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operating characteristic curve was constructed for hip strength
to determine the cutoff value for distinguishing between high-risk
and low-risk outcomes.
Results: A total of 25 noncontact lateral ankle sprains were
confirmed, for an overall annual incidence of 11.9%. Baseline
hip-abductor strength was lower in injured players than in
uninjured players (P ¼ .008). Logistic regression indicated that
impaired hip-abductor strength increased the future injury risk
(odds ratio ¼ 1.10 [95% confidence interval ¼ 1.02, 1.18], P ¼
.010). The strength cutoff to define high risk was 33.8% body
weight, as determined by receiver operating characteristic curve
analysis. For athletes classified as high risk, the probability of
injury increased from 11.9% to 26.7%.
Conclusions: Reduced isometric hip-abductor strength
predisposed competitive male soccer players to noncontact
lateral ankle sprains.
Key Words: inversion ankle sprain, noncontact injury,
ankle-sprain prevention, hip abductor

Key Points



Reduced hip strength (33.8% body weight) more than doubled the risk of noncontact lateral ankle sprains in male
soccer players.
Among players classiﬁed as high risk, the probability of injury increased from 11.9% to 26.7%.

A

nkle sprains are among the most common
musculoskeletal injuries observed in competitive
athletes.1,2 Lateral (or inversion) ankle sprains are
observed most frequently, followed by syndesmotic (high)
and deltoid (medial) ankle sprains.2 Basketball, football,
and soccer are associated with the highest percentages of
ankle sprains (41%, 9%, and 8%, respectively), as these
sports expose the ankle to increased angular and rotational
strain from repetitive running, cutting, and jumping.3 In
addition, males between 15 and 24 years of age have
substantially higher ankle sprain rates compared with their
female counterparts.3 Based on a 2014 systematic review
and meta-analysis2 of 181 prospective epidemiologic
studies, the prevalence of ankle sprains was 11.9%, but
the prevalence of lateral ankle sprains was 15.3%.
From an injury-prevention standpoint, noncontact lateral
ankle sprains (or those arising from an athlete’s inherent
movement patterns) are of primary interest. Contact ankle
sprains (or those arising from an external perturbation such
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as player contact) are theoretically less preventable. In
separate reviews, Martin et al (2013)4 and McGovern and
Martin (2016)5 acknowledged that the following risk
factors have generally been accepted as increasing the risk
of future lateral ankle sprains: history of previous ankle
sprain, limited ankle-dorsiﬂexion range of motion, lack of
static and dynamic warmup before activity, increased talar
curvature, failure to use an external ankle support
prophylactically, poor proprioception, and impaired balance.
Authors6–8 of cross-sectional studies have reported that
persons who have experienced an ankle sprain exhibit hip
weakness. However, a limitation of such studies is that
cause-and-effect relationships cannot be determined. Nonetheless, hip weakness (particularly in the abductors) has
been shown to contribute to poor balance and compensatory
neuromuscular adaptations at the ankle (ie, elevated
inversion moments and increased activation and earlier
onset of the ankle evertors). As such, it has been proposed
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Context: Diminished hip-abductor strength has been suggested to increase the risk of noncontact lateral ankle sprains.
Objective: To determine prospectively whether baseline
hip-abductor strength predicts future noncontact lateral ankle
sprains in competitive male soccer players.
Design: Prospective cohort study.
Setting: Athletic training facilities and various athletic fields.
Patients or Other Participants: Two hundred ten competitive male soccer players.
Main Outcome Measure(s): Before the start of the sport
season, isometric hip-abductor strength was measured bilaterally using a handheld dynamometer. Any previous history of
ankle sprain, body mass index, age, height, and weight were
documented. During the sport season (30 weeks), ankle injury
status was recorded by team medical providers. Injured athletes
were further classified based on the mechanism of injury. Only
data from injured athletes who sustained noncontact lateral
ankle sprains were used for analysis. Postseason, logistic
regression was used to determine whether baseline hip strength
predicted future noncontact lateral ankle sprains. A receiver

