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The influence of the menstrual cycle on anterior
cruciate ligament injury
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Knee joint injury is one of the most common injuries in the
human musculoskeletal system. The risk is higher in women,
usually during training. It is currently believed that, apart from
visible anatomical differences, menstrual cycle phases seem to
play a role in this increased incidence of trauma. Studies on
joint stability reveal that gender determines the activation of
different knee joint stabilization strategies, particularly with
respect to the quadriceps femoris and hamstrings. The ante-
rior cruciate ligament contains estradiol and progesterone
receptors, which means that it changes its parameters during
the menstrual cycle. Hormonal fluctuations during the men-
strual cycle affect the responsiveness of the nervous system
and cause changes in neuromuscular control of the knee joint.
Estrogen level fluctuations contribute to the risk of injury
within the knee. The risk is lower in women who use hormo-
nal contraception. The aim of this study was to present and
analyze the available literature in order to evaluate the risk
of knee joint injury during the menstrual cycle.
Key words: menstrual cycle; sex hormones; knee joint inju-
ries; ACL injury; neuromuscular control

INTRODUCTION
Knee joint injury is one of the most common
traumas within the musculoskeletal system.
Sports such as basketball, volleyball and hand-
ball are characterized by dynamic changes in
movement directions as well as sudden accele-
ration and deceleration movements. It is estima-
ted that 70% of knee joint injuries result from
incorrect rotation, landing or deceleration
movements[1]. The incidence is 4–6-fold higher
in women[2], particularly with respect to the
anterior cruciate ligament (ACL) [3]. Statistical-
ly, the mean age of women undergoing ACL
reconstruction is 14–17 years and 18–21 years,
while the average age of men is 18–34 years [4].
The ACL provides 85% of the static restraint
to the anterior tibial translation, thus contribu-
ting to normal joint arthrokinetics, and has
a proprioceptive function. It contains 4 types of
mechanoreceptors and free nerve endings that
initiate protective muscle contraction[5,6].Re-
search shows that 80% of all knee joint inju-
ries occur by non-contact mechanisms. The
analysis of ACL trauma has shown that 95% of
injuries in female handball players and 65% of
injuries in female basketball players, sustained
over a dozen or so seasons, are non-contact
injuries. Thirty-one per cent of patients with
ACL injury have a moderate difficulty in mo-
ving on one’s own, 44% of patients experience
difficulty in everyday activities, while 77% of
athletes can never return to the level of sport
performance from before injury [7]. ACL inju-
ry is one of the prime causes of early degene-
rative changes when compared to individuals
without such an injury [8].

One of the main causes of ACL injury is
different anatomical structure in men and
women. Greater susceptibility to ACL injury in
women may be associated with greater joint
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laxity and lower stiffness [9] as well as differen-
ces in pelvic structure, position of the iliac joints
(smaller angle of inclination) [10], Q angle [2]
and posterior slopes of the tibial plateau[11]. It
must be underlined that the results of studies
in this area are not conclusive. Recent research
has not shown any association between the
different anatomic structure and ACL injury.

The second hypothesis, analyzed in recent
years, states that a different neuromuscular
control strategy is responsible for the greater
susceptibility of women to ACL injury. Studies
have shown that muscle structures in the knee
are activated in a different way in women
compared to men. During physical activity, the
knee joint is stabilized mainly by adequate
quadriceps femoriscontraction. Appropriate
activation of this muscle is the basic strategy of
knee joint stabilization in the sagittal plane in
women. This is associated with weaker ham-
strings and greater ligament laxity. As for men,
sEMG examinations prove that the hamstrings
are activated first and followed by the quadri-
ceps femoris, which provides better anterior
drawer control. Up to 45 degree flexion, the
quadriceps femoris function is antagonistic
towards the ACL, whichincreases stress on the
anterior cruciate ligament [3]. In women, the
knee joint stabilization strategy is primarily
based on greater domination of the ligamento-
us complex, whereas men activate the muscle
tissue, mainly the hamstrings and gastrocnemius
muscle. Research also indicates that increased
physical activity in women does not affect the
knee joint stabilization strategy. Greater quadri-
ceps femoris contractionrelative to the ham-
strings is believed to be the primary risk factor
of ACL injury [3,6].

The third hypothesis combines the suscep-
tibility to ACL injuries with the impact of sex
hormones on ligament laxity and neuromuscu-
lar control [12]. Hormonal fluctuations during
the menstrual cycle significantly affect the
musculoskeletal system; they cause changes in
soft tissues, muscle strength and collagen fiber
formation [22].

