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Influence of Menstrual Cycle Phases on Neural Excitability
in the Primary Somatosensory Cortex
and Ankle Joint Position Sense
Koyuki Ikarashi,1,2 Kaho Iguchi,1 Yudai Yamazaki,2 Koya Yamashiro,2,3 Yasuhiro Baba,3 and Daisuke Sato2,3,*

Abstract
Introduction: Ankle sprain (AS) is one of the most common injuries among women engaged in competitive sports
and recreational activities. Many studies have shown that several factors contributing to AS are influenced by the
menstrual cycle. Despite the finding that abnormal joint position sense ( JPS) is one of the major risk factors of AS,
the alteration of the JPS throughout the menstrual cycle and its associated neural mechanisms remain unclear.
Objective: This study aimed to examine whether the menstrual cycle phases affect neural excitability in the pri-
mary somatosensory cortex (S1) and JPS.
Methods: Fourteen right-footed women participated in this study. Somatosensory-evoked potential and paired-
pulse inhibition (PPI) were measured to assess S1 excitatory and inhibitory functions. Ankle JPS was measured
using an active joint position matching method. Menstrual syndrome was evaluated using the menstrual distress
questionnaire. All assessments were conducted in the follicular, ovulatory, and luteal phases.
Results: The two main findings of this study were as follows: First, PPI decreased in the ovulatory phase than in
the follicular phase. This may have been the reason for estrogen altering the neural inhibition and facilitation
balance throughout the menstrual cycle. Second, JPS was not changed during the menstrual cycle.
Conclusion: In conclusion, phases of the menstrual cycle affect the neural excitability in S1 as shown by the de-
creased PPI in the ovulatory phase, and the ankle JPS was unchanged throughout the menstrual cycle.
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Introduction
Ankle sprain (AS) is one of the most common inju-
ries in competitive sports and recreational activities.
According to a previous study, 10%–30% of all ath-
letic injuries are ankle injuries, and in many sports,
AS accounts for ‡70% of all reported ankle injuries.1

Moreover, >40% of AS recur, and recurrent AS can
lead to chronic ankle instability and ankle osteoarthri-
tis.2–4 Risk factors reported for AS include anatomic
natures,5 lower isokinetic strength,6 flexibility,7 joint
position sense ( JPS),8,9 muscle reaction time,10 postural
stability,11 previous AS,12,13 and body mass index.14,15

According to a recent meta-analysis, women are at
a higher risk of AS than men because of recurrent fluc-
tuation in sex steroids by the menstrual cycle.16 Many
studies have shown that several factors contributing
to AS are influenced by the menstrual cycle.17–19

Although a meta-analysis revealed that abnormal JPS
is one of the major risk factors of AS,15 the mechanism
of JPS alteration throughout the menstrual cycle is still
unclear. The methodology for assessing JPS is divided
into two types of tasks, namely, passive and active
joint position matching methods. These two methods
differed in the presence or absence of an active motion
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when participants matched a given joint position.
Especially, active JPS methods reflect the processing
of not only external sensory feedback but also sensori-
motor integration.20 A case study in Japan showed that
passive ankle JPS was unaltered throughout the men-
strual cycle in female volleyball players21; based on its
findings, this study focused on active ankle JPS.

Previous studies showed that knee JPS is altered
throughout the menstrual cycle, which would be attrib-
uted to proprioceptive and psychological functions. For
example, Aydoğ et al.22 reported that proprioceptive
deficits induced worse knee JPS during menstruation.
In addition, proprioception can be influenced by emo-
tional and environmental conditions, and knee JPS
alteration may be caused by behavioral and emotional
changes in the early phase of menstruation.23 More-
over, they speculated that the involvement of cortical
activity in the alteration of JPS, with reference to
some reports,24–26 described the relationship between
the menstrual cycle and evoked potential measure-
ments. However, since these studies evaluated the cor-
tical activity in the visual and auditory cortices but not
in the somatosensory cortex (S1),24–26 somatosensory
evoked potential (SEP) and paired-pulse inhibition
(PPI), which reflected neural excitability and inhibitory
functions of the primary S1, should be investigated.

