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Biofeedback and the electromyographic activity
of pelvic floor muscles in pregnant women

Biofeedback na atividade eletromiografica dos musculos do assoalho
pelvico em gestantes

Roberta L. A. Batista, Maira M. Franco, Luciane M. V. Naldoni, Geraldo Duarte, Anamaria S. Oliveira, Cristine H. ]. Ferreira

Abstract

Background: Maintaining continence is among the functions of the pelvic floor muscles (PFM) and their dysfunction can cause urinary
incontinence (Ul), which is a common occurrence during pregnancy and the puerperal period. Pelvic floor muscle training (PFMT),
therefore, is important during pregnancy, although most women perform the muscle contractions unsatisfactorily. Objectives: This study
is an exploratory analysis of the results of three electromyographic (EMG) activity biofeedback sessions in pregnant women. Methods:
The study sample included 19 nulliparous women with low risk pregnancies. The participants performed three sessions of EMG
biofeedback consisting of slow and fast contractions. The average value of the normalized amplitudes of surface electromyography
was used to evaluate the results. The linear regression model with mixed effects was used for statistical analysis, with the EMG
data normalized by maximum voluntary contraction (MVC). Results: A steady increase in EMG amplitude was observed during each
contraction and by the end of the biofeedback sessions, although this difference was only significant when comparing the first tonic
contraction of each session (p=0.03). Conclusions: The results indicate that three sessions of training with biofeedback improved PFM
EMG activity during the second trimester in women with low-risk pregnancies. The effectiveness of this protocol should be further
investigated in randomized controlled trials.
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Resumo

Contextualizagao: Dentre as fungdes dos musculos do assoalho pélvico (MAPs), pode-se citar a manutencao da continéncia, sendo
que sua disfuncao pode causar a incontinéncia urinaria (1U), muito frequente no perfodo gestacional e no puerpério. Diante disso, se
faz importante o treinamento dos musculos do assoalho pélvico (TMAP) durante o periodo gestacional, entretanto grande parte das
mulheres realiza a contracao dessa musculatura de maneira insatisfatoria. Objetivos: Realizar uma anélise exploratéria dos resultados
de trés sessdes de biofeedback na atividade eletromiografica em mulheres gestantes. Métodos: Este estudo incluiu 19 gestantes
nuliparas com gravidez de baixo risco. Foram realizadas trés sessdes de biofeedback eletromiografico compostas por contragdes
lentas e rapidas, utilizando-se como método de avaliacédo dos resultados as médias das amplitudes normalizadas da eletromiografia
(EMG) de superficie. Para a andlise estatistica, utilizou-se o modelo de regressao linear com efeitos mistos, sendo que os dados
da EMG foram normalizados pela contracdo voluntéria méxima (CVM). Resultados: Apds as sessGes de biofeedback, constatou-se
um aumento crescente na amplitude eletromiografica a cada contracéo realizada e a cada sessdo, entretanto essa diferenca s6
foi estatisticamente significante para a comparacao entre a primeira contracdo ténica de cada sesséo (p=0.03). Conclusées: Os
resultados obtidos indicam que trés sessdes de treinamento com biofeedback melhoraram a atividade eletromiogréfica dos MAPs
em gestantes de baixo risco no segundo trimestre. A efetividade do protocolo necessita ser futuramente investigada em estudo
randomizado controlado.
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Introduction

During the gestational period, the pelvic floor muscles
(PFM) suffer a growing weight overload imposed by the preg-
nant uterus. Moreover, specific hormonal alterations during
this period reduce muscle tonus and strength', predisposing
pregnant woman to PFM dysfunctions such as urinary inconti-
nence (UI), fecal incontinence (FI), pelvic organ prolapse (POP)
and sexual dysfunction®®.

The prevalence of UI during pregnancy is high, ranging from
24.3% to 63.8% in several studies™®. In a Cochrane Library sys-
tematic review, Hay-Smith et al.’ evaluated the effects of pelvic
floor muscle training (PFMT) on Ul in pregnant women and
concluded that women who undertook such training reported
less UI during pregnancy, which supports the routine recom-
mendation of PEMT during prenatal care.

Several studies'™' investigating the benefits of PFMT dur-
ing pregnancy have prescribed the training to women between
the 20" and 36" week of pregnancy to allow approximately 16
weeks of training. However, the success of training depends
on the ability to effectively contract PFM"™. It is estimated that
30% of women are unable to contract PFM on the first attempt.
Other studies have demonstrated that about 49% do not
achieve sufficient contraction to increase urethral pressure'.
Another percentage do not perform the contraction in such a
way as to reduce the diameter of the levator hiatus and elevate
the bladder neck®.

