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Abstract

Background Urinary incontinence (Ul) is a common and debilitating condition among people with multiple sclerosis
(MS) and is more prevalent among women. Over the past decade, numerous studies have investigated the effects

of pelvic floor muscle training (PFMT) as a treatment for Ul in people with MS. MS negatively impacts pulmonary func-
tion even in the early stages of the disease and people with MS may experience respiratory muscle weakness. Con-
sidering the synergy between the pelvic floor muscle (PFM) and respiratory muscles, this trial will evaluate the effects
of PFMT and breathing exercises on PFM activity and strength, diaphragm activity, and urinary symptoms in women
with MS who experience Ul.

Methods Fifty women with MS and Ul will participate in this parallel randomized controlled trial, comprising 32
treatment sessions. The intervention group consists of PFMT and breathing exercises, and the control group includes
PFMT. The severity of Ul symptoms, PFM activity, diaphragm activity, and PFM strength will be evaluated using

the International Consultation on Incontinence Questionnaire—Urinary Incontinence Short Form, ultrasound imaging,
and modified Oxford grading scale, respectively before and after the intervention.

Discussion The current trial is designed to examine the effects of a combined exercise program for Ul in women
with MS. It is hypothesized that using breathing exercises in conjunction with PFM exercises will improve patient
symptoms compared to PFMT alone.

Trial registration The trial was registered in the Iranian Registry of Clinical Trials with code IRCT20180916041051N3
and was approved on 23 May 2024,
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Background and rationale {6a}
Multiple sclerosis (MS) is an autoimmune disease charac-
terized by a chronic and progressive central nervous sys-
tem disorder. As a global health concern, the prevalence
of MS is on the rise worldwide, with a rate of 35.9 cases
per 100,000 people [1]. Studies suggest that women are
more susceptible than men with a rate of 2:1 [1, 2]. There
are various symptoms associated with MS, depending
on which nerve fibers are affected, such as numbness or
weakness in the limbs, fatigue, loss of vision, and pel-
vic floor muscle (PFM) dysfunctions including urinary
incontinence (UI) [3, 4].

The prevalence of UI, which is defined as a complaint of
involuntary urine loss, is reported to be 19-80% among

people with MS [5, 6]. It is more prevalent in women [4].
UI can cause significant physical and psychological dis-
tress for people with MS, resulting in low self-esteem,
social withdrawal, and limitations in their activities. Even
though Ul is not life-threatening, it significantly impacts
their quality of life (QOL) [7]. World Health Organiza-
tion (WHO) has identified Ul as a critical health concern,
emphasizing its significant influence on patients’ lives [8,
9].

Hyperreflexia, hyporeflexia, and dyssynergia of the
detrusor-sphincter are the most common bladder dys-
functions among MS patients that can increase the
risk of urinary incontinence [4, 10]. Management of
these dysfunctions, and improving the overall urinary
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system health, are crucial to treating MS. There are sev-
eral approaches for Ul management, including medica-
tions, hormone therapy, surgical methods, and pelvic
floor muscle training (PFMT) [11]. Several oral drugs
including anticholinergics and sphincter muscle relax-
ants are available to treat hyper-reflexic bladder and det-
rusor-sphincter dyssynergia. Antimuscarinic drugs can
also be prescribed to relieve urinary urgency, improve
continence, increase bladder capacity, and improve the
QOL of patients suffering from bladder dysfunction [11].
However, it is important to consider the potential adverse
effects of the pharmacotherapy method such as central
nervous system depression [11-13], constipation, dizzi-
ness, urinary retention, and skin rash [14, 15]. Surgical
methods may cause urinary incontinence relapse and
have high costs. Furthermore, findings from the EMAS
clinical guideline indicate that hormone therapy exacer-
bates urinary incontinence in postmenopausal women
[16].

PFMT is a non-pharmacological and non-invasive
method recommended for UI treatment, and there is an
international consensus that should be the first-line treat-
ment [17-19]. The regular and supervised use of PEMT
increases PFM strength and endurance, lifts the bladder
neck and the rectal ampulla, narrows the levator hiatus,
shortens the PFM, and increases PFM cross-sectional
area, thereby directly affecting factors that cause Ul
[20-22].

According to previous studies, MS affects pulmo-
nary function even during the early stages [23, 24]. It
was reported that 64% of people with MS and a low to
medium disability had respiratory muscle weakness [25].
Also, a study showed that pulmonary function is asso-
ciated with UI in people with MS [26]. The diaphragm,
intercostal muscles, PFM, abdominal muscles, and myo-
fascial connections with the thoracolumbar fascia work
in synergy, thus, alteration in one of these muscle groups
can affect the function of the other [22, 27, 28]. As a
result, it has been suggested that nonoptimal breathing
can result in a failed load transfer, resulting in UI [27, 29,
30].

Toprak et al. hypothesized that breathing exercises
would improve pelvic floor function, indirectly via a facial
connection between the diaphragm and the PFM, thereby
reducing UI [31]. The results of a systematic review have
shown that PFMT alternative exercises such as hypopres-
sive, and diaphragmatic breathing exercises are ineffec-
tive for improving UI by themselves [22]. Of the studies
included in this systematic review, only one randomized
control trial (RCT) added breathing exercises to PEMT
to treat Ul and reported no additional effect over PEMT
[32]. Previous research that assessed the impact of adding
breathing exercises to PFMT on improving UI, included
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subjects without a history of neurological diseases. No
study has evaluated the effects of these exercises on peo-
ple with MS and UL

Objectives {7}

Regarding respiratory muscle problems in people with
MS and the relationship between respiratory muscles and
PFM and UI, this protocol study aims to investigate the
effect of PFMT and breathing exercises on PFM activity
and strength, diaphragm activity, and urinary symptoms
in women with MS and UL

Trial design {8}
The current project is a two-parallel armed, superior-
ity RCT, designed to investigate and compare the effects
of PEMT and breathing exercises on PFM activity, dia-
phragm activity, and urinary symptoms in women with
MS and UL This RCT employs a one-to-one allocation
method across two parallel groups. The intervention
group receives PEMT with synchronous breathing exer-
cises, while the control group is assigned to PFMT alone.
The primary outcome is the severity of Ul symptoms,
and the secondary outcomes are PFM activity, strength,
and diaphragm activity, which will be evaluated before
and after interventions. The trial process includes an ini-
tial assessment at baseline and a final assessment after
the last treatment session. A physiotherapist will assess
all outcome measures.