To address the research gap, this study aimed to
examine whether the phases of the menstrual cycle
affects neural excitability in S1 and the ankle JPS. As
previous studies reported that estrogen reduces
gamma-aminobutyric acid (GABA)ergic inhibition,27

we hypothesized that PPI, which is modulated by
GABAergic neurons,28 will decrease in the ovulatory
phase when the estrogen concentration is high. In ad-
dition, as the sensorimotor integration during active
joint position matching tasks involves activation of
S1,29 we hypothesized that ankle JPS will be altered
with accompanying changes in PPI.

Materials and Methods
Participants
Fourteen healthy women aged 19–22 years volunteered
to participate in the study. The participants were re-
quired to have no history of neurological or psychiatric
disorders, including premenstrual dysphoric disorder
or any self-reported major menstrual cycle-related
changes in mood. They were also required to not be
taking any ongoing prescription medications or using
hormonal forms of contraception.

The study protocol was approved by the ethics com-
mittee of Niigata University of Health and Welfare,
Japan. All experiments conformed to the Declaration
of Helsinki. The participants provided informed writ-
ten consent before participation.

After recruitment, all participants were required to
measure their basal body temperature every morning
immediately after waking up. Then, two menstrual cy-
cles, leading up to their first session, were monitored,
allowing an accurate estimate of the menstrual cycle
length. All participants exhibited normal and regular
menstrual waking cycles (35.24 – 13.60 days) for the
2 months preceding the study. Based on the average
menstrual cycle length of 28 days, the follicular phase
was defined as days 3–5, the ovulatory phase as days
13–15, and the luteal phase as days 18–24. Since several
participants had considerably longer or shorter cycles
than 28 days, all participants were instructed to mea-
sure and report their basal body temperature every
morning until the final session to adjust the examina-
tion date of their ovulatory and luteal phases accord-
ingly. In particular, measurements in the ovulatory
and luteal phases were performed after confirming
a temporary decrease and increase in the basal body
temperature, respectively.

Experimental protocol
Figure 1 shows the experimental protocol. All partici-
pants came to the laboratory on three instructed days
corresponding to the follicular, ovulatory, and luteal
phases. After preparation for electroencephalogram
(EEG) recording, participants were instructed to sit
on a reclining chair. SEP recording was conducted to
evaluate PPI. After a 10-minute rest, two types of active
joint position matching tasks were performed in ran-
dom order: dorsal flexion (DF) and plantar flexion
(PF) tasks (described as follows) with a 10-minute
rest. After these neurophysiological and behavioral
measurements, participants answered the menstrual
distress questionnaire (MDQ) for evaluation of men-
strual syndrome.

Paired-pulse inhibition
PPI was measured to assess changes in S1 inhibitory
function. Paired-pulse electrical stimulation (ES) of the
common fibular nerve was applied with an interstimu-
lus interval (ISI) of 5, 30, and 100 ms in combination
with SEP recordings. The ISIs were determined based
on the methods reported in previous studies.30–34 Par-
ticipants were instructed to relax but stay awake
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without focusing attention on the stimulated leg. The
right common fibular nerve was stimulated with an
electrical stimulator through a surface bar electrode,
with a cathode proximal. ES was delivered at 110%
of the motor threshold and consisted of a square
wave pulse of 0.2-ms duration. The active electrode
was placed at Cz¢ (located 2 cm posterior to Cz), the
reference electrode was placed over Fz, and the ground
electrode was placed on the right forearm using an
earth band. Single-pulse and paired-pulse stimuli
were randomly applied at a frequency of 2 Hz, which
were controlled by the pulse control system (Pulse
Timer II; Medical Try System, Tokyo, Japan). In each

type of stimuli, 250 stimulation trials were perfor-
med. EEG signals were recorded at a sampling rate of
5000 Hz. Continuous EEG data were applied with a
band-pass filter set at 1–1000 Hz, and filtered data
were segmented beginning from 50 ms before the stim-
ulus until 250 ms after the stimulus. The 50-ms period
before a stimulus was the baseline. Epochs with re-
sponses exceeding –70 lV were rejected from the anal-
ysis, and the remaining data were averaged. In the
paired-pulse trial, responses after the second response
were obtained by subtracting the single SEP waveform
(Fig. 2). PPI by each ISI of 5, 30, and 100 ms (called
PPI5, PPI30, and PPI100, respectively) was calculated

FIG. 1. Experimental protocol.

