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ABSTRACT

Introduction: Pelvic floor surface electromyography (SEMG) is often used in the assessment and treatment of
individuals with pelvic floor abnormalities to measure muscle tone and neural control of the pelvic floor muscles
(PFM); however, little is known about the role of the PFM in sexual arousal.

Aim: The aim of this pilot study was to examine whether changes in deep and superficial PFM activity—assessed
with sSEMG—can be observed during the presentation of sexual stimuli.

Methods: Deep PFM sEMG activity was assessed with a vaginal probe. Superficial PFM activity was assessed
with SEMG electrodes placed over the bulbocavernosus and perianal muscles. 15 sexually healthy women (mean
age 27 years) watched a series of neutral, anxiety-evoking, and sexually explicit films. Continuous subjective
sexual arousal was measured using a handheld arousometer.

Main Outcome Measure: Changes in microvolts were measured by sEMG sensors, from neutral to anxiety-
evoking and neutral to sexually explicit films.

Results: There was an increase in intravaginal and perianal sSEMG for both the erotic and anxiety films. Bul-
bocavernosus sSEMG responses did not differ among the 3 films. Concordance between self-reported continuous
sexual arousal for the erotic film and bulbocavernosus SEMG (r = 0.349) was not significantly different than
concordance using intravaginal sSEMG (r = 0.293) or perianal sSEMG (r = 0.236).

Clinical Implications: Understanding more about which parts of the PFM respond specifically to sexual stimuli
may have implications for measuring the effects of treatments aimed at improving sexual response in women.
Strength & Limitations: The results of this pilot study provide a preliminary understanding of which pelvic
floor muscles respond to sexual stimuli. A limitation of this study was the small sample size.

Conclusion: Taken together, these findings suggest that intravaginal and perianal SEMG respond to erotic
stimuli, whereas bulbocavernosal sSEMG responses do not. Hannan-Leith MN, Dayan M, Hatfield G, et al. Is
Pelvic Floor Surface Electromyography a Measure of Women’s Sexual Response? A Pilot Study. J Sex Med
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Genital measures are frequently used to assess sexual arousal in
women.. One common measure is the vaginal photo-
plethysmograph (VPP), a tampon-shaped probe that is inserted
into the vagina and measures variations in blood flow and blood

volume in the vaginal wall via changes in light reflectance.>”
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Despite its popularity, researchers have long been interested in
validating other aspects and measures of sexual response. The
pioneering research of Masters and Johnson® in the 1950s and
1960s revealed that, in addition to blood flow, there are other
physiological changes associated with sexual arousal that can be
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Pelvic Floor sEMG

measured with heart rate, respiration rate, and muscle tension.
Recognizing that sexual arousal progressed through stages of
intensity, they believed that muscle tension was a feature of more
advanced stages of sexual arousal, corresponding with increased
sympathetic nervous system activity, whereas vaginal lubrication
was a feature of early stages of sexual arousal.

Critical to understanding muscle tension that may occur with
sexual arousal is the involvement of the pelvic floor. The pelvic floor
consists of a bed of muscles underneath the pelvis, and it provides
structural support for the internal organs. Consisting of both su-
perficial and deep muscles, the pelvic floor prevents urinary and fecal
incontinence (leakage) but can become damaged with pregnancy,
vaginal delivery, and pelvic surgeries. There is a large body of liter-
ature examining the role of the pelvic floor muscles (PFMs) in sexual
function.””” Early research identified the PFM:s as being critical to
sexual function,®” with more recent technologies (ie, magnetic
resonance imaging) showing that the PFMs are activated during
sexual arousal.'® In women, the deep PFMs, consisting of the levator
ani muscle (pubococcygeus and iliococcygeus muscles), coccygeus,
and puborectalis muscles are involved in sexual response by
stretching and widening during vaginal penetration, and contracting
during orgasm."'~'? PFM strength in women is positively related to
sexual satisfaction and arousal.'” In part, this may be because the
PFM influences the position of the clitoral erectile tissue, particu-
larly the contraction of the superficial PFMs (eg, ischiocavernosus
and bulbocavernosus muscles), and PFM activity is associated with
clitoral stimulation."*

Among the different methods of measuring the activity of the
pelvic floor muscles, pelvic floor surface electromyography
(sSEMG) has been studied the most."” SEMG is also one of the
most commonly used clinical tools in the assessment and treat-
ment of individuals with pelvic floor muscle dysfunction, such as
incontinence and pelvic pain.'®” ¥ SEMG is sensitive to the level
of PFM dysfunction in individuals with lower urogenital tract
dysfunction and pain disorders, including vulvodynia and
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vaginismus.

Although Masters and Johnson® demonstrated how the PFMs
contract both voluntarily and involuntarily during sexual arousal,
few studies have evaluated SEMG responses to erotic stimuli.
Both and Laan*’ pilot tested a vaginal sSEMG (with an attached
VPP) inserted by participants to measure involuntary and
voluntary PEM activity in 30 sexually functional women.
Involuntary PFM activity and genital response were measured
during sexual and anxiety-evoking film clips, and voluntary PFM
activity was measured after participants were asked to carry out
pelvic floor “flick-and-hold” muscle contractions (brief contrac-
tions of 1 to 2 seconds and sustained contractions of 10 seconds).
Although pelvic floor activity was predicted to increase in
response to threatening and sexually threatening films, and not in
response to erotic stimuli, results indicated that PEM activity
increased for both threatening and erotic stimulus conditions.

Given that the study by Both and Laan*? could not differentiate
anxiety-eliciting from sexual stimuli, they concluded that their
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device showed a lack of sensitivity to involuntary PEM activity.
Thus, Both et al'* tested a modified version of the SEMG device
in 36 sexually functional women, which had electrodes with
greater surface area (from 17 X 7.5 mm to 26 X 3 mm) and an
improved signal-to-noise ratio by building an amplifier directly
into the probe. Consistent with their predictions, sSEMG was
highest in response to the anxiety film and lowest in response to
the sexual and neutral films. Additionally, SEMG values in
response to the sexually threatening films were intermediate be-
tween the anxiety and sexual films.'* They concluded that SEMG
is sensitive to changes in pelvic floor activity for both voluntary
and involuntary pelvic floor contractions associated with anxiety.
The results also suggested that the PFM may be highly reactive to
threatening and sexually threatening stimuli, particularly when the
participant self-reported anxiety and tension.

The sEMG values during the sexual stimuli showed a
nonsignificant trend toward being lower than sEMG values to
neutral stimuli."* Unfortunately, their design did not allow the
researchers to determine which PFM groups were showing this
relaxation response or whether it was the superficial or deep
muscles that responded to the sexual stimuli.

It is well known that the deep and superficial layers of the
PFM have different contraction and innervation patterns.”””*
We are aware of 1 study that has evaluated the deep and su-
perficial PFM layers as they relate to sexual function.” In the
study by Gentilcore-Saulnier et al,”> PFM activity was examined
in 11 women with provoked vestibulodynia and 11 control
subjects using sSEMG. Participants completed an assessment us-
ing a vulvalgesiometer and sSEMG recordings, as well as a digital
intravaginal assessment, with both examining PFM activity in
response to a painful pressure stimulus.”” Deep PFM activity
(measured inside the vagina) did not significantly differ between
participants with and without provoked vestibulodynia; however,
women with genital pain had higher resting tonic PFM activity
with the superficial sSEMG recordings (which were placed near
the labia majora). This region also responded to painful pressure
applied to the vulva, whereas the deep PFM did not.

