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Transcutaneous medial plantar nerve stimulation
in women with idiopathic overactive bladder
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Purpose: To define transcutaneous medial plantar nerve stimulation (T-MPNS) as a new neuromodulation method and assess the
efficacy of T-MPNS on quality of life (QoL) and clinical parameters associated with incontinence in women with idiopathic overac-
tive bladder (OAB).

Materials and Methods: Twenty-one women were included in this study. All women received T-MPNS. Two self-adhesive surface
electrodes were positioned with the negative electrode near the metatarsal-phalangeal joint of the great toe on the medial aspect
of the foot and the positive electrode 2 cm inferior-posterior of the medial malleolus (in front of the medio-malleolar-calcaneal
axis). T-MPNS was performed 2 days a week, 30 minutes a day, for a total of 12 sessions for 6 weeks. Women were evaluated for
incontinence severity (24-h pad test), 3-day voiding diary, symptom severity (Overactive Bladder Questionnaire [OAB-V8]), QoL
(Quality of Life-Incontinence Impact Questionnaire [IIQ-7]), positive response and cure-improvement rates, and treatment satisfac-
tion at baseline and at the 6th week.

Results: Statistically significant improvement was found in the severity of incontinence, frequency of voiding, incontinence epi-
sodes, nocturia, number of pads, symptom severity, and QoL parameters at the 6th week compared with baseline. Treatment satis-
faction, treatment success, and cure or improvement rates were found to be high at the 6th week.

Conclusions: T-MPNS was first described in the literature as a new neuromodulation method. We conclude that T-MPNS is effective
on both clinical parameters and QoL associated with incontinence in women with idiopathic OAB. Randomized controlled multi-
center studies are needed to validate the effectiveness of T-MPNS.
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tinence

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION tal nerve, and tibial nerve (TN) are examples of peripheral
nerves that can affect bladder behavior.
Stimulation of an area of the innervation system with Percutaneous and transcutaneous TN stimulation (PTNS

electrical currents may alter the nervous behavior of other —and TTNS) have been reported to be effective in patients
systems and cause changes in bladder function by stimulat-  with idiopathic overactive bladder (OAB) in different stud-
ing peripheral nerves [1,2] The pudendal nerve, dorsal geni- ies [3-13] The European Association of Urology (EAU) Guide-
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lines on the management of non-neurogenic female lower
urinary tract symptoms recommend considering PTNS as
an option to improve idiopathic OAB in women who have
not benefited from anticholinergic drugs (strong recom-
mendation) [4] In some cases, however, it may be difficult to
perform the TTNS and PTNS techniques. Some conditions,
such as congenital or acquired impaired integrity of the skin
or soft tissue loss or deformity of the inner part of the ankle
where the transcutaneous or percutaneous application will
be performed, can make these applications impossible. In our
clinical practice, when we could not stimulate the TN, we
identified the medial plantar nerve (MPN) as a new region
for stimulation. Stimulation of the TN may also be difficult
in patients with advanced peripheral tibial edema, pretibial
myxedema, lymphedema, or lipoedema of the lower extremi-
ties or in those with morbid obesity.

The lower urinary tract is innervated by the lumbar,
sacral, and coccygeal segmental nerves originating from L.2-
S4. After exiting the spinal cord, afferent and efferent fibers
form an extensive network that innervates all the pelvic
organs. The MPN (L4-5) is one of the terminal branches of
the TN (L4-S3) [1]. Transcutaneous MPN stimulation (T-
MPNS) is the electrostimulation of the lumbosacral roots
that activate the lumbosacral plexus, which controls the vis-
ceral organs and the pelvic floor muscles, thereby improving
bladder control. However, the exact working mechanism of
T-MPNS is unknown.

Our study is the first in which T-MPNS was defined as
a new peripheral neuromodulation method and its efficacy
investigated in women with idiopathic OAB. In this study,
we aimed to assess the efficacy of T-MPNS on quality of life
(QoL) and clinical parameters associated with incontinence
in women with idiopathic OAB.

