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Abstract: Objective: Neuromuscular Electrical Stimulation (NMES) has been used in clinical treatment of problems
related to gynaecology and obstetrics department, including stress urinary incontinence (SUI), low back pain, sexual
dysfunction, pelvic pain, and constipation. However, its effect on endometrial thickness and blood perfusion in infer-
tile women with thin endometria is still unknown. We aimed to evaluate the effect of pelvic floor neuromuscular elec-
trical stimulation (NMES) therapy for improving endometrial thickness and blood perfusion in infertile women with
thin endometria through different current intensity and duration of NMES current. Methods: 284 patients with infer-
tility and thin endometria were recruited and divided into two groups, both of which were continuously monitored in
regard to endometrial thickness and endometrial vascular resistance index (RI) during mature follicles days of two
menstrual cycles. The control group of 134 patients was treated with estradiol valerate. The experimental group of
150 patients was treated with estradiol valerate and pelvic floor NMES. Endometrial thickness and Rl were mea-
sured during the mature follicles days. Results: The mean endometrial thickness and RI were higher after NMES
in the experimental group than in the control group; the difference was statistically significant (P<0.05). Further,
the mean endometrial thickness, Rl and luteinizing hormone (LH) were increased followed by the increased current
intensity (P<0.05). Whereas the mean of endometrial thickness, Rl and luteinizing hormone (LH) were unchanged
when the patients were treated with different duration of NMES current. Also, we found that the endometrial thick-
ness was related to the time of the electric stimulate P<0.05, and the longer is the treatment time, the thicker is the
endometrial thickness. However, the intensity of the current is not associated with endometrial thickness, P>0.05.
Conclusion: This study suggests that pelvic floor NMES not only increases endometrial thickness, but also improves
endometrial perfusion. Therefore, NMES therapy may be effective for patients with thin endometria.

Keywords: Pelvic floor neuromuscular electrical stimulation, thin endometrium, endometrial thickness, endome-
trial blood flow

Introduction blood flow, and thereby improving endometrial
receptivity, can increase the success rate of

Pregnancy is closely related to whether or not embryo implantation, which attracts significant

ovulation occurs and whether or not the embr-
yo implants after fertilization [1]. Likewise,
whether the implantation of the embryo is asso-
ciated with endometrial thickness and blood
supply for adequate endometrial thickness
contribute to the implantation of an embryo
and achievement of pregnancy [2]. Endometrial
factors directly determine the success of preg-
nancy [2, 3]. Perfusion of the micro-environ-
ment of the endometrium influences the endo-
metrial thickness and its blood flow. Endomet-
rial blood flow deficiency often indicates a poor
uterine environment [4]. Improving endometrial

public attention [5].

Currently, thin endometrium is defined as an
endometrial thickness less than 7 mm or 8 mm
when measured via ultrasonography on the
human chorionic gonadotropin day or a natural
menstrual cycle luteinizing hormone (LH) peak
day with assisted reproductive technology [6].
Thin endometrium, a common cause of infertil-
ity, contributes to more than 60% of embryo
implantation failure in all women. Further, clini-
cal treatment of thin endometrium is difficult
[7]. At present, the primary treatment methods
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include estrogen replacement therapy, applica-
tion of drugs that improve local microcircula-
tion, and mechanical stimulation of the endo-
metrium, as well as the use of traditional
Chinese medicine and drugs [8]. Although vari-
ous methods have been employed to regulate
the blood flow of uterine arteries and increase
the thickness of the endometrium, there is still
no consistently effective treatment option avail-
able. Thus, an ideal therapeutic agent is need-
ed as soon as possible.

Neuromuscular electrical stimulation (NMES)
has been extensively applied to groups of mus-
cles to improve activities of daily living by using
electric impulses generated by a device and
delivered through electrodes on the skin, which
directly stimulate the muscles [9]. Recent
reports have found that it could be used in gyn-
aecology and obstetrics department during
pregnancy and the postpartum period, espe-
cially for treatment of stress urinary inconti-
nence (SUI), low back pain, sexual dysfunction,
pelvic pain, and constipation [9-13]. So far, few
studies have assessed the effect of pelvic
NMES for reproductive medicine at home or
abroad. Additionally, reports regarding the
effectiveness of electrical stimulation have
been controversial. Therefore, the objective of
the present study was to effect of pelvic floor
neuromuscular electrical stimulation (NMES)
therapy for improving endometrial thickness
and blood perfusion in infertile women with
thin endometria.

