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Background
The hip abductors and adductors play an important role in the stability of the hip and
knee joints and knee injury risk. Menstrual cycle is associated with hormones
fluctuations that may affect functions of muscles and ligaments and increase the
knee risk injury. However, their effect on the abductors and adductors performance
is still unknown, which may be a step in developing conditioning programs to
reduce injury risk.
Objectives
This study aimed to examine the effect of hormones variation during menstrual
cycle on abductor and adductor muscles performance in sedentary college
students.
Patients and methods
Twenty-fourcollegestudentscompleted thestudyprotocol.TheirageandBMI ranged
from 19 to 25 years and 25–29.9 kg/m2, respectively. Levels of estradiol,
progesterone, luteinizing hormone, and follicle-stimulating hormone were
measured. Biodex system 3-isokinetic dynamometer was used to measure
isokinetic parameters of hip abductor and adductor muscles including peak torque,
maximum work, total work, average power, work repetition number, work fatigue
percentage, angle of peak torque, acceleration time, and deceleration time.
Measurements were taken during early follicular (1–3 days) and mid-luteal phases
(21–23 days), which were detected using basal body temperature method.
Results
There were significant increases in estradiol (P=0.0001), progesterone (P=0.002),
peak torque of hip abductors (P=0.03) and adductors (P=0.04), maximum work of
hip abductors (P=0.01), total work of hip abductors (P=0.01) and adductors
(P=0.02), and average power of hip abductors (P=0.0.01) and adductors
(P=0.02) during the mid-luteal phase compared with the early follicular phase.
Conclusions
Abductor and adductor muscles strength changes with the surging levels of
estradiol and progesterone during normal menstrual cycle that need to be
considered in strengthening exercises for sedentary college students to avoid
injury risk.
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Introduction
The menstrual cycle is characterized by fluctuations of
female steroid hormone profile. There is a cyclical
pattern of serum levels of estradiol, progesterone,
luteinizing hormone (LH), follicle-stimulating
hormone (FSH), which are coordinated by the
hypothalamus–pituitary–gonadal axis [1]. Presence of
estradiol and progesterone receptors in bone, skeletal
muscles, ligaments, and nervous system suggests the
role of the hormonal fluctuations on the structures and
functions of these tissues, as well as changes in physical
performance [2].

Previous studies have reported that increased female
sex hormones cause laxity of anterior cruciate ligament
d by Wolters Kluwer - Medk
(ACL) and consequent increased risk of injury [3].
Females have shown higher ACL injuries by three to
six times than their male counterparts [4]. Although,
most ACL injuries occur in athletic environment,
nonathletic population reported injuries during daily
living activities by 28.1% and recreational activities by
60.1% [5].

The effect of reproductive hormones on muscle
functions in females is partly discussed in the
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literatures and showed contradictory findings. The
maximum voluntary force of the adductor pollicis
muscle showed an increase during the follicular phase
in both trained and untrained groups [6]. Also,
quadriceps and handgrip strength increased at mid-
cycle compared with both follicular and luteal phases
[7]. On contrary, another study has reported that
maximal isometric quadriceps strength and handgrip
strength had no differences among menstrual, late
follicular, and luteal phases [8]. In addition, eccentric
and concentric peak torques and totalworks of dominant
knee muscles were not significantly different among the
menstrual cycle phases [9].

Hip abductor muscles are important muscles that can
affect physical performance [10]. They prevent
excessive hip adduction and internal rotation during
gait and multiplanar activities. Females have shown
lower hip abduction torque [11,12] and a higher
measure of knee-valgus angle when performing
dynamic tasks compared with their male
counterparts [13,14]. Previous studies have reported
an association between hip abductors strength and
dynamic knee valgus alignment that increase ACL
injury risk, thus recommending the importance of
hip abductors strength exercises [15,16]. To authors’
knowledge, there is no previous study that evaluates the
effect of the hormones variation on hip abductor and
adductor muscles performance during different
menstrual cycles. Moreover, all previous studies
[6–9] have focused on measuring maximum peak
torque during menstrual phases without addressing
other isokinetic variables, which correspond to the
muscle performance [17]. Therefore, this study
aimed to investigate the effect of hormones variation
on isokinetic hip abductor and adductor muscles
performance during early follicular phase and mid-
luteal phase. Recording this effect may help to
design appropriate exercise program for females
according to their menstrual phases. It was
hypothesized that there would be a difference in the
hip abductor and adductor muscles performance
between the early follicular and mid-luteal phases.
Patients and methods
Patients
Twenty-eight healthy, non-athletic, virginal females
participated in this study. Their ages ranged from 19 to
25 years old and their BMI was 25–29.9 kg/m2. They
experienced a regular ovulatory menstrual cycles, which
were confirmed by measuring their daily sublingual
morning temperatures during one entire menstrual
cycle prior to testing [18].
Exclusion criteria included females with nonovulatory
and luteal phase deficient cycles, a history of
dysmenorrhea, pelvic inflammatory diseases, myoma
and tumors, pelvic infection, ovarian cyst, any
gynecological diseases, lower extremity injury or
surgery, cardiovascular, pulmonary, neurological or
systemic conditions or females receiving
contraceptives or any hormonal therapy.

