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Context: Hormonal fluctuation as a risk factor in anterior
cruciate ligament injury has been investigated with conflict-
ing results. However, the influence of hormone fluctuations on
ankle laxity and function has not been thoroughly examined.

Objective: To examine the potential hormone contributions
to ankle laxity and dynamic postural control during the preovu-
latory and postovulatory phases of the menstrual cycle using
an ankle arthrometer and the Star Excursion Balance Test in
healthy women. The cohort group consisted of male control
participants.

Design: Cohort study.

Setting: Research laboratory.

Patients or Other Participants: Twenty healthy women
(age=23.8+6.50 years, height=163.88+8.28 cm, mass=63.08
+12.38 kg) and 20 healthy men (age=23.90+4.15 years, height
=177.07+7.60 cm, mass=380.57 +12.20 kg).

Intervention(s): Ankle stability was assessed with anterior-
posterior and inversion-eversion loading. Dynamic postural
control was assessed with the posteromedial reaching dis-
tance of the Star Excursion Balance Test.

Main Outcome Measure(s): Female participants used

ovulation kits for 3 months to determine the time of ovulation;
during their preovulatory and postovulatory phases, they were
tested in the laboratory with an ankle arthrometer and the Star
Excursion Balance Test. Male participants were tested on simi-
lar dates as controls. For each dependent variable, a time by
side by sex repeated-measures analysis of variance was per-
formed. Statistical significance was set a priori at P<.05.

Results: For anterior-posterior laxity, a side main effect was
noted (F,4=10.93, P=.002). For inversion-eversion laxity, a
sex main effect was seen (F; 53=10.75, P=.002). For the pos-
teromedial reaching task, a sex main effect was demonstrated
(F155=8.72, P=.005). No influences of time on the dependent
variables were evident.

Conclusions: Although women presented with more ankle
inversion-eversion laxity and less dynamic postural control,
hormonal fluctuations during the menstrual cycle (preovulatory
compared with postovulatory) did not affect ankle laxity or dy-
namic postural control, 2 factors that are associated with ankle
instability.

Key Words: Star Excursion Balance Test, ankle arthrometry,
ankle instability

in men between test sessions.

Key Points

¢ Anterior-posterior ankle laxity was greater on the dominant side than on the nondominant side in both women and men.
¢ Ankle inversion-eversion laxity was greater and dynamic postural control was less in women compared with men.
e However, ankle mechanical stability and dynamic postural control did not change in women before or after ovulation or

among the physically active.'? Approximately 30% of

those who suffer 1 ankle sprain develop chronic ankle in-
stability (CAI); however, this number has been reported to be as
high as 70%.>* Limited evidence suggests differences in ankle
injury risk factors between men and women.>¢ For other lower
extremity musculoskeletal injuries, such as anterior cruciate liga-
ment (ACL) injury in the knee, intrinsic and extrinsic factors
are proposed to explain the higher injury rate in females.”® One
suggested intrinsic risk factor for ACL injury is the difference in
hormones and hormonal fluctuations between men and women.
Several groups®'? have found that female hormones lead to in-
creases in knee joint laxity. The underlying theory is that the
cyclic rise and fall of estrogen, progesterone, and luteinizing
hormone may make a female more susceptible to ACL injury be-
cause of alterations to the ligament during specific times of the
menstrual cycle. Some authors'>!* have suggested that the fol-
licular (days 1-7) or luteal (days 22-28) phase is responsible for

l ateral ankle sprains are one of the most common injuries

the increased injury rate in female athletes, whereas others'>!”
have shown a relationship between higher ACL injury rates and
higher estrogen levels during ovulation.

The theorized changes in ACL integrity in response to nor-
mal hormonal fluctuations in females may lead to increased
laxity and decreased neuromuscular control of the knee and
help to explain the increased rate of female ACL injuries.'
However, hormonal fluctuations in the female athlete may not
provide a consistent explanatory model for higher ACL injury
rates.* In a recent International Olympic Committee current
concepts statement, Renstrom et al'® noted that the likelihood
of sustaining an ACL injury does not remain constant through
the menstrual cycle. The heterogeneity in the findings of this
body of literature supports the need for investigation into the
influence of hormonal fluctuations on ligamentous laxity and
subsequent injury risk.