METHODS
Participants

Male players from Isfahan competitive soccer clubs (ie,
members of the premier soccer club league) were invited to
participate in this study. Players represented different age
categories (junior, high junior, and adult; ages 14–34
years). Players who had sustained any lower extremity
injury over the past 6 months or had any history of knee
surgery were excluded from participation. Of the 234
players initially contacted, 210 consented to participate, and
provided written informed consent. This study was
approved by the Institutional Review Board at the
University of Isfahan.
We estimated that 12% to 15% of the players would
sustain a noncontact lateral ankle sprain over the course of
a single season.2 Results from simulation experiments
concerning the number of events (or less common outcome)
suggested that a minimum of 10 events per predictor
(preferably greater) would be needed to build a valid
logistic model.14,15 Our predictor of interest was hipabductor strength, so we estimated that we would need at
least 10 cases (or injured athletes) for adequate power.
Assuming an injury rate of 12%, we aimed to recruit at least
100 players. To account for dropouts, misdiagnoses, and a
potentially lower injury rate, we sought to recruit at least
200 players.
Injury Surveillance

Players were followed over the course of a single season
(30 weeks). In total, 10 teams (at different sites) and 10
team physicians were involved in the study. On average,
athletes participated in 30 games during the course of the
season and 8 soccer practices per week.

An ankle sprain was deﬁned as noncontact if it was
sustained without direct contact (from another player or
object) to the lower extremity, upper extremity, or trunk.
All other ankle sprains were deemed to be from contact.
Physical examination by the team physician conﬁrmed all
ankle sprains (speciﬁcally whether lateral, medial, or
syndesmotic) immediately after injury, and patient recall
(ie, interviewing) within 48 hours of injury was used to
determine the injury mechanism (ie, noncontact versus
contact). Only noncontact lateral ankle sprains that
necessitated absence from physical activity for at least 1
week (which was mandatory owing to professional soccer
club policies) were analyzed, and only a single ankle sprain
per player was counted. If a second sprain occurred during
the course of the season, only the ﬁrst was used for analysis.
Hip-Strength Assessment

Before the start of the sport season, bilateral isometric
hip-abductor strength was assessed using a handheld
dynamometer (model Commander Power Track II; JTECH
Medical Industries, Salt Lake City, UT). Players were
tested in the side-lying position on a treatment table with
the pelvis stabilized by a research assistant. The hip was
abducted to 308, and the dynamometer pad was placed 10
cm proximal to the lateral femoral epicondyle. The
participant then abducted the hip with maximum effort
into the dynamometer pad for 5 seconds against manual
resistance.16–18 Three repetitions were performed, and the
average value was used for analysis. Strength measures
were normalized to body weight (BW) and expressed as a
percentage using the following formula: 100 3 (kg
strength)/(kg BW).19–22 Normalization increases the validity of strength measures, as the potential for body-size
confounding is eliminated.21,22 We elected to exponentiate
BW by a factor of 1 (although exponential factors ranging
from 0.45 to 0.76 are generally advised for force)19–22 to
simplify clinical interpretation.
In total, 17 graduate students in the program of sports
science were selected to serve as strength testers. Each
tester completed a training session and reliability testing,
which consisted of testing 5 participants on 2 occasions
(same day, 30 minutes apart). Intrarater and interrater
reliability were calculated using an intraclass correlation
coefﬁcient (ICC; 3,3) absolute-agreement model.23 This
equated to a 2-way mixed model (as the same raters tested
all participants and were representative of the population)
with average measures (as the reliability was based on the
mean of 3 trials) and absolute agreement. The 10 raters with
the highest intrarater reliability were selected to obtain the
hip-strength measurements for the study participants.
Average ICC values for intrarater and interrater reliability
were 0.95 to 0.99 and 0.71, respectively. The measurement
error of the strength scores was calculated using the
standard error of measurement (SEM; SD=[1  ICC]).24
Standard error values for intrarater and interrater reliability
were 1.1 to 2.0 and 5.8, respectively.
Bilateral hip-abductor strength was measured preseason
(ie, before the start of the 30-week sport season). Testing
was conducted on a player’s day off from practice to
minimize fatigue. For the injured players, the hip strength
of the injured limb was used for analysis. For the uninjured
players, the tested limb was selected so that the dominantJournal of Athletic Training
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that hip-abductor weakness may increase one’s risk for
lateral ankle sprain.9,10 This premise was supported by
Leetun et al,11 who reported that athletes who sustained a
lower extremity injury (ie, an event that occurred during
athletic participation and required medical attention) were
weaker in hip abduction and hip external rotation compared
with their uninjured counterparts. Conversely, in a
prospective study, McHugh et al12 concluded that the
strength of the hip abductors, hip ﬂexors, or hip adductors
did not predict the future risk of noncontact lateral ankle
sprain. However, McHugh et al12 examined a combined-sex
cohort and evaluated athletes in multiple sports (basketball,
football, gymnastics, soccer), making it difﬁcult to
ascertain the conditions (if any) under which hip strength
predicted future noncontact lateral ankle sprain.
The primary aim of our study was to prospectively
determine whether reduced baseline hip strength (speciﬁcally in hip abduction) predicted future noncontact lateral
ankle sprains. In contrast to McHugh et al,12 we sought to
address this question in a more homogeneous population
(male soccer players) because this group is considered to be
at high risk for ankle sprains.13 A secondary aim of the
study was to determine the cutoff for baseline hipabduction strength that would allow us to predict future
noncontact lateral ankle sprains with high sensitivity and
speciﬁcity.