MENSTRUAL CYCLE
The menstrual cycle is a cyclic phenomenon that
depends upon numerous factors, including func-
tion of the central nervous system and endocri-
ne system as well as intercellular metabolic
processes [7,14]. It can be divided into 2 pha-
ses: follicular and luteal. A more detailed divi-
sion reflects hormonal fluctuations [15]. A strict

association between hypothalamic, pituitary and
steroid hormones that determine normal cycli-
cal changes in the reproductive system as well
as the function of the hypothalamus–pituitary–
gonadal axis play themajor role in menstrual
cycle regulation from puberty until menopause.

During menstruation (1–5 days), lower es-
trogen and progesterone levels as well as decre-
ased follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) concentrations are
observed [13]. In the follicular phase (6–13
days), estrogen secretion increases, whereas
progesterone values remain low. Relaxin secre-
tion increases as well. FSH values continue to
be low, but its secretion is of pulsatile nature
until the LH surge. FSH secretion increases
markedlyduring ovulation. In the post-ovulation
phase, the level of estrogen falls, while the level
of progesterone rises. The luteal phase is the
final phase of the menstrual cycle. It is charac-
terized byhigh progesterone values and low
estrogen secretion [13]. The last 3 days of the
cycle are referred to as the pre-menstrual pha-
se in which estrogen secretion decreases whe-
reas the progesterone level remains high, but
falls at the end of this phase. Moreover, FSH
and LH concentrations decrease as well.

INFLUENCE OF HORMONES
ON LIGAMENT LAXITY
Estrogens are sex steroids that include estradiol,
estrone and estriol. Estradiol (17ß-estradiol) is
the basic natural estrogen secreted by granulo-
sa cells of the dominant ovarian follicle. It
controls oocyte development and is responsible
for maintaining appropriate structure of the
female reproductive organs. Estrone is a stero-
id estrogen with action similar to that of estra-
diol but considerably weaker. Finally, estriol is
a steroid estrogen that elicits a shorter physio-
logical response compared to the remaining
estrogens [16].

Studies on the influence of sex hormones on
ligament laxity indicate that there is a relation-
ship between changing hormone levels and
physical properties of the ACL. Research in this
area is focused mainly on the influence of es-
tradiol and progesterone on physical properties
of the ACL, while the influence of other hor-
mones is not discussed. Apart from the mecha-
noreceptors mentioned above, the ACL also
contains receptors for estradiol and progestero-
ne [17]. The levels of these hormones change
during the menstrual cycle, which contributes
to collagen network changes [12][5]. Increased
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estradiol concentration, mainly in the pre-ovu-
latory phase where the highest blood levels of
this hormone are observed, limits fibroblast
proliferation and reduces the quantity of colla-
genous connections in the ACL, while increased
progesterone concentration coexists with incre-
ased fibroblast proliferation and collagen fiber
formation[12]. Higher estradiol levels have
a direct influence on lower amounts of IGF-I
(a mediator of collagen production) and ICTP
(a marker of type I collagen degradation)[5].
Physiologically, IGF-1 exhibits analogous action
to insulin, stimulates cartilage growth, promo-
tes collagen and proteoglycan synthesis and
maintains calcium, magnesium and potassium
homeostasis.

Romani et al. investigated several estrogens
(estradiol, estrone and estriol) as well as sex
hormone-binding globulin (SHBG). The study
tested whether these hormones and SHBG are
correlated with ACL stiffness during three
phases of the menstrual cycle in healthy women
with regular menstruation. The results showed
a negative correlation between blood estradiol
concentration and ACL stiffness in the pre-
ovulatory phase and a positive correlation be-
tween blood estriol concentration and ACL
stiffness also in the pre-ovulatory phase [12].
The influence of sex hormones on target tissu-
es can be modulated by interactions between
them. By monitoring the influence of other sex
hormones and SHBG, researchers have found
that estriol and progesterone are partially and
positively correlated with ACL stiffness in the
pre-ovulatory phase [5]. Eiling et al. demonstra-
ted that an increased quantity of estradiol in-
creases ACL laxity by 0.5 mm in the ovulation
phase and by 0.2 mm in the follicular and luteal
phases[18], thereby increasing the risk of ACL
injury.

Clinical trials have confirmed these results,
showing that women who skied recreationally
sustained ACL injury twice as often in the pre-
ovulatory phase when the level of estradiol is
the highest compared with other menstrual
cycle phases. Beynnon et al., however, did not
obtain results that would indicate changes in
ligament laxity depending on menstrual cycle
phases[19].