Gentilcore-Saulnier et al*> did not assess responses to erotic
stimuli in their study, but their results highlight the importance
of measuring both deep and superficial PFM activity, because
different PEM layers may respond differently to stimulation,
including sexual stimulation. For example, the deep PFMs are
thought to enhance sexual response by relaxing, slightly
widening, and elongating the vaginal canal to allow penetration
to occur, followed by contraction during orgasm.“’zs’% The
superficial PFMs aid in the contraction and engorgement of the
cavernosal tissue of the clitoris during arousal,””*® as well as in
decreasing the size of the vaginal introitus to hold an object of
penetration inside the vagina.””*’ Further research is required,
however, to examine the role of the superficial and deep PFM
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during the initial stages of sexual arousal in women. 30

The primary aim of the current pilot study was to explore both
deep and superficial PFM activity in response to sexual stimuli in
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a group of sexually healthy women. We examined whether deep
vs superficial PEM activity are elicited by sexual stimuli and
whether (deep and superficial) PFM activity responds just to
sexual stimuli or also to anxiety-eliciting stimuli. Furthermore, 2
different types of superficial sites were collected and compared.

A secondary aim of this pilot study was to examine the
concordance between sSEMG activity (at both superficial and
deep PEM locations) and self-reported sexual arousal. Concor-
dance, or the degree of agreement between self-reported sexual
arousal and physiological sexual response,”’ has not previously
been examined using sSEMG. In a meta-analysis of studies on
concordance, Chivers et al’” suggested that that the type of in-
strument used to measure physiological sexual arousal may in-
fluence concordance, given that thermography yielded higher
concordance values than vaginal photoplethysmography. This
pilot study was designed to test the feasibility of the procedure
and to stimulate further research in the study of PFM activity
during sexual arousal.

METHODS

Participants

Participants were 15 sexually healthy cisgender women
(assigned female at birth and currently identified as women) who
were paid ($40 Canadian) for taking part in the study. They were
recruited online, from Craigglist, our laboratory’s Facebook page
and website, our hospital’s research institute website, and from
community advertisements soliciting sexually healthy premeno-
pausal women. Inclusion criteria were adult cisgender women who
were premenopausal (due to the effects of hormonal status on
PEM activity) and sexually active (because women were asked to
insert a vaginal probe) within the past month. Exclusion criteria
included diagnosis of a sexual dysfunction, any genital pain or
pelvic pain disorder, any bowel or bladder syndromes or urinary
incontinence or pelvic organ prolapse (or treatment thereof),
medically induced menopause, and total or partial hysterectomy,
given that each of these conditions has been found to be associated
with alterations in pelvic floor muscle activity. Furthermore, given
the known impact of pregnancy on the pelvic floor,””*" we
excluded women who had previously delivered (vaginally or by
caesarean section) or who were currently pregnant.

Mean age of the participants was 26.9 years (range 21—42).
Participants were of mixed sexual orientations, with 8 (53%)
identifying as bisexual, 6 (40%) as heterosexual, and 1 as lesbian
(7%). All participants were sexually active and had experienced
sexual activity (eg, vaginal penetration) at least once per week.

Measures

Three validated questionnaires were completed at the start of the
testing session in hardcopy format and were used to provide
descriptive information about the sample. The Female Sexual
Function Index (FSFI)*” was administered to assess baseline levels of
sexual response (desire, arousal, lubrication, orgasm, satisfaction,
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pain, and overall sexual function) and to rule out the presence of
sexual difficulties. Scores can range from 2 to 36, with lower scores
indicating greater sexual dysfunction. Individual subscale scores
range from 0 to 6 (for arousal, lubrication, orgasm, and pain), 1.2 to
6 (for desire), and 0.8 to 6 (for satisfaction). Cronbach’s alpha for the
FSFI total score was acceptable at a = 0.75.

The Derogatis Sexual Functioning Inventory (DSFI),*° Sec-
tions IIT (Drive) and IV (Sexual Attitudes) were administered to
describe the current level of sexual activity and degree of sexual
liberalness vs conservatism among our sample. Scores on the
Attitude domain can range from —60 (sexually conservative) to
60 (sexually liberal). Cronbach’s alpha for the Attitudes domain
was high at @ = 0.84.

Participants also completed 2 versions of the Sexual Arous-
ability Inventory (SAD).” First, they completed a 28-item SAI
that asked about level of sexual arousal experienced in response to
a variety of different types of stimulation, and participants
responded on a 7-point Likert scale from —1 (adversely affects
arousal; unthinkable, repulsive, distracting) to 5 (always causes
sexual arousal; extremely arousing) such that higher scores cor-
responded with higher levels of sexual arousal. Cronbach’s alpha
for this scale was excellent at & = 0.90.

Second, they completed the SAI-E, which asked about the
level of anxiety evoked in response to the same list of 28 erotic
activities. The 7-point Likert scale ranged from —1 (relaxing,
calming) to 5 (always causes anxiety; extremely anxiety evoking),
with higher levels corresponding to more anxiety associated with
sexual activity. The SAI-E is a valuable research tool for deter-
mining the association between sexual arousability and anxiety
among research participants.”® * Cronbach’s alpha for this scale
was excellent at @ = 0.91. Scores on both the SAI and SAI-E can
range from —28 to 140.

Stimuli

The neutral film was 5 minutes and depicted a travelogue docu-
mentary. The 4 erotic film excerpts had a length of approximately 7
minutes each. The erotic films depicted either mixed-sex or same-sex
petting, cunnilingus or fellatio, and vaginal penetration (either penile
or sex toy) and were chosen from the Erika Lust collection (a female
director who produces erotic material considered to be more female-
centric than mainstream erotic films). Female-centric erotic films
evoke fewer feelings of guilt and aversion in women compared with
male-centric films,” and these films have been used previously.42
Participants were given the choice of viewing mixed-sex or same-
sex films. The anxiety films consisted of an excerpt from the film
Cujo, in which a woman and a child are threatened by a wild dog, or
an excerpt from the film Kiss the Girls, where a woman is chased
through a forest by a violent man. All participants watched 2 sexually
explicit film clips and 2 anxiety-evoking film clips.

sEMG
sEMG activity was measured at both the deep and superficial
layers of the PFM. Deep PFM activity was obtained using a
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single-user Thought Technology vaginal SEMG sensor (T6050)
probe (Thought Technology Ltd, Montreal, Quebec, Canada),
which has an insertion depth of approximately 2 inches, inserted
by the participant after the researcher left the room. Superficial
PEM activity was obtained in 2 locations: on the bulboca-
vernosus muscles and perianally. The sSEMG measurements were
obtained using uni-gel single-use sSEMG electrodes (T3425)
placed by the lead author over the right and left bulbocavernosus
muscles (in 1 condition) and bilaterally to the anus (at 2 and 10
o’clock) (in the second condition). The sEMG electrodes were
noninvasive and small in size (35 mm) and were further rounded
down to a size of approximately 24 mm to improve comfort. An
experienced pelvic floor physiotherapist provided hands-on
training to accurately locate the muscles of interest and instruct
on the proper placement of sensors before beginning data
collection. Using the BioGraph Infiniti PC v5.0 software, the
MyoTrac Infiniti Encoder (SA9800), manufactured by Thought
Technology, was used to collect SEMG measurements. Partici-
pants were asked whether the sensors were comfortable before
proceeding with the testing.