to-nondominant limb ratio was equivalent to that observed
in the injured group.18,25 The dominant limb was deﬁned as
the preferred limb to kick a ball.26 In total, 25 noncontact
lateral ankle sprains (1 injury per player) occurred.
Speciﬁcally, 12 injuries were sustained to the dominant
limb, and 13 injuries were sustained to the nondominant
limb. This equated to a 12 : 13 dominant-to-nondominant
limb ratio. We maintained the same 12 : 13 ratio in the
uninjured group by randomly selecting 77 dominant limbs
and 83 nondominant limbs (n ¼ 160) for analysis (Figure 1).
Only a single limb was tested per participant.
Statistical Analysis

Players’ baseline characteristics stratiﬁed by postseason
injury status were compared using independent t tests (age,
height, weight, body mass index [BMI], and hip-abductor
strength) and v2 tests (history of a previous ankle sprain of
any type during the past 2 years). Logistic regression was
used to determine the risk factors that predicted a future
1050
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noncontact lateral ankle sprain. Potential risk factors were
as follows: age, height, weight, BMI, hip-abductor strength,
and ankle sprain during the past 2 years. All factors were
entered into a logistic model using a multivariate stepwise
approach and entry criteria of P , .1. Once a preliminary
model was developed, we then checked for confounders by
comparing the adjusted odds ratio (OR) and unadjusted OR
with the inclusion of each factor. Any variable that caused
at least a 5% increase in the OR was deemed a confounder
and added to our ﬁnal model. As a proxy for model ﬁt, we
reported the Nagelkerke R2 (as opposed to an alternative
such as the Cox and Snell R2) because it is adjusted to
achieve a maximum value of 1, thereby simplifying
interpretation.27
A receiver operating characteristic (ROC) curve was
constructed for hip-abductor strength to determine (1) the
overall discriminative accuracy for predicting noncontact
lateral ankle sprains and (2) the cutoff value for
distinguishing between a positive test (high risk) and a
negative test (low risk).28 The overall accuracy was
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Figure 1. Overview of study design and selection of limbs for analysis. Limbs for uninjured participants were selected to match the ratio
of dominant to nondominant limbs in the injured group.

Table 1. Baseline Characteristics of Male Soccer Players (N ¼ 185) Stratified by Postinjury Status
Injured Players (n ¼ 25)
Variable
a

Age, y
Height, ma
Mass, kga
Body mass index, kg/m2b

Mean 6 SD
20.9
1.78
71.6
22.5

6
6
6
6

5.9
0.06
7.1
1.1

Uninjured Players (n ¼ 160)

Minimum

Maximum

Mean 6 SD

14.0
1.67
57.0
19.5

34.0
1.90
82.0
24.8

19.6
1.78
68.6
21.6

27.0
26.0
26.0

48.2
48.9
48.2

40.6 6 6.7
38.9 6 6.6
39.5 6 6.6

6
6
6
6

5.1
0.08
10.3
2.0

Minimum

Maximum

13.0
1.50
37.0
13.6

32.0
1.95
90.0
24.8

25.8
15.6
23.0

58.8
61.3
61.3

Hip-abductor strength, % body weight
Dominant limb
Nondominant limb
Adjustedc

27.0 6 5.5
35.9 6 5.7
35.7 6 5.6

Previous ankle sprain?, n (%)d
Yes (n ¼ 36)
No (n ¼ 149)

