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Abstract

Introduction and hypothesis Stress urinary incontinence (SUI) is defined as involuntary leakage of urine on physical effort
and is prevalent among power- and weightlifters. However, there is scant knowledge on treatment options for this population.
The aim of this pilot study was to evaluate the potential outcomes and feasibility of a pelvic floor muscle training (PFMT)
program on SUI in nulliparous female power- and weightlifters.

Methods This was a case-series study, including one weightlifter and two powerlifters aged 21-32 years. The participants
conducted 12 weeks of PFMT at home, with weekly follow-up by a physiotherapist. Change in total score of the International
Consensus of Incontinence Questionnaire Urinary Incontinence Short Form (ICIQ-UI-SF) was the primary outcome. Second-
ary outcome was perceived change assessed by the Patient Global Impression of Improvement (PGI-I) Scale and impact on
sport participation. PFM strength, endurance, and resting pressure was measured using vaginal manometry. Feasibility was
evaluated as adherence to training and self-efficacy (Self Efficacy Scale for Practicing Pelvic Floor Exercises).

Results One athlete reduced their ICIQ-UI-SF score and experienced improvement in symptoms. One athlete reported no
change, and one reported a worsening of symptoms. All three participants improved PFM strength and endurance, completed
the testing, and 12 weeks of PFMT, but adherence varied between 40 and 80%. Participants reported a lack of time and
energy and forgetting to perform the exercises, as reasons for low adherence.

Conclusion There were varying effects of a 12-week PEMT program on SUI in three strength athletes. The results can create
the basis for a future randomized controlled trial.

Keywords Female athlete - Pelvic floor muscle training - Powerlifter - Stress urinary incontinence - Weightlifters -
Women’s health

Introduction

Urinary incontinence (UI) is defined by the International
Continence Society (ICS) as “complaint of involuntary loss
of urine” [1]. The most common form of Ul in women is
stress urinary incontinence (SUI), defined as the “complaint
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of involuntary loss of urine on effort or physical exertion
(e.g., sporting activities), or on sneezing or coughing” [1].
Urgency urinary incontinence (UUI) is the complaint of
involuntary leakage accompanied by or immediately pre-
ceded by urgency and mixed urinary incontinence (MUI)
is a combination of the two [1]. High prevalence rates of
UI among both parous and nulliparous female athletes and
exercisers have been reported in several cross-sectional
studies [2—4]. The highest prevalence rates are seen in high
impact sports, such as running, gymnastics, ball games, and
trampoline jumping [3, 5]. Recent prevalence studies among
power- and weightlifters have reported a prevalence of Ul
between 32 and 50% [6-8].

High-quality randomized controlled trials (RCTs) and
meta-analyses have demonstrated the effectiveness of pel-
vic floor muscle training (PFMT) for SUI and MUI in the
general female population [9, 10]. As strength training of
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the pelvic floor muscles (PFM) has no side effects, there
is international consensus that PFMT should be first-line
treatment for these conditions [10]. However, there is lim-
ited knowledge about the effects of PFMT in physically
active women [4], and no studies have been found evaluat-
ing PFMT for Ul in strength sports [11, 12]. Women par-
ticipating in strength sports differ from populations studied
previously, as they frequently expose the pelvic floor to high
loads owing to increases in intra-abdominal pressure during
lifting of heavy external loads [4, 6]. It has therefore been
suggested that treating these athletes with PEFMT might be
more challenging than in the general female population. On
the other hand, one could also argue that elite athletes, and
especially strength athletes, are used to performing regular
strength training and hence, adding PEMT to their daily rou-
tines could be feasible [4].

As far as we have ascertained, there are no clinical tri-
als evaluating the effect of PFMT for treating UI in female
strength athletes and, therefore, the aims of the present pilot
study were to assess the effects and feasibility of PFMT
on SUI in a case series of female nulliparous power- and
weightlifters.

Materials and Methods
Design

This was a case-series pilot study, approved by the regional
ethics committee (499117/REK Sgr-¢gst B, 30.10.2022) and
the Norwegian Centre for Research Data (NSD: 416437,
14.10.2022). All participants gave electronic and written
informed consent before participation. The Case Report
guidelines (CARE) were followed in reporting the study
[13].