Methods: participants, interventions,

and outcomes

Study setting {9}

Patients diagnosed with MS and UI will be referred by a
neurologist from the Iran MS Society or contacted from
the previous files available. Assessments and treatments
will be conducted in the physiotherapy department labo-
ratory of the Iran University of Medical Sciences in Teh-
ran, Iran. A physiotherapist will provide all participants
with rehabilitation treatments, including PFMT and
breathing exercises, according to the trial’s requirements
and ethical guidelines.

Eligibility criteria {10}
The following are the inclusion criteria:

— Women aged 18-50 years, diagnosed with relapsing—
remitting MS [33] and UI [34].

— An Expanded Disability Status Scale score (EDSS) of
0-3.5 [35].

— Mini-Mental State Examination (MMSE) score > 24
[36].

The following are the exclusion criteria:
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— Other neurological disorders (in addition to relaps-
ing-remitting MS), cardiovascular diseases, kidney
diseases, rheumatoid arthritis, visceral diseases, and
malignancy [37].

— MS clinical relapse within 90 days before enrollment.

— Pregnancy or being in the first 6 months post-par-
tum.

— Surgical treatment for UL

— Pelvic organ prolapses above grade 2.

— Receiving prior physiotherapy for UI within the past
30 days before enrollment.

— Body mass index (BMI) > 30 kg/m.?

— Very severe Ul as indicated by the International
Consultation on Incontinence Questionnaire—Uri-
nary Incontinence Short Form (ICIQ-UI SF) score of
19-21 [38].

— MS plaques in the medulla (due to the presence of
respiratory control areas) based on magnetic reso-
nance imaging (MRI) findings [39].

— Changes in UI medication dosage over the month
before the study (if taking any) or using diuretic and/
or anti-hypertensive medications [40].

— Declining to participate in the study.

Who will take informed consent? {26a}

The informed consent form will be developed based on
the Ethics Committee of Iran University of Medical Sci-
ences guidelines. At the baseline visit, a trial staff mem-
ber will obtain written informed consent from eligible
participants. The interventions and possible adverse
effects will be fully explained to all eligible participants
before they sign the consent form. For details regarding
the consent form, please refer to Supplemental File 1.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

Not applicable—It is not planned to collect or store bio-
logical specimens.

Interventions
Explanation for the choice of comparators {6b}
This trial consists of two arms:

(1) Intervention arm: PFMT plus breathing exercises.
(2) Control arm: PFMT.

In both groups, exercise sessions will be conducted
over 8 weeks, 4 times a week, for 32 sessions under a
physiotherapist’s supervision. Each treatment session is
estimated to take 15-20 min. A make-up session can be
scheduled if a session is missed.
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Intervention description {11a}
PFMT
A preliminary education session will be held for both
groups to provide an overview of PFM function, the ben-
efits of PFMT, and how to perform PFM exercises. Partic-
ipants will be instructed to lift their PFM up and inward
and squeeze the anal sphincter vagina and urethra, with
maximal voluntary contraction for 8 to 10 s before relax-
ing the muscles [41, 42].

PEMT will be performed based on the protocol devel-
oped in previous studies [41-43]:

— DPositions: supine lying, kneeling, sitting, standing,
and walking (for each position, one series of exercises
will be done)

— Repetitions: 8—10 sustained contractions with 8—10 s
of holding contraction

— Muscle relaxation time after contraction: 8—10's

— Four fast contractions are added after repetitions of
sustained contractions

— Intensity: maximal voluntary contraction

In both groups, the PFMT protocol will be performed
four times a week under the supervision of a physiothera-
pist. Participants in both groups will also be instructed to
perform the protocol daily at home without supervision.

Breathing exercise

The intervention group will perform breathing exercises
simultaneously with the PFMT program. Breathing exer-
cises will be done using a specific Inspiratory Muscle
Training (Power Breathe classic device; POWERbreathe
International Ltd, England). This device strengthens the
respiratory muscles by creating appropriate pressure
(10-15 mmHg). In the first session, participants in the
intervention group will be instructed to use the device
under the supervision of a physiotherapist. During the
intervention, respiratory resistance will be controlled to
keep the participants’ perceived force (based on Ratings
of perceived exertion (RPE)) below 14 [44, 45]. The exer-
cises will be performed in supine lying, kneeling, sitting,
standing, and walking, simultaneously with the PFMT.
Participants will be asked to perform 5 repetitions of
breathing exercises in each position. Participants will be
asked to perform breathing exercises in 2 sets of 25 rep-
etitions ((5 repetitions in 5 positions) * 2 sets=50 rep-
etitions in each session). The breathing exercises in the
intervention group will be performed for 8 weeks, 4 times
a week, with a physiotherapist’s supervision. The dura-
tion of rest periods between each exercise set is tailored
to the individual’s condition. Participants will be advised
to stop exercising if they experience a lack of energy or
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symptoms of fatigue, as these factors are particularly sig-
nificant for people with MS. Also, participants will be
trained to stop the intervention immediately if dizziness
or dyspnea occurs during the intervention.

Criteria for discontinuing or modifying allocated
interventions {11b}

There will be no changes to the medical recommenda-
tions of individuals, such as drug treatments. Participants
can withdraw from the study for any reason without
consequences.

