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ABSTRACT | INTRODUCTION: Pelvic floor muscle training (PFMT) is widely regarded as the most conservative and effective non-
pharmacological treatment option for women suffering from urinary incontinence (Ul). Transcranial direct current stimulation (tDCS)
is a non-invasive, non-pharmacological neuromodulation technique that has demonstrated promising results in a variety of medical
conditions. However, there has been little research into the feasibility of tDCS as an adjunct therapy to PFMT in improving symptoms
in women with Ul. OBJECTIVE: To explore the feasibility (recruitment and retention) of tDCS as an adjunct therapy to PFMT to relieve
symptoms of female Ul. METHODS AND MATERIALS: Eleven female patients were randomly assigned to receive 12 non-consecutive
sessions of PFMT combined with 20 minutes (2mA) of anodal (Cz) or sham tDCS for 4 weeks. Feasibility (primary outcome) was
assessed through recruitment and retention rates. Secondary outcomes included four domains: (1) urinary leakage, (2) severity of
incontinence, (3) impact on quality of life, and (4) symptoms and adverse events. RESULTS: Eleven patients were evaluated, and nine
women completed the treatment protocol. The recruitment rate was 100%, and retention was 81.8%. Clinical results showed that
anodal tDCS is viable as adjunctive therapy to PFMT protocol and may result in minimal clinically important differences (MCID) in Ul
symptoms. CONCLUSION: The high rate of recruitment and retention indicates that tDCS in combination with PFMT is a feasible
adjunct therapy for female Ul treatment. This research supports the recommendation for a full RCT, with prioritization of outcomes
required for hypothesis testing.
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The International Continence Society (ICS) defines
urinary incontinence (Ul) as any involuntary loss of
urine. Ul types include stress, urgent, or mixed. The
term “stress Ul" refers to any level of effort that causes
urinary loss due to an increase in intra-abdominal
pressure and failure of the detrusor muscle to
contract. Urgent Ul is associated with a sudden and
intense urge to urinate. In this type of involuntary
urinary loss, the detrusor muscle contracts when
it should not, increasing bladder pressure.! The
mixed Ul has characteristics of both types. Ul is a
public health problem due to its negative impact on
the physical?, psychosocial® and economic* aspects
of life. It is a considerable risk factor for sexual
dysfunction in both women and men.> Although
its precise prevalence is not yet known, female Ul
may affect 17.1% of nonpregnant women® and this
percentage increases with several factors, including
age, overweight, and number of pregnancies.”

Pelvic floor muscle training (PFMT) has been advocated
as the main non-pharmacological approach for Ul,
owing to the highest positive evidence, low side effects,
and reduced costs.® Popularized by Arnold Kegel?, this
strategy relies on consistent and voluntary contractions
of the pelvic floor musculature, according to a protocol
that describes the frequency, intensity, and progression
of the exercises and the duration of the training period.
Despite the strong positive evidence, there are still
barriers preventing adherence to PFMT protocols,
mainly due to the long period of training to achieve
clinical benefits. In this case, some patients are more
likely to undergo unnecessary surgical procedures.’®
Another factor that challenges the correct execution
of pelvic floor exercises, which is frequently observed
in clinical practice, is that many women have difficulties
contracting the pelvic floor musculature.™ Adjuvant
therapies that could potentially improve Ul outcomes
following PFMT are extremely valuable in this context.
A previous meta-analysis, however, found insufficient
evidence to combine other active treatments with
PFMT.'2This evidence challenges combination therapies
based only on a biomechanical approach.

Brainimaging techniques, such as functional magnetic
resonance imaging (fMRI) are widely used to help
decode the brain-bladder interaction and pelvic floor

function/dysfunction, and have helped to identify
brain correlates of many diseases, including U2 In
this scenario, new treatment options have emerged,
targeting brain mechanisms related to urinary loss.
In healthy subjects, voiding tasks showed a cluster of
activation in the pons, cerebellum, insula, thalamus,
inferior frontal gyrus, and anterior cingulate cortex.'
In contrast, the pattern of brain activation seems to
be different in women with Ul. When compared with
healthy women, the sites of the primary motor and
somatosensory cortical representation of the lower
urogenital tract and the anterior cingulate cortex and
supplementary motor area (SMA) seem to be more
active.” These altered brain activity may be related to
the mechanisms of some urogynecologic dysfunctions.
For instance, in patients with bladder hyperactivity, an
exaggerated response to the SMA may evoke urgency.
In women with urgent Ul, the prefrontal cortex
(PFC) activity, which has an inhibitory function over
the bladder, has a diminished activity compared to
that in healthy women.™ About clinical outcomes,
a recent review found that cortical inhibition can
be modulated to improve urinary continence and
decrease neurogenic bladder hyperactivity in patients
with Parkinson's disease and multiple sclerosis.’®