Self-Reported Sexual Arousal

Both discrete and continuous measures of self-reported sexual
arousal were administered. The Film Scale was used to assess sexual
arousal and affective reactions to the erotic, anxiety-evoking, and
neutral films. This scale was adapted from Heiman and Rowland ™
and assessed 6 domains: sexual arousal (1 item), perceptions of
physical arousal (4 items), autonomic arousal (5 items), anxiety
(1 item), and positive and negative affect (10 items each). The scale
has been found to be a valid and sensitive measure of emotional
reactions to erotic stimuli.*’ Items were rated on a 7-point Likert

scale from Not at All (1) to Intensely (7).

Continuous self-reported arousal was measured with an arous-
ometer during the presentation of each of the film stimuli. The
arousometer was constructed by a local engineer and modeled after
the one described by Rellini et al.** This device consisted of a
computer optic mouse mounted on a plastic track with 10 intervals
and was affixed to the arm rest of the recliner so that the participant
could easily move the mouse while simultaneously reclining and
viewing stimuli. Participants were instructed to move the mouse up
and down the track over the course of the films to indicate their level
of sexual arousal, from 7 to —2, with 7 = Highest Level of Sexual
Arousal, 0 = No Sexual Arousal, and —2 = Sexually Turned Off.
Mean continuous self-reported arousal was obtained every 30 sec-
onds throughout each of the different film segments.

Procedure

Interested participants contacted the researcher, who explained
all procedures over the telephone and screened callers to deter-
mine eligibility. Participants were randomly assigned by a flip of
a coin to 1 of the 2 sensor placement order groups (half the
participants had bulbocavernosus SEMG testing first followed by
perianal SEMG, and the other half had the opposite order of
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testing). They were then randomly assigned (flip of a coin) to 1
of the 2 film order groups (baseline, neutral, erotic; baseline,
neutral, anxiety), where half the participants viewed the first
order of films, and the other half had the opposite film order. In
total, there were 4 possible film order/sensor placement groups to
which a participant could be assigned.

On arrival to the laboratory, participants read and signed the
consent form and had all details of the experiment explained to
them. Participants were informed that they would be watching a
series of neutral, erotic, and anxiety-evoking film clips. Following
informed consent, they were asked to choose between watching
same-sex or mixed-sex erotic films and then instructed to undress
from the waist down and insert the intravaginal sSEMG probe per
the researcher’s instructions. After inserting the probe and
reclining in a comfortable position, the researcher returned to the
testing room to place the surface electrodes either over the bul-
bocavernosus muscle, or perianally (depending on the condition
order to which the participant was randomized).

The researcher left the testing room, and initiated data collection
on the MyoTrac Infiniti EMG Encoder (Thought Technology) and
recorded baseline sSEMG activity for 30 seconds in an adjacent
room. Participants then completed a pre-film discrete measure of
sexual arousal and affect, and then the film sequence began: 1-
minute baseline, 5 minutes neutral, and 7 minutes erotic or 7 mi-
nutes anxiety-evoking (depending on the film order to which the
participant was randomized). During the films, participants were
asked to use the arousometer to track their subjective sexual arousal
while remaining as physically still as possible in the recliner.

Immediately after the last film, participants completed another
discrete measure of sexual arousal and affect and then notified the
researcher, who returned to the room to turn off the MyoTrac In-
finity data collection unit. The researcher then removed the sensors
measuring superficial PFM activity and placed new sensors at the
other superficial site (ie, bulbocavernosus sensors were removed, and
new ones were placed perianally; perianal sensors were removed, and
new ones were placed over the bulbocavernosus muscles). The
participant again completed the discrete measure of arousal and
affect and then repeated the film sequence for the second testing
session, which included a different set of neutral, erotic, and anxiety-
evoking films, of the same duration as those presented during the
first testing segment. The intravaginal probe was not removed be-
tween the 2 testing segments and collected vaginal sSEMG data
throughout the session. We only analyzed data from the first vaginal
SEMG testing segment to allow for consistency with bulboca-
vernosus and perianal conditions, which were only measured once.
All procedures were approved by the Clinical Research Ethics Board
at the University of British Columbia and the associated hospital
research ethics board.

Data Analysis

All data from the questionnaires were entered and analyzed in
SPSS 19.0 (IBM, Armonk, NY), and analyses of sSEMG data were
carried out in R version 3.3.1."” The SEMG data were analyzed
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using mixed-effects linear regressions. Mixed-effects linear re-
gressions were chosen because they allow for autocorrelation and
can control for changes in variance over time. For each sSEMG
location (intravaginal, bulbocavernosus, or perianal), regressions
were run with 30-second epochs of root mean squared sSEMG data
as the dependent variable, and time (in 30-second intervals) and film
type as independent variables. To obtain the root mean squared
sEMG data, the mean value of the sSEMG during the 1 minute of
relaxation was removed from the raw sSEMG during the film con-
ditions. This was done to remove any voltage offset. The data were
then visually examined, and any obvious movement artefacts
were removed. 30-second epochs of root mean squared data were
calculated from these cleaned data. The root mean square trans-
formation is commonly used in electromyographic data analysis and

. . . 46
provides a useful measurement of signal amplitude.””

Film type included 4 possibilities: neutral before anxiety,
neutral before erotic, anxiety, and erotic. A difference in response
for the different film types was tested using the interaction term
between time by film type. A significant interaction would
indicate different slopes between time and sEMG for the
different film types. If a significant interaction was detected, we
followed up with pairwise tests of 3 specific hypotheses: (i)
neutral before anxiety vs anxiety, (ii) neutral before erotic vs
erotic, and (iii) anxiety vs erotic. P values for post hoc tests were
corrected using Holm’s method.”’

The random effects models were fit with random intercepts and
slopes by subject. To account for temporal autocorrelation within a
subject during a particular film, we modeled the correlation struc-
ture using an autoregressive model of order 1, which models the
residuals at time zas a function of the residuals at time #-1 at the level
of individual time series of film type within subjects. Last, we
included a variance structure to model heteroscedasticity of the
residuals. This was included as a varPower structure, which accounts
for changes in the variance over time within subjects.

The intravaginal data were analyzed from the first set of films
only for each participant (even though intravaginal sSEMG data
were collected twice). Due to the small sample size, we inten-
tionally did not test for differences between participants in the
different counterbalanced groups; however, our use of a coun-
terbalanced method was intended to minimize order effects.

