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Background: Many variables have been retrospectively associated with ankle sprains. However, very little is known about fac-
tors predisposing people to these injuries.

Hypothesis: Measurable intrinsic factors might predispose male athletes to ankle sprains.
Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 241 male physical education students were evaluated for possible intrinsic risk factors for inversion sprains
at the beginning of their academic study. The evaluated intrinsic risk factors included anthropometrical characteristics, functional
motor performances, ankle joint position sense, isokinetic ankle muscle strength, lower leg alignment characteristics, postural
control, and muscle reaction time during a sudden inversion perturbation. Subjects were followed prospectively for 1 to 3 years.

Results: A total of 44 (18%) of the 241 male subjects sustained an inversion sprain; 4 sprained both ankles. Cox regression
analysis revealed that male subjects with slower running speed, less cardiorespiratory endurance, less balance, decreased dor-
siflexion muscle strength, decreased dorsiflexion range of motion, less coordination, and faster reaction of the tibialis anterior
and gastrocnemius muscles are at greater risk of ankle sprains.

Conclusion: Based on our findings, it is suggested that running speed, cardiorespiratory endurance, balance, dorsiflexion
strength, coordination, muscle reaction, and dorsiflexion range of motion at the ankle are associated with the risk of ankle inver-
sion sprains in male subjects.
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Lateral ankle sprain is an extremely common athletic ing of injury causation is limited. They concluded that
injury. In view of the high frequency of injury, not only in more prospective studies are needed, emphasizing the
professional sports but also during leisure-time activities, need for proper design and sufficient sample sizes.

it is clear that analyses of risk factors for sports injuries Sports injuries are multirisk phenomena with various
are urgently required as a prerequisite to the development risk factors interacting at a given time.*’ In general, a dis-
of prevention programs.”?> Murphy et al*® recently tinction has been made between so-called intrinsic (person-
reviewed the literature on the risk factors for lower related) and extrinsic (environment-related) risk factors.”®*"%
extremity injuries and demonstrated that our understand- The intrinsic risk factors are related to the individual

characteristics of a person. Extrinsic risk factors relate to
environmental variables such as the level of play, exercise
load, amount and standard of training, position played,
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regard to the intrinsic risk factors. One of the most impor-
tant reasons is probably the lack of well-designed prospec-
tive investigations designed to determine risk factors for
inversion sprains. Therefore, the relationship between
intrinsic parameters and ankle sprains is still obscure.
With the current emphasis on injury prevention, studies
designed to examine potential risk factors for ankle injury
are imperative. Based on a review of the literature, sever-
al possible intrinsic risk factors were defined. Most of the
evaluated variables have retrospectively been associated
with ankle sprains. These variables range from diminished
muscle strength,”******"  diminished postural con-
trol,'"'%%%3  qiminished proprioception,”**** and
malalignment®***% to delayed muscle reaction time.®****
However, it is unclear if any of these deficits were present
before injury because of the retrospective design of these
studies. Distinguishing among these possible intrinsic
causes can be challenging.

The purpose of this investigation was to perform a com-
prehensive, prospective investigation of risk factors for
inversion sprains. A prospective cohort study was conducted
in a young, physically active, male population. The factors
examined included anthropometrical characteristics, func-
tional motor performances, ankle joint position sense,
ankle muscle strength, lower leg alignment, postural con-
trol, and muscle reaction time.

MATERIALS AND METHODS

Subjects

The subjects were 241 male physical education students
(age range, 17-28 years; mean age, 18.3 £ 1.1 years), who
were freshman in 2000-2001, 2001-2002, and 2002-2003 in
physical education at the Ghent University, Belgium. All
students were tested at the beginning of their education
for several possible intrinsic risk factors. Before testing, all
students visited the same sports medicine physician for a
comprehensive injury history. Exclusion criteria were his-
tory of a surgical procedure involving the foot or ankle,
previous grade II or IIT inversion ankle sprains, or history
of an injury to the lower leg, ankle, or foot within 6 months
of the start of the study. None of the subjects used prophy-
lactic ankle bracing or taping before or during the study.
Information on foot dominance was obtained by asking the
subjects which foot they normally use to kick a ball.