FIG. 2. Representative data in single- and paired-pulse SEP waveforms and subtracted waveforms. Left
panel shows single- and paired-pulse SEP waveforms. Right panel shows subtracted waveforms, which
mean evoked responses for second stimulus only. Peak-to-peak amplitudes for N38-P45 component
surrounded with circle were used to evaluate SEP and PPI because this component reflects neural activity in
the primary somatosensory cortex. PPI, paired-pulse inhibition; SEP, somatosensory evoked potential.

Ikarashi, et al.; Women’s Health Reports 2020, 1.1
http://online.liebertpub.com/doi/10.1089/whr.2020.0061

169



as the ratio between the response of a single pulse and
the second response of the subtracted paired pulse.

Active joint position matching task
The performance of active joint position matching task
was assessed as ankle JPS. Each participant sat down on
a reclining chair and placed their right foot on the orig-
inal device (Fig. 3a). This foot was held by a belt on the
plate. The knee and hip joints were positioned at 30�
and 90� of flexion, respectively. A desk was placed in
front of the participant to hide their legs.

Before beginning the task, the range of motion
(ROM) of the right ankle joint was measured by the
original device. Based on this, the examiner calculated
three angles with 15%, 30%, and 45% of ROM (referred
hereinafter as 15%ROM, 30%ROM, and 45%ROM,
respectively) in each participant. Participants were
instructed to memorize these three angles of ankle
position from a maximal ankle dorsal or plantar flex
position for PF or DF task (Fig. 3b). The examiner
moved the participants’ foot to each angle in the
following order: 15%ROM, 30%ROM, 45%ROM,
15%ROM, 30%ROM, and 45%ROM. The duration
for memory was 2 seconds in each position. The exam-
iner then moved the participants’ foot to a starting
position with a maximal ankle dorsal or plantar flex
position for a PF or DF task.

After these memory processes, the examiner instruc-
ted participants to focus on the monitor in front of
them. We used a custom-built PC program (DASYLab
version 2016, dasylab.com) for the task (Fig. 3c). Each
trial consisted of 15 seconds from the warning signal to
the start of the next trial. Participants were instructed
to move to the starting maximal ankle dorsal or plantar
flex position after the warning signal. In one trial, a
warning signal and blank page were presented for 2 sec-
onds, followed by instructions to adopt a specific ankle
plantar or DF angle. Participants were instructed to flex
their ankles to the instructed angle, hold this position
for 2 seconds, and then relax the ankle. Subsequently,
the blank page was presented until the next warning
signal. Participants were instructed to stay relaxed,
except when performing the task. Each measurement
block consisted of three different angles, namely,
15%ROM, 30%ROM, and 45%ROM, from the maxi-
mal ankle dorsal or plantar flex position for a PF or
DF task. The order was randomized by a computer,
and 10 trials of each task were presented per measure-
ment block.

Menstrual distress questionnaire
To evaluate the prevalence and severity of their
menstrual symptoms, each subject filled out the self-
reporting MDQ.35 In brief, the MDQ consists of 48
symptoms in eight categories: pain, concentration, be-
havioral change, autonomic reactions, water reten-
tion, negative affect, arousal, and control. Participants
assessed symptoms by assigning a score of 1 (no symp-
toms), 2 (minimal), 3 (mild), 4 (moderate), 5 (strong),
or 6 (severe) to each item across the eight categories. In
each participant, the MDQ was administered three
times during follicular, ovulatory, and luteal phases.
The sum of scores in each category was used to evaluate
each symptom.

Data analysis and statistics
For behavioral data, the absolute error angle and instruc-
ted angle were calculated in each trial. The average abso-
lute error angle from 10 trials was used for behavioral
assessment in each type of task (15%ROM, 30%ROM,
and 45%ROM). The average absolute error was entered
into a three-factor repeated-measures analysis of vari-
ance (ANOVA) with ‘‘phase’’ (follicular, ovulatory, and
luteal), ‘‘task’’ (DF and PF), and ‘‘angle’’ (15%ROM,
30%ROM, and 45%ROM) as within-subject factors.
For neurophysiological data, single-pulse SEP was en-
tered into one-factor repeated-measures ANOVA with
‘‘phase’’ (follicular, ovulatory, and luteal) as a within-
subject factor. PPI was entered into a two-factor
repeated-measures ANOVA with ‘‘phase’’ and ‘‘ISI’’
(5, 30, and 100 ms) as within-subject factors.