Participants

Participants were recruited through the Norwegian power-
lifting and weightlifting federations, local clubs, trainers,
and social media (Facebook, Instagram) between October
and December 2022. Inclusion criteria were being nullipa-
rous, aged > 18 years, and actively engaged in weightlift-
ing and/or powerlifting (training >3 days per week and
participating in competitions, no specific level) with self-
reported SUIL. SUI was verified by the International Consul-
tation on Incontinence Questionnaire Urinary Incontinence
Short Form (ICIQ-UI-SF), where a sum-score of >3 was
required to be included. Furthermore, the participants had
to answer, “I leak when I am physical active/exercising” to
the ICIQ-UI-SF question “When does urine leak?” to be eli-
gible. Exclusion criteria were previous surgery to the pelvic
region, ongoing pregnancy or planned pregnancy during the
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intervention period, previous musculoskeletal injury within
the past 6 months, ongoing injury that would negatively
impact participation in training, medical conditions or dis-
orders, and use of medication that may negatively affect the
pelvic floor. Eligible participants were invited to participate
in two test sessions (at baseline and post-intervention) at
the university.

Intervention

The intervention consisted of daily individual strength train-
ing of the PFM for 12 weeks, approximately 10 min per
day. This was a home-based training program with weekly
follow-ups by a physiotherapist by phone or in-person. The
training did not require any equipment. Prior to the interven-
tion, the participants were taught about PFM anatomy and
muscle function, exercise physiology, and the purpose of the
training. Ability to perform a correct PFM contraction was
assessed by vaginal palpation [14-16]. Initially, the train-
ing included three sets of 8—12 maximum PFM contractions
held for 6-8 s each day, but the repetition count and duration
of contractions were individually customized based on the
PFM testing. Training progression was individually tailored
throughout the intervention period, with options to change
positions, increase the number of contractions, and to add
3—4 fast contractions on top of each holding period [17-19].
The participants also received a booklet with information
about the training program and progression. More details
of the intervention are given in the Consensus of Exercise
Reporting Template as supplementary information.

Outcomes
Primary Outcome: ICIQ-UI-SF

The primary outcome was change in total score of the
ICIQ-UI-SF [20]. The ICIQ-UI-SF is a reliable and valid
instrument that evaluates the frequency of leakage, amount
of leakage, impact on daily life, and type of urinary incon-
tinence [20].

The questionnaire comprises four questions, with three
of them contributing to a total score ranging from O to 21,
whereas the fourth question categorizes the type of UL A
minimal important difference of 2.5 in the ICIQ-UI-SF total
score has been established [21].

Patient Global Impression of Improvement Scale

The participants were asked to rate their perceived change
in UI post-test, using a validated seven-point scale. The
response choices ranged from “very much better” to “very
much worse” [22].
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Participation in Sports

The following questions were added regarding how UI
affects participation in sports [23, 24]:

"To what extent does urinary leakage affect your well-
being or participation in sport activities?" The partici-
pants responded on a numeric rating scale from 0 =not
atall to 10=alot.

"Do you ever avoid exercise, physical activity, and/or
specific exercises because you are concerned about leak-
ing urine?" Response alternatives were from 0 =never to
3 =very often. The responses to these two questions were
summarized in a scale from O to 13.

"If you leak urine during physical activity, exercise, and/
or competition—how does this affect you?" Response
alternatives were: not at all, I lose concentration, I am
afraid the leakage will be visible, I am afraid of odor, I
am afraid of doing erroneous movements, I am frustrated/
irritated, I am embarrassed, I am afraid it will happen
again, the leakage negatively affects sport performance.
The participants could respond to more options.

