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Purpose: Transcutaneous tibial nerve stimulation (TTNS) has proven to be a valuable treatment option for various lower uri-
nary tract conditions, such as overactive bladder syndrome and neurogenic detrusor overactivity. The aim of this study was to
investigate acute changes in urodynamic parameters due to bilateral TTNS.

Methods: Fifty-one patients (18-87 years; 61% female) with various lower urinary tract symptoms were enrolled in this study.
They were single-blinded and randomly assigned to receive simultaneous bilateral TTNS either during their first urodynamic
examination, followed by a second round using a placebo stimulation technique, or vice versa.

Results: For subjects without signs of anatomical pathologies, the filling volume at the first desire to void (FDV) increased sig-
nificantly by 54 mL (interquartile range [IQR], 26-81 mL; P <0.01) under the influence of TTNS compared to placebo. The
maximum cystometric capacity increased by 41 mL (IQR, 10-65 mL; P=0.02). The median micturition volume of patients
with pathological postvoid residual volumes (>100 mL) increased by 76 mL compared to patients without urinary retention
(IQR, 6-166 mL; P=0.03).

Conclusions: Compared to placebo, simultaneous bilateral TTNS showed significant improvements in bladder functioning,
such as delayed FDV, increased maximum cystometric capacity, and reduced urinary retention. Patients with signs of anatom-
ical pathologies did not seem to benefit from TTNS. Further studies need to be conducted to compare the effectiveness of bi-
lateral versus unilateral TTNS.
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INTRODUCTION

Over the past decades, an alternative, conservative, and cost-ef-
fective treatment option for lower urinary tract symptoms
(LUTS) called tibial nerve stimulation (TNS) has been estab-
lished. It is most commonly used for patients with overactive
bladder syndrome (OABS) who do not respond to behavioral
or anticholinergic treatment [1]. However, it has also proven to
be a useful therapy for neurogenic detrusor overactivity (DOA),
chronic pelvic pain syndrome, and fecal incontinence [2,3].
This method of neuromodulation was first proposed and
successfully tested by McGuire et al. in 1983 [4]. It was original-
ly developed as an electroacupuncture technique to stimulate
the tibial nerve near the inner ankle. The treatment protocol
usually consists of weekly 30-minute sessions for a period of 12
weeks, followed by an individualized maintenance scheme [5].
As Ramirez-Garcia et al. [6] have recently shown, using 2 sur-
face skin electrodes for transcutaneous tibial nerve stimulation
(TTNS) are safer and easier to apply than the needle-based per-
cutaneous approach while demonstrating noninferiority in its
clinical efficacy. Interestingly, TNS shows some similarities to
Asian acupuncture techniques, but it is more commonly per-
ceived as a peripheral, minimally invasive type of sacral neuro-
modulation (SNM) [7]. The reason for this perception is that
TNS and SNM both share the same postulated mechanism of
action: Even though it is yet to be fully understood, it seems
that stimulating the S3 nerve root (either directly via SNM or
mediated by the posterior tibial nerve, which contains L4-S3 fi-
bers) at a relatively low amplitude modulates the neural activity
of several pathways involved in bladder control. Since the S3
root consists of afferent and efferent fibers, it is hypothesized
that neuromodulation mutes sensory input and inhibits motor-
ic reflex circuits (e.g., in the pontine micturition center) [7].
Various clinical findings support this hypothesis. A study of
70 patients with LUTS due to multiple sclerosis showed an av-
erage reduction of daytime voids by 2-6 times, of nocturia by
2-3 times, and 2.7 fewer incontinence episodes per week. Con-
comitantly, the average voided volume increased by 43-89 mL
and the postvoid residual volume decreased by 16-55 mL [8].
A systematic review of TTNS for the treatment of OABS report-
ed significant symptom improvements in 48%-93% of all par-
ticipants and cessation of urinary incontinence in 25%-45% of
all cases [9]. Amarenco et al. [10] examined urodynamic chang-
es during acute TNS in 44 patients with DOA and found an in-
crease of the mean maximum bladder capacity from 221 to 277
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mL (£130 and +118 mL, respectively; P <0.0001). Regular
TNS sessions can lead to the maintenance of health benefits for
at least 24 months [1].