8 (22.2)
17 (11.4)

28 (77.8)
132 (88.6)

a

No main effect for injury was observed (all P . .15).
Injured players demonstrated higher values than uninjured players (P ¼ .002).
c
Injured players demonstrated lower values than uninjured players (P ¼ .008). Values used for final analysis after controlling for limb
dominance.
d
No association with injury status was observed (P ¼ .09).
b

mechanism, we eliminated all ankle sprains resulting from
a contact (n ¼ 21) or inconclusive mechanism (n ¼ 4).18,33,34
Baseline descriptive data for the remaining 185 males are
provided in Table 1.

RESULTS

Regression Analysis

Of the 210 players originally enrolled in the study, 25
were removed from the ﬁnal analyses as they sustained a
contact ankle sprain or had an inconclusive diagnosis
(Figure 1). Given that the purpose of this study was to
evaluate ankle sprains resulting from a noncontact

The logistic model produced using a stepwise approach is
shown in Table 2. Subsequent checks for confounders
resulted in no changes in our model. That is, forced entry of
each of the potential risk factors into the model did not
affect the OR at our threshold of 5%. The inclusion of BMI

Injury Incidence

A total of 45 lateral ankle sprains (contact and noncontact
combined) were sustained over the course of the season by
45 players. Twenty-ﬁve (56%) of the lateral ankle sprain
injuries that occurred were noncontact, and the remaining
20 (44%) were contact. The annual incidence of noncontact
lateral ankle sprains for males was 11.9% (25 of 210
players). Athletes with a previous ankle sprain had a
reinjury rate of 22.2% (8 of 36 players). In contrast, athletes
with no history of ankle sprain had an initial injury rate of
11.4% (17 of 149 players).
Baseline Characteristics

Preliminary analysis indicated the dominant limb was
stronger than the nondominant limb for all athletes
combined (40.1% BW 6 6.6% BW versus 38.5% BW 6
6.6% BW, respectively; P , .001). As such, we controlled
for limb dominance, as previously described, and the
resulting values are displayed in Table 1. Results from
independent t tests (comparing injured versus uninjured
male players) were nonsigniﬁcant for age (P ¼ .242), height
(P ¼ .785), and mass (P ¼ .154; Table 1). However, for hipabductor strength, injured players were weaker (P ¼ .008)
than uninjured players (Table 1). In addition, injured
players had a higher BMI compared with uninjured players
(P ¼ .002; Table 1). Chi-square analysis indicated no
association between injury status and a history of ankle
sprain (P ¼ .089).
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assessed by evaluating the area under the curve (AUC),
which ranged from 0 to 1 (with 0.5 equating to no better
than chance alone and 1 indicating perfect accuracy).28 The
cutoff point for the strength measure was selected by
extrapolating the value on the ROC curve that maximized
the sum of sensitivity and speciﬁcity (ie, the Youden
Index).28,29 Players with a score greater than or equal to the
cutoff were classiﬁed as high risk (positive test), and
players with a score less than the cutoff were classiﬁed as
low risk (negative test). For the selected cutoff point, the
corresponding sensitivity, speciﬁcity, positive likelihood
ratio, negative likelihood ratio, positive posttest probability,
and negative posttest probability were reported.30–32 In
brief, sensitivity represents the percentage of cases within
the injured cohort correctly identiﬁed as sustaining a
noncontact lateral ankle sprain using the cutoff, whereas
speciﬁcity represents the percentage of cases within the
uninjured cohort correctly identiﬁed as not sustaining a
noncontact lateral ankle sprain using the cutoff. The
positive likelihood ratio represents how likely injured
players are to have a positive test compared with uninjured
players, whereas the negative likelihood ratio represents
how likely injured players are to have a negative test
compared with uninjured players. Finally, the positive
posttest probability represents the probability of future
injury given a positive preseason strength test, and the
negative posttest probability represents the probability of
future injury given a negative preseason strength test.
For all analyses, SPSS (version 22.0; IBM Corp, Armonk,
NY) was used. MedCalc (version 13.1.2; MedCalc
Software, Ostend, Belgium) was used to calculate 95%
conﬁdence intervals (CIs) for the sensitivity, speciﬁcity,
and positive and negative likelihood ratios. Two-tailed P
values less than .05 were deemed statistically signiﬁcant.