MATERIALS AND METHODS

This study was a prospective, single-arm (before and af-
ter) trial. The trial was conducted at the Urogynecological
Rehabilitation Unit of the Pamukkale University Faculty
of Medicine between June 2020 and June 2022. This trial
was approved by the Institutional Review Board of Pamuk-
kale University (60116787-020/29686). Women gave written
consent to participate.

As previously published, PTNS succeeds in reducing
incontinence episodes in 71% of cases compared with 0%
after sham PTNS [11] A level of significance of 95% (0=5%),
a power of 80% (=0.20), and an expected improvement of
incontinence episodes were expressed as a decrease of 50%
or greater in incontinence episodes in 24 hours in the previ-
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ous study [11] We determined the optimum sample size in
our study to be 19 cases. To account for possible withdrawals
(10%), we enrolled 21 women.

We recruited 30 women with a complaint of OAB who
were referred to the Urogynecological Rehabilitation Unit.
Women who experienced urgency and urge incontinence
with leakage on the way to the toilet were considered to
have wet-OAB. The inclusion and exclusion criteria are
shown in Table 1. Twenty-one women were included in this
study; the planned treatment duration was 6 weeks (Fig. 1).
All women received T-MPNS.

1. Transcutaneous medial plantar nerve
stimulation

Two self-adhesive surface electrodes were positioned
with the negative electrode near the metatarsal-phalangeal
joint of the great toe on the medial aspect of the foot and
the positive electrode about 2 ¢cm inferior-posterior of the
medial malleolus (in front of the medio-malleolar-calcaneal
[MMC] axis) according to the topographic anatomy and the
electrophysiological nerve conduction of the MPN (Fig. 2).
Correct positioning was determined by noting a hallux reac-
tion (plantar flexion of the big toe or, rarely, fanning of the
fingers) [14-18]. The stimulation protocol was applied at a
continuous mode of 20 Hz and a pulse width of 200 ps [7,9,13]
The intensity level of the stimulation current (range, 0-50
mA) was determined after correct positioning was achieved
according to the comfort level of the participant. These elec-
trodes did not need to be adjusted during treatment sessions.
T-MPNS sessions were performed twice a week for 6 weeks.
Each session lasted 30 minutes. The intervention included a
12-session T-MPNS treatment program.

T-MPNS sessions were performed by a physician. Par-
ticipants who did not attend more than 20% of the sessions
were excluded from the study. During the treatment, all
women were advised to continue medical treatment not
related to incontinence, and no women were recommended
lifestyle modifications for incontinence.

2. Evaluation parameters

The frequency of voiding, incontinence episodes, noctu-
ria, and the number of pads used were collected from the
3-day bladder diary. The primary outcome measure was im-
provement in incontinence episodes (positive response rate)
[11] Women with a 50% or greater reduction in incontinence
episodes were considered positive responders [11,13] The 24-
hour pad test was performed to assess the severity of incon-
tinence [19] The Overactive Bladder Questionnaire (OAB-V8)
was used to evaluate symptom severity [20,21] The Quality
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Exclusion criteria

History of neuromodulation therapy such as PTNS, TTNS
Pregnancy or intention to become pregnant during the study

Current vulvovaginitis or urinary tract infections or malignancy

Inclusion criteria

Women over the age of 18 years with clinical diagnosis of idiopathic wet-OAB

and discontinued after at least 4 weeks

Intolerant or unresponsive to antimuscarinics or oral 83 adrenoreceptor agonist (mirabegron)

Table 1. Inclusion and exclusion criteria
Able to give written, informed consent

Investig Clin Urol 2023;64:395-403.