With abundant ankle injuries and recurrences leading to
CAL? it is important to identify the prevalent factors in the de-
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velopment of injury risk. Although different sets of risk factors
for first-time ankle sprains have been identified for males® and
females,® to our knowledge, the influence of hormonal differ-
ences (and associated fluctuations during the menstrual cycle)
has not been addressed. Both mechanical and functional insuffi-
ciencies have been proposed to contribute to CAL* If hormonal
fluctuations potentially influence the risk of injury to the knee,
they may also affect the risk of injury to the ankle. Mechanical
instability of the ankle may be addressed on physical exami-
nation, with validated subjective scales or instrumented objec-
tive measures. Of the many outcome variables used to identify
functional ankle instability, deficient dynamic postural control
as assessed with the Star Excursion Balance Test (SEBT) has
been reported consistently in patients with CAL?"> The SEBT
is a lower extremity reaching task that consists of performing a
series of single-limb squats while reaching maximally with the
opposite limb in different directions. Previous authors**?” have
demonstrated that uninjured males and females perform differ-
ently in selected reaching directions of the SEBT. Determining
whether these differences are influenced by normal hormonal
fluctuations in women will help future researchers understand
the potential contributions of hormonal fluctuations to altered
neuromuscular control and potential ankle disability.

Although the intrinsic factor of hormonal fluctuation has
been studied extensively in the context of ACL injury, we are
aware of very few previous investigations devoted to its influ-
ence on ankle laxity.?® This is probably because the discrepancy
between male and female ACL injury rates is not seen in ankle
injury rates. Therefore, it is possible that hormonal fluctuations
and subsequent altered mechanical and functional instability
may not contribute significantly to the risk of ankle injury. By
investigating the effect of hormonal fluctuations on ankle laxity
and dynamic postural control, 2 measures known to be associ-
ated with persistent ankle injury, we may better understand the
risk factors and successful interventions for ankle instability in
men and women.

Thus, the purpose of our study was to examine ankle laxity
with an instrumented ankle arthrometer and dynamic postural
testing with the SEBT in healthy women in the preovulatory
and postovulatory phases of their menstrual cycles. A cohort
group of healthy male participants was tested at similar times
of the month to provide comparisons. We hypothesized that
women would have greater laxity and better dynamic postural
control than would men but that women would not demonstrate
a difference in ankle laxity or dynamic postural control be-
tween the preovulatory and postovulatory phases.

METHODS

Participants

Twenty healthy women (age=23.8+6.50 years, height=
163.88+8.28 cm, mass=63.08+12.38 kg) and 20 healthy
men (age=23.90+4.15 years, height=177.07+7.60 cm, mass
=80.57+12.20 kg) volunteered to participate. All were physi-
cally active (performing at least 30 minutes of activity 3 days
per week) with no history of lower extremity injury or con-
cussion in the last 12 months. The female volunteers had self-
reported regular menstrual cycles and were not using oral
contraceptives. This study was approved by the institutional
review board, and all participants provided written consent be-
fore the study began.

Instrumentation

Measuring tapes were rigidly fixed to the floor at 45° an-
gles to each other so we could assess reaching distances during
the SEBT. This test has been used to quantify dynamic pos-
tural control differences in healthy males and females?* and
in those with CAI*'?; it has strong reliability, with intratester
intraclass correlation values ranging from 0.78 to 0.96.3-32

To assess ankle stability, we used a portable ankle arthrom-
eter (Blue Bay Medical Inc, Navarre, FL), a device that is
highly reliable and valid in assessing ankle ligamentous lax-
ity, with intratester intraclass correlation values ranging from
0.82 t0 0.97.33-%¢ The device consists of an adjustable plate that
is secured to the plantar surface of the foot with an attached
load-measuring handle, which distributes a load to the plate.
A 6-degrees-of-freedom spatial kinematic linkage system that
is connected to the footplate and to a tibial pad indicates the
amount of displacement in the designated direction when the
load is applied, supplying information on rotational and trans-
lational motion in the ankle complex. The relative motion
between the footplate and the reference pad on the tibia was
measured and sent via an analog-to-digital converter to an at-
tached laptop computer, where a custom LabVIEW program
(version 7.1; National Instruments Corp, Austin, TX) processed
the information. Based on the manufacturer’s recommenda-
tions, anterior-posterior (A-P) loading was performed first, fol-
lowed by inversion-eversion (I-E) loading.

Procedures

Methods for defining and quantifying menstrual cycle phases
vary in the literature. For financial and logistic convenience, our
female participants used ovulation detection kits, which have
been used successfully in previous investigations, to identify
the expected fluctuations in hormonal levels.*”** How menstrual
cycle phases should be designated has been debated in the lit-
erature; we followed the work of Beynnon et al* in defining the
phases of interest as preovulatory and postovulatory.