Materials and methods
Clinical information

The study was reviewed and approved by the
Ethical Review Board of the First People’s
Hospital of Shunde. Written informed consent
was obtained from all patients. All patients
were randomized in a hospital setting.

The 284 patients were selected as research
subjects from May 2012 to September 2014 in
our hospital in the infertility specialist outpa-
tient department. Ages ranged from 24-39,
with an average of 30.2+3.0 years of age. The
patients were made to undergo a variety of
tests, including genetics check, thyroid and
adrenal B-ultrasonography, uterine cavity ultra-
sound, uterine lining biopsy, and sex hormone
tests to exclude congenital disease, uterine
lesions, intrauterine adhesion, hydrosalpinx,
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polycystic ovary syndrome, and anti-estrogen
hormone drug treatment. All accepted patients
had to meet the following criteria: continuous
observation of 3 natural ovulations, ultrasound
endometrial thickness <7.0 mm on LH peak
day, and no history of hormone medication in
the previous 3 months.

Research methods

Two hundred and eighty-four patients who were
infertile were divided into control and experi-
mental groups. The control group, consisting of
134 patients, began the treatment of oral
estradiol valerate 3 mg taken 2 times/day on
the 5th day of menstruation. A color Doppler
ultrasound monitored follicular diameter of the
patients when the urine LH test got the highest
value, test LH value with blood check, monitor
the endometrial thickness and RI. The experi-
mental group was further divided into two
groups. All 150 experimental patients began
oral estradiol valerate on the 5th day of their
menstrual cycles, taken 2 times/day, to the fol-
licle maturation day; this oral medication meth-
od was the same as that of the control group.
The first experimental group tested treatment
time dependence: three days after the end of
their menstrual cycles, the patients received
pelvic NMES treatments every other day.
Treatment days included five applications of
NMES in 10, 20, 30, 40, and 50 min sessions.
The specific operation was as follows: the
patients take supine bit, then disinfected
probes were inserted into the patients’ vaginal
canals, posted electrode tablets in the center
of pelvic, then connected with PHENIX USB8
neural-muscle electric stimulus treatment
instrument; adjusted treatment instrument
parameters: frequency: 40 Hz, pulse wide: 250
us, current intensity: 25 mA. The second group
varied by intensity of treatment: In menstrual
end 3rd days up every other day, make neural
muscle electric stimulus in each 30 min, spe-
cific operation following: the patients take
supine bit and sterile bacteria probe was insert-
ed patients vaginal; posted electrode tablets
in pelvic Center, and connected PHENIX USB8
neural-muscle electric stimulus treatment in-
strument; then adjusted the treatment instru-
ment parameters: frequency 40 Hz, pulse wide
250 us, current intensity respectively for 15,
and 20, and 25, and 30, and 35 mA; treatment
time: from menstrual 8th days began until LH
peak day, daily 1 times, each 30 min, about
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Table 1. Baseline characteristics of experiment group and control group

Control group (N=134) Experimental group (N=150) t P
Age (year) 28.32+2.87 28.27+1.98 0.079 0.938*
Infertility Age (year) 3.52+0.65 3.23+1.46 0.969 0.338*
Endometrial Thickness (mm) 5.60+£0.39 5.48+0.37 1.181 0.243

*Due to the unequal variance distribution ranging in age and infertility between the control group and experiment group,
student t test was employed.

Table 2. Results before and after therapy between experiment group and control group

Control group Experiment group

(N=134) (N=150) t P
the increases of endometrium after treatment (mm) 2.04+0.30 3.12+0.39 -11.573  <0.001*
The changes of Rl after treatment 0.32+0.12 0.204£0.10 -4.088 <0.001
LH 35.15+13.93  39.92+14.53 -1.249 0.217

*Due to the unequal variance distribution ranging in the increases of endometrium after treatment between the control group
and experiment group, student t test was employed.

