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/Abstract A

Objective: To determine the differences in EMG activity of the individual pelvic floor muscles during contractions and
relaxation in patients with OAB compared to healthy volunteers to gain more insight in the pelvic floor muscle function in
women with OAB.

Methods: In this comparative cohort study, EMG signals of patients with complaints of OAB were compared to healthy vol-
unteers. The MAPLe probe with 24 electrodes was used for EMG registration of the different sides and depth of the pelvic
floor musculature. Comparisons of individual electrodes between groups were made for the mean value of tone at rest and
for every single MVC’s and endurance contractions. Linear mixed effect models were performed to analyze the relationship

between groups and the EMG activity from the first to the last contractions.

Results: Sixty-five women, 50 with complaints of OAB and 15 healthy women were assessed. Average EMG signals per elec-
trode were calculated for tone at rest, MVC, and endurance contractions. Reduction in EMG activity for OAB was found
between 0.8-44.3% for tone at rest. Repeated measurements showed a significant decrease in EMG-activity for OAB between
28.7%-64.9% for MVCs and between 32.3-68.3%, endurance contractions, especially around the puborectal muscle. There
was no faster decline in EMG activity from the first to the last contraction in the OAB group compared to the control group

for any of the single electrodes.

Conclusions: A significant reduction of EMG activity was found in the individual muscles at different depts and sides of the

pelvic floor muscle in OAB patients compared to healthy volunteers.
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Abbreviations: Ul: Urinary incontinence; SUI: Stress urinary
incontinence; OAB: Overactive bladder; PEMT: Pelvic floor mus-
cle therapy; PEM: Pelvic floor muscle; EMG: Electromyography

MVC: Maximum Voluntary Contraction
Introduction

Approximately one-quarter of all women suffer from at
least one or more pelvic floor disorders [1]. Urinary incontinence
(UI) represents the most common pelvic floor disorder and com-
prises stress urinary incontinence (SUT) and overactive bladder
syndrome (OAB) [2]. According to the International Continence
Society (ICS), OAB is a symptom-defined condition character-
ized by urinary urgency, usually accompanied by frequency and
nocturia, with or without urgency urinary incontinence, in the
absence of urinary tract infection or other obvious pathology
[3]. Depending on the definition, the estimated prevalence of the
combined prevalence of Ul is 17,1%. As with other pelvic floor
disorders, the prevalence of Ul increases with age and affects up
to 43.1% of women over 40 years old [2]. OAB is associated with
several chronic comorbidities, significantly poorer quality of life,

and depression [4].

In the treatment of female urinary incontinence, Pelvic
Floor Muscle Training (PFMT) remains the first-line conserva-
tive treatment with high levels of evidence and grades of recom-
mendation [5]. In patients with OAB, pelvic floor muscle (PFM)
contractions are considered to suppress involuntary voiding
through the “voluntary urinary inhibition reflex". Contractions
of the puborectal muscle and external urethral sphincter are sup-
posed to prevent internal urethral sphincter relaxation induced
by the micturition reflex and result in detrusor relaxation and
suppression of involuntary voiding [6]. The number, duration,
intensity, and timing of the pelvic floor contractions required to
inhibit a detrusor muscle contraction is not known [7]. Further-
more, the effect of PEMT to reduce OAB symptoms in women
is inconclusive in the literature [8]. Data come from small to
moderate-sized trials with different outcome measures [7, 9]. In
addition, studies fail to evaluate PFM changes and use poorly
described and varying exercise protocols [8]. Electromyography
(EMG) of the PFM is widely used to increase our understanding
of pelvic floor (dys)function. Clinically, EMG is used to evaluate
motor control, coordination and location of the PFM and gives
the practitioner and the patient information about PFM func-
tion: the ability to contract and to relax at the time the patient
wants to, and identifying whether there is an increase or decrease

in activity during a particular task [10, 11].

Changes in EMG of the PFM can be related to changes
in muscle performance and motor control, specially investi-
gated in women with stress urinary incontinence [12-15]. It is
also shown that after pelvic floor muscle training, EMG activity
changes and this can be related to symptom reduction [16, 17].
In literature, it seems there is a relation between higher EMG
activity and better pelvic floor muscle function, in particular
strength [10, 11]. However, literature is scarce on this topic and
even less in patients with OAB. Out of clinical experience, our
hypothesis is that EMG activity not only depends on strength
but also on motor control, coordination, and specific location of

EMG activity of the different muscles of the pelvic floor.

