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Abstract: Background/Objectives: Implementing and optimizing pelvic floor muscle (PFM)
training programs is crucial for reducing the risk of dysfunctions, improving athletic
performance, and enhancing quality of life for athletes. The aim of this study was to assess
PFM activation in female athletes during postural challenges. Methods: An observational
and descriptive study was conducted with twenty-five female rugby players. Surface
electromyography was used to evaluate the PFMs in five different body positions under
stable and unstable conditions. Results: The peak amplitude of the PFMs at baseline differed
according to the physical demand of each position (p < 0.001). The lowest percentage
activation was in the supine position (16.23%), while the highest recruitment was observed
during the parallel squat (40.69%). The percentage of maximum voluntary contraction
also differed according to each position (p = 0.001). The values were similar in supine
position, side plank (104%), and standing position, being significantly lower (p < 0.05) than
those reached during the off-knees quadruped hold (121.58%), full plank (121.97%), and
parallel squat (151.40%); however, the values were comparable between stable and unstable
positions (p = 1.000). Conclusions: Positions that challenge gravity and pelvic biomechanics,
such as the squat, plank, and quadruped, facilitate greater activation of the PFMs. Contrary
to previous recommendations, these exercises do not appear to have significant negative
effects; therefore, consideration should be given to the implementation of these exercises
for the management of pelvic floor dysfunction and as part of comprehensive exercise
programs designed to improve overall core and pelvic floor function.

Keywords: pelvic floor; electromyography; posture; sportswomen; rugby

1. Introduction

The increasing recognition of the pelvic floor (PF) with respect to overall bodily
well-being has led to a growing body of research exploring the relationship between PF
awareness, strength, and the improvement of conditions such as urinary incontinence (UI),
as well as the potential for its role in preventing sports-related injuries [1,2]. In recent years,
there has been a notable increase in the participation of women in high-impact sports, with
rugby being one of the most notable examples. This sport, characterized by its intensity
and physical demands, requires considerable endurance, strength, and agility, making it an
ideal setting for studying the effects of high-impact exercise on women’s health [3].
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Ul is defined as the involuntary loss of urine, commonly observed in women in the
postpartum and postmenopausal periods, due to weakening of the PF muscles (PFMs).
Recent studies have reported an increase in the prevalence of stress Ul (SUI) among
young nulliparous athletes, suggesting that factors related to intense physical activity may
influence the functionality of the PF [4]. SUI symptoms are more frequent in young females
who practice high-impact sports, with a prevalence that varies between 25.9% and 70% [5].
High-impact sports, such as rugby, involve sudden movements, jumping, and constant
physical contact—factors that increase pressure on the PE. This sustained and repetitive
pressure can predispose women to developing Ul, a condition that significantly affects their
quality of life. The sports context is associated with a higher incidence of this condition,
likely due to intense physical exertion, increased intra-abdominal pressure (IAP), and
substantial biomechanical stresses placed on the body [4].

Awareness of PF health and the implementation of specific training programs are
essential to prevent and improve the symptoms of Ul in women [6]. Strengthening the PF
through specific exercises can improve muscle function and endurance, thus reducing the
incidence of pelvic floor disorders (PFDs). Furthermore, educating athletes and the general
public about the significance of preserving adequate PF health is crucial for promoting
healthy and sustainable sports participation [7]. According to a systematic review [5], PFM
training can greatly decrease the symptoms and occurrence of Ul in women involved in
high-level sports, while also enhancing PFM function in female athletes.

To design a specific and personalized training program according to the sport practiced
by a woman, it is essential to identify the positions that demand greater basal tone or
optimize maximum voluntary contraction (VMC) of the PF. This would enable women to
appropriately augment the muscular strength of their PF to withstand the biomechanical
stresses and physiological demands that they encounter routinely [8]. The aim of our
investigation was to assess PFM activation in female athletes during postural challenges,
with the intent of developing a structured and effective exercise regimen.

2. Materials and Methods

The research was conducted in a single session, during which surface electromyo-
graphy (sEMG) measurements were obtained from the PFMs. The study protocol was
reviewed and approved by the Ethics Committee of the University Camilo José Cela (code
18_FRIU, 22 January 2022; Madrid, Spain).

2.1. Participants

The study participants were nulliparous women aged 18 to 35 years old with at least
5 years of rugby experience, recruited from local teams through pre-workout informa-
tion sessions. The inclusion criteria stipulated a homogenous training regimen to ensure
sufficient, consistent, and prolonged exposure to high PF impact.

Individuals were ineligible to participate if they presented with allergies to heavy
metals, a lower limb injury or length discrepancy exceeding 0.7 cm [9], a history of urog-
ynecological or pelvic surgery, pelvic irradiation, hypermobility syndrome, or mobility
impairments that could impact the morphology, stiffness, or contractility of the PFMs.
Additionally, pregnant women, and those with urgent UI, pelvic organ prolapse (POP),
active or recurrent genitourinary tract infections, or a phobia of or inability to insert an
intravaginal probe due to vaginal hypertonia [10], were also excluded from the study.