Strategies to improve adherence to interventions {11c}

The rehabilitation protocol will be provided completely
free of charge to enhance patients’ motivation. Also, a
physiotherapist will closely supervise participants with
feedback on each treatment session.

Relevant concomitant care permitted or prohibited

during the trial {11d}

The protocol allows medical consultations and the intake
of pre-existing medications, except for modifications to
the dosage of Ul medications within the month before
the study. All participants in the study will be required to
refrain from participating in any other PFMT programs
during the study period.

Provisions for post-trial care {30}
No harm is anticipated, and compensation is not applica-
ble for trial participation or post-trial care.

Outcomes {12}
A physiotherapist will measure all outcomes at baseline
and after the final treatment session (after 8 weeks).

Primary outcome

The primary outcome is the severity of Ul symptoms,
which will be assessed using the Persian version of the
self-reported ICIQ-UI SF [46]. This questionnaire is
developed to assess the severity of symptoms, determine
the type of UI, and assess the impact on QOL. The score
ranges between 0 and 21, with higher values represent-
ing greater UI severity. The UI severity could be divided
into four categories: slight (1-5 points), moderate (6—12
points), severe (13—18 points), and very severe (19-21
points) [38].

Secondary outcomes
Secondary outcomes are PFM activity, diaphragm activ-
ity, and PFM strength.

PFM activity and diaphragm activity (excursion) will
be assessed using an ultrasound unit (SONOACE R7;
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Samsung Medison, Korea) with a bandwidth frequency
of 5-8 MHz (penetration frequency).

PFM activity

Bladder base displacement will be considered to meas-
ure PFM activity. Because the urethra, bladder neck, and
bladder are anatomically located in the pelvic floor area,
the PFM activity causes the bladder base to be displaced
[47]. Before the test, participants were asked to con-
sume 600 ml of water to ensure clear images of the blad-
der base. Participants will lie in crook-lying with about
60° hip and knee flexion and neutral lumbar spine posi-
tion. Transabdominal ultrasound will be performed in
motion mode (M-mode) with the convex probe inserted
transversely on the midline of the suprapubic region.
The inferior border of the bladder will be used as a refer-
ence (indicated by the end of the anechoic margin) and
the start of the hyperechoic line representing the pelvic
floor deep plane (indicated by the anechoic margin end
and the hyperechoic line representing the pelvic floor
deep plane) [48, 49]. Then, the participants will be asked
to perform one maximum voluntary cough, and the verti-
cal distance of bladder base displacement (the difference
between the maximum displacement of the bladder base
during maximum voluntary cough and the initial posi-
tion of the bladder base with the PFM at rest) will be con-
sidered a PFM activity.

Diaphragm activity (excursion)

Participants will be positioned supine and diaphragm
excursions will be recorded in the M-mode using a con-
vex probe. The probe will be placed between the midcla-
vicular and anterior axillary lines, with a medial, cranial,
and dorsal orientation to facilitate visualization of the
posterior third of the right diaphragm. In M-mode imag-
ing, the diaphragm appears as an echogenic line and
moves freely during inspiration and expiration. The dia-
phragmatic excursion will be determined by positioning
calipers at the top and bottom of the diaphragmatic slope
between the end of expiration during quiet breathing and
the end of inspiration during coughing [50, 51]. All ultra-
sound measurements will be conducted three times, and
the analysis will be based on the average values derived
from these three repetitions.

PFM strength

PEM strength assessment will be performed by vaginal
palpation and will be graded using the modified Oxford
grading scale. First, the participant received instruc-
tions on how to perform a PFM contraction correctly.
The following verbal command will be given to induce
voluntary contractions of the PFM: “Squeeze the PFM
as hard as you can”. The scores will be as follows: 0=no
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contractions; 1: flicker; 2: weak; 3: moderate (with lift); 4:
good (with lift); and 5: strong (with lift) [52].

Project timeline {13}
The timeline is presented in Fig. 1.

Sample size {14}

This study is the first to compare the effects of PEMT and
breathing exercises against PFMT alone in people with
MS. Due to the lack of previous studies, the Cohen stand-
ardized effect size for comparing means of two inde-
pendent groups was used to calculate the sample size.
The sample size was calculated using G*Power, version
3.1.9.2. Considering a power of 0.90, an « level of 0.05,
Cohen’s f of 0.25, and using an F-test family (ANOVA:
Repeated measures, within-between interaction), the
required sample size is 46. With an estimated attrition
rate of 10%, fifty women with MS and UI will be included,
with 25 participants assigned to each group. Another
power calculation will be conducted at the end of the trial
to ensure the adequacy of the sample size.

Recruitment {15}

Participants will be recruited from the Iran MS Soci-
ety in Tehran, Iran. Additionally, recruitment efforts
will extend to advertisements disseminated within MS
social media groups identified by the Iran MS Society. A
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physiotherapist will assess patients for eligibility, evalu-
ate outcome measures, and determine their final eligi-
bility status. The treatment course will be outlined to
the patients, and those who consent to participate in the
study will be included.

Assignment of interventions: allocation

Sequence generation {16a}

Participants will be randomly allocated to one of the
two arms (the experimental group or the control group)
in a 1:1 ratio using the balanced block randomization
method. The freely accessible online platform rand-
omizer.org will be utilized for this purpose.

Concealment mechanism {16b}

Sealed envelopes are employed to store the randomiza-
tion results for each participant securely. These enve-
lopes are opened just before the intervention of the study
investigator.

Implementation {16¢}

The study investigator enrolls participants and accesses
the website using a personal Identity Document (ID)
and password, thereby being aware of the intervention
assigned to each participant.