For the film scale data, we used a paired samples rtest to
compare self-reported responses between the neutral and either
erotic or anxiety film conditions to confirm that the films elicited
the appropriate affect. With respect to continuous sexual arousal,
we used a repeated-measures analysis of variance to examine
continuously reported sexual arousal from the 5-minute neutral
film to the 7-minute point of the erotic film. In cases where there
were significant movement artifacts that could not be smoothed,
we deleted those 30-second epochs, which meant that in some
cases fewer than 24 data points were measured.

Concordance was measured using within-subjects Pearson 7
correlations between contemporaneous data obtained with sSEMG

Hannan-Leith et al

Table 1. Descriptive characteristics for the FSFI, DSFI Drive and
Attitude subscales, the SAl, and SAI-E

Domain measured Mean SD Reference range
FSFI
Desire 4.88 1.01 1.2—-6
Arousal 5.44 0.60 0—6
Lubrication 5.62 0.38 0-6
Orgasm 5.09 116 0-6
Satisfaction 3.65 1.69 0.8-6
Pain 4.32 2.30 6
Total score 29.01 411 2.0-36.0
DSFI-Attitude 4153 1.49 —-60—-60
SAl 109.73 1512 —28-140
SAI-E -3.40 1417 —28-140
DSFI = Derogatis Sexual Functioning Inventory; FSFI = Female Sexual

Function Index; SAl = Sexual Arousability Inventory; SAI-E = Sexual
Arousability Inventory—Expanded; SD = standard deviation.

and the arousometer during both the erotic and anxiety film
conditions. Because we had 2 data collection periods per erotic and
anxiety film (1 with the superficial sensor at the bulbocavernosus
and 1 with the superficial sensor perianally), we calculated
concordance with the data from the first testing segment only. To
determine statistical significance, alpha was set at .05.

RESULTS

Sample

Table 1 presents the average from each of the FSFI subscales.
Compared with available normative data, these numbers suggest
that participants experienced no significant sexual function-
related difficulties on any domain, and their overall level of
sexual functioning was above the clinical cutoff of 26.5, in the

range comparable to sexually healthy women.”

On the DSFI* Drive domain, participants reported an average
sexual intercourse frequency of once per month, with 7% of the
sample reporting that they were not currently having intercourse.
The average masturbation frequency was 2 to 3 times per week, with
all 15 participants reporting at least monthly masturbation. Kissing/
petting had an average frequency of approximately 1 to 3 times per
week, and 7% reported none of this activity recently. The average
sexual fantasy frequency was 4 to 6 times per week, and all partic-
ipants reported at least 1 sexual fantasy per month. Participants
recalled first becoming interested in sexual activity at the mean age
of 13.0 years (standard deviation 5.1), and the mean age of first
sexual intercourse was 18.5 years (standard deviation 3.2). Scores on
the DSFI Attitude domain suggested that this was a relatively liberal

sample with regard to sexual attitudes and experiences.

Scores on the SAT’” indicated a fairly high level of sexual
arousability in response to various sexual activities. Scores on the
SAI-E (Table 1) suggest no, or a very low, level of anxiety
associated with various sexual activities.

J Sex Med 2015;16:70—82
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Table 2. Results of t-test for erotic film condition during the bulbocavernosus sensor placement

Variable t df P Cohen’s d 95% Cl
Self-reported sexual arousal 6.64 14 <.001 1.72 (113, 3.17)
Perceptions of genital arousal 6.96 14 <.001 1.80 (1.08, 2.95)
Positive affect 5.93 14 <.001 1.53 (0.70, 210)
Perception of autonomic activity 7.31 14 <.001 1.89 (0.87, 2.33)
Negative affect 1.61 14 130 0.42 (-0, 0.88)
Anxiety -0.32 14 751 -0.08 (—-0.52, 0.37)

Cl = confidence interval; df = degrees of freedom.

Self-Reported Sexual Arousal and Affect with Film
Stimuli

Discrete Measures

Tables 2—5 present participants’ self-reported sexual arousal
and affect as measured by the film scale. In the erotic film
condition (during the bulbocavernosus sensor placement), there
was a significant increase with a large effect size in self-reported
sexual arousal, perception of genital arousal, positive affect, and
perception of autonomic activity. There was no statistically sig-
nificant change with a small effect size in negative affect and in
anxiety (Table 2).

In the erotic film condition (during the perianal sensor
placement), there was a significant increase with a large effect size
in self-reported sexual arousal, perception of genital arousal,
positive affect, and perception of autonomic activity. There was
no statistically significant change with a small effect size in
negative affect and in anxiety (Table 3).

In the anxiety-evoking film condition (during bulboca-
vernosus sensor placement), there was a statistically significant
decrease, with a large effect size in self-reported sexual arousal.
There were no significant changes, with a small effect size
observed for perception of genital arousal and positive affect.
There was a statistically significant increase with a large effect
size for autonomic arousal, negative affect, and anxiety

(Table 4).

In the anxiety-evoking film condition (during perianal sensor
placement), there was a significant decrease with a large effect size
in self-reported sexual arousal. There were no significant changes
and with small effect size in perception of genital arousal and
positive affect. There was a significant an increase with a medium

to large effect size in autonomic arousal, negative affect, and

anxiety (Table 5).

Continuous Sexual Arousal

In the erotic film condition (during bulbocavernosus sensor
placement), there was a significant increase in continuously re-
ported sexual arousal, /(23,299) = 40.82, P < .001 (Figure 1).
A similar significant increase in continuously reported sexual
arousal was observed with perianal sensor placement,
F(23,322) = 26.40, P < .001 (Figure 2). In the anxiety-evoking
film condition, as expected, continuously reported sexual arousal
significantly decreased during bulbocavernosus sensor placement,
F(18,234) = 3.75, P < .001 (Figure 1), and there was no sig-
nificant change in continuous arousal with perianal sensor

placement, /(16,208) = 0.55, P = .92 (Figure 2).

Pelvic Floor sEMG Activity Responses to Film
Stimuli

Table 6 presents the mixed-effects linear regression results for
all 3 sSEMG locations. One participant was excluded from the
models because she had sSEMG values orders of magnitude higher
than any other participant, and these extreme outliers caused
problems for model convergence. The coefficients listed in
Table 6 indicate how the intercept and slope change under
different conditions. Differences in the predicted relationships
between time and sSEMG for the different film types are shown in
Figures 3—5.

Intravaginal sSEMG (Deep PFM Activity)
For intravaginal sEMG, there was a significant interaction
between time by film type (Likelihood ratio test statistic = 32.6,

Table 3. Results of t-test for erotic film condition during the perianal sensor placement

Variable t df P Cohen's d 95% Cl
Self-reported sexual arousal 318 14 <.01 1.34 (0.50, 1.95)
Perceptions of genital arousal 5.76 14 <.001 147 (0.83, 2.70)
Positive affect 5.04 14 <.001 119 (0.63, 2.33)
Perception of autonomic activity 5.50 14 <.001 1.75 (0.85, 2.80)
Negative affect 1.70 14 112 0.34 (-0.28, 1.16)
Anxiety —1.74 14 104 -0.25 (-1.06, 0.39)

Cl = confidence interval; df = degrees of freedom.