Table 2. Final Logistic Regression Model for Predicting Noncontact Lateral Ankle Sprains in Male Players
Predictor
Hip-abductor strength, % body weight
a

Odds Ratio (95% Confidence Interval)

P Value

Nagelkerke R2

1.10 (1.02, 1.18)

.01a

7.1%

Difference (P , .05).

Table 3. Predictive Capacity of Baseline Hip-Abductor Strength
for Predicting Noncontact Lateral Ankle Sprains in Male Players

Figure 2. Receiver operator characteristic curve used to calculate
the area under the curve and optimal cutoff for hip-abductor
strength.
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Receiver Operating Characteristic
Curve Analysis Variable

Value

Cutoff, % body weight
Area under the curve (95% CI)a
Sensitivity, % (95% CI)
Specificity, % (95% CI)
Positive likelihood ratio (95% CI)
Negative likelihood ratio (95% CI)
Positive posttest probability, %
Negative posttest probability, %

33.8
0.67 (0.56, 0.78)
48 (28, 69)
82 (75, 88)
2.7 (1.6, 4.5)
0.64 (0.43, 0.93)
26.7
8.0

Abbreviation: CI, confidence interval.
a
Indicates difference (P , .05).
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decreased the OR for hip strength by 1.8%. The inclusion of ¼ 1.6, 4.5), and negative likelihood ratio of 0.64 (95% CI ¼
BW decreased the OR for hip strength by 0.9%. The 0.43, 0.93).
inclusion of a history of prior ankle sprain increased the OR
for hip strength by 0.9%. Therefore, our ﬁnal model for DISCUSSION
predicting noncontact lateral ankle sprains was univariate
The purpose of our study was to prospectively determine
(ie, included only hip-abductor strength). Reduced hipif
baseline hip-abductor strength predicted future nonconabductor strength was associated with an increased risk of
tact lateral ankle sprains in male soccer players over the
noncontact lateral ankle sprains (OR ¼ 1.10 [95% CI ¼
course of a single season. The ﬁndings indicate that a
1.02, 1.18], P ¼ .010; Table 2). Stated alternatively, the
signiﬁcant relationship existed between baseline hip
odds of sustaining a noncontact lateral ankle sprain were
strength and future noncontact lateral ankle sprain status.
increased by 10% for each 1-unit decrease in hip-abductor
Speciﬁcally, increased hip strength had a protective effect
strength (expressed as % BW). The model explained 7.1% against future injury (or diminished strength increased
of the variation in injury status (based on the Nagelkerke injury risk). It should be noted that our primary goal was to
R2) using hip-abductor strength alone as a predictor.
evaluate the predictive ability of hip-abductor strength.
Although we considered other risk factors (ie, age, height,
Receiver Operating Characteristic Curve Analysis
weight, BMI, previous ankle sprain), our study was by no
The ROC analysis (Figure 2, Table 3) indicated that the means comprehensive, as we did not consider all possible
preseason hip-abductor strength test independently distin- risk factors (ie, other strength measurements, balance,
guished between players who later sustained a noncontact strength asymmetries, range of motion). Therefore, our
lateral ankle sprain and those who remained uninjured results represent only a small aspect of what is likely a
better than chance alone (AUC ¼ 0.67 [95% CI ¼ 0.56, complex interaction among baseline anthropometric mea0.78], P ¼ .006). In other words, 67% of athletes were surements, strength measurements, injury history, anatomneurologic function, and other factors.
correctly classiﬁed. Given that the predictive capacity of ical morphology,
6–8
Authors
of
cross-sectional
studies have reported that
the curve was adequate (ie, better than chance alone), a
persons
who
have
experienced
an
ankle sprain exhibit hip
cutoff was subsequently established to identify players at
high injury risk: hip-abductor strength 33.8% BW (Table weakness. Based on our results, hip-abduction weakness
3). A cutoff of 33.8% of BW corresponded with a directly increases the risk of a future ankle sprain above
sensitivity of 48% (95% CI ¼ 28, 69), speciﬁcity of 82% what would be expected from a previous sprain. When we
(95% CI ¼ 75, 88), positive likelihood ratio of 2.7 (95% CI controlled for a previous history of ankle sprain (regardless
of mechanism), our ﬁndings remained unchanged. That is,
the OR for hip strength was increased by less than 1%:
injury status ¼ hip strength (OR ¼ 1.11 [95% CI ¼ 1.03,
1.19], P ¼ .007) þ prior ankle sprain (OR ¼ 1.22 [95% CI ¼
0.95, 1.56], P ¼ .12); Nagelkerke R2 ¼ 9.3%.
Our results contrast with those of McHugh et al,12 who
reported that hip-abduction strength had no inﬂuence on
future noncontact lateral ankle sprains. Based on a power
analysis,35 the present study had 83.4% power to detect a
difference in means at the .05 level. In contrast, McHugh et
al12 had 13.9% power to detect a difference in means at the
.05 level. Therefore, the McHugh et al study was likely