In this context, therapeutic strategies targeting brain
structures involved in Ul and pelvic floor dysfunction
may be an efficient adjunct therapy to boost the
clinical efficacy of exercise therapy.'” Transcranial
direct current stimulation (tDCS) is a non-invasive,
non-pharmacological, and well-accepted strategy
to influence brain activity through manipulation
of neuronal excitability’® beyond the stimulation
period.” Although the exact mechanisms of action
remain unclear, it is known that tDCS has synaptic and
non-synaptic effects. The parametrization of tDCS is
crucial for its effects, where the anodal pole generally
increases cortical excitability, and the cathodal pole
induces opposite effects.’”® When applied over specific
brain areas, the facilitatory effects of tDCS may
increase the excitability of the corticospinal pathway,
qualitatively and quantitatively favoring motor unit
recruitment strategies®®, and improving muscle
strength.2* Currently, many studies demonstrate the
potential of tDCS in improving the clinical outcomes
of different health conditions.?? However, the most
promising application of tDCS would be to expand
the clinical efficacy of existing treatments.2*%
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In this case, there remains much research to be
carried out, especially on healthy women with Ul. The
promising benefits of adding tDCS prior to exercise
therapies remain uncertain on the clinical outcomes.
If brain stimulation combined with PFMT yields better
outcomes than PFMT alone, this combination could
expand the possibilities of non-pharmacological and
noninvasive treatments for Ul, especially in women
refractory to current approaches. This clinical trial
protocol aims to investigate whether adding brain
targeting strategies (tDCS) can improve the clinical
efficacy of PFMT treatment in women with Ul.

1.1 Objective

The primary objective of this study was to explore the
feasibility (recruitment and retention) of transcranial
direct current stimulation (tDCS) as an adjunct
therapy to pelvic floor muscle training (PFMT) to
relieve symptoms of female urinary incontinence (Ul).

The secondary objectives were as follows:

1) To investigate the difference in urinary leakage
between anodal tDCS + PFMT and PFMT alone after
12 sessions of treatment.

2) To investigate the difference in incontinence
severity between anodal tDCS + PFMT and PFMT
alone after 12 sessions of treatment.

3) To investigate the difference in the impact of the
quality of life between anodal tDCS + PFMT and PFMT
alone after 12 sessions of treatment.

4) To investigate the difference in emotional impact
between anodal tDCS + PFMT and PFMT alone after
12 sessions of treatment.

5) To investigate the difference in the PFM strength
between anodal tDCS + PFMT and PFMT alone after
12 sessions of treatment.

6) To investigate the difference in the perception of
the overall effect between anodal tDCS + PFMT and
PFMT alone after 12 sessions of treatment.

1.2. Hypothesis

We hypothesized thattDCSis afeasible and acceptable
adjunct therapy to PFMT to reduce Ul symptoms,
improve quality of life, pelvic floor muscle strength,
and global perception of recovery.

This two-arm parallel feasibility study was performed
to determine the efficacy of anodal tDCS combined
with PFMT in female patients with Ul.

2.1. Approval and Registration

This project was approved by the Research Ethics
Committee of the Universidade Federal do Delta do
Parnaiba (protocol 3.408.788/19) and registered at
Clinicaltrials.gov as NCT04084340.

2.2. Procedures

Female patients referred by their physicians or
seeking treatment with complaints of urinary leakage
were fully informed about the present study. An
experienced physical therapist explained the study’s
objectives, treatment details, and risks. All participants
agreed with the conditions, signed the consent form
and met the eligibility criteria to participate.

2.3. Participants and Eligibility

Eleven female participants were recruited for
this study who sought treatment at the physical
therapy school clinic through medical referral and
spontaneously complaining of urinary incontinence
for more than three months. Participants who met
the following criteria were eligible: (1) age between
18 and 65 years, (2) seeking treatment for Ul, and (3)
complaints of urinary loss.

Excluding criteria were: (1) Grade Il or IV vaginal
dystopias (assessed by the Pelvic Organ Prolapse
Quantification System [POP-QJ%; (2) intrapelvictumors;
(3) symptoms of urinary loss related to a neurological
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disease (stroke, Parkinson’s disease, multiple sclerosis,
medullary lesions); (4) a cardiac pacemaker or other
implanted devices; (5) current pregnancy; (6) urinary
tract infections; and (7) previous treatment with tDCS.

2.4. Randomization and Allocation Concealment

A randomization-generating program divided
patients into one of the following two groups: (1) real
tDCS (tDCS-r) + PFMT, and (2) sham tDCS (tDCS-s)
+ PFMT. An external collaborator was responsible
for the randomization and allocation concealment
procedures. Treatment allocation was revealed for
both the evaluator and patients only at the end of
the study.

2.5. Initial Evaluation

Initially, participants were evaluated through a non-
structured interview to collect personal information,
clinical history, and anthropometric characteristics.
Subsequently, a specific clinical assessment was
carried out according to the recommendations of the
European Association of Urology for diagnosis and
treatment.2” The main outcomes included fall within
four domains: (1) urinary leakage, (2) incontinence
severity, (3) quality of life impact, and (4) symptoms
and adverse events.

2.6. Primary Variable
2.6.1. Feasibility

Participant recruitment rate and retention were
calculated to express feasibility measures. The
recruitment rate can be calculated by dividing
the number of patients scheduled for a baseline
assessment by the number of participants who
signed up as “interested” in the study.?® After four
weeks of treatment, retention was calculated by
dividing the number of post-treatment participants
by the number of pre-treatment participants. While
recruitment rates can be compared to other studies,
80-100% of retention is considered a strong trial.»? We
implemented the following strategies to ensure an
appropriate recruitmentand retention rate: (1) physical
therapy standard treatment for all participants; (2) full
explanation of the study protocol before beginning;

(3) flexible treatment schedule; (4) personalized
treatment; (5) parking for cars and motorcycles; and
(6) telephone and email support in case of doubts
or questions. We also seek to identify barriers to
participation and issues with assessment procedures.