The aim of this study is to gain more insight in the pel-
vic floor muscle function in women with OAB by determining
the differences in EMG activity for each muscle of the pelvic
floor muscles during contractions and relaxation in patients with

OAB compared to healthy volunteers.
Material and Methods

Design and participants

This is a comparative cohort study of two separate stud-
ies. In this secondary analysis, we compare EMG data of the
same diagnostic EMG assessment with a validated probe(18) and

a standardized assessment protocol used in both studies.

Concerning the first study, patients with complaints of
OAB were recruited by advertisement to participate in a rand-
omized control trial. Patients were included after history taking
with validated questionnaires. Patients were excluded if they
used any medication for their complaints of OAB, did pelvic
floor exercises or bladder training in the past, had a prolapse
> stage 2, suffered from neurological disorders, had a medical
history of invasive perineal and/or rectal surgery, or faced exist-
ing dominant SUI. Included patients were randomly assigned to
an intervention and a control group by computer-generated list
[16].

Regarding the second study about co-contractions of
the pelvic floor, healthy pelvic floor physiotherapists without
complaints were approached by mail for participation and in-
cluded if able to perform a correct pelvic floor muscle contrac-
tion, which was assessed and underwent by vaginal and anal pal-
pation and with biofeedback in various training courses. During
the assessment, a correct PFM contraction was checked by an
inward and upward movement of the probe [19]. Both study pro-

tocols were approved by the medical ethical committee and all
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participants signed written informed consent.
Procedure

In both studies, participants were placed in a comfort-
able supine position, with pillows placed under the knees and
head and the MAPLe® probe (Novugare Pelvic Health B.V. CE
0344)was inserted vaginally by a pelvic floor physiotherapist
with a broad knowledge of pelvic floor disorders and experi-
ence in diagnostics and treatment of pelvic floor dysfunctions.
The MAPLe is a probe for EMG registration of the pelvic floor
musculature with a matrix of 24 electrodes enabling the meas-
urement of EMG activity from the different sides and layers of
the PFMs and a grounding electrode on the spina iliac anterior

superior [18].

Participants were asked to perform three consecutive tasks, ac-
cording to a standardized protocol:

- One-minute rest, where participants were instructed to
relax and breathe normally.

- Ten maximum voluntary contractions (MVC's) where
participants were verbally instructed by the researcher to per-
form a short controlled (maximum)contraction for one second
without contracting the muscles surrounding the pelvic floor
and relax the pelvic floor muscles between the MVC contrac-

tions for 3 seconds.

Figure I: Graphical representation the pelvic floor muscles.

- Three endurance contractions where participants were
verbally instructed to contract the pelvic floor muscles at such a
level that they could hold for 30 seconds, without contracting the
muscles surrounding the pelvic floor and relax the pelvic floor
muscle for 60 seconds between the endurance contractions [20,
21].

- During these examinations, no instructions were given
on how to perform a correct pelvic floor muscle contraction. In
our opinion, giving instructions could influence the results since
you are providing biofeedback on the muscle function [22]. The
assessment was conducted by a researcher who held the probe
in the right position and guiding the participants through the
protocol. Both participants and the researcher were blinded to
the screen. EMG signals were registered behind a computer by

another researcher.

Raw EMG signals were acquired with the MAPLe sys-
tem at a sample rate of 1.000 Hz; the root means square was cal-
culated using a window of 100 samples (0.1 sec). Raw EMG data
were visually controlled for artefacts. For signal analysis, mean
EMG values per electrode (24 in total) were calculated for tone at
rest, for every single MVC and every single endurance contrac-
tion. A graphical representation of the location of the muscles

with respect to the electrodes can be found in (Figure 1).

Bulbospongiosus & Ischiocavernosus Urogenital Diaphragm (A)

Puborectalis

Pubococcygeus & Iliococcygeus

Anal Canal (P)

A = Anterior, L = Left, P = Posterior, R = Right

Graphical representation the pelvic floor muscles and structures (vaginal) with respect to the MAPLe® electrodes in a visualisation Grid. The four compartments
represent the anterior (12 o'clock), left (3 o'clock), posterior (6 o'clock) and right side (9 o'clock) of the PFM. The most outer rings are located at the most superficial
parts of the PFM, the most inner ring (nearest to the center) is located at the most deeper parts of the PFM.
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Statistics

Baseline characteristics data were presented for age in
the form of the mean and standard deviation (SD) using inde-
pendent samples T-test for the differences between groups and
presented for parity and postmenopausal states in frequency
(percentages) using the Fischer’s exact test for differences be-
tween groups. Comparisons of individual electrodes between the
groups were made for the mean EMG-value of tone at rest, using
Students-T-test. The EMG-values of contractions in this research
did not have a normal distribution. In order to compare these

values, a logarithmic transformation was used.

