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ABSTRACT      
INTRODUCTION: The aim of the study was to investigate the efficacy of rehabilitation programs for bladder disorders in patients with multiple 
sclerosis (MS) and to guide physicians in delineating therapeutic tools and programs for physiatrists, using the best current strategies.
EVIDENCE ACQUISITION: A search was conducted on PubMed, EMBASE, the Cochrane Library and Web of Science. Studies were eligible 
if they included adults with bladder disorders related to MS and described specific treatments of rehabilitation interest. The search identified 
190,283 articles using the key words “multiple sclerosis” AND “rehabilitation” AND “urinary” OR “bladder,” of which the reviewers analyzed 
81 full-texts; 21 publications met the criteria and were included in the systematic review.
EVIDENCE SYNTHESIS: The systematic review identified the specific rehabilitation treatments reported in the current literature. The meta-
analysis compared the scores and scales used to quantify bladder disorders due to MS, both before and after rehabilitation or in a comparison 
with a control group.
CONCLUSIONS: The present study suggests the need of a specific therapeutic protocol, based on the degree of disability and symptom com-
plexity in patients with MS-related neurogenic lower urinary tract dysfunction (NLUTD). Particularly, the meta-analysis shows the effectiveness 
of peripheral tibial nerve stimulation (PTNS) and pelvic floor muscle training (PFMT) for neurogenic detrusor overactivity (NDO). However, 
the goal of physiotherapy is to treat incontinence without making urinary retention worse and vice-versa, reducing the loss of urine urgency, 
while ensuring the emptying of the bladder.
(Cite this article as: Vecchio M, Chiaramonte R, Di Benedetto P. Management of bladder dysfunction in multiple sclerosis: a systematic review and 
meta-analysis of studies regarding bladder rehabilitation. Eur J Phys Rehabil Med 2022;58:387-96. DOI: 10.23736/S1973-9087.22.07217-3)
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Introduction

Neurogenic bladder or neurogenic lower urinary tract 
dysfunctions (NLUTD) occurs in up to 80% of pa-

tients with multiple sclerosis (MS) at some time during the 
course of their disease.1

NLUTD may cause failure to store urine (incontinence) 
and/or failure to empty the bladder (retention), represent-
ing a pervasive threat to their overall well-being, and hav-
ing an impact on the quality of life (QoL) of patients with 
MS.

Lesions above the pontine micturition center are usually 

associated with neurogenic detrusor overactivity (NDO), 
characterized by involuntary detrusor contractions (urgen-
cy, frequency, urge incontinence and no or low postvoid 
residual urine). Urgency is the sudden desire and intense 
sensation of needing to pass urine; frequency is the need 
to urinate many times during the day or at night (nocturia) 
or both, but in normal or less-than-normal volumes; urge 
incontinence is an involuntary urine leak while having 
symptoms of urgency.

Medullary lesions (below the pons and above the sacral 
micturition center) are characterized by NDO with detru-
sor and external sphincter dyssynergia or DESD (urgency 
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dition, the reference lists of related articles were manually 
examined for other suitable papers. Studies were eligible if 
they included adults with bladder disorders related to MS 
and described specific treatments of rehabilitation interest. 
In particular, according to the PICOS framework, studies 
were included for review if they met the following criteria: 
1) population of interest (adults with bladder dysfunction); 
2) intervention (rehabilitation program and physiatrist di-
rected therapy); 3) comparison (no intervention or alterna-
tive therapeutic options); 4) outcomes (referred symptoms, 
self-reported questionnaires, urodynamic studies); and 5) 
design (published prospective and retrospective studies, 
and randomized controlled trials [RCTs]). Moreover, the 
choose of original English language text was another in-
clusion criterion.

The exclusion criteria were animal studies, studies in-
volving neurological diseases other than MS, and those 
not involving urinary symptoms. Any duplicate studies 
were also excluded. No publication data restrictions were 
applied,

In our meta-analysis we considered studies in which 
the authors compared numeric parameters that would be 
useful for quantifying urinary disorder severity before and 
after different rehabilitation treatments.

The present review was registered on PROSPERO: 
CRD42020220072.