For menstrual distress, MDQ scores were entered
into one-factor repeated-measures ANOVA with
‘‘phase’’ as a within-subject factor. The relationships
between behavioral, neurophysiological, and menstrual
distress assessments were analyzed using Pearson’s
correlation coefficients.

In all analyses using repeated-measures ANOVA,
the Greenhouse–Geisser correction was used to cor-
rect for nonsphericity if necessary, and Bonferroni’s
post hoc tests were used for pair-wise comparisons.
A p-value of <0.05 was considered statistically signif-
icant. Data were analyzed using the SPSS version 18
(IBM Corp., Armonk, NY). All data are expressed as
mean – standard error of the mean.

Results
Participants
Fourteen right-footed female physical education stu-
dents (age range, 19–22; age, 20.9 – 1.2 years; height,
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159.2 – 7.9 cm; weight, 55.01 – 8.31 kg) participated in
this study. During the tracking period, five participants
were excluded from the analysis because three of them
had irregular menstruation and two could not partici-
pate in the measurement because of personal circum-
stances. All participants had no injuries in the lower
extremities for a minimum of 3 months preceding
the study. No participant had neurological, rheumato-
logic, orthopedic, or vestibular dysfunction issues, and
none had a history of pregnancy. None used oral con-
traceptives or other hormone-stimulating medications
for the 6 months before the study.

Single-pulse SEP and PPI
For single-pulse SEP, one-factor repeated-measures
ANOVA revealed no main effects of ‘‘phase’’ (F[2,18] =
0.691, p = 0.514, Zp2 = 0.071). Figures 4 and 5 show
grand averaged waveforms and change in PPI through-
out the menstrual cycle. Two-factor repeated-measures
ANOVA revealed significant main effects of ‘‘ISI’’
(F[2,18] = 4.107, p = 0.034, Zp2 = 0.313) and ‘‘phase’’
(F[2,18] = 5.476, p = 0.014, Zp2 = 0.378), whereas no sig-

nificant interaction with ‘‘ISI’’ · ‘‘phase’’ (F[4,36] =
0.597, p = 0.667, Zp2 = 0.062). Post hoc test showed sig-
nificantly weaker PPI in the ovulatory phase than in
the follicular phase ( p = 0.048).

Active joint position matching task
Figure 6 shows the ankle JPS in each menstrual cycle
phase. Three-factor repeated-measures ANOVA
revealed no significant interaction with ‘‘phase’’ ·
‘‘task’’ · ‘‘angle’’ (F[2.171,19.543] = 0.706, p = 0.491, Zp2 =
0.078), ‘‘phase’’ · ‘‘task’’ (F[2,18] = 0.148, p = 0.863,
Zp2 = 0.016), ‘‘phase’’ · ‘‘angle’’ (F[1.954,17.583] = 1.083,
p = 0.359, Zp2 = 0.107), and ‘‘task’’ · ‘‘angle’’
(F[1.278,11.499] = 1.408, p = 0.270,Zp2 = 0.135). No sig-
nificant main effect of ‘‘phase’’ (F[2,18] = 0.336,
p = 0.719, Zp2 = 0.036), ‘‘task’’ (F[1,9] = 0.561, p = 0.473,
Zp2 = 0.059), and ‘‘angle’’ (F[1.132,10.185] = 0.797,
p = 0.408, Zp2 = 0.081) was found.

Menstrual distress
Figure 7 shows the MDQ score in each menstrual cycle
phase. Regarding MDQ scores, one-factor repeated-
measures ANOVA revealed significant main effects of

FIG. 4. Grand averaged waveforms in all participants. Black, red, and blue lines show grand averaged data
in follicular, ovulatory, and luteal phases, respectively.
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FIG. 5. Single-pulse SEP and PPI in each menstrual cycle phase. Black, red, and blue indicate the data in
follicular, ovulatory, and luteal phases, respectively. (a) Change in single-pulse SEP amplitude. N38-P45
peak-to-peak amplitude did not significantly alter throughout the menstrual cycle. (b) Change in PPI with
each ISI of 5, 30, and 100 ms. We could find significant increase in PPI in the ovulatory phase compared
with the follicular phase, but not dependent on ISI. ISI, interstimulus interval.