example, the cutoff corresponding to 80% sensitivity had
45% speciﬁcity). Therefore, we gave equal weighting to
sensitivity and speciﬁcity by selecting the cutoff value that
maximized their sum. The numeric cutoff of 33.8% of BW
is comparable with the cutoff previously established18 for
predicting noncontact anterior cruciate ligament injuries
(35.4% of BW, sensitivity ¼ 87 [95% CI ¼ 60, 98],
speciﬁcity ¼ 65 [95% CI ¼ 60, 69]), further supporting the
concept that diminished hip strength increases the lower
extremity injury risk.
A major limitation of sensitivity and speciﬁcity values is
that they cannot be used to identify the probability of injury
(given a positive or negative preseason strength test). As
such, to enhance the clinical application of our study, we
computed likelihood ratios, which were then used to
compute the probability of injury. The positive and
negative likelihood ratios were 2.7 and 0.64, respectively.
A positive likelihood ratio of 2.7 means that an injured
athlete is 2.7 times more likely to have a positive preseason
strength test than an uninjured athlete. The higher this
value, the more useful the test is in predicting injury. A
negative likelihood ratio of 0.64 means that an injured
athlete is 0.64 times as likely to have a negative preseason
strength test than an uninjured athlete. The smaller this
value, the more useful the test is in predicting lack of
injury. Stated alternatively, uninjured athletes are 1.6 times
more likely to have a negative preseason strength test
compared with injured athletes. Generally speaking,
positive likelihood ratios .10 signiﬁcantly increase the
probability of the condition, whereas negative likelihood
ratios ,0.1 signiﬁcantly decrease the probability of the
condition.31 Our positive and negative likelihood ratios of
2.7 and 0.64, respectively, were small, suggesting that hip
strength alone is not an appropriate predictor of noncontact
lateral ankle sprains. In addition, our OR of 1.10 was
smaller than those ORs computed from other studies of
ankle-sprain risk factors: power output (OR ¼ 9.20),36
balance (OR ¼ 2.33),36 BW (OR ¼ 5.72),37 BMI (OR ¼
8.16),37 ankle-strength asymmetries (OR ¼ 8.88),37 and
previous ankle injury (OR ¼ 1.83).38
It should be acknowledged that our logistic model as a
whole explained only 7.1% of the variation in injury status
(Table 2), and the accuracy of our model was only 67%
(AUC, Table 3). Therefore, reduced hip strength is only 1
of several potential risk factors, such as lower limb power
output,36 impaired balance,36 increased BW,37 increased
BMI,12,37 ankle eccentric strength asymmetries of the
dorsiﬂexors and plantar ﬂexors,37 and previous injury,12,38
that should be considered when assessing an athlete’s risk
of noncontact lateral ankle sprain. Including BMI and
previous injury in our model (in addition to hip strength)
would have increased the Nagelkerke R2 from 7.1% to
11.4%. However, because both variables were eliminated
when we performed stepwise regression (with a liberal
entry criteria of P , .1; Table 2) and neither BMI nor prior
injury was a confounder, we elected to report our ﬁnal
model as univariate (with hip-abductor strength alone).
To the best of our knowledge, this is the ﬁrst prospective
study to establish a link between preseason hip strength and
future noncontact lateral ankle sprain. However, this is not
the ﬁrst prospective study to link impaired hip strength with
future lower extremity injury. Authors of previous
prospective studies have reported that decreased hip
Journal of Athletic Training
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underpowered to detect an effect of hip strength on injury
status. It should be noted that we reported a total of 25
noncontact lateral ankle sprains (in 210 players) over a
single season (1-year incidence rate ¼ 11.9%), whereas
McHugh et al reported a total of 20 noncontact lateral ankle
sprains (in 169 players) over 2 seasons (1-year incidence
rate ¼ 5.9%).12 The 5.9% incidence rate of McHugh et al
(who investigated high school athletes) is comparable with
that previously reported for amateur soccer players (Henry
et al,36 2016, 6.7%). The 11.9% incidence rate in our study