2.7. Secondary Variables
2.7.1. Urinary leakage

Urinary leakage was measured using a pad test. Pad
testing yields an objective measurement of fluid loss
over a certain period. The outcome of the 1-h pad
test was recorded as the weight gain measured on a
verified spring balance. Pad test assessment; Change
in 1-hour exercise (stress) was classified as mild,
moderate, or severe urinary leaking.*

2.7.2. Incontinence severity

Incontinence severity was assessed using the Brazilian
version of the Incontinence Severity Index (ISI), which
quantifies the frequency and number of urinary
leaking episodes. The ISI comprises two questions
about the quantity and frequency of urinary losses.
The scores range from 0 to 12: 0 continent, 1 or 2, mild
incontinence; 3 or 6, moderate incontinence; 8 or 9,
severe incontinence; 12, very severe incontinence.*

2.7.3. Quality of life impact

The quality of life impact of urinary incontinence was
assessed by the Brazilian Version of International
Consultation on Incontinence Questionnaire - Urinary
Incontinence (ICIQ-Ul short form). The ICIQ-Ul short
form provides a score ranging from 0 to 21. A higher
score indicates a greater symptom severity.

2.7.4. Quality of life of women with Ul (severity
symptoms)

Quality of life was analyzed using the Brazilian
version of the King's Health Questionnaire (KHQ).
This questionnaire is a patient self-administered self-
report and has three parts consisting of 21 items. The
scores from eight subscales (domains) range from 0
(best) to 100 (worst). Decreases in KHQ domain scores
indicate an improvement in the quality of life.*
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2.7.5. Emotional impact

The emotional impact of Ul on the quality of life was
analyzed using the Brazilian version of the Incontinence
Quality of Life Questionnaire (IQOL), which evaluates
the social, physical, and mental aspects of women with
Ul. The IQOL is a self-report questionnaire with 22
questions and three subscales (domains). The scores
range from 0 (worst) to 100 (best).>

2.7.6. Pelvic floor muscle strength: Subjective test

Pelvic floor strength was analyzed by bidigital vaginal
palpation of the vaginal introitus, through the new
PERFECT scheme using the modified scale de Oxford.>

2.7.7. Pelvic floor muscle strength - Quantitative test

Pelvic floor strength was analyzed by a clinical
perineometer (Perina Clinico Biofeedback, Quark®,
Brazil) in cm H,0 with a 9- and 1.1-cm probe size and
diameter, respectively. It records the contraction
pressure by means of visual signals on a numerical
scale, by means of an anal or vaginal probe, it is
possible to visualize the intensity of the contraction
by means of a luminous linear LED scale.?**’

2.7.8. Urinary leaking

A diary was delivered to the participant to note the
urinary frequency daytime, night, amount of loss, and
exchange of absorbents if used, across 24h.3822

2.7.9. Perception of the Global Effect

The global perceived effect scale was used to assess
the perception of recovery following therapy. The
11-point scale goes from -5 to +5, with 0 indicating no
change, +5 indicating full recovery, and -5 indicating
severe illness.%

2.8. Other Outcomes

2.8.1. Depressive and Anxiety Symptoms

Depression and anxiety symptoms were assessed
using the Beck Depression Inventory (BDI) and the

Visual Analog Scale (VAS), respectively, to avoid
misinterpretation of treatment success due to the

influence of psychosocial changes. The BDI consists of
21 items with values ranging from 0 to 3, with higher
scores indicating more depressed symptoms.! The
VAS is a 100mm horizontal line with no and severe
anxiety anchors on the left and right sides.*

2.8.2. Patient Satisfaction

The MedRisk questionnaire, which measures patient
satisfaction with physical therapy care, was used to
assess patients’ satisfaction with treatment. This
qguestionnaire contains 20 items, 10 of which are
related to the therapist-patient interaction, eight
of which are not, and two of which are considered
overall items. The patient satisfaction score ranges
from 1 (“strongly disagree”) to 5 (“strongly agree”) or
by selecting the option “not applicable,” where high
scores indicate high satisfaction.*

2.9. Treatments

The period of the treatment protocol was four weeks,
with three weekly sessions, totaling 12 sessions. All
treatments were carried out individually on non-
consecutive days.

2.10. Calibration of the Participants’ Expectations

A possible sensation from brain stimulation was
explained during the pre-treatment phase. It has
been reported that the electrical stimulation unit
may cause slight tingling, itching, a burning sensation,
or even no noticeable sensation at all or just at the
beginning of the application.