Manometry Measurements of the PFM

A high-precision pressure transducer connected to a vaginal
balloon catheter (Camtech AS, Sandvika, Norway) was used
to measure vaginal resting pressure, PFM strength (maxi-
mum voluntary contraction), and PFM endurance (10-s
hold of maximum contraction) [25, 26]. Vaginal resting
pressure (cmH,0) was measured as the difference between
atmospheric pressure and the vaginal high-pressure area at
rest, without any voluntary activity in the PFMs. Muscle
strength (cmH,0) was calculated as the average of three
maximum voluntary contractions. Endurance was defined as
a sustained maximum contraction and was measured during
the first 10 s as the area under the curve (cmH,O/s) [27].
The instructions given to the participants were standardized
[26], and the method has been found to have good intra- and
interrater reliability [25-27]. Before the manometer meas-
urement, ability to perform a correct PFM contraction was
assessed by visual observation and vaginal palpation by a
trained physical therapist. All assessments were done in a
crock-lying supine position. To ensure valid PFM contrac-
tions during manometry, only measurements with simultane-
ous observable inward movement of the catheter/perineum
were recorded [14]. If the participants were unable to con-
tract, manual techniques such as fast stretch, tapping, and
lateral pressure, in addition to more verbal information, were
used to explain how to perform a correct PFM contraction.
Strength of the contraction and ability to hold created the
basis for the starting point and follow-up of the individually
prescribed PFMT program.

Feasibility Aspects

Using the reliable Self-Efficacy Scale for Practicing Pelvic
Floor Exercises (SESPPFE), the participants were asked
to rate their self-efficacy for PFMT before the commence-
ment of the training period and after 1 month of training
[28]. The scale includes 17 items, and the score ranged
from O to 100, where a higher score indicates higher self-
efficacy for PFMT. Cronbach’s alpha is 0.92, and the
instrument can differentiate between women who adhere
and those do not adhere to PFMT prescription [28, 29].

Adherence

A training diary was used to assess adherence to the train-
ing program. The participants were instructed to record all
completed training sessions involving PEFMT. Any uncom-
pleted training sessions were also logged, along with a
report of reasons for non-adherence. When calculating
adherence to the training, only sessions completed as pre-
scribed were included (number of days where the training
consisted of three sets of PFM contractions).

Participants' Perspective on the PFMT Program

Through open-ended questions, participants were asked
to provide feedback on the training program. The question
"Lastly, we ask you to briefly describe (1-3 sentences)
your experience with the training program" was distributed
after the intervention period. At the post-test, the partici-
pants were also asked two standardized questions: "How
did you experience the PFMT?" and "What were the main
reasons for not adhering to the training protocol?"

Data Collection and Procedures

The study was conducted between November 2022 and
March 2023. One week prior to the baseline evaluation,
informed consent, background variables (age, education,
body mass index, training background, training habits,
chronic diseases, medicines, knowledge about the PFM
and PFMT), the ICIQ-UI-SF, whether UI affected sport
performance, and SESPPFE were collected in an elec-
tronic questionnaire (Survey Xact). The baseline clinical
evaluation included measurement of the PFM, weight,
and height. All participants were reassessed after the
12-week intervention period, including the same elec-
tronic questionnaire (ICIQ-UI-SF, PGI-I and whether UI
affected sport performance) and manometry assessment of
vaginal resting pressure, PFM strength, and endurance. In
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addition, data on adherence and perspectives on training
were assessed.

Data Analyses

Background variables are reported for each participant. Total
score on ICIQ-UI-SF and other outcomes are reported for
each individual participant with pre- and post-scores, as well
as the change and direction of change. Adherence was cal-
culated as percentage of completed training days and was
reported for each participant.

Results

Five athletes contacted the research team, three of whom
fulfilled the inclusion criteria and agreed to participate after
receiving detailed information: one weightlifter and two
powerlifters. Background characteristics are presented in
Table 1. All athletes reported both SUI and UUI.

Outcome of Ul and PFM Variables
1C1Q-UI-SF Total Score

Table 2 presents the results related to the outcome of the
intervention. Participant 1 reduced her total score on the
ICIQ-UI-SF by more than the minimum clinically significant
change of 2.5 from pre- to post-test. Participant 2 improved,
but not more than the minimum clinically significant change,
and participant 3 reported to be worse.

The results of the ICIQ-UI-SF corresponded with the
responses of the PGI-I (Table 2).

Participation in Sports

Before the training intervention, all participants reported
that UI affected their participation in sports. After 12 weeks
of PFMT, participant 1 improved her score by one point,
participant 2 reported no change, and participant 3’s score
worsened three points (Table 2).

