vega J, de Leeuw PA, Malagelada F, Manzanares MC, Gotzens V,
et al. Anatomy of the ankle ligaments: a pictorial essay. Knee Surg Sports
Traumatol Arthrosc. 2010;18:557-69.

10.  Yeung MS, Chan KM, So CH, Yuan WY. An epidemiological survey on ankle
sprain. Br J Sports Med. 1994;28:112-6.

11. Gerber JP, Williams GN, Scoville CR, Arciero RA, Taylor DC. Persistent
disability associated with ankle sprains: a prospective examination of an
athletic population. Foot Ankle Int. 1998;19:653-60.

12. Bernier JN, Perrin DH, Rijke A. Effect of unilateral functional instability of the
ankle on postural sway and inversion and eversion strength. J Athl Train.
1997;32:226-32.

13.  Hertel J. Functional anatomy, pathomechanics, and pathophysiology of
lateral ankle instability. J Athl Train. 2002;37:364-75.

14.  Hertel J. Functional instability following lateral ankle sprain. Sports Med.
2000;29:361-71.

15. Cook CR. Ultrasound imaging of the musculoskeletal system. Vet Clin North
Am Small Anim Pract. 2016;46:355-71.

16. Woodhouse JB, McNally EG. Ultrasound of skeletal muscle injury: an update.
Semin Ultrasound CT MR. 2011,32:91-100.

17.  Lee KT, Park YU, Jegal H, Park JW, Choi JP, Kim JS. New method of diagnosis
for chronic ankle instability: comparison of manual anterior drawer test,
stress radiography and stress ultrasound. Knee Surg Sports Traumatol
Arthrosc. 2014;22:1701-7.

18. Croy T, Saliba SA, Saliba E, Anderson MW, Hertel J. Differences in lateral
ankle laxity measured via stress ultrasonography in individuals with chronic
ankle instability, ankle sprain copers, and healthy individuals. J Orthop
Sports Phys Ther. 2012;42:593-600.

19. Shoemaker MJ, Curtis AB, Vangsnes E, Dickinson MG. Clinically
meaningful change estimates for the six-minute walk test and daily
activity in individuals with chronic heart failure. Cardiopulm Phys Ther J.
2013;24:21-9.

20. Singh V, Elamvazuthi |, Jeoti V, George J, Swain A, Kumar D. Impacting
clinical evaluation of anterior talofibular ligament injuries through analysis
of ultrasound images. Biomed Eng Online. 2016;15:13.

21, de Noronha M, Franca LC, Haupenthal A, Nunes GS. Intrinsic predictive
factors for ankle sprain in active university students: a prospective study.
Scand J Med Sci Sports. 2013;23:541-7.

22, Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159-74.

23. Sisson L, Croy T, Saliba S, Hertel J. Comparison of ankle arthrometry to stress
ultrasound imaging in the assessment of ankle laxity in healthy adults. Int J
Sports Phys Ther. 2011;6:297-305.


mailto:kikumoto@nuhw.ac.jp

Kikumoto et al. Journal of Foot and Ankle Research (2019) 12:27 Page 9 of 9

24, Taser F, Toker S, Kilincoglu V. Evaluation of morphometric characteristics of
the fibular incisura on dry bones. Eklem Hastalik Cerrahisi. 2009;20:52-8.

25. Khawaji B, Soames R. The anterior talofibular ligament: a detailed
morphological study. Foot. 2015;25:141-7.

26. Ventura A, Terzaghi C, Legnani C, Borgo E. Lateral ligament reconstruction
with allograft in patients with severe chronic ankle instability. Arch Orthop
Trauma Surg. 2014;134:263-8.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Equipment used
	Measurement method
	Measurements of the fibular lateral malleolus and talus at rest
	Anterior drawer and inversion stress test measurements
	Analysis method
	Test reproducibility

	Statistical analyses

	Results
	Verification of measurement reproducibility
	Distance between the fibular lateral malleolus and talus at rest
	No change in ankle joint flexion angle at rest
	Change in ankle joint flexion angle at rest

	Length change rates of the fibular lateral malleolus and talus during the anterior drawer stress test
	Data according to sex

	Length change rates of the fibular lateral malleolus and talus during the inversion stress test
	Data according to sex


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

