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ABSTRACT

Introduction and Hypothesis: Vaginal surface electromyography (SEMG) is commonly used
to assess pelvic floor muscle (PFM) function and dysfunction but there is a lack of studies
regarding the assessment properties. The aim of the study was to test the hypotheses that
sEMG has good test-retest intratester reliability, good criterion validity and that it is
responsive to changes compared to manometry.

Methods: PFM resting tone, maximum voluntary contraction (MVC) and endurance were
measured in 66 women with pelvic floor dysfunction. One assessment by manometry was
followed by two testing sessions with SEMG at baseline. After 4 to 42 weeks of supervised
PFM strength training, 29 participants were retested with both devices.

Results: Median age of the participants was 41 years (range 24-83) and parity 2 (range 0-10).
Very good test-retest intratester reliability was found for all the three SEMG measurements.
The correlation between sSEMG and manometry was moderate for vaginal resting tone (r =
0.42, n=66, p<.001) and strong for MVC (r=0.66, n=66, p<.001) and endurance (r = 0.67,
n=606, p<.001). Following the strength training period, participants demonstrated increased
MVC and endurance measured with manometry, but not with SEMG. A significant reduction
in resting tone was found only with sSEMG.

Conclusion: sEMG is reliable and correlates well with manometry. However, SEMG is not as
responsive as manometry for changes in PFM MVC and endurance. For measurement of PFM
resting tone SEMG seems more responsive than manometry, but this requires further
investigation.

Key words: EMG, manometry, pelvic floor muscle (PFM) strength, PFM resting tone

Brief summary: Surface EMG is reliable and correlates well with manometry. However, it is
not as responsive as manometry for changes in pelvic floor muscle function.



INTRODUCTION

Female pelvic floor dysfunction includes urinary and anal incontinence, pelvic organ
prolapse, defecatory dysfunction, pain syndromes and sexual dysfunction [1, 2]. The
symptoms and conditions negatively affect quality of life and participation in physical
activities [1, 2]. Pelvic floor muscles (PFM) training has level 1 evidence and level A
recommendation in the treatment of urinary incontinence and in reducing pelvic floor
symptoms in women with pelvic organ prolapse [3, 4]. Improved PFM strength and
endurance, achieved by high adherence to supervised strength training protocols, is strongly
associated with improvements of PFM dysfunction [3-5]. However, more than 30% of women
do not contract their PFM correctly at their first assessment, even after thorough instructions
[6]. Therefore, before commencing a PFM training program it is essential to assess the
women’s ability to contract the PFM using reliable, valid and responsive tools [7]. Vaginal
palpation of the PFMs is a commonly used method to assess PFM function in physiotherapy,
but manometry has been found to be more reliable and valid to measure and differentiate
muscle strength [7, 8]. Available quantitative methods are manometry, dynamometry, surface
(s)-, wire- and needle electromyography (EMG), ultrasonography and MRI, with manometry
and sEMG being the most used methods in clinical practice [7].

EMG devices are easy to use, relatively inexpensive, easily accessible, handy in size and the
newest devices have handhold color screens, providing very good concurrent visual feedback
regarding the contraction and relaxation capacity of the PFM. Vaginal probes are considered
to be more specific than SEMG with adhesive electrodes, but less specific than intramuscular
EMG due to variability in electrode placement within the vagina [7, 9]. A specially designed
pressure transducer (Camtech AS, Sandvika, Norway) for measuring vaginal resting pressure,
PFM strength and endurance has been in use since 1990 in research and clinical practice and
has shown to have good measurement properties. It is found to be reliable, valid and
responsive [10-12]. Unfortunately, this manometry device is no longer commercially
available.

There are several studies on the reliability of PFM sEMG [9, 13-17], but only two have been
conducted in women with pelvic floor dysfunction using a vaginal probe [14, 16]. A review
from 2017 [18] concluded that there are validity issues with existing SEMG apparatuses,
mainly due to cross-talk from adjacent muscles and lack of psychometric and clinometric
studies. Pereira et al [17] explored the relationship between sSEMG and manometry in young
nulliparous women. To our knowledge, no such study has been undertaken in women with
PFM dysfunction. Furthermore, we have not been able to find studies exploring the
responsiveness of SEMG. Therefore, the aims of our present study were to test the hypotheses
that SEMG has good test-retest intratester reliability, good criterion validity and that it is
responsive to changes compared to manometry.