J Sex Med 2015;16:70—82
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Table 4. Results of t-test for self-reported responses during anxiety-evoking film condition during the bulbocavernosus sensor placement

Variable t df P Cohen’s d 95% Cl
Self-reported sexual arousal —4.41 14 <.01 -1.07 (=210, -0.52)
Perceptions of genital arousal —-0.18 14 .858 —0.05 (—0.46, 0.38)
Positive affect -1.30 14 216 -0.33 (-0.77,007)
Perception of autonomic activity 5.07 14 <.001 1.31 (0.54,1.78)
Negative affect 2.92 14 <.05 0.75 (018, 1.39)
Anxiety 4,08 14 <.01 1.05 (0.50, 2.06)

Cl = confidence interval; df = degrees of freedom.

P < .0001). Model results are shown in Table 6. Post hoc
pairwise tests suggested a significant difference between neutral
before anxiety and anxiety film types (P < .0001), between
neutral before erotic and erotic film types (P = .003), and
between anxiety and erotic film types (P < .000; Figure 3). The
pairwise comparisons suggest a greater sEMG response to
anxiety-evoking as compared with erotic film stimuli.

Bulbocavernosus sEMG (Superficial PFM Activity)

For bulbocavernosus sSEMG there was no significant interac-
tion between time and film type (Likelihood ratio test statistic —
0.44, P = .93), indicating no differences in SEMG responses to
the various film stimuli. Table 6 and Figure 4 show the
coefficients and predicted relationships.

Perianal sEMG (Superficial PFM Activity)

There was a significant interaction between time by film type
during perianal sensor placement (Likelihood ratio test statistic =
11.86, P = .008) (Table 6). The differences in the predicted
relationships between time by SEMG for the different film types
are shown in Figure 5. As was found for intravaginal sSEMG, post
hoc pairwise tests suggested that there was a significant difference
between neutral before anxiety and anxiety film types (P = .02),
and between neutral before erotic and erotic film types (P = .03).
In contrast, no difference was detected between the anxiety and

erotic film types (P = .60).

Concordance Between sEMG and Continuous
Sexual Arousal

A within-subjects Pearson correlation coefficient was used to
explore the association between continuously reported sexual

arousal and SEMG data. Mean concordance estimates between
bulbocavernosus sSEMG and self-reported sexual arousal during
the erotic film were r = 0.349, 95% confidence interval (CI)
(0.12, 0.57). Concordance using intravaginal sEMG recording
was 7 = 0.293, 95% CI (—0.02, 0.60), and using perianal sSEMG
placement was » = 0.236, 95% CI (—0.04, 0.51). These mean
concordance scores were compared in 3 paired-samples 7 tests,
and none of the differences reached significance (# values ranged
from .51 to .90, P values from .375 to .781).

We also examined concordance between sEMG activity and
self-reported sexual arousal at each of these sensor locations as
participants watched the anxiety-evoking film to look at the as-
sociation between muscular tension and self-reported sexual
arousal while exposed to anxious stimuli. All estimates were <.16
and did not differ significantly from each other (¢ values ranged
from .07 t0.92, P values from .402 to .944). Last, we compared
the concordance scores between erotic and anxiety-evoking
conditions for all equivalent sensor placements (eg, concor-
dance with intravaginal probe response and self-reported arousal
compared during erotic stimuli vs anxiety stimuli). The mean
concordance was higher during the erotic stimuli than during the
anxiety-evoking stimuli for each placement but only the bulbo-
cavernosus placement difference reached statistical significance,

#8) = 3.58, P = .007, 95% CI (0.23, 1.07).

DISCUSSION

We explored both deep and superficial PEM activity to sexual
stimuli using sSEMG in a group of sexually healthy women. There
was an overall increase in intravaginal SEMG in both the erotic
and anxiety conditions compared with neutral conditions, with a

Table 5. Results of t-test for self-reported responses during anxiety-evoking film condition during the perianal sensor placement

Variable t df P Cohen'’s d 95% Cl
Self-reported sexual arousal —3.46 13 <.01 -0.92 (-1.83, —0.34)
Perceptions of genital arousal 0.62 13 545 0.09 (=0.59, 0.84)
Positive affect 1.20 13 251 0.6 (—-0.50, 0.94)
Perception of autonomic activity 492 13 .001 1.05 (0.46, 2.20)
Negative affect 2.62 13 .05 0.57 (—0.03, 1.49)
Anxiety 3.78 13 .01 1.39 (0.60, 1.99)

Cl = confidence interval; df = degrees of freedom.
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Figure 1. Effects of erotic film (closed circles) and anxiety film (closed triangles) compared with neutral film on self-reported sexual
arousal (with bulbocavernosus sensor placement). Note: Each data point reflects the mean arousometer rating over a 30-second epoch.
X-axis represents time with neutral film at points 1to 10 and erotic film or anxiety responses at points 11 to 24. Y-axis reflects self-reported
sexual arousal from —2 (sexually turned off) to 7 (highest level of subjective sexual arousal).

greater SEMG response to anxiety-evoking as compared with
erotic film stimuli. There was also an increase in perianal sSEMG
for the erotic and the anxiety films relative to the neutral films.
Bulbocavernosus sSEMG responses did not differ among the
neutral, erotic, or anxiety film conditions.

With respect to subjective sexual arousal, film excerpts evoked
the predicted emotional states. In other words, the sexual film
evoked significant changes in self-reported sexual arousal and
perceptions of genital arousal, whereas the anxiety film did not.
Furthermore, self-reported anxiety significantly increased with
anxiety films but not erotic films, as predicted, and perception of
genital arousal and positive affect increased during erotic films
but not anxiety films, as predicted.

Regarding concordance, values ranged from 0.236 to 0.349 and
did not significantly differ from one another. Moreover, when

examining the 95% Cls, our observed concordance estimates
overlap with the concordance value of 0.26 found in a meta-
analysis of women using the VPP (0.26).*> Concordance values
when using intravaginal SEMG (0.293) and when using perianal
sEMG (0.236) did not differ significantly from concordance using
bulbocavernosus SEMG. Not surprisingly, the mean concordance
between self-reported sexual arousal and sSEMG responses during
each of the anxiety-evoking film conditions was very low and did
not differ across pelvic floor muscle locations.