The female rugby players were provided with comprehensive details regarding the
study, including the potential risks and benefits, and they granted both verbal and written
informed consent before participating. Furthermore, all the data were managed anony-
mously and confidentially, in adherence to European data protection guidelines.
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2.2. Instrumentation and Data Collection

The participants completed a questionnaire, which collected their anthropometric
data, medical history, contraceptive use, smoking status, and details about their sports
practice routine.

The activity of the PFMs was measured using an sSEMG mDurance® (Granada, Spain),
a scientifically validated tool in the field of physiotherapy and sports rehabilitation that
combines three parts: a portable sSEMG, an operating system, and cloud analysis [11,12]. For
all sSEMG data, the sampling frequency was 2 kHz with an amplification gain of 1000, and
the signals from the two devices were wirelessly sent to a computer (via Bluetooth) using
two sensors, in order to record and evaluate the SEMG and range of movement [13,14].

All the participants received instructions on correct activation from an experienced
physiotherapist before the SEMG assessment [15,16]. When participants did not correctly
perform contraction, they were taught through physical examination and ultrasound
imaging [17]. Then, verbal instruction for the voluntary contraction of the PFMs was given
to them [13]. To achieve adequate contraction of the PFMs, audio logs were recorded to
guide each participant’s tone, rhythm, and duration in the test, in order to provoke the
same stimulus [18].

A Periform® single-use vaginal probe (Neen HealthCare, Dereham, UK) with two
electrodes, two independent tracks, one channel, and a total weight of 16 g, was employed
for this purpose. The probe’s curved design allows it to be securely positioned against the
lateral vaginal walls, facilitating the recording of activity in the nearby PFM. Anti-allergic
gel was used by a specialist physiotherapist to introduce the vaginal probe, with the probe’s
metal sensors at 3-9 o’clock. A reference electrode was placed on the anterior superior iliac
spine, in accordance with SENIAM recommendations [19].

The adapted Glazer Protocol [20] was used to collect the electrical activity of the
PFMs. First, the patient rested for 10 min in supine position, after which the following
measurements were taken [13,21]: (i) Baseline in supine—once during 60 s of rest, we
measured the average muscle activity at rest; (ii) VMC in supine—two VMCs of the
maximum strength of the PFMs were measured: each was held for 5 s, followed by
30 s of relaxation [22]. The peak amplitude was the highest value of the two VMCs, in
microvolts (LV). The reference value set as 100% for SEMG normalization was the VMC in
supine position.

Measurements of basal and VMC activity were also taken later in five body positions
under stable and unstable conditions. The values are represented in 1V and percentages,
according to the data normalized with respect to supine position. The initial measurement
entailed a 60 s recording of the basal activation of the PFMs in each position, followed by
VMC with a 60 s rest period between stable and unstable conditions and 120 s between
positions. The measurements were conducted in a standardized manner, and the remaining
four positions were randomized using the randomizer.org software (version 4.0), in order
to obtain two different random sequences (Figure 1). The randomizer.org tool was also
used to find out which sequence corresponded to each participant: (i) Sequence 1—side-
lying position, quadruped, plank, standing position, and squat; (ii) Sequence 2—standing
position, squat, quadruped, plank, and side-lying position.

Each position was performed in stable and unstable conditions: (i) stable side-lying
position, with lateral support of the body on the floor; (ii) unstable side-lying position,
side plank; (iii) stable quadruped, with support of the knees on the floor; (iv) unstable
quadruped, off-knees quadruped hold; (v) stable plank, modified plank on knee; (vi) unsta-
ble plank, full plank; (vii) stable standing, with support of the back on the wall; (viii) unsta-
ble standing, without support; (ix) stable squat, or wall squat with back supported against
the wall; and (x) unstable squat, parallel squat.
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Figure 1. Sequences of multi-position measurements under stable and unstable conditions. “x
represents number of contractions, for example, 2x5” are 2 contractions of 5 seconds.

2.3. Statistical Analysis

The Gpower software 3.1 (Kiel University, Kiel, Germany) was used to calculate the
sample size. Then, repeated measures (10 measurements), with an effect size of 0.80, an «
error probability of 0.05, and statistical power of 0.90, were employed for the sample size
calculation. The study required a sample size of 26 participants, based on the specified
parameters. Sample sizes used in previous similar research were also taken into account [7].

The data were analyzed using the IBM Statistics Package for Social Science v.26 (IBM
Corp, New York, NY, USA). The data are reported as the mean and standard deviation. The
normality of the variables was assessed using the Shapiro-Wilk test. Multi-position SEMG
data were analyzed with the Friedman test. To compare differences between positions, the
Games-Howell post hoc test was performed. A confidence level of 95% was applied, with
significance set at p < 0.05.