MATERIALS AND METHODS

The study encompasses both a cross-sectional and a longitudinal design. In the cross-sectional
part, test-retest intratester reliability of SEMG and criterion validity comparing SEMG to
manometry were investigated. Responsiveness analyses were performed based on the
longitudinal study. Women with pelvic floor dysfunction were recruited from February 2017
to March 2019 when they were seeking treatment by a women’s health physiotherapist. To be
eligible the participants had to be at least 18 years old and able to read and understand
Scandinavian languages. Exclusion criteria were untreated urinary tract infection, and
inability to contract the PFM and unwillingness to be tested vaginally. All participants gave
written informed consent to participate. The study was approved by the Norwegian Centre for
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Research Data (53092/3/AH). The Norwegian Regional Committees for Medical and Health
Research Ethics identified the present project as quality assurance with no further approval
requirements.

Procedure

At baseline the participants answered a questionnaire including demographic and
socioeconomic variables. The International Consultation on Incontinence Questionnaire -
Urinary Incontinence Short Form (ICIQ-UI SF) [19] was used to assess type, frequency and
amount of urinary incontinence and its impact on quality of life. Bowel complains were
assessed by ICIQ bowel questionnaire [20] and was defined as bowel urgency, flatal and/or
fecal incontinence. Sexual complaints were assessed by the validated ICIQ sexual matters
module [21] and were defined as some feeling of a ruined sexual life, pain or urinary leakage
during intercourse, reduced ability to orgasm and/or a feeling of having a loose vagina or lack
of PFM control. A sensation of bulging into the vagina is strongly associated with POP at or
below the hymenal ring [1]. Having POP symptoms were assessed by the first question of the
Pelvic Organ Prolapse Symptom Score questionnaire [22] “a feeling of vaginal bulge into or
out of the vagina . To avoid any potential influence of bladder fullness on PFM activity, the
women were asked to empty their bladder before examination

All participants were instructed on how to contract the PFM with minimal or no use of
abdominal, hip or gluteal muscles during PFM contraction. The ability to perform a correct
PFM contraction was confirmed by visual observation of an inward lift of the perineum and
vaginal palpation [7, 10, 12]. To ensure valid measurements, only PFM contractions with
simultaneous visible inward movement of the perineum/catheter/probe and no use of
abdominal, hip or gluteal muscles were considered correct [10, 12]. The participants were
instructed to breath in and out, and trying to be as relaxed as possible, to avoid any voluntary
PFM activity during the resting period. They received the same instructions for relaxation and
contractions when they were tested with manometry and sEMG. The manometer used
(Camtech, Norway) has been found to be reliable and valid if used with simultaneous
observation of inward movement of the catheter during PFM contraction [10, 12]. Vaginal
resting tone, MVC and endurance were assessed once by manometry and twice with sSEMG.
Each test consisted of three attempts of maximum PFM contractions being held for 10
seconds. The resting period between the three test sessions was at least 2 minutes, to ensure
restitution of the PFM after the three contractions, and to set up the next test. The participants
were lying in a supine resting position between the tests, to ensure that they were stable
during the interim period. Twenty-six participants were asked to report how they perceived
the two devices.

In addition to the reliability and validity study a smaller longitudinal responsiveness study
was carried out to evaluate whether the two different measurement tools were able to capture
changes within each variable. PFM training was offered women with stress urinary
incontinence and pelvic organ prolapse. Participants who had performed a treatment period of
PFM training were retested with manometry and SEMG at one follow-up visit. The training
protocol has shown to be effective to treat urinary incontinence and pelvic organ prolapse
symptoms and to increase PFM strength and endurance [4, 5]. With the present
responsiveness study the aim was not to determine the effect of PFM training, but to see if
two measurement methods captured corresponding changes in the PFM variables. Hence, the
length of the interval between the tests was planned to be as variable as possible and varied
from 4 to 42 weeks. The daily PFM home training program consisted of three sets of 8-12
close to maximum PFM contractions. Each contraction was held for 8-10 seconds. The rest



period between the sets was at least two minutes. In addition to the home training program the
women were offered a voluntary 60-minute group PFMT session once a week with a trained
physical therapist [4]. The participants were followed up with vaginal manometry testing at
least every 4" week. Based on these consultations the number of contractions, holding time
and positions were individualized to each woman to ensure a progression in the home training
program. A physical therapist performed all tests and was blinded to background variables
and to the results of baseline data during the post-test visit.