2.11.tDCS

Aconstantdirectcurrentstimulator (Microestim, NKL®,
Brazil) was used for transcranial electrical stimulation.
The tDCS parameterization included two electrodes
(35 cm?; 5 x 7 cm) (NKL®, Brazil) covered with a sponge
moistened with saline solution (1% saline) and fixed
to the head with elastic bands. The mounting of the
electrode targeting the supplementary motor cortex
followed the recommendations of the International
10-20 system.** The anode electrode (positively
charged) was placed 1.8 cm before the location of Cz,
and the cathode electrode (negatively charged) was
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placed centrally on the forehead directly above the eyebrows.*> The current intensity for real tDCS was fixed at 2
Ma, with a density of 0.057 Ma / cm? and application time of 20 min. For the sham application, the tDCS device has

been programmed to maintain the same appearance as the real tDCS. However, the electric current was applied
for 30s.%

2.12. Pelvic floor training

Immediately after the application of tDCS, the PFMT was started according to the patient's tolerance, which
included stretching and strengthening exercises®? (Figure 1). The supplementary (Table 5 - Supplement 1) file
contains a detailed description of the exercise protocol and progression.

Figure 1. tDCS and PFMT protocol
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Source: the authors (2024).

2.13. Statistical Analysis

Given the sample size in each group, the analyses were presented descriptively, considering minimally important
clinical changes (MCMI) in each outcome. Analyses were conducted using IBM SPSS v.20 software for Windows.

3. Results

Eleven patients were evaluated, and nine women completed the treatment protocol. The recruitment rate was 100%,
and retention was 81.8%. Five and four patients were allocated to the anodal + PFMT and sham + PFMT groups,
respectively, without any dropouts after enrollment. Figure 2 depicts the participants’ progression through the study.
The baseline general and urogynecological characteristics are presented in Tables 1 and 2, respectively. No adverse
effects or side effects were reported during or after the intervention protocols were implemented. The pre- and post-
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treatment clinical characteristics for the outcomes of muscle capacity of the pelvic floor, quality of life, and impact of Ul
are described in Tables 3 and 4, respectively.

Figure 2. Flow chart illustrating the study process. tDCS and PFMT indicate transcranial direct current stimulation and pelvic floor muscle training, respectively

Assessed for eligibility
(n=11)

5

£ Excluded (n=2)

=] "| coViID-19 restrictions

[=

iT]

Randomized
(n=09)

Yy l

_ ! ¥

2 Real tDCS + PFMT Sham tDCS + PFMT

g (n=04) (n=05)

= | J
— ¢

Post-treatment assessment (4 weeks)
v

@

2 v v

g Analyzed Analyzed

(n=04) (n=05)

—

Source: the authors (2024).

Table 1. Participants characteristics (to be continued)

M SD
Age (years) 39.1 12.0
Weight (Kg) 66.8 10.8
Height (m) 16 0.1
BMI (Kg/m?) 274 52
Race n (%)
White 4 (44.4) -
Mixed (Pardo) 5 (55.6) —
Black ———- —
Education n (%)
Elementary school 4 (44.4) —-
High school = f—
Higher education 5 (55.6) —
Marital status n (%)
Married 6 (66.7) —
Single 3(33.3)
Employment status n (%)
Employed 6 (66.7)
Unemployed 1(11.1)
Student 2(22.2)
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Table 1. Participants characteristics (conclusion)

M SD
Sedentarism n (%)
Yes 4(44.4)
No 5 (55.6)

BMI: Body mass index. Continuous variables are expressed in terms of mean (M) and standard deviation (SD).
Source: the authors (2024).

Table 2. Participants' urogynecological characteristics

M SD
Menarche (years) 12.3 1.1
1% Sexual intercourse (years) 16.8 7.3
Sexually active n(years) 6(10.6) 141
Sexually inactive n(years) 3(2.7) 59
Gestation 1.8 1.1
Births 1.1 1.2
Cesarean —- -—
Natural 11 1.2
Abortion 0.2 0.7
Menstrual cycle n (%)
Regular 7(77.8) —
Irregular 2(22.2) -—
Pain intercourse n (%)
Yes -—- -
No 9 (100) —
Cauterization n (%)
Yes 3(33.3) —
No 6 (66.7)
Surgery n(%)
Yes 5 (55.6)
No 4 (44.4) —
Episiotomy n(%)
Yes 5 (55.6) -—
No 4.(44.4) —
Laceration n(%)
Yes 4 (44.4) —
No 5 (55.6) —
Insufficient 3(6) -

Continuous variables are expressed in terms of mean (M) and standard deviation (SD).
Source: the authors (2024).
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Table 3. Pre- and post-treatment pelvic floor assessments

sham tDCS (n=5) real tDCS (n=4)
Pre Post Pre Post
Performance n
(%)
No contraction - - - -
Weak 1(20) 1(20) 1(25) -
Moderate 3(60) 2 (40) 2 (50) 1(25)
Good 1(20) 1(20) 1(25) 3(75)
Strong - 1(20) — -
Endurance n(%)
< bs 2(40) - 3(75) 1(25)
<10s 3(80) 5 (100) 1(25) 3 (75)
>10s ——— ——- —— ——
Repetitions 4.0(1.0) 6.2 (3.1) 35(0.6) 4.0(0.0)
Fast 5.4 (1.5) 7.4 (0.9) 5.8(0.5) 8.0(0.8)
Elevation n(%)
Yes 4(80) 4 (80) 3(75) 4 (100)
No 1(20) 1(20) 1(25) -
Co-contraction
n(%)
Yes 2 (40) 2 (40) 4(100) 2 (50)
No 3(80) 3 (60) - 2 (50)
Timing n(%)
Present 1(20) 1(20) 1(25) 1(25)
Absent 4 (80) 4 (80) 3 (75) 3 (75)
Perineometry
(cm/H20)
185
Mean 6.9 (2.9) 10.3(6.0) 58(4.2)
(14.7)
20.0
Peak 7.5(3.0) 11.4 (6.9) 7.0(5.2) (16.3)
16.4
Pad test (g) 13.3 (8.2) 0 (12.9) 0
PFAN(%)
Contraction
. 4 (100) 4 (100) 4 (100) 4 (100)
perception
ul 5 (100) 4 (80) 4 (100) 3 (75)
Stress Ul 4 (80) 4 (80) 3(75) 2 (50)
Fecal incontinence 1 (20) - - -
Overactive bladder 2 (40) - 2 (50) -
Urge Ul 4 (80) 1(20) 2 (50) 1(25)
Urinary infection 1 (20) - - -
Constipation 2 (40) 2 (40) - -—--