Vaginal palpation is considered the most effective method
for identifying PFM contraction capacity and should precede
indirect evaluations with a perineometer or direct evaluations
with a dynamometer'®. The literature contains controversial
results on the reliability of vaginal palpation for classifying
PFM function'™. Several scales for assessing PFM function
by means of vaginal palpation are available in the literature,
although the most widely used is the Modified Oxford Scale,
which shows good inter-rater reliability'".

Electromyographic (EMG) using a vaginal sensor is an eval-
uation method that has recently been used to assess PFM func-
tion”?* and has demonstrated satisfactory results as a means
of biofeedback in UI and FI treatments®?. Nevertheless, the
vast majority of studies using electromyographic biofeedback
do not present normalized data?***" although the Guide for
Use and Interpretation of Kinesiologic Electromyographic Data
recommends that special attention be paid to this aspect in
biofeedback studies™.

Several randomized controlled trials investigating PMFT have
followed clinical practice by teaching women to improve their
PFM contraction performance in two or three practice sessions
before beginning the 3 to 6 month training periods. The literature
offers no information on the effects of a series of training sessions

on EMG activity. Moreover, related studies have not normalized
their data and thus their results regarding intra- and intergroup
comparisons are questionable. Thus, as an exploratory study
verifying the results of three biofeedback training sessions on the
EMG activity of PFM in women with low-risk pregnancies, the
clinical relevance of this study is thereby justified.

Methods
Subjects and procedures

Nineteen nulliparous pregnant women were recruited ver-
bally to participate in the study, which was developed at the Lab-
oratory for the Functional Evaluation of the Pelvic Floor (LAFAP)
of the Clinical Hospital, Ribeirdo Preto School of Medicine of
the Universidade de Sdo Paulo (HC-FMRP/USP), Ribeirdo
Preto, SP, Brazil. All pregnant women received prenatal care
at public health clinics in greater Ribeirdo Preto and agreed to
participate in the study by signing the informed consent form.
Pregnant women over 18 years old between 18" and 19" week
of low-risk, single-fetus topical pregnancies were included in
the study. Exclusion criteria consisted of missing one of the
three biofeedback sessions or discomfort using the vaginal
probe. This study was approved by the Ethics in Research Com-
mittee of HC-FMRP/USP (protocol n°® 9528/2006).

All volunteers participated in three sessions that occurred
once a week. In the first week, orientation regarding the loca-
tion and function of the PFM was given and then the partici-
pant’s PEM were evaluated by means of bidigital palpation of
the vagina to verify the contraction capacity and the degree of
muscle function on the Modified Oxford Scale.

Rating is subjective on the Oxford Scale and considers
two aspects of PEM contraction: compression and elevation.
Elevation is present only in “moderate”, “good” and “strong”
contractions. Thus, grade 0 represents absence of contrac-
tion; grade 1 represents the beginnings of a contraction, i.e.,
the examiner perceives a pulsing sensation; grade 2 is a weak
contraction, i.e., with the presence of mild compression; in
grade 3 there is moderate compression and the examiner
senses the elevation of the fingers; grade 4 is a good contrac-
tion with significant elevation of the examiner’s fingers; a
grade 5 contraction includes strong compression associated
with elevation of the examiner’s fingers”. All evaluations were
carried out by the same examiner, who has 5 years of experi-
ence with PFM evaluation.

Next, preparations for EMG were begun, including posi-
tioning the active electrode (intravaginal sensor), which was
surrounded by a spoonful of water-based gel and inserted in
the vaginal opening, remaining entirely within the cavity. The
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reference electrode was placed on the pubic symphysis. As
the EMG signal came online, the volunteer’s attention was di-
rected to the computer monitor (biofeedback). Ten voluntary
contractions were performed and maintained for 6 seconds,
with 6 seconds between each. This procedure was designed to
familiarize the participants with the equipment and the PFM
contraction in such a way as to be able to isolate it, as well as
for us to obtain values for signal normalization®.

A new probe was assigned to each participant; after each
use it was washed with soap and water, dried with a paper
towel, and stored in a plastic bag with the volunteer’s name for
use the following week.