Linear mixed-effect models were used to analyze the
differences in EMG activity between groups and to analyze the
effect of repeated contractions on the EMG activity (10 consecu-
tive MVC’s and 3 consecutive endurance contractions). In order
to properly perform this analysis an age correction for baseline,
imbalances were included. The fixed effects were the consecu-
tive number of contractions, the OAB group (with and without
interaction term), and an intercept. To analyze the effect of the
repeated contractions, random intercepts and slopes per subject
were used. The best-fitted model was chosen using likelihood ra-
tio tests. Homoscedasticity and normality of the residuals of the

selected model were checked by visual inspection.

Logarithmic transformations transform absolute dif-
ferences in EMG activity between groups into relative differ-
ences. The differences per electrode in OAB patients were thus
described as a relative difference of reduction in the percentage

of muscle activity compared to healthy volunteers.

From these differences, p-values were obtained. For all
statistical analyses, a significance level of p< 0.05 was used. Sta-
tistical analyses were performed using R (R Core Team, 2017): A
language and environment for statistical computing. R Founda-
tion for Statistical Computing (Version 1.1.463 - © 2009-2018
RStudio, Inc.)

Results

In this study 65 women, 50 women with complaints
of OAB and 15 healthy women without pelvic floor complaints,
were assessed. Demographic characteristics are described in (Ta-
ble 1).

Tabel 1. Demographic data of subjects

OAB-group Control p-value

N=50 group N=15
Age(years)? 57,7 (10,9) 45,8 (12,6) | <0.001
Postpartum® 43 (86%) 9 (60%) >0.05
Postmenopausal® 44  (88%) 7 (47%) 0.002

*mean (standard deviation)
bcount data (%)

The groups were comparable for parity but not for age
and menopause. EMG signals of the PFMs in patients with OAB
showed a significant reduction in EMG activity compared to
healthy volunteers. For tone at rest, reduction in EMG activity
was found between 0.8-44.3%, especially for electrodes nearest
to the urethral sphincter, the puborectal muscle on the left, dor-
sal and, to a lesser degree, the right side and the bulbospongio-
sus- and ischiocavernosus muscle on the right side (Figure 2).

Figure 2: Graphical representation of the reduction in EMG ac-
tivity of the OAB patients for tone at rest.

<

29

Reduction EMG activity Rest
0.8-21.1% light blue
24.8 -31.6% middle blue
31.6 —44.3% dark blue

Analyses with Student T-test for EMG-activity in rest. Grid shows the
relative difference in a reduction in EMG activity of the OAB patients
compared to the healthy women per electrode. Illustrating the reduc-
tion, the 24 electrodes are divided in 3 groups of 8 electrodes, represent-
ing the 8 electrodes which showed lowest reduction (light blue), the 8
electrodes which showed medium reduction (middle blue) and the 8
electrodes which showed highest reduction (dark blue).

- =not significant (p > 0.05)
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Figure 3: Graphical representation of the repeated measures for electrode 3.

0 1

20-

E3

10-

C01 C02 C03 C04 C05 C06 C07 C08 C09 C10 CO1 C02 C03 C04 CO5 C06 CO7 C08 C09 C10

contrnr contrnr

A B

A and B, The plots illustrate the repeated measure for electrode 3, the medium of the anterior side of the grid, the urethral sphincter. A:10 MVCs,
B:3 endurance contractions

A and B: On the left the healthy women, on the right the OAB patients.

Figure 4: Graphical representation of the reduction in EMG activity of the OAB patients. A. for MVC and B. for endurance contrac-
tions.

Reduction EMG activity MVC Reduction EMG activity Endurance
28.7 —48.6% light blue 32.3-49.4% light blue
50.7 -53.7% middle blue 49.6 - 54.6% middle blue
54.7 - 64.9% dark blue 54.8 - 68.3% dark blue

Analyses of repeated measures with linear mixed models. Grid shows the relative difference in a reduction in EMG activity of the OAB patients
compared to healthy women per electrode. Illustrating the reduction, the 24 electrodes are divided in 3 groups of 8 electrodes, representing the 8
electrodes which showed lowest reduction (light blue), the 8 electrodes which showed medium reduction (middle blue) and the 8 electrodes which
showed highest reduction (dark blue).

