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Background: Previous studies have attempted to determine if certain risk factors can predict the occurrence of a lateral ankle
sprain (LAS) in female soccer players. Unfortunately, there is limited evidence with regard to risk factors associated with an
LAS in female soccer players.

Purpose: To identify intrinsic risk factors for an LAS among young female soccer players.

Study Design: Cohort study; Level of evidence, 2.

Methods: Participants were 161 young female soccer players in Japan who were evaluated for LAS risk factors during a presea-
son medical assessment. The assessment included anthropometric, joint laxity, joint range of motion, muscle flexibility, muscle
strength, and balance measurements. Each athlete’s history of LASs was also collected. The participants were monitored during
a single-yearseason for LASs, as diagnosed by physicians.

Results: There were 26 instances of an LAS in 25 players (15.5%) during the season. Injured players were significantly more likely
to have sustained a previous ankle sprain (P = .045) and demonstrated significantly worse balance than their peers without an LAS
during the double- and single-leg balance tests (P = .008 for both). Athletes with lower hamstring-to-quadriceps muscle strength
ratios were also significantly more likely to sustain an LAS (P = .02).

Conclusion: Poor balance, a low hamstring-to-quadriceps ratio, and a history of ankle sprains were associated with an increased
risk of LASs in young female soccer players in the current study. These findings may be useful for developing a program to pre-
vent LASs in this population.
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Ankle sprains are common lower extremity musculoskeletal
sports injuries. The most typical are inversion or lateral
ankle sprains (LASs).10,12,19 LASs are relatively common
and have a high recurrence rate of up to 47%.28 Some ath-
letes with acute ankle sprains develop mechanical and/or
functional ankle instability, resulting in residual symptoms
commonly referred to as chronic ankle instability.20

A study of sports in the National Collegiate Athletic
Association (NCAA) found that an LAS was more common
in basketball, soccer, volleyball, football, and gymnastics.6

Soccer is among the most popular sports globally, and it is
characterized by rapid speed changes, pivoting, jumping,
kicking, and cutting movements; therefore, ankle sprains
are common among soccer players.4,35 In recent years,
there has been growing interest in female soccer, and the
number of female soccer players is increasing. A systematic
review revealed that ankle sprains are more common in
female athletes compared to their male counterparts.10

Ankle sprains are the most common injury in NCAA

The Orthopaedic Journal of Sports Medicine, 12(2), 23259671231221481
DOI: 10.1177/23259671231221481
� The Author(s) 2024

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/

licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are

credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at

http://www.sagepub.com/journals-permissions.

Original Research



female soccer players, with an incidence of 8.6%.7 Despite
their frequent occurrence, few studies have attempted to
identify intrinsic risk factors for an LAS, specifically in
female soccer players.25

Because of their prominence in the sports injury land-
scape and the tendency for ongoing complications after
an injury, preventing ankle sprains is important.17 Previ-
ously identified intrinsic risk factors for an ankle sprain
include a history of injuries,1,11,23 age,1 lower limb range
of motion (ROM),14 balance,16,26,37 body mass index
(BMI),16,29 and muscular strength.3,21,29 A study by Mason
et al24 found that male and female patients have different
risk factors for an LAS. In male athletes, previous ankle
sprains, a greater BMI, greater weight, lower isometric
hip abduction strength, and lower dynamic balance perfor-
mance were found to be risk factors, whereas only lower
concentric dorsiflexion strength was found to be a risk fac-
tor in female athletes. Importantly, the authors noted the
relatively scarcity of data on female athletes.24

The aim of the current study was to identify intrinsic
risk factors for an LAS in a relatively large population of
young female soccer players.

METHODS

In this prospective cohort study, we evaluated female high
school and collegiate soccer players during the 2018-2020
season. Risk factor data were collected during a preseason
medical assessment. All participants were subsequently
monitored for injuries during a single soccer season. This
study was a part of the Prospective Study of Predictors of
Sports Injuries: UTokyo Sports Science Institute Sports
Injury Prevention Project.32,33 Our institution’s ethics com-
mittee approved the study protocol, and written consent
was obtained from all participants.

The study participants were 161 female soccer players
from 3 soccer teams (1 high school and 2 collegiate teams)
in Japan. None of the players were injured at the start of
the study, and none reported a history of lower limb mus-
culoskeletal injuries over the preceding 3 months. All par-
ticipants received preseason medical checkups and
completed a questionnaire that collected data on age, years
of soccer experience, injury history, and medication use. In
addition to anthropometric measurements, preseason data
from 5 physical screening tests were used: joint laxity, joint
ROM, muscle flexibility, muscle strength, and balance.

