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from joints, muscles, tendons, and ligaments. As a result, these inputs inadvertently inform the
brain of the state of the body’s muscles. Numerous factors can affect this system. This study
aimed to investigate the effect of estrogen and progesterone hormones on understanding and
recognizing the proprioceptive sense of hip joint in healthy women during the menstrual cycle.

Materials and Methods: In this quasi-experimental study, 15 healthy women participated
voluntarily. They had regular menstrual cycles without any history of disease and drug use.
The concentration of estrogen and progesterone during a cycle in the follicular (4-6 days),
ovulation, and luteal phases were evaluated to detect their effects on the sense of perception
and cognition of the proprioceptive joint in the two movements of abduction and flexion by the
target angle reconstruction method (30°).

Results: The errors of active joint position sense were reduced in abduction and flexion during
ovular and luteal phases compared to the follicular phase. However, in the flexion direction of
hip movement, there was a significant difference in absolute error during hormonal changes in
the menstrual cycle (P=0.000).
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1. Introduction

he nervous system and the endocrine
glands both control the activities of the
human body. The endocrine system
is mainly engaged in controlling the
body’s metabolic activities. However,
the nervous system controls muscle
contraction, visceral organs, and the se-
cretion of some endocrine glands [1, 2].

The proprioceptive sensory system is a system that
subconsciously sends information about the state of the
body from the subject’s joints, ligaments, and muscles.
Accordingly, the brain understands when and how mus-
cles are in rest and stretch position [2].

Controlling the movement and position of a continuous
flow of information depends on the surrounding events.
Motor responses are generally subject to three levels of
motor control as follows: the spinal cord for simple re-
flexes, the lower cerebral cortex for more complex re-
sponses, and the cerebral cortex for the most complex
responses. Moreover, the cerebellum, basal ganglia, and
hippocampus are the underlying motor areas. Although
the underlying areas do not directly control the activity
of motor neurons, their presence is necessary for modu-
lating and regulating motor commands issued by mo-
tor centers. Thus, proprioceptive sensory information
is coded and processed in each of these centers. The
highest level of regulation is in the somatosensory cor-
tex, which processes deep sensory information to create
a conscious awareness from the sense of position and
joint motion. It is believed that proprioceptive sensory
information is stored in the cerebellum, basal ganglia,
hippocampus, and somatosensory cortex to be used in
subsequent motor commands. Different factors can af-
fect the deep sensations of the joints, consisting of gen-
der, age, anatomical and structural orientation, genetic
factors, neuromuscular and hormonal factors [3-6].

Since 1991, the word ““steroids” has been classified as
being able to control nerve function. Subsequently, the
regulatory function of progesterone, estradiol, and an-
drogens of the central nervous system has been stated
in several studies. Studies indicate that steroid hormones
easily cross the blood-brain barrier and act on brain
receptors, such as the hypothalamus, hippocampus,
cerebellum, basal ganglia (putamen), raphe nucleus,
and cerebral cortex through the binding mechanism of
ligand-phosphorylation receptor in the brain [7].
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On the other hand, the presence of estrogen and pro-
gesterone receptors on the Anterior Cruciate Ligament
(ACL) of women and identifying the relationship be-
tween the neuromuscular system and the level of their
sex hormones, differences in the sense of position at dif-
ferent times of a menstrual cycle and the amount of mon
the other hand there are estrogen receptors and Prvzh-
strrvn ACL on women and identify the relationship be-
tween the nervous system and the level of sex hormones
-Zlany them a different sense of the situation at different
times of the menstrual cycle and the changing hormones
has been observed that the maximum error sense. Meno-
pause occurs when the amount of female sex hormones
is at a minimum. Studies have also shown that women
are more prone to ligament damage than men [8-10].

New findings indicate that the density of steroid re-
ceptors is very high in hypothalamic and hippocampal
neurons. Researchers have indicated that estradiol can
increase stimulation by glutamate receptors and inhibit
gamma-aminobutyric acid (GABA). In addition, estra-
diol regulates the function of NMDA (N-methyl-D-as-
partate) receptors in the hippocampus [11, 12].

