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Abstract

Introduction: We aimed to determine if transcutaneous tibial nerve 
stimulation (TTNS) is effective at treating overactive bladder (OAB) 
symptoms among neurogenic and non-neurogenic patients.
Methods: We conducted a randomized, double-blind, sham-con-
trolled study. Adult patients were recruited from one of two groups: 
1) women with OAB; and 2) patients with neurogenic disease and 
bladder symptoms. The intervention was stimulation of the posterior 
tibial nerve, for 30 minutes, three times per week for 12 weeks at 
home using transcutaneous patch electrodes. The primary outcome 
was improvement of the patient perception of bladder condition 
(PPBC). We used ANCOVA (with adjustment for baseline values) 
and followed the intention-to-treat principle; we reported marginal 
means (MM) and a p<0.05 was considered significant.
Results: We recruited 50 patients (OAB n=20, neurogenic bladder 
n=30); 24 were allocated to the sham group and 26 to the active 
TTNS group. Baseline characteristics in both groups were similar. 
At the end of the study, there was no significant difference in the 
PPBC between sham or active groups: 13% (3/24) of sham patients 
and 15% (4/26) of active TTNS patients were responders (p=0.77), 
and the MM of the end-of-study PPBC score was 3.3 (95% confi-
dence interval [CI] 2.8–3.7) vs. 2.9 (95% CI 2.5–3.4), respectively 
(p=0.30). Similarly, there were no significant differences in sec-
ondary outcomes (24-hour pad weight, voiding diary parameters, 
or condition-specific patient-reported outcomes). The results were 
similar within the OAB and neurogenic bladder subgroups.
Conclusions: TTNS does not appear to be effective for treating 
urinary symptoms of people with OAB or neurogenic bladder dys-
function.

Introduction

Overactive bladder (OAB) is a condition characterized by 
“urinary urgency, often with frequency and nocturia, with 
or without urgency urinary incontinence.”1 Approximately 
16% of adult women meet the clinical definition for OAB, 

and approximately 1/3 of them will have urgency incontin-
ence.2 Similar symptoms can arise as a result of neurogenic 
lower urinary tract dysfunction. These symptoms, whether 
idiopathic or neurogenic in origin, are important given the 
wide-ranging impact on quality of life, mental health,3 and 
finances.4 While behavioral and medical therapy is effect-
ive,5,6 they have low long-term persistence and undesirable 
side effects.5

Neuromodulation of the lower urinary tract has been 
studied for over a century.6 The application of low-level 
electrical energy either directly to the sacral nerve roots, or 
through a peripheral nerve originating from the sacral spinal 
cord, is thought to mediate somato-visceral interactions 
within the sacral spinal cord, reset somatic afferents, and 
modulate the micturition reflex. Sacral neuromodulation 
and peripheral percutaneous tibial nerve stimulation (PTNS) 
are accepted third-line options for refractory OAB patients7 
and have been used in select groups of patients with neuro-
genic bladder dysfunction.8

Transcutaneous tibial nerve stimulation (TTNS) is a modi-
fication of the percutaneous technique. Instead of using a 
needle, patch electrodes are placed on the skin over the 
tibial nerve. The potential advantages include a lack of ser-
ious treatment-related side effects, a non-invasive approach, 
the ability to self-administer the treatment at home, and a 
low per-treatment cost. However, recent systematic reviews 
have identified the need for further high-quality evidence 
to support this modality.9 Our objective was to carry out 
a randomized, double-blind, sham-controlled pilot trial of 
TTNS among women with OAB and patients with neuro-
genic disease and OAB symptoms.

Methods

Study participants

We recruited two specific patient populations. The first group 
was adult women with the clinical diagnosis of OAB (based 
on the International Continence Society [ICS] definition) 
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who had failed behavioral measures and a trial of medical 
management. The second group was adults with a relevant 
neurological disease who had failed behavioral therapy and a 
trial of medical management and had urgency with or without 
urge incontinence. All women had to have a baseline Patient 
Perception of Bladder Condition (PPBC) ≥2 (“my bladder con-
dition causes me some minor problems”). Exclusion criteria 
for both groups included those with: prior neuromodulation, 
bladder-related medication change in the prior two months, 
predominate stress incontinence, or intravesical onabotulin-
um use in the prior year. Safety exclusions included implanted 
pacemaker/defibrillator, history of epilepsy, potential for preg-
nancy during the study, bilateral skin disease affecting the 
lower legs, or bilateral metallic lower limb implants.