Each participant’s LAS history was recorded, beginning
immediately after informed consent was provided and con-
tinuing until the season’s completion. Consequently, each
player only generated one set of measurement data. The
latest data were used for players who underwent the med-
ical assessment more than once.

Anthropometric Measurements

Body weight and height were measured for each player at
the preseason medical checkup, and BMI was calculated
from these variables. Each body composition parameter
was measured using InBody 270 (InBody), a multifre-
quency impedance analyzer that can record each player’s
lean soft tissue mass (skeletal muscle mass), body fat
mass, and percentage of body fat.27 Additionally, the
height of each player’s navicular tubercle was measured
as a flat-foot index. In the standing position, the navicular
tuberosity was palpated, and the height of the navicular
tuberosity was measured from the ground.5

Joint Laxity and ROM Testing

Joint Laxity. Each player underwent general joint laxity
testing using methods as described by Watanabe et al34

and Fujitaka et al.13 Testing consisted of 7 conditions:
thumb-to-forearm position, elbow hyperextension �15�,
shoulder hyperrotation, hip hyper–external rotation �90�
while standing, knee hyperextension �10�, ankle
hyperdorsiflexion at �45� of knee flexion, and trunk flex-
ion with both palms touching the floor and knees fully
extended. Shoulder hyperrotation was considered positive
when participants could clasp their hands from both the
cranial and caudal sections of their back. Hip hyper–
external rotation was considered positive when partici-
pants could maintain their hips at 90� of external rotation
with both legs in a neutral position. All tests, except for
trunk flexion and hip hyper–external rotation, were per-
formed bilaterally. A point value of 0.5 was given each
time a player surpassed the designated laxity measure-
ment on both the right and left sides of the tested joints
(wrists, elbows, shoulders, knees, and ankles), and 1 point
each was given for the trunk and hip, for a maximum pos-
sible score of 7 points.

Joint ROM. Joint ROM was measured for hip internal
rotation, ankle dorsiflexion, and knee extension based on
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previous studies.2,3 The passive hip internal rotation
angle in the prone position served as the measure of hip
internal rotation. The weightbearing ankle dorsiflexion
angle with knee flexion served as the measure of ankle
dorsiflexion. For knee extension, the knee hyperextension
angle was measured in a standing position with the quad-
riceps engaged.

Muscle Flexibility and Strength Testing

Muscle Flexibility. Muscle flexibility testing was per-
formed on the iliopsoas, quadriceps femoris, hamstring,
gastrocnemius, and soleus muscles bilaterally using meth-
ods described previously.21,32,33 These methods are known
to be highly reliable.34

� Iliopsoas: The iliopsoas was measured by determining
the angle of the hip joint when the participants passively
bent their opposite hip joint to the maximum, holding
the knee with their hands in a supine position.

� Quadriceps: The participants grasped their lower leg
proximal to the ankle and pulled it toward the buttocks
to measure quadriceps flexibility. The quadriceps muscle
measurement was performed by bending the knee joint
while in a prone position. The examiner (S.Takei) ver-
bally reminded the participants not to engage their but-
tocks during the measurement.

� Hamstring: Hamstring muscle flexibility was measured
with the hip at 90� of flexion in a supine position. While
holding the participant’s heel, a researcher (S.Takei)
measured the angle between the vertical line to the floor
and the long axis of the tibia after the knee joint was
maximally extended.

� Gastrocnemius: We measured the ankle joint’s active
dorsiflexion angle during maximum dorsiflexion in the
supine position, with the knee extended and maintained
in a neutral position relative to the varus-valgus angle of
the ankle.

� Soleus: The ankle joint’s active dorsiflexion angle was
measured when maximally dorsiflexed in the prone posi-
tion with the knee at 90� of flexion.

Isometric Knee Extension and Flexion. HUMAC NORM
(CSMi) was used to measure isometric muscle strength
during knee flexion and extension. Before the measure-
ment, the player warmed up on a stationary exercise bicy-
cle for 5 minutes. The left-right measurement order was
randomized. Only a single measurement was taken on
each side. Testing comprised isometric contraction with
knee flexion and extension at 70�. The highest peak torque
value was recorded. Strength measurements were normal-
ized to body weight. The hamstring-to-quadriceps (H/Q)
muscle strength ratio was also calculated (Figure 1).