Study selection and data collection process

A systematic search of the current literature was per-
formed by two independent reviewers who identify stud-
ies that potentially met the inclusion criteria between Sep-
tember 2020 and October 2021. The titles and abstracts 
from the initial search were screened to identify relevant 
records and eligible studies. Any full texts selected were 
then reviewed and included in both the systematic review 
and the meta-analysis, Potentially, relevant references 
were screened subsequently. Two authors independently 
extracted data relating to the formal causation assessment 
and critically reviewed each included study in detail. A 
senior author, an expert in bladder and pelvic floor reha-
bilitation, provided the design, and supervised the draft-
ing of the text.

Data extraction included the following information: 
names of authors, year of publication, sample charac-
teristics, symptoms, diagnostic processes, rehabilitation 
program, comparisons and control groups, periodic as-
sessments after treatment and follow-up, and outcomes 
identified after interventions (Supplementary Digital Ma-
terial 1: Supplementary Table I). Descriptive features of 

and/or urge urinary incontinence with variable postvoid 
residual urine), often associated with pelvic floor spastic-
ity.

Infrasacral lesions involving the conus may lead to an 
absent or diminished detrusor activity (urinary retention), 
sometimes associated with urinary incontinence due to 
urethral incompetence and/or pelvic floor muscle weak-
ness.

The most frequent urinary dysfunctions are related 
to NDO (urgency and urge incontinence)2 in up to 60% 
of MS patients;3 detrusor sphincter dyssynergia occurs 
in 35%,3 and detrusor underactivity in 25%.4 Untreated 
bladder disorders may lead to lower urinary tract (LUT) 
infections, kidney damage, emotional distress, sleep 
disturbances, social isolation, and a subsequent loss of 
QoL.1, 5

Appropriate management of NLUTD requires a multi-
modal and interdisciplinary approach and could improve 
the symptoms.6 Rehabilitation or conservative treatment 
plays a very important role in this field: it includes life-
style interventions, complementary therapies, anti-incon-
tinence devices, and pads, but in particular behavioral 
modification, pharmacological modulation, intermittent 
catheterization, electrical therapies and pelvic floor mus-
cle training (PFMT), as well as peripheral tibial nerve 
stimulation (PTNS).4, 7

The goal of rehabilitation treatment is to reduce the 
loss of urgency or urinary incontinence, while ensuring 
the emptying of the bladder. To do this, it is necessary to 
establish the correct balance in the treatment of symptoms 
related to NDO and bladder retention.

The purpose of the present study was to investigate the 
efficacy of some rehabilitation protocols for the treatment 
of NLUTD (particularly of NDO) in MS patients, and to 
define therapeutic strategies by adopting the best tools and 
rehabilitation programs described in the current literature.

Evidence acquisition

Search strategy

The systematic review and meta-analysis used the Pre-
ferred Reporting Items for Systemic Reviews and Me-
ta-Analyses (PRISMA) statement,8 the Meta-Analyses 
of Observational Studies (MOOSE) Checklist9 and the 
population, intervention, comparison, outcome, and study 
design (PICOS) criteria.10 The search was conducted on 
PubMed, EMBASE, the Cochrane Library, and Web of 
Science with the following key words “multiple sclerosis” 
AND “rehabilitation” AND “urinary” OR “bladder.” In ad-
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Evidence synthesis

Study selection

The database search identified 190,283 articles. After the 
titles and abstracts were screened, the reviewers analyzed 
81 full texts. The eligibility of the studies was then as-
sessed independently. A total of 21 publications met all the 
inclusion criteria and were therefore included in the pres-
ent systematic review. The systematic review included the 
6 articles that were also used for the meta-analysis.

According to grade quality of evidence most of the stud-
ies included in our systematic review had a low risk of 
bias, making the quality of evidence high (Supplementary 
Table III).

Study characteristics

All 21 prospective and retrospective studies and clinical 
trials included in the present review involved adults with 
bladder dysfunctions related to MS. A summary descrip-
tion of the included studies can be found in Supplementary 
Table I.

All study groups were not homogeneous for relevant 
general clinical features, such as clinical presentation, 
localization of demyelinating lesions, disease duration, 
severity of disability, diagnostic measures used for the as-
sessment of bladder dysfunction, rehabilitation therapy, 
time of starting therapy, duration of treatment, and follow-
up (Supplementary Table I). For sample inhomogeneity, 
we included only a few studies in the meta-analysis, com-
paring specific bladder symptoms after three months of the 
same rehabilitation therapy.