- =not significant (p > 0.05)
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Regarding the analyses of repeated measures with lin-
ear mixed effect models, the OAB patients showed a significantly
lower EMG activity for nearly every electrode from the first to
the last contraction, for both the 10 consecutive MVC’s and the 3
consecutive endurance contractions compared to healthy volun-
teers. Within the whole study population, the EMG activity was
significantly depending on age, except for the electrode nearest
to the puborectal muscles. The reduction in EMG activity, as
well as the consecutive contractions of the MVC’s and Endur-
ance contractions between the two groups, was not significantly
dependent on age for each electrode. Figure 3 illustrates repeated
measures for one of the 24 electrodes (E3, anterior), nearest to
the external urethral sphincter. Figure 4 provides an overview of
the reduction in EMG activity, measured with linear mixed effect

models, per electrode, and statistical significance.

Repeated measures of MVC contractions showed a
reduction in EMG activity in the OAB group compared to the
control group from the first to the last contraction between
28.7-64.9%, especially for the electrodes nearest to the urethral
sphincter, the pubococcygeus on both sides, the puborectal mus-
cle on the left side, and for the bulbospongiosus- and ischiocav-
ernosus muscle on the left side (Figure 4A). Endurance contrac-
tions showed a reduction in EMG activity between 32.3-68.3%,
especially for the electrodes nearest to the urethral sphincter,
to the pubococcygeus on the right side, the puborectal muscle
on both sides and the bulbospongiosus- and ischiocavernosus
muscle on the left side (Figure 4B). Visual inspection of residuals
plots did not reveal any obvious deviations from homoscedastic-

ity or normality.

In the last step, an interaction term between the OAB
group and the number of contractions was entered to examine
differences in the rate of decrease (slope) of EMG activity from
the first to the last contraction in groups. No significant interac-
tion for any of the single electrodes was found, hence there is no
faster decline in EMG activity from the first to the last contrac-

tion in the OAB group compared to the healthy group.

Discussion

To our knowledge, this is the first study comparing
EMG signals of patients with OAB and EMG signals of healthy
volunteers with a validated monopolar probe, registering EMG
activity on the different sides and depths nearest to each muscle
of the pelvic floor. The results of this study show a significant
reduction in EMG activity of the several layers and sides of the

PFM in patients with complaints of OAB compared to healthy

volunteers in MVC’s and endurance contractions as well as tone
at rest, especially around the puborectal muscle. The consecutive
contractions, ten MVC’s, three endurance contractions, did not
show a faster decline in EMG activity from the first to the last

contraction in the OAB group compared to healthy volunteers.

Evaluation of muscle function in OAB patients is
scarce; therefore, the mechanism of PFM dysfunction in women
with OAB is not well understood nor sufficiently reviewed [8].
On the other hand, it is well known that pelvic floor complaints
are caused by different layers of the pelvic floor musculature
[15, 16, 22, 23]. In addition to the EMG measurements of the
PEM, there are no fixed normal values for rest- and contraction
activity [10]. Increasing EMG activity often correlates with in-
creasing strength, however, EMG amplitude cannot be used to
quantify pelvic floor muscle strength [11, 24, 25]. The findings
of this study suggest that the percentage of reduced activity ex-
plains more about the dysfunction of the PFMs in participants
with OAB compared to healthy volunteers than the absolute dif-
ference of the mean EMG values. In the same way, the location
of the reduced activity of the different layers of the pelvic floor

muscle seems to play an important role in patients with OAB.