At the university level, the students all followed the
same sports program under the same environmental con-
ditions for 26 weeks per academic year. All students used
the same sports facilities, and the safety equipment was
uniform. The workout program in the first year consisted
of 45 minutes of soccer, handball, basketball, and volley-
ball; 1 hour of track and field, gymnastics, karate, and
swimming; and 2 hours of dance every week. In the second
year, the weekly workout program consisted of half an
hour of climbing; 1 hour of track and field, soccer, handball,
basketball, volleyball, karate, and swimming; 1.5 hours of
gymnastics; and 2 hours of dance. In the third year, the
program consisted of half an hour of track and field, vol-
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leyball, soccer, gymnastics, orienteering, and swimming
and 1 hour of handball, basketball, badminton, dance, and
judo every week. Extramural activities, being the amount
of physical activities students participate in beyond their
sports lessons at school, were also registered.

All volunteers signed an informed consent form. The
study was approved by the Ethical Committee of the
Ghent University Hospital.

The students were followed weekly by the same sports
physician for occurrence of injury throughout 3, 2, and 1
academic years for freshman in 2000-2001, 2001-2002, and
2002-2003, respectively. The subjects were asked to report
all injuries resulting from sports activities to this physi-
cian. All sports injuries sustained during practice, lessons,
and games were registered. The injury definition was
based on that of the Council of Europe.’ The definition
requires that an injury have at least 1 of the following con-
sequences: (1) a reduction in the amount or level of sports
activity, (2) a need for (medical) advice or treatment, or (3)
adverse social or economic effects.'! Injury data were
recorded on a standardized injury form that captured
basic information about type of injury, the circumstances
under which the injury occurred, and the treatment of the
injury.

INSTRUMENTATION AND PROTOCOL

Before the start of their physical education, all students
were tested for anthropometrical characteristics, functional
motor performances, ankle joint position sense, muscle
strength, lower leg alignment, postural control, and mus-
cle reaction time.

Anthropometric Characteristics

The following anthropometric measurements were evalu-
ated: height (in centimeters), mass (in kilograms), calf
girth, humerus and femur width (epicondyle width), and
biceps, triceps, subscapular, suprailiac, and medial calf
skin folds. Measurements were carried out by the same
trained anthropometrist after the procedures as described
by Claessens et al.’ The body mass indices [BMI = mass
(kg)/height (m)?] and ponderal indices [PI = height
(m)/mass (kg)ll %] were calculated. The 3 somatotype com-
ponents (endomorphy, mesomorphy, and ectomorphy) were
calculated using the anthropometric method of Carter and
Heath.” Body composition characteristics (fat mass, per-
cent fat and fat-free mass, density) were estimated based
on the formula of Durnin and Womersley'? using the Siri
equation.50

Functional Motor Performances

Functional motor performances, such as general balance,
explosive jump ability, and running speed, were evaluated
using the European Test of Physical Fitness.'® These per-
formances were evaluated by means of a flamingo balance,
a standing broad jump, and the shuttle run test, all of which
have good validity and reliability.'**>** Cardiorespiratory
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endurance was measured by the endurance shuttle run
described by Leger et al.*' All tests were performed with
standard equipment and by trained observers, physical
therapists, and physical educators who were educated to
administer the tests.

Joint Position Sense

Active and passive joint position sense was assessed using
the Biodex System 2 Isokinetic Dynamometer (Biodex
Medical Systems Inc, Shirley, NY). Positioning of the sub-
ject has been described previously.” For passive testing,
the subject’s foot was first passively moved by the investi-
gator to maximal eversion (for inversion test positions) or
inversion (for eversion test position). The investigator then
moved the foot to 1 of the 3 test positions (randomly
determined): 15° of inversion, maximal active inversion
minus 5°, or 10° of eversion. The test position was main-
tained for 10 seconds. During these 10 seconds, subjects
were instructed to concentrate on the position of the foot.
The foot was then passively brought to maximal eversion
(for the inversion test positions) or to maximal inversion
(for the eversion position) and moved passively back
toward the other direction with a speed of 5°/s. The subject
was instructed to push a stop button when he thought the
test position had been reached. The subject was tested
twice at each of the 3 test positions. The active test was
performed in the same manner, except after having the
foot passively placed in the test position and moved to
maximal eversion or inversion, the subject was asked to
move the foot actively back to the test position. The subject
was again asked to push the stop button when he thought
the test position was reached. The testing order, test posi-
tions, and side of body tested were randomly chosen. The
amount of error in degrees was noted for further analysis.