The sample size was calculated according to the
difference in the mean value of estradiol between
early follicular phase and mid-luteal phase based on
a previous study [18]. Assuming an impact size of 0.55,
α=0.05 and power of 80%, a sample size of 28
participants was required.

Each participant signed a consent form before starting
this study. The assessment procedures followed were in
accordance with the ethical standards of the Faculty of
Physical Therapy and with the Helsinki Declaration of
1975, as revised in 2000. The Ethical Research
Committee, Faculty of Physical Therapy approved
the study protocol in February 2017 (No: P.T.REC/
012/001544).
Assessment procedures
Detection of exact time of ovulation

Mercurial thermometer with scale steps of 0.05°C was
used to record females’ daily basal body temperatures
(BBT) during one entiremenstrual cycle prior to testing.
Mercurial thermometer is a simple, noninvasive, cheap,
andmost frequently usedmethod formonitoringBBT in
both research and self-assessment settings. BBT is
broadly used for evaluation of ovulatory function,
especially for women who are reluctant or unable to
use more formal and costly evaluation methods [19].
BBTwasmeasured orally for 5min on themorning daily
for one entire cycle of each female. BBT keeps in the
lower range between 97.0 and 98.08 F during the
follicular phase and reaches its lowest point (nadir or
dip) ∼1 day before ovulation. It rises 0.5–1.08 F and
plateaus throughout the luteal phase and returns to the
lower rangewithin1–2days before, or just at, the onset of
menstrual bleeding, which indicates the first day of the
menstrual cycle [19]. A biphasic temperature pattern is
used as a characteristic of a normal ovulatory cycle and
detects thedaysof the follicular and lutealphases [8].The
early follicular phase is between the first and third days of
the menstrual cycle and the mid-luteal phase is between
the 21st and 23rd days of the menstrual cycle [20].
Hormonal analysis

Blood samples were collected during the early follicular
phase (between the first and third days of the menstrual
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cycle) and the mid-luteal phase (between the 21st and
23rd days of the menstrual cycle) [20]. Early follicular
and mid-luteal phases were selected for testing because
the total estradiol and progesterone concentrations are
low and high, respectively, at these times. Also,
estradiol is the hormone, which is the most
implicated in strength regulation. In addition,
measurements of estradiol, progesterone, LH, and
FSH are important in monitoring of different
females’ conditions [21]. Blood samples were taken
after 12 h fasting at 10.00 a.m. to avoid hormonal
diurnal variation. The samples were allowed to clot
in a water bath at a room temperature 37°C. Then, the
serum was separated using a centrifuge at 4000 rpm for
15min and stored at −80°C till analysis. Plasma
concentration of estradiol, progesterone, LH, and
FSH levels were measured using ADVIA Centaur
XPT system (Bayer Corp., USA, Siemens
Healthcare Diagnostics Inc., Laboratory Diagnostics
511 Benedict Avenue Tarry town, NY, USA) [22].
Table 1 Mean values differences for reproductive hormones
during early follicular and mid-luteal phases

Outcomes Early
follicular
phase

Mid-luteal
phase

Mean
difference

P value

Estradiol (pg/
ml)

65.26
±14.62

161.60
±16.67

96.29 <0.0001∗∗

Progesterone
(ng/ml)

4.57±2.63 9.23
±5.55

4.66 0.002∗

LH (mIU/ml) 6.33±1.58 5.57
±1.74

−0.76 0.14

FSH (mIU/ml) 5.67±1.67 4.82
±1.70

−0.85 0.09

FSH, follicular-stimulating hormone; LH, luteinizing hormone. ∗P
value less than 0.05. ∗∗P value less than 0.01.
Assessment of abductor and adductor muscles
performance