Previous urogynecological surgery within 3 months

Able to understand the procedures, advantages, and possible adverse effects

Anatomic or posttraumatic malformations or skin disorders of plantar medial nerve region on

inner foot that do not permit application of the electrodes

More than stage 2 according to the POP-Q
Cardiac pacemaker or implanted defibrillator

Neurogenic bladder, signs of neurologic abnormalities at objective examination; history of the

peripheral or central neurologic pathology

Ultrasonographic evidence of PVR volume more than 100 mL

OAB, overactive bladder; PTNS, percutaneous tibial nerve stimulation; TTNS, transcutaneous tibial nerve stimulation; POP-Q, pelvic organ prolapse quantification; PVR, post-void residual urine.

Medial plantar nerve stimulation for overactive bladder

of Life-Incontinence Impact Questionnaire (IIQ-7) was used
to evaluate QoL related to incontinence [22]

No incontinence in the 24-hour pad test was considered a
cure. Improvement was assessed as a 50% or greater reduc-
tion in wet weight compared with baseline measurements
in the 24-hour pad test [19] Women rated their satisfaction
with the change in urinary incontinence on a 5-point Likert
scale (5, very satisfied; 1, very unsatisfied) [23]

All the evaluation parameters were performed by the
physician during the initial visit and were repeated at the
6th week (end of the treatment). All women were questioned
about adverse effects such as pain and numbness in the feet
and toes.

The TREND Statement checklist recommended for non-
randomized controlled studies was used in this study (https//
www.cde.gov/trendstatement/pdf/trendstatement_trend_
checklist.pdf).

3. Statistics

Because the distributions were not normal and the vari-
ances of the quantitative variables were nonhomogeneous,
nonparametric tests were used in the statistical evaluation.
Wilcoxon signed-rank tests were used for intragroup com-
parison of parameters at different times. The accepted sta-
tistical significance level was 5%.

RESULTS

Two women withdrew because of difficulties attending
the sessions. The flow chart and the demographic data at
baseline are shown in Fig. 1 and Table 2, respectively.

Statistically significant improvement was found in the
severity of incontinence, incontinence episodes, frequency
of voiding, nocturia, number of pads, symptom severity, and
QoL parameters at the end of the treatment compared with
baseline (p<0.001) (Table 3).

Cure and improvement, positive response, and treatment
satisfaction (very satisfied and satisfied) rates were high (re-
spectively, 684%, 684%, and 73.7%) at the end of treatment
(Table 4).

No serious adverse events were reported in any partici-
pants.

DISCUSSION

In this prospective, single-arm (before and after) trial, we
investigated the effectiveness of T-MPNS on QoL and clini-
cal parameters associated with incontinence in women with
idiopathic OAB. We observed significant improvement in
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Excluded (n=9)

»| Not meeting inclusion criteria (n=8)
Not confirmed urodynamically (n=5)
Neurologic pathology (n=1)

History of PTNS (n=1)
>grade 2 POP (n=1)

Declined to participate (n=1)

Enrollment Assessed for eligibility (n=30)
A4
[ Allocation ] T-MPNS (n=21)
(pre-treatment)

A4

[ Follow-up ] Lost to follow-up (difficulties in

attending the sessions) (n=2)
Discontinued intervention (n=0)

A 4

Analysis Analysed (n=19)

(6th week)

all parameters (incontinence severity, frequency of voiding,

incontinence episodes, nocturia, number of pads, symptom
severity, and QoL). Moreover, treatment satisfaction, treat-
ment success, and cure/improvement rates were high.

The present study is important because it is the first
study to define T-MPNS as a peripheral neuromodulation
method and to evaluate its effectiveness in women with
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Fig. 1. Flow diagram of the study. PTNS,
percutaneous tibial nerve stimulation;
POP, pelvic organ prolapse; T-MPNS,
transcutaneous medial plantar nerve
stimulation.