Some authors concluded that patients with OAB have a
weak levator ani muscle, in particular the puborectal muscle and
external urethral sphincter, and were unable to contract the PFM
effectively to inhibit detrusor contractions [6, 22]. In line with
our findings, Burgio et al. found reasons to believe that improv-
ing better control over pelvic floor muscle contraction, using bio-
feedback, is necessary to activate the reflex pathway and not to
improve the strength of the pelvic floor muscles [26]. This seems
to be confirmed by a study of the anatomical components of uri-
nary continence by Wallner et al., who found that simultaneous
contraction of the levator ani muscle and the external urethral
sphincter causes an anteriorly convex bend in the mid-urethra,
which closes the mid-urethral lumen. They also detected that ex-
ternal urethral sphincter in females is anchored to the levator ani
muscle via a tendinous connection [27]. Looking at the grids in
this study, the first impression is that reduced activity is located
especially at the electrodes nearest to the puborectal muscle (Fig-
ures 2 and 4). The specific location of the reduction of EMG ac-
tivity around the puborectal muscle (inward, upward movement)
is possibly also connected to a loss of awareness, which can be
considered as a loss of coordination and motor control. Further-
more, the constant relative decline in EMG activity in OAB pa-
tients implicates that these patients did not reveal indications of
fatigue [6, 25, 26].
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Research demonstrates that 30% of women during the
first consultation with a health care professional were not able to
perform a correct pelvic floor muscle contraction [24]. Neels et
al. showed that 75% of the peripartum women and 68% of the
postmenopausal women felt insufficiently informed about the
pelvic floor function in one study [28]. In nulliparous women,
a total of 93% of the women were insufficiently informed [29].
On the other hand, Vermandel et al. found that 74% of women
early post-delivery improved their PFM contraction after verbal
instruction [30]. In some studies, participants (either patients or
volunteers without complaints) were taught to perform a cor-
rect contraction and were excluded when they were not able to
do so, or they were first trained to perform a correct PFM con-
traction and after that included in the study [13, 31]. The au-
thors believe that the inability to produce a correct pelvic floor
muscle contraction could be the underlying cause of pelvic floor
complaints. These studies might, therefore, introduce “selection
bias”, because the groups don't represent a heterogenic popula-
tion where not everyone can contract the PFM. The patients with
complaints of OAB, used in this research, received no instruc-
tions on how to perform a correct pelvic floor muscle contrac-
tion. It was hypothesized that not only strength but also the lack
of awareness and the lack or loss of motor control in patients
with OAB are a substantial part of the reduction in EMG signals
[32, 33]. The specific location and the absence of a faster decline
support this hypothesis. In literature, there are only a few stud-
ies investigating the changes in EMG signals in OAB patients.
The limitations of EMG are that electrodes do not always cor-
respond with the different pelvic floor muscles [34], they use bi-
polar configurations [35] and that probes give pre-stretching and
are sensitive for crosstalk. The MAPLe probe uses a monopolar
configuration, a validated location, and is not sensitive for cross-
talk [18]. In the study of Knight et al. no significant difference in
EMG signals were found in MVC and endurance contractions in
especially OAB dry compared with asymptomatic women. How-
ever, in contrast to this study most participants (46 out of 56)
were nulliparous [36]. Gunnarsson et al. specifically examined
MVC’s and showed a decreased neuromuscular vaginal EMG
activity in all types of incontinence, stress, urge, mixed inconti-
nence compared to healthy volunteers, but no significant differ-
ences between the separate types of incontinence. Furthermore,
they found a successive decrease in EMG activity with increasing
age in all incontinence groups, highly significant in women older
than 50 years. This was not seen in healthy subjects [12]. How-
ever, in this study was found that within the whole study popula-
tion the EMG activity was significantly depending on age. This
study has some limitations. First of all, the control group, healthy

pelvic floor physiotherapists, cannot easily be generalized to

healthy women without pelvic floor complaints. Secondly, the
control group was small, and the groups were not menopausal-,
and age-matched. However, parity was not significantly different
in the groups and the reduced EMG activity between the groups
did not significantly depend on age. Nevertheless, there could be
an influence of parity and menopausal status. In literature, it is
stated that during the female life cycle the PFMs go through sev-
eral adaptive changes such as pregnancy, delivery, and changes in
the hormonal state which, in combination or by itself, can cause
PFM dysfunction (s). In reference to the impact of childbirth,
Bothelho et al. found a significant decrease in pelvic floor muscle
activity measured with EMG after vaginal delivery, which was
not observed in the cesarean section group [37]. Some authors
state that the role of menopause on pelvic floor dysfunction is
unclear, while other authors argue that menopause is associated
with the etiology of urinary incontinence and OAB [3,38]. Perei-
ra et al. showed a negative correlation between EMG activity and
age and parity [31]. Despite the fact that no significant difference
in parity between groups was found in this study, parity could

have influenced the results.

Menopausal status and parity could have affected the
EMG signals recorded from the vaginal probe because of their
distance to muscle and connective tissue. Lower EMG ampli-
tudes recorded in the OAB group may be related to the proximity
of the electrodes to the contractile tissues. However, this cannot
be fully explained by the substantial differences we found in this
study. Taking the limitations of this study into account, the great
reduction in the specific location of EMG activity in this study is
likely to be triggered by complaints of OAB and in our opinion,
the reduced motor control and coordination in these women. We
suggest in future research that it could be relevant to conduct
comparative studies with different standardized exercise proto-
cols to investigate the effect of exercises designed to improve mo-

tor control and coordination in this population.

Conclusion

This is the first study that compared EMG signals of pa-
tients with OAB with EMG signals of healthy volunteers, show-
ing differences in EMG activity in different layers on the different
sides and depths of the pelvic floor. Women with OAB demon-
strate lower muscle activity especially nearest to the puborectal

muscle during rest, MVC, and endurance.
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