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Relationship between the phases of the menstrual
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Abstract. [Purpose] This study investigated changes in the thickness of the transversus abdominis muscle at vari-
ous stages of the menstrual cycle. [Subjects] The subjects were 15 young healthy females with regular menstrual
cycles. [Methods] A regular menstrual cycle was defined as a 28-day cycle comprising 3 phases: the menstrual
phase, the follicular phase, and the luteal phase. For the purpose of the study, measurements were taken at day 3
(menstrual phase), day 12 (follicular phase), and day 21 (luteal phase) of the cycle. An ultrasonic imaging diagnostic
device (MyLab 25) and a linear expression probe were used for measurement of the transversus abdominis muscle.
[Results] There were no significant differences in the variation rate of the thickness of the muscle at any phase of the
menstrual cycle. [Conclusion] The results suggested that the sex hormones associated with the menstrual cycle do
not affect the contractility or changes in the thickness of the transversus abdominis muscle. For the reasons stated
above, there is little need to consider the menstrual cycle when measuring muscle thickness in physical therapy
scenarios because the transversus abdominis muscle does not depend on the menstrual cycle.
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INTRODUCTION

Women promote the accumulation generation of estrogen
and fat due to the influence of sex hormones on or after
puberty. Also, breast development and menstruation begins
at approximately 12 years old!>?). Menses is defined as hem-
orrhage from the uterus that ends naturally after some days
and repeats periodically; it indicates the onset of a female’s
reproductive years. The menstrual cycle is approximately
1 month long and can be divided into 4 phases: the men-
strual phase, the follicular phase, the ovulation phase, and
the luteal phase. The menstrual cycle is mainly regulated by
changes in the levels of the follicular hormone (estrogen)
and the luteal hormone (progesterone).

The periodic changes in these hormones are very dy-
namic, and these changes have been reported to not only
influence women’s conscious condition but also affect the
frequency of occurrence of athletic injury®. A previous
study reported that female soccer players were more prone
to injury during the menstrual phases compared with the
rest of the menstrual cycle. It has also been reported that
anterior cruciate ligament injuries are more likely to occur
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during the menstrual phases when the levels of estrogen and
progesterone are low>). In contrast, another report suggested
an improvement in the handgrip, grip muscle test during the
menstrual phases®. Furthermore, a study on female cross-
country skiers, reported the best times were recorded after
ovulation and during the postmenstrual period”. Therefore,
the relationship between the different phases of the men-
strual cycle and physical performance remains unclear.

Recently, to improve performance of sports players pre-
vent disability, there has been a trend towards performance
of exercises for the deep parts of the muscles of the trunk.
The trunk is the foundation for that function is extremities.
If the function of this foundation decreased, dysfunction
of extremities occurs. Since prior to the movement of the
upper extremity and lower extremities transverse abdominal
muscle is contracted, the stability of the lumbar spine is im-
proved. However, it is unclear whether the muscular activity
changes as a result of the influence of the ovarian hormone
that fluctuates during menstrual cycle. In addition, change of
condition due to the menstrual cycle is an important issue for
coaching staff and female athletes who should be required
good results in sport races. It is thought that it is necessary to
determine whether the menstrual cycle influences the activ-
ity of the TrA to offer effective physical therapy for improve-
ment of the prevention of physical difficulties and athletic
performance. In this study, we examined the changes in the
thickness of the TrA using on ultrasonic imaging diagnostic
device for noninvasive functional assessment and physical
therapy treatment in women.
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SUBJECTS AND METHODS

The subjects were 15 young healthy females (mean age
18.6 £ 0.9 years, mean height: 1.57 = 0.05 m, mean weight:
53.0 £ 6.4 kg, and mean BMI: 21.4 £ 1.9 kg/m?) with regu-
lar menstrual cycles (Table 1). Subjects with complications
stemming from orthopedic surgery, gynecological disorders,
or chronic lower back pain or those whose menstrual cycle
became irregular during the study period were excluded
from the research. All subjects provided informed consent
for participation in the study. All experimental procedures in
this study were reviewed and approved by the Ethics Review
Committee of the International Neuromuscular Joint Facili-
tation Laboratory (INJFL).

The menstrual cycles of the subjects were determined
using a questionnaire, and the dates of the last 2 menstrual
cycles were noted. For the purpose of this study, we assumed
a 28-day cycle, with day 3 representing the menstrual phase,
day 12 representing the follicular phase, and day 21 repre-
senting the luteal phase.

An ultrasound imaging apparatus (MyLab 25) equipped
with an 8-MHz linear expression probe was used for this
study. The thickness of the TrA muscle was first measured
in a supine position. The left and right sides were measured
under 2 conditions: resting and contracting at the end of ex-
piration. For measurements in the prone posture, the subjects
bent their knees at an angle of 90°. To prevent pelvis ret-
roversion and subject were instructed to keep a pressurized
biofeedback apparatus at a constant pressure of 40 mmHg
between the bed and the lumbar region. The change in the
TrA muscle was measured by ultrasonic imaging, with
the subjects instructed to “tighten the stomach muscle by
squeezing the anal muscle.”