Study selection

Eligibility for inclusion in the present study was assessed 
independently. A total of 21 publications met the inclu-
sion criteria and were included in the systematic review, 
of which 6 were used in the meta-analysis. Sixty studies 
were excluded for the following reasons: 21 did not pres-
ent any therapeutic procedures, 9 included individuals with 
diagnoses other than MS, and 23 did not evaluate blad-
der dysfunctions related to MS. Additionally, case reports 
(N.=3) and studies not originally written in English (N.=4) 
were excluded. The study selection flowchart is presented 
in Figure 1.

Participants, interventions, and comparators

The studies included in the present systematic review ad-
hered to the PICOS criteria. This systematic review includ-

publication characteristics and patient demographic vari-
ables were estimated. In Supplementary Digital Material 
2: Supplementary Table II, study data were grouped on 
the basis of therapeutic strategies and rehabilitation tech-
niques.

Risk of bias

The risk of bias assessment was performed by two inde-
pendent review authors using the Cochrane risk of bias 
tool.11 The points for risk of bias included random se-
quence generation, allocation concealment, blinding of 
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and 
other biases. Their adequacy, categorized as low, unclear, 
or high risk for each study, was analyzed by all the authors 
(Supplementary Digital Material 3: Supplementary Table 
III).

Quality of outcomes

The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) Guidelines for system-
atic reviews were used to evaluate the quality of the re-
sults.12-16 The rating of the quality of each study’s outcome 
was determined to indicate the degree of certainty (high, 
moderate, low, or very low) for the total effect estimates 
(Supplementary Table III).

Meta-analysis calculations

All statistical analyses were performed using MedCalc 
(MedCalc Software, Ostend, Belgium) version 18. The in-
consistency test (I2) was used to verify the impact of study 
heterogeneity on the results of the meta-analysis. An I2 
value of 50% was considered statistically significant for 
the included studies.17 We used a random-effect model to 
estimate the combined effect sizes.18 The Cochrane Col-
laboration methods were used to determine the quality of 
the identified studies,19 and publication bias was examined 
using funnel plots.

Continuous measures of mean values were extracted. 
The mean differences were estimated, in fact, the included 
studies used the same rating instruments to measure their 
outcome; thus, the units of measurement for the outcome 
of interest were the same across studies. The effect size 
was based on the summary information collected from 
the included multiple independent studies, the data were 
analyzed in two independent groups before and at the end 
of treatment, without considering the count of events over 
time, due to lack of specific data.
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Timeframes

Most of the studies assessed the participants at 3 months 
post-treatment,5, 20-27 single study immediately after ther-
apy,28 and several at other time points post-treatment: 2 
months,29 9 weeks,30-32 6 months.20, 29-31, 33 Only 4 stud-
ies followed participants for a longer period, with the 
last assessment after one year,20 and two years post-treat-
ment.34, 35

Comparing studies: subjective and objective bladder out-
come measures

Most studies evaluated the validity of peripheral tibial 
nerve stimulation (PTNS) and pelvic floor muscle training 
(PFMT) in patients with bladder dysfunctions, after a sub-
jective assessment based on the symptoms, these studies 
reported significant results in daytime frequency,5, 20-25, 36 
nocturia,5, 20-26, 36 urge incontinence,5, 20, 22, 24, 25 voided vol-
ume.20-26, 28, 29, 36 Additional symptoms were reported as 
having improved after specific treatments: urge inconti-
nence after intravaginal electrostimulation33 and voided 
volume with sacral neuromodulation,34 and neuromuscu-
lar electrical stimulation.30

Other evaluation tools are assessment scales that showed 
subjective improvements in results after specific treat-
ments. The international Consultation on Incontinence 
Questionnaire Short Form (ICIQ-SF) and the Over-Active 
Bladder Awareness Tool – 8-item (OAB-V8) showed sig-
nificant improvements after both PTNS20 and PFMT.24, 27, 37 
The Expanded Disability Status Scale (EDSS) showed im-
provements5, 25, 26, 28, 30, 31, 32 after PFMT and PTNS.21, 36

To obtain objective bladder outcome measures, uro-
dynamic studies and the Power, Endurance, Repetitions, 
Fast and Every Contraction Timed (PERFECT) scheme 
are the most used tools. According to urodynamic stud-
ies, the maximum cystometric capacity increased after 
PTNS22, 26, 36 and PFMT,24, 25 cystometric capacity and the 
reflex volume increased by >30% after PTNS without cor-
relation with PFMT clinical efficiency,26 and no significant 
differences were recorded in maximum detrusor pressure 
after PFMT and PTNS.24, 28 PERFECT scheme showed 
that both PFMT5, 24, 25, 37 and intravaginal electrostimula-
tion33 gave an improvement in power, endurance, repeti-
tions, and contraction time.