Current studies show that ovarian steroids have protec-
tive functions on the central nervous system (CNS) in
addition to their hormonal role in reproductive activities
[13, 14]. There are several areas in the CNS that have
estrogen and progesterone receptors, including the hy-
pothalamus, hippocampus, limbic system, and cerebral
cortex. Conducted investigations have indicated that ste-
roid hormones protect and divide neurons in these areas
of the brain. Furthermore, the findings indicate the role
of progesterone along with a combination of estrogen
called B-17 estradiol affects the regulation of cognitive
and behavioral functions. The protective effects of estro-
gen and progesterone against altercations in amyloid-
beta glutamate, seizure behaviors, and oxidative stress
have been approved [15, 16].

This study aimed to investigate the effects of female
sex hormones during different phases of the menstrual
cycle on the proprioception sensation of the hip joint.

2. Materials and Methods

This research is a quasi-experimental study, and the
sampling was done by the available sampling method.
The study samples were 15 healthy women in the age
range of 21 to 45 years. The study procedure was per-
formed in a closed room with proper ventilation, tem-
perature, light, and sound control. The study imaging
was done with a Canon LXUS960-5 digital camera. The

Mosavi Ghomi M, et al. Effects of Females Sex Hormones on Hip Proprioceptive Sensation. JMR. 2021; 15(3):151-160.



https://jmr.tums.ac.ir/index.php/jmr

Journal of

Modern Rehabilitation

camera was mounted on a tripod perpendicular to the
hip movement plane 80 cm from the standing position
and 80 cm from the ground so that the lens was com-
pletely aligned with the hip joint. The digital images
were sent to a computer, and the data were identified
and processed through the software.

Several criteria and conditions have been set for the
inclusion of individuals. They include no cardiovascular
diseases, no diabetes, no thyroid disease, no polycystic
ovary syndrome, not being under diet or treatment, no
addiction to any drugs, smoking, alcohol, and caffeine,
natural menstrual cycles, no medication, even contra-
ception, no neuromuscular disorders, no history of frac-
tures or abnormalities in the joints of both knees, lumbar
spine and neck, pain and limitations in the joints of the
limbs, with a normal posture. Three days before sam-
pling, the subjects were controlled for abstinence from
medication, smoking, caffeine, and physical activity
in addition to daily life activities and non-sexual inter-
course, as well as for adequate sleep and consumption
of an isocaloric diet.

The participants first filled out a consent form and an-
other form to collect study information, including demo-
graphic information. Then the majority of individuals
were identified and given the necessary training on what
to do. The test was conducted in three sessions of 10 to
15 minutes each.

Blood samples

Having a 7-day menstrual cycle, the participants had
bloodletting in three cycles, namely the beginning of
the cycle is 3-4 (follicular time), 12-14 days (ovula-
tion time), and 21-24 days (luteal time) to measure the
concentration of estrogen and progesterone hormones.
These days were considered indicators of the peak of the
presence of sex hormones.

Blood samples taken by the examiner were transferred
to the laboratory after at least 4 minutes (to form a clot).
All blood samples were analyzed in the laboratory by
the ELISA method using the Elisa reader SLT model,
which is based on colorimetric methods. The diagnostic
kits of the hormones estrogen, progesterone, and prolac-
tin from the kit company were ELISA Diameters.

Active joint position sense test

The target angle reconstruction test was conducted in
the standing position. Hip angles were calculated using
skin markers, digital imaging, and 558 Analyzer Motion
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software. Before starting, the test validity was obtained,
and the amount of camera error was measured. More-
over, the validity and repeatability of recording detailed
angles were checked by the software.

For goniometry, 4 markers consisting of 2x2 cm squares
were used. They were connected to the apex of the large
trochanter of the femur, the external condyle of the femur,
and the protrusion of the right anterior superior iliac spine
and left pelvis to control pelvic deviation [17].

A. Hip abduction movement

To examine the movement of the hip abduction move-
ment, the person was asked to stand up and place her left
hand (provided the right foot is dominant) on a table that
was set next to her at the same level as the length of the
limb. The subject was then asked to transfer the hip to
the abduction position by controlling the examiner and
the 30° goniometer. Moreover, the subject was asked to
hold for 5 seconds to learn its status. In this position, a
camera image was recorded and encoded as a reference
image. After recording the reference image, the subject
was asked to return to the original state.

Then the subject’s eye was closed with a blindfold. She
was asked to reconstruct the reference angle after 5 sec-
onds and announced to reach the desired angle with a
laser light message. At this time, the joint position was
photographed and coded as a repetition. Then, the sub-
ject returned to the original position. This operation was
repeated three times and photographed all three times.