3. Results

The study was carried out on 29 female rugby players, 4 of whom were excluded from
the analysis due to vaginismus and the impossibility of inserting the intracavitary probe.
The final sample consisted of 25 nulliparous and eumenorrheic women with a mean age of
25.2 (3.52) years and a BMI of 24.2 (2.6) kg/m?.

The peak amplitude of the PF at baseline differed according to the physical demand
of each position (p < 0.001), as represented in Table 1. The lowest percentage activation
was in the supine position, while the highest recruitment was during the parallel squat
(unstable). The baseline percentage was below 20% in supine position; around 20-30% in
standing position and side plank; and above 30% in quadruped hold, plank, and squat
(Figure 2). Moreover, there were statistically significant differences between these three
groups, according to percentage activation (p < 0.001). Although activation increased
slightly with instability in all positions except the plank, the baseline of the PF was similar
(p = 1.000), according to the instability challenge in all the positions. The baseline values for
each position were similar in the two randomized sequences (p > 0.05).
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Table 1. Peak amplitude of baseline data in different positions and conditions.
Peak Amplitude (in pV) Peak Amplitude (in %)
Position Condition Exercise
Mean SD 95% CI p Value* Mean SD 95% CI p-Value *
Supine. Stable Supine 2342 931 1534 25.09 1623 1211 1167 2427
(Normalization)
Standing with

. Stable 39.27 13.35 33.75 44.78 28.46 20.11 20.16 36.76

Standing support
Unstable Standing 42.48 19.52 3442 50.54 30.15 19.67 22.03 38.27
o Stable Side-lying 684 1642 2006 33.62 203 2444 1194 3212

Side-lying position
Unstable Side plank 31.69 17.92 2429 39.09 24.69 22.42 15.44 33.95

Stable Q“ah‘irl‘éped 4039 1483 3427 4651 <0001 9964 2118 2089 3838 <0001

Quadruped Off-knees

Unstable quadruped 56.72 60.75 31.65 81.80 37.59 30.73 2491 50.27
hold

Plank Stable Plank on knee  57.06 26.73  46.03 68.09 39.49 2441 2941 49.56
Unstable Full plank 52.11 23.29 4250 61.72 35.71 20.26 27.35 44.07
Squat Stable Wall squat 47.52 25.89 36.84 58.21 38.13 41.86  20.85 55.41
Unstable Parallel plank 53.53 19.69 4540 61.66 40.69 33.68 26.78 54.59

CI, confidence interval; SD, standard deviation. * Significance level was set at p < 0.05, based on Friedman test.

"\
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- g
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Figure 2. Comparison of the percentage of basal (dark gray) and VMC (light gray) activation levels in
different unstable positions.

The peak amplitude of VMC also differed according to the physical demand of each
position (p = 0.001), as represented in Table 2. The lowest VMC was observed for the side
plank, while the highest recruitment occurred during the squat. The activation values
of VMC were similar in the supine, side plank, and standing positions (p = 1.000), being
significantly lower (p < 0.05) than those reached during the off-knees quadruped hold
(121.58%), full plank (121.97%), and parallel squat (151.40%) (Figure 2). The VMC for each
position was similar in the two randomized sequences (p > 0.05).
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Table 2. Peak amplitude of VMC data in different unstable positions.
Peak Amplitude (in uV) Peak Amplitude (in %)
Mean SD 95% CI p Value * Mean SD 95% CI p-Value *
Supine 169.08 7212 13931  198.85
(Normalization)

Standing 169.13  80.34 135.97  202.29 104.00 3240  90.63 117.38

Side plank 163.93 74.55 133.15  194.70 0.001 10249  30.15  90.04 114.93 0.001
Quadruped hold 192.96 79.99 159.95  225.98 121.58 30.81 108.86  134.29
Full plank 19356  82.35 159.57  227.56 121.97 4179 10473  139.22
Parallel squat 208.10 70.30 179.08  237.12 15140 1094 106.24  196.56

CI, confidence interval; SD, standard deviation. * Significance level was set at p < 0.05, based on Friedman test.

4. Discussion

This observational study aimed to evaluate PFM activation in female athletes during
postural challenges. The International Consultation on Incontinence classifies the effec-
tiveness of Kegel’s PFM exercises as level “A” evidence in evidence-based medicine [6].
Therefore, it is crucial to determine which postures are most effective for activating the PF,
in order to develop a structured and efficient exercise regimen based on PF activation. The
findings suggest that the baseline activity of the PFMs is comparable under both stable
and unstable conditions. However, baseline and voluntary activation were found to differ
according to the physical demand of each position. The parallel squat, followed by the full
plank and the off-knees quadruped hold, seem to induce the highest activation of the PFMs
in rugby players for both baseline and VMC.