Biodex system 3-isokinetic dynamometer (Biodex
Medical System, Shirley, New York, USA) was used
to measure hip abductors and adductors isokinetic
parameters. It is used in both clinical and research
settings. It is a contemporary isokinetic dynamometer
with an electrically controlled servomechanism. It
consists of testing chair, dynamometer, and
computer system. The testing chair is equipped with
a special forward reclined sitting surface seat, adjustable
straps, and knee blocks for prevention of forward
sliding. A visual feedback from a computer monitor
and a verbal encouragement were provided to all
participants to promote maximal efforts during all
trials [23]. The hip abductors and adductors
isokinetic parameters were tested at one angular
velocity (60°/s) in the concentric mode and 30° of
hip abduction [24]. The isokinetic evaluation was
performed from the standing position because it was
the most functional position for the assessment of hip
abductor/adductor muscles strength [25]. The cushion
setting was in the hard position to minimize the
deceleration at the end of the hip abduction range of
motion that would affect torque generation during
movement [26]. Each female performed three
submaximal, hip abduction repetitions to get
accommodated with the specificity of the Biodex
speed of movement. Then, each participant
performed three consecutive maximal-effort
reciprocal hip abduction/adduction movement
patterns with 2-min rest between each movement.
The average of the isokinetic variables for the three
repetitions were recorded [27]. The measured variables
included abductors and adductors torque, maximum
work, total work, average power, maximum work
repetition number, work fatigue percentage, angle of
peak torque, acceleration time, and deceleration time
[17]. All measurements were taken in the early
follicular and mid-luteal phases.
Statistical analysis
All statistical measures were performed using the
Statistical Package for Social Science program, version
23, for Windows. Results are expressed as mean±SD.
Shapiro–Wilk testwas used to assess thenormality of the
data. Paired t test was used to compare variables in
normally distributed data, while Wilcoxon signed
ranks test was used to compare variables in not-
normallydistributeddata.Thealpha levelwas set at 0.05.
Results
Twenty-four participants completed the study
protocol; four participants refused to complete the
postassessment procedures for personal causes. The
mean values of participants’ age, weight, height, and
BMI of participants were 22.58±1.31 years, 65.41
±9.96 kg, 162.83±4.87 cm, and 24.57±3.32 kg/m2,
respectively.

Paired t test revealed statistically significant increases in
the estradiol (P<0.0001) and progesterone (P=0.002),
as well as nonsignificant difference in LH (P=0.14)
and FSH (P=0.09) in the mid-luteal phase compared
with the early follicular phase (Table 1). Regarding to
isokinetic parameters, paired t test showed statistically
significant increase in peak torque of hip abductors
(P=0.03) and adductors (P=0.04), maximum work of
hip abductors (P=0.01), total work of hip abductors
(P=0.01), and adductors (P=0.02), and average power
of hip abductors (P=0.0.01) and adductors (P=0.02) in
the mid-luteal phase compared with the early follicular



Table 2 Mean values differences for isokinetic hip abductors
and adductors variables during early follicular and mid-luteal
phases

Outcomes Early
follicular
phase

Mid-
luteal
phase

Mean
difference

P
value

Abductors peak torque
(Nm)

44.17
±26.30

56.45
±31.02

12.28 0.03∗

Adductors peak torque
(Nm)

32.52
±24.41

43.19
±29.09

10.67 0.04∗

Maximum abductors
work (J)

8.63±5.50 11.81
±6.55

3.18 0.01∗

Maximum adductors
work (J)

7.88±6.76 9.74
±6.59

1.85 0.13

Total abductors work
(J)

32.24
±21.66

47.57
±29.83

15.33 0.01∗

Total adductors work
(J)

28.52
±26.35

39.84
±29.83

11.32 0.02∗

Maximum abductors
work repetitions
numbera

4 (4) 4 (3) 0 0.44

Maximum abductors
work repetition
numbera

3 (4) 3 (4) 0 0.65

Abductors work fatigue
percentage

28.45
±23.42

24.66
±19.46

3.8 0.52

Adductors work fatigue
percentage

38.31
±27.38

32.34
±24

5.96 0.58

Average abductors
power (W)

9.92±6.30 14.38
±8.29

4.47 0.01∗

Average adductors
power (W)

8.84±7.65 12.40
±9.11

3.56 0.02∗

Angle of abductors
peak torque (°)

12.63
±4.98

11
±5.54

1.62 0.27

Angle of adductors
peak torque (°)

15.29±6.1 14.5
±7.22

0.79 0.71

Abductors acceleration
time (ms)

100
±40.75

88.33
±53.38

−11.67 0.36

Adductors acceleration
time (ms)