Error variable (VE) is the root mean square of the dif-
ference between the reconstructed joint angle and the
set angle minus the square of the congtant error: VE=\=
[ (B-A)2/K-(CE)2]. According to the formula, B is the
values of the placement of the joint marker on the x and
y coordinate in the spatial reconstruction of the joint.
A is the placement values of the marker in the selected
conventional domain. K is the number of times the test
is conducted, and CE is a constant error.

Thus, 4 repetitions of the detailed reconstruction with
the reference range were calculated and compared by
the software. Besides, the error values were calculated
as shown in Figure 1 (absolute error, constant error, vari-
able error of sense of position).

Absolute Error (AE) is the mean absolute value of the
difference between the reconstructed joint angle and the
specified angle: AE=X [B-A]/K. According to the for-
mula, B is the value of the placement of the joint marker
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Figure 1. Imaging steps of four repetitions in the abduction of the hip joint to reconstruct and determine the sense and under-

standing of the hip position (the record 1 was a reference image)

on the x and y coordinate axis, besides it is the spatial
reconstruction of the joint. A is the placement value of
the marker in the selected conventional domain. K is the
number of times the test is conducted.

Error Constant (CE) is the mean difference between the
reconstructed joint angles and set angle: CE=X (B-A)/K.
According to the formula, B is the values of the placement
of the joint marker on the x and y coordinate axis. Also, it
is the spatial reconstruction of the joint. A is the placement
values of the marker in the selected conventional domain,
and K is the number of times the test was conducted.

B. Hip flexion movement

For the flexion of the hip joint movement, the subject
was asked to move the hip at an angle of 30° with the
help of an examiner and a goniometer and then to main-
tain its position for 5 s to learn the move.

The image was photographed and coded as the refer-
ence image. Then, the subject was asked to return to the
original position. Next, the subject’s eyes were closed

with a blindfold. After 5 s, the subject reconstructed the
reference angle without controlling the examiner and an-
nounced as soon as reaching the angle with an optical
laser. The reconstructed angle was photographed with
the announcement of the subject and coded as repetition
1. Then, the subject was placed in the starting position.
This reconstruction was repeated 3 more times (Figure
2). Thus, 4 repetitions of the reconstruction with the
reference domain were calculated and compared by the
software (absolute error, constant error, variable error)
(Figure 3).

Statistical analysis

The obtained data were analyzed by SPSS v. 21. More-
over, the normal distribution of variables was evaluated
by the Smirnov-Kolmogorov test. Descriptive statistics
calculations comprised determining the mean and stan-
dard deviation. A comparison test was performed with
repeated measurements between three stages of the men-
strual cycle. Also, hormone changes and the values of
absolute, constant, and variable errors were evaluated.

JMR

Figure 2. Imaging steps of four repetitions in bending or flexion of the hip joint to reconstruct and determine the sense and
understanding of the hip position (the record 1 was a reference image)
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Table 1. Comparing between the phases of the menstrual cycle on the reconstructed state in constant, absolute, and variable

errors of perception of the state of hip abduction (n=15)

Phases/Mean+SD
Research Variables F Sig. Effect size
Follicular Ovulation Luteal
Constant error 7.3816.03 7.6016.58 6.7517.02 0.099 0.906 0.015
Absolute error 7.53+5.87 7.6616.68 7.2916.42 0.023 0.978 0.003
Variable error 12.07+9.84 13.30+£11.63 12.28+10.87 0.71 0.932 0.011

3. Results

The subjects had a mean age of 34.46 years, a mean
height of 161.3 cm, and a body mass index of 25.4 kg/
m2. There is no significant difference in demographic
data. Research variables were measured in three states,
namely follicular (before the cycle or pre), ovulation
(during the cycle or Dur), and luteal (after the cycle or
post). The Kolmogorov-Smirnov test (KS) showed that
all the variables of errors, i.e., constant, absolute, and
variable, had a normal distribution, so they were com-
pared by repeated measurements in three stages of the
menstrual cycle.

There was no significant difference in the measured
angles of the reference hip abduction domain (3 repeti-
tions) in the comparison between subjects in the three
stages of the menstrual cycle (P=0.699). Moreover, this
showed the accuracy of the test and the level of the test.

Comparing individuals in the three phases of the men-
strual cycle, no significant difference was observed be-
tween constant error, absolute error, and variable error of
proprioceptive perception and cognition to assess joint
perception in thigh abduction (Table 1).