Numerous studies have documented variations in the basal activity and/or activa-
tion of the PFMs when comparing supine and upright positions. Gimenez M. et al. [23]
concluded that basal activity was 36% higher when standing than when lying down; our
data also reflected an increase in basal activity when standing, although only by 10%. They
also showed that, when standing, the maximum contraction was lower than in supine
position; however, in our study;, a slight increase in VMC was observed when assuming
a bipedal posture. Other studies using manometry have also seemed to report increased
PEM strength in the standing position [8,24,25]. In contrast, Madill and MacLean found no
differences between supine, sitting, and standing positions [26]. However, it is difficult to
compare our results with sEMG, as manometry uses a vaginal pressure transducer that may
be impacted by IAP increases, such as those observed when standing. This finding may
be related to the activation of type II (fast) fibers, which are quickly activated voluntarily
due to an increase in IAP [27], likely related in collateral manner to the physical demand
associated with rugby. Another potential hypothesis regarding the effect of exercise on
the PF is the role of gravity and the resulting increase in IAP. Our study emphasizes the
influence of positions that leverage gravity, assisting women in activating the PFMs and
causing a stronger involuntary contraction. This correlates with other research which
states that exercise position during a test is important, as standing is associated with in-
creased IAP, leading to involuntary contraction of the PFMs [28,29]. This could be linked
to greater stimulation of the PFMs, leading to enhanced proprioception. This statement
may contradict recommendations to perform exercises without increasing IAP, suggesting
that such exercises do not have a negative impact. Conversely, it should be noted that
traditionally extended positions for training this musculature—such as the supine and
side-lying positions—show minimal relevance in terms of activation, with lower activation
data. Authors including Rodriguez-Mias et al. [30] found no differences in prolapse mea-
surements between lying and standing positions. Additionally, there appears to be growing
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interest in developing protocols for the standing position, in which the true mechanism of
PF function can be better understood [31].

In terms of studies examining myoelectric activity changes in the PFMs based on
posture, Sapsford et al. [32] found that unsupported sitting postures—whether upright or
high—demanded more PFM activity compared to supported sitting postures. A systematic
review [33] revealed that the PFMs exhibit significantly higher resting activity in a neutral
ankle position and at 15° dorsiflexion, compared to 15° plantar flexion. These results
correlate with those of Lee et al., affirming that a more unstable posture induces greater
co-activation of the trunk stability muscles and PFMs [34].

Dayican et al. [35] have assessed the PFMs using sEMG in three positions: modified
butterfly pose, modified child pose, and modified deep squat with block pose. They
showed that healthy PFMs contracted maximally in modified butterfly pose, the position
in which they were most relaxed; however, these findings differed in the case of females
with PFD. In our study, we did not distinguish between women with PFD, and so we could
not confirm whether activation levels varied based on the functional state of the PFMs.
However, our findings are consistent with the increased activation reported in unsupported
or unstable postures.

Diaz-Mohedo et al. [7] analyzed PFM activity during various functional movements,
finding that the trunk stability push-up elicited the highest PFM activation, compared to
other movements. In contrast, our study showed greater activation during the parallel
squat, which is similar to their overhead squat. Additionally, the movements in their study
involved a more significant increase in IAP than the stable and unstable postures used in
our study, potentially contributing to the variability observed in the results. In another
study [36], researchers analyzed PFM-related myoelectric activity during Modified Pilates
exercises, concluding that the greatest activation occurred during core (treaser) and plank
positions. Their results can be considered similar to ours, as they did not describe any
exercise such as the parallel squat.

Therefore, to induce greater activation of the basal tone, work in positions such as
squat, plank, and quadruped should be alternated, especially for those playing sports that
require explosiveness and impact, such as rugby, in which high-intensity, short-duration
challenges are posed (e.g., jumps, tackles, plyometrics, decelerations). In turn, for exercises
that aim to address challenges of low intensity and long duration, planks or quadruped
exercises should be implemented, especially those that start from unstable conditions.

For female athletes, a strategy that progresses from easier to more challenging exercises,
with increasing activation, could be effective in promoting better adherence and treatment
outcomes [37,38]. This approach would begin with supine or side-lying position, in order
to help develop awareness of the PFMs where demand and muscle fiber recruitment
are lower [39]. Subsequently, the progression would involve transitioning to a standing
position to intensify the challenge through gravitational forces, followed by the inclusion
of controlled stable exercises, such as planks. Ultimately, quadrupedal movements and
squats would be integrated into the regimen. As a possible suggestion, it would be
convenient to broaden the spectrum of PF activity applied to movements that are adapted
to the sporting gesture, following a progression of exercises such as those reported in
this study. Implementing individualized programs can improve the quality of training
in female athletes [40]. Strengthening the PFMs can greatly decrease the likelihood of
incontinence episodes, enabling athletes to enjoy a more comfortable and secure lifestyle.
This improvement enhances their overall well-being and boosts their confidence in both
daily and sporting activities [41].