The signal from the PFM electrical activity was transmit-
ted with a Thought Technology Ltd.® vaginal sensor (model AS
9572). The receiver’s surface is stainless steel; it is 27mm in
diameter and 69mm in length, features an input impedance
of 10 10 GQ™, a frequency band of 10-1 KHz and a common
mode rejection ratio (CMRR) >130 dB. For EMG signal cap-
ture, a surface EMG system (MyoTrac Infinit) was used with
an acquisition frequency of 1 KHz and an accuracy gain of
0.5% was used.

The EMG recording included three 2-second maximum
voluntary contractions (MVC) with 2 seconds between each by
each volunteer. These voluntary contractions were used for the
subsequent normalization of the EMG data™.

One week after this procedure, the volunteers returned to
the lab to have their PFM function rated (as described above)
on the Modified Oxford Scale. Their EMG activity was then re-
corded according to the following protocol: two slow contrac-
tions were maintained for 6 seconds, with 6 seconds between
each contraction; after resting for 60 seconds, two fast contrac-
tions were maintained for 2 seconds, with 2 seconds between
each. The following week, all volunteers returned to carry out
the same procedures. All volunteers performed the same num-
ber of contractions in each session. There was no need for extra
repetitions to correct the muscle contraction, which was pos-
sibly due to the previous learning session.

The evaluations were carried out with the pregnant women
in supine position, with flexion and abduction of the hip joint
and all sessions were conducted by the same examiner.

During each contraction, the abdomen and PFM of the
pregnant woman were observed to identify if the Valsalva
maneuver was performed and if the hip adductor muscles and
gluteus muscles were being simultaneously contracted, instead
of the isolated contraction of PFM. In case of accessory muscle
contraction, the PFM contraction was to be disregarded, al-
though this did not occur at any point. These steps were taken
to avoid surface EMG cross-talk®,

The EMG signal was band-pass analog filtered from 20
to 500 Hz and then log- transformed into Root Mean Square

(RMS). From the RMS value of the signal, its mean value
was determined during the rest period and contractions.
For analysis purposes, the first second of each contraction
was excluded.

Several references can be used for normalization, although
the most common is to use the maximum or mean value of two
to three MVCs®*.

In this study, the RMS values were normalized using the
maximum value of the EMG amplitude obtained in one of the
three MVCs, i.e., by the ratio between the mean value of the
amplitude obtained in the evaluated activity and the maximum
MVC value.

All means and the standard deviation were normalized and
then the difference between the contraction mean and the rest
mean (baseline) was calculated using these data.

Statistical analysis was carried out using SAS v9.0 for de-
scriptive measures, and the graphs were built using R software.
Initially, an exploratory analysis of the data was carried out in
an attempt to synthesize values of the same nature to get a
more complete picture of them.

The linear regression model with mixed effects (random
and fixed effects) was used to reach the aims proposed in this
study. This mixed model estimates the two components of vari-
ability present in this study: intra- and intersubject, consider-
ing biological variability, measurement or calculation errors
as well as differences between individuals. P values <0.05 were
considered significant.

Results

The participants’ mean age was 24.05+6.22 years, with a
body mass index (BMI) of 24.06 at the 18th week of gestation.
No volunteer had a history of previous gynecological surgery.
Regarding the presence of urine loss in the four weeks prior to
the trials, most of volunteers (63.16%) reported none under any
conditions. Most of women were white (63.16%) and 78.95%
had completed high school.

The following classifications of volunteer PFM function
were determined according to the Modified Oxford Scale:
grade 2=57.89% (11) of the volunteers, grade 3=26.32% (5),
grade 4=10.53% (2) and grade 5=5.26% (1).

Intra- and intersession PFM contraction behavior
with EMG biofeedback

Analysis of the mean contractions evaluated using EMG
showed that the amplitude increased with each contraction
and each session, i.e, an improvement in EMG activity. This
suggests muscle function was improved with each contraction
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Figure 1. Mean electromyographic activity of fast contractions inter
and intra-sessions n=19.
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Figure 2. Mean electromyographic activity of slow contractions inter
and intra-sessions n=19.

performed (Figures 1 and 2). However, the EMG activity in-
crease did not only increase during the contractions, but also
during the rest period at the beginning of session, although
nonsignificantly (p=0.54) (Figure 3).

Although the EMG amplitudes increased, these differ-
ences were not significant, except when comparing the first
slow contraction performed in the first session with the first
slow contraction performed in the second session (p=0.03),

Figure 3. Mean electromyographic activity of rest inter and intra-
sessions n=19.

as well as the difference between the second fast contraction
between sessions, which almost fell within the significance
range (p=0.06). These data are available in Table 1; the real
values obtained in each contraction and rest interval are
demonstrated in Table 2.