Concerning hip flexion movement, no significant dif-
ferences (P=0.914) were observed in the reference

angles between individuals in the phase of menstrual
cycles. This matter shows the degree of accuracy of the
test and the level of the test.

According to Table 2, no sense of hip position was ob-
served in flexion mode at different phases of the men-
strual cycle between constant and variable error angles.
However, this error was significant in absolute error
(P<0.05).

Comparing between individuals in the three phases of
the menstrual cycle, a significant difference was observed
in absolute error with a significant level of P=0.000.

Following the observation of a significant difference in
the follow-up tests, the absolute error showed that the
largest error was in reconstructing flexion motion in the
follicular phase (Table 3 and 4).

Using paired t-test, post hoc tests showed the highest
difference and significance between follicular stage with
ovulation and follicular with luteal phase.

4. Discussion
In the ovulation and luteal phase, the concentrations of

hormones are high, especially estrogen, which increases
from the end of the follicular phase. High estrogen level

Table 2. The comparison between the phase of the menstrual cycle on the reconstructed state in constant, absolute, and variable
errors of proprioception of hip flexion (n=15)

Phases/Mean+SD
Research Variables F Sig. Effect size
Follicular Ovulation Luteal
Constant error 13.44+16.26 4.46+7.13 4.391+9.00 2.96 0.063 0.257
Absolute error 14.118+5.19 5.75+3.72 7.89+5.91 11.44 0.000 3.219
Variable error 23.48+28.01 12.2749.61 83.42+269.52 0.9 0.414 0.163
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Figure 3. Absolute error changes in hip flexion movement

is likely to affect the areas of the brain related to proprio-
ceptive perception and cognition, which in turn reduces
the error in angle reconstruction (Figure 4).

The current study results indicate that female sex hor-
mones do not affect the hip joint in the abduction state
during the menstrual cycle. Since the angle determined
for the subjects was significantly different between the
reference angle and 4 repetitions in the constant, abso-
lute, and variable error.

This evidence supports the high power of muscles
around the hip joint (pelvic muscles and gluteus maxi-
mus and medius) since the hip joint has a high degree of
freedom and very mobile in moving away and opening.
They have excellent control over the hip joint in many
daily movements. Therefore, hormonal changes during
the menstrual cycle do not affect this joint in moving
away and opening.

In hip flexion, hormonal changes in the menstrual cycle
sense of cognition and sense perception of propriocep-
tion affected the follicular phase only in absolute error.
This error, which is a physical error, shows the difference
between the actual values of the error apart from its rela-
tion to its direction.

Table 3. Hip flexion, the absolute position sense error
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Findings of the current study showed that individuals
in the ovulation and luteal phases had the least error in
reaching the set angle, and it may be directly related to
an increase in the level of estrogen.

No study has been carried out on the effect of this hor-
mone on proprioception sensations. However, some sug-
gestions regarding the proprioception errors can be made
due to the high level of the hormone estrogen based on
previous studies on the effect of this hormone on the hip-
pocampus.

Moazedi et al. (2010) showed that high estrogen con-
centrations in the hippocampus interfered with its action.
It has a significant role in the transfer of acetylcholine to
brain synapses, according to their statements [18].

Therefore, it can be predicted that high estrogen con-
centration has increased acetylcholine-dependent synap-
tic transitions. Moreover, this increase in synaptic transi-
tions has reduced the error in the ovulation and luteal
phases compared to the follicular phase (phase of normal
conditions of women considering physiological and psy-
chological).

In other words, in the two phases after the follicular
phase, hormonal changes cause variations in the release
of synaptic mediators in the brain and the mechanisms of
using motor and sensory units. Furthermore, the degree
of joint freedom decreases that leads to a reduction in
error in joint perception. It limits the joint movement sys-
tem to several movement control factors and increases
the risk of injury. While in the follicular phase (normal
phase) in which there is more error meaning that the con-
trol system is floating with a greater degree of freedom
and the joint ability to control and keep down the shocks
caused by external forces. In addition, the damage in this
phase will be much lower. Estrogen receptors are widely
present in the brain and reproductive organs [19, 20].