As for limitations, although the positions of each sequence and the assignment to
each player were randomized, it should be noted that all the measurements were made
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on a single day. For this reason, it is possible that accumulated muscle fatigue may have
influenced the final positions, even though the values for each position were similar in the
two random sequences. While the sample was homogeneous, focusing on a single sport,
the small sample size necessitates cautious interpretation of the findings. A larger sample
would yield more representative data regarding the characteristics of the study population
and the specific sport examined. As the measurements were conducted in static positions, it
would be advisable to incorporate protocols evaluating more dynamic or habitual positions
associated with each sport’s practice [40]. As a future line of research, we consider that
further long-term research based on randomized clinical trials is necessary to assess the
effect that the progression of postures can have on pelvic floor strength.

5. Conclusions

According to traditional recommendations for PFM training programs, it is important
to consider a gradual progression in the difficulty of the exercises, starting with less
demanding positions (supine, standing, or side plank) and progressing to more complex
challenges (quadruped hold, plank, and squat).

However, our findings indicate that the squat, followed by the plank and quadruped
postures, yield the most robust PFM activation. These postures, by defying gravity and
pelvic biomechanics, promote high muscle activation, which could improve proprioception
and involuntary muscle response. Contrary to previous recommendations, these exercises
do not appear to have significant negative effects on intra-abdominal pressure, suggesting
that they may be beneficial for PF strengthening in athletes. For this reason, the addi-
tion of these exercises into programs for the management of pelvic floor dysfunction or
comprehensive exercise programs designed to enhance overall core and PF function may
be warranted. Correct technique and supervision by a trained professional are essential
components of an effective and individualized pelvic floor exercise program.

Author Contributions: Conceptualization, E.S.R.-L., C.0.-M., LM.M.-M., M.B.A.-G. and M.B.-d.-P;
methodology, C.O.-M., M.B.A -G. and E.S.R.-L.; formal analysis, L. M.M.-M. and E.S.R.-L.; investiga-
tion, ES.R.-L., C.O.-M., LM.M.-M., M.B.A.-G., A.L.-I. and M.B.-d.-P; resources, E.S.R.-L., C.O.-M.
and LM.M.-M,; data curation, C.O.-M., LM.M.-M., M.B.A.-G. and M.B.-d.-P.; writing—original
draft preparation, C.O.-M., LM.M.-M. and E.S.R.-L.; writing—review and editing, E.S.R.-L., C.0.-M,,
LMM.-M., M.B.A.-G., A.L.-I. and M.B.-d.-P; supervision, E.S.R.-L.; project administration, E.S.R.-L.;
funding acquisition, C.O.-M. and E.S.R.-L. All authors have read and agreed to the published version
of the manuscript.

Funding: This research project, with the acronym CiSP, was financed with funds from the X Research
Call of the University Camilo José Cela (87482766).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University Camilo José Cela (code 18_FRIU,
22 January 2022; Madrid, Spain).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
this study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions.

Acknowledgments: As always, thanks to Angel Basas for showing us the way to understand and
support female athletes. The authors also appreciate the contributions from the Medical Services of
the Spanish Sports Council, and the rugby players.

Conflicts of Interest: The authors declare no conflicts of interest.



Life 2025, 15, 58 9 of 10

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Fitz, FF,; Paladini, L.M.; Ferreira, L.d.A.; Gimenez, M.M.; Bortolini, M.A.T.; Castro, R.A. Ability to Contract the Pelvic Floor
Muscles and Association with Muscle Function in Incontinent Women. Int. Urogynecol. ]. 2020, 31, 2337-2344. [CrossRef]
[PubMed]

Joy, E.A; Van Hala, S.; Cooper, L. Health-Related Concerns of the Female Athlete: A Lifespan Approach. Am. Fam. Physician 2009,
79, 489-495.

Brown, N.; Williams, G.K.R; Stodter, A.; McNarry, M.A.; Roldan-Reoyo, O.; Mackintosh, K.A.; Moore, 1.S.; Williams, EM.P. A
Global Women’s Rugby Union Web-Based Survey. Int. J. Environ. Res. Public Health 2023, 20, 5475. [CrossRef] [PubMed]
Joseph, C.; Srivastava, K.; Ochuba, O.; Ruo, S.W.; Alkayyali, T.; Sandhu, J.K.; Waqar, A.; Jain, A.; Poudel, S. Stress Urinary
Incontinence Among Young Nulliparous Female Athletes. Cureus 2021, 13, €17986. [CrossRef]

Fukuda, ES.; Arbieto, E.R.M.; Da Roza, T.; Luz, S.C.T. Da Pelvic Floor Muscle Training in Women Practicing High-Impact Sports:
A Systematic Review. Int. J. Sports Med. 2022, 44, 397-405. [PubMed]

Dumoulin, C.; Hay-Smith, J. Pelvic Floor Muscle Training versus No Treatment, or Inactive Control Treatments, for Urinary
Incontinence in Women. Cochrane Database Syst. Rev. 2010, 10, CD005654. [CrossRef]