Since little evidence exists regarding the acute effects of TTNS,
the aim of this study was to evaluate immediate changes in uro-
dynamics compared to placebo treatment. Even though bilateral
TTNS has already effectively been used for proctologic condi-
tions, this is — to the authors’ knowledge — one of the first stud-
ies to examine the impact of simultaneous bilateral TTNS on
urologic disorders [2,11].

MATERIALS AND METHODS

Fifty-one adult patients with various LUTS were enrolled from
July to September 2016 (Fig. 1). The inclusion criteria were ur-
gency, urge urinary incontinence, and retention. Sixteen poten-
tial candidates were not enrolled since they met the exclusion
criteria, which were nonage, pregnancy, epilepsy, previous elec-
trostimulation, electronic or metallic implants, and any condi-
tion affecting stimulation site (e.g., skin lesion). Only patients
who required a urodynamic examination according to the Eu-
ropean Association of Urology guidelines regarding urinary in-
continence, neurogenic bladder, and male LUTS were included
in this trial after obtaining their written informed consent. To
assess their individual symptoms, all the subjects were asked to
fill in several validated questionnaires, translated into German,
including the Urinary Incontinence Quality of Life Question-
naire (I-QoL), the International Consultation on Incontinence
Modular Questionnaire Short Form (ICIQ-SF 2004) and the
Opveractive Bladder Symptom Score (OABSS) [12-14]. Partici-
pants’ medical history and prevalent symptoms were recorded,
and a thorough physical examination was performed to identify
potential anatomical pathologies such as cystocele or prostate
enlargement. Furthermore, participants had to keep a bladder
diary for 3 days.

Urodynamic testing, guided by good urodynamic practices,
consisted of 2 urodynamic cycles in close succession [15]. Every
urodynamic cycle involved a bladder filling phase (cystometry)
followed by a bladder voiding phase (pressure-flow study).
Bladder filling was done with 0.9% sodium chloride solution at
37°C, and the mean filling rate (in mL/min) was about a quar-
ter of the respective body weight (in kg). An Ellipse device and
the AUDACT software (both by ANDROMEDA Medizinische
Systeme GmbH, Taufkirchen, Germany) were used for urody-
namic testing. Several urodynamic parameters were assessed,
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Fig. 2. Electrode placement for transcutaneous tibial nerve stimulation (TTNS; A) and placebo stimulation (B).

such as bladder volume at first desire to void (FDV) (reference
range 200-330 mL), maximum cystometric capacity (350-550
mL), bladder compliance (above 30 mL/cm H,O), voided vol-
ume (350-550 mL), and detrusor pressure at maximum urine
flow rate (18-30 cm H,O) [16,17]. Each subject received simul-
taneous electrostimulation of both tibial nerves for the whole
duration of one urodynamic cycle and placebo stimulation dur-
ing the other one. A digital device (TENS/EMS-device EM41;
Beurer GmbH, Ulm, Germany) generating biphasic rectangular
pulses with a fixed impulse width of 250 psec was used for both
types of stimulation: TTNS was performed with an impulse
frequency of 20 Hz in contrast to 100 Hz for placebo stimula-
tion. The impulse intensity was set just below the individual
pain threshold but never exceeded 180 mA. The skin was
shaved and cleaned before applying adhesive electrodes. Fig. 2
shows the transcutaneous electrode placement in both setups.
The correct electrode placement for TTNS was verified by ei-
ther motoric (toe flexion) or sensory response (plantar tingling
sensation). This specific placebo stimulation technique was de-
rived from the works of Peters, Chen, and Sharan, aiming to
differ as much from TTNS as possible while still being similar
enough to successfully blind the subjects [18-20]. To balance
both study groups, the order of the verum and placebo stimula-
tions was determined by drawing one out of 50 lots and by coin
toss for the 51st test subject. The patients were blinded to the
type of stimulation they received in each cycle to meet the re-
quirements of a crossover-controlled trial.

IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA)
was used for statistical analysis. The Shapiro-Wilk test showed
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that most of the gathered data were not normally distributed,
which is why mainly nonparametric tests were used for further
evaluation. The chi-square and Wilcoxon tests were applied to
assess overall changes in urodynamics between TTNS and pla-
cebo stimulation. For subgroup analyses, the Mann-Whitney
U-test and the Kruskal-Wallis test were used. Linear, inverse,
quadratic, and exponential regression analyses were performed.
Results are described by median values and interquartile ranges
(IQRs) rather than mean values and standard deviation to im-
prove statistical accuracy. The baseline urodynamic values were
defined as equal to the gathered data during placebo stimula-
tion; therefore, differences during TTNS are described as im-
provement or deterioration from baseline.

RESULTS

As shown in Table 1, the participants had a mean age of 62.7
15.7 years. About 61% were female and mean body mass index
was 28.0+6.3 kg/m>. Around 61% of all participants had been
diagnosed with OABS and approximately 47% suffered from
urinary stress incontinence. Seventeen patients showed mixed
symptoms of urinary incontinence (MUI). Two subjects suf-
fered from reflex incontinence due to a neurologic condition.
Recurrent urinary tract infections were reported by roughly
43% of participants. A neurogenic origin of bladder dysfunc-
tion (e.g., multiple sclerosis) had either been verified or was at
least assumed to be highly probable in about 35% of all cases.
The symptoms of the remaining 65% were considered as of
traumatic, iatrogenic, or idiopathic origin. Around 65% had al-
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Table 1. Comparison of biometric data between the entire study sample (N =51), the TTNS-first group (n=25), and the placebo-first

group (n=26)

Total TTNS-first Placebo-first
Biometric parameter Median Median Median P-value
(IQR) Percentage (IQR) Percentage (IQR) Percentage
Age (yr) 65 (54-75) 67 (59-76) 64 (47-75) 0.12
Body mass index (kg/m?) 27 (24-31) 27 (25-29) 27 (24-31) 0.92
Total I-QoL (0-100) 51 (32-74) 51 (25-76) 55 (34-75) 0.92
ICIQ-SF 2004 (0-21) 9 (0-15) 12 (0-16) 7(0-13) 0.29
OABSS (0-15) 9(3-11) 10 (4-12) 9(2-11) 0.30
Quality of life (0-10) 5(3-7) 5(3-6) 5(3-8) 0.32
Female sex 61 64 58 0.65
Overactive bladder syndrome 61 64 58 0.65
Stress urinary incontinence 61 52 42 0.22
Mixed urinary incontinence 47 36 39 0.41
Recurrent urinary tract infections 43 40 46 0.67
Neurogenic origin of bladder dysfunction 35 24 46 0.10
Previous LUTS-specific surgery 65 64 65 0.92
Previous LUTS-specific medication 49 52 46 0.68
LUTS-specific anatomical pathologies 53 52 54 0.74

TTNS, transcutaneous tibial nerve stimulation; IQR, interquartile range; I-QoL, Urinary Incontinence Quality of Life Questionnaire; ICIQ-SE, Inter-
national Consultation on Incontinence Modular Questionnaire Short Form; OABSS, Overactive Bladder Symptom Score; LUTS, lower urinary tract

symptoms.

ready undergone surgical procedures involving the urethra,
bladder, prostate, or uterus. A previous LUTS-specific pharma-
cologic treatment was reported by 49% of all subjects. Further
examination revealed signs of anatomical pathology regarding
the lower urinary tract (e.g., cystocele or prostate enlargement)
in nearly 53% of all participants. Collectively, the standardised
questionnaires showed mid-level scores. The median total I-
QoL-score was 51 out of 100 (IQR, 32-74). The median ICIQ-
SF 2004 score was 9 out of 21 (IQR, 0-15), the median quality
of life 5 out of 10 (IQR, 3-7), and the median OABSS was 9 out
of 15 (IQR, 3-11). Female participants had significantly worse
scores than men (e.g., ICIQ-SF 2004: 14 vs. 4, P=0.01) but the
perceived quality of life remained comparable between both
sexes. Bladder diary analysis showed that significantly fewer
male patients suffered from urinary urgency (40% vs. 74%,
P=0.02). The fact that those standardized questionnaires main-
ly focus on incontinence-related questions might explain why
women scored significantly worse than men.