Study design

This was a single-center, randomized, double-blind, sham-
controlled study, which we carried out from January 2016 to 
March 2019. We used parallel groups (with equal 1:1 distri-
bution) and a superiority design. Participants were recruited 
from a tertiary functional urology practice. During visit one, 
patients were assessed with a history and physical exam. 
They completed the relevant patient-reported outcome 
measures (PROM) and were asked to complete a 24-hour 
pad test10 and three-day voiding diary (based on their void-
ing/catherization patterns) for the next study visit. During 
visit two (conducted within the next 1–2 weeks), the voiding 
diary and pad test was returned, and the patient was random-
ized to either active TTNS treatment or sham by study staff 
not involved in the outcome measurements. Randomization 
was done using a random number generator, and both the 
study investigator and patient were unaware of the group 
assignment. Separate randomization sequences for the OAB 
group and the neurogenic bladder group were used. Patients 
were provided with an EV-906 digital TENS machine. If they 
were randomized to active TTNS treatment, the patient 
placed the skin surface electrodes posterior and 5–10 cm 
above the medial malleolus of the same leg, just behind the 
medial tibial edge. As per previous studies involving TTNS 
for neurogenic bladder and overactive bladder9 and similar 
to PTNS,11 patients used the bipolar stimulation setting, with 
a frequency of 10 Hz and 200 ms pulse, and the patient was 
instructed to titrate the amplitude of the current to their max-
imum non-painful tolerance or toe twitch and maintain this 
for 30 minutes. If they were randomized to sham treatment, 
they were instructed to place the patch electrodes on the 
lateral side of the lower leg and use the same settings as the 
active treatment group, but without instructions to increase 
the amplitude of the current beyond their sensory threshold. 
This was designed to prevent any meaningful stimulation of 
the tibial nerve, while still delivering a tingling sensation to 
simulate active treatment. Patients performed the first treat-

ment in the clinic under supervision, and then were asked 
to continue to do this at home three times per week for 12 
weeks. A telephone followup was done at 2–3 weeks to 
assess treatment compliance, potential complications, and 
the effectiveness of our allocation concealment (by asking 
the patient which group they believed they were assigned 
to). Patients were asked to keep a weekly treatment log docu-
menting their treatment sessions. At their final visit, they 
completed the same PROMs and returned a treatment log, 
a new three-day voiding diary and a 24-hour pad test. While 
maintaining allocation concealment, the study investigator 
also assigned a physician perception of benefit score based 
on their subjective comments regarding their symptoms; a 
global change score of 7 (a very great deal better) to -7 (a 
very great deal worse) was used. 

Institutional ethics approval and trial registration was 
obtained prior to commencing the study and all participants 
provided written consent.

Outcomes

The primary outcome was the PPBC question, which is a 
commonly used endpoint in OAB studies. It is an ordinal 
scale from 0 (“My bladder does not cause me any problems 
at all”) to 5 (“My bladder causes me many severe problems”). 
It is a valid, reliable, and responsive single question,12 and 
has been used in neurogenic patient populations previ-
ously.13 We specified a priori that responders were patients 
whose PPBC score improved by ≥2 points during the study. 
Secondary outcomes included 24-hour pad weight (which 
is a stable, reliable, and responsive measure of the degree 
of urinary incontinence10), 24-hour urinary frequency and 
functional capacity (based on three-day voiding diary14), and 
additional population-specific PROMs. Patients with OAB 
completed an OAB-related quality of life tool (OAB-q SF), 
which has both a symptom bother scale and a quality of 
life (QOL) score; they were transformed into a scale ranging 
from 0–100.15 Patients with neurogenic bladder completed 
the Neurogenic Bladder Symptom Score (NBSS, with scores 
ranging from 0–72)16 and the Qualiveen-SF (a measure of 
neurogenic bladder-related QOL.17 For all PROMs, a higher 
score is a worse outcome.

Statistical analysis

The hypothesis was that TTNS would improve our outcome 
measures compared to sham patients. Using previous PTNS 
studies as a guide,11 we estimated 20% of sham patients and 
60% of actively treated patients would be responders. Using 
the chi-squared test, a two-sided alpha of 0.05, and 80% 
power, 27 patients per group would be required.