Diaz-Mohedo, E.; Odriozola Aguirre, I.; Molina Garcia, E.; Infantes-Rosales, M.A.; Hita-Contreras, F. Functional Exercise Versus
Specific Pelvic Floor Exercise: Observational Pilot Study in Female University Students. Healthcare 2023, 11, 561. [CrossRef]

Bg, K,; Finckenhagen, H.B. Is There Any Difference in Measurement of Pelvic Floor Muscle Strength in Supine and Standing
Position? Acta Obstet. Gynecol. Scand 2003, 82, 1120-1124. [CrossRef]

Betsch, M.; Wild, M.; Grofse, B.; Rapp, W.; Horstmann, T. The Effect of Simulating Leg Length Inequality on Spinal Posture and
Pelvic Position: A Dynamic Rasterstereographic Analysis. Eur. Spine J. 2012, 21, 691-697. [CrossRef] [PubMed]

Navarro Brazalez, B.; Torres Lacomba, M.; de la Villa, P; Sanchez Sanchez, B.; Prieto Gémez, V.; Astnsolo del Barco, A.; McLean,
L. The Evaluation of Pelvic Floor Muscle Strength in Women with Pelvic Floor Dysfunction: A Reliability and Correlation Study.
Neurourol. Urodyn. 2018, 37, 269-277. [CrossRef] [PubMed]

Molina-Molina, A.; Ruiz-Malagén, E.J.; Carrillo-Pérez, F; Roche-Seruendo, L.E.; Damas, M.; Banos, O.; Garcia-Pinillos, F.
Validation of MDurance, A Wearable Surface Electromyography System for Muscle Activity Assessment. Front. Physiol. 2020, 11,
606287. [CrossRef] [PubMed]

Carrillo-Perez, F; Diaz-Reyes, I.; Damas, M.; Banos, O.; Soto-Hermoso, V.M.; Molina-Molina, A. A Novel Automated Algorithm
for Computing Lumbar Flexion Test Ratios Enhancing Athletes Objective Assessment of Low Back Pain. In Proceedings of the
icSPORTS 2018—Proceedings of the 6th International Congress on Sport Sciences Research and Technology Support 2018, Seville,
Spain, 20-21 September 2018; pp. 34-39. [CrossRef]

Luginbuehl, H.; Naeff, R.; Zahnd, A.; Baeyens, ].-P.; Kuhn, A.; Radlinger, L. Pelvic Floor Muscle Electromyography during
Different Running Speeds: An Exploratory and Reliability Study. Arch. Gynecol. Obstet. 2016, 293, 117-124. [CrossRef] [PubMed]
Bussey, M.D.; Aldabe, D.; Adhia, D.; Mani, R. Reliability of Surface Electromyography Activity of Gluteal and Hamstring Muscles
during Sub-Maximal and Maximal Voluntary Isometric Contractions. Musculoskelet. Sci. Pract. 2018, 34, 103-107. [CrossRef]
Filter, A.; Olivares-Jabalera, J.; Santalla, A.; Morente-Sanchez, J.; Robles-Rodriguez, J.; Requena, B.; Loturco, I. Curve Sprinting in
Soccer: Kinematic and Neuromuscular Analysis. Int. ]. Sports Med. 2020, 41, 744-750. [CrossRef]

Koenig, L; Eichelberger, P; Leitner, M.; Moser, H.; Kuhn, A.; Taeymans, J.; Radlinger, L. Pelvic Floor Muscle Activity Patterns in
Women with and without Stress Urinary Incontinence While Running. Ann. Phys. Rehabil. Med. 2020, 63, 495-499. [CrossRef]
Dietz, H.P; Wilson, P.D.; Clarke, B. The Use of Perineal Ultrasound to Quantify Levator Activity and Teach Pelvic Floor Muscle
Exercises. Int. Urogynecol. ]. 2001, 12, 166-169. [CrossRef] [PubMed]

Ben Ami, N.; Dar, G. What Is the Most Effective Verbal Instruction for Correctly Contracting the Pelvic Floor Muscles? Neurourol.
Urodyn. 2018, 37, 2904-2910. [CrossRef]

Merletti, R.; Hermens, H. Introduction to the Special Issue on the SENIAM European Concerted Action. J. Electromyogr. Kinesiol.
2000, 10, 283-286. [CrossRef] [PubMed]

Oleksy, L.; Wojciechowska, M.; Mika, A.; Antos, E.; Bylina, D.; Kielnar, R.; Pruszczyniski, B.; Stolarczyk, A. Normative Values for
Glazer Protocol in the Evaluation of Pelvic Floor Muscle Bioelectrical Activity. Medicine 2020, 99, €19060. [CrossRef]

Ballmer, C.; Eichelberger, P.; Leitner, M.; Moser, H.; Luginbuehl, H.; Kuhn, A.; Radlinger, L. Electromyography of Pelvic Floor
Muscles with True Differential versus Faux Differential Electrode Configuration. Int. Urogynecol. J. 2020, 31, 2051-2059. [CrossRef]
[PubMed]