Table 3. Comparison of therapeutic results in different times

Time (min) 10 20 30 40 50 t p

The increases of endometrium after treatment (mm) 1.82+0.26 2.13+0.15 2.55+0.21 2.96+0.33 3.23+0.35 <0.05
The changes of Rl after treatment 0.17+0.14 0.20+0.13 0.24+0.15 0.28+0.11 0.331+0.16 <0.05
LH 35.10+11.85 36.19+12.47 37.32+13.15 38.68+12.93 39.97+13.58 <0.05

Table 4. Comparison of therapeutic results in different current

Current (volt) 15 (n=30) 20 (n=30) 25(n=30) 30(n=30) 35(n=30) F p

The increases of endometrium after treatment (mm)  3.08+0.24 3.14+0.35 3.11+0.37 3.13+0.41 3.10+0.35 >0.05
The changes of Rl after treatment 0.31+0.15 0.31+0.10 0.29+0.14 0.34+0.15 0.31+0.14 >0.05
LH 39.89+13.98 39.32+14.11 38.91+15.01 39.34+14.22 39.75+14.53 >0.05

5~6 times. On patients’ follicle maturation
days, we checked blood LH values and used
color Doppler ultrasound to measure uterine
lining thickness and RI situation. We compared
these measurements with those taken before
treatment.

Clinical criteria

The film thickness of uterine and the blood flow
signal were detected in patients LH peak day,
the patients take bladder rock cutting bit, and
the ultrasound specialist physician used Japan
Alokal 400 ultrasound diagnostic instruction
and adjust vaginal probe frequency to 5.0 MHz,
put the probe in vaginal dome part to make the
ultrasound check, and measured the uterine
thickness, and show the blood flow signal in
most obviously spectrum part. Ultrasound
instrument automatically get uterine film blood
flow RI. The above determination is observed
continuously in at least 3~5 one cardiac cycle,
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make the average of the 2 times values as final
value of the measuring.

Statistical analysis

SPSS 19.0 software was used for statistical
analysis. Comparisons between the different
groups were assessed by a Student’s t-test and
a one-way ANOVA analysis. P<0.05 shows that
the difference was statistically significant. The
data was analyzed based on the intention-to-
treat principle. Substituted secondary outcome
measures were substituted when primary out-
come measures were missing.

Results

The baseline characteristics of both the groups
and the statistical difference between them are
shown in Table 1. After two sets of treatments
and complete color Doppler ultrasound moni-
toring of 2 menstrual cycles, comparison of
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Figure 1. The LH after treatment in different times.
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Figure 2. The increases of endometrium and Rl after
treatment in different times.

endometrial thickness and RI changes are
shown in Table 2. The changes of endometrial
thickness after different NMES current intensi-
ties and durations are presented in Tables 3
and 4, respectively.

Based on the above results, the control group
and the experimental group were comparable
in terms of age, infertility, and endometrial
thickness distribution, with P>0.05 indicating
that the differences were not statistically
significant: functionally, there are no differenc-
es in baseline information between the two
groups. The endometrial changes and RI of
the experimental group and the control group
before and after treatment, P<0.05, shows that
there was a statistically significant change in
endometrial thickness and RI of the two gro-
ups after treatment. Comparing just the LH
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Figure 4. The increases of endometrium and Rl after
treatment in different current.

value of the test group and the control group
before and after treatment, P>0.05, shows that
the difference was not statistically significant
for that variable.

Further, we research the time and current
intensity dependence of the endometrial thick-
ness. As vividly shown in Figures 1 and 2, we
found that the endometrial thickness was relat-
ed to the time of the electric stimulate P<0.05,
and the longer is the treatment time, the thick-
er is the endometrial thickness. Similarly, the
changes of Rl and LH were also increased fol-
lowing the increased time of electric stimulate.
However, from Figures 3 and 4, we can see the
intensity of the current is not associated with
endometrial thickness, P>0.05, and the chang-
es of Rl and LH were not associated with endo-
metrial, too. Based on these results, we could
conclude that the pelvic neuromuscular electri-
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cal stimulation had no effect on the preovula-
tory LH peak for the experimental group. We
also found that the link between NMES current
and endometrial thickness for P value is less
than 0.05. Therefore, there is no significant
connection between the intensity of NMES
current but the time of treatment with endo-
metrial thickness.

