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Abstract.

[Purpose] To evaluate the electrical activity of the pelvic floor muscle in women during the follicular,

ovulatory, and luteal phases of the menstrual cycle and its correlation with estradiol and total testosterone levels.
[Subjects and Methods] This cross-sectional study involved 30 women with ovulatory menstrual cycles. Total tes-
tosterone and estradiol levels were measured and the muscle tone and maximum voluntary contraction of the pelvic
floor muscles were evaluated using surface electromyography. [Results] Muscle tone was significantly lower during
the follicular (21.143.3 uV) and ovulatory (27.1+5.9 uV) phases than the luteal phase (30.4+4.1 uV). The maximum
voluntary contraction was not different across phases. The estradiol level on the 7th day of the menstrual cycle
showed a strong positive correlation with muscle tone and maximum voluntary contraction, and the testosterone
level was positively correlated with muscle tone on the 21st day. [Conclusion] Women have better muscle tone
during the luteal phase. The muscle tone and maximum voluntary contraction were strongly correlated with the
estradiol level on the 7th day, and the muscle tone was correlated with the testosterone level on the 21st day of the
menstrual cycle. These findings suggest that hormonal fluctuations during the menstrual cycle alter pelvic floor
muscle activity.
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INTRODUCTION

In women, the menstrual cycle occurs every month be-
tween puberty and menopause. This cycle involves complex
and periodic changes in the female anatomy and physiology,
characterized by follicular development, ovulation, and the
formation and regression of the corpus luteum. It is well
recognized that during the follicular phase of the menstrual
cycle estrogen levels rise to a peak and then fall approxi-
mately 1-2 days before ovulation, while during the luteal
phase the estrogen levels remain relatively stable but at a
higher level than that at the start of the cycle. The regular
pattern of the menstrual cycle is achieved through integra-
tion of the hypothalamic-pituitary-adrenal axis.

Previous studies suggest that the hormonal fluctuations
of the menstrual cycle can alter the force and resistance
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of the skeletal muscles, which occurs due to the presence
of androgen and estrogen receptors that modulate skeletal
muscle function according to hormone levels' 2. In men, a
direct association exists between testosterone and increases
in muscle mass, volume, and maximum voluntary force;
however, the action of testosterone on the skeletal muscles
in women is not yet completely elucidated® . However, it
is known that the decline in estrogen levels, such as in the
climacteric period, has been associated with weakness in the
pelvic floor muscles (PFMs) and consequently the potential
appearance of urogynecological dysfunction, such as urge
incontinence> ©).

The PFM comprises a set of skeletal muscles, with the
levator ani muscle as the main structure, which is composed
of the pubococcygeus, iliococcygeus, and puborectalis mus-
cles?. Through static and dynamic control, these muscles are
responsible for supporting the internal pelvic organs and for
sphincter closure, enabling urinary and fecal continence®.
Moreover, this muscular complex has the capacity to neu-
tralize excessive abdominal pressure, and these muscles are
considered to be functioning properly when they are able
to perform a voluntary muscular contraction and close the
urethral and anal sphincters’”> ®. Studies of muscle perfor-
mance during the menstrual cycle have concentrated mainly
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on changes in endurance, rather than strength, and have not
evaluated the force and tone of the PFMs'- % ¢ 7). Perhaps
women might experience differences in force and tone
during the menstrual phases, causing a dynamic and cyclic
muscle action condition. To understand dysfunction of the
PFMs and improve the manner in which health profession-
als approach therapy, it is crucial to understand the muscle
capacity during different phases of the normal menstrual
cycle. Therefore, the purpose of this study was to evaluate
the electrical activity of the PFMs in younger women during
the follicular, ovulatory, and luteal phases, and to correlate
this information with estradiol (E,) and total testosterone
(TT) levels.

SUBJECTS AND METHODS

The methodological design was a cross-sectional analyti-
cal study. Thirty younger women with ovulatory menstrual
cycles were recruited from the Maternity of the Federal
University of Rio Grande do Norte (UFRN). Participants
provided written informed consent, and the study was con-
ducted in accordance with the principles of the Declaration
of Helsinki. The study was approved by the Federal Uni-
versity of Rio Grande do Norte Research Ethics Committee.