Compared with neutral stimuli, sexually explicit stimuli
evoked a significant increase in PFM sEMG activity in 2 of 3
electrode locations, specifically intravaginal and perianal sSEMG,
but not with bulbocavernosus electrode placement. These results
are in contrast to the findings of Both et al,'* which indicated a
lower mean sSEMG response during sexual films compared with

o B N W b~ wu

Continuously Reported Sexual
Arousal (Mean)

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24

—@— Erotic movie

Time

—&— Anxiety provoking movie

Figure 2. Effects of the erotic and anxiety-provoking film compared with neutral film on self-reported sexual arousal responses (with
perianal sensor placement). Note: Each data point reflects the mean arousometer rating over a 30-second epoch. X-axis represents time
with neutral film at points 1to 10 and erotic or anxiety film responses at points 11 to 24. Y-axis reflects self-reported sexual arousal from —2

(sexually turned off) to 7 (highest level of subjective sexual arousal).
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Table 6. Mixed-effects linear regression results for all 3 sSEMG locations

Intravaginal Bulbocavernosus Perianal
Coefficient SE Coefficient SE Coefficient SE
Intercept 4.25 0.40 213 0.66 2.87 0.48
Time —0.003 0.002 0.0008 0.002 0.0006 0.004
Film type
Neutral before anxiety Reference Reference Reference
Neutral before erotic 0.076 0.34 -0.35 0.36 -0.12 0.45
Anxiety -1.05 0.34 -0.17 0.34 -0.06 0.45
Erotic -0.78 0.30 0.31 0.32 0.68 0.39
Time by film type
Neutral before anxiety Reference Reference Reference
Neutral before erotic 0.0003 0.002 0.0015 0.002 0.0009 0.003
Anxiety 0.0m 0.002 0.001 0.002 0.007 0.003
Erotic 0.005 0.002 0.0009 0.002 0.0056 0.002

SE = standard error; sSEMG = surface electromyography.

neutral films, which they interpreted as pelvic floor activity
decreasing during exposure to erotic films. We cannot rule out
the possibility, however, that the discrepancies between our study
and the study by Both et al'* may be due to differences in study
methods, sSEMG equipment (eg, different diameters of the
sEMG sensors and vaginal probes used; SEMG electrode size),
use of different film stimuli, or electrode and probe placement.
For example, the lengthened SEMG probe used by Both et al'*
had an insertion depth of approximately 89 mm, whereas our
probe measured approximately 50.8 mm from base to tip. It is
possible that electrodes covering a larger part of the pelvic floor
musculature may have picked up a stronger sSEMG signal,
resulting in higher sSEMG values and measurement sensitivity."*
We also cannot rule out the possibility that different amounts of
sympathetic nervous system activation took place across the 2
studies, accounting for the observed differences, given the vary-
ing lengths of the erotic stimuli used. Future studies should aim
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to include a more objective measure of sympathetic nervous
system activity to assess the extent to which such changes
mediated the PFM activity.

The sEMG activity increased significantly in response to the
anxiety film clips when using the intravaginal and perianal
electrodes. In the study by Both et al,' SEMG values were also
significantly higher in response to the anxiety-evoking film; as
well, stronger reported feelings of threat and anger were related to
a stronger SEMG response. Similarly, van der Velde et al'”’
demonstrated an increased pelvic floor response during expo-
sure to anxiety-evoking stimuli, suggesting that the pelvic floor
musculature may engage a defense mechanism system in
response to threatening situations.

There was no difference in sSEMG response during anxiety and
sexual stimuli at the bulbocavernosus locations. This is similar to
what was found by Both and Laan,”* who observed an increase in
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Figure 3. Relationship between intravaginal sEMG and time for (a) anxiety film types, and (b) erotic film types. Neutral film data are
shown in gray. The lines indicate the predicted relationship from the mixed-effects regression model. Data points are offset a small random

amount along the x-axis to minimize overlap of symbols.
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Figure 4. Relationship between bulbocavernosus sEMG and time for anxiety film types (a) and erotic film types (b). Neutral film data are
shown in gray. The lines indicate the predicted relationship from the mixed-effects regression model. Data points are offset a small random

amount along the x-axis to minimize overlap of symbols.

pelvic floor activity during exposure to both threatening and
erotic film clips. Although these results contrast with those of van
der Velde et al,'” it is worthwhile noting that although the
sEMG recorded no change from neutral to erotic films, the
majority of participants in the study by van der Velde et al'”’
study still reported experiencing contractions of their pelvic
floor muscles during the erotic film. Our finding suggests
therefore that sEMG using placement of sensors at the
bulbocavernosus does not provide a specific measure of sexual

arousal.

With regard to disparate responses across the deep vs super-
ficial muscular locations, it is possible that the SEMG measure-
ment at the bulbocavernosus muscle may have lacked sensitivity
to pick up differential pelvic floor activity between the anxiety
and erotic films. In other words, we suggest that the degree of
bulbocavernosus muscle contraction induced by the erotic films
did not reach a high enough amplitude to be detected by the
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SEMG electrodes. Lower-amplitude contractions in voluntary
striated muscles recruit fewer muscle fibers, and sSEMG electrodes
may not have been sensitive enough to detect these lower levels
of muscle contraction.”® As such, sSEMG electrodes may provide
only a limited assessment of fine muscle activity.

The use of fine-wire electromyography for puborectalis and
bulbocavernosus muscles might be worthy of consideration for
future studies to assess smaller muscle contraction and to pick up
less surrounding muscle activity. %’ In addition, increased time
between stimulus presentations (to allow PFM tension to dissi-
pate) may be an important factor, because lower levels of change
may not be detectable if the participant did not have enough
time between films to return to their base resting sSEMG level.
Although participants were instructed to complete the post-film
and pre-film assessments of sexual arousal and affect as a
return-to-baseline, the use of a neutral distraction task may have
facilitated a fuller return to sSEMG baseline.'”
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Figure 5. Relationship between perianal sSEMG and time for anxiety film types (a) and erotic film types (b). Neutral film data are shown in
gray. The lines indicate the predicted relationship from the mixed-effects regression model. Data points are offset a small random amount

along the x-axis to minimize overlap of symbols.
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It is important to consider several limitations of our research.
We were unable to test directly for differences between partici-
pants in the different counterbalanced groups because of the
small sample size. Given that this was a pilot, it will be important
for future research to examine this question using a larger sample
size. Furthermore, although we showed that deep PFM activity
responds differently to erotic vs anxiety stimuli, we cannot
conclude that the observed differences in SEMG responsivity was
the sole result of increased PFM activity or whether surrounding
muscle groups were also recruited. Researchers may want to
examine whether participants are able to contract muscle groups
other than the pelvic floor to test for the ability of the sSEMG to
differentiate between non-PFM groups.'*
searchers may want to use sSEMG with additional channels placed
on the buttocks, abdomen, and upper legs, for example, to

Alternatively, re-

determine whether these muscle groups remained relaxed during
exposure to erotic and anxiety stimuli and to eliminate the

e . . 14
possibility of interference from surrounding muscle groups.

Additionally, it is important to note that the language of
“women” and “female” within the context of our study may be
restrictive and that testing vaginal response may not accurately
represent the experiences of all women, particularly transgender
and intersex individuals or those with diverse genitalia. Limitations
of this study was the inclusion of only cisgender women. A further
limitation was the fact that we did not assess for recreational drug
use, which may have impacted pelvic floor muscle tone.

The results of this pilot study have promising clinical and
research implications by encouraging a better comprehension of
the mechanisms involved in physiological arousal and providing
further insight into the role of the pelvic floor during sexual
response. Understanding more about the role of the PFM as it
responds to sexual stimuli may inform what types of endpoints to
measure in therapeutic trials where treatments of low sexual
arousal may be tested. After improvement of the sensitivity of the
sEMG measurement, additional research will be required to
determine whether sSEMG can be used as a reliable and valid
method of assessing sexual arousal in a clinical or research setting.