PFA: Pelvic floor assessment. tDCS: Transcranial direct current stimulation. Ul: Urinary incontinence. Continuous variables are expressed in terms of mean (M)
and standard deviation (SD).
Source: the authors (2024).
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Table 4. Mean (SD) of clinical Ul outcomes before and after treatment

sham tDCS (n=5) real tDCS (n=4)

Pre Post Pre Post
ICIQ_SF 11.6 (2.8) 54 (3.0) 11.0 (4.2) 7.8(7.5)
1-QOL
Avoidance and limiting 64.0 (11.4) 73.5(4.5) 55.6 (13.4) 68.8 (8.5)
behavior
Psychosocial impact 64.0 (16.6) 77.3 (4.8) 68.9 (16.6) 76.7 (6.7)
Social embarrassment 35.2 (23.0) 63.2 (11.8) 44.0(19.9) 67 (10.5)
Total 85.1(17.3) 105.5 (5.2) 81.5(22.9) 101.8 (12.2)
Ul severity 6.8 (5.6) 2.2(1.3) 5.5(2.6) 4.8(3.0)
Global perception -1.8(1.8) 3.4 (0.5) -2.0(2.9) 2.8(1.3)
Depression 15.4 (9.8) 6.8 (6.5) 5.8(4.8) 3.3(3.9)
Anxiety 46.4 (34.1) 34.4 (35.1) 14.8 (7.3) 4.5(6.5)
KHQ
General health 40.0 (13.7) 25.0 (0.0) 18.8 (12.5) 25.0 (20.4)
Ul impact 53.2 (30.0) 20.0(29.9) 66.8 (27.4) 16.5(19.1)
Limitations of daily activities 33.3(23.6) 10.0 (14.5) 25.0 (21.5) 0.0(0.0)
Physical limitations 30.0(29.9) 3.4(7.6) 25.0(9.2) 8.5(9.8)
Social limitations 15.4 (12.5) 8.8 (4.9) 2.8(5.5) 2.8(5.5)
Personal relationships 19.8 (18.1) 19.8 (18.1) 25.0 (32.0) 29.3 (28.5)
Emotions 51.2 (34.1) 6.6 (14.8) 13.8 (10.5) 55 (6.4)
Sleep and dispositions 10.0 (14.8) 0.0 (0.0) 12.5(25.0) 4.3(8.5)
Gravity 37.2(14.7) 16.0 (7.7) 35.0 (22.2) 15.5(22.2)

tDCS: Transcranial direct current stimulation. ICIQ-SF: International Consultation on Incontinence Questionnaire - Short Form (0-21). A higher score indicates
a greater symptom severity. [-QOL: The Incontinence Quality of Life Questionnaire (0-100). A higher score indicates better outcome. Ul Severity: Incontinence
Severity Index (0-12). The higher the score, the more severe the urinary incontinence. Global perception: Perception of Global Effect (-5 to +5). A higher score
indicates better outcome. Depression: Beck Depression Inventory (0-63). A higher score indicates worst depression symptom. Anxiety: Visual Analog
Scale (0-100). A higher score indicates worst anxiety symptom. KHQ: King's Health Questionnaire (0-100). Decreases in KHQ domain scores indicate an
improvement in the quality of life.
Source: the authors (2024).

3.1. Primary outcomes
3.1.1. Feasibility

The recruitment and retention rates were 100% (11/11) and 81.8% (9/11), respectively. Due to the social isolation
caused by the COVID-19 pandemic, two patients did not complete the entire protocol. The following were the main
barriers reported by participants: (1) long time for baseline assessment, requiring a longer leave of absence from
work than anticipated, or requiring a longer leave of absence to return to domestic or life activities; and (2) difficulty
recording urinary frequency during the day, night, and amount of loss over 24 hours using the diary provided at
the baseline assessment time. Even though our research group was composed of experienced physical therapists
and used all clinical measures recommended by most guidelines, our researchers in charge of assessment found
the collection of baseline data to be time-consuming.

3.2. Secondary outcomes
3.2.1. Urinary loss

The amount of urinary loss, measured by the Pad Test, was completely reduced after both PFMT (13,3 g to 0) and
tDCS+PFMT (16,4g to 0) protocols (Table 3).
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3.2.2. Severity of incontinence

The ISI (O/better to 12/worse) showed a reduction of
67% after PFMT and 12% after tDCS+PFMT. There was
only minimal clinical improvement (a reduction of
one point) in the PFMT group (Table 4).