We examined 2 types of errors in the subjects’ ability to
match the reference angles: the absolute error and the
exact error.”® Average scores of the 2 trials were used for
analysis. Konradson et al”® validated a comparable method
of measuring ankle position sense and found it to be accu-
rate, repeatable, and precise.

Muscle Strength

A Biodex System 3 Isokinetic Dynamometer and Biodex
Advantage Software Package (Biodex Medical Systems
Inc) were used to determine isokinetic peak torque and
peak torque compared to body mass values for reciprocal
concentric and eccentric eversion-inversion movements of
the ankle and for concentric plantarflexion—dorsiflexion.
Positioning and stabilization has been described else-
where.”® The protocol for testing plantar flexion—dorsiflex-
ion and inversion-eversion muscle strength was recom-
mended by Dvir'® and was found to be reliable.**

The tested range of motion for the inversion-eversion
test was maximal active inversion and eversion minus 5°
for both directions and for plantarflexion—dorsiflexion it
was maximal active plantar flexion and dorsiflexion. The
first test consisted of 3 maximal repetitions of concentric-
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eccentric eversion at 30°/s to assess the strength of the
eversion muscles. The second test for the same ankle con-
sisted of 5 repetitions of concentric-eccentric eversion at
120°/s. The same 2 tests (concentric-eccentric at 30°/s and
120°/s) were performed for inversion to assess the strength
of the inversion muscles. The same 4 tests were then per-
formed with the contralateral limb. Next, plantar flexors
and dorsiflexors were tested concentrically at 30°/s (3 rep-
etitions) and at 120°/s (5 repetitions). The order of testing
the ankles was randomized. Before data collection, each
subject was provided an opportunity to become familiar
with the testing procedure and to perform 3 warm-up rep-
etitions. Consistent verbal encouragement for maximal effort
was given to each subject throughout the testing procedure.
None of the subjects felt any discomfort while testing.

Peak torque and peak torque compared to body mass
values were obtained for each ankle motion of each limb at
the 2 speeds. Eversion-to-inversion and dorsiflexion-to-
plantar flexion strength ratios were calculated.

Lower Leg Alignment

Lower leg alignment characteristics were determined
using goniometric measurements by the same experienced
physical therapist. At the talocrural joint, plantar flexion
and dorsiflexion range of motion with the knee straight
and flexed were measured using the method described by
Ekstrand et al.'* Inversion and eversion at the subtalar
joint and position of the calcaneus, unloaded with the sub-
talar joint in neutral position, were measured. In addition,
position of the calcaneus was measured in stance with and
without the subtalar joint in neutral position.’® Flexion
and extension range of motion at the first metatarsopha-
langeal joint was also determined. Hip external and inter-
nal rotation were measured using the method described by
Khan et al.?® Talocrural, subtalar, and hip goniometric
measurements appear to be moderately to highly reli-
able."*'"* We checked test-retest reliability of the gonio-
metric measurements of the first metatarsophalangeal
joint on 12 feet. The intraclass correlation coefficients were
between .82 and .98.

Postural Control

Postural control was assessed through 5 tests using the
Neurocom Balance Master (NeuroCom Int, Inc,
Clackamas, Ore). The first test (weightbearing) evaluated
the percentage of weight borne by each leg. The second test
assessed sway velocity of the center of gravity in bilateral
positions with eyes open and closed and on firm and foam
surfaces. Three trials of each test condition were per-
formed, each of which required 10 seconds. The third test
evaluated sway velocity in unilateral stance with eyes
open and closed. Again, 3 trials were performed for 10 sec-
onds on both sides. The next test (limits of stability) quan-
tified several movement characteristics associated with
the subject’s ability to voluntarily sway his center of grav-
ity to various locations in space (forward, right, back, and
left) and briefly maintain stability at those positions.
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Subjects were asked to move as quickly and as straight as
possible to a specific target. The measured parameters
were reaction time, sway velocity, directional control, end-
point excursion (distance at which the initial movement
attempt stops or reverses), and maximal excursion (fur-
thest distance the subject reaches on any attempt at the
target). The last test (forward lunge) quantified several
movement characteristics. The subject was instructed to
lunge forward with 1 leg and then to return to a standing
position. The parameters measured were distance, time,
impact index (impact force), and force impulse. The test
was repeated 3 times. A mean value of the 3 trials was cal-
culated for each condition and was used for analysis.
Reliability of the postural control tests on the Neurocom
Balance Master was good to excellent.”