Fig. 2. (A) Medial aspect of the foot
showing TN, MPN, and MMC axis. (B)
Electrode positioning for T-PMNS (me-
dial aspect). (C) Electrode positioning
for T-PMNS (medial-posterior aspect).
MPN, medial plantar nerve; TN, tibial
nerve; MMC, medio-malleolar-calcaneal
axis; FR, flexor retinaculum; LPN, lateral
plantar nerve; MM, medial malleolus;
MT, medial tubercle of calcaneum; T-
MPNS, transcutaneous medial plantar
nerve stimulation.

idiopathic OAB. Our findings show that T-MPNS was ef-
fective on both clinical parameters and QoL in women with
idiopathic OAB. In prospective randomized controlled trials
evaluating the effectiveness of PTNS and TTNS in patients
with idiopathic OAB, a wide variety of assessment param-
eters have been used to evaluate treatment success [7,9,11-13]
In these studies, it was stated that treatment success rates

https://doi.org/10.4111/icu.20230009
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Table 2. Demographic data of patients (n=19)

Variable T-MPNS

Age (y) 61.52+8.70
Height (cm) 158.10+4.29
Weight (kg) 75.05+9.53
Duration of incontinence (mo) 66.94+37.64
Education

Primary 10 (52.6)

High school 6(31.6)

>High school 3(15.8)
Smoking

No 16 (84.2)

Yes 3(15.8)
Cup of tea/daily (cup)

1-2 15(78.9)

>3 4(21.1)
Cup of coffee/daily (cup)

No 7 (36.8)

1-2 6(31.6)

>3 6(31.6)
Alcohol intake

No 18 (94.7)

Yes 1(5.3)
Delivery

No

1-3 11(57.9)

>4 8(42.1)
Delivery type

NSVD 18 (94.7)

Cesarean delivery 1(5.3)
Episiotomy

No 15(78.9)

Yes 4(21.1)
Menopausal status

Premenopausal -

Postmenopausal 19 (100.0)
HRT use

No 12 (63.2)

Yes 7 (36.8)

Values are presented as meantstandard deviation or number (%).
T-MPNS, transcutaneous medial plantar nerve stimulation; NSVD,
normal spontaneous vaginal delivery; HRT, hormone replacement
therapy.

ranged from 545% to 89% for PTNS and from 68% to 95%
for TTNS. In our study, the positive response rate (684%),
which was evaluated as a 50% reduction in incontinence
episodes, was compatible with other studies. However, inter-
pretation of the results of our study should take into consid-
eration that the study was not controlled.

In our study, we used previous PTNS and TTNS stud-
ies of OAB to select the stimulation parameters and the

Investig Clin Urol 2023;64:395-403.

Medial plantar nerve stimulation for overactive bladder

number and frequency of sessions [7-13]. Previous studies
reported no local or systemic adverse effects related to the
transcutaneous technique [4,6-10] In our study, transcutane-
ous electrodes were well tolerated, and there were no seri-
ous complications in women treated with T-MPNS, which is
compatible with other transcutaneous stimulation studies
[4,6-10] The adherence to treatment in our study (904%) was
compatible with reports in other studies (Peters et al. [12], for
PTNS, 87.0%; Manriquez et al. [8], for TTNS, 91.4%; Ramirez-
Garcia et al. [10], overall, 89.7%).

The full mechanism of action of TN stimulation is still
not fully understood, and the therapy was initially viewed
with skepticism by physicians. This was until Finazzi-Agro
et al. [11] and Peters et al. [12] demonstrated true efficacy
in two randomized placebo-controlled trials. This therapy
is currently included in the guidelines for OAB treatment
[4,24] In our study, T-MPNS has been defined for the first
time, and the results obtained can be an exciting start for
T-MPNS. Stimulating the MPN affects lower urinary tract
function. The exact working mechanism of T-MPNS is un-
known. The mechanism of action of bladder neuromodula-
tion is unclear, but the effect is possibly mediated through a
combination of increasing cerebral endorphins, stimulation
of somatic sacral and lumbar afferent fibers, and activa-
tion of efferent fibers to the striated urethral sphincter, all
of which inhibit detrusor activity [25] For now, it is clear
that physicians will also be skeptical of T-MPNS. Therefore,
randomized controlled (placebo/sham) studies are needed to
prove the effectiveness of T-MPNS.