Discussion :::.

The presence of PFM dysfunction (mainly UI) during
pregnancy and puerperium is well-known, with a prevalence
ranging between 24.3% and 63.8% during pregnancy*®. Due to
this high prevalence, it is necessary to evaluate PFM contrac-
tion capacity in order to institute a training program that can
treat such dysfunctions by improved muscle function. Several
studies have verified the positive influence of PFM during preg-
nancy and puerperium for reducing UI*'.

This study aimed to verify the effectiveness of three EMG
biofeedback sessions for improving PFM activity in pregnant
women. The purpose of the PFM training program was to pro-
mote correct and effective contractions, i.e., to perform a caudal
movement without expulsion force or contracting accessory
muscles such as the abdominals, gluteals or adductors™.

Three exercise sessions with biofeedback improved EMG
activity, suggesting better muscle function. Although in-
creased muscle function can be attributed to the fact that
muscle hypertrophy occurs from exercising two or three
times a week for three months®, the improvement may also
be associated with neuromuscular adaptations, such as
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Table 1. Comparisons inter and intra-sessions.

95% Cl for the difference

Comparison Estimated difference P-value L LS
Session 1 (Fast/ contraction 1- Fast/ contractios 2) -0.14 0.82 -1.34 1.06
Session 2 (Fast / contraction 1- Fast/ contraction 2) -0.28 0.65 -1.47 0.92
Session 1 (Slow/ contraction 1- Slow/ contraction 2) -0.52 0.39 -1.72 0.68
Session 2 (Slow / contraction 1 - Slow / contraction 2) -0.13 0.83 -1.33 1.07
Rest (Session 1 — Session 2) -0.37 0.54 -1.57 0.82
Fast / contraction 1 (Session 1- Session 2) -1.03 0.09 -2.23 017
Fast/ contraction 2 (Session 1- Session 2) -1.17 0.06 -2.37 0.03
Slow / contraction 1 (Session1- Session 2) -1.31 0.03 -2.51 -0.11
Slow / contraction 2 (Session 1- Session 2) -0.92 0.13 -2.12 0.28
Table 2. Values obtained with each contraction and rest in each session.
Group Sesssion n Mean SD Minimum Median Maximum
Slow 5 seq — Contraction 1 Sesssion 1 19 43.23 22 18.15 39.87 99.17
Sesssion 2 19 67.02 52.72 11.88 48.09 205.47
Slow 5 sag — Contraction 2 Sesss?on 1 19 51.14 30.47 21.94 40.57 135.07
Sesssion 2 19 69.31 48.4 2.23 60.76 195.7
Rest Sesss?on 1 19 19.99 15.1 6.3 13.23 63.83
Sesssion 2 19 24.28 19.11 3.07 18.83 73.31
Fast 1 seg - Contraction 1 Sesss?om 19 53.16 36.12 18.11 415 158.89
Sesssion 2 19 70.96 50.21 14,55 54,65 219.54
Fast 1 seq — Contraction 2 Sesss?on 1 19 55.41 35.81 17.55 41.51 150.29
Sesssion 2 19 76.3 57.47 13.57 58.77 272.8

neural activation”. According to Remple et al.*, neural ad-
aptations would explain increases in muscle function before
hypertrophy could occur. This effect is related to motor learn-
ing, since the more motor units that are recruited, the better
will be muscle function.

The present study verified that three weeks of weekly PFM
training sessions promoted increased EMG activity, which may
have been due to improved contraction perception. Neverthe-
less, it cannot be confirmed that this was due to the use of
EMG biofeedback. Similar results could perhaps be obtained
using only vaginal palpation as a contraction stimulus.

Aiming at to evaluate the effects of PFMT in nulliparous
pregnant women, Oliveira et al."” carried out a study that in-
cluded 46 pregnant women divided into two groups: controls
and subjects who underwent PFMT for 12 weeks. Bidigital
vaginal palpation with Ortiz Scale for classification, and peri-
neometry with and without biofeedback were used to analyze
the results. These authors observed a significant increase in
muscle function using palpation and perineometry in both the
PFMT and control groups. They suggested that the increase
in the control group was due to the PFM perception that the
women gained through the evaluation. However, they observed
higher values in the perineometer evaluation with biofeedback
than without it, suggesting that visual stimulation facilitates
PFM perception and increased muscle function.