Ultrasound images of the TrA muscle were obtained
with the transducer positioned just superior to the iliac crest
along the midaxillary line (Fig. 1). The techniques outlined
in the study by Teyhen et al.¥, in which the middle of the
stomach muscle was centered within the field of view, were
employed. The thickness of the TrA muscle was measured at
intervals of 0.1 mm with a caliper on ultrasound images. All
measurements were taken by a single skilled person. Internal
reproducibility and reliability were proven according to a
previous study?. The TrA muscle was measured 3 times, and
the average of the thickness of the muscle on both sides was
used for analysis. All images were collected at the end of
normal exhalation to control for the influence of respiration.
Muscle thickness was measured while maximum expiration
was maintained for 5 s.

Statistical analysis was performed using the Bonferroni
method. Variations in the thickness of the TrA muscle ac-
cording to the phase of the menstrual cycle were examined
using the 2-way ANOVA for both conditions: at rest and on
contraction. The significance level was chosen as 0.05.

RESULTS

In the resting state, the thickness of the TrA muscle
significantly increased compared with the thickness during
contraction regardless of the menstrual cycle phase. More-
over, there were no significant differences in the variation

Table 1. General characteristics of the

subjects
Variable Value (n=15)
Age (years) 18.60 £ 0.9
Height (m) 1.57 £0.05
Weight (kg) 53.0+64
BMI (kg/m?) 214+1.9

Mean+SD. BMI: body mass index

Table 2. Thickness of the transversus abdominis muscle and
variation rates at various stages of the menstrual cycle

Thickness of the transversus

Menstrual abdominis muscle Variation rate
cycle Atrest On contraction (mm)
(mm) (mm)
3rd day 2.65 +£0.68 411+1.16* 1.70+0.52
12th day 2.55+0.73 444 +0.80 * 1.89+0.57
21st day 2.41+0.58 414+0.70 * 1.73+0.41

Mean£SD. *p<0.05

Fig. 1. Parasagittal section of the transversus ab-
dominis muscle at rest (left) and on contrac-
tion (right)

EO: external oblique muscle; 10: internal
oblique muscle; TA: transversus abdominis
muscle

rates of the thickness of the TrA muscle in any phase of the
menstrual cycle (Table 2).

DISCUSSION

In this study, we assumed that differences would exist in
the thickness of the TrA muscle depending on the menstrual
cycle. However, we did not observe any significant dif-
ference in the thickness of the TrA muscle, which was not
associated with muscle contraction directly.

The menstrual cycle is closely regulated by the levels of
the estrogenic hormone (estrogen) and the luteal hormone
(progesterone). In has been suggested that estrogen assists
in glucose uptake by the skeletal muscles during exercise,
increases the lipid metabolism capacity, and inhibits blood
coagulation'® !V, On the other hand, it has been reported



that progesterone increases the body temperature and the re-
spiratory coefficient, controls the increase in heart rate, and
activates skeletal muscle internal fatty acid enzymes'? 13).

Estrogen and progesterone have antagonistic effects. All
these factors influence the exercise condition. It is possible
that physical ability is influenced by different hormonal en-
vironments (i.e., the follicular phase versus the luteal phase).
However, in our study, fluctuations in the sex hormones
throughout the menstrual cycle did not affect the contractil-
ity and thickness of the TrA muscle.

TrA has a feed-forward action prior to the movement of
the limbs. In this study, thickness of the TrA increased during
contraction in comparison with the resting state. McMeeken
et al.'Y reported the muscle activity and muscle thickness of
the TrA and showed a high correlation. In the present study,
there was no change in muscle contraction in association
with the menstrual cycle, as contraction of the TrA was pos-
sible regardless of the menstrual cycle; this suggested that
muscle contraction is not affected by fluctuations in sex hor-
mones. In a previous study, the fluctuation in sex hormones
was reported to not affect muscle contraction'”, and this
supports the results of the present study. Strength and fatigue
of muscle from that there is also reported that not related to
the menstrual cycle, and women who regularly menstruating
it is possible to exercise regardless of the menstrual cycle we
thought. For the reasons stated above, there is little need to
consider the menstrual cycle when measuring muscle thick-
ness in physical therapy because the TrA does not depend
on the menstrual cycle. However, it has been reported that
other factors in combination with the menstrual cycle, it is
reported to exert an influence on athletic performance. Janse
et al.!® performed an progressive resistance exercise in two
different environments, a high temperature and humidity
environment (room temperature 32 degrees and humidity
60%) and a normal environment (room temperature 20 de-
grees and humidity 45%). Time to fatigue was shortened by
5.7% in comparison with the early follicle period in the high
temperature and humidity environment at the mid-luteal
phase. In addition, it was reported that minute ventilation,
heart rate and subjective exercise intensity in the maximum
movement is also increased. Because the basal temperature
rises due to the hyperthermic action of progesterone as in
the case of the luteal phase, it is possible that the ventilator
response rises until the luteal phase. Exercise in high tem-
perature and humidity environment has the potential to influ-
ence performance. Chaecle et al. ascertained that all of their
subjects had suffered from a high degree of menstrual pain
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and that such pain had decreased their everyday activities,
affecting their daily lives!”. In conclusion, there is a need
for studies about conditioning that extend to psychological
changes such as dysphoria, tension, and loss of motivation
accompanying bleeding and menstrual pain.
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