Table 2 International Consultation on Incontinence Questionnaire
Urinary Incontinence Short Form (I/CIQ-UI-SF), Patient Global
Impression of Improvement (PGI-I) and how much urinary inconti-
nence affects sport performance before and after 12 weeks of pelvic
floor muscle training in three female strength athletes

Participant Pre-test Post-test Change
ICIQ-UI-SF total score (0-22)

1 13 6 -7t

2 6 6 0

3 9 8 -1
Frequency of leakage

1 3 1 -2

2 2 2 0

3 2 1 -1
Amount of leakage

1 2 2 0

2 2 2 0

3 2 4 +2
Affecting activities of daily living

1 8 3 -5

2 3 3 0

3 5 3 -2
PGI-1

1 A little better

2 No change

3 A little worse
Affecting sport performance (0-13)

1 5 4 -1

2 1 1 0

3 3 5 +2

#Change above the minimum detectable difference

Manometry Measurements of the PFM

At pre-test all participants were able to perform a correct
PFM contraction assessed by vaginal palpation after indi-
vidual instruction. Participant 3 needed thorough teaching
before correct contraction was established and had a weak
contraction (Table 3).

Table 1 Background variables
of three female strength athletes

Participant 1

Participant 2

Participant 3

(participants 1, 2, and 3) Age
Sport
Education
BMI kg/m?
Years of sport participation
Training hours/week in sport
Other training sessions

22

Power lifting
Student at university
24.8

1 year and 6 months
14

No

21

Power lifting
Student at university
23.6

3 years and 1 month
10

Cardiovascular
Flexibility

32

Weightlifting
University >4 years
23.1

2 years and 10 months
8

No
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Table 3 Vaginal resting pressure, pelvic floor muscle (PFM) strength,
and PFM endurance before and after 12 weeks of pelvic floor muscle
training in three female strength athletes

Participant Pre-test Post-test Change
Vaginal resting pressure (cmH,0)

1 30.6 24.9 =57

2 355 34.7 -0.8

3 31.2 34.4 +3.2
PFM strength (cmH,0)

1 10.3 235 +13.2%

2 29.6 30.1 +0.5

3 5.7 8.2 +2.5
PFM endurance (holding time; cmH,/10 s)

1 67 107 +40

2 143 195 +52

3 28 55 +27

#Change above minimal detectable value

Vaginal resting pressure decreased in two participants
and increased in one. All three participants increased their
PFM strength and endurance. The only measurement that
exceeded the smallest detectable change of the measuring
instrument was the PFM strength of participant 1.

Feasibility
Self-Efficacy Scale for Practicing Pelvic Floor Exercises

Table 4 presents the SESPPFE scores at baseline and after 1
month. After 1 month, participants 1 and 3 reduced the self-
efficacy score by 3.8 and 8.2 points respectively. Participant
2 increased their score by 1.7.

Adherence

Adherence to the training protocol is shown in Table 4.
Adherence varied between 40 and 80%. All participants
reported performing three or more PFMT sessions per week
when exercising, and the number of contractions within each
session varied between 18 and 30.

The Participants’ Perspective on Training

The participants’ experience and perspective on the PFMT
showed that it was easy and motivating to do the PFMT
program at the beginning, but it became more challenging to
maintain daily exercises over time. Reasons for not adhering
to the program were lack of time, lack of energy, illnesses,
and that they forgot to do the exercises. One participant also
reported that it was demotivating when no improvement

Table 4 Feasibility aspects with pelvic floor muscle training in
female strength athletes (n=3)

Participant Pre-test At one month  Adherence
was reported
throuoghout
the training
period

PFSES (0-100)
88.2 84.4
61.2 62.9
3 84.7 76.5
Adherence to prescribed protocol (% of total 84 sessions)

1 40.5%

2 70.2%

3 80.1%

Mean number of PFM exercise sessions /week

1

2 5

3

Mean number of PFM contractions per session

1 30

2 24

3 18

PFSES Pelvic Floor Self-Efficacy Scale
PFM Pelvic floor muscle

was experienced. The participants reported that the train-
ing needed substantial concentration. The participant who
reported being worse stated that she had become more aware
of her leakage and had increased the sport training work-
load during the intervention period, and that this might have
affected her outcome. No adverse effects were reported.