ACKNOWLEDGMENTS

The authors wish to express their gratitude to all the women
who participated in this study. We especially wish to thank
Bozena Zdaniuk for statistical assistance.

Corresponding Author: Madeline N. Hannan-Leith, MA,
Department of Applied Psychology and Human Development,
Ontario Institute for Studies in Education, University of Tor-
onto, 252 Bloor St. West, Toronto, Ontario, M5S 1V6, Canada.
Tel: (604) 761-2402; E-mail: m.hannanleith@mail.utoronto.ca

Conflict of Interest: The authors report no conflicts of interest.

Funding: This work was supported by a Peter Wall Institute for
Advanced Studies Grant (grant number unavailable) to L.
Brotto.

Hannan-Leith et al

STATEMENT OF AUTHORSHIP
Category 1

(a) Conception and Design

Lori Brotto; Martin Lalumiére
(b) Acquisition of Data

Lori Brotto; Madeline Hannan-Leith
(c) Analysis and Interpretation of Data

Arianne Albert; Lori Brotto; Marcy Dayan; Madeline
Hannan-Leith; Gillian Hatfield

Category 2

(a) Drafting the Article
Lori Brotto; Madeline Hannan-Leith

(b) Revising It for Intellectual Content
Arianne Albert; Lori Brotto; Marcy Dayan; Madeline
Hannan-Leith; Gillian Hatfield; Martin Lalumiére

Category 3

(c) Final Approval of the Completed Article
Arianne Albert; Lori Brotto; Marcy Dayan; Madeline

Hannan-Leith; Gillian Hatfield; Martin Lalumiére

REFERENCES
1. Levin RJ, Both S, Georgiadis J, et al. The physiology of female
sexual function and the pathophysiology of female sexual
dysfunction (Committee 13A). J Sex Med 2016;13:733-759.

2. Sintchak G, Geer JH. A vaginal photoplethysmography system.
Psychophysiol 1975;12:113-115.

3. Suschinsky KD, Lalumiére ML. Is sexual concordance related
to awareness of physiological states? Arch Sex Behav 2012;
41:199-208.

4. Masters WH, Johnson VE. Human sexual response. Boston:
Little, Brown & Co; 1966.

5. Lowenstein L, Gruenwald I, Gartman |, et al. Can stronger
pelvic muscle floor improve sexual function? Int Urogynecol J
2010;21:553-556.

6. Lucio A, D’Ancona C, Lopes M, et al. The effect of pelvic floor
muscle training alone or in combination with electro-
stimulation in the treatment of sexual dysfunction in women
with multiple sclerosis. Mult Scler J 2014;20:1761-1768.

7. Rosenbaum TY. Pelvic floor involvement in male and female
sexual dysfunction and the role of pelvic floor rehabilitation in
treatment: a literature review. J Sex Med 2011;4:4-11.

8. Kegel AC. Sexual function of the pubococcygeus muscle. West
J Surg Obstet Gynecol 1952;60:521-524.

9. Masters WH, Johnson VE. The sexual response cycles of the
human male and female: comparative anatomy and physi-
ology. In: Beach FA, ed. Sex and Behaviour. New York: John
Wiley & Sons; 1965. p. 512-534.

10. Schultz WW, van Andel P, Sabelis |, et al. Magnetic resonance
imaging of male and female genitals during coitus and female
sexual arousal. BMJ 1999;319:1596-1600.

1. Botolami A, Vanti C, Banchelli F, et al. Relationship between

female pelvic floor dysfunction and sexual dysfunction: an
observational study. J Sex Med 2015;12:1233-1241.

J Sex Med 2015;16:70—82


mailto:m.hannanleith@mail.utoronto.ca
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref1
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref1
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref1
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref2
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref2
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref3
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref3
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref3
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref4
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref4
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref5
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref5
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref5
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref6
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref6
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref6
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref6
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref7
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref7
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref7
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref8
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref8
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref9
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref9
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref9
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref9
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref10
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref10
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref10
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref11
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref11
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref11

Pelvic Floor sEMG

12.

14.

16.

17.

19.

20.

21.

22.

23.

24,

25.

26.

Lara LA, Montenegro ML, Franco MM, et al. Is sexual satis-
faction of postmenopausal women enhanced by physical ex-
ercise and pelvic floor muscle training? J Sex Med 2012;
9:218-223.

Shafik A. The role of the levator ani muscle in evacuation,
sexual performance and pelvic floor disorders. Int Urogynecol
J Pelvic Floor Dysfunc 2000;11:361-376.

Both A, van Lunsen R, Weijenborg P, et al. A new device for
simultaneous measurement of pelvic floor muscle activity and
vaginal blood flow: a test in a nonclinical sample. J Sex Med
2012;9:2888-2902.

Enck P, Vodusek DB. Electromyography of pelvic floor mus-
cles. J Electromyogr Kinesiol 2006;16:568-577.

Glazer HI, Rodke G, Swencionis C, et al. Treatment of vulvar
vestibulitis syndrome with electromyographic biofeedback
of pelvic floor musculature. Obstet Gynecol Surv 1995;
50:658-659.

Glazer HI, Gilbert C. Biofeedback in the diagnosis and treat-
ment of chronic essential pelvic pain disorders. In: Chaitow L,
Jones RL, eds. Chronic pelvic pain and dysfunction: practice
physical medicine. Philadelphia: Churchill Livingstone; 2012. p.
227-245.

Zhang Q, Wang L, Zheng W. Surface electromyography of
pelvic floor muscles in stress urinary incontinence. Int J
Gynecol Obstet 2006;95:177-178.

van der Velde J, Laan E, Everaerd W. Vaginismus, a component
of a general defensive reaction. An investigation of pelvic floor
muscle activity during exposure to emotion-inducing film ex-
cerpts in women with and without vaginismus. Int Urogynecol
J 2001;12:328-331.

Bergeron S, Binik YM, Khalifé S, et al. Randomized controlled
comparison of group cognitive-behavioural therapies, surface
electromyographic biofeedback and vestibulectomy in the

treatment of dyspareunia resulting from vulvar vestibulitis.
Pain 2001;91:297-306.

McKay E, Kaufman RH, Doctor U, et al. Treating vulvar ves-
tibulitis with electromyographic biofeedback of pelvic floor
musculature. J Reprod Med 2001;46:337-342.

Both S, Laan E. Simultaneous measurement of pelvic floor
muscle activity and vaginal blood flow: a pilot study. J Sex
Med 2007;4:690-701.

DelLancey JOL. Fascial and muscular abnormalities in women
with urethral hypermobility and anterior vaginal wall prolapse.
Am J Obstet Gynecol 2002;187:93-98.

Devreese A, Staes F, Janssens L, et al. Incontinent women
have altered pelvic floor muscle contraction patterns. J Urol
2007;178:558-562.

Gentilcore-Saulnier E, McLean L, Goldfinger C, et al. Pelvic
floor muscle assessment outcomes in women with and
without provoked vestibulodynia and the impact of physical
therapy program. J Sex Med 2010;7:1003-1022.