Once a female volunteer was determined to have met the
inclusion criteria, she reported to the laboratory for an intro-
duction to the study. Based on her completion of a menstrual
history questionnaire, we determined when she needed to ad-
minister the first ovulation kit. She was given instructions on
how to use the ovulation detection kit (Answer Quick & Simple
One-Step Ovulation Test; Church & Dwight Co, Inc, Prince-
ton, NJ), according to the manufacturer’s guidelines, and on
keeping a daily ovulation journal for 2 consecutive months. At
the end of the first month, she was asked to provide the results
of the ovulation kit. Based on those results, we told her when
to administer the second ovulation kit. Once we collected the
information from both months, we asked her to report to the
research laboratory approximately 5 days before (preovulatory
phase) and 5 days after (postovulatory phase) the projected
ovulation date for the third month. She continued to use the
ovulation detection kit and record journal entries during the
third month (laboratory data collection month) to confirm that
the testing dates were correct. For all female participants, the
ovulation detection kits and journals confirmed that the labo-
ratory testing (ankle laxity and dynamic postural control) had
occurred in the targeted phases during the third month of en-
rollment, and therefore all data were used for analysis.

The rationale for this method of data collection is supported
by Beynnon et al,* who chose to examine hormone levels be-
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fore and after ovulation instead of looking at the 3 phases of the
menstrual cycle. Their rationale was that the human menstrual
cycle is controlled by 2 steroid hormones that are produced in
the ovaries (ie, progesterone and estradiol) and secreted at dif-
ferent times during the course of a woman’s monthly cycle. Es-
tradiol secretion has 2 phases, with peaks at both a follicular
(preovulatory) and a luteal (postovulatory) time period. Proges-
terone secretion is controlled by the corpus luteum and occurs
only during the postovulatory period. Menses then begin with
the failure of the corpus luteum and the rapid reduction in estra-
diol and progesterone levels.* Thus, assessing hormone levels
before and after ovulation may be a more accurate way of char-
acterizing the menstrual cycle and provide a more accurate way
of determining when a female is going through each phase.

Male participants were physically active (performing at
least 30 minutes of activity 3 days per week) and had no history
of lower extremity injury or concussion within the previous 12
months. Men underwent the same laxity and dynamic postural
control testing procedures as did women, with 2 testing ses-
sions 10 days apart.

During the testing session, the participant’s age, height,
mass, and sex were recorded, and he or she completed an injury
history questionnaire. The following tests were administered in
a counterbalanced order: laxity measures (A-P and I-E) on the
ankle arthrometer and dynamic postural testing on the SEBT
(maximum distance [MAXD] in the posteromedial direction).
Both forms of testing were performed on the dominant and
nondominant sides, with the dominant side defined as the side
the person would use to kick a ball. Although examining dif-
ferences in limb dominance was not a primary purpose of our
investigation, we thought that it was an important factor that
could have clinical implications. Subsequently, the order by
side was also counterbalanced.

For the ankle stability testing, the participant sat on a treat-
ment table with the testing foot extended over the edge of the
table and placed in the arthrometer. A strap was placed around
the lower leg 1 cm above the malleoli, and the sole of the foot
was secured on the footplate. Adjustments were made to the
heel and dorsal clamps for comfort. The tibial pad was placed
5 cm above the ankle malleoli and secured with a strap on the
lower leg. Each assessment began with the ankle positioned in
0° of plantar flexion (as confirmed by a goniometer placed over
the talocrural joint), which was the measurement reference
point.**3¢ The A-P and I-E displacements were assessed accord-
ing to the manufacturer’s guidelines.

During each trial, participants were instructed to avoid
contracting the calf muscles, and the investigators observed
no such muscle contractions. Three trials each of A-P and I-E
displacement were performed on each ankle. Total A-P motion
was recorded in millimeters, and total I-E motion was recorded
in degrees.

Dynamic postural control was assessed with the SEBT. The
SEBT consists of 8 lines of measuring tapes that extend out
from the center at 45° intervals. Recent investigators®***? have
demonstrated that the 8 reaching directions of the SEBT are
redundant, and the entire task can be simplified by having the
participant reach in the posteromedial direction only. There-
fore, our participants performed only the posteromedial reach.

Each person began the test standing on 2 feet, with the foot
of the testing leg in the center of the measuring tapes and the
heel of the stance limb placed at the end of the tape. He or she
then reached as far as possible in the posteromedial direction
with the nontesting leg, lightly touched the line with the toe,

and then returned to a double-legged standing position. If the
hands were removed from the hips or the support foot lifted
off the floor at any time, that attempt was counted as unsuc-
cessful and the trial was repeated. The investigator recorded
the maximum reaching direction of a trial by placing a mark
on the tape attached to the floor. Participants were allowed 4
practice trials,? were given 2 minutes of rest, and then com-
pleted 5 successful trials. During each trial, the distance from
the touch point to the stance leg at the center of the tapes was
marked, measured, and recorded. The distance was normalized
to the leg length of the stance leg (reach distance/leg length) to
produce the dependent variable MAXD, which was reported
as a percentage score.”? A 5-minute rest was provided between
performances on each testing limb.