103.3
±48.24

106.7
±53.78

3.33 0.77

Abductors deceleration
time (ms)

176.3
±74.65

180.4
±72.08

4.17 0.84

Adductors deceleration
time (ms)

125
±73.54

140.4
±67.53

15.42 0.49

aNonparametric statistics were performed. ∗P value less than 0.05.
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phase. However, it showed nonsignificant difference
between two phases in maximum work of adductors
(P=0.13), work fatigue percentage of abductors
(P=0.52), and adductors (P=0.58), angle of peak
torque of abductors (P=0.27) and adductors
(P=0.71), acceleration time of abductors (P=0.36)
and adductors (P=0.77), and deceleration time of
abductors (P=0.84) and adductors (P=0.49). Also,
Wilcoxon signed ranks test showed nonsignificant
differences in maximum work repetition number of
abductors (P=0.44) and adductors (P=0.65) (Table 2).
Discussion
The purpose of this study was to investigate the effect
of sex hormone variations during the normal menstrual
cycle on hip abductor and adductor muscles
performance. With regards to hormonal assessment,
the results have showed greater estradiol and
progesterone levels in the mid-luteal phase compared
with the early follicular phase.

The present findings were supported by the previous
studies [18,28], which have reported low levels of
estradiol and progesterone during the early follicular
phase, as well as increased their levels in the mid-luteal
phase. The previous increase in the hormones level
occurs in response to a sudden surge of LH to stabilize
the endometrium for implantation of the fertilized egg.
The hormones mean values observed in this study are
in agreement with Stricker et al. [21].

The present study showed greater maximum abductors
and adductors torques in the mid-luteal phase
compared with the early follicular phase. Bambaeichi
et al. [29] have reported the same findings in peak knee
extensor torque of sedentary women. Also, Oosthuyse
and Bosch [30] have demonstrated improvement of
endurance performance in the mid-luteal phase
compared with the early follicular phase. Moreover,
Middleton and Wenger [31] found a significant
enhancement in power output during 10 and 6-s
maximal sprints on a cycle ergometer in the luteal
phase.

However, these findings disagree with Gur [9] who
mentioned no change in quadriceps and hamstrings
concentric and eccentric torques in sedentary women
during the follicular phase (days 1–3) compared with
the luteal phase (days 19–21). Also, Janse de Jonge et al.
[8] observed no change in isometric and isokinetic
contractions of the quadriceps between the
menstrual and luteal phases. Moreover, other
researchers have reported no change in isokinetic
knee extension torque [32] in moderately active
college students and maximum voluntary isometric
contraction of knee extension and flexion in trained
women [27]. It has been reported that active women
have lower estradiol level than sedentary women,
therefore the acute effect of hormone fluctuations on
muscle strength may not pronounce as in sedentary
women [27]. In addition, the controversy of the
findings between studies in sedentary women may be
attributed to the variations in methods of the menstrual
phase determination.

Peak torque indicates the torque generated at a single
point of the entire range of motion, while maximum
work corresponds to the ability of the muscle to
generate torque throughout the entire range of
motion [33]. Although the peak torque is the
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variable most widely used in the isokinetic
measurement, a previous study recommended the
use of the maximum work other than peak torque to
represent the torque generation capacity [17]. In the
present study, increased abductors and adductors
maximum work peaks in the mid-luteal phase
suggest that the mid-luteal phase is characterized by
more torque generation capacity than the early
follicular phase.

Hip abductors peak torque is critical for distal
segments, especially knee joint kinematics and its
pathologies [34,35]. Patients with low isometric hip
abductors peak torque exhibited increased hip
adduction angle [36] and knee abduction angle [37]
during running. Previous studies have reported that
insufficient muscular control by hip abductors may be
associated with excessive knee valgus, tibial internal
rotation, and excessive foot pronation. The previous
misalignment may lead to many musculoskeletal
problems such as low back pain, ankle instability
[35,38–40], and patellofemoral pain syndrome [34].
That explains why hip abductors torque is considered
an indicator of risk of injury in the lower limb [35].
Therefore, decreased hip abductors torque found in the
follicular phase compared with the luteal phase
suggests the increased risk of injury in the follicular
phase in college students. These results are greatly
supported by the findings of Arendt et al. [41] who
have found a significant decrease in injuries during the
mid-luteal phase compared with the early follicular
phase. Also, Lefevre et al. [42] concluded that
anterior ACL tear risk in women is 2.4-fold more
frequent in the follicular and ovulatory phases than the
luteal phase.