All participants utilized the pre-contraction technique
prior to coughing and sneezing ("the Knack") [30]. Two
participants eliminated leakage during coughing/sneezing
after the training intervention by use of this technique, and
one participant also utilized the technique during heavy lifts,
particularly deadlifts, believing that it provided better core
support during the lift.

Discussion

This case series of three strength athletes conducting
12 weeks of PEMT for UI found varying outcomes among
the participants. The individual results of the primary out-
come variable, ICIQ-UI-SF concurred with the results of
the PGI-I. PFM strength, and endurance increased in all par-
ticipants. The participants completed the intervention and
pre- and post-test testing, but adherence varied between 40
and 80%. Participants reported a lack of time and energy
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and forgetting to perform the exercises as reasons for low
adherence.

Case studies and case series cannot establish causal infer-
ence and effect sizes. However, such designs can be used as
a pilot to establish preliminary outcome data and important
knowledge for planning interventions of future robust and
high-quality RCTs [31]. PFMT has level 1, recommenda-
tion A, to be first-line treatment for SUI and MUI in the
general female population, with cure rates reaching 80% [9,
10]. However, no studies have been found in female strength
athletes [11, 12] and the results of this case series can there-
fore indicate the outcome of the training program. Although
our inclusion criterion was SUI, all three participants also
reported UUI, meaning that they have MUI. PFMT has been
shown to most effective in women with SUI only, and may
be one of other factors explaining the modest improvement
found in our study [9]. Three pre-/post-test design studies
such as the present study have been published concluding
with a positive outcome [32-34]. None of these studies
included strength athletes. Da Roza et al. [33] assessed seven
sport students of gymnastics, trampoline, figure skating, syn-
chronized swimming, and handball, and reported a reduction
in ICIQ-UI-SF from mean 4.08 (SD 6.0) to 0.75 (SD 2.6),
p=0.027. Only one full-scale RCT has been found assess-
ing the effect of PFMT in athletes. Ferreira et al. [35] rand-
omized 32 female volleyball players to 3 months of PFMT
or control and reported statistically significant results using
the pad test and frequency of leakage and amount of leakage
using the pad test. These results are promising, but future
RCTs are needed to assess the effect of PFMT in strength
athletes as their impact on the pelvic floor is different from
sports consisting of running and jumping/landing.

As the above-mentioned studies use different measure-
ment methods for assessing the independent variables (vagi-
nal resting pressure, PFM strength, and endurance), their
results cannot be directly compared with ours. The results
of the present study showed that PFM strength and endur-
ance were increased to similar levels, which has been found
in studies of the general female population using the same
apparatus [27]. However, the one participant reporting to be
worse had no improvement, although she had high adher-
ence, indicating that her contractions may not have been
effective in increasing urethral closure pressure [36]. She
was also the participant who had difficulties contracting cor-
rectly and there may also have been other factors such as
change in exercise routines with increasing loads during the
training period that may have affected her negatively. One
could also speculate that she had an increase in UUI with
improper PFMT that either was bearing down or was not
adequately relaxing in between. Interestingly, all participants
performed “the Knack” (consciously contracted the PFM
before an increase in intra-abdominal pressure) and this was
reported to be effective for all. Similar results have been
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shown in the general female population during coughing
and activities of daily living including inhibiting the urge
to void and UUI [30]. This technique may therefore have an
immediate preventive effect on Ul among strength athletes
and should be investigated in future RCTs.

One cannot assume that athletes have knowledge about
the PFM and PFMT [6, 23, 24, 37]. A recent study found
that a minority of athletes were able to perform correct
PFM contraction at their first assessment [38]. A common
error in attempts at PFM contraction is to strain (pushing
downward) instead of performing a correct PFM contraction
(squeezing around the pelvic openings and lifting the pelvic
floor forward and cranially) [36]. Thorough instruction and
information about the pelvic floor and its function is man-
datory before commencing a PFMT intervention, and so is
feedback of the participants’ ability to perform a correct and
strong contraction. Dos Santos et al. [38] reported that all
athletes in their study who were unable to contract at their
first visit, learned how to perform the exercise after indi-
vidual instruction and assessment by a physiotherapist. In
the present study there was no monitoring of the PFM con-
tractions during the intervention period and one of the ath-
letes had challenges in performing a correct and strong PFM
contraction. Closer individual supervision and follow-up of
her attempts to contract might have improved her outcome.
However, not all women succeed with PEMT and thus, the
three participants of the present pilot study may mirror a
larger sample of women performing PFMT to treat SUI [9].