FIG. 6. Ankle JPS in each menstrual cycle phase. Black, red, and blue indicate the data in follicular,
ovulatory, and luteal phases, respectively. (a, b) Performances in PF and DF tasks in each menstrual phase.
These data indicated that ankle JPS did not alter throughout the menstrual cycle.
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‘‘phase’’ in the categories of pain (F[2,18] = 8.472,
p = 0.003, Zp2 = 0.485) and water retention (F[2,18] =
11.724, p = 0.001, Zp2 = 0.566). Post hoc tests showed
significantly higher MDQ score in the follicular phase
than in the ovulatory phase (pain: p = 0.017, water re-
tention: p = 0.010) and luteal phase (water retention:
p = 0.003). On the contrary, no significant main effects
of ‘‘phase’’ were found in other categories.

Correlation analysis
Tables 1 and 2 show the results of the correlation
analysis between ankle JPS and neurophysiological
(Table 1) and emotional (Table 2) measures by
each menstrual cycle phase. Regarding relation with
single-pulse SEP amplitude and three types of PPI as
neurophysiological measures, we found significant
correlation of PPI30 and DF task with 15%ROM

FIG. 7. Menstrual distress questionnaire scores in each menstrual cycle. Black, red, and blue indicate the
data in follicular, ovulatory, and luteal phases, respectively. In total, menstrual syndromes tend to be worse
in the follicular phase; notably, pain was higher than that in the ovulatory phase and water retention was
higher than those in ovulatory and luteal phases.

Table 1. Relationship Between Ankle Joint Position Sense and Neurophysiological Parameters (Somatosensory Evoked
Potential and Paired-Pulse Inhibition)

Task Phase Joint angle (%ROM)

P38-N45 pp PPI5 PPI30 PPI100

r p r P R p r p

DF Follicular 15 0.479 0.161 �0.401 0.251 0.652* 0.041 0.605 0.064
30 0.442 0.201 �0.438 0.206 0.910* 0.000 �0.029 0.937
45 0.514 0.129 �0.122 0.738 0.582 0.084 �0.425 0.221

Ovulation 15 0.221 0.540 �0.068 0.852 0.050 0.890 0.129 0.723
30 0.248 0.489 �0.085 0.816 0.008 0.983 0.022 0.952
45 �0.270 0.450 0.300 0.400 0.145 0.690 0.306 0.390

Luteal 15 �0.370 0.293 0.257 0.473 0.034 0.926 �0.449 0.193
30 0.520 0.124 �0.142 0.696 �0.569 0.086 �0.698* 0.025
45 0.129 0.722 �0.120 0.742 �0.227 0.528 �0.565 0.089

PF Follicular 15 0.164 0.651 0.029 0.937 �0.381 0.278 0.444 0.199
30 �0.189 0.600 0.431 0.213 �0.260 0.468 �0.359 0.308
45 �0.111 0.760 0.258 0.473 �0.021 0.953 �0.426 0.219

Ovulation 15 0.076 0.835 0.082 0.821 �0.016 0.965 0.414 0.234
30 0.206 0.568 �0.390 0.265 �0.403 0.249 �0.104 0.775
45 0.056 0.878 �0.394 0.259 �0.278 0.437 �0.295 0.408

Luteal 15 �0.071 0.846 0.159 0.660 �0.543 0.105 �0.166 0.646
30 �0.224 0.534 �0.165 0.649 �0.010 0.979 �0.042 0.909
45 0.250 0.485 �0.371 0.292 0.124 0.733 0.008 0.983

*Shows significant correlations (p < 0.05).
DF, dorsal flexion; PF, plantar flexion; PPI, paired-pulse inhibition; ROM, range of motion.
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(r = 0.652, p = 0.041) and 30%ROM (r = 0.910, p < 0.001)
in the follicular phase. Significant correlation was ob-
served between PPI100 and DF task with 30%ROM
(r =�0.698, p = 0.025) in the luteal phase.

With respect to the relation with MDQ scores as
emotional measures, we showed significant correlation
between PF task with 45%ROM and water retention
(r = 0.806, p = 0.005) in the luteal phase.