Comparing studies: techniques for bladder dysfunction 
management

PFMT5, 24, 25, 27, 29, 31, 32, 38, 39 and PTNS20-26, 28, 29, 36 were the 
most used therapies, and for this reason, we analyzed their 

ed original studies regarding the treatment of bladder dys-
function due to MS. The participant selection was consis-
tent for all included studies, as all participants were adults 
with bladder disorders related to MS. The included studies 
described rehabilitation interventions, comparing patients 
with MS-related bladder disorders to healthy controls, or 
to different rehabilitation protocols or follow-up periods.

The outcomes of the studies in the present review includ-
ed clinical assessments, diagnostic scales, and cystoscopy 
results. All of the studies used validated measurement tools 
and clearly showed their results. The present study was de-
signed as a retrospective and prospective, RCT study, fol-
lowing the recommendations of the Oxford Center for Evi-
dence-Based Medicine (Supplementary Table I). The meta-
analysis focused on the quantitative results of rehabilitation 
treatments that were reported in more than one article.

Outcomes

The main outcome was to define the best therapeutic strat-
egies, based on the rehabilitation techniques described 
in the available literature (Supplementary Table II). The 
secondary outcome was to guide physicians in delineating 
therapeutic tools and programs for physiatrists, using the 
best current strategies.

Figure 1.—Flowchart of the process for the literature search and extrac-
tion of studies meeting the inclusion criteria.

Records identified through 
database searching

(N.=190,283)

Duplicates removed (N.=165)

Records excluded
(N.=194,041)

- Different topic than ours

Additional records identified 
through other sources 

(N.=4)

Full-text articles excluded
(N.=60)

- �Absence of rehabilitation 
procedure (N.=21)

- �Different neurological 
disorders from Multiple 
Scleroris (N.=9)

- �Absence of bladder 
dysfunction related to Multiple 
Scleroris (N.=23)

- �Case report and case series 
(N.=3)

- �Different language of text from 
English (N.=4)

Records screened
(N.=194,122)

Studies included 
in qualitative synthesis 

(N.=21)

Full-text articles  
assessed for eligibility 

(N.=81)
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quency and nocturia, and high for maximum cystometric 
capacity (I2=97.33%). The I2 was very heterogeneous for 
the PERFERCT scheme (0.00-95.65%).

Discussion

This systematic review identified the specific rehabilita-
tion therapies used to treat urinary dysfunction in patients 
with MS, as described in the available literature. The 
meta-analysis compared the scores and the scales used to 
quantify MS-related bladder disorders after treatment with 
various rehabilitation strategies to evaluate the validity of 
these studies. The data from the meta-analysis highlighted 
an improvement in symptoms after PTNS, but only partial 
improvement after PFMT. Some articles reported signifi-
cant improvements with intravaginal electrical stimulation, 
EMG biofeedback, neuromuscular electrical stimulation, 
and sacral neuromodulation, however, because of the ex-
cessively heterogeneous samples, a statistical comparison 
with meta-analysis of these techniques was not performed.

The present systematic review showed that any manage-
ment of bladder dysfunctions in patients with MS can im-
prove symptoms and QoL. Many studies pointed out that 
specific counselling and keeping a bladder diary may help 
patients to better understand and quantify their problems. 
Additionally, there were several recommendations that 
may be useful for incontinence, such as drinking water 
regularly throughout the day (1.5-2 L/day) but not late at 
night, and not delaying micturition in case of urgency when 
using aids such as insets, condom urinals, or other devices.