Isometric Hip Abduction. Hip abductor strength was
measured isometrically using a handheld dynamometer
(mTas F-1; Anima). Each participant was instructed to lie
in a supine position with neutral hips next to a wall,
with both knees extended and arms crossed over the chest.
Only a single measurement was taken on each side. We
recorded the peak force generated as the participants

abducted their legs maximally over 5 seconds, with 1 min-
ute of rest between contractions. The dynamometer was
placed on the lateral epicondyle of the femur, and the dis-
tance between the lateral epicondyle and the hip center
was measured. Isometric assessments of hip abductor
strength using a handheld dynamometer have excellent
intratester and intertester reliability.30 The highest peak
torque value was recorded. Strength measurements were
normalized to body weight.

Balance Testing

Double- and single-leg standing balance using a 1-m
Footscan pressure plate (RSscan International) with
8192 resistive sensors and a pixel resolution of 5.08 3

7.62 mm were measured, with a sampling frequency of
250 Hz, as per previously described methods.8,9 First, the
participant performed a 30-second trial of double-leg
standing balance barefooted with the arms crossed over
the chest and the eyes open. After a 30-second rest, the
participant performed a 30-second trial of single-leg stand-
ing balance, similar to the double-leg standing balance test
but alternating left and right legs. The total distance of the
center of pressure during the 30 seconds on both tests was
considered the balance parameter (Figure 2).

LAS Diagnosis

An LAS was diagnosed and monitored by the teams’ med-
ical staff under the supervision of an orthopaedic team

Figure 1. Knee extension and flexion strength testing.
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physician or directly by the team physician. The diagnosis
(eg, LAS), date of injury, and site (eg, left ankle) were docu-
mented for every injury. An injury was defined as a physi-
cal complaint requiring physical activity restrictions for at
least 1 day. Injuries were only considered during a soccer
practice or game.29 Injury data were collected every
2 months from the teams’ medical staff.

Statistical Analysis

All statistical analyses were performed using BellCurve for
Excel (SSRI). Parameters, except for lower limb parame-
ters, were compared between injured and uninjured play-
ers. In addition, lower limb parameters were compared
between the injured limb of the injured players and the
average of the left and right limbs of the uninjured players.
The unpaired 2-tailed Student t test, Mann-Whitney
U test, and Fisher exact test were used to assess continu-
ous, nonparametric, and ordered variables, respectively.
P values \.05 were considered statistically significant.
The Cohen d effect size was also calculated.

RESULTS

An LAS occurred in 26 ankles of 25 players (15.5%). No
participants were lost to follow-up during the injury regis-
tration period. Table 1 shows the comparison of player
characteristics, anthropometric measurements, joint laxity

test findings, and double-leg standing balance test results
between the injured and uninjured groups. A previous
ankle injury was associated with the risk of an LAS (P =
.045), and poorer balance during the double-leg balance
task was associated with an increased risk of an LAS
(P = .008). Table 2 compares lower limb parameters
between the injured and uninjured players. A lower H/Q
ratio (P = .02) and poorer single-leg balance (P = .008)
were also associated with an increased risk of an LAS.
There were no statistically significant between-group dif-
ferences for any other variables.

DISCUSSION

The most important finding in this study was that poorer
single- and double-leg balance, a lower H/Q ratio, and a his-
tory of LASs were associated with an increased risk of new-
onset LASs in young female soccer players. None of the
other variables that we studied were associated with the
incidence of LASs.

Poorer leg balance reflects poor postural control18 and is
a frequent cause of LASs. A previous study identifying
intrinsic LAS risk factors in 94 female netball players
reported that poor balance as assessed by the Star Excur-
sion Balance Test was the only significant predictor of
ankle sprains.2 Another study of 159 female physical edu-
cation students found diminished postural control to be
a risk factor for inversion ankle sprains.37 Although meth-
ods for assessing balance differ, the results of both prior
studies were consistent with our findings: poor balance
increased the risk during both single- and double-leg tests.
Thus, poor balance appears to be a risk factor for LASs in
female athletes. Another study found sex differences
related to the LAS risk.24 Specifically, lower dynamic bal-
ance performance was a risk factor in male but not female
athletes. However, that review noted the scarcity of data
on female athletes. The relationship between LASs and
balance in female athletes may become clearer as more
studies are published.