Statistical Analysis

The means and standard deviations from the laxity and
SEBT testing for each limb were calculated. For each depen-
dent variable (A-P laxity, I-E laxity, MAXD), a separate sex
(female, male) by time (preovulation, postovulation) by side
(dominant, nondominant) repeated-measures analysis of vari-
ance was conducted. Statistical significance was set a priori
at P<.05. When statistical significance was demonstrated, we
performed a Tukey post hoc test. We used SPSS (version 15.0;
SPSS Inc, Chicago, IL) for all statistical analyses. The Cohen
d, using pooled standard deviations, and 95% confidence inter-
vals (ClIs) were calculated to determine effect size.

RESULTS
Ankle Laxity

For the A-P laxity measures, a main effect for side was noted
(F,3=10.93, P=.002). The dominant limb displayed greater
A-P laxity (15.89+3.28 mm) than did the nondominant side
(14.49+2.95 mm) (d=0.45, 95% CI=-0.19, 1.07). No main ef-
fects or interactions of sex or time on A-P laxity were evident
(Table 1).

For the I-E laxity measures, a main effect for sex was
present (F,33=10.75, P=.002). Women had greater laxity
(63.49°+£10.08°) than did men (55.59°+8.34°) (d=0.85, 95%
CI=0.19, 1.48). No main effects or interactions of side or time
were demonstrated (Table 2).

Star Excursion Balance Test

For the posteromedial reaching task, a main effect was noted
for sex (F,33=8.72, P=.005). Women presented with a smaller
normalized reach distance (81.7%+11.1%) than did men
(91.9+£11.4%) (d=0.91, 95% CI=0.24, 1.54). No main effects
or interactions of side or time were seen (Table 3).

DISCUSSION

The purpose of our study was to determine whether hor-
monal fluctuations during the menstrual cycle in healthy
women influenced selected factors linked to ankle instability:
ankle laxity and dynamic postural control. Neither factor fluc-
tuated in the women across the testing sessions before or after
ovulation. Similarly, the healthy men, tested for comparison
purposes, did not demonstrate variability across their 2 testing
sessions in either the laxity or dynamic postural control mea-
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Table 1. Anterior-Posterior Ankle Joint Laxity (mm) by Sex and Ovulatory Phase
(Mean+SD [95% Confidence Interval])

Sex Ovulatory Phase Dominant Nondominant

Female Preovulatory 16.52+2.79 (15.09, 17.19) 14.80+2.62 (13.52, 16.08)
Male NA 15.07 +3.49 (13.64, 16.50) 13.83+3.00 (12.56, 15.11)
Female Postovulatory 16.31+3.25 (14.78, 17.84) 14.91+3.02 (13.50, 16.32)
Male NA 15.66+3.49 (14.13, 17.19) 14.41+3.20 (12.99, 15.82)

Abbreviation: NA, not applicable.

2Main effect for side (F; 53=10.93, P=.002). Dominant>nondominant (Cohen d=0.45, 95% confidence

interval=-0.19, 1.07).

Table 2. Inversion-Eversion Ankle Joint Laxity (°) by Sex and Ovulatory Phase
(Mean =SD [95% Confidence Interval])

Sex@ Ovulatory Phase Dominant Nondominant
Female Preovulatory 62.24+10.07 (57.35, 67.12) 64.01+10.99 (59.53, 68.50)
Male NA 56.99+11.48 (52.10, 61.87) 53.95+8.71 (49.46, 58.43)
Female Postovulatory 63.54+6.12 (59.58, 67.50) 64.18+6.18 (60.59, 67.77)

Male NA

55.79+10.75 (51.83, 59.75)

55.63+9.36 (52.04, 59.22)

Abbreviation: NA, not applicable.

2Main effect for sex (F,z=10.75, P=.002). Women>men (Cohen d=0.85, 95% confidence

interval=0.19, 1.48).

Table 3. Posteromedial Reach Distance (%) by Sex and Ovulatory Phase
(Mean=SD [95% Confidence Interval])

Sex? Ovulatory Phase Dominant Nondominant
Female Preovulatory 80.96+11.52 (75.9, 86.0) 80.96+11.56 (75.9, 86.0)
Male NA 91.24+10.72 (86.2, 96.3) 91.89+10.60 (86.9, 96.9)
Female Postovulatory 81.96+10.53 (76.8, 87.2) 82.98+10.79 (77.8, 88.1)
)

Male NA

91.97+12.39 (86.8, 97.2)

92.47+11.87 (87.3, 97.6

Abbreviation: NA, not applicable.