Several studies showed the effectiveness of individual-
ized PFMT,40, 41 bladder rehabilitation programs,5, 24, 38, 40, 41 
as well as toilet training.42 For overactive bladder, PFMT 
may promote an increase in urethral pressure and detrusor 
relaxation, activating the pudendal-pelvic reflex with pel-
vic floor muscle contraction.43 Neuromodulation may be 
used to treat lower urinary tract symptoms, such as urinary 
incontinence and retention, refractory to medical therapy. 
Limited data are available for progressive neurologic dis-
eases, such as MS and only a few studies demonstrated the 
efficacy of these treatments in patients with MS. Stimu-
lation of the lower sensory motor nerves potentiates the 
somatic afferent branches of sacral spinal roots, inhibiting 
detrusor overactivity.44, 45 According to the meta-analysis, 
PTNS may improve daytime frequency, nocturia, urgency 
episodes, voided volume, and urge incontinence. Intravag-
inal electrostimulation inhibits the involuntary contraction 
of the detrusor muscle, resulting in better outcomes than 
PFMT alone.46 Sacral nerve modulation can be used for 
refractory symptoms, clinically isolated syndrome and 

validity in our meta-analysis. Further studies are needed 
for other techniques less described in the current literature, 
such as intravaginal electrical stimulation,31, 33 electromy-
ography (EMG) biofeedback,25, 31, 32, 39 neuromuscular elec-
trical stimulation,25, 30, 31, 39 and sacral neuromodulation.34

In addition to PFMT and PTNS, among the tech-
niques for the treatment of bladder dysfunctions in MS, 
several rehabilitation programs involved specific exer-
cises to rehabilitate the bladder and pelvic floor mus-
cles.5, 24, 25, 27, 30, 31, 37, 39 Significant results were recorded 
in voided volume, ICIQ-SF,5, 28 EDSS,5, 25, 28, 35 and PER-
FECT5, 25 results after rehabilitation training5, 25, 28, 35 and 
self-guided rehabilitation,5, 25, 28 although the statistical 
comparison of these outcomes was not analyzed because 
their samples were not homogeneous (different follow-up 
period, and/or different treatment).

Meta-analysis

Of the 21 studies included in the present systematic re-
view, six studies were included in the meta-analysis (Sup-
plementary Digital Material 4: Supplementary Table IV, 
Supplementary Table V, Supplementary Table VI).

Supplementary Table III summarizes the GRADE of the 
studies included in the meta-analysis, the absence of sig-
nificative limitations, inconsistency, and incomplete data 
make the quality of evidence high.

The data included in the meta-analysis showed sig-
nificant results and validity of PTNS after three months 
of treatment for the following symptoms: daytime fre-
quency, nocturia, urgency incontinence, and voided vol-
ume (P<0.001). No significant results were observed after 
PFMT in voided volume. After three months of PFMT, 
endurance and fast contraction portions of the PERFECT 
scheme showed significant results (P=0.002), which dif-
fered from power and repetition (P>0.05). A significant 
improvement in maximum cystometric capacity (P<0.001) 
was recorded after three months of PTNS.

Heterogeneity and risk of bias

The risk of bias assessment for the individual studies is 
presented in Supplementary Table III and also in the fun-
nel plot (Figure 2,20, 21, 23, 26, 30, 33 Figure 3,25, 26, 33, 39 Figure 
422, 23, 26, 27).

As shown in Supplementary Table IV, Supplementary 
Table V, Supplementary Table VI, the Inconsistency test 
(I2) verified the impact of study heterogeneity on the re-
sults of the meta-analysis. Heterogeneity between studies 
was very low (I2=0.00%) for urge incontinence and voided 
volume, low-moderate (I2=46.80-51.49%) for daytime fre-
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Figure 2.—Forest plot of Supplemen-
tary Table V: A) effectiveness of 3 
months of peripheral tibial nerve stim-
ulation in daytime frequency before 
and after treatment; B) effectiveness 
of 3 months of peripheral tibial nerve 
stimulation in nocturia before and after 
treatment; C) effectiveness of 3 months 
of peripheral tibial nerve stimulation 
in urge incontinence before and after 
treatment; D) effectiveness of 3 months 
of peripheral tibial nerve stimulation 
in voided volume before and after 
treatment; and E) effectiveness of 3 
months of pelvic floor muscle training 
in voided volume before and after treat-
ment.20, 21, 23, 26, 30, 33