Outcome measures

The EMG apparatus NeuroTrac MyoPlus Pro (Quintet, Bergen, Norway) with a 33 mm
transverse diameter vaginal probe with two stainless steel lateral electrodes (35 x 15 mm) was
used (Periform, Quintet, Bergen, Norway) (Figure 1). Two participants with PFM pain,
preferred a smaller probe with a diameter of 25 mm (Anuloform, Quintet, Bergen, Norway).
The EMG reference lead wire with an adhesive electrode was placed near the wrist on the
right hand. Resting tone was defined as vaginal resting activity and was calculated as the
overall average microvolts during the rest periods before and between the PFM contractions.
MVC was defined as the average peak activation (uV) during three PFM contractions. PFM
endurance was calculated as the work average and consisted of the overall average microvolts
achieved during mean muscle activation during the three 10 seconds PFM contractions. The
calculation of endurance and resting tone excludes the first second of each variable to remove
the initial spikes of the first contraction attempt and the initial instability of relaxation. Before
being digitally sampled, the analogue EMG waveform passed through a 50Hz notch filter
along with a wide filter (18Hz to 375Hz). Rectification was automatically achieved digitally
by subtracting the average voltage value from each on-going value. Root mean square values
were sent 32 times per second to the NeuroTrac MyoPlus Pro and displayed on a full color
graphic, touch liquid crystal display screen (Figure 1).

A manometer from Camtech AS (Sandvika, Norway) with a high precision pressure
transducer and a vaginal balloon, sized 67 x 17 mm, was placed about 3.5 cm proximal to the
vaginal introitus [10, 12]. Resting tone was defined as vaginal resting pressure and was
calculated as the difference between atmospheric pressure and the mean vaginal pressure at
rest before and between the PFM contractions (cmH>0). MVC was defined as the difference
between the highest measured pressure and the vaginal resting pressure and was calculated as
a mean of three MVCs (cmH20O). PFM endurance was defined as a sustained maximal
contraction for 10 seconds and was quantified as the area under the curve (cmH>Osec) [5, 12].

Statistics

Statistical analyses were performed using SPSS 25. Results are given as frequencies and
percentages or means with standard deviation (SD), median with minimum and maximum
values, or 95% confidence intervals (CI). Preliminary analyses were conducted to ensure no
violation of the assumptions of normality, linearity, and homoscedasticity. A paired-samples
t-test was conducted to calculate the mean difference between test and retest in the reliability
and responsiveness analyses. Test-retest intratester reliability was investigated using the
intraclass correlation coefficient (ICC 2.1) using a two-way ANOVA for absolute agreement
with 95% CI. ICC values between 0.81 and 1.00 were considered very good [23]. Standard

error of measurement (SEM) was calculated as: SEM=SDuisr /\E , Where the SDyisr is the SD of
the mean difference between test and retest. Smallest detectable change (SDCose,) was

calculated using the formula: SDCos,.=SEM xV2 x 1.96 [24]. To assess responsiveness and
validity, the correlation was investigated using Spearman’s rho due to not normally
distributed data. A correlation above 0.5 was considered acceptable. The level of significance

5



was set to 0.05 [23]. To visualize the agreement between the two measures, a Bland—Altman
plot was used. Since the two measurement instruments had different measurement units a Z-
score was calculated, based on the formula: z-score (observation value—mean value)/SD. The
limits of agreement (LoA) were calculated using the formula: LoA = mean difference + SDisr
x 1.96. The sample size was determined according to the COSMIN group with at least 50
participants needed for good quality rating [24].

RESULTS

Six participants (9 %) were not able to contract the PFM at baseline and thereby excluded
from participation. The median age was 41 years (range 24-83), and median parity was 2
(range 0-10). Background variables including birth history, type of incontinence, bowel and
sexual complaints, and mean score on the ICIQ-UI SF are presented in Table 1. The number
of participants reporting urinary incontinence was 59 (89.4%), pelvic organ prolapse
symptoms 34 (52%), bowel complains 33 (50.0%) and sexual complaints 53 (80.3%).