We found a lower H/Q ratio to be a factor associated
with LASs. Few studies have reported that the H/Q ratio
is a risk for LASs in female athletes. A prospective investi-
gation of female soccer players reported that a lower H/Q
ratio increased the risk of traumatic leg injuries.31 Knapik
et al22 studied female collegiate athletes and found that
those with lower H/Q ratios experienced more lower
extremity injuries. However, these studies did not focus
on LASs but rather on lower extremity injuries, including
ankle sprains. Hadzic et al15 found that a lower H/Q con-
centric strength ratio significantly predicted ankle sprains
in male national league volleyball players. According to
that study, compared to uninjured athletes, injured ath-
letes had greater concentric quadriceps strength on the
uninjured side. Injured players’ H/Q ratios on the injured
sides were low because of quadriceps muscle strength
asymmetry. Our results revealed that a lower H/Q ratio
was a risk factor for injuries, although we focused solely
on LASs in female soccer players. They showed that there

Figure 2. Balance testing using a pressure plate.
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was no difference in knee flexor strength, and knee exten-
sor strength tended to be stronger in the injured limb,
although there was no significant difference. In light of
this, we considered that the cause of the smaller H/Q ratio
associated with an increased risk of new-onset LASs was
muscle imbalance in which the hamstring muscles are
not strong enough to match the overdeveloped quadriceps
muscles.

We found a history of ankle sprains to be a significant
factor associated with LASs in young female soccer play-
ers. The previous ankle injuries may be responsible for
the poor balance, and therefore, it is possible that the 2
risk factors are related to each other and are not

independent risk factors. Although multivariate analysis
is necessary to know whether such confounding exists in
this study, at the present time, we do not have sufficient
statistical power to conduct multivariate analysis. An
LAS history is broadly considered a risk factor for repeat
LASs in male athletes.1,11,23 In contrast, no consensus
exists for female athletes. A systematic review affirmed
the association between a history of LASs and the risk of
new-onset LASs in male athletes but not in female ath-
letes.36 Another meta-analysis concluded that a previous
ankle sprain was a prognostic risk factor only in male ath-
letes.24 Despite this, several articles, although few in num-
ber, have suggested that an LAS was also a risk factor for

TABLE 1
Demographic Characteristics and Anthropometric, Joint Laxity, and Double-Leg Balance Measurementsa

Injured Players (n = 25) Uninjured Players (n = 136) P Cohen d

Age, y 17.5 6 1.9 17.6 6 1.9 .72 0.08
Playing experience, y 8.0 6 4.6 8.5 6 4.1 .57 0.12
History of LAS, n (%) 10 (40.0) 29 (21.3) .045 NA
Weight, kg 54.8 6 5.2 55.0 6 6.4 .84 0.04
Height, cm 159.5 6 0.1 159.8 6 5.5 .77 0.06
Body mass index, kg/m2 22.5 6 1.5 22.5 6 1.6 .96 0.01
Skeletal muscle mass (lean soft tissue mass), kg 40.2 6 3.6 39.4 6 4.0 .39 0.19
Body fat mass, kg 11.8 6 2.9 13.0 6 3.1 .09 0.37
Body fat, % 21.6 6 4.2 23.3 6 4.4 .07 0.40
General joint laxity test score (of 7) 3.5 (0.0-5.0) 2.5 (0.0-7.0) .48 0.01
Center of pressure on double-leg balance test, mm 49.8 6 25.6 37.9 6 19.3 .008 0.55

aData are reported as mean 6 SD or median (range) unless otherwise indicated. Boldface P values indicate a statistically significant dif-
ference between the groups (P \ .05). LAS, lateral ankle sprain; NA, not applicable.

TABLE 2
Lower Limb Parameters for Injured Limb of Injured Players Versus Uninjured Limbs of Uninjured Playersa

Injured Limb of Injured
Players (n = 26)

Uninjured Limbs of
Uninjured Playersb (n = 136) P Cohen d

Height of navicular tubercle, cm 4.4 6 0.4 4.4 6 0.5 .99 0.003
Joint ROM, deg

Knee extension angle 6.9 6 4.2 6.5 6 4.3 .64 0.10
Ankle dorsiflexion angle 42.0 6 7.8 42.8 6 5.5 .60 0.28
Hip internal rotation angle 52.9 6 9.9 50.5 6 9.7 .27 0.25