Enrolment Allocation

Intervention

TIMEPOINT -t 0

Week | Week | Week | Week

= 3= = 5= te= t= 1s=
Week | Week | Week | Week
2 3 4 5 6 7 8

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

PFMT plus breathing
exercises (Intervention
group)

PFMT (Control group)

ASSESSMENTS:

Severity of UI

PFM activity

B I

Diaphragm excursion

PFM strength X

o] ] B

Fig. 1 Schedule of enrollment, intervention, and assessments. PFM: Pelvic Floor, PFMT: Pelvic Floor Muscle Training, Ul: Urinary Incontinence
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Assignment of interventions: Blinding

Who will be blinded {17a}

Due to the nature of the intervention, enrolled partici-
pants will not be blinded to their study assignment, nor
will the physiotherapist perform the interventions. The
data analyzer will be blinded to the assignment of study
arms.

Procedure for unblinding if needed {17b}
As the design is open-label, unblinding is not applicable.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Outcomes are assessed at two time points: at baseline
and following the treatment sessions, by a physiothera-
pist with sufficient experience and expertise in the assess-
ment process. In addition, a staff member will collect
demographic information in the first session. Detailed
descriptions of outcomes and assessments are presented
in the “Outcomes {12}” section.

Plans to promote participant retention and complete
follow-up {18b}

At the first session, all potential participants are informed
of the importance of attending all treatment sessions
until the end of the trial to ensure that only those capa-
ble of committing to the entire protocol are enrolled. The
importance of adherence to the treatment will also be
emphasized. Data regarding patients who withdraw from
a study are counted as dropouts.

Data management {19}

Data will be collected on paper and stored in folders in an
office in the physiotherapy department laboratory of Iran
University of Medical Sciences. Participants will be iden-
tified by their inclusion number, the initial letter of their
family, and their given name. Data will be entered twice
into Excel software by the research staff.

Confidentiality {27}

Participants identifying data (full name, date of birth,
written informed consent, contact details), their medi-
cal history, and identification code, will be recorded in a
document maintained by the corresponding investigator.
Access to the document key is restricted to the research
team. Participants’ private data will not be disclosed in
the publication.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Not applicable, as no biological samples will be collected
during this trial.
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Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The calculation and reporting of data summary will fol-
low the criteria of the Consolidated Standards of Report-
ing Trials (CONSORT) [53]. Throughout the trial, various
factors may contribute to patient dropout and loss; there-
fore, an intention-to-treat analysis will be implemented
to guarantee the inclusion of all randomized participants.
Participants will be analyzed according to their assigned
groups, irrespective of their adherence to the interven-
tion protocol. Multiple imputation will be used if this
method proves impractical.

Data analysis will be conducted using SPSS version 24.
The data’s normality will be evaluated using a combina-
tion of the Shapiro—Wilk test, histograms, and assess-
ment of skewness and kurtosis. Continuous variables
(e.g., age, BMI, ultrasound measurement values, ICIQ-
UI SE, and modified Oxford grading scale scores) will be
summarized as mean+standard deviation for normally
distributed data and median *interquartile range for
non-normally distributed data. If the trial results satisfy
the assumptions of normality, a two-factor, two-level
repeated measures analysis of variance (group*time) is
employed; otherwise, Friedman’s test is implemented.
Effect sizes will be reported with 95% confidence inter-
vals, and a two-sided P-value<0.05 will be considered
significant.

Interim analyses {21b}

No interim analyses will be performed, considering that
the designed interventions are non-invasive, cost-free,
and not classified as expensive.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
No subgroup analyses are planned.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
An intention-to-treat analysis will assess the primary and
secondary outcomes, and missing data will be accounted
for using multiple imputation.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The corresponding author can be contacted for reason-
able access to the full protocol, participant-level dataset,
and statistical code.



Nazem et al. Trials (2025) 26:18

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The coordinating center for this study is the specialized
neurologic physiotherapy rehabilitation center within
the School of Rehabilitation Sciences. The center’s
administrative secretary is responsible for daily patient
contact and appointment scheduling.

The members of the trial steering committee include
the corresponding investigator, the physiotherapist
(PhD candidate), other authors of this study (MD, IE,
HM, LAM), and the statistician, who are all affiliated
with the Department of Physiotherapy of the Iran Uni-
versity of Medical Sciences and University of Social
Welfare and Rehabilitation Sciences. The correspond-
ing investigator will be responsible for the study and its
management. Steering committee members will pro-
vide organizational support and manage the trial day-
to-day. There will be meetings every 2 weeks where all
authors will discuss the study’s progress and strategies
to improve the trial management.

Composition of the data monitoring committee, its role
and reporting structure {21a}

It is a short-term trial with minimal known risks, so
there will be no data monitoring committee.

Adverse event reporting and harms {22}

Although this study involves minimal known risks,
participants must promptly inform the physiotherapist
responsible for interventions if any adverse or serious
events occur. Participants may experience tiredness,
dizziness, or fatigue following the protocol; however,
the literature does not report any serious side effects
associated with this type of intervention. The corre-
sponding investigator will report any harm to the insti-
tution’s research ethics committee.

Frequency and plans for auditing trial conduct {23}

The Trial Steering Committee audits the trial and
meets every 2 weeks. The Steering Committee reviews
the recruitment table, informed consent, adherence to
the study protocol, and any reported adverse events.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

Any modifications to the study protocol must receive
approval from the Ethical Committee of Iran University
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of Medical Sciences and modified in the Iranian Regis-
try of Clinical Trials.

Dissemination plans {31a}

The trial results will be published in relevant journals
and presented at physiotherapy, neurology, and urology
conferences.

Discussion

The present study will investigate the effect of breathing
exercises and PFMT compared to PFMT alone on PFM
activity and strength, diaphragm activity, and urinary
symptoms in women with MS and UL

Ul is a common complication among people with MS
[9]. Conservative interventions, which encompass treat-
ments that do not involve pharmacological or surgi-
cal approaches, are regarded as the primary method for
managing Ul symptoms in the general population [54,
55]. However, clinical practice guidelines consequently
advocate pharmacological treatments for Ul manage-
ment in neurological patients, due to the limited number
of studies addressing conservative interventions [56, 57].
Nevertheless, patient concerns regarding adverse effects
may result in non-adherence to treatment [58].