2Main effect for sex (F,33=8.72, P=.005). Men>women (Cohen d=0.91, 95% confidence interval=0.24,

1.54).

sure. Although some influences of limb dominance and differ-
ences between men and women on the measures were apparent,
these measures did not fluctuate across the menstrual cycle.

Ankle Laxity

No influence of time on A-P or I-E or ankle laxity was dem-
onstrated, meaning that the mechanical ankle stability of the
women and men did not vary between the testing sessions.
Therefore, the women did not experience any changes in an-
kle stability with menstrual hormone fluctuation. This result
supports the findings of Beynnon et al?® that ankle laxity did
not fluctuate across the menstrual cycle. The potential effect
of hormones on ligament laxity has been investigated in the
ACL of the knee, with mixed outcomes,'®!®? but investigations
into how they may affect ankle stability and function have been
limited. Our findings help support the concept that hormonal
fluctuation may not have a significant influence on ankle liga-
ment laxity during the preovulatory and postovulatory phases
of a woman’s menstrual cycle.” This result may affect research

efforts to determine whether hormonal fluctuation is a viable
predictor of ankle injury.

Regarding sex differences in ankle stability, women pre-
sented with more I-E laxity than did men. This finding is
consistent with the findings of Willems et al>¢ and Beynnon
et al,”® which suggested that females had more talocrural lax-
ity than did males. Our female participants had approximately
8° more I-E laxity than did the men; this value was associated
with a strong effect size and a 95% CI that did not cross zero.
However, A-P laxity did not differ between women and men
(P=.26). Although the average A-P laxity measure for women
(15.63+2.92 cm) was greater than for men (14.74+3.30 cm),
the result was associated with a low effect size and a 95% CI
that crossed zero (d=0.29, 95% CI=-0.34, 0.90). Therefore,
I-E stability may be a differentiating factor to consider when
examining ankle injury prediction models for women and men.

Limb dominance was a secondary factor that we examined.
For A-P ankle laxity, a main effect for side was noted, with
the dominant side displaying more laxity than the nondomi-
nant side. However, this result was associated with a lower ef-
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fect size and a 95% CI that crossed zero, indicating that the
magnitude of this significant result was small. Additionally,
no difference was evident in I-E laxity between the domi-
nant (59.64° +10.23°) and nondominant sides (59.44°+9.99°)
(P=.86). This result was also associated with a low effect size
and a large 95% CI that crossed zero (d=0.02, 95% CI=-0.60,
0.64). In a systematic review, Beynnon et al* considered limb
dominance a potential predictive factor for lateral ankle sprains
and a risk factor for lower extremity injury because of the
greater demand placed on the dominant limb during sport. Yet
our finding is supported by the results of Beynnon et al*': Limb
dominance was unrelated to the risk of ankle injury for male
and female field hockey players. The authors noted that the lit-
erature regarding limb dominance and injury risk is divided.
Although our results suggest that limb dominance has a small
effect on ankle stability measures, inconsistency in the litera-
ture indicates that more studies may be needed to examine limb
dominance as a risk factor for ankle sprains in order to draw a
definitive conclusion.

Star Excursion Balance Test

No influence of time on MAXD in the SEBT was seen, so
dynamic postural control did not fluctuate between the testing
sessions. The SEBT is a dynamic balance reaching test with
strong reliability,*=2 as shown by the lack of performance dif-
ferences between the testing sessions. More importantly, this
finding has potential clinical relevance related to understand-
ing ankle injury. Because normal hormonal fluctuations did
not affect dynamic postural control as measured by the SEBT,
which is linked to the risk of ankle injury** and associated with
CAIL>2"® researchers and clinicians can be encouraged to fo-
cus on other factors that may contribute to ankle instability and
subsequently limit dynamic postural control.

We did find a sex main effect for MAXD on the SEBT, with
men demonstrating a larger value than did women. Although
this result is not consistent with a recent investigation by Grib-
ble et al,* the differences in the 2 studies may be explained by
noting that Gribble et al?® used the anterior, medial, and poste-
rior reaches in the SEBT, whereas we used only the postero-
medial reach direction. To our knowledge, no previous authors
have compared healthy men and women on the posteromedial
reach direction alone. Continued investigation into male and
female differences on this task is warranted to determine the
influence of sex on this measure of dynamic postural control.

Limitations

Multiple methods exist for tracking and quantifying stages
of the menstrual cycle, but ovulation kits have been used in
a previous investigation®” of hormonal influences on knee sta-
bility, they are inexpensive, and they do not require specific
personnel or resources. We recognize that serum tracking and
profiling would have been a better option for determining the
exact timing of ovulation; however, our resources were limited
in this area. We believe that this method is appropriate because
we tracked the participants’ menstrual cycles via the home ovu-
lation detection kits for 2 consecutive months and verified in
the third consecutive month that appropriate markers of ovula-
tion occurred.’® Although the tracking depended on consistent
input from the participants, we were diligent in our communi-
cations with them to encourage their full involvement.