The participants included were nulligravid women
between 20 and 30 years of age with ovulatory menstrual
cycles (26-32 days long), confirmed by a blood concentra-
tion of progesterone equal to or above 5 ng/mL on the 21st
day of the cycle. The following exclusion criteria were
applied: diabetes mellitus, any disease that causes chronic
anovulation or hyperandrogenism (e.g., hyperprolactinemia,
thyroid disturbances, congenital adrenal hyperplasia, Cush-
ing’s syndrome, polycystic ovary syndrome, and androgen-
secreting tumors of adrenal or ovarian origin), suspicion of
or confirmed pregnancy, previous gynecological surgery,
perineal rupture, body mass index (BMI) above 25 kg/m?,
and the use of any medication that might interfere with the
HPA axis in the previous 90 days. All participants had no
complaints of urinary or anal incontinence, and no patients
had previous physiotherapy or performed personal Kegel
exercises.

All patients provided a detailed medical history and un-
derwent a physical exam and biochemical analysis, which in-
cluded measuring their hormone levels. The medical history
assessment collected data on the menarche, the character of
the menstrual cycle (regular or irregular), and any personal
or familial history of diabetes mellitus, cardiovascular dis-
ease, dyslipidemia, or obesity. The physical exam involved
a gynecological evaluation to analyze the pelvic floor, cases
of perineal rupture, and local inflammation. Height, weight,
and the waist and hip circumferences were measured to cal-
culate the BMI and waist-to-hip ratio. BMI was calculated
as the weight (kg) divided by the height squared (m?) and
was classified in accordance with criteria established by the
World Health Organization?: underweight BMI, <18.5 kg/
m?; normal weight BMI, 18.5-24.9 kg/m?; overweight BMI,
25-29.9 kg/m?; and obese BMI, >30 kg/m?.

For the hormonal and biochemical analyses, blood
samples were collected in the morning after an all night fast
(at least 8 hours). Glycemia was determined by the glucose

oxidase method. Levels of total cholesterol, high density li-
poprotein cholesterol (HDL-C), triglycerides, aspartate ami-
notransferase, alanine aminotransferase, gamma-glutamyl
transferase, urea, and creatinine were determined through
enzymatic colorimetric assays (Biosystems, Barcelona,
Spain). The low density lipoprotein (LDL) levels were de-
termined using the Friedewald equation. The levels of E,,
TT, progesterone, and thyroid stimulating hormone (TSH)
were determined through chemiluminescence analysis, us-
ing the appropriate kits (Diagnostic Products Corporation,
Los Angeles, CA, USA) for the Immulite 2000 device.

During electromyography (EMG), each patient was asked
to adopt the lithotomy position. An intracavity electrode
(Chattanooga Group®, USA) was inserted into the third
portion of the vaginal canal, with metal plates positioned
in contact with the lateral walls of the vagina. A reference
electrode was positioned on the anterior superior iliac spine.
Data were processed with EMG software (EMG System
do Brasil Ltd.®), with a band-pass frequency filter of 20
to 500 Hz. Before the exam, the patient was taught how to
contract the PFMs properly and was advised to empty her
bladder. After the vaginal electrode was introduced, the pa-
tient was instructed to relax the pelvic floor for 10 seconds.
The base muscle tone was recorded for 1 minute. Next, the
patient performed three voluntary contractions of the PFMs,
with an interval of 30 seconds between each contraction.
The highest result of the three contractions was used as the
maximum voluntary contraction (MVC) and expressed in
microvolts (uV)!.

Hormone levels were collected and the EMG exam was
performed on the 7th day (follicular phase), 14th day (ovu-
latory phase), and 21st day (luteal phase) of each patient’s
menstrual cycle. Progesterone was measured only on the
21st day of the menstrual cycle to confirm ovulation.