Leitner, M.; Moser, H.; Eichelberger, P.; Kuhn, A.; Radlinger, L. Evaluation of Pelvic Floor Muscle Activity during Running in
Continent and Incontinent Women: An Exploratory Study. Neurourol. Urodyn. 2017, 36, 1570-1576. [CrossRef]

Gimenez, M.M.; Fitz, FF.; de Azevedo Ferreira, L.; Bortolini, M.A.T.; Lordélo, P.V.S.; Castro, R.A. Pelvic Floor Muscle Function
Differs between Supine and Standing Positions in Women with Stress Urinary Incontinence: An Experimental Crossover Study.
J. Physiother. 2022, 68, 51-60. [CrossRef] [PubMed]


https://doi.org/10.1007/s00192-020-04469-0
https://www.ncbi.nlm.nih.gov/pubmed/32725368
https://doi.org/10.3390/ijerph20085475
https://www.ncbi.nlm.nih.gov/pubmed/37107757
https://doi.org/10.7759/cureus.17986
https://www.ncbi.nlm.nih.gov/pubmed/36075371
https://doi.org/10.1002/14651858.CD005654.pub2
https://doi.org/10.3390/healthcare11040561
https://doi.org/10.1046/j.1600-0412.2003.00240.x
https://doi.org/10.1007/s00586-011-1912-5
https://www.ncbi.nlm.nih.gov/pubmed/21769443
https://doi.org/10.1002/nau.23287
https://www.ncbi.nlm.nih.gov/pubmed/28455942
https://doi.org/10.3389/fphys.2020.606287
https://www.ncbi.nlm.nih.gov/pubmed/33329060
https://doi.org/10.5220/0006922600340039
https://doi.org/10.1007/s00404-015-3816-9
https://www.ncbi.nlm.nih.gov/pubmed/26193953
https://doi.org/10.1016/j.msksp.2017.09.004
https://doi.org/10.1055/a-1144-3175
https://doi.org/10.1016/j.rehab.2019.09.013
https://doi.org/10.1007/s001920170059
https://www.ncbi.nlm.nih.gov/pubmed/11451004
https://doi.org/10.1002/nau.23810
https://doi.org/10.1016/S1050-6411(00)00019-5
https://www.ncbi.nlm.nih.gov/pubmed/11018437
https://doi.org/10.1097/MD.0000000000019060
https://doi.org/10.1007/s00192-020-04225-4
https://www.ncbi.nlm.nih.gov/pubmed/32067059
https://doi.org/10.1002/nau.23151
https://doi.org/10.1016/j.jphys.2021.12.011
https://www.ncbi.nlm.nih.gov/pubmed/34952814

Life 2025, 15, 58 10 of 10

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Mastwyk, S.; McClelland, J.; Cooper, M.M.; Frawley, H.C. Pelvic Floor Muscle Function in the Standing Position in Women with
Pelvic Floor Dysfunction. Int. Urogynecol. |. 2022, 33, 2435-2444. [CrossRef]

Griffin, C.; Dougherty, M.C.; Yarandi, H. Pelvic Muscles during Rest: Responses to Pelvic Muscle Exercise. Nurs. Res. 1994, 43,
164-167. [CrossRef] [PubMed]

Madill, S.J.; McLean, L. Quantification of Abdominal and Pelvic Floor Muscle Synergies in Response to Voluntary Pelvic Floor
Muscle Contractions. J. Electromyogr. Kinesiol. 2008, 18, 955-964. [CrossRef] [PubMed]

Johnson, V.Y. How the Principles of Exercise Physiology Influence Pelvic Floor Muscle Training. J. Wound Ostomy Cont. Nurs.
2001, 28, 150-155. [CrossRef]

Chmielewska, D.; Stania, M.; Sobota, G.; Kwasna, K.; Blaszczak, E.; Taradaj, J.; Juras, G. Impact of Different Body Positions
on Bioelectrical Activity of the Pelvic Floor Muscles in Nulliparous Continent Women. Biomed. Res. Int. 2015, 2015, 905897.
[CrossRef]

Chmielewska, D.; Stania, M.; Kucab—Klich, K.; Btaszczak, E.; Kwasna, K.; Smykla, A.; Hudziak, D.; Dolibog, P. Electromyographic
Characteristics of Pelvic Floor Muscles in Women with Stress Urinary Incontinence Following SEMG-Assisted Biofeedback
Training and Pilates Exercises. PLoS ONE 2019, 14, e0225647. [CrossRef] [PubMed]

Rodriguez-Mias, N.L.; Subramaniam, N.; Friedman, T.; Shek, K.L.; Dietz, H.P. Prolapse assessment supine and standing: Do we
need different cutoffs for “significant prolapse”? Int. Urogynecol. ]. 2018, 29, 685-689. [CrossRef] [PubMed]

Miller, ].M.; Perucchini, D.; Carchidi, L.T.; Delancey, J.O.L.; Ashton-Miller, J. Pelvic Floor Muscle Contraction During a Cough and
Decreased Vesical Neck Mobility. Obstet. Gynecol. 2001, 97, 255-260.