Finally, multiple methods are available to identify menstrual
cycle phase. As we discussed in the “Results” section, we used
a 2-phase model that has been used successfully by previous
authors® evaluating hormonal influences on joint stability. We
believe that this was a simple yet valid method for address-
ing the primary purpose of this study. Future researchers may
choose to use other types of categorizations.

CONCLUSIONS

Our primary purpose was to examine the influence of hor-
monal fluctuations during the menstrual cycle on 2 factors
commonly associated with ankle injury. Both ankle mechani-
cal stability and dynamic postural control remained consistent
before and after ovulation in women; their male counterparts
also demonstrated consistent results across the testing sessions.
These findings indicate that those seeking ways to reduce ankle
injury risk need not focus on hormonal factors that might in-
fluence ankle ligament integrity or contribute to dynamic pos-
tural control in the ankle joint. We did observe influences of sex
and limb dominance on ankle stability and dynamic postural
control. Perhaps this information will lead clinicians and re-
searchers to focus on other interventions and factors that may
be influencing ankle injuries.

ACKNOWLEDGMENTS

Funding for this study was provided by the NATA Research &
Education Foundation.

REFERENCES

1. Fernandez WG, Yard EE, Comstock RD. Epidemiology of lower extrem-
ity injuries among U.S. high school athletes. Acad Emerg Med. 2007,
14(7):641-645.

2. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15
sports: summary and recommendations for injury prevention initiatives. J
Athl Train. 2007;42(2):311-319. -

3. Peters JW, Trevino SG, Renstrom PA. Chronic lateral ankle instability.
Foot Ankle. 1991;12(3):182-191.

4. Smith RW, Reischl SF. Treatment of ankle sprains in young athletes. Am
J Sports Med. 1986;14:465-471. —

5. Willems TM, Witvrouw E, Delbaere K, Mahieu N, De Bourdeaudhuij I,
De Clercq D. Intrinsic risk factors for inversion ankle sprains in male
subjects: a prospective study. Am J Sports Med. 2005;33(3):415-423.

6. Willems TM, Witvrouw E, Delbaere K, Philippaerts R, De Bourdeaudhuij
I, De Clercq D. Intrinsic risk factors for inversion ankle sprains in females:
a prospective study. Scand J Med Sci Sports. 2005;15(5):336-345.

7. Quatman CE, Ford KR, Myer GD, Paterno ML, Hewett TE. The effects
of gender and pubertal status on generalized joint laxity in young athletes.
J Sci Med Sport. 2008;11(3):257-263.

8. Rozzi SL, Lephart SM, Gear WS, Fu FH. Knee joint laxity and neuromus-
cular characteristics of male and female soccer and basketball players. Am
J Sports Med. 1999;27(3):312-319. -

9. Deie M, Sakamaki Y, Urabe Y, Ikuta Y. Anterior knee laxity in your wom-
en varies with their menstrual cycle. Int Orthop. 2002;26(3):154-156.

10. Eiling E, Bryant AL, Petersen W, Murphy A, Hohmann E. Effects of men-
strual-cycle hormone fluctuations on musculotendinous stiffness and knee
joint laxity. Knee Surg Sports Traumatol Arthrosc. 2007;15(2):126-132.

11. Heitz NA, Eisenman PA, Beck CL, Walker JA. Hormonal changes
throughout the menstrual cycle and increased anterior cruciate ligament
laxity in female athletes. J Athl Train. 1999;34(2):144—149.

12. Shultz SJ, Kirk SE, Johnson ML, Sander TC, Perrin DH. Relationship
between sex hormones and anterior knee laxity across the menstrual cycle.
Med Sci Sports Exerc. 2004;36(7):1165-1174.

Journal of Athletic Training 147


http://www.ingentaconnect.com/content/external-references?article=0195-9131(2004)36:7L.1165[aid=9568309]
http://www.ingentaconnect.com/content/external-references?article=0905-7188(2005)15:5L.336[aid=9640361]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2007)42:2L.311[aid=9329988]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2007)42:2L.311[aid=9329988]
http://www.ingentaconnect.com/content/external-references?article=0942-2056(2007)15:2L.126[aid=9882880]
http://www.ingentaconnect.com/content/external-references?article=0341-2695(2002)26:3L.154[aid=9640634]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(1999)27:3L.312[aid=9534495]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(1999)27:3L.312[aid=9534495]
http://www.ingentaconnect.com/content/external-references?article=0198-0211(1991)12:3L.182[aid=9882882]
http://www.ingentaconnect.com/content/external-references?article=1069-6563(2007)14:7L.641[aid=9539518]
http://www.ingentaconnect.com/content/external-references?article=1069-6563(2007)14:7L.641[aid=9539518]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(1986)14L.465[aid=8756919]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(1986)14L.465[aid=8756919]

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Myklebust G, Maehlum S, Holm I, Bahr R. A prospective cohort study of
anterior cruciate ligament injuries in elite Norwegian team handball. Scand
J Med Sci Sports. 1998;8(3):149-153.