3.2.3. Ul impact

The ICIQ-SF (O/better to 21/worse) demonstrated
clinically important improvement in both groups.
There was a 53.4% (-6.2 points) reduction in the
impact of Ul on quality of life after PFMT and a 29.1%
(-3.2 points) reduction after tDCS+PFMT (Table 4).

3.2.4. Emotional impact

The IQOL (0O/worse to 100/better) showed
improvement in three domains: social behavior
(14.8% PFMT and 23.7% tDCS+PFMT); psychosocial
impact (20.8% and 11.3%); and embarrassment and
social embarrassment (79.5% and 52.3%). The IQOL
total score improved by 24.0% for the PFMT group
and 24.9% for the tDCS+PFMT group (Table 4).

3.2.5. Quality of life

The KHQ (O/better to 100 points/worse) showed
improvement (points reduction) in eight domains:
general perception of health (-15.0 PFMT); urinary
incontinence impact (-33.2 PFMT and -50.3
tDCS+PFMT); limitation of daily activities (-23.3 PFMT
and-25.0tDCS+PFMT); physical limitations (-26.6 PFMT
and -16.5 tDCS+PFMT); social limitations (-6.6 PFMT);
emotions (-44.6 PFEMT and -8.3 tDCS+PFMT); sleep
and dispositions (-10.0 PFMT and -8.2 tDCS+PFMT)
and gravity (-21.2 PFMT and -19.5 tDCS+PFMT).
Except for the domain of personal relationships, it
demonstrated a clinically important improvement (-5
points) in all domains in at least one group (Table 4).

3.2.6. Perception of the global effect

The GPS (-5/worse to +5/better) showed an increase
in the perception of recovery in both groups, with an
increase of 5.2 (-1.8 pre and 3.4 post) and 4.8 points
(-2.0 pre and 2.8 post) for the PFMT and tDCS+PFMT
groups, respectively (Table 4).

3.2.7. Voiding Diary

The voiding diary showed important flaws
and inconsistencies in the records, making its
interpretation difficult.

3.3. Confusion factor
3.3.1. Depressive symptoms

The BDI (0/best to 63/worse) showed a 55.8 and 43.1%
reduction for the PFMT and tDCS+PFMT groups,
respectively (Table 4).

3.3.2. Anxiety

The anxiety scale (0/best to 100/worst) showed a
25.9 and 69.6% reduction for PFMT and tDCS+PFMT
groups, respectively (Table 4).

3.4. Patients’ satisfaction

In general, patients from both groups reported high
satisfaction with assistance and they would return to
the clinic for future services or treatments (Table 6 -
Supplement 2).

According to our review, this is the first randomized
clinical trial with patient and clinical assessor
blinding to evaluate the feasibility of incorporating
a noninvasive brain stimulation technique into a
pelvic floor muscle training program for women with
urinary incontinence. Recruitment rates were 84.6%,
indicating that most patients interested in physical
therapy treatments combined with neuromodulation
techniques attended to carry out the initial
assessment. Although pelvic floor muscle training
(PFMT) is considered a non-pharmacological gold
standard treatment for female urinary incontinence
(Ul), some women do not achieve complete symptom
relief.?2 This condition may prompt patients to seek
and enroll in new treatment options, even if they are
unfamiliar with tDCS treatment, as our participants
were. Another reason for our high recruitment rate
could be the expectation of symptom improvement
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from tDCS therapy. Along with the recruitment rate,
patient expectations of symptom improvement could
explain the higher retention rate (81.8%).

There are literally hundreds of variables associated
with exercise adherence“®“’, which is estimated to be
64% in the short term and 26% in the long term. 448
Because our participants were aware that tDCS has
neuromodulatory effects on the corticospinal system
and neuromuscular function, they may have been
motivated to complete the treatment protocol by the
prospect of cure in a short time interval and long-
term maintenance. Moreover, our protocol offered
the first-line treatment for Ul, as all patients received
exercise therapy, regardless of their tDCS allocation.
This study design attempted to ensure that all
participants had the same opportunity to receive the
best conservative treatment available. The addition
of tDCS to PFMT could improve or accelerate the
exercise benefits. However, we cannot rule out the
fact that our protocol was carried out in a public
health service, which may have influenced patient
adherence. We proposed a very purposeful approach
with some features more commonly seen in private
settings: (1) one-on-one service; (2) private parking,
including for companions; (3) flexible hours; (4) quick
rescheduling of absences; (5) telephone reminders;
and (6) direct contact for questions and queries.

There are few studies investigating recruitment
and retention rates using neuromodulatory
techniques such as tDCS. O'Neill and colleagues
(2018) demonstrated the feasibility of patient self-
administration of tDCS stimulation at home in a pilot
randomized controlled trial. They found a recruitment
and retention rate of 100 and 87.5%, respectively.®®
According to the authors, the reasons for losses and
exclusions from the analysis were pain exacerbation
(sham group); failure to complete or return pain
diaries; and difficulties in fitting treatment sessions
into a daily schedule. We also have difficulties fulfilling
the urinary diary. The main reason given was the
time commitment required to carry out and follow up
throughout the day. In future studies, researchers may
want to exclude the voiding diary or develop alternative
methods of administering these instruments, such as
through telephone interviews. We also recommend
prioritizing outcomes, which is required for hypothesis
testing, because assessments took a long time,
according to both patients and assessors.