NEUROMUSCULAR CONTROL IN
RELATION TO SEX HORMONES
The literature does not provide many examples
of the influence of estrogens on neuromuscu-
lar control. Most reports focus on the outco-

me of movement rather than on the process of
performing a given activity. Neuromuscular
control can be defined as a reciprocal relation
between the nervous system and the musculo-
skeletal system in response to afferent stimuli
from proprioceptive receptors. Proprioception
is understood as individual sense of the limb
position and spatial movement as well as pro-
per muscle and ligament activation [20]. The
central nervous system plays the superior role
in neuromuscular control. It is responsible for
receiving stimuli from the peripheral, vestibu-
lar and visual systems, and subsequently for
their processing to the appropriate level of
motor control [21].Available studies on the
influence of sex hormones on proprioception
are inconclusive. Aydog et al. [22] demonstra-
ted that knee joint proprioception is weaker in
the menstruation phase compared to the folli-
cular and early luteal phases. This can be cau-
sed by a change of distal latency (time needed
for eliciting muscle contraction) or mechanore-
ceptor responsiveness. This phase is characte-
rized by low levels of estrogen and progestero-
ne. The authors believe that estrogen and pro-
gesterone exert their action by synergy. Foula-
di measured knee joint position sensing. The
greatest error was noted in the menstruation
phase, and the lowest in the luteal phase
[21,29]. Nevertheless, Hertel et al.[22], based
on their own studies, propagate a different
theory. They believe that there is no statistical
association between proprioception and the
menstrual cycle. Investigations on the influen-
ce of sex hormones, estrogens in particular, on
the CNS indicate that motor abilities in physi-
cally active females do decrease at given stages
of the menstrual cycle [23].

TRAUMA INCIDENCE
The incidence of non-contact ACL injuries in
female athletes is three times higher than in men
in the case of basketball and four times higher
in the case of soccer [25]. Numerous studies
have shown that the incidence of non-contact
ACL injury increases in the pre-ovulatory pha-
se, which is characterized by a high blood es-
trogen level[28]. Slauterbeck[26], however, has
a different opinion. He proves that the inciden-
ce of ACL injury is higher in the first 2 days of
the cycle, which is associated with a change in
the values of estrogen and progesterone enzy-
mes that can mediate expression of genes en-
coding tissue-remodeling proteins and enzymes.
This situation may cause greater tissue destruc-
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tion or regeneration depending on the cycle
phase. Load on the knee joint upon landing
from a jump and coronal deflection towards
valgus or varus deformity have been observed
to be lower in women using hormonal thera-
pies. Moreover, these women also presented
increased activity of the hamstrings in relation
to the quadriceps femoris. This group was
characterized by superior stability and lower
laxity of the knee joint compared to the group
of women who did not use hormonal thera-
pies[27].

CONCLUSION
Anatomical differences between women and
men as well as differences in psychophysical
aspects, attitudes to sport and involvement in
physical activity have been investigated on
numerous occasions. Most research reports
confirm the hypothesis about an existing fun-
damental gender-specific difference. Injury is an
inseparable phenomenon of both sport and
everyday activity [1].The knee joint is one of the
joints in the human anatomic system that have
received the greatest attention in research. In-
jury to this joint, the anterior cruciate ligament
in particular, is 4 to 6 times more common in
women than in men [2]. Some studies point to
anatomical differences as significant factors in
the process of injury. A number of authors,
however, share the belief that anatomical dif-
ferences do not cause knee joint injury direc-
tly, but are merely an indirect or predisposing
factor.

Sports such as soccer, basketball or volley-
ball require the joint to exert proper motor
control for forces generated by given move-
ments that predispose to non-contact ACL in-
jury [20,21]. Investigations on the influence of
muscle control during the menstrual cycle are
inconclusive due to complex interactions of sex
hormones in women. It seems that sex hormo-
nes have a significant impact on neuromuscu-
lar control. An increase in estrogen values in the
follicular phase raises ligament laxity and decre-
ases stiffness, which some authors associate with
increased risk of ACL injury. The effect of
greater joint laxity is potentiated by a different
stabilization strategy of the anterior tibial trans-
lation, which puts more load on the ACL
[21,22]. Low estrogen and progesterone levels
during menstruation contribute to worse pro-
prioception, which presumably delaysthe nervo-
us system reaction, thereby increasing the risk
of ACL injury. Studies in women using hormo-

nal therapies compared with to those who use
no contraception confirm lower risk of ACL
injury in the former [27]. Hormonal fluctu-
ations affect both neuromuscular control and
the occurrence of injury. However, since study
results are not uniform, it is not possible to
specify the phase that would predispose to
greater occurrence of injuries. Since not all
studies confirm the impact of estrogen fluctu-
ations on muscular control,further studies are
necessary. Sex hormone interactions, neuromu-
scular control and anatomy are interrelated and
contribute to higher risk of anterior cruciate
ligament injuries.
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