Feasibility was assessed using the SESPPFE, adherence,
and three open questions on how the participants experi-
enced PFMT. We have not been able to find other studies
reporting on self-efficacy for PFMT in athletes. Sacomori
et al. [28] found that three factors—performance expectation
considering the action, performance expectation consider-
ing the preparation for action, and outcome expectations—
accounted for 65.3% of the total variance in women from the
general community and in a postpartum population. Apply-
ing hierarchical regression analyses incorporating treatment
group, age, education, disease-related factors (severity of
UI; pelvic floor muscle strength; BMI), outcome expecta-
tions, and self-efficacy in 72 women, of whom 43 performed
everyday PFMT, showed that only baseline self-efficacy pre-
dicted adherence. We agree that self-efficacy is important
to include in future studies of PEMT. In the present study
the SESPPFE was stable within the first month of PFMT in
two of the participants but decreased in the participant who
reported to be slightly worse. The SESPPFE concurred with
the response to the open questions on how they perceived
the training.

Our results finding that PFMT needs concentration, is easy
to forget, and can be difficult to prioritize in a busy sched-
ule among female athletes corresponds with results of adher-
ence challenges in the general population [39]. Although the
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athletes in general have high motivation for regular and inten-
sive training, they spend a considerable part of their leisure
time on their sports and may therefore have less tolerance
and time than others for extra tasks such as PEMT. Including
PFMT as a natural part of their regular training session could
be a way of increasing adherence. In an epidemiological study
on powerlifters and Olympic weightlifters, Skaug et al. [6]
found that 20.6% of the women and 58.8% of the men had
never heard of PFMs. More than 40% of the women and 70%
of the men did not know why and how to train the PFMs. How-
ever, almost 80% of the women and half of the men responded
that they would do PFMT to prevent or treat pelvic floor disor-
ders if they knew how to perform the exercises. Nevertheless,
although motivated for general strength training, the athletes
may consider PEMT less motivating than other exercises.

To date, PFMT does not seem to be included in athletic
strength training protocols, and coaches may not know how to
teach effective PFMT. RCTs are needed to investigate whether
including PFMT as part of regular training in athletes can
improve UL RCTs in the general population have shown that
PFMT is more effective after supervised training and a closer
follow-up with clinical assessment of development of PFM
strength may be important for motivation [9, 10].

Strengths of the present study are the use of reliable
and valid outcome measures, for registration of UI, meas-
urement of PFM variables, self-efficacy, and adherence.
The PFMT protocol followed recommendations for general
strength training, and the program has been used in sev-
eral RCTs, showing a statistically and clinically meaning-
ful effect on female SUI [17-19]. A comprehensive pool
of outcome measures for feasibility factors combining
both quantitative and qualitative data was utilized, giving
important information for planning a future RCT among
strength athletes. The limitation of the study is the research
design, as no causal inference can be drawn from a case
series, and the results therefore can only indicate a direc-
tion of the effect. In addition, in the present study, three
possible outcomes of an intervention was found: some
effect, no effect, and some worsening of UI; thus, no con-
vincing direction of a possible effect can be seen. However,
a preliminary power-calculation for a future RCT can be
conducted based on the present results. The average change
in the primary outcome measure, total score on the ICIQ-
UI-SF, from pre-test to post-test for all three participants,
was calculated to be —2.67 (SD: 3.09). Based on these
values, and 0 change in the control group (SD: 3.09), with
80% power and a significance level set at 0.05, a total of 22
participants in each group would be needed. To account for
uncertainty in the power calculation, as well as potential
dropouts from the study (20%), we would advise including
a total of 70 participants [40].

Conclusion

In this pilot study, we found varying effects of a 12-week
PFMT program on three female strength athletes with
UI. All athletes improved PFM strength and endurance.
Adherence to the training program varied between 40
and 80% and concurred with the outcome. The results of
the pilot can guide future randomized controlled trials of
PFMT for Ul in strength athletes.
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