PFMT is considered a conservative technique with
Level A evidence for Ul management [18, 19]. The ration-
ale for incorporating breathing exercises into the PEMT
program is based on the hypothesis that there is a fas-
cial connection between the diaphragm and the PFMs
[22, 32]. The diaphragm constitutes the superior bound-
ary of the abdominopelvic cavity, while the PFMs serve
as its inferior boundary. These two structures, which are
shaped like opposing concave and convex domes, con-
sist of striated muscle tissue interposed between layers
of fascia [59]. It is suggested that non-optimal breath-
ing strategies result in ineffective load transfer, poten-
tially contributing to the development of incontinence
and/ or respiratory disorders [29]. Given the association
between respiratory muscle strength, pulmonary func-
tion, and urinary function in patients with MS [26], it
is hypothesized that incorporating breathing exercises
alongside PFM exercises would yield more improvement
in patient’s symptoms compared to PFMT alone.

Some potential implications result from the findings of
this study. First, the findings of this RCT will contribute
to establishing an evidence base for the use and effective-
ness of breathing exercises in improving urinary symp-
toms, PFM activity, strength, and diaphragm activity in
women with MS and UL

Second, antimuscarinics and anticholinergics which are
frequently prescribed for Ul management [11], are often
effective in the short-term, and long-term outcomes tend
to be suboptimal due to a range of side effects and issues
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related to medication adherence [60]. An alternative to
pharmacological treatment for UI might be conservative
treatment such as exercise therapy. These conservative
approaches are generally safe, and more cost-effective
[61]. The exercises described in this study are simple and
have a low incidence of adverse effects, which increases
their acceptability among women with MS and UL

Third, if PEMT combined with breathing exercises is
found to be more effective than PFMT alone, this trial
could have a beneficial impact on continence care and
potentially reduce the reliance on more invasive Ul inter-
ventions, such as medication and surgery, for women
with MS and UL

Finally, a notable strength of this study is using ultra-
sound as a valid and reliable instrument to measure PFM
and diaphragm activity [62-64]. Electromyographic
measurements are commonly utilized to assess mus-
cle activity. However, accurate evaluation of deep mus-
cle activity, including that of the PFMs, necessitates the
insertion of fine-wire electrodes into the muscles [65].
This procedure often causes discomfort for subjects,
particularly during movement [66]. In recent years, sev-
eral studies have used ultrasound imaging to measure
changes in muscle thickness to assess muscle activity
indirectly [63, 67, 68]. This method is convenient since it
does not require exposing intimate parts of the body and
is fast, noninvasive, and easy to use in the clinical setting.

The results of this RCT will provide evidence for the
rehabilitation management of women with MS and UL
If the program proves effective, the findings will provide
physiotherapists, clinical decision-makers, and adminis-
trative stakeholders with a solid evidence base for mak-
ing treatment decisions for women with MS and UL
Also, the findings will have implications for the organi-
zation and administration of continence care services for
women with MS.

Limitations

The current study has some limitations. In this study,
only women with relapsing—remitting MS and UI will be
recruited. Also, those with an EDSS score greater than
3.5 and individuals with a MMSE score lower than 24
will be excluded, which limits the generalizability of find-
ings. More research could be done to explore the effects of
breathing exercises in male populations, individuals with
other MS types, and subjects with higher levels of disabil-
ity and cognitive impairments. Moreover, due to the effects
of menopause on the PFMs [69], women between 18 and
50 years of age will be included. Consequently, the findings
derived from this study can only be generalized to female
patients within the same age range. Future studies could
consider other age groups to enhance the generalizability of
the findings. Finally, due to the nature of the interventions,
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blinding investigators and participants to group alloca-
tions is not feasible, which may introduce bias in the study
results.

Trial status

This current protocol represents protocol version 1.0.
Recruitment for the trial commenced on May 21, 2024, and
is anticipated to be completed in November 2025.

Abbreviations

BMI Body mass index

EDSS Expanded Disability Status Scale score

ICIQ-UISF  International Consultation on Incontinence Questionnaire—Uri-
nary Incontinence Short Form

D Identity document

M-mode Motion mode

MMSE Mini-Mental State Examination
MRI Magnetic resonance imaging
MS Multiple sclerosis

PFM Pelvic floor muscle

PFMT Pelvic floor muscle training
Q0L Quiality of life

RCT Randomized controlled trial
RPE Ratings of perceived exertion
ul Urinary incontinence

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-025-08721-0.

[ Supplementary Material 1. }

Acknowledgements
Not applicable.

Authors’ contributions

Concept and design: SSA, MD, IET, HM, and LAM. Data collection: AN. Data
analysis and interpretation: SSA, MD. Manuscript preparation: AN, SSA, MD, IET,
HM, and LAM. All authors read and approved the final manuscript.

Funding
All authors declare that they did not receive any funding for this protocol.

Data availability
The final trial dataset will be available upon reasonable request from the cor-
responding author.

Declarations

Ethics approval and consent to participate

The Human Research Ethics Committee of the Iran University of Medical
Sciences (IRIUMS.REC.1403.027) reviewed and approved this study. All partici-
pants signed an informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"lranian Center of Excellence in Physiotherapy, Rehabilitation Research Center,
Department of Physiotherapy, School of Rehabilitation Sciences, Iran Univer-
sity of Medical Sciences, Tehran, Iran. 2Neuromusculoskeletal Rehabilitation


https://doi.org/10.1186/s13063-025-08721-0
https://doi.org/10.1186/s13063-025-08721-0

Nazem et al. Trials (2025) 26:18

Research Center, University of Social Welfare and Rehabilitation Sciences,
Tehran, Iran.