Slauterbeck JR, Fuzie SF, Smith MP, et al. The menstrual cycle, sex hor-
mones, and anterior cruciate ligament injury. J Athl Train. 2002;37(3):275—
278.

Adachi N, Nawata K, Meata M, Kurozawa Y. Relationship of the men-
strual cycle phase to anterior cruciate ligament injuries in teenaged female
athletes. Arch Orthop Trauma Surg. 2008;128(5):473-478.

Wojtys EM, Huston LJ, Lindenfeld TN, Hewett TE, Greenfield ML. Asso-
ciation between the menstrual cycle and anterior cruciate ligament injuries
in female athletes. Am J Sports Med. 1998;26(5):614—619.

Wojtys EM, Huston LJ, Boynton MD, Spindler KP, Lindenfeld TN. The ef-
fect of the menstrual cycle on anterior cruciate ligament injuries in women
as determined by hormone levels. Am J Sports Med. 2002;30(2):182-188.
Zazulak BT, Paterno M, Myer GD, Romani WA, Hewett TE. The effects of
the menstrual cycle on anterior knee laxity. Sports Med. 2006;36(10):847—
862.

Renstrom P, Ljungqvist A, Arendt E, et al. Non-contact ACL injuries in
female athletes: an International Olympic Committee current concepts
statement. Br J Sports Med. 2008;42(6):394—412.

Hertel J. Functional anatomy, pathomechanics, and pathophysiology of
lateral ankle instability. J Athl Train. 2002;37(4):364-375.

Olmsted LC, Carcia CR, Hertel J, Shultz SJ. Efficacy of the Star Excursion
Balance Tests in detecting reach deficits in subjects with chronic ankle
instability. J Athl Train. 2002;37(4):501-506.

Gribble PA, Hertel J, Denegar CR, Buckley WE. The effects of fatigue
and chronic ankle instability on dynamic postural control. J Athl Train.
2004;39(4):321-329.

Gribble PA, Hertel J, Denegar CR. Chronic ankle instability and fatigue
create proximal joint alterations during performance of the Star Excursion
Balance Test. Int J Sports Med. 2007;28(3):236-242.

Hertel J, Braham RA, Hale SA, Olmsted-Kramer LC. Simplifying the Star
Excursion Balance Test: analyses of subjects with and without chronic
ankle instability. J Orthop Sports Phys Ther. 2006;36(3):131-137.

Hale SA, Hertel J, Olmstead-Kramer LC. The effect of a 4-week compre-
hensive rehabilitation program on postural control and lower extremity
function in individuals with chronic ankle instability. J Orthop Sports Phys
Ther. 2007;37(6):303-311.

Gribble PA, Robinson RH, Hertel J, Denegar CR. The effects of gender
and fatigue on dynamic postural control. J Sport Rehabil. 2009;18(2):240—
257.

Kahle NL, Gribble PA. Core stability training in dynamic balance testing among
young, healthy adults. Athl Train Sports Health Care. 2009;1(2):65-73.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

. Beynnon BD, Bernstein IM, Belisle A, et al. The effect of estradiol and

progesterone on knee and ankle joint laxity. Am J Sports Med. 2005;33(9):
1298-1304.

Gribble PA, Hertel J. Considerations for normalizing measures of the Star
Excursion Balance Test. Meas Phys Educ Exerc Sci. 2003;7(2):89-100.
Hertel J, Miller SJ, Denegar CR. Intratester and intertester reliability dur-
ing the Star Excursion Balance Test. J Sport Rehabil. 2000;9(2):104-116.
Kinzey SJ, Armstrong CW. The reliability of the Star-Excursion test in as-
sessing dynamic balance. J Orthop Sports Phys Ther. 1998;27(5):356-360.
Robinson RH, Gribble PA. Support for a reduction in the number of tri-
als needed for the Star Excursion Balance Test. Arch Phys Med Rehabil.
2008;89(2):364-370.

Kovaleski JE, Gurchiek LR, Heitman RJ, Hollis JM, Pearsall AW IV. In-
strumented measurement of anteroposterior and inversion-eversion laxity
of the normal ankle joint complex. Foot Ankle Int. 1999;20:808-814.

