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Introduction
Multiple sclerosis (MS) is a chronic, inflammatory, and 
autoimmune disease that affects approximately 400 000 
and 2.3 million individuals in the United States and 
around the globe, respectively. 1 Bowel dysfunctions 
are one of the most common complications among MS 
patients, which are most frequently seen as functional 
constipation (FC) and fecal incontinence (FI), leading 
to severely compromised life quality in addition to social 
integration and academic concerns.2 Bowel dysfunction 
occurs approximately in two-thirds of patients,3 and 
its incidence is seemingly correlated to the severity and 
duration of the disease.4,5 However, no adequate level of 
evidence is currently available for the management of 
bowel dysfunction in MS patients.6

The underlying pathophysiology of MS is an 
autoimmune formation of demyelinating plaques in 
neurological pathways that produce a wide spectrum 
of sensory and motor lesions, resulting in various 
neurological manifestations that can cause disabilities 

with different severity.7,8

Given that MS is the most prevalent cause of non-
traumatic neurological impairment in young people 
and considering the estimated onset age of 20 to 50, 
minimizing its adverse effects has always been a clinical 
and scholarly concern.9,10 Furthermore, since there is an 
absence of a definite cure for the disease, managing the 
symptoms and improving the life quality of patients are 
of critical importance, regardless of the course and the 
prognosis.

Electrical tibial nerve stimulation (TNS), a 
neuromodulation technique that includes stimulating the 
tibial nerve with electricity, alleviates urinary and erectile 
dysfunction by modulating the sacral roots. This method 
has been suggested as a promising, non-invasive, and safe 
method to elevate neurologically challenged conditions, 
including MS.11,12 With slight changes in technique, some 
methods fall under this category, including transcutaneous 
tibial nerve stimulation (TTNS) and percutaneous tibial 
nerve stimulation (PTNS). However, they are both based 
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Abstract
Background: This study set out to conduct a thorough review of the effects of electrical tibial 
nerve stimulation in multiple sclerosis (MS) patients with bowel dysfunction.
Methods: Several medical databases were searched comprehensively from inception to 
September 2023. Studies with available English full texts and results for bowel dysfunction 
following percutaneous tibial nerve stimulation (PTNS) or transcutaneous tibial nerve stimulation 
(TTNS) were considered. The publications that were included underwent a comprehensive 
assessment by two independent reviewers, and pertinent data were retrieved. The quality of the 
included studies was evaluated using Cochrane guidelines.
Results: From a total of 200 studies, only 2 prospective interventional studies were eligible for 
entering this systematic review with no control arm. A total of 93 patients diagnosed with MS 
(44 females and 49 males) with a median age of 48.32 years were included. Both studies applied 
PTNS in 30-minute sessions for a maximum of 12 weeks and reported an overall improvement 
following PTNS in MS-associated bowel dysfunction. 
Conclusion: This systematic review demonstrated that PTNS can be an effective way of 
minimizing fecal incontinence in MS patients. However, due to the highly limited number of 
available publications on this issue, we cannot generalize these findings to larger populations.
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on delivering electrical impulses to the tibial nerve. 
Although there exists a considerable amount of 

evidence on how the urinary function of MS patients can 
be improved through TNS,13-16 unfortunately, limited 
knowledge is available regarding the defecatory function. 
Therefore, we conducted a systematic review of the 
current literature in an attempt to address the lack of 
evidence on the topic and to draw attention to the existing 
knowledge gap. 

Methods
The PRISMA guidelines were followed during the course 
of this study to guarantee thorough data reporting,17 and 
the study protocol was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO: 
CRD42022319030).

Search Strategy
Studies pertinent to the topic were looked up in electronic 
medical databases, including MEDLINE (via PubMed), 
Scopus, Embase, and Web of Science from inception 
to September 2023. The search strategy was formulated 
based on the PICO: Patients/Population (P): MS patients, 
Intervention (I): Electrical stimulation of the tibial nerve, 
Comparison (C): Not specified, and Outcome (O): 
Fecal incontinence (Table 1). The full search strategy is 
presented in Supplementary file 1. 