A

D

B C

Gobbi 2011

Kabay 2009

Lucio 2016

Zecca 2014

Total
(fixed effects)

Total
(random effects)

Meta-analysis

	 -0,5	 0,0	 0,5	 1,0	 1,5	 2,0	 2,5	 3,0
Standardized

Mean difference

Canbaz 2017

Gobbi 2011

Lucio 2016

Zecca 2014

Total
(fixed effects)

Total
(random effects)

Meta-analysis

	 0,0	 0,5	 1,0	 1,5	 2,0	 2,5	 3,0
Standardized

Mean difference

Canbaz 2017

Kabay 2009

Lucio 2016

Total
(fixed effects)

Total
(random effects)

Meta-analysis

	 0,0	 0,5	 1,0	 1,5	 2,0	 2,5	 3,0
Standardized

Mean difference

0,0

0,1

0,2

0,3

0,4

0,5

Meta-analysis

	 0,0	 0,5	 1,0	 1,5	 2,0
Standardized

Mean difference

Meta-analysis
0,0

0,1

0,2

0,3

0,4

0,5
	 0,0	 0,5	 1,0	 1,5	 2,0	 2,5

Standardized
Mean difference

Meta-analysis
0,0

0,1

0,2

0,3

0,4

0,5
	 0,0	 1,0	 1,5	 2,0	 2,5	 3,0

Standardized
Mean difference

Canbaz 2017

Gobbi 2011

Kabay 2009

Zecca 2014

Total
(fixed effects)

Total
(random effects)

Meta-analysis

	 -2,0	 -1,5	 -1,0	 -0,5	 0,0
Standardized

Mean difference

Lucio 2016

Vahtera 1997 f

Vahtera 1997 m

Total
(fixed effects)

Total
(random effects)

Meta-analysis

	 -1,5	 -1,0	 -0,5	 0,0	 0,5	 1,0	 1,5
Standardized

Mean difference

Meta-analysis

	 -2,0	 -1,8	 -1,6	 -1,4	 -1,2	 -1,0	 -0,8	 -0,6	 -0,4

Standardized
Mean difference

0,0

0,1

0,2

0,3

0,4

Meta-analysis
0,0

0,1

0,2

0,3

0,4

0,5
	 -1,0	 -0,5	 0,0	 0,5	 1,0

Standardized
Mean differenceE

stable relapsing-remitting disease.34 PTNS stimulates the 
peripheral tibial nerve, which inhibits bladder activity by 
depolarizing somatic sacral and lumbar afferent fibers.20 

PTNS appeared to be effective in improving bothersome 
symptoms, such as urgency, in more than 80% of patients 
treated with this method, and also appeared to reduce fre-
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done 20 min daily for 3 months.26 A study highlighted that 
the neuromodulating effects of electrical stimulation of 
the posterior tibial nerve had no beneficial acute effects,28 

quency and urge urinary incontinence, therefore having a 
positive impact on QoL.26 The efficacy of PTNS appears 
in the first week of treatment and remains stable when 

Figure 3.—Forest plot of Supplementary 
Table VI: effectiveness of 3 months of 
pelvic floor muscle training in PERFECT 
scheme (P power, E endurance, R repeti-
tions, F fast contraction, ECT every timed 
contraction) versus no treatment.25, 26, 33, 39

A

D

B

C

	 -1,5	 -1,0	 -0,5	 0,0	 0,5	 1,0

Meta-analysis

Ferreira 2019

Lucio 2010

Lucio 2014

Lucio 2016

Total
(fixed effects)

Total
(random effects)

Standardized
Mean difference

Meta-analysis

Ferreira 2019

Lucio 2010

Lucio 2014

Lucio 2016

Total
(fixed effects)

Total
(random effects)

	 -6	 -4	 -2	 0	 2	 4
Standardized

Mean difference
Meta-analysis

	 -1,0	 -0,5	 0,0	 0,5	 1,0
Standardized

Mean difference

0,0

0,1

0,2

0,3

0,4

0,5

Meta-analysis
0,0

0,1

0,2

0,3

0,4

0,5

0,6

St
an

da
rd

 e
rr

or

	 -3,0	 -2,5	 -2,0	 -1,5	 -1,0	 -0,5	 0,0	 0,5
Standardized

Mean difference

	 -10	 -8	 -6	 -4	 -2	 0	 2

Meta-analysis

Ferreira 2019

Lucio 2010

Lucio 2014

Lucio 2016

Total
(fixed effects)