Reliability study

Of the 66 participants being tested at baseline, 57 were tested twice with SEMG. The reasons
for not being tested twice were; crying baby (n=4), lack of time (n=3) and empty battery on
the EMG (n=2). Very good test-retest intratester reliability, assessed by ICCz.1, was found for
SEMG measurements of resting tone, MVC and PFM endurance (Table 2). The measurement
error (SEM%) for sSEMG MVC was relatively high (24%), compared to sSEMG measurement
of endurance (7.5%) (Table 2).

Validity study
Assessments with manometry and sSEMG were conducted in 66 participants at baseline. There

were no missing values. The resting tone was 29.4 + 8.6 cmH>O measured by manometry and
7.2 + 3.7 uV measured by sSEMG. For MVC the values were 23.2 + 16.4 cmH>0 and 91.7 +
68.1 uV and for PFM endurance 165 + 129 cmH>Osec and 31.6 £ 19.9 uV, respectively. The
correlation between manometry and sSEMG was moderate for vaginal resting tone (r = 0.42,
p<.001) and strong for MVC (r=0.66, p<.001) and endurance (r = 0.67, p<.001). When
comparing manometry MVC with sSEMG endurance the correlation was strong (r=0.64,
p<.001). The Bland Altman plots (Figure 2) showed that women with strong and enduring
PFM had greater individual variability compared to women with lower measurements of
MVC and endurance.

Responsiveness study

Responsiveness analyses were performed in 29 participants returning for a follow-up visit
during or after the PFM training period. The time interval between baseline and post-test was
4 to 42 weeks (mean 16.4 + 9.7). Changes in vaginal resting tone, MVC and endurance are
presented in Table 3. All participants in this sub-study performed PFM training for at least
five days per week. The participants significantly increased their PFM strength measured with
manometry (7,0 cmH,0, 95% CI 4.9 — 9.2, p< 0.001), but this was not confirmed by sSEMG
(Table 3). Likewise, manometry captured an increase in PFM endurance by 74 cmH>Om
(95% CI 48-99, p< 0.001), whereas sEMG did not. On the other hand, a significant reduction
in resting tone was found measured with SEMG (-1.5 pV, 95%CI -2.7- -0.3, p=0.020), but not
with manometry. There were no statistically significant correlations between changes in
vaginal resting tone, MVC or endurance measured with manometry compared to sSEMG
(Table 3).




User perspective

Twenty-six participants were asked about how they perceived the two devices. The vast
majority found both measurement tools acceptable with no pain or discomfort. However, five
participants preferred the manometry device, due to less discomfort with a smaller and softer
probe. About half of the participants stated that they preferred to be tested with sSEMG due to
the immediate visualization of the contraction shown on the handheld EMG screen.

DISCUSSION

The present study demonstrated that SEMG had good intratester reliability and correlated well
with manometry for measurement of resting tone, MVC and endurance of the PFM. However,
compared to manometry SEMG was not responsive for changes in either MVC or endurance.
On the other hand, after the training period sSEMG showed a reduction in resting tone whereas
manometry did not. The results therefore support the hypotheses regarding reliability and
validity of sSEMG, but not the responsiveness to change of this apparatus.

One sEMG reliability study from 1999 [15] included women with and without pelvic floor
dysfunction, but they did not perform recommended statistical reliability analyses [24], so it is
difficult to compare the findings to the present study. Koenig [16], however, investigated 50
women with stress urinary incontinence and 20 healthy controls and found good intratester
reliability for all measurements. This is in accordance with our results. The measurement
errors found in the present study showed that a 16% change in resting tone and 8% change in
PFM endurance were needed to detect a real change beyond measurement error (Table2). This
corresponds to the measurement errors found by Koenig [16]. But still our measurement error
for sSEMG MVC was high (24%). This implies that MVC is associated with a larger bias than
SEMG endurance and SEMG resting tone. Factors such as crosstalk from other muscles,
vaginal lubrication, thickness of the vaginal tissue, and movement of the probe and the
mucosa can possibly influence the EMG amplitude [25, 26].

