
Background

Female athletes experience a
higher risk of anterior cruciate
ligament (ACL) injury than do
males participating in similar
activities.  There are several
physiological and anatomical
differences that may contribute
to this increased risk of injury in
female athletes.  One physiolog-
ical difference is the fluctuation
of estradiol concentrations
throughout the female menstru-
al cycle.  Estradiol concentra-
tions are highest during the fol-
licular phase of the cycle in
preparation for ovulation. In ani-
mals, exposure to estradiol has

resulted in reductions in colla-
gen content and load to failure in
the ACL.  It is possible that the
higher concentration of estradiol
during the follicular phase of the
menstrual cycle may similarly
affect the structural properties of
the ACL in humans.  If this is the
case, then the female’s ACL may
not be able to withstand high
loads during the follicular phase
of the menstrual cycle and be
more susceptible to injury. 

Objective

To determine if a negative corre-
lation between the levels of
estradiol and the stiffness of the

Practical Significance:

As the concentration of the sex hormone estradiol

increases in healthy, active women the stiffness of

the anterior cruciate ligament (ACL) decreases. This rela-

tionship is greatest around ovulation. Reduced stiffness

may make the ACL less able to withstand high loads and be

more susceptible to injury.
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ACL was present at the onset of
menses, the follicular phase,
and the luteal phase of the
menstrual cycle in healthy,
active females.

Design & Setting

A single blind repeated measures
design was used. The study was
completed at the University of
Maryland, Baltimore School of
Medicine.

Subjects

Twenty healthy, active eumenor-
rhic females (age = 25.9 + 5.1
years; height=166.16 + 8.4 cm;
weight=71.3 + 25.9 kg), not using
oral contraception (regular cycle
28-32 days) were studied.

Measurements

At the onset of menses, ovula-
tion, and the luteal phase of
their menstrual cycle, subjects
had 10 ml of blood drawn and
were tested with the KT-2000.
The phase of the menstrual
cycle when subjects began
testing was randomly assign-
ed. Estradiol levels were deter-
mined via radioimmunoassay.
Ligament stiffness was deter-
mined between 89N and 134N
using the force-displacement
curve generated by the KT-
2000.

Results

A Pearson correlation for estra-
diol concentration and stiffness
of the ACL was determined.
Statistical analysis indicated a
moderate correlation of R=-.32
(P=.013). The correlation be-
tween estradiol concentration
and stiffness near ovulation was
R= -.71 (P<.001).

Conclusions

As the concentration of estradiol
increased there was a moderate
decrease in the stiffness of the
ACL throughout the three phases
of the subject’s menstrual cycle.
While this data suggests a mod-
erate relationship between estra-
diol concentration and ACL stiff-
ness, it does not suggest causali-
ty. The current study examined
ligament stiffness and estradiol
concentration at three points in
the menstrual cycle, but several
other hormones and proteins
fluctuate throughout the men-
strual cycle and may contribute
to changes in ligament stiffness.
Future studies should examine
the relationship of other hor-
mones and proteins to the stiff-
ness of the ACL.
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