Muscle Reaction Time

To measure the muscle reaction time to a sudden inversion
perturbation, a specially designed platform that allowed
each foot to drop into plantarflexion-inversion of 50° from
standing in 40° plantar flexion and 15° adduction was
used.” The movement of the platform was recorded by an
electrogoniometer and an accelerometer installed on the
tilting axis. Before electrode application, the skin was
shaved, grazed with sandpaper, and cleaned with alcohol.
Surface EMG was used to capture muscle activity of the
following muscles: peroneus longus, peroneus brevis, tib-
ialis anterior, and gastrocnemius. All electrodes were
placed according to the protocol described by Basmajian
and De Luca.” The correct placements were verified by
particular movements of the foot, causing isolated con-
tractions of the muscles to be examined, and specific EMG
patterns were observed online on the monitor. Telemetric
measurements were performed by means of the
Myosystem (Noraxon USA Inc, Scottsdale, Ariz). All EMG
signals were sampled and analog to digital converted (12-
bit resolution) at 1000 Hz.

Subjects were asked to stand in their sport shoes fixed
on the platform with their body mass equally distributed
on each foot. Subjects were blindfolded and wore a head-
phone to eliminate visual and auditory cues to the plat-
form release. In random order, 5 measurements were per-
formed on each side. When EMG signals showed baseline
activity, the tilting platform was released. All data were
saved on computer for further analysis. The protocol used
has been demonstrated to be satisfactorily to highly repro-
ducible.”

A software package (Myoresearch 2.10, Noraxon USA
Inc) was used for determination of the muscle reaction
time. The beginning of the tilting movement by the
accelerometer was marked visually. The muscle reaction
time was determined by the period of time between the
start of platform tilting and the onset of muscle activity.
The threshold for muscle activity was set at 2 standard
deviations above the baseline activity, and this activity
had to last at least 3 milliseconds. The baseline activity in
the muscles was measured during 1 second before the
start of the tilting. Average scores of the 5 trials were used
for statistical analysis.
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ANALYSIS

SPSS for Windows (version 10.0, SPSS Science Inc,
Chicago, I1l) was used for statistical analysis. The students
were divided into 2 groups: an uninjured group as control
group (group 1) and a group with subjects who sustained
an inversion sprain (group 2). Group 1 consisted of the con-
trol subjects who did not have any injury to either leg in
the period they were followed in this study. A stratified
randomization technique was used: 1 of the 2 uninjured
legs was randomly selected, taking into account the per-
centage of dominant legs in the inversion sprain group.
Group 2 consisted of the subjects who sustained an inver-
sion sprain. Only the data from the injured legs were used
for analysis. A Cox proportional hazard regression was
used to test the effect of each variable on the hazard of
injury, taking into account differences in the length of time
that the athletes were at risk. This approach has been cho-
sen for statistical analysis because this method can adjust
for the fact that the amount of sports participation can vary
between the students. The time from the start of the follow-
up period until the ankle sprain or the end of the follow-up
period for students who were not injured was the main
variable. Time was measured as the number of hours of
sports exposure for each student. This was accomplished
by computing time at risk as the total number of hours of
sports lessons, practices for sports lessons, practices for
recreational or competition sports, and games in which
each subject participated until injury or, if uninjured, the
end of the period students were followed. This analysis
also took censorship into account, such as abbreviated
length of follow-up for reasons other than injury (eg, not
passing). The method assumes that risk factors affect
injury in a proportional manner across time."

RESULTS

During the follow-up period, 44 (18%) of the 241 subjects
suffered 1 or more inversion sprains; 4 of the 44 subjects
sprained both ankles. Only the initial sprain was used for
analysis when repeated sprains occurred. A total of 108
(45%) of the 241 subjects did not sustain any injuries of
the lower leg, ankle, or foot and served as the control
group.

In 59% of the ankle sprains, the dominant foot was
affected. Twenty-one (44% of all ankle sprains) ankle
sprains were sustained during lessons at the university, 3
(6%) during practice for lessons, 12 (25%) during extramu-
ral competition, 9 (19%) during extramural training for
competition, and 3 (6%) during extramural recreational
sports. Twenty (42% of all ankle sprains) sprains occurred
during soccer, 5 (10%) during basketball, 4 (8%) during vol-
leyball, 8 (17%) during track and field, and 4 (8%) during
gymnastics. The rest of the ankle sprains (15%) happened
during other sports, in which the incidence of ankle
sprains was low.