Received: 9 August 2024 Accepted: 6 January 2025
Published online: 17 January 2025

References

1. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising
prevalence of multiple sclerosis worldwide: insights from the atlas of MS,
third edition. Mult Scler. 2020;26(14):1816-21.

2. Alroughani R, AlHamdan F, Shuaibi S, Ahmed SF, Behbehani R, Lamdhade
S, et al. The prevalence of multiple sclerosis continues to increase in
Kuwait. Mult Scler Relat Disord. 2019;32:74-6.

3. Huang WJ, Chen WW, Zhang X. Multiple sclerosis: pathology, diagnosis
and treatments. Exp Ther Med. 2017;13(6):3163-6.

4. Nazari F, Shaygannejad V, Mohammadi Sichani M, Mansourian M,
Hajhashemi V. The prevalence of lower urinary tract symptoms based on
individual and clinical parameters in patients with multiple sclerosis. BMC
Neurol. 2020;20(1):24.

5. Forbes A, While A, Mathes L, Griffiths P. Health problems and health-
related quality of life in people with multiple sclerosis. Clin Rehabil.
2006;20(1):67-78.

6. Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans B, Lee J, et al.
An International Urogynecological Association (IUGA)/International Con-
tinence Society (ICS) joint report on the terminology for female pelvic
floor dysfunction. Neurourol Urodyn. 2010;29(1):4-20.

7. Quarto G, Autorino R, Gallo A, De Sio M, DArmiento M, Perdona S, et al.
Quality of life in women with multiple sclerosis and overactive bladder
syndrome. Int Urogynecol J Pelvic Floor Dysfunct. 2007;18(2):189-94.

8. Batmani S, Jalali R, Mohammadi M, Bokaee S. Prevalence and factors
related to urinary incontinence in older adults women worldwide: a com-
prehensive systematic review and meta-analysis of observational studies.
BMC Geriatr. 2021;21(1):212.

9. GhasemiV, Kiani Z, Alizadeh S, Roozbeh N, Mehrnoush V, Mohammad-
Souri B, et al. Prevalence of stress urinary incontinence and urge urinary
incontinence in multiples sclerosis patients: a systematic review and
meta-analysis. Neurol Sci. 2024;45(9):4197-210.

10. Ingram CF, Lincoln JA, Khavari R. Voiding phase dysfunction in multiple
sclerosis: contemporary review of terminology, diagnosis, management,
and future directions. Urol Clin North Am. 2024;51(2):177-85.

11. Shah A, Panchal V, Patel K, Alimohamed Z, Kaka N, Sethi Y, et al. Patho-
genesis and management of multiple sclerosis revisited. Dis Mon.
2023;69(9):101497.

12. Panicker JN, Fowler CJ. Lower urinary tract dysfunction in patients with
multiple sclerosis. Handb Clin Neurol. 2015;130:371-81.

13. Welk B. The impact of anticholinergics on cognitive function in patients
with neurogenic lower urinary tract dysfunction: a narrative review.
Indian J Urol. 2024;40(2):82-7.

14. Andretta E, Finazzi Agro E, Calabrese M, Orecchia L, Furlan A, Zuliani C.
Antimuscarinics for neurogenic overactive bladder in multiple sclerosis:
real-life data. Ther Adv Urol. 2022;14:17562872221122484.

15. de Séze M, Ruffion A, Denys P, Joseph PA, Perrouin-Verbe B. The neuro-
genic bladder in multiple sclerosis: review of the literature and proposal
of management guidelines. Mult Scler. 2007;13(7):915-28.

16. Russo E, Caretto M, Giannini A, Bitzer J, Cano A, Ceausu |, et al. Manage-
ment of urinary incontinence in postmenopausal women: an EMAS
clinical guide. Maturitas. 2021;143:223-30.

17. Dumoulin C, Cacciari LP, Hay-Smith EJC. Pelvic floor muscle training ver-
sus no treatment, or inactive control treatments, for urinary incontinence
in women. Cochrane Database Syst Rev. 2018;10(10):Cd005654.

18. National Institute for Health and Care Excellence. Urinary incontinence
and pelvic organ prolapse in women: management. NICE Guideline
NG123. London; NICE 2019 [Available from: https://www.nice.org.uk/
guidance/ng123].

19. Bo K, Anglés-Acedo S, Batra A, Braekken IH, Chan YL, Jorge CH, et al. Inter-
national urogynecology consultation chapter 3 committee 2; conserva-
tive treatment of patient with pelvic organ prolapse: pelvic floor muscle
training. Int Urogynecol J. 2022;33(10):2633-67.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Page 10 of 11

Hoff Braekken I, Majida M, Engh ME, B K. Morphological changes after
pelvic floor muscle training measured by 3-dimensional ultrasonography:
a randomized controlled trial. Obstet Gynecol. 2010;115(2 Pt 1):317-24.
Kharaji G, ShahAli S, Ebrahimi-Takamjani |, Sarrafzadeh J, Sanaei F, Shanbe-
hzadeh S. Supervised versus unsupervised pelvic floor muscle training in
the treatment of women with urinary incontinence - a systematic review
and meta-analysis. Int Urogynecol J. 2023;34(7):1339-49.

Bo K, Driusso P, Jorge CH. Can you breathe yourself to a better pelvic
floor? A systematic review. Neurourol Urodyn. 2023;42(6):1261-79.
Murrieta-Alvarez I, A. Ferndndez-Gutiérrez J, A. Pérez C, Ledn-Pefia AA,
Reyes-Cisneros OA, Benitez-Salazar JM, et al. Impaired lung function in
multiple sclerosis: a single-center observational study in 371 persons.
Neurol Sci. 2023;44(12):4429-39.