The data obtained were tabulated using SPSS 19.0 soft-
ware for Windows. The Shapiro-Wilk test was used to con-
firm that the data were normally distributed. Measurements
of central tendency were used to describe the gynecological
information and laboratory exam results. Electrical activity
during the three phases of the menstrual cycle was analyzed
using the Kruskall-Wallis test and Dunn post-test. The Spear-
man rank correlation coefficient () was used to determine
the correlation between EMG activity and hormone levels.
Differences with a p-value less than 0.05 were considered
statistically significant.

RESULTS

The mean age and menarche age were 27.2+4.4 and
14.3£3.1, respectively. The dosage of TSH was 1.44+0.8
plU/ml, and the mean serum level of progesterone on the
21st day was 11.843.5 ng/ml. Table 1 displays the clinical
and hormonal characteristics of the sample. Levels of E, and
TT differed significantly across the different phases of the
menstrual cycle (Table 2).

Muscle tone was significantly different between the
follicular (21.1£3.3 pV) and luteal (30.4+4.1 pV) phases
(p=0.01) and between the ovulatory (27.1+5.9 puV) and
luteal (30.4+4.1 pV) phases (p<0.001). The MVC did not
show any differences across the phases of the menstrual
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Table 1. Clinical and biochemical characteristics of the patients at the start of the

evaluation
Variable Average SD Reference
Age 27.2 +4.4
Weight (kg) 51.8 +5.2
BMI 20.9 +2.4 20.00-24.99
Waistline (cm) 73.4 +5.3
Hip line (cm) 91.2 +4.9
Waist-hip ratio 0.80 +0.2
Fasting glucose (mg/dl) 71.8 +4.1 70.00-99.00
Alanine aminotransferase (U/L) 327 +3.4 0.00-31.00
Aspartate aminotransferase (U/L) 334 +4.5 0.00-31.00
Creatinine (mg/dl) 0.7 +0.2 0.40-1.40
Urea (mg/dl) 18.5 +6.2 15.00-40.00
Total cholesterol (mg/dl) 186.9 +25.7 <200
LDL (mg/dl) 83.7 +17.2 <100
HDL (mg/dl) 67.3 +15.8 >60
Triglycerides (mg/dl) 110.5 +21.3 <150
TSH (nIU/ml) 1.44 +0.8 0.4-4.0
Progesterone* (ng/ml) 11.8 +3.5 >5.0

SD: standard deviation, BMI: body mass index, LDL: low density lipoprotein, HDL:
high density lipoprotein, TSH: thyroid stimulating hormone. *Collected on the 21st

day of the menstrual cycle

Table 2. Hormone levels during the follicular, ovulatory, and luteal phases

Ovulatory phase Luteal phase

Variable Follicular phase
Estradiol* (pg/ml) 28.8 +8.20b
Total testosterone™® (ng/dl) 15.9 + 4,720

160.8+ 35.4P¢
27.1+ 1.8b¢

219.4 £91.3%¢
36.4+ 4.28¢

*p < 0.05 by the Kruskall-Wallis and Dunn post tests. #P°Averages with the same letter are statisti-

cally different

Table 3. Muscle tone and maximum voluntary contraction (MVC) in different phases
of the menstrual cycle for women in menacme

Follicular phase Ovulatory phase Luteal phase
Tone* (uV) 211 £33 uv? 27.1+£59 uvb 30.4 £ 4.1 pvab
MVC (uV) 64.3+5.0 uv 64.5+7.2 uV 66.8 + 7.1 uV

*p < 0.05 by the Kruskall-Wallis and Dunn post tests. >*°Averages with the same letter

are statistically different

cycle (Table 3).

The E, level on the 7th day of the cycle showed a strong
positive correlation with muscle tone (7=0.9; p<0.0001) and
MVC (r=0.8; p<0.0001). The TT level on the 21st day of the
menstrual cycle showed a strong positive correlation with
muscle tone (#=0.8; p<0.0001).

DISCUSSION

Through EMG analysis of the PFM surface, we were able
to identify a significant difference in muscle tone across the
course of the normal menstrual cycle of women in men-
acme. The EMG technique evaluates the electrical activity
of muscle membranes excited by neuromuscular activation.