Figure 1 displays the survival curve of the students with
an ankle sprain. Anthropometric data on the subjects are
listed in Table 1. No significant differences were found
between the uninjured group and the ankle sprain group
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Figure 1. Survival curve of the students with an ankle sprain.

for any of the measured anthropometric data (P > .05).
Table 2 represents the evaluated functional motor per-
formances. Cox regression revealed that subjects who had
poorer scores on the flamingo balance test were at greater
risk of ankle sprains (P = .001). In addition, subjects with
a slower running speed (P = .019) and decreased car-
diorespiratory endurance (P = .022) had a higher incidence
of inversion sprains. Results of the analysis performed for
isokinetic muscle strength are presented in Table 3. Men
with decreased concentric dorsiflexion muscle strength at
30°/s are at greater risk of ankle sprains (P = .036).

Table 4 represents the results of the Cox regression, per-
formed for the lower leg alignment characteristics. The
analysis showed that men with a decreased dorsiflexion
range of motion with the knee straight are at greater risk
of ankle sprains (P = .013). The results also showed a trend
toward a higher extension range of motion at the first
metatarsophalangeal joint in men susceptible to ankle
sprains (P = .052). Results of the Cox regression performed
for postural control are presented in Table 5. Ankle
injuries were more common among men with decreased
directional control (P = .037) tested by the limits of stabil-
ity test. Men with a decreased reaction time in the tibialis
anterior muscle (P = .048) and the gastrocnemius muscle
(P =.033) were more likely to sprain their ankle (Table 6).
No significant differences were observed between injured
and uninjured male students for joint position sense.

DISCUSSION

In the current study, 18% of the 241 students sustained 1
or more inversion sprains; 4 of them had bilateral ankle
sprains. This incidence is in agreement with the incidence
of 18% lateral ankle sprains observed in male infantry
recruits in basic training.*’ Similar ankle injury rates
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TABLE 1
Means and Standard Deviations for Demographic
Data for Uninjured and Injured Subjects

P

(Cox

Uninjured Injured Regres-

Subjects Subjects sion)”
Age,y 18.33£1.18 18.35+0.78 NS
Height, cm 179.88 + 6.26 180.73 +5.71 NS
Mass, kg 69.24 +7.19 71.14 £ 5.94 NS
Body mass index 21.37 +1.66 21.81+1.71 NS

“NS, not significant.
TABLE 2

Means and Standard Deviations for Functional Motor
Performances for Uninjured and Injured Subjects

P
(Cox
Uninjured Injured Regres-
Subjects Subjects sion)
Flamingo balance 7.57 +3.64 9.40+495 .001“
Standing broad

jump, cm 227.64 + 21.62 22592 +22.04 NS°

Shuttle run, s 19.10 £ 1.09 19.68£1.12  .019"
Endurance shuttle

run, min 12.06 + 1.50 11.13+1.49  .022°

“Significant difference between the 2 groups (P < .05).
’NS, not significant.

TABLE 3
Means and Standard Deviations for Isokinetic Concentric
and Eccentric Eversion and Inversion Muscle Strength
and Concentric Plantar Flexion and Dorsiflexion Muscle
Strength at 30°/s and 120°s Compared to Body Weight
for Uninjured and Injured Subjects”

P

(Cox

Uninjured Injured Regres-

Subjects Subjects sion)
EV 30°/s conc/BW 43+ .12 45+ .14 NS
EV 30°/s ecc/BW .46 + .10 48 + .14 NS
EV 120°/s conc/BW .38 +£.10 .39+ .12 NS
EV 120°/s ecc/BW 47+ .10 49 + .16 NS
INV 30°/s conc/BW .54+ .16 51+.12 NS
INV 30°/s ecc/BW .56 + .18 .53 +.13 NS
INV 120°/s conc/BW 51+.19 48 + .17 NS
INV 120°/s ecc/BW .55+ .17 .56 +.16 NS

DF 30°/s conc/BW .73 £ .30 54+ .21 .036°
DF 120°/s conc/BW .24+ .09 25+ .17 NS
PF 30°/s conc/BW 1.47 + .38 1.32 +.36 NS
PF 120°/s conc/BW .56 + .26 .65 +.30 NS