Discussion
This study examined whether menstrual cycle phases
influence the neural excitability in S1 and JPS using
an active joint position matching method to test our
hypothesis that PPI will decrease in the ovulatory
phase when the estrogen concentration is high and
ankle JPS will be altered with accompanying change
in PPI. The main findings were as follows: (1) PPI
decreased in the ovulatory phase compared with the
follicular phase and (2) ankle JPS was not changed
throughout the menstrual cycle.

Decreased PPI in the ovulatory phase may be the
reason for estrogen altering the neural inhibition and
facilitation balance throughout the menstrual cycle.
First, it is believed that estrogen enhances the frequ-
ency of neuronal firing.34 Estradiol administration to
ovariectomized rats induced a decrease in the number
of inhibitory synaptic inputs, an increase in the num-
ber of excitatory synapses, and an enhancement of
the frequency of neuronal firing.34 Estrogen decreases
the firing threshold of a neuron by increasing the ac-
tivities of N-methyl-D-aspartate-mediated glutamate
receptor, which, therefore, increases cortical excitabili-
ty.36 Estrogen also binds with the GABA receptor, al-
ters chloride conductance and, therefore, reduces
GABA-mediated inhibition.27 In fact, by inhibiting
GABAergic inhibition, estrogen activates pyramidal
neurons.27 Although the involvement of GABAergic
activity in PPI seems to differ depending on the sensory
modality,28,37,38 PPI in somatosensory28 and auditory38

modality was mediated by GABAergic activity. There-
fore, we assumed that the elevation of the estrogen level
induced a decrease in GABAergic inhibition in the ovu-
latory phase, which leads to the downregulation of PPI.
With regard to auditory PPI, these findings were sup-
ported by a human study revealing sex differences in
prepulse inhibition using auditory stimuli (auditory
PPI). Aasen et al.39 reported that women displayed
less auditory PPI than men. In addition, supporting ev-
idence comes from observations of similar auditory
PPI between men and women in conditions with lowTa
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estrogen levels40 or lower auditory PPI when estrogen
levels in women are high.41 Based on those findings,
the present results might indicate that estrogen de-
creased PPI using somatosensory modality during the
ovulatory phase, which agree with the results of previ-
ous studies using auditory PPI. Another possible expla-
nation for decreased PPI during the ovulatory phase
would be estrogen-induced dopamine (DA) neural ac-
tivity. So far, studies have well established that estro-
gens modulate DA neural activity in the dorsal
striatum.42–44 Even in humans, direct infusion of estro-
gen into the dorsal striatum increased DA release,45,46

and this enhancing effect of E2 is mediated by E2 re-
ceptors and mGlu5 receptors.46 Animal and human
studies suggest increased striatal D1 and D2 receptor
density in periovulatory versus follicular phases in
menstruating women.47,48 Thus, some evidence sup-
ports higher DA neural activity in the periovulatory
phase than in the remaining phases of the menstrual
cycle. Since there are DA receptors in S1 as well as in
subcortical regions and temporal and parietal lobes,49

the present results might be attributed to the increased
DA neural activity caused by estrogen. Alternatively,
sex steroid hormone-mediated changes in the somato-
sensory threshold at a sensorineural level might alter
the sensitivity for the first pulse and thus PPI through-
out the menstrual cycle. In other words, a reduction in
somatosensory sensitivity would blunt the effectiveness
of the first pulse in inhibited amplitude; however, in
this study, such a change in single-pulse SEP amplitude
was not observed. Therefore, decreased PPI in the ovu-
latory phase is thought not to be caused by somatosen-
sory sensitivity for the first pulse.