The International Continence Society recommends the use
of EMG to evaluate the PFMs. In addition to its evaluative
purposes® '), EMG has been widely used in experimental
clinical studies to investigate the results of rehabilitative
treatments for various PFM dysfunctions'?>"'%) and to com-
pare conservative treatment versus surgery'®. EMG has high
interobserver reproducibility for evaluating the maximum
work and tone of the PFMs in healthy women!'?: 17 19),

In this study, the EMG values representing muscle tone
were higher during the luteal phase. Studies using dyna-
mometry have shown a change in skeletal muscle force
during the ovulatory phase!'® 20). Sarwar et al.'”) evaluated
the isometric force of the quadriceps muscles and thumb and
finger flexion in young women during the three phases of the



2236 J. Phys. Ther. Sci. Vol. 27, No. 7, 2015

menstrual cycle. Comparing users (n = 10) and nonusers (n
= 10) of oral hormonal contraceptives (OHCs), they identi-
fied an 11% increase in muscle force in the non-OHC group
during the ovulatory period. In a similar study, Bambaeichi
et al.?? evaluated the isometric muscular force of the quadri-
ceps muscle in young women (n = 8) with regular menstrual
cycles. They observed greater contractility of the quadriceps
muscles during the ovulation phase.

Phillips et al.) measured the MVC of the abductor hip
muscles and examined its association with the E, level in
athletic (n = 10) and sedentary (n = 12) women with regular
menstrual cycles and in athletes using OHCs (n = 5). They
observed statistically significant results for peak force dur-
ing the follicular period for the three groups and suggested
that the increase in force might stem from elevated estrogen
levels during this phase. In contrast, our study found no dif-
ference in MVC for all menstrual cycle phases when evalu-
ated using EMG.

We should emphasize that the EMG technique captures
the electrical activity promoted by the recruitment of motor
units; this technique does not evaluate muscle force per se.
However, Enck has affirmed that there is a good correlation
between the number of activated motor units and muscle
force?!). Meigal et al. studied the EMG characteristics of
the biceps and triceps brachii in women with respect to the
phases of the menstrual cycle??. The authors found that the
variables of EMG activity significantly decreased in the
ovulation phase. It is important to note that none of these
studies evaluated the PFMs.

In our study of the electrical activity of the PFMs and
serum levels of E, and TT, we observed positive correla-
tions between the TT level and the muscle tone and MVC
on the 7th day of the menstrual cycle, and a moderate cor-
relation between the E, level and MVC on the 21st day of
the cycle. Janse de Jonge et al. did not find a relationship
between hormone levels (LH, FSH, E,, and progesterone)
and the muscle force of the quadriceps and hand flexion
during the initial follicular phase, late follicular phase, or
late luteal phase®®. The authors concluded that fluctuations
in hormones during the reproductive phase do not affect
the characteristics of muscle contractility in women. In the
skeletal muscle system, it is possible to find many TT and
type o and B estrogen receptors’* 2%). The effects of these
signaling molecules result in direct hormone action on a
specific receptor, inducing the transcription of specific genes
in the intracellular environment?> 29,

This investigation is designed to expose physiotherapists
to a new perspective on PFM function, namely that the EMG
activity of the PMF varies during the normal menstrual cy-
cle. We suggest that the plan for physiotherapy care should
be individualized for each patient and include standard
physiotherapy interventions for any dysfunction condition,
such as stress urinary incontinence?”), prolapse, or muscle
weakness®).

In conclusion, the results of this study show that women
have better muscle tone during the luteal phase. This study
was the first to evaluate the PFM using EMG during a normal
menstrual cycle. The muscle tone and MVC were strongly
correlated with estradiol level on the 7th day, and the muscle
tone was correlated with TT level on the 21st day of the

cycle. This suggests that the hormonal fluctuations during
the menstrual cycle can alter PFM performance. Additional
research is needed to clarify the exact relationship between
sex hormones and PFM activity, including specific hormone
receptors and the quantity of these receptors.
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