“Expressed in N-m/kg. EV, eversion; conc, isokinetic concentric;
BW, body weight; NS, not significant; ecc, eccentric; INV, inver-
sion; DF, dorsiflexion; PF, plantar flexion.

bSig‘niﬁcant difference between the 2 groups (P < .05).
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TABLE 4
Means and Standard Deviations for Lower Leg Alignment Characteristics for Uninjured and Injured Subjects”
Uninjured Subjects Injured Subjects P (Cox Regression)
Talocrural PF 52.39 £ 8.29 52.03 £ 8.64 NS
Talocrural DF (knee extended) 29.25 + 7.38 25.88 + 6.52 .013°
Talocrural DF (knee flexed) 34.85 + 7.59 32.88 + 6.06 .092
Subtalar INV 18.90 £ 6.49 19.41 +£ 8.00 NS
Subtalar EV 10.55 + 4.58 9.00 +5.59 NS
MTPILJ flexion 35.72 +10.51 31.97 + 8.63 NS
MTPIJ extension 67.68 + 15.17 71.50 + 15.46 .052
Hip external rotation 38.04 £ 5.18 40.39 £ 6.79 NS
Hip internal rotation 34.56 = 5.38 33.73 £ 4.67 NS
Position calc unloaded (STJN) .40 var £ 3.60 24 valg £ 3.75 NS
Position cale WB (STJN) 1.13 var + 3.36 2.38 var + 3.01 NS
Position calc WB 3.03 valg + 3.04 2.41 valg + 2.66 NS

“Expressed in degrees. PF, plantar flexion; NS, not significant; DF, dorsiflexion; INV, inversion; EV, eversion; MTPIJ, metatarsophalangeal
I joint; calc, calcaneus; STJN, subtalar joint in neutral position; var, varus alignment; valg, valgus alignment; WB, weightbearing.
*Significant difference between the 2 groups (P < .05).

TABLE 5
Means and Standard Deviations for Postural Control for Uninjured and Injured Subjects”
Uninjured Subjects Injured Subjects P (Cox Regression)
Weightbearing, % BW 49.67 £ 4.33 50.10 + 3.53 NS
Bilat firm EO, °/s .21 +£.08 22 +.07 NS
Bilat EC, °/s .26 +.08 .28 .09 NS
Bilat foam EO, °/s .56 + .11 59 + .12 NS
Bilat foam EC, °/s 1.44 + .35 1.50 + .38 NS
Unilat EO, °/s 72+ .12 74 + .16 NS
Unilat EC, °/s 247+ 1.76 2.69 + 1.23 NS
LOS reaction time, s .65+ .20 .60 £ .16 NS
LOS movement velocity, /s 5.56 + 1.57 5.61+1.77 NS
LOS directional control, % 79.70 £ 5.57 77.85+6.95 .037°
LOS endpoint excursion, % 80.47 £ 7.62 81.62 £9.17 NS
LOS max endpoint excursion, % 90.07 £ 5.04 91.50 £ 6.41 NS
FL distance, % BH 57.69 + 6.05 57.73 £ 5.28 NS
FL contact time, s .84 + .22 .86 £ .21 NS
FL impact index, % BW 30.50 + 9.67 31.99 + 11.39 NS
FL force impulse, % BW 89.59 + 22.22 91.69 + 20.90 NS

“BW, body weight; NS, not significant; Bilat, bilateral stance; firm, firm surface; EO, eyes open; EC, eyes closed; foam, foam surface; uni-
lat, unilateral stance; LOS, limits of stability; max, maximal; FL, forward lunge; BH, body height.
bSigniﬁcant difference between the 2 groups (P < .05).

TABLE 6
Means and Standard Deviations for Muscle
Reaction Time of the Peroneus Longus, Peroneus
Brevis, Tibialis Anterior, and Gastrocnemius
Muscles for Uninjured and Injured Subjects

(20.3%) were reported in professional basketball players.®*
The survival curve of the students with an ankle sprain is
shown in Figure 1. Most ankle sprains occur within the
first 400 hours of sports participation, as seen by the many
downward steps in the curve in this period.