Data is presented as medians and interquartile ranges 
(IQR). We followed the intention-to-treat principle for the 
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primary analysis set (all randomized subjects were included). 
Results from the 12-week PPBC, pad tests, voiding diary, 
and population-specific PROMs were compared between 
the TTNS group and the sham group. Voiding diary par-
ameters were summarized for the three days. The analysis 
was carried out on de-identified data and the assessor was 
blinded to the identity of the allocation groups. Analysis of 
covariance (ANCOVA) was used to assess for the differences 
between outcomes; results are reported as marginal means 
(MM) with 95% confidence intervals (CI) for each group. 
ANCOVA allowed for adjustment for the baseline values 
and, therefore, accounts for potential differences between 
groups that exist prior to randomisation. Effect sizes were 
estimated with the partial Eta-squared. Differences in propor-
tions were tested with logistic regression (also with adjust-
ment for the baseline values). A two-sided p-value <0.05 
was considered significant, and the analysis was carried out 
with SPSS version 25.

Results

We screened 150 patients for eligibility and of these, 50 
patients were randomized to either sham (n=24) or active 
PTNS (n=26) treatment (Fig. 1). Our study population was 
primarily middle-aged women who had used oral therapies; 
most had tried pelvic floor muscle exercises and pad weights 
were a median of 40 g (Table 1). The median PPBC was 
4 (“My bladder condition causes me severe problems”). 
Recruitment was terminated December 31, 2018 (predeter-
mined end date). The baseline characteristics of the neuro-
genic bladder cohort and OAB cohort alone were similar 
(Supplementary Tables 1A, 1B). The majority of the neuro-
genic bladder patients had multiple sclerosis (73%, 22/30) 
and only 10% (3/30) of the neurogenic bladder patients 
used intermittent catheters, with the remainder being able 
to void spontaneously.

For the primary outcome of PPBC at the end of the 
12-week treatment period, 13% (3/24) sham patients and 
15% (4/26) active TTNS patients met our definition of 
responders (p=0.77). The MM of the final PPBC score, (which 

Fig. 1. CONSORT flowchart of participants in the study.

Enrollment
Assessed for eligibility: n=150

Neurogenic bladder (NB): n=79
Overactive bladder (OAB): n=71

Excluded (n=100)
• Declined to participate (NB=47; OAB=50)
• Failed inclusion/exclusion criteria (NB=2, OAB=1)

Randomized (n=50)
NB=30, OAB=20

Allocation

Followup

Analysis

Lost to followup (n=0)
Discontinued intervention (n=0)

Analyzed (n=26)
• Excluded from analysis (n=0)

Lost to followup (n=0)
Discontinued intervention (n=4)
• Unrelated hip fracture (n=1, OAB)
• Worsening neurologic status (n=1, NB)
• Time commitment (n=1 NB, n=1 OAB)

Analyzed (n=24)
• Excluded from analysis (n=0)

Allocated to sham (n=24)
• Received allocated intervention (n=24)

Allocated to transcutaneous tibial nerve 
stimulation (n=26)
• Received allocated intervention (n=26)
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is corrected for the baseline PPBC) was 3.3 (95% CI 2.8–3.7) 
vs. 2.9 (95% CI 2.5–3.4), respectively (p=0.30). The effect 
size was very small (0.02). There was no missing data for 
our primary analysis or the PROMs, and <10% of voiding 
diary or pad weight data was missing. Secondary outcomes 
are shown in Table 2 and there were no statistically signifi-
cant differences between sham and active TTNS. Exploratory 
analysis of the individual OAB and neurogenic cohorts are 
similar to the main analysis (Supplementary Tables 2A, 2B). 

There were no adverse events during the study and no 
patients reported worsening of their symptoms as a result 
of the study. Patient compliance was high among the 
patients who completed the study: the median percentage 
of required treatments completed during the study period 
was self-reported as 97% (IQR 90–100%). Our assessment 
of allocation concealment at two weeks revealed that 52% 
of patients correctly guessed their assigned allocation (26/50) 
and of those that did correctly guess their allocation, 42% 
(10/24) were in the active TTNS group and 58% (14/24) 
were in the sham group.

Discussion

This randomized, sham-controlled clinical trial found that 
TTNS was not effective at improving bladder function among 
non-neurogenic and neurogenic bladder patients with 
symptoms of OAB. There were no statistically significant 
differences in our primary outcome (PPBC scale), and no 
significant improvements in secondary outcomes, such as 
pad weight, voiding diary parameters, or condition-specific 
PROMs. While some of the results did seem to slightly favor 
the TTNS group, the associated effect size was extremely 
small and likely not clinically significant.