This study showed that ankle JPS using an active
joint position matching method did not change
throughout the menstrual cycle. The present active
joint position matching task reflects proprioception,
including external sensory feedback and sensorimotor
integration20 for repositioning to the specific joint dis-
placement. Fridén et al.50 have demonstrated proprio-
ceptive defects during menstruation in consistence
with other studies.22,23 These results were explained
by the fluctuation of the hormonal level related to the
increased joint laxity and negative emotional aspects
(i.e., premenstrual syndrome). One possible explana-
tion for this dissimilarity with the present results
would be the difference in the measured joint. Many
studies pointed out an increase in knee joint laxity dur-
ing ovulatory and luteal phases,19,51,52 confirming an-
other previous result showing increases in joint laxity

across hormonal fluctuation.53 Compared with the
knee joint laxity, ankle laxity did not fluctuate through-
out the menstrual cycle.19,54 Therefore, proprioception
in the ankle joint seems not to change throughout the
menstrual cycle because there was no change in the
ankle joint laxity, unlike in the knee joint. For the neg-
ative emotional aspects, since Fouladi et al.23 raised
proposed emotional condition as another reason for
the worse JPS during the follicular phase, we could
not rule out this aspect. In truth, we could find worse
emotional condition in pain and water retention during
the follicular phase. Even if we had examined the cor-
relation between ankle JPS and emotional condition,
we could not find significant correlation between
them, except for one result (PF task with 45%ROM
and water retention in the luteal phase). Based on
these results, negative emotional aspects related to the
menstrual cycle seem not to influence the present
ankle JPS. Alternatively, Aydoğ et al.22 reported that
cortical activity such as peripheral stimulation-evoked
potentials could possibly be a reason for the deficits in
JPS in the follicular phase, although it was not clear
how female hormones affect proprioception. Besides,
proprioceptive sensory threshold evaluated by vibra-
tion stimuli increases during the follicular phase even
if this did not directly reflect cortical activity.55,56 As
the present findings result from single- and paired-
pulse evoked potential throughout the menstrual
cycle, we could show deterioration in the inhibitory
function during the ovulatory phase compared with
that during the follicular phase. However, considering
the absence of changes in ankle JPS when analyzed
using an active joint position matching method
throughout the menstrual cycle, these neurophysiolog-
ical alterations would be likely to have a limited effect
on proprioception in the ankle joint.

We found some symptoms such as pain, water reten-
tion, and negative affect in the follicular phase com-
pared with the ovulatory and luteal phases as a result
of higher MDQ scores. These symptoms generally ap-
pear during the luteal phase and disappear after the
onset of menstruation, but individual difference occur
on the basis of timing and severity. In fact, previous
studies reported that the appearance and severity of
menstrual symptoms were higher in the follicular
phase than in the luteal phase.57,58 It appeared that
many participants felt some menstrual symptoms dur-
ing the follicular phase similar to these previous stud-
ies. Although this study showed one significant
correlation between PF task with 45%ROM and water

Ikarashi, et al.; Women’s Health Reports 2020, 1.1
http://online.liebertpub.com/doi/10.1089/whr.2020.0061

176



retention in the luteal phase than MDQ alone, previ-
ous studies have reported some correlation between
menstrual symptoms and cognitive and sensory func-
tions.59,60 To identify the influence of menstrual symp-
toms on PPI with somatosensory modality and ankle
JPS using an active joint position matching method,
further studies are needed.

This study has several limitations with respect to
clarifying menstrual cycle-dependent differences in
PPI with somatosensory modality and ankle JPS.
First, the sample size was small. In this study, we
recruited 14 women who provided informed consent,
but 4 of them could not finish all experiments for sev-
eral reasons. To obtain robust evidence, we should
retest the present results in many participants. Second,
we could not ascertain fluctuations in sex steroid hor-
mone concentration because regular menstrual cycle
length and changes in basal body temperature were
used to determine the menstrual cycle phases. We
adopted these methodologies to determine each
phase since previous studies identified each phase
based on the change in basal body temperature.22,61

However, Metcalf, Skidmore, Lowry, and Mackenzie62

reported that only 62% of women aged 20–25 years
ovulated in all cycles tested and anovulatory cycles
were even more common in younger women. There-
fore, it is essential to estimate fluctuation in sex steroid
hormonal concentration for accurate identification
of menstrual cycle phases. As this is a pilot study,
further studies that directly assess sex steroid hor-
mones are needed to clarify menstrual cycle-dependent
changes in PPI with somatosensory modality and
ankle JPS using an active joint position matching
method.

In conclusion, the present results suggested that the
phases of the menstrual cycle affect neural excitability
in S1 as shown in the decreased PPI in the ovulatory
phase. On the contrary, ankle JPS analyzed using the
active joint position matching method did not change
throughout the menstrual cycle.
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