Results of this study revealed no significant relationship

between any of the anthropometrical characteristics and (C}:)X
the occurrence of inversion sprains. gﬂlthough a larger Uninjured Injured Regres-
mass moment of inertia (mass x height”) has been consid- Subjects Subjects sion)
ered a risk factor for lateral ankle sprains in recruits,*
most other studies on ankle sprain risk factors have Peroneus longus 83.12+14.12  75.99 £ 10.06 NS*
reported no effect of height or mass on the incidence of Peroneus brevis 80.40 +13.25  73.55 £10.90 NS"b
ankle sprains.3’5’39 Tibialis anterior 89.80 £ 11.50 78.67 £10.45 .048
Gastrocnemius 90.31 £ 16.09 79.76 £ 10.66 .033°

Our results confirm earlier statements that poor physi-
cal condition enhances the risk of a sports injury.®’ The pres- %NS, not significant.
ent investigation identified decreased cardiorespiratory bSig;liﬁcant difference between the 2 groups (P < .05).
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endurance and slower running speed in men who sustain
an ankle sprain. Diminished cardiorespiratory endurance
could cause earlier fatigue, leading to a less accurate pro-
tective effect of the musculature on capsuloligamentous
structures. Several other prospective studies on lower
extremity injuries have shown a relationship between
physical fitness and injury.®>*"***"% Therefore, we recom-
mend that primary ankle injury prevention programs
should include progressive cardiorespiratory endurance
and speed training.

Interestingly, the variable “general balance” measured
by the flamingo balance test showed a significant associa-
tion with ankle sprains. Our results indicate that male
students with a higher score on the flamingo balance test
(ie, a higher number of attempts to keep in balance on the
beam for 1 minute) show a higher risk for the development
of ankle sprains. Watson® found comparable results in a
prospective study on ankle sprain risk factors in male
players of the field games Gaelic football and hurling.
Surprisingly, we could not identify a predisposing factor in
the unilateral balance test on the Neurocom Balance
Master. Our results are therefore in contrast to those of
other prospective studies®®” but are in accordance with
those of Beynnon et al.” Although the flamingo balance
test and the unilateral stance test on the Neurocom
Balance Master both measure a variety of sensory input
and motor outputs, the flamingo balance test may be a
more adequate test for athletes because the task is more
difficult. For athletes, keeping balance for only 10 seconds,
as in the test on the Neurocom Balance Master, may be too
short. Subtle changes may perhaps not manifest during
this short period.

However, using the Neurocom Balance Master, we
demonstrated that other postural control parameters
could predict an ankle injury. Our results show that ankle
injuries are more common among men with decreased
directional control (limits of stability test). The subject was
asked to go directly to the target; thus, a straight-line path
to the target is desirable. However, the path to the space
target in these subjects is less smooth and continuous,
which reflects that the subject’s movement coordination is
decreased. To reduce the amount of ankle sprains in sports
activities, we therefore suggest that balance and coordina-
tion training should be included in prevention programs.

Results of this study show no relationship between joint
position sense and the risk of an ankle sprain in male ath-
letes. These findings are therefore in contrast to previous
findings in basketball teams, where ankle joint proprio-
ceptive deficits were predictive of an ankle injury.*®
Because few studies have investigated joint position sense
as a risk factor for ankle sprains, further research on this
topic is needed.

Although it seems obvious that ankle muscle strength is
related to the risk of suffering an ankle sprain, only a few
prospective studies have investigated this relationship,
and the findings from these studies differ. Our results
show that decreased dorsiflexion muscle strength at 30°/s
in men is a risk factor for ankle sprains. We suggest that
these subjects cannot accurately perform a dorsiflexion in
their ankle when an inversion action occurs. Payne et al*®
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and Beynnon et al’ could not associate ankle muscle
strength with ankle sprains. In contrast, Baumhauer et al®
found the eversion-to-inversion strength ratio and plantar
flexion strength to be significantly greater and the dorsi-
flexion-to-plantar flexion ratio to be significantly smaller
in the injured ankles. In the current study, we found no dif-
ference in inversion, eversion, or plantar flexion peak
torques among athletes who subsequently sustained ankle
sprains and those who did not. In addition, none of the cal-
culated ratios was related to subsequent injury. Different
results between previous studies and ours can probably be
explained by the differences in the methods that were used
to analyze the data and the differences in the investigated
population. On the basis of our findings, we suggest that
dorsiflexion strength training should be included in pre-
vention programs for ankle sprains.