Inclusion and Exclusion Criteria
Studies that met the inclusion criteria were conducted on 
MS patients, used any form of TNS, including PTNS or 
TTNS as the intervention during the experiment, and had 
an available English full text. Studies that were conducted 
on other conditions, used other forms of intervention, or 
did not have an available English full text were excluded.

Literature Screening and Data Extraction
For further investigation, Rayyan was used to integrate 
the findings from the literature search.18 Two independent 
reviewers investigated the titles and the abstracts of the 
studies, and those passing the initial survey were screened 
based on their full text. At each level, any discrepancies 
were discussed between the two reviewers, and if an 
agreement could not be achieved, a third reviewer was 
brought in. The data extracted from the selected studies 
included bibliographic information (e.g., author, origin, 
and year of publication), study design, intervention 
method, participants’ characteristics (e.g., age, number, 
course, and duration of the disease), intervention data 
(e.g., type, duration, and follow up); and study outcomes.
 
Quality Assessment 
The Cochrane scale, which is thoroughly explained 
in the Cochrane Handbook for Systematic Reviews of 
Interventions V.5.1.0, was used to assess the trials’ level 
of quality and risk of bias.19 Seven types of bias were 
taken into consideration, including random sequence 
generation (selection bias), allocation concealment 
(selection bias), blinding of participants and staff 
(performance bias), blinding of outcome assessment 
(detection bias), incomplete outcome data (attrition bias), 
selective reporting (reporting bias), and any other biases. 
Furthermore, each study would receive one of three 
quality ratings: good, medium, or low if it met the criteria 
of 5–7, 3–4, or 0–2 categories, respectively. This phase was 
separately completed by two reviewers, and in the event of 
a dispute, a third reviewer was consulted.

Analysis
Conducting meta-analysis was not an option since studies 
were too limited and heterogeneous to be comparable. 
Hence, the narrative method was used to report the 
findings. 

Results 
Search and Selection 
A total of 200 studies were retrieved from the electronic 
search of databases. Deduplication was conducted using 
Rayyan, leaving 106 articles for initial screening. A 
secondary search was done for the included literature and 
references of relevant reviews to prevent leaving out any 
citations. After a full-text review, only two studies were 
found to be eligible for entering this systematic review.20,21 
This process is demonstrated in Figure 1.

Characteristics of Participants
A total of 93 patients diagnosed with MS were enrolled 
consisting of 44 females and 49 males. The median age 
of the participants was 48.32 years, and the median 
duration of the MS disease was 14.77 years. Forty-six 
patients had relapsing-remitting MS (RRMS) courses, 
35 secondary progressive MS (SPMS), and 11 primary-
progressive MS (PPMS). One study was undertaken in the 

Table 1. Different Key Terms and Combinations Used in Designing the 
Search Strategy

Population Intervention Outcome 

MS Tibial nerve stimulation Fecal incontinence 

Encephalomyelitis
Posterior tibial nerve 
stimulation

Feces incontinence 

Encephalomyelitis 
disseminate

Percutaneous tibial nerve 
stimulation

Bowel dysfunction

MS
Transcutaneous tibial nerve 
stimulation

Gas incontinence

Transcutaneous electrical nerve 
stimulation

Stool incontinence

Percutaneous electrical nerve 
stimulation

Fecal leak* 

Tibial nerve transdermal 
stimulation

Stool leak*

Neuromodulation

Transdermal electrostimulation

Note. MS: Multiple sclerosis. 
The OR Boolean operator was used between the terms in each column, while 
AND was used to combine the columns
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United Kingdom21 and the other in Switzerland.20 Both 
citations were prospective studies with no control group 
and one arm of MS patients. Regarding the duration of 
intervention, both studies applied PTNS in 30-minute 
sessions for a maximum of 12 weeks. The difference 
was that one study used an initial three-week trial and 
then continued this trial in responsive patients for 12 
weeks.21 Furthermore, both studies used PTNS as their 
method of intervention. One study employed the Rome 
III criteria, and the Cleveland Clinic Fecal Incontinence 
Score (CCFIS) to evaluate bowel dysfunction,20 while the 
other utilized the Wexner incontinence score.21 Table 2 
provides further information regarding the characteristics 
of the included studies.