Discussion

Pregnancy is closely related to whether or not
ovulation occurs and is dependent on the
implantation of the embryo after fertilization.
To that end, LH peak is necessary for follicular
maturation and discharge, which is the founda-
tion of a successful pregnancy [14]. The suc-
cess of embryo implantation depends on uter-
ine capacity and embryo quality. One of the fac-
tors that contribute to a successful pregnancy
is uterine thickness being >7 mm, and 2/3 of
embryo implantation failure is associated with
insufficient uterine lining capacity [15]. Better
uterine lining blood perfusion often indicates
better uterine lining capacity, and the uterine
lining blood flow situation directly reflects the
microenvironment of embryo implantation, and
so influences the success of embryo implanta-
tion [16]. In recent years, thin endometrium has
been another challenge for clinicians. There are
many treatments used for thin endometrium,
such as active treatment of the primary dis-
ease, hormone replacement therapy, and
improving local microcirculation with medica-
tions [17, 18]. These kinds of treatments
are used because the womb is the target organ
for estrogen and progesterone [19]. Estrogen
and progesterone are the driving force of
growth, so most people with thin endometria
can be improved after active treatment [20].
However, in clinical work, there is a segment of
thin type uterine patients who, after undergoing
a variety of treatments, still cannot achieve
a satisfactory uterine lining thickness [21]. In
addition, the application of female hormones
can also have defects: in early follicles, the
application of large doses of female hormones
can inhibit follicle-stimulating hormone (FSH)
secretion and effect egg quality. Furthermore,
female hormones that promote uterine lining
growth are time-dependent, not dose-depen-
dent [22, 23]. Therefore, we can conclude that
many attempts at the treatment of thin endo-
metrium have been made, but they are gener-
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ally ineffective; we still need to explore new
and more effective treatment strategies.

Currently, there are some studies using pelvic
neuromuscular electrical stimulation (NMES)
to treat the patients with thin endometrium
with different results, but no effects on ovula-
tion have been reported [24]. In 2011, Bodom-
bossou-Djobo showed that pelvic neuromuscu-
lar electrical stimulation increases endometrial
thickness in thin endometria, but it did not
increase the pregnancy rate. In the study, the
uterine blood flow was not measured [25].
Previous studies also found that endometrial
blood flow and vascular resistance index were
improved, but intima-media thickness after
NMES treatment was not reported [26, 27].
Likewise, other studies found that pelvic dys-
function therapy machines can improve endo-
metrium Rl and endometrial blood flow, but
found no significant effect in the thickness of
endometrium [28, 29].

150 infertile patients with thin endometria
were treated with neuromuscular electrical
stimulation, and we found that pelvic neuro-
muscular electrical stimulation not only incre-
ases endometrial thickness, but also improves
endometrial blood perfusion, and did not affect
the preovulatory LH peak in patients’ blood.
These results indicate that pelvic neuromuscu-
lar electrical stimulation is effective in the
treatment of thin endometrium. The mecha-
nism may be that electrical stimulation acceler-
ates blood flow, maintaining the decreased
blood flow resistance and increased pelvic,
vaginal, endometrial, and uterine blood circula-
tion in muscles, while also increasing blood
supply, to promote the growth of the endome-
trium through the control of vascular smooth
muscle contraction and relaxation.

Further, in order to detect whether current
intensity has an effect on endometrial thick-
ness, we checked the changes of endometrial
thickness through a different current gradient.
Interestingly, we found that the current promo-
tion of endometrial hyperplasia was a time-
dependent factor. Likewise, we tested various
durations of current to explore whether or not
it had an impact on endometrial thickness.
However, it was not dose-dependent in that
manner.
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In conclusion, endometrial thickness and suffi-
cient endometrial blood flow are prerequisites
for successful pregnancy. In addition, the pro-
motion of NMES current for endometrial thick-
ness is time-dependent, but not dose-depen-
dent. Pelvic neuromuscular electrical stimula-
tion in the treatment of infertility for thin endo-
metrium patients is safe, non-invasive, simple,
and economical, and offers a new approach in
thin endometrium treatment. However, further
studies are needed to evaluate its mechanism.
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