Ankle sprains occur within a time interval that is much
faster than that required to develop peak torque during
isokinetic testing and at much higher velocities than those
used to measure peak torque.* From this perspective, in
addition to force, temporal response of the muscles that
span the ankle joint should be considered. In this study, we
found a significant relationship between a faster muscle
reaction time of the tibialis anterior muscle and the gas-
trocnemius muscle and the occurrence of ankle sprains,
which suggests that the protective effect of the leg muscles
on joint perturbation may have been compromised. Our
results show that in the control group, the peronei—the
evertor muscles—provide the first stabilization, followed
by the tibialis anterior and the gastrocnemius muscles. In
contrast, in men susceptible to ankle sprains, the 4 cap-
tured muscles demonstrate almost identical reaction
times. Therefore, the accelerated reaction of the tibialis
anterior and the gastrocnemius muscles can be considered
as an alteration of the musculoskeletal system that com-
promises the protective effect of the leg muscles on ankle
joint stability. Our results differ from the prospective
study of Beynnon et al,” in which no significant relation-
ship was found between muscle reaction times and ankle
sprains. On the other hand, many retrospective studies
found a relationship between delayed muscle reaction time
of the peronei muscles after occurrence of an ankle
sprain.ﬁ’%’44 We recommend that prevention programs
should pay attention to the recruitment pattern of the
ankle musculature. If possible, exercises should be included
to train ankle muscles to adequately react. Further inves-
tigation is necessary to elucidate the recruitment patterns
of the ankle muscles.

Conspicuous in the present study is the finding of a
trend toward a higher extension range of motion at the
first metatarsophalangeal joint in subjects susceptible to
ankle sprains. This higher extension range of motion at
the first metatarsophalangeal joint probably causes
diminished support at this joint during gait. Making the
link with kinematics in the unrolling foot, we suggest that
foot roll-off does not primarily occur across the hallux as
normal but more laterally in subjects who will sustain an
ankle sprain.58 Because of the diminished support at the
first metatarsophalangeal joint, it could be that these sub-
jects, when landing from a jump, also make contact with
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the ground with the lateral part of the foot instead of with
the hallux. This position is very susceptible to inversion
sprains61 and could explain the higher incidence of ankle
sprains observed in this study in subjects with a higher
extension range of motion at the first metatarsopha-
langeal joint compared to normal subjects. However,
because no kinematic analysis from jumping was carried
out in the current study or in previous studies, this finding
remains hypothetical and should be investigated further.

Our results indicate that decreased dorsiflexion range of
motion can be considered as a predictive factor of ankle
sprains in men. The dorsiflexion range of motion is only
significantly decreased in the alignment measurement
with the knee straight and not with the knee flexed, which
suggests that the gastrocnemius muscle is probably short-
ened. This shortened musculotendinous unit may place the
foot in a position of greater plantar flexion in different
sports tasks, increasing the risk of inversion injury. The
present investigation supports the earlier findings of Pope
et al in male recruits.*” Therefore, we suggest that preven-
tion programs should include strategies such as stretching
to increase the dorsiflexion range of motion in the ankle.

One of the limitations of this study is that we only
demonstrated an association between ankle inversion
sprains and several intrinsic risk factors. Causation still
needs to be proven.

CONCLUSION

In this investigation, several measurements of sensorimo-
tor control of the ankle were performed to search for
intrinsic risk factors for ankle sprains. Afferent and effer-
ent signals were evaluated. Motor responses were evaluated
on the 3 levels of motor control: spinal reflexes (through
inversion perturbation of the foot), brain stem activity
(through postural control), and cognitive programming
(through joint position sense). In addition, static as well as
dynamic stabilizers of the ankle joint were investigated.
Results of this study show that especially dynamic stabi-
lizers are compromised in men at risk. In summary, this
study demonstrated that risk factors that predispose male
athletes to ankle ligament injury are slower running
speed, less cardiorespiratory endurance, less general bal-
ance, less movement coordination, decreased dorsiflexion
range of motion, decreased dorsiflexion muscle strength,
and decreased reaction time of the tibialis anterior and
gastrocnemius muscles. Therefore, to reduce the incidence
of ankle sprains, we recommend that prevention programs
should include cardiorespiratory endurance, speed, bal-
ance, coordination, and dorsiflexion strength training and
stretching exercises to increase dorsiflexion range of
motion at the ankle.
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