Rietberg MB, Veerbeek JM, Gosselink R, Kwakkel G, van Wegen EE. Res-
piratory muscle training for multiple sclerosis. Cochrane Database Syst
Rev. 2017;12(12):Cd009424.

Fry DK, Pfalzer LA, Chokshi AR, Wagner MT, Jackson ES. Randomized
control trial of effects of a 10-week inspiratory muscle training program
on measures of pulmonary function in persons with multiple sclerosis. J
Neurol Phys Ther. 2007;31(4):162-72.

Aguilar-Zafra S, Del Corral T, Montero-Gonzélez N, de-Gabriel-Hierro A,
Lopez-de-Uralde-Villanueva I. Urinary incontinence and impaired physi-
cal function are associated with expiratory muscle weakness in patients
with multiple sclerosis. Disabil Rehabil. 2022;44(14):3531-9.

Talasz H, Kremser C, Talasz HJ, Kofler M, Rudisch A. Breathing, (S)training
and the pelvic floor-a basic concept. Healthcare (Basel). 2022;10(6):1035.
Talasz H, Kremser C, Kofler M, Kalchschmid E, Lechleitner M, Rudisch A.
Phase-locked parallel movement of diaphragm and pelvic floor during
breathing and coughing-a dynamic MRI investigation in healthy females.
Int Urogynecol J. 2011;22(1):61-8.

Lee DG, Lee LJ, McLaughlin L. Stability, continence and breathing: the
role of fascia following pregnancy and delivery. J Bodyw Mov Ther.
2008;12(4):333-48.

Abidi S, Ghram A, Ghroubi S, Ahmaidi S, Elleuch MH, Girard O, et al.
Impact of urinary incontinence on physical function and respiratory mus-
cle strength in incontinent women: a comparative study between urinary
incontinent and apparently healthy women. J Clin Med. 2022;11(24):7344.
Toprak N, Sen S, Varhan B. The role of diaphragmatic breathing exercise
on urinary incontinence treatment: a pilot study. J Bodyw Mov Ther.
2022;29:146-53.

Hung HC, Hsiao SM, Chih SY, Lin HH, Tsauo JY. An alternative intervention
for urinary incontinence: retraining diaphragmatic, deep abdominal and
pelvic floor muscle coordinated function. Man Ther. 2010;15(3):273-9.
Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al.
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria.
Lancet Neurol. 2018;17(2):162-73.

Bradley CS, Rahn DD, Nygaard IE, Barber MD, Nager CW, Kenton KS, et al.
The questionnaire for urinary incontinence diagnosis (QUID): validity and
responsiveness to change in women undergoing non-surgical therapies
for treatment of stress predominant urinary incontinence. Neurourol
Urodyn. 2010;29(5):727-34.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an
expanded disability status scale (EDSS). Neurology. 1983;33(11):1444-52.
Tombaugh TN, McIntyre NJ. The mini-mental state examination: a com-
prehensive review. J Am Geriatr Soc. 1992;40(9):922-35.

Zhang X, Liu H, Zhang J,Wang Z,Yang S, Liu D, et al. Fibronectin-1: a pre-
dictive immunotherapy response biomarker for muscle-invasive bladder
cancer. Arch Esp Urol. 2023;76(1):70-83.

Klovning A, Avery K, Sandvik H, Hunskaar S. Comparison of two
questionnaires for assessing the severity of urinary incontinence: the
ICIQ-UI SF versus the incontinence severity index. Neurourol Urodyn.
2009;28(5):411-5.

Mutluay FK, Demir R, Ozyilmaz S, Caglar AT, Altintas A, Gurses HN.
Breathing-enhanced upper extremity exercises for patients with multiple
sclerosis. Clin Rehabil. 2007,21(7):595-602.

Li X, Liang J, Hu J, Ma L, Yang J, Zhang A, et al. Screening for pri-

mary aldosteronism on and off interfering medications. Endocrine.
2024,83(1):178-87.

Sobhgol SS, Priddis H, Smith CA, Dahlen HG. Evaluation of the effect

of an antenatal pelvic floor muscle exercise programme on female
sexual function during pregnancy and the first 3 months following


https://www.nice.org.uk/guidance/ng123
https://www.nice.org.uk/guidance/ng123

Nazem et al. Trials

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

(2025) 26:18

birth: study protocol for a pragmatic randomised controlled trial. Trials.
2019;20(1):144.

Sigurdardottir T, Steingrimsdottir T, Geirsson RT, Halldorsson Tl, Aspelund
T, Bo K. Can postpartum pelvic floor muscle training reduce urinary and
anal incontinence?: An assessor-blinded randomized controlled trial. Am
J Obstet Gynecol. 2020;222(3):247.e1-.e8.

Merkved S, Bo K. Effect of pelvic floor muscle training during pregnancy
and after childbirth on prevention and treatment of urinary incontinence:
a systematic review. Br J Sports Med. 2014;48(4):299-310.

Hollander DB, Durand RJ, Trynicki JL, Larock D, Castracane VD, Hebert EP,
et al. RPE, pain, and physiological adjustment to concentric and eccentric
contractions. Med Sci Sports Exerc. 2003;35(6):1017-25.

OhYJ, Park SH, Lee MM. Comparison of effects of abdominal draw-in
lumbar stabilization exercises with and without respiratory resistance on
women with low back pain: a randomized controlled trial. Med Sci Monit.
2020;26:€921295.

Hajebrahimi S, Nourizadeh D, Hamedani R, Pezeshki MZ. Validity and reli-
ability of the international consultation on incontinence questionnaire-
urinary incontinence short form and its correlation with urodynamic
findings. Urol J. 2012;9(4):685-90.

Okamoto M, Murayama R, Haruna M, Matsuzaki M, Kozuma S, Nakata M,
et al. Evaluation of pelvic floor function by transabdominal ultrasound in
postpartum women. J Med Ultrason. 2010;37(4):187-93.