. Kovaleski JE, Hollis J, Heitman RJ, Gurchiek LR, Pearsall AW IV. As-

sessment of ankle-subtalar joint complex laxity using an instrumented
ankle arthrometer: an experimental cadaveric investigation. J Athl Train.
2002;37(4):467-474. -
Kaminski TW, Buckley BD, Powers ME, Hubbard TJ, Ortiz C. Effect
of strength and proprioception training on eversion to inversion strength
ratios in subjects with unilateral functional ankle instability. Br J Sports
Med. 2003;37(5):410-415.

Hubbard TJ, Kaminski TW, Vander Griend RA, Kovaleski JE. Quantitative
assessment of mechanical laxity in the functionally unstable ankle. Med
Sci Sports Exerc. 2004;36(5):760-766. -
Hertel J, Williams NI, Olmsted-Kramer LC, Leidy HJ, Putukian M. Neu-
romuscular performance and knee laxity do not change across the men-
strual cycle in female athletes. Knee Surg Sports Traumatol Arthrosc.
2006;14(9):817-822.

Miller PB, Soules MR. The usefulness of a urinary LH kit for ovulation
prediction during menstrual cycles of normal women. Obstet Gynecol.
1996;87(1):13-17. -
Beynnon BD, Johnson RJ, Braun S, et al. The relationship between men-
strual cycle phase and anterior cruciate ligament injury: a case-control
study of recreational alpine skiers. Am J Sports Med. 2006;34(5):757-764.
Beynnon BD, Murphy DF, Alosa DM. Predictive factors for lateral ankle
sprains: a literature review. J Athl Train. 2002;37(4):376-380.

Beynnon BD, Renstrom PA, Alosa DM, Baumhauer JF, Vacek PM. Ankle
ligament injury risk factors: a prospective study of college athletes. J Or-
thop Res. 2001;19(2):213-220. -
Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. Star Excursion Bal-
ance Test as a predictor of lower extremity injury in high school basketball
players. J Orthop Sports Phys Ther. 2006;36(12):911-919.

Address correspondence to Phillip A. Gribble, PhD, ATC, 2801 West Bancroft, University of Toledo, Mailstop #119, Toledo, OH
43606. Address e-mail to Phillip.gribble @utoledo.edu.

148

Volume 47  Number 2 ® April 2012


http://www.ingentaconnect.com/content/external-references?article=0306-3674(2008)42:6L.394[aid=9568296]
http://www.ingentaconnect.com/content/external-references?article=0112-1642(2006)36:10L.847[aid=9640646]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(2002)30:2L.182[aid=9568293]
http://www.ingentaconnect.com/content/external-references?article=0936-8051(2008)128:5L.473[aid=9882884]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2002)37:3L.275[aid=9569842]
http://www.ingentaconnect.com/content/external-references?article=0736-0266(2001)19:2L.213[aid=9640364]
http://www.ingentaconnect.com/content/external-references?article=0736-0266(2001)19:2L.213[aid=9640364]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2002)37:4L.376[aid=9529829]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(2006)34:5L.757[aid=9568294]
http://www.ingentaconnect.com/content/external-references?article=0029-7844(1996)87:1L.13[aid=9882885]
http://www.ingentaconnect.com/content/external-references?article=0029-7844(1996)87:1L.13[aid=9882885]
http://www.ingentaconnect.com/content/external-references?article=0942-2056(2006)14:9L.817[aid=9640645]
http://www.ingentaconnect.com/content/external-references?article=0942-2056(2006)14:9L.817[aid=9640645]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2002)37:4L.467[aid=9534514]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2002)37:4L.467[aid=9534514]
http://www.ingentaconnect.com/content/external-references?article=0190-6011(1998)27:5L.356[aid=9639060]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(2005)33:9L.1298[aid=9534496]
http://www.ingentaconnect.com/content/external-references?article=0363-5465(2005)33:9L.1298[aid=9534496]
http://www.ingentaconnect.com/content/external-references?article=1062-6050(2002)37:4L.364[aid=7964826]
http://www.ingentaconnect.com/content/external-references?article=0905-7188(1998)8:3L.149[aid=9558298]
http://www.ingentaconnect.com/content/external-references?article=0905-7188(1998)8:3L.149[aid=9558298]
http://www.ingentaconnect.com/content/external-references?article=0195-9131(2004)36:5L.760[aid=9330025]
http://www.ingentaconnect.com/content/external-references?article=0195-9131(2004)36:5L.760[aid=9330025]
http://www.ingentaconnect.com/content/external-references?article=1071-1007(1999)20L.808[aid=9126424]