Treatment adherence is critical in muscle strength
training because results are highly dependent on
regular training. We observed easy tolerance of
patients to treatment in all groups, and none of the
participants gave up. Studies using biofeedback and
training with vaginal cones reported low adherence
due to poor device tolerance. For example, several
studies report treatment dropout rates of 27%,
which increased to 42% after 6 months.22 These
higher dropout rates could be attributed to adverse
events such as those previously described, such
as the inability to use cones, pain, vaginitis, and
bleeding.> All of our patients tolerated the use of
tDCS well and performed the PFMT exercises well
because they thought they were simple. At the end
of treatment, patients reported higher satisfaction
with care, and they would return to the clinic for
future services or treatments. It is possible that
these factors (tolerance, execution, and satisfaction)
contribute significantly to patients’ increased
commitment to treatment, resulting in greater time
savings and lower associated costs.

The secondary outcomes showed improvement in
both PFMT alone (sham tDCS) and PFMT combined
with tDCS. Urinary loss, the severity of Ul and the
impact of Ul on quality of life assessed by the pad test,
incontinence severity index (ISI) and the International
Consultation on Incontinence Questionnaire - Short
Form (ICIQ-SF), respectively, reached a minimal
clinically important difference.>>>#

Adding tDCS to pelvic floor muscle training can
enhance the benefits of exercise therapies by
improving motor signals from the brain to lower
motor neurons (corticospinal tract). Some evidence
suggests that tDCS improves neural factors such
as motor unit synchronization.?®* In this context,
improving motor unit recruitment strategies induced
by tDCS may optimize pelvic floor muscle exercise. Asa
result, pelvic floor muscle activation can be improved,
particularly during exercise therapies for women
suffering from urinary incontinence. In addition to
improving motor drive and muscle performance,
tDCS technique is considered safe and well-tolerated.
Adverse events such as tingling, itching, or burning
sensation, headache is frequently observed, but with
mild magnitude and generally disappear after the end
of stimulation.>® Taken together, these results suggest
that transcranial direct current stimulation can be
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used as an adjuvant therapy to pelvic floor muscle
training treatments. There have been few studies on
the efficacy of tDCS on female bladder problems. In a
randomized double-blind controlled trial, 30 women
with multiple sclerosis, urinary incontinence, and
pelvic floor muscle (PFM) dysfunctions were divided
into two groups: anodal tDCS applied to the primary
motor cortex (M1) combined with PFMT and sham
tDCS + PFMT. For eight weeks, tDCS (20 min, 1.5 mA,
electrodes 5 x 7 cm) was used concurrently with PEMT
three times per week. When the experimental group
was compared to the control group, a significant
improvement in PFM function occurred in the fourth
week of intervention and lasted for one month. Both
groups reported significant improvements in PFM
function at 8 weeks compared to baseline. Although
the Ul was reduced in both groups after 8 weeks,
the benefits were only maintained in the active tDCS
group until the 1-month follow-up.*’

The main limitation of this study is the small sample
size, which prevented inferential statistical analyses
about the efficacy of tDCS combined with PFMT from
being performed. Given the impact of the Ul on quality
of life (ICIQ-SF) and the results for post-treatment
tDCS+PFMT (M = 7.8 £ 7.5) and sham tDCS+PFMT
(M = 5.4 + 3.0), with an effect size of 0.23, a = 0.05,
and a power of 80%, a total of 96 subjects would be
required for full randomized clinical trials.

The feasibility results show that tDCS as an adjunct
therapy to PFMT treatment of female urinary
incontinence has a high recruitment and retention rate,
as well as promising preliminary results. These findings
support the recommendation for a full RCT, with
outcome prioritization required for hypothesis testing.
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Supplementary files

Supplement 1. Table 5. Exercise therapy protocol for type | and type Il muscle fibers

Exercise

Position

Sets/Duration”

First week

1. Perineal awareness

Pelvic floor muscles contraction (“contract in and
relaxing out”) in dorsal
decubitus with bipedal support (bridge).

3 sets of 10 repetitions

2. Pelvic lift

Pelvic floor muscle contraction (phasic fibers) in
dorsal decubitus with bipedal support and pelvis
elevation (bridge)

3 sets of 10 repetitions

3. Pelvic anteversion and
retroversion

Sitting on a Swiss ball (hip flexion), performing
pelvic retroversion with contraction of the pelvic
floor muscles (fast fibers). Relaxing during
anteversion

3 sets of 10 repetitions

4. Pelvic anteversion and
retroversion

Sitting on a Swiss ball (hip flexion), performing
pelvic retroversion with (holding 5s) contraction of
pelvic floor muscles (tonic fibers). Relaxing during
anteversion

3 sets of 8 repetitions

Second week

1. Knee flexion

Knee flexion (up to 30°) in the orthostatic position
associated with contraction of the pelvic floor
muscles

3 sets of 10 repetitions

2. Knee flexion +
horizontal shoulder
abduction

Knee flexion (up to 30°) in the orthostatic position
associated with horizontal shoulder resistance
(elastic bands) abduction (90°) and pelvic floor
muscle contraction (fast fibers)