Quality of Included Studies
Figures 2 and 3 illustrate the findings of the quality 
assessment. Both of the articles were considered to be 
high risk in terms of selection, performance, and detection 
bias, low risk in terms of attrition bias, and unclear risk in 

reporting and other biases.

Discussion
Patients with MS frequently experience bowel dysfunction, 
which has a serious negative effect on their quality of 
life.22 Bowel issues are reported by more than half of 
MS patients, according to studies, and they are linked to 
lower quality of life ratings. A study conducted in Norway 
examined the prevalence of gastrointestinal dysfunction 
among MS patients aged 2-5 years following diagnosis.22

Bowel dysfunction caused by neurological diseases 
such as MS is referred to as neurogenic bowel dysfunction 
(NBD).23 The management of NBD in MS patients 
involves obtaining a careful bowel history and assessing 
bowel function before neurological symptoms appear. 
Optimizing nutrition and laxative use to establish a useful 
and regular bowel routine is part of the conservative 
therapy of NBD. Transanal irrigation has been found to 
lessen NBD symptoms and enhance quality of life in cases 
where conservative therapy is insufficient. Furthermore, 

Figure 1. The PRISMA Flow Diagram
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surgical options are available for patients who do not 
respond to other interventions.23

Uncertainty surrounds the pathophysiology of intestinal 
dysfunction in MS patients. Overall, the underlying 
mechanism of bowel dysfunction among MS patients is 
related to the neurological damage caused by the disease. 
MS is characterized by demyelination and inflammation 
in the central nervous system, which can affect the nerves 
that control bowel function. Constipation, FI, and reduced 
rectal sensation are just a few of the gastrointestinal 
issues that can result from this interruption in nerve 
transmission.24

Different parameters can affect the patient’s symptom 
load, including the type of MS, duration, and severity of 
the disease, in addition to variables such as psychological 
dysfunction, patients’ activity, and pharmacological 
therapies.25-28

The overall results of this systematic review suggested 
that the percutaneous stimulation of the tibial nerve 
improves bowel dysfunction in MS patients. Despite the 
limited number of included studies, the current study 
suggested that PTNS can have positive effects on the 
management of bowel dysfunction symptoms in MS 
patients. A response rate of 56.7% was found in Sacco and 

colleagues’ research for treating FI in MS patients, and 
there was a slight but statistically significant decline in the 
number of patients who reported still having FC at the 
end of the 12-week PTNS therapy period. In more precise 
terms, 7 out of 55 patients achieved FC freedom, whereas 
patients who had FC negative status at baseline had no 
evidence of FC at the end of the 12-week intervention.20 
After 12 weeks of PTNS treatment, Sanagapalli et al 
observed a greater responder rate (79%) in MS patients 
with FI and a substantial reduction in incontinence 
symptoms.21 

To our knowledge, these two studies are the only 
available publications on how TNS can affect bowel 
dysfunction in MS patients. Therefore, additional 
supporting data is unavailable. However, several studies 
have reported noteworthy results in patients with 
other etiologies of bowel dysfunction. For instance, in 
a prospective observational-interventional study by 
Dedemadi and Takano on 22 patients with etiologies, 
including previous surgery, obstetric, or idiopathic the 
number of FI episodes significantly decreased from 4.7 to 
1.5, a decreased Wexner score from 10.2 to 6.9, following 
the administration of bilateral TTNS in 30-minute session 
twice a week for 6 weeks.29 Hotouras and colleagues’ cohort 
study on 150 patients with etiologies, including obstetric, 
surgical, radiotherapy, trauma, and idiopathic showed 
a statistically significant CCFI score from 12.0 ± 3.9 to 
9.4 ± 4.6, following the final maintenance therapy session 
and 12 PTNS sessions.30 This pattern of improvement is 
supported by several studies as well.31-33