The decrease and increase in the hip abductors and
adductors torque, maximum work, total work, and
power coincide with the surging levels of the
estradiol and progesterone during the menstrual
phases. The effect of estradiol on the muscle force
generation and the muscle contractile protein could
explain the previous findings. The genomic effect of
estradiol is mediated through nuclear alpha and beta
estradiol receptors found in the muscles, which
function as transcription factors once bound with
their ligand. It was reported that estradiol enhances
the strong bounding of the fraction of myosin heads to
actin [43,44] through enhancing ATPase activity [45]
resulting in improving muscles contraction.

In addition, estradiol promotes glucose availability and
uptake into type I muscle fibers providing the fuel of
choice during short-duration exercise. High estradiol
concentration in the luteal phase augments muscle
glycogen storage capacity compared with a low
estradiol environment of the early follicular phase.
Moreover, estradiol reduces reliance on muscle
glycogen during exercise and increases free fatty acid
availability and oxidative capacity in exercise favoring
endurance performance [30].

Previous studies conducted on rats have shown a
difference between muscle fibers that are devoid and
exposed to sex hormones. These studies suggested that
the decreased ovarian hormones might lead to reduce
fiber tension by decreasing the number of cross-bridges
or the force per cross-bridges [43–46]. This indicates
that the estradiol improves the intrinsic quality of
skeletal muscles and their capacity to generate force
[47].

Previous studies conducted on postmenopausal women
support the findings of the present study. These studies
have reported that decline in the estradiol due to
menopause leads to reduced muscle strength in
postmenopausal women, which is improved by
administering hormonal replacement therapy [47].

St. Pierre-Schneider et al. [48] provided an evidence
that estradiol is not the sole regulator of the muscle
strength changes. They have reported that the
maintenance of strength in women taking hormonal
replacement therapy might be mediated by an
interactive effect of progesterone and estradiol. In
addition, Fouladi [49] have observed a high value of
knee joint reposition error in the early follicular phase
and an increase in the accuracy during the luteal phase
with the elevated sex hormones’ levels. They have
supposed that elevated both hormones in the luteal
phase are the reasons of increased knee joint position
accuracy.

Despite of the increase in the peak torque and total
work of the abductor and adductor muscles, the
maximum work repetition number and work fatigue
percentage did not change between the menstrual cycle
phases. That means there are no changes in the
maximum repetition number during which the
greatest magnitude of torque generated [50] as well
as, the work generated between the first and last thirds
of the series of repetitions [51]. These findings suggest
that the hormones variation during the menstrual cycle
do not affect muscle performance consistency or the
ability of muscles to maintain torque generation
capacity [17].Acceleration time corresponds to the
time needed to reach the predetermined velocity for
the isokinetic test when starting from the rest position
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[52]. The results showed no change in the abductor and
adductor muscles acceleration time, which indicates
the maintenance of neuromuscular capacity to develop
torque quickly as reported by van Cingel et al. [52]
during phases of the menstrual cycles. In addition, the
nonchange in the deceleration time suggests that
the hormones variation do not affect the capacity of
the females to maintain maximum abductors and
adductors torques to the end of the tested range of
motion at the required speed [17].

Also, the results have shown no difference in the angle
of the abductors and adductors peak torques between
the two menstrual cycle phases. This variable
corresponds to the hip joint position at the moment
of peak torque generation [53]. It is an important
variable during muscle performance assessment. It is
considered as an indicator of changes in optimal muscle
length and the angle of insertion/lever arm during
rotatory motion [54].

There are some limitations of the present study. First,
the females’ nutritional status and mood changes may
affect the outcomes of this study. Second, the
fluctuation of other hormones, such as relaxin and
testosterone, may also influence tissue properties
[55], so further research is warranted to investigate
the impact of these hormones on hip muscles torques.
Third, our data are limited to isokinetic hip muscles
performance testing during the early follicular phase
and mid-luteal phase. However, we did not investigate
the effect of rise in estradiol concentration when
progesterone is still low in mid-follicular phase.
Therefore, further research is needed to examine
the effect of hormones variation at different times of
the menstrual cycles and using other measures of the
neuromuscular function.

It can be concluded that abductor and adductor muscles
performance changes in conjunction with the surging
levels of estradiol and progesterone during normal
menstrual cycle. Menstrual cycle phase needs to be
considered when designing training programs for
sedentary college students. Also, it is important to
address the role of prevention strategies in
decreasing the rate of injury during the early
follicular phase among college students.
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