(of competitive male soccer players) is comparable with
that reported for professional male soccer players (Fousekis
et al,37 2012, 17%). Our injury rate of 11.9% included only
participants with noncontact lateral ankle sprains and was
lower than that established by Fousekis et al, who did not
differentiate by injury location. Nonetheless, hip strength
may only predict future injury in soccer players at the
competitive level.
The ﬁndings from the current study suggest that, as hipabductor strength decreases, injury risk increases (even
when controlling for previous injury, as previously
discussed). A possible mechanism for this ﬁnding considers
the role of the hip abductors in maintaining postural
stability. Persons with hip-abductor weakness exhibit (1)
decreased medial-lateral postural stability9,10 and (2)
increased activation and earlier onset of the ankle evertors
in an effort to prevent excessive ankle inversion.9,10
Therefore, impaired hip strength may expose the ankle to
injury by reducing postural control, which results in
compensatory neuromuscular adaptions at the ankle.
As noted earlier, the derived values for the positive and
negative likelihood ratios were used to calculate the
probability of noncontact lateral ankle sprains given a
positive (high risk) or negative (low risk) preseason hipstrength value (Table 3).31,32 Players classiﬁed as high risk
based on their preseason hip-abductor strength had their
probability of noncontact lateral ankle sprain increase from
11.9% to 26.7%. Players classiﬁed as low risk based on
their preseason hip abductor strength had their probability
of noncontact lateral ankle sprain decrease from 11.9% to
8.0%. It should be mentioned that the aforementioned
values were derived using a preinjury risk of 11.9%, or the
annual incidence rate of noncontact lateral ankle sprains in
the current study.
It also bears mentioning that we derived an athlete’s
classiﬁcation of high versus low risk using the ROC curve
(Figure 2) by extrapolating the point that maximized the
sum of sensitivity and speciﬁcity (33.8% BW, sensitivity ¼
48 [95% CI ¼ 28, 69], speciﬁcity ¼ 82 [95% CI ¼ 75, 88];
Table 3).28,29 This means that our preseason strength test
detected 48% of injured athletes (true positives) and 82% of
uninjured athletes (true negatives). This then implies that
52% of injured athletes will remain undetected (falsenegatives) and 18% of uninjured athletes will be incorrectly
identiﬁed as injured (false-positives). In summary, these
numbers suggest that an athlete who tests positive is
probably correctly identiﬁed as likely to sustain a future
injury (as the rate of false positives is low at 18%), whereas
an athlete who tests negative will be less certain of his or
her future injury status (as the rate of false-negatives is high
at 52%). Although we could have selected a different cutoff
value (to increase sensitivity and thereby lower the rate of
false-negatives), this would have reduced speciﬁcity (for

strength increased the risk of noncontact anterior cruciate
ligament injury,18 hip-adductor strain,39 low back pain,40
medial tibial pain (ie, shin splints),25 patellofemoral pain,41
and general lower extremity injuries.11,42 The implications
of increasing hip strength are multifaceted in terms of
beneﬁting the entire lower extremity and potentially
reducing the risk of injury distally (such as at the ankle),
proximally (such as at the low back), and in regions
between (such as at the knee).
Limitations

CONCLUSIONS

Baseline isometric hip-abductor strength (measured using
a handheld dynamometer) predicted future noncontact
lateral ankle sprains in competitive male soccer players.
On average, the odds of sustaining a noncontact lateral
ankle sprain increased by 10% for each 1-unit decrease in
hip-abductor strength (expressed as % BW). The hipabductor–strength cutoff established to identify players at
high risk was 33.8% BW. For players classiﬁed as high
risk, the probability of injury increased from 11.9% to
26.7%. Based on our ﬁndings, it may be useful to evaluate
isometric hip-abductor strength as part of clinical interventions or screening procedures (or both) because reduced hip
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