There is good evidence that PTNS is an effective therapy 
for OAB18 and a systematic review found promising evidence 
that it is also effective in patients with neurogenic lower 
urinary tract dysfunction.8 Reported success rates for OAB 
patients using PTNS are 55–80% after three months of treat-
ment, and there is evidence of continued efficacy up to three 
years with the use of a monthly maintenance protocol.19 The 
exact mechanism of action in humans is poorly understood, 
although tibial nerve stimulation has been shown to modify 
the somatosensory pathway20 and alter urodynamic param-
eters21 in humans. However, the efficacy of TTNS is not as 
clear. A recent systematic review identified 10 randomized 
studies involving TTNS for neurogenic bladder or OAB.9 
An additional randomized trial has since been published 
that was a non-inferiority study comparing TTNS to PTNS 
in patients with OAB.22 All of these randomized controlled 
trials (RCTs) are small (<100 patients, similar to our study) 
and only three compared TTNS to a sham intervention. None 
of them assessed the effectiveness of their sham interven-
tion at maintaining blinding. The remaining RCTs compared 

TTNS to a medication or alternative intervention and, in 
most cases, they did not properly blind patients (for example, 
the TTNS group did not get a matched placebo pill). A prop-
erly concealed sham comparator group is essential, given 
the 20–30% placebo response in PTNS studies11 and OAB 
research in general. All of the randomized trials identified 
in Booth’s systematic review had either an unclear or high 
risk of bias. In addition, the urinary incontinence cure rates 
reported were extremely optimistic (25–45%), given that a 
rigorous, well-reported, randomized trial comparing intra-
vesical onabotulinum toxin and solifenacin for idiopathic 
urgency incontinence measured urgency incontinence cure 
rates of 27% and 13%, respectively.23 In gastroenterology, 
PTNS was touted as a treatment for several disorders of bowel 
function, and initial small randomized trials reported posi-
tive results; however, a large, well-conducted RCT did not 
show any benefit among patients with fecal incontinence.24 

The efficacy of TTNS is likely limited by the increased 
stimulation that is necessary to activate the tibial nerve com-
pared to PTNS. The ability to reach this increased stimulation 
is limited by the patient’s pain threshold. Novel methods of 
delivering non-invasive stimulation to the tibial nerve have 
been described,25,26 and perhaps these will have improved 
efficacy. Another challenge is determining the optimal treat-
ment parameters, which are often arbitrary and variable 
among different studies.9 A large, randomized, multicenter 
trial evaluating TTNS for OAB symptoms among patients 
with Parkinson’s disease is underway in France, and this will 
likely provide the strongest evidence yet for or against TTNS 
for the treatment of bladder symptoms (NCT02190851).

Strengths of our study include a sham group in which we 
confirmed adequate allocation concealment. We used mul-
tiple validated subjective and objective outcomes and had 
high adherence to the study protocol; patients did not appear 
to have issues with adherence to the treatment protocol. 
Limitations of our research include the generalizability of our 
results, as for the most part, our study population had urgency 
incontinence and had failed prior oral treatment; TTNS may 
have better efficacy among patients with less severe symp-
toms or among less refractory patients. Our overall sample 
size of 50 patients is modest. While we hoped to recruit 
more patients, investigator-driven research supported by small 
grants does not allow multisite participation. Many patients 
declined participation because of the travel and appointments 
associated with a clinical study or because they opted to 
directly pursue third-line therapies. The proportion of patients 
who responded to active treatment was 15%, and the 95% 
CI for this proportion is 4–35%; this range is much lower 
than originally hypothesized responder proportion of 60%, 
therefore, despite the small sample size, we do not feel that 
this treatment would be efficacious with our current protocol, 
even with a larger sample size. To power a study to detect a 
difference between 13% and 15% would require over 9000 
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patients, and this difference would be unlikely to be clinically 
relevant. The small size of our two patient subgroups (OAB 
and neurogenic bladder symptoms) means these groups aren’t 
appropriately powered to demonstrate differences and, there-
fore, we can’t definitely conclude there isn’t a more clinically 
relevant effect in one of these cohorts, and our sample size 
precluded any meaningful post-hoc subgroup analysis.