Arranz-Martin B, Garcia-Gallego P, Romay-Barrero H, Navarro-Brazalez B,
Martinez-Torres C, Torres-Lacomba M. Bladder base displacement during
abdominal muscles contraction and functional activities in primiparous
women assessed by transabdominal ultrasound: a descriptive study. J
Clin Med. 2021;11(1):25.

Hady DAA, Mabrouk OM, Osman DA. Ultrasound imaging of core muscles
activity in multiparous women with vaginal laxity: a cross-sectional study.
Sci Rep. 2024;14(1):9063.

Hwang UJ, Lee MS, Jung SH, Ahn SH, Kwon OY. Effect of pelvic floor
electrical stimulation on diaphragm excursion and rib cage movement
during tidal and forceful breathing and coughing in women with stress
urinary incontinence: a randomized controlled trial. Medicine (Baltimore).
2021;100(1):e24158.

Testa A, Soldati G, Giannuzzi R, Berardi S, Portale G, Gentiloni SN.
Ultrasound M-mode assessment of diaphragmatic kinetics by ante-

rior transverse scanning in healthy subjects. Ultrasound Med Biol.
2011;37(1):44-52.

Laycock J, Jerwood D. Pelvic floor muscle assessment: the PERFECT
scheme. Physiotherapy. 2001,87(12):631-42.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomized trials. Ann Intern Med.
2010;152(11):726-32.

Nambiar AK, Arlandis S, Ba K, Cobussen-Boekhorst H, Costantini E, de
Heide M, et al. European Association of Urology guidelines on the diag-
nosis and management of female non-neurogenic lower urinary tract
symptoms. Part 1: diagnostics, overactive bladder, stress urinary inconti-
nence, and mixed urinary incontinence. Eur Urol. 2022;82(1):49-59.
Vesentini G, Panicker J, Wallace SA, Dumoulin C. Conservative manage-
ment for urinary incontinence in neurological patients: a systematic
review and meta-analysis. Continence. 2024;10:101222.

Ginsberg DA, Boone TB, Cameron AP, Gousse A, Kaufman MR, Keays E,

et al. The AUA/SUFU guideline on adult neurogenic lower urinary tract
dysfunction: diagnosis and evaluation. J Urol. 2021;206(5):1097-105.

Blok B, Castro-Diaz D, Del Popolo G, Groen J, Hamid R, Karsenty G, et al.
EAU guidelines on neuro-urology. Arnhem: European Association of Urol-
ogy; 2024. Available from: https://uroweb.org/guidelines/neuro-urology.
Veenboer PW, Bosch JL. Long-term adherence to antimuscarinic therapy
in everyday practice: a systematic review. J Urol. 2014;191(4):1003-8.
Srebnik HH. Abdominopelvic contents. In: Srebnik HH, editor. Concepts in
anatomy. Boston: Springer, US; 2002. p. 173-8.

Sussman RD, Syan R, Brucker BM. Guideline of guidelines: urinary inconti-
nence in women. BJU Int. 2020;125(5):638-55.

Todhunter-Brown A, Hazelton C, Campbell P, Elders A, Hagen S, McClurg
D. Conservative interventions for treating urinary incontinence in
women: an overview of Cochrane systematic reviews. Cochrane Data-
base Syst Rev. 2022;9(9):Cd012337.

62.

63.

64.

65.

66.

67.

68.

69.

Page 11 of 11

Whittaker JL, Thompson JA, Teyhen DS, Hodges P. Rehabilitative ultra-
sound imaging of pelvic floor muscle function. J Orthop Sports Phys Ther.
2007;37(8):487-98.

Kharaji G, ShahAli S, Ebrahimi Takamjani |, Kashanian M, Sarrafzadeh J,
Shanbehzadeh S. Ultrasound assessment of the abdominal, diaphragm,
and pelvic floor muscles during the respiratory and postural tasks in
women with and without postpartum lumbopelvic pain: a case—control
study. Int Urogynecol J. 2023;34(12):2909-17.

Noh DK, Lee JJ, You JH. Diaphragm breathing movement measure-

ment using ultrasound and radiographic imaging: a concurrent validity.
Biomed Mater Eng. 2014,24:947-52.

Koppenhaver SL, Hebert JJ, Parent EC, Fritz JM. Rehabilitative ultrasound
imaging is a valid measure of trunk muscle size and activation during
most isometric sub-maximal contractions: a systematic review. Aust J
Physiother. 2009;55(3):153-69.

Hodges PW, Richardson CA. Altered trunk muscle recruitment in people
with low back pain with upper limb movement at different speeds. Arch
Phys Med Rehabil. 1999;80(9):1005-12.

Celenay ST, Balaban M, Kaya DO. Lateral abdominal muscle thickness and
contractile function in women with and without stress urinary inconti-
nence. Int Urogynecol J. 2024;35(2):303-9.

Bo K. Mechanisms for pelvic floor muscle training: morphological
changes and associations between changes in pelvic floor muscle vari-
ables and symptoms of female stress urinary incontinence and pelvic
organ prolapse-a narrative review. Neurourol Urodyn. 2024;43(8):1977-96.
Allafi AH, Al-Johani AS, Babukur RM, Fikri J, Alanazi RR, Ali S, et al. The link
between menopause and urinary incontinence: a systematic review.
Cureus. 2024;16(10):e71260.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://uroweb.org/guidelines/neuro-urology

	Effectiveness of breathing exercises on urinary symptoms, muscle activity, and strength in women with multiple sclerosis and urinary incontinence—a study protocol for a randomized controlled trial study
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	PFMT

	Breathing exercise
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Primary outcome
	Secondary outcomes

	PFM activity
	Diaphragm activity (excursion)
	PFM strength
	Project timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: Blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Limitations
	Trial status

	Acknowledgements
	References