Sapsford, R.R.; Richardson, C.A.; Stanton, W.R. Sitting Posture Affects Pelvic Floor Muscle Activity in Parous Women: An
Observational Study. Aust. J. Physiother. 2006, 52, 219-222. [CrossRef]

Kannan, P.; Winser, S.; Goonetilleke, R.; Cheing, G. Ankle Positions Potentially Facilitating Greater Maximal Contraction of Pelvic
Floor Muscles: A Systematic Review and Meta-Analysis. Disabil. Rehabil. 2019, 41, 2483-2491. [CrossRef] [PubMed]

Lee, K. Investigation of Electromyographic Activity of Pelvic Floor Muscles in Different Body Positions to Prevent Urinary
Incontinence. Med. Sci. Monit. 2019, 25, 9357-9363. [CrossRef] [PubMed]

Dayican, D.K,; Keser, I.; Yavuz, O.; Tosun, G.; Kurt, S.; Tosun, O.C. Can Pelvic Floor Muscle Training Positions Be Selected
According to the Functional Status of Pelvic Floor Muscles? Niger. |. Clin. Pract. 2023, 26, 1309-1318. [CrossRef]

Nightingale, G.; Chandrakumaran, K.; Phillips, C. The Effect of Modified Pilates-Based Positions on Pelvic Floor Electromyo-
graphic (EMG) Activity; a Pilot Study. Int. Urogynecol. J. 2021, 32, 287-292. [CrossRef] [PubMed]

Medrano Sanchez, E.M.; Serrano, C.M.S.; De La, M.; Almeida, C.; Mohedo, E.D.; Chill6 N Martinez, R. Spanish Version of the
Broome Pelvic Muscle Self-Efficacy Scale: Validity and Reliability. Phys. Ther. 2013, 93, 1696-1706. [CrossRef] [PubMed]

Bo, K.; Kvarstein, B.; Nygaard, I. Lower Urinary Tract Symptoms and Pelvic Floor Muscle Exercise Adherence after 15 Years.
Obstet. Gynecol. 2005, 105, 999-1005. [CrossRef]

B, K.; Talseth, T.; Holme, I. Single Blind, Randomised Controlled Trial of Pelvic Floor Exercises, Electrical Stimulation, Vaginal
Cones, and No Treatment in Management of Genuine Stress Incontinence in Women. BM] 1999, 318, 487-493. [CrossRef]

Pires, T.E,; Pires, PM.; Moreira, M.H.; Gabriel, RE.C.D.; Jodo, P.V;; Viana, S.A.; Viana, R.A. Pelvic Floor Muscle Training in Female
Athletes: A Randomized Controlled Pilot Study. Int. |. Sports Med. 2020, 41, 264-270. [CrossRef] [PubMed]

Dessole, F.; Adrian Curillo-Aguirre, C.; Gea-Izquierdo, E. Effectiveness of Pelvic Floor Muscle Training on Quality of Life in
Women with Urinary Incontinence: A Systematic Review and Meta-Analysis. Medicina 2023, 59, 1004. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00192-021-05003-6
https://doi.org/10.1097/00006199-199405000-00007
https://www.ncbi.nlm.nih.gov/pubmed/8183658
https://doi.org/10.1016/j.jelekin.2007.05.001
https://www.ncbi.nlm.nih.gov/pubmed/17646112
https://doi.org/10.1067/mjw.2001.113245
https://doi.org/10.1155/2015/905897
https://doi.org/10.1371/journal.pone.0225647
https://www.ncbi.nlm.nih.gov/pubmed/31790463
https://doi.org/10.1007/s00192-017-3342-3
https://www.ncbi.nlm.nih.gov/pubmed/28444408
https://doi.org/10.1016/S0004-9514(06)70031-9
https://doi.org/10.1080/09638288.2018.1468934
https://www.ncbi.nlm.nih.gov/pubmed/29733699
https://doi.org/10.12659/MSM.920819
https://www.ncbi.nlm.nih.gov/pubmed/31813929
https://doi.org/10.4103/njcp.njcp_53_23
https://doi.org/10.1007/s00192-020-04529-5
https://www.ncbi.nlm.nih.gov/pubmed/32915247
https://doi.org/10.2522/ptj.20120128
https://www.ncbi.nlm.nih.gov/pubmed/23907081
https://doi.org/10.1097/01.AOG.0000157207.95680.6d
https://doi.org/10.1136/bmj.318.7182.487
https://doi.org/10.1055/a-1114-8196
https://www.ncbi.nlm.nih.gov/pubmed/32187623
https://doi.org/10.3390/medicina59061004
https://www.ncbi.nlm.nih.gov/pubmed/37374208

	Introduction 
	Materials and Methods 
	Participants 
	Instrumentation and Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