Conclusions

In a randomized, sham-controlled clinical study of TTNS 
in patients with OAB symptoms with or without an asso-
ciated neurogenic condition, TTNS did not show efficacy 
in improving patient’s perception of their bladder function 
or improving objective parameters, such as pad weights or 
voiding diary parameters. Given the heterogenous results 
reported in the literature, further study is necessary to deter-
mine whether specific patient populations might benefit 
from TTNS or if novel ways of delivering non-invasive tibial 
nerve stimulation can improve efficacy. Conducting non-
industry-sponsored clinical trials in academia continues to 

be a challenge, and the tradeoff between a tightly controlled 
patient population and recruitment feasibility is an important 
consideration when designing pilot studies.
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Supplementary Table 1A. Baseline characteristics of 
participants in the OAB cohort

Sham  
(n=10)

Active TTNS 
(n=10)

Male 0% (0) 0% (0)

Age 63 (58–67) 64 (59–70)

Body mass index 31.6 (28.1–32.1) 27.4 (22.5–32.8)

Number of prior oral therapies 3 (2–3) 3 (2-4)

Prior pelvic floor exercises 70% (7) 90% (9)

With therapist 40% (4) 30% (3)

Prior stress incontinence 
surgery

50% (5) 50% (5)

Prior urodynamic studies 80% (8) 50% (5)

Proportion with detrusor 
overactivity

63% (5/8) 40% (2/5)

24-hour pad weight (grams) 88 (26–242) 49 (18–252)

3-day voiding diary

Daily frequency 11 (9–15) 10 (8–17)

Functional capacity (mL) 206 (127–325) 378 (278–465)

PPBC 4 (3–5) 4 (4–4)

PROMs for the OAB cohort 

OAB-q Bother score 74 (58–97) 67 (67–76)

OAB-q QOL score 79 (54–83) 71 (65–83)
All numbers are median (interquartile range), or percentage (proportion). OAB-q: overactive 
bladder questionnaire; PPBC: perception of bladder condition; PROM: patient-reported 
outcome measures; TTNS: transcutaneous tibial nerve stimulation; QOL: quality of life.
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Supplementary Table 1B. Baseline characteristics of 
participants in the neurogenic cohort

Sham  
(n=14)

Active TTNS 
(n=16)

Male 29% (4) 38% (6)

Age 53 (44–60) 60 (49-65)

Body mass index 25.9 (22.3–34.3) 30.9 (25.1–34.1)

Diagnosis

Multiple sclerosis 11 11

Spinal cord injury 2 3

Lipomyelomeningocele 1 1

Parkinson’s disease 0 1

Number of prior oral therapies 1 (0–1) 2 (1–2)

Prior pelvic floor exercises 50% (7) 50% (8)

With therapist 7% (1) 13% (2)

Prior stress incontinence 
surgery

0% (0) 6% (1)

Prior urodynamic studies 57% (8) 56% (9)

Proportion with detrusor 
overactivity

38% (3/8) 44% (4/9)

24-hour pad weight (grams) 84 (12–476) 30 (19–331)

3-day voiding diary

Daily frequency 9 (8–11) 10 (7–14)

Functional capacity (mL) 298 (196–450) 321 (213–392)

PPBC 3 (2–4) 3 (2–3)

PROMs for neurogenic cohort 
(n=30)

NBSS 39 (31–46) 34 (28–40)

Qualiveen-SF 34 (30–35) 27 (23–33)
All numbers are median (interquartile range), or percentage (proportion). NBSS: 
Neurogenic Bladder Symptom Score; PPBC: perception of bladder condition; PROM: 
patient-reported outcome measures; SF: short form; TTNS: transcutaneous tibial nerve 
stimulation.

Supplementary Table 2A. Secondary study outcomes 
measured at the end of 12 weeks in the OAB cohort

Sham  
(n=10)

Active TTNS 
(n=10)

p

PPBC 4 (3–5) 3 (2–4) 0.26

24-hour pad weights (g) 135 (0–270) 204 (77–333) 0.44

3-day voiding diary

Functional capacity (mL) 369 (286–452) 247 (185–308) 0.03

Daily frequency 12 (11–14) 12 (11–13) 0.89
Outcomes are reported as marginal means and 95% confidence interval from an ANCOVA 
model corrected for the baseline value of the outcome. OAB: overactive bladder; PPBC: 
perception of bladder condition; TTNS: transcutaneous tibial nerve stimulation.

Supplementary Table 2B. Secondary study outcomes 
measured at the end of 12 weeks in the neurogenic cohort

Sham  
(n=14)

Active TTNS 
(n=16)

p

PPBC 3 (3–3) 3 (2–4) 0.90

24-hour pad weights (g) 367 (200–534) 259 (103–414) 0.34

3-day voiding diary

Functional capacity (mL) 364 (333–395) 362 (334–391) 0.93

Daily frequency 9 (8–11) 9 (7–10) 0.50
Outcomes are reported as marginal means and 95% confidence interval from an ANCOVA 
model corrected for the baseline value of the outcome. PPBC: perception of bladder 
condition; TTNS: transcutaneous tibial nerve stimulation.