Knowledge of the topographic anatomy of the TN and
the electrophysiological nerve conduction technique of the
MPN may aid in correct use of T-MPNS (Fig. 2). The MPN
and lateral plantar nerves are terminal branches of the TN
in the tarsal tunnel. The topographic anatomy of the TN
in the tarsal tunnel has been discussed by other authors
[14-17]. Using a reference line called the MMC axis, which
extends from the tip of the medial malleolus to the medial
tubercle of the calcaneum, Bilge et al. [14] divided the loca-
tion of the division of the TN into three types (Fig. 2). Type
1, 2, and 3 represent bifurcations proximal to the reference
line but in the tarsal tunnel (within the 2-cm range, at the
line, and distal to the posterior tarsal tunnel, respectively).
Awari and Vatsalaswamy [17] also have added a type IV
in the classification for the nerve dividing above the flexor
retinaculum. ie, 2 cm or more proximal to the MMC axis
(Fig. 2). Concerning the percentage of cadaveric feet, which
shows the various types of division of the TN regarding
the MMC axis, 84% were type 1 and 16% were type 4. Their
study also showed the most common division level of the TN
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Table 3. Comparison of assessment variables of the patients

ICUROLOGY

Variable Pre-treatment 6th week p-value
Severity of incontinence (Pad test) 55(115-25) 7(14-1) <0.001
Frequency 12 (15-10) 7 (8-6) <0.001
Nocturia 3(4-2) 1(2-1) <0.001
Incontinence episodes 4(7-3) 1(2-1) <0.001
Number of pads 3(4-2) 1(1-0) <0.001
Symptom severity (OAB-V8) 28(33-22) 6 (8-4) <0.001
Quality of life (11Q7) 11 (16-5) 2(3-1) <0.001

Values are presented as median (interquartile range); IQR=3rd quartile-1st quartile.
OAB-V8, Overactive Bladder Questionnaire; 11Q-7, Incontinence Impact Questionnaire.

p-value by Wilcoxon signed-rank test.

Table 4. Treatment satisfaction, positive response, and cure-improve-
ment rates at the end of treatment

Variable

Treatment satisfaction

T-MPNS (n=19)

Very satisfied 9(47.4)
Satisfied 5(26.3)
Equally satisfied and unsatisfied 1(5.3)
Unsatisfied 4(21.1)
Very unsatisfied -
Positive response rate
Yes 13 (68.4)
No 6(31.6)
Cure-improvement rate
Cure 3(15.8)
Improvement 10 (52.6)
No change 6(31.6)

Values are presented as number (%).
T-MPNS, transcutaneous medial plantar nerve stimulation.

in the tarsal tunnel to be level 4, which means the division
lies in the range of 6 mm to 10 mm above the distal border
of the flexor retinaculum [17]. In light of the results, the TN
is widely predicted to branch before the reference line (MMC
axis). In other words, the MMC axis already states that the
MPN is divided from the TN. This is the main reason the
proximal (positive) electrode is placed on the MMC axis in
this method.

The scientific and clinical importance of our study re-
sults are as follows: (1) Our study describes for the first time
T-MPNS as a new peripheral neuromodulation method in
women with idiopathic OAB; (ii) T-MPNS was shown to be
clinically effective in the treatment of women with idio-
pathic OAB; (ii1)) Randomized sham-controlled studies are
needed to validate the effectiveness of T-MPNS; (iv) When
such evidence is obtained, T-MPNS may be a candidate for
use as an alternative treatment option in patients with
OAB.
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There are some limitations in our study. Unfortunately,
the study was not controlled and the results could be influ-
enced by a placebo effect. Other limitations of this study are
the lack of data on urodynamics and long-term follow-up
of women. Another limitation is that it was a single-center
study.