The present study found strong correlation between manometry and vaginal SEMG
measurements for PFM MVC and endurance. This is better than the moderate correlation fond
in nulliparous young women [17]. The largest discrepancy between manometry and sEMG
was found for women with very good PFM function, scoring high values (Figure 2).
However, this applied to relatively few women and the results support that SEMG is a valid
method, and thereby safely can be used to assess and teach women how to perform a correct
PFM contraction. The present study found a statistically significant correlation between MVC
measured with manometry and endurance measured with sSEMG. In addition, the
measurement errors were highest for sSEMG measured MVC and ICC values were best for
sEMG endurance (Table 2). Hence, we suggest using SEMG endurance, measured as average
work, instead of SEMG MVC when assessing the contraction capacity of the PFM.

We have not been able to find other published studies exploring the responsiveness of SEMG.
The increase in MVC and endurance measured by manometry can be used to verify that the
PFM training was adequately carried out, even though most of the participants were re-tested
in the middle of their treatment period. The training protocol in our study was similar to other
protocols that have shown increase in PFM strength and endurance in several RCTs [4,5].
One RCT [5] found a 44% increase in PFM strength, measured by manometry, 15% increase
in muscle thickness, 1.5 cm? narrowing of the hiatal area and 4-7 mm elevation of the bladder
and bowel measured by transperineal ultrasound after six months PFM training. Thicker PFM
is associated with higher MVC and PFM endurance [5]. Based on the responsiveness analysis
in the present study, SEMG could not be used to detect the same improvements in PFM



strength and endurance found by manometry. Our results support recommendations that
manometry should be used if the aim is to detect change in PFM strength and endurance [2,
5]. We thereby raise concern about interpretation of results of intervention studies using
sEMG to evaluate the effect of PFM training on muscle strength [27, 28].

Although the etiology of painful conditions in the pelvic floor, like vulvodynia, remains
poorly understood, increased PFM tone, has been proposed as a key pathophysiologic
mechanism [26, 29]. A review from McLean and Brooks [30] stated a need for interpretation
of SEMG in the context of sexual function and dyspareunia. The present study supports that
sEMG might be used to assess the effect of relaxation programs [2]. Short term effect of three
consecutive PFM contractions has been found to reduce the immediate resting activity of the
PFM measured by sSEMG [11]. The present study found indications of a long-term effect of
PFM strength training to reduce the PFM resting tone, measured by sEMG. However,
manometry did not capture this effect. A possible explanation for this finding may be that the
devices measure different aspects of muscle function. If a muscle is relaxed and is short in
length, the manometry will measure a high vaginal resting pressure whereas sSEMG will
measure a low resting activity due to less recruitment of motor units. The result that PFM
training might reduce PFM resting tone needs to be further investigated in high quality
studies.

Strengths and limitations

The strengths of the present study are inclusion of a heterogeneous sample of more than 50
women with different pelvic floor dysfunctions, mirroring clinical practice, standardization of
test procedures, use of validated questionnaires [19, 20-22], and use of recommended
statistical methods [24]. The sample size of more than 50 in the cross-sectional study is
defined as a good by the COSMIN scoring system [24]. The length of the strength training
period was not standardized as we wanted variation in gained PFM strength and endurance.
The goal was not to determine change in scores, as it would have been for an RCT, but to
explore if the assessment methods captured the same change within each participant. A
limitation is that the examiner was not blinded to the results of manometry during the sSEMG
measurements. However, the examiner was blinded to background variables. In addition, we
only tested intratester, not intertester reliability. To capture the day-to-day variation within the
subjects the interval between test and retest could have been longer. The responsiveness study
was part of the original study design. However, we did not want it to postpone the length of
the study period for the reliability and validity study, since these were the main objectives.
We, therefore, ended the study when the sample size for the primary objectives was fulfilled.
Hence, a limitation with the responsiveness study is that the sample size was less than the
recommended 50 participants [24]. This may affect the generalizability and the results of the
responsiveness analyses should be interpreted with caution.

Conclusion

Vaginal sSEMG has good intratester reliability and correlates well with manometry. It can be
applied in assessing and teaching women with pelvic floor dysfunction how to contract and
relax the PFM. However, it is not as responsive as manometry for changes in MVC and
endurance. Manometry may be considered the best measurement tool for clinicians and
researchers in measuring change in PFM strength and endurance. However, sSEMG can be
used in measurement of changes in PFM resting tone, but this requires further investigation.
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FIGURE LEGENDS

Figure 1
Surface EMG. NeuroTrac® MyoPlus Pro with Periform vaginal electrode (Quintet, Bergen,
Norway).
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Figure 2

Bland Altman plot is representing mean (x-axis) and difference (y-axis) between the
maximum voluntary contraction (MVC) values (left) and pelvic floor muscle (PFM)
endurance measured by sSEMG and manometry. Values are based on z-scores. Limits of
agreement (dot lines) are located at mean difference +1.96 standard deviation of the

difference.
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TABLES CAPTIONS

Table 1.