Several studies have tested the effectiveness of Ul or FI
treatment involving biofeedback and have observed satisfac-
tory results***. PFMT associated with biofeedback provides
equally good results for reducing UI symptoms and improving
muscle function. Dannecker et al.* reported a significantly in-
creased scores using vaginal palpation in conjunction with the
Oxford Scale (p<0.001) after a mean of 8.7 sessions with EMG
biofeedback in a sample of 163 patients. They also found a sig-
nificant increase in EMG activity (p=0.001) and observed UI
improvements using a urodynamic exam and questionnaire.

After six and 12 sessions of PEMT with EMG biofeedback,
Rett et al.** observed increased EMG amplitudes and improved
function using bidigital vaginal palpation, the Brink Scale and
perineometry. They found that EMG amplitudes were higher
in fast contractions and lower in contractions of 10 and 20 sec-
onds, respectively. The present study also reported a greater in-
crease in EMG activity in the fast contractions, possibly due to
the nature of type II muscle fibers, which can produce greater
strength and power, but are easily fatigued".

There are few studies reporting on the EMG values in PFM
evaluations, which impedes the establishment of normality
parameters. Capelini et al.”® report a progressive increase in
EMG activity, although they do not show the obtained val-
ues, since the numbers were not significant due to the num-
ber of variables, which according to the authors may affect
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comparisons. However, with the data normalization proce-
dure, as was carried out in the present study, the interference
that EMG amplitude may suffer due to tissue thickness and
subcutaneous resistance, vaginal impedance and electrode
positioning was minimized. Thus, the results of the present
study can be thus compared®.

Although our results can be compared with other studies
involving the EMG activity of the PFM, such comparisons are
hindered, since most of them either did not carry it out or did
not describe the procedure, as in the study of Aukee, Penttinen
and Airaksinen®. In this study, the authors compared the EMG
activity of the PFM in asymptomatic women and with women
suffering from UL The mean of three contractions in the supine
and standing position was analyzed and resulted in the follow-
ing values: muscle activity in the supine position was 19.5 pV
and 17.0 pV in the control group and Ul group, respectively;
activity in the standing position was 18.2 uV for the control
group and 12.9 pV for the UI group. In the present study, the
mean values of EMG amplitudes during contractions ranged
between 43.23 puV and 76.3 pV and during rest ranged between
19.99 pV and 24.28 pV, which are higher than those observed
by Aukee, Penttinen and Airaksinen”. However these authors
either did not carry out or did not describe the data normaliza-
tion procedure, which prohibits comparison that could justify
the differences.

EMG biofeedback can teach contraction procedure, re-
sulting in increased EMG activity and improved muscle func-
tion, which suggests that more effective contractions were
performed and that it can make PFMT programs more effec-
tive. This suggests that a few sessions of PFMT training may
improve EMG activity and may be an important step towards
greater effectiveness in longer training programs for muscle
strength gains.

Furthermore, incontinent women who can appropriately
contract the PFM may reduce stress incontinence before
completing the muscle strength training program simply by
triggering the PFM in moments of increased intra-abdominal
pressure®. This could mean that short-term training in the

References

second trimester that emphasizes increased muscle activity
may quickly improve stress incontinence. Such training should
not be seen as a substitute for more extensive PFMT, which
is widely recommended according to a Cochrane systematic
review®. Future studies should evaluate the effectiveness of
three biofeedback sessions for boosting the PEMT protocol re-
garding improved muscle function and decreased Ul and stress
incontinence in the short and long term.

The main limitations of this study are the absence of a
control group and the small sample size, which indicates the
need to carry out randomized controlled trials to verify the
results of this exploratory study. To our knowledge this is the
first study to investigate the impact of a few training sessions
with biofeedback on PFM EMG activity in pregnant women. Its
main contribution is the possibility that PFMT effects during
pregnancy may be augmented by learning to perform effective
contractions in three biofeedback sessions.

Conclusion

This study involving women in the second trimester of
pregnancy verified that three sessions of EMG biofeedback led
to increased EMG activity, suggesting that visual stimulation
may help PFM contraction performance. However, more stud-
ies should be carried out to verify the number of biofeedback
sessions necessary to improve contraction performance. These
studies must normalize their data to allow reliable compari-
sons of their results. It should also be stressed that such studies
should involve pregnant women due to the prevalence of Ul
in pregnancy and the recommendations for PFMT during this
period.
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