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Background & Rationale Methodology

* Female participation in sports and exercise
has increased in the last century and
continues to grow. Yet, women remain largely
underrepresented in research. This
underrepresentation is problematic due to
hormonal differences between men and
women. As a result, additional research is
needed to understand how menstrual cycle
(MC) phases influence performance and injury
risk.

* Females primarily produce the sex hormones
estrogen and progesterone. Estrogen is
responsible for the development of primary
and secondary female sex characteristics and
plays a key role in regulating the menstrual
cycle. Additionally, estrogen supports brain
and cardiovascular function, as well as bone
and skin health.'? Progesterone is essential
for uterine function during pregnancy and also
plays an important role in the MC by
thickening the endometrial wall during the
luteal phase.3

* Hormone concentration levels fluctuate across
the phases of the MC, which include the
follicular phase, ovulatory phase (OP), and
luteal phase. The MC begins with
menstruation in the follicular phase, during
which estrogen and progesterone levels are
low.# Following menstruation, estrogen levels
begin to rise.* The OP occurs with ovulation,
where estrogen levels peak.>’ During the
luteal phase, estrogen levels decrease while
progesterone levels increase, reaching peak
concentrations mid-phase before both
hormones decline prior to the onset of
menstruation.?

 Another hormone that varies throughout the
MC is relaxin, which influences ligament and
joint laxity.® Relaxin levels remain low during
the follicular phase but increase during the
ovulatory and luteal phases before decreasing
again at the onset of menstruation.>8*

» Knee Injuries, particularly anterior cruciate
ligament (ACL) injuries, are common in
athletics. Female athletes are more likely to
experience non-contact ACL injuries compared
to male athletes and have a higher likelihood
of reinjury.>1% Additionally, female athletes are
estimated to be 2 to 10 times more likely to
sustain an ACL injury."

Purpose & Hypotheses

Purpose:

 To examine how menstrual cycle (MC) phases
and associated changes in hormone
concentration levels affect muscular strength
and ligament laxity at the knee.

Hypotheses:

» Muscular strength will increase during the
ovulatory phase (OP) of the MC due to peak
estrogen levels.

* Ligament laxity will increase during the OP of
the MC due to peak estrogen levels.

 No changes will be observed in the hamstring-
to-quadriceps (H:Q) ratio, as estrogen is
expected to influence hamstring and
quadriceps strength similarly across the MC.
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Experimental Design

This study will use an experimental, repeated-measures design to examine changes in knee
ligament laxity and muscular strength across two menstrual cycle phases in eumenorrheic
collegiate female athletes.

Participants will complete two testing sessions during a single menstrual cycle:
» Session 1: Early follicular phase (EFP), days 2-4 of the menstrual cycle
» Session 2: Ovulatory phase (OP), days 11-16 of the menstrual cycle following a positive
ovulation test

During each testing session, participants will complete:
* Ligament laxity testing using the KT-2000 arthrometer
* Muscular strength testing using the Biodex System 4 isokinetic dynamometer

Early Follicular Phase: ~ Days 2 - 4 Ovulatory Phase: ~ Days 11 - 16

Session1 =
EFP ‘ o OP ( £

Outcome Measures
 Tibial displacementat 67 N and 89 N » Peak torque

* d,=67N;d,=89N, » Hamstring-to-quadriceps (H:Q) ratio
» Compliance index

* 0,-0,
Participants Pre-Testing Standardization
 Thirty-four eumenorrheic collegiate female  «  24-hour abstention from moderate-to-high

athletes (n = 34) intensity exercise

Inclusion Criteria Menstrual Phase Classification
« 212 months sport participation » Prospective cycle tracking (Flo app)
* Regular menstrual cycles (26-34 days) » Qvulation confirmed via ovulation test

* No current injuries
« 218 years of age
« No hormonal contraceptive use

Testing Procedures

Ligament Laxity Testing:

« KT-2000 arthrometer (Med Metric Corp.
Inc., San Diego, California, USA)
* Supine positioning with knee flexion at
30° with knees and feet supported.
 Positioned on the anterior tibia.
2 forces applied to the tibia on both
legs:
* 67 N (6.80 kg)
« 89N (9.07 kg)

Muscular Strength Testing:

 Biodex System 4 |sokinetic
dynamometer (IPRS Mediquipe)
* Velocities:
* 60°/s
* 180°/s
3 practice kicks at each velocity
5 maximal-effort repetitions on both
legs at each velocity

Statistical Approach

UNIVERSITY

Paired sample t-tests will be used to compare
ligament laxity, muscular strength, and H:Q
ratio between the early follicular phase (EFP)
and ovulatory phase (OP).

Analyses will be performed separately for
dominant and non-dominant limbs.

All statistical analyses will be conducted using
SPSS (IBM Corp., Armonk, NY, USA).
Statistical significance will be set at p < .05.
Assumptions of normality will be assessed
prior to analysis using Shapiro—Wilk tests.

Expected Results

It is expected that muscular strength will
increase during the ovulatory phase (OP) of
the menstrual cycle due to peak estrogen
levels.

Ligament laxity Is also expected to increase
during the OP.

No significant changes are expected in the
hamstring-to-quadriceps (H:Q) ratio, as
estrogen is anticipated to influence hamstring
and quadriceps strength similarly across the
menstrual cycle.

10.

1.

Findings from this study may help identify
phases of the menstrual cycle associated
with increased ACL injury risk in female
athletes.

Additionally, these findings will improve our
understanding of how changes in estrogen
and progesterone levels across the menstrual
cycle influence muscular strength and
ligament laxity.
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