Total
(random effects)

Standardized
Mean difference

	 -4	 -3	 -2	 -1	 0	 1

Meta-analysis

Ferreira 2019

Lucio 2010

Lucio 2014

Lucio 2016

Total
(fixed effects)

Total
(random effects)

Standardized
Mean difference

Meta-analysis

	 -8	 -6	 -4	 -2	 0	 2	 4
Standardized

Mean difference

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

0,0

0,1

0,2

0,3

0,4

0,5

0,6
	 -2,5	 -2,0	 -1,5	 -1,0	 -0,5	 0,0	 0,5

Standardized
Mean difference

Meta-analysis
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Limitations of the study

As concerns the limits of this study, the differences in the 
number of participants, as well as the types and duration 
of interventions, may have affected the results of the pres-
ent review; however, PTMS seems to improve daytime 
frequency, nocturia, urgency episodes, voided volume, 
and urge incontinence episodes. Additionally, study het-
erogeneity did not permit a comparison with other results 
in the meta-analysis. Furthermore, a few studies indicated 
a risk of bias. Therefore, the included studies should be 
interpreted with caution until more studies are conducted 
to further evaluate this topic.

Conclusions

Multiple sclerosis is a complex and generally progressive 
disease requiring a multidisciplinary approach to patient 
care. The management of urinary disorders in MS pa-
tients is primarily a conservative one, knowing well that 
a urologic program in MS should be designed to promote 
continent, low-pressure bladder storage and controlled 
emptying in order to minimize the symptoms in a manner 
that promotes an improved QoL. Thus, the goal of reha-
bilitation treatment is to treat NDO without making blad-
der emptying worse. To do this, it is necessary to establish 
the correct balance in the treatment of symptoms related 
to NDO and bladder retention and the integration and use 
of more rehabilitation techniques may potentially have the 
best results. Pharmacologic treatment together with reha-
bilitation strategies, such as PFMT and PTNS, allow the 
specialist in physical and rehabilitative medicine to com-
bine the different therapeutic programs and choose the best 
rehabilitation program, with full decisional and clinical 
practice autonomy and customizing the individual thera-
peutic project. This study shows particularly the effective-
ness of PTNS and PFMT for NDO, however, with the need 
of a specific therapeutic protocol, based on the degree of 
disability and symptom complexity in patients with MS. 
Despite the range of available tools, robust trials are lack-
ing, and therapeutic and rehabilitative approaches vary. Fu-
ture studies may benefit from longitudinal follow-up with 
an explicit therapeutic program for care. Nevertheless, 
more research is needed to determine the best diagnostic 
methodologies, and to delineate a definitive therapeutic 
protocol. A therapeutic protocol should have objective, re-
producible, repeatable outcomes, and guide the physiatrists 
to use a common language with the other members of a 
multidisciplinary team who treat patients with MS.

although prolonged percutaneous tibial nerve stimulation 
may lead to a persistent improvement of lower urinary 
tract symptoms.37 The high efficiency of PTNS associated 
with its excellent patient tolerance indicates the benefits 
of this treatment alone, or in combination with other reha-
bilitation programs, for neurogenic bladder dysfunction in 
patients with MS.21-23, 26, 28, 36, 47

The combination of intravaginal electrostimulation 
with PFMT could be an efficient protocol for improving 
strength, particularly with improvement in fast fibers that 
are responsible for vigorous and reflex contractions,46 re-
ducing micturition frequency, urgency, and incontinence. 
Electrical stimulation of the pelvic floor combined with 
PFMT and EMG biofeedback constitutes an effective 
treatment for lower urinary tract dysfunction in males.29

Another important element, described in a few of the 
studies reviewed, is the role of home exercises in the treat-
ment of bladder dysfunction.27, 32, 37, 46 In this case, the ap-
propriate instruction of patients on how to perform home 
pelvic floor muscle training is the key for the success of 
self-guided rehabilitation.27

Figure 4.—Forest plot of Supplementary Table VII: effectiveness of 3 
months of peripheral tibial nerve stimulation in maximum cystometric 
capacity before and after treatment.22, 23, 26, 27
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