The precise mechanism of PTNS and how it acts as a 
neuromodulator is not completely defined yet. However, 
several suggestions have been made so far. For example, 
it has been suggested to directly modulate the peripheral 
nerve roots that innervate the pelvic floor through 
the same spinal roots or to stimulate cortical pontine 
activity.34-36 This modulation can improve the contraction 
of the rectum by several outcomes: by enhancing the 
blood flow of the rectum due to an elevated stimulation 
of autonomous fibers37 and by causing a reduction in anal 
canal stiffness.38 However, none of these suggestions can 
thoroughly justify the result across the studies; therefore, 

Table 2. Characteristics of the Included Studies

Author Year Origin

Population Patients’ Condition 

Symptoms Measurement Main Results
No. Age

Sex 
(F/M)

Course
MS 

Severity
Duration

(y)

Sacco et al20 2020 Switzerland 60 48.5 19/41
RRMS: 24 
SPMS: 27 
PPMS: 8

EDSS: 4.5
15.2 
(9.8–
23.0)

FI + FC: 25
FI: 5

FC: 30

CCFIS, The Rome III 
criteria 

PTNS significantly 
improves FI and FC 
symptoms in MS patients

Sanagapalli 
et al21 2018 UK 33 48 25/8 

RRMS: 22 
SPMS: 8 
PPMS: 3

10 (6 
-13)

FI: 33

Wexner incontinence 
score, The Rockwood 
score, Two visual 
analogue scales, The 
Bristol Stool Form Scale

Responder patients were 
more symptomatic at 
baseline and had greater 
improvements in bowel 
symptom scores and 
quality of life.

Note. MS: Multiple sclerosis; RRMS: Relapsing-remitting multiple sclerosis; SPMS: Secondary-progressive multiple sclerosis; PPMS: Primary-progressive multiple 
sclerosis; EDSS: Expanded disability status scale; FI: Fecal incontinence; FC: Functional constipation; CCFIS: Cleveland clinic fecal incontinence score; PTNS: 
Percutaneous tibial nerve stimulation.

Figure 2. Risk of Bias Summary: Authors’ Judgements about Each Risk of 
Bias Item for Each Included Study
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the mechanism of action in TNS should be investigated 
more comprehensively in the future. 

It is also noteworthy to mention a recent umbrella 
review that was conducted to evaluate the clinical effects 
of posterior tibial nerve stimulation on FI. The findings 
of 14 systematic reviews indicated a general improvement 
in a number of study characteristics such as bowel habits 
and quality of life. The summary results revealed no 
statistically significant changes in FI when PTNS was 
compared with sham or sacral nerve stimulation (P > 0.05). 
On the other hand, FI episodes were considerably lower in 
the PTNS arm, and PTNS caused fewer FI episodes than 
sham, according to the subgroup analysis of the kind of 
intervention in the control group. Therefore, based on the 
findings of trials with a small population, PTNS may be 
beneficial to patients with FI.39

Limitations
Even though the information in our evaluation is the most 
recent one, it was subject to several limitations. The first 
and the most obvious was the limited number of studies 
which led to extremely restricted and ungeneralizable 
findings. Second, the absence of a control arm in both 
of the included studies is another obvious source of bias. 
In addition, the included studies recruited a different 
number of patients regarding the MS course. This means 
that in Sacco and colleagues’ study, 40% of FI patients 
were RRMS, but this rate was 67% in Sanapagalli’s 
study21, which can be associated with different responses 
to the treatment. Moreover, the long-term effects of 
a 12-week PTNS treatment were not covered by any 
of the investigations. Hence, caution must be taken in 
interpreting these findings due to the limited number of 
available publications on the topic.

Conclusion
In conclusion, caution must be taken in interoperating the 
findings of the current clinical studies, and the potential 
effectiveness of PTNS for treating gastrointestinal 
dysfunction in MS patients needs to be established by 
additional research. More high-quality research, namely, 
those that ideally incorporate a control arm can help 
produce more generalizable conclusions.
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