Muscle flexibility, deg
Iliopsoas 7.4 6 3.7 6.0 6 3.2 .05 0.42
Quadriceps 30.2 6 4.3 30.4 6 4.8 .82 0.05
Hamstring 13.8 6 7.5 12.1 6 6.3 .24 0.25
Gastrocnemius 11.9 6 4.9 12.5 6 4.4 .54 0.13
Soleus 20.2 6 6.7 21.4 6 5.3 .32 0.21

Muscle strength, N�m/kg
Normalized isometric knee extension 3.0 6 0.4 2.7 6 0.5 .07 0.32
Normalized isometric knee flexion 1.3 6 0.3 1.3 6 0.2 .95 0.02
Normalized isometric hip abduction 2.0 6 0.4 1.9 6 0.4 .55 0.08
H/Q ratio 0.45 6 0.09 0.50 6 0.10 .02 0.50

Center of pressure on single-leg
balance test, mm

417.1 6 123.2 359.7 6 4.2 .008 0.58

aData are reported as mean 6 SD. Boldface P values indicate a statistically significant difference between the groups (P \ .05). deg,
degree; H/Q, hamstring to quadriceps; ROM, range of motion.

bCalculated as the average of the left and right limbs of the uninjured players.
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a new-onset LAS in female athletes. McCann et al25 found
that players with a history of LASs were predisposed to
LASs in a prospective cohort study of female collegiate soc-
cer players. Once again, systematic reviews found a lack of
data for female athletes.24,36 Given our exclusive focus on
female soccer players, our results add considerable evi-
dence supporting the risk for LASs in female athletes
with prior LASs.

Poor performance on balance testing and muscle
strength imbalance are intrinsic, but modifiable, risk fac-
tors. Therefore, the results of the present study may help
inform LAS prevention strategies focused on improving
balance and correcting thigh muscle imbalance with ham-
string strengthening. Thus, our results have considerable
clinical relevance. On the other hand, an LAS history is
not modifiable. However, a history of LASs is important
information for the prevention of LASs, as female soccer
players with a history of LASs may require more
interventions.

Limitations

This study has several limitations. First, multivariate
analysis was not performed in this study. Multivariate
analysis should be performed, because associated factors
in univariate analysis may be confounded by each other.
There were 4 risk factors identified from univariate analy-
sis in this study. To perform multivariate analysis on these
4 factors, more than 40 incidents of an LAS would be
needed. At present, we do not have sufficient statistical
power to conduct this analysis, as we have not recorded
data on this many LAS incidents. Second, although
dynamic balance is needed for complex maneuvers in soc-
cer, we evaluated only isometric muscle strength and static
balance. Therefore, dynamic muscle strength and balance
measures should be included in future studies. We did
not evaluate functional and mechanical ankle instability,
nor did we distinguish between contact and noncontact
injuries; both factors should be addressed in future studies.
Third, extrinsic factors such as surface of the pitch, field
conditions, training intensity, footwear, and playing style,
among others, which may have influenced the occurrence
of LASs and data on the grade of injury, were not evalu-
ated. Fourth, the history of LASs was self-reported, and
muscle flexibility, joint laxity, and joint ROM were mea-
sured manually. Self-reporting is prone to recall bias,
and errors in manual testing may affect the accuracy and
reliability of the data. However, the examiners in this
study were trained and remained the same throughout
testing.

As an additional limitation, we only monitored partici-
pants over a single-year soccer season, which may not
have captured the long-term development and changes in
risk factors for an LAS. Longer follow-up periods would
provide a more comprehensive understanding of the rela-
tionship between the identified risk factors and injury
occurrence. On the other hand, there may be a problem
that physical characteristics, which are intrinsic risk fac-
tors, may have changed from baseline in long-term

monitoring. Sixth, we may not have measured all possible
intrinsic factors. Lastly, given that our study cohort com-
prised a convenience sample of 3 young female teams, we
cannot be sure that our results are generalizable to other
soccer teams. Furthermore, because the data are from Jap-
anese soccer players only, the results of this study may not
be applicable to other sports or populations, as cultural and
contextual factors can influence the injury risk.

CONCLUSION

Poor single- and double-leg balance, a lower H/Q ratio, and
a history of ankle sprains were associated with an
increased risk of new-onset LASs in female high school
and collegiate soccer players. These findings will be useful
when developing strategies to prevent LASs in young
female soccer players.
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