In addition, it affects the classical effects of estrogen re-
ceptors through neuronal excitability due to its effects on
synaptic structure and its function [21, 22]. This mecha-
nism, possibly in estradiol, can increase stimulation by
glutamate receptors and inhibit GABA. Estradiol acts on

Multivariate Tests”

Effect Value F

Hypothesis df

Sig. Partial Eta-Squared
Error df

Abs. ERROR Hotelling’s Trace 0.649 4.216°

2.000 13.000 0.039 0.393

JMR
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Figure 4. Relative changes in estrogen concentration in the three phases of the menstrual cycle

the nerve cells of the limbic system, cerebral cortex, and
other areas and plays a role in developing nervous activ-
ity [23, 24].

Moreover, two types of glutamate receptors have a
direct and indirect effect on the N-methyl-D-aspartate
(NMDA) receptors by increasing the dendritic density in
the hippocampus. Furthermore, studies have supported
its role in regulating estradiol related to NMDA receptor
function [25, 26].

Electrophysiological studies have shown that estradiol
increases synaptic transmission and density of Coudal
Anterior Hipocampus (CA1) dendritic spines in the hip-
pocampus and flexibility to attenuate NMDA, a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
receptor activity, leading to nerve stimulation [27].

Cimarosti et al. (2006) indicated that estrogen affects
glutamate receptors and glutamate transporters, thereby
inhibiting the stimulatory activity of glutamate in the
brain [28]. Therefore, according to the studies, it can
be predicted that the activity of glutamate receptors
decreases in the ovulation and luteal phases due to the
high concentration of estrogen or affects proprioceptive
sensory due to the increase in the number of glutamate

July 2021, Volume 15, Number 3
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receptors in the hippocampus. Hence, it reduces the error
in the proprioceptive sensory in the hip joint [28].

GABA is the most important neurotransmitter in the
brain. The density of GABA receptors is very high in
different brain areas, especially in the hippocampus [29].
Previous studies have shown that GABA receptors are
affected by sex hormones so that estrogen hormones in-
crease GABA inhibitory activity [30, 31].

Therefore, based on the conducted studies, it can be ex-
pected that high concentrations of estrogen increase the
inhibitory activity of GABA in the hippocampus in the
ovulation phase. Besides, it can be one reason for reduc-
ing error in proprioceptive sensations in the ovulation
and luteal phases. Furthermore, in the studies that have
been carried out on ACL injuries [32], it was found that
the rate of ACL injuries in females is much higher than
in males. Also, they observed the most injuries in female
athletes on days 9, 14, and 28 [32]:

The days when a person experiences the highest concen-
tration of estrogen during one’s menstrual cycle. Along
with reducing errors on these days, this finding can raise
a kind of contradiction. It can be suggested that error re-
duction is a type of increase in the degree of freedom in

Table 4. Hip flexion follow-up testing, absolute error position sense

95% Confidence Interval for Differencea

(1) Abs. ERROR  (J) Abs. ERROR

Mean Difference (I-J) Std. Error  Sig. Lower Bound Upper Bound
2 6.905 3.853 0.095 -1.358 15.169
' 3 5.697 4.582 0.234 -4.130 15.525
2 3 -1.208 1.149 0.311 -15.169 1.358
JVIR
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the central control system over the joints; moreover, the
amount of flexibility is reduced in doing exercises or
sports competitions. Besides, the joint is very constant and
does not interact with external forces and loses the ability
to absorb incoming forces, and suffers damage. Therefore,
the reduction of joint error cannot always be considered a
positive point. Furthermore, this reduction in error coin-
cides with an increase in estrogen concentration in the late
follicular phase (day 9) and in the ovulation phase (day 14)
and luteal phase (day 28) that cause alterations in motion
control and joint rigidity and injury in athletes.

Nevertheless, the exact mechanism of estrogen effects
on proprioception is still unknown. Moreover, the effects
of alterations in estrogen concentrations during the men-
strual cycle in women need further study. Although the
present study did not investigate brain structures affect-
ed by high concentrations of sex hormones, this project
paves the way for future studies to determine the exact
mechanism of the effects of estrogen and progesterone
in determining the effective mechanisms in propriocep-
tion changes related to different concentrations of these
steroid hormones.

5. Conclusion

The findings of this study show that the lowest proprio-
ception sensation occurs in the follicular phase. Decreas-
ing the concentration of sex hormones in this phase is
likely to reduce the sense of cognition of the joint. There-
fore, the risk of a hip injury in the follicular phase is high-
er than in the ovulation and luteal phase. Findings from
this study showed that the lowest proprioceptic sensation
is in the follicular phase. The results of this study showed
that the least sense is Prvpryvsptyk in Fazfvlykvlar.
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