Background variables of 66 female participants. Results are presented as means with

standard deviation and as numbers with percentages.

Age (vears) 453 8D 143
Body mass index 2468045
Higher education (> 4vears university) 29 (43.9%)
Current smoking 2 (3.0%)
Heavy occupational work® 4 (6.0%)
Being postmenopausal 15 (22.7%0)
Caesarean section 10 (6.6%)
Vacuum 10 (6.6%)
Forceps 3 (4.5%)

Urinary incontinence
Stress urinary incontinence
Urgency urinary incontinence

ICIQ UL SF (n=66)

56 (84.8%)
26 (39.4%)
103SD 58

Pelvic organ prolapse symptoms (vaginal bulging)

34 (51.5%)

Bowel dysfunction’ complaints
Bowel urgency (sometimes, most of the time)
Flatus incontinence
“Fecal marks™ in underwear =1/ week

Fecal incontinence

33 (50.0%)
15 (22.7%)
13 (26.0%)
3 (4.5%)

Sexuval dysfunction
Ruined sexual life (some, moderate, much)
Pain during intercourse (some, moderate, much)
Urine leakage durning intercourse
Reduced ability orgasm
Feeling too wide, lack of PFM control

47 (71.2%)
26 (39.4%)
16 (24.2%)
8 (12.1%)

19 (28.8%)

Abbreviations: ICIQ UI SF, the international consultation on incontinence questionnaire -
urinary incontinence short form; PFM, pelvic floor muscle; SD, standard deviation. *Heavy

occupational work was reported as more than 10 heavy lifts per day.
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Table 2.

Test-retest intratester reliability for sSEMG measurements of resting tone, maximum
voluntary contraction and endurance of the pelvic floor muscles at baseline. Numbers are
given as mean with standard deviation and 95% confidence interval. N=57

SEMGL (uV) | SEMG2 (uV) | Diff (uV) | 95% CI SDAiff | pvalue | ICC,,(95%CI) | SEM% (%) | SDC (uV)
Resting tone 71SD38 | 68S8D35 03 05-07 |160 0.125 | 0.90(0.84-094) | 16.1 311
MV 89.9SD628 | 852SD513 | 46 33-126 | 2998 | 0250 |086(078-92) |242 58.76
PFM endurance | 32.6 SD 209 | 32.6SD21.1 | 0.007 05-09 |343 0988 | 0.99(0.99-1.00) |75 544

Abbreviations: CI, confidence interval; diff, difference; EMG, electromyography; ICC 2.1,

intra-class correlation coefficient two-way mixed model; MVC, maximum voluntary
contraction; N, number of participants; PFM, pelvic floor muscle; SDC, smallest detectable
change; SEM, standard error of measurement.

16




Table 3.

Responsiveness analyses. Vaginal resting tone, maximum voluntary contraction and
endurance using manometry and SEMG at baseline and at post-test. Values are given as mean

with standard deviation and 95% confidence interval. N=29.

Baseline Post-test Dufference p- Correlation
(93% CT) value | (Spearman’s rho)
Resting tone Manometry (cmH20) | 29.78D7.7 | 30.75D 8.1 09(-13-32) 0.401 0.067 (p=0.732)
sEMG (uV) 7358D3§ 598D32 -1.5(-27- -0.3) | 0.020
MVC/ average peak Manometry (cmH20) | 21.28D 163 | 2828D17.0 | 7.0(49-92) =0.000 | 0.153 (p=0.428)
sEMG (uV) 858S5D379 | 1020SD683 | 162 (-6.3-388) | 0.151
PFM endurance/ Manometry (cmH20) | 154 8D 137 | 228 8D 157 74 (48 — 99) =0.000 | 0.319 (p=0.081)
average work EMG (uV) 313SD 146 | 308SD 189 |-0.5(-49-40) |0832

Abbreviations: CI, confidence interval; MVC, maximum voluntary contraction; N, number of
participants; PFM, pelvic floor muscle; SEMG, surface electromyography; SD, standard

deviation.
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