3 sets of 10 repetitions

3. Hip adduction

Bass squeeze in the orthostatic position (knee
flexion up to 30°) associated with pelvic floor
muscle contraction (fast fibers)

3 sets of 10 repetitions

4. Knee flexion

Knee flexion (up to 30°) in the orthostatic position
associated with (holding 5s) contraction of the
pelvic floor muscles

3 sets of 8 repetitions

Third week

1. Knee flexion + shoulder
abduction

Knee flexion (up to 30°) in the orthostatic position
associated with 90° shoulder abduction and
contraction of the pelvic floor muscles

3 sets of 10 repetitions

2. Plantar flexion

Plantar flexion in the orthostatic position
associated with contraction of the pelvic floor
muscles (fast fibers)

3 sets of 10 repetitions

3. Pelvic elevation

Walking up and down the stairs with pelvic floor
muscle contraction (fast fibers)

3 sets of 10 repetitions

4. Knee flexion + shoulder
abduction

Knee flexion (up to 30°) in the orthostatic position
associated with 90° shoulder abduction and
(holding 5s) contraction of the pelvic floor muscles

3 sets of 8 repetitions

Fourth week

1. Pelvic elevation

Walking up and down the stairs with pelvic floor
muscle contraction (fast fibers)

3 sets of 10 repetitions

2. Jump

Jumping on a trampoline associated with pelvic
floor muscle contraction (fast fibers)

3 sets of 10 repetitions

3. Hip hyperextension

Hip hyperextension in the orthostatic position
(contralateral knee flexed) associated with pelvic
floor muscle contraction (fast fibers)

3 sets of 10 repetitions

4. Hip hyperextension

Hip hyperextension in the orthostatic position
(contralateral knee flexed) associated with
(holding 5s) pelvic floor muscle contraction

3 sets of 8 repetitions

*Minimum of 30s of rest between series.
Source: the authors (2024).
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Supplement 2. Table 6. Patients’ satisfaction with physical therapy care (MedRisk)

Sham tDCS+PFMT tDCS+PFMT
Factors/Questions

(n=5) (n=4)
Interpersonal
The office receptionist was courteous 48+04 45105
The registration process was appropriate 48+04 5.0+£0.0
The waiting area was comfortable (lighting, temperature, furnishings) 48104 48+04
My therapist treated me respectfully 5.0+£00 48+04
The office staff was respectful 48+04 3.0£20
The office and its facilities were clean 48+04 43+038
Convenience and Efficiency
The office hours were convenient for me 48+04 5.0+0.0
My therapist thoroughly explained the treatment(s) | received 5.0+0.0 45+05
My therapist answered all my questions 48+04 4804
Patient Education
My therapist advised me on ways to avoid future problems 4804 45105
My therapist gave me detailed instructions regarding my home program 50+£0.0 43+0.38
Global
Overall, | am completely satisfied with the services | received from my therapist 5000 4804
| would return to this office for future services or care 4804 5.0+0.0

PFMT: Pelvic floor muscle training. tDCS: Transcranial direct current stimulation. MedRisk: The score ranges from 1 to 5, where high scores indicate high
satisfaction. Data are expressed as mean and standard deviation.
Source: the authors (2024).

Brain Imaging Stimul., Salvador, 2024;3:e5381
http://dx.doi.org/10.17267/2965-3738bis.2024.e5381 | ISSN: 2965-3738



http://dx.doi.org/10.17267/2965-3738bis.2024.e5381

	Feasibility of transcranial direct current stimulation (tDCS) combined with pelvic floor muscle trai
	1. Introduction
	1.1 Objective 
	1.2. Hypothesis 

	2. Materials and Methods 
	2.1. Approval and Registration
	2.2. Procedures 
	2.3. Participants and Eligibility
	2.4. Randomization and Allocation Concealment
	2.5. Initial Evaluation
	2.6. Primary Variable 
	2.6.1. Feasibility

	2.7. Secondary Variables
	2.7.1. Urinary leakage
	2.7.2. Incontinence severity 
	2.7.3. Quality of life impact 
	2.7.4. Quality of life of women with UI (severity symptoms) 
	2.7.5. Emotional impact
	2.7.6. Pelvic floor muscle strength: Subjective test
	2.7.7. Pelvic floor muscle strength - Quantitative test
	2.7.8. Urinary leaking
	2.7.9. Perception of the Global Effect 

	2.8. Other Outcomes
	2.8.1. Depressive and Anxiety Symptoms
	2.8.2. Patient Satisfaction

	2.9. Treatments
	2.10. Calibration of the Participants’ Expectations  
	2.11. tDCS
	2.12. Pelvic floor training
	2.13. Statistical Analysis

	3. Results
	3.1. Primary outcomes
	3.1.1. Feasibility

	3.2. Secondary outcomes
	3.2.1. Urinary loss
	3.2.2. Severity of incontinence
	3.2.3. UI impact
	3.2.4. Emotional impact
	3.2.5. Quality of life
	3.2.6. Perception of the global effect
	3.2.7. Voiding Diary

	3.3. Confusion factor
	3.3.1. Depressive symptoms
	3.3.2. Anxiety

	3.4. Patients’ satisfaction

	4. Discussion
	5. Conclusion
	Acknowledgement
	Authors’ contributions 
	Conflicts of interest
	References 
	Supplementary files