CONCLUSIONS

T-MPNS was defined for the first time as a new neuro-
modulation method. We conclude that T-MPNS was effec-
tive on both clinical parameters and QoL associated with in-
continence in women with idiopathic OAB in the short term.
Randomized placebo/sham-controlled multicenter studies are
needed to validate the effectiveness of T-MPNS.
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EDITORIAL COMMENT

I reviewed the article entitled “Transcutaneous medial

plantar nerve stimulation [T-MPNS] in women with id-
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iopathic overactive bladder [OAB]’ [1] with great interest
and was impressed by this informative and comprehensive
research. This study was the first to describe T-MPNS as a
new peripheral neuromodulation method and to evaluate its
effectiveness in women with OAB. Overall, the manuscript
is well written and well organized, and the authors provide
clear explanations and descriptions of the study design,
methods, and results. The authors also provide a detailed
discussion of the implications of their findings, as well as
the scientific and clinical importance of T-MPNS.

The aim of this study was to evaluate the efficacy of
T-MPNS on quality of life (QoL) and clinical parameters
associated with urinary incontinence (UI) in women with
idiopathic OAB. A total of 21 women were included in the
study and received T-MPNS for 6 weeks, twice a week for 30
minutes a day. Clinical parameters such as Ul urinary fre-
quency, and OAB symptom severity were evaluated by use
of various assessment tools. In addition, QoL was assessed by
use of the Incontinence Impact Questionnaire (IIQ-7). Treat-
ment satisfaction, success rates, and cure/improvement rates
were also evaluated.

The results suggest that T-MPNS is effective in improv-
ing UI severity, frequency, Ul episodes, nocturia, number
of pads, symptom severity, and QoL, with high treatment
satisfaction, success, and cure/improvement rates after 6
weeks. The manuscript discussed previous studies on percu-
taneous and transcutaneous tibial nerve stimulation (PTNS
and TTNS, respectively) and highlighted the unique aspects
of T-MPNS, which involves stimulating the medial plantar
nerve. The authors also describe the topographic anatomy
of the tibial nerve and the electrophysiological nerve con-
duction technique of the medial plantar nerve, which helps
in the correct use of T-MPNS. The study concludes that T-
MPNS is an effective treatment for women with idiopathic
OAB and further randomized controlled multicenter studies
are needed to validate its effectiveness.

Third-line treatments of patients with refractory OAB
include bladder botulinum toxin A injections, sacral neuro-
modulation, and PTNS [2] PTNS was initially introduced by
Stoller in 1999 and received Food and Drug Administration
approval in 2000 for the office-based treatment of OAB [3]
PTNS is performed by inserting a needle electrode about 5
cm above the medial malleolus in the leg and acts by stimu-
lating the afferent fibers of the tibial nerve (I4—S3). PTNS
can also be performed via implantable electrodes [4] TTNS
is a newer method that is gaining popularity owing to its
effectiveness and convenience. Unlike other methods, TTNS
utilizes surface electrodes, making it more accessible for pa-
tients who can easily self-administer it [3].
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Despite its effectiveness, PTNS has a few drawbacks.
The treatment involves the insertion of a needle, which
makes it slightly invasive, and maintenance sessions are
required monthly after 12 initial sessions. Furthermore, pa-
tients need to visit the hospital for therapy. Therefore, there
is a need for noninvasive techniques that can be easily ap-
plied at home. This has led to an increase in the number of
studies focused on an alternative transcutaneous approach
(51

In summary, this manuscript presents a well-designed
pilot study that provides evidence for the effectiveness of a
new peripheral neuromodulation method, T-MPNS, on QoL
and clinical parameters associated with Ul in women with
idiopathic OAB. Overall, this manuscript is innovative and
interesting and makes a valuable contribution to the litera-
ture on OAB treatments and peripheral neuromodulation
methods. However, additional studies are needed to investi-
gate the effectiveness of T-MPNS in a larger cohort of pa-
tients. These studies should include determining the optimal
frequency and duration of treatment, as well as identifying
the most effective stimulation parameters that provide the
best outcomes and cost-effectiveness [6]
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