Bohlen JG, Held JP, Sanderson MO, et al. The female orgasm:
pelvic contractions. Arch Sex Behav 1982;11:367-386.

J Sex Med 2015;16:70—82

27.

28.

29.

30.

31,

32.

33,

34.

35.

36.

37.

38.

39.

40.

41,

42.

43,

81

Shafik A. Vaginocavernosus reflex. Clinical significance and
role in sexual act. Gynecol Obstet Invest 1993;35:114-117.

Shafik A, Shafik IA, El Sibai O, et al. Physioanatomical rela-
tionship of the external anal sphincter to the bulbocavernosus
muscle in the female. Int Urogynecol J 2007;18:851-856.

Shafik A, Mostafa RM, Shafik AA, et al. Study of the effect of
straining on the bulbocavernosus muscle with evidence of a
straining-bulbocavernosus reflex and its clinical significance.
Int Urogynecol J 2002;13:294-298.

Bg K, Finckenhagen HB. Vaginal palpation of pelvic floor
muscle strength: inter-test reproducibility and comparison
between palpation and vaginal squeeze pressure. Acta Obstet
Gynecol Scand 2001;80:883-887.

Lalumiere ML. On the concept of category-specificity. Arch
Sex Behav 2017;46:1187-1190.

Chivers ML, Seto MC, Lalumiére ML, et al. Agreement of self-
reported and genital measures of sexual arousal in men and
women: a meta-analysis. Arch Sex Behav 2010;39:5-56.

Elenskaia K, Thakar R, Sultan AH, et al. The effect of preg-
nancy and childbirth on pelvic floor muscle function. Int
Urogynecol J 2001;22:1421-1427.

Coldberg RP. Effects of pregnancy and childbirth on the pelvic
floor. In: Culligan PJ, Goldberg RP, eds. Urogynecoloy in pri-
mary care. New York: Springer; 2007. p. 21-33.

Rosen R, Brown C, Heiman J, et al. The Female Sexual
Function Index (FSFD: a multidimensional self-report instru-
ment for the assessment of female sexual function. J Sex
Marital Ther 2000;26:191-208.

Derogatis LR, Melisaratos N. The DSFI: a multidimensional
measure of sexual functioning. J Sex Marital Ther 197S;
5:244-281.

Hoon EF, Hoon PW, Wincze JP. An inventory for the mea-
surement of female sexual arousability: the SAI. Arch Sex
Behav 1976;5:291-300.

Burgess D, Krop H. The relationship between sexual arous-
ability, heterosexual attitudes, sexual anxiety, and general
anxiety in women. Paper presented at: South East Regional
American Association of Sex Educators, Counselors and
Therapists. October 1978; Asheville, NC.

Coleman E, Hoon PW, Hoon EF. Arousability and sexual
satisfaction in leshian and heterosexual women. J Sex Res
1983;19:58-73.

Hoon PW, Hoon EF. Effects of experience in cohabitation on
erotic arousability. Psychol Rep 1982;50:255-258.

Laan E, Everaerd W, Vanbellen G, et al. Women'’s sexual and
emotional responses to male-produced and female-produced
erotica. Arch Sex Behav 1994;23:153-169.

Paterson LQ, Handy AB, Brotto LA. A pilot study of eight-
session mindfulness-based cognitive therapy adapted for

women's sexual interest/arousal disorder. J Sex Res 2017;
54:850-861.

Heiman JK, Rowland DL. Affective and physiological sexual
response patterns: the effects of instructions on sexually


http://refhub.elsevier.com/S1743-6095(18)31272-4/sref12
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref12
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref12
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref12
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref13
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref13
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref13
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref14
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref14
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref14
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref14
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref15
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref15
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref16
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref16
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref16
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref16
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref17
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref17
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref17
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref17
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref17
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref18
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref18
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref18
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref19
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref19
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref19
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref19
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref19
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref20
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref20
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref20
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref20
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref20
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref21
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref21
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref21
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref22
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref22
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref22
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref23
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref23
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref23
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref24
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref24
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref24
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref25
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref25
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref25
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref25
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref26
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref26
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref27
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref27
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref28
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref28
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref28
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref29
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref29
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref29
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref29
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref30
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref30
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref30
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref30
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref31
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref31
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref32
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref32
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref32
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref33
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref33
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref33
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref34
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref34
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref34
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref35
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref35
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref35
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref35
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref36
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref36
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref36
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref37
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref37
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref37
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref39
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref39
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref39
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref40
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref40
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref41
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref41
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref41
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref42
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref42
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref42
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref42
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref43
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref43

82

44,

45,

functional and dysfunctional men. J Psychosom Res 1983;
27:105-116.

Rellini AH, McCall KM, Randall PK, et al. The relationship
between self-reported and physiological measures of female
sexual arousal. Psychophysiol 2005;42:116-124.

R Core Team. R: a language and environment for statistical
computing. Available at: http://cran.r-project.org/doc/manuals/
r-release/fullrefman.pdf; 2016. Accessed September 21, 2016.

46.

47.

48.

49,

Hannan-Leith et al

Farfan FD, Politti JC, Felice CJ. Evaluation of EMG processing
techniques using Information Theory. Biomed Eng Online
2010;72:1-18.

Holm S. A simple sequentially rejective multiple test proced-
ure. Scand J Stat 1979;6:65-70.

Mills KR. The basis of electromyography. J Neurol Neurosurg
2005;76:ii32-ii35.

Gillian P, Brindley GS. Vaginal and pelvic floor responses to
sexual stimulation. Psychophysiol 1975;16:471-48].

J Sex Med 2015;16:70—82


http://refhub.elsevier.com/S1743-6095(18)31272-4/sref43
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref43
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref44
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref44
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref44
http://cran.r-project.org/doc/manuals/r-release/fullrefman.pdf
http://cran.r-project.org/doc/manuals/r-release/fullrefman.pdf
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref46
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref46
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref46
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref47
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref47
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref48
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref48
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref49
http://refhub.elsevier.com/S1743-6095(18)31272-4/sref49

	Is Pelvic Floor sEMG a Measure of Women’s Sexual Response?
	Methods
	Participants
	Measures
	Stimuli
	sEMG
	Self-Reported Sexual Arousal

	Procedure
	Data Analysis

	Results
	Sample
	Self-Reported Sexual Arousal and Affect with Film Stimuli
	Discrete Measures
	Continuous Sexual Arousal

	Pelvic Floor sEMG Activity Responses to Film Stimuli
	Intravaginal sEMG (Deep PFM Activity)
	Bulbocavernosus sEMG (Superficial PFM Activity)
	Perianal sEMG (Superficial PFM Activity)

	Concordance Between sEMG and Continuous Sexual Arousal

	Discussion
	Statement of Authorship
	Statement of Authorship
	References