The median duration of TTNS was 19 minutes and placebo
stimulation was applied during the first urodynamic cycle in
51% of cases. Eleven patients were unable to empty their blad-

Int Neurourol J December 31, 2021

der during urodynamic testing. Coughing and abdominal pres-
sure triggered stress incontinence in 8 patients; DOA was de-
tected in 16 cases. Fourteen participants used their abdominal
muscles during placebo stimulation for bladder voiding, but
only 12 people needed additional abdominal pressure under
the influence of TTNS to empty their bladder. The only report-
ed side effect of transcutaneous electrostimulation was painless
flushing at the stimulation site. This was detected immediately
afterwards and none of the 5 affected test subjects required any
further treatment.

The general statistical analysis showed a widespread distribu-
tion of the measured urodynamic values. The median values
under the influence of placebo stimulation exceeded the refer-
ence range from the literature in several cases [16,17]. Despite
the large IQRs, there still were several statistically significant
changes under the influence of TTNS. Table 2 shows detailed
data for the following findings.

In the entire study sample, there was a significant difference
in bladder volume at FDV between TTNS (median, 264 mL)
and control (median, 250 mL). The median individual increase
(TTNS minus placebo) was 30 mL (P=0.048). When exposed
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Table 2. Summary of urodynamic changes between TTNS and control

TTNS Control DIiEiEE
Urodynamic parameter TTNS-control P-value
Median (IQR) Median (IQR) Median (IQR)
Entire study sample (N=51)
Volume at FDV (mL) 264 (198-380) 250 (168-360) 30 (-31to 75) 0.048
Cystometric capacity (mL) 354 (253-479) 343 (240-500) 22 (-20to 64) 0.065
Compliance (mL/cm H,O) 33 (20-43) 28 (20-40) 3(0-7) 0.012
Voided volume (mL) 248 (142-382) 207 (94-411) 19 (-94 to 88) 0.602
Detrusor pressure at Qmax (cm H,O) 30 (20-50) 25(10-39) 2(-5to11) 0.133
Subjects with mixed urinary incontinence (n=15)
Volume at FDV (mL) 250 (168-340) 215 (146-306) 35(-73t0 71) 0.653
Cystometric capacity (mL) 350 (200-411) 285 (239-400) 40 (-2t093) 0.080
Compliance (mL/cm H,0) 30 (20-40) 25 (20-38) 2(-1to11) 0.270
Voided volume (mL) 220 (94-378) 178 (81-296) 20 (-46 to 141) 0.446
Detrusor pressure at Qmax (cm H,O) 28 (20-49) 20 (10-35) 9(-1to17) 0.035
Subjects without mixed urinary incontinence (n=26)
Volume at FDV (mL) 279 (205-391) 251 (182-368) 30 (-19t0 82) 0.038
Cystometric capacity (mL) 372 (262-481) 373 (247-502) 14 (-32t0 63) 0.332
Compliance (mL/cm H,O) 34 (20-45) 31(24-41) 3(0-7) 0.028
Voided volume (mL) 281 (197-407) 243 (149-472) 17 (-123 to 84) 0916
Detrusor pressure at Qmax (cm H,O) 30 (20-51) 28 (17-40) 0(-8t08) 0.949
Subjects with urinary retention (n=13)
Volume at FDV (mL) 330 (224-386) 310 (232-369) 20 (-42to 51) 0.748
Cystometric capacity (mL) 397 (252-480) 368 (252-524) 14 (-8 to 54) 0.168
Compliance (mL/cm H,O) 35 (20-46) 35 (19-47) 1(-5t08) 0.793
Voided volume (mL) 240 (91-446) 148 (78-259) 76 (6-166) 0.025
Detrusor pressure at Qmax (cm H,O) 26 (14-35) 22 (10-37) 3(-10to 10) 0.735
Subjects without urinary retention (n=27)
Volume at FDV (mL) 236 (151-293) 210 (158-262) 30 (-37t0 75) 0213
Cystometric capacity (mL) 328 (180-380) 285 (199-400) 22 (-29t0 59) 0.511
Compliance (mL/cm H,O) 30 (18-40) 26 (20-35) 2(-1t06) 0.065
Voided volume (mL) 268 (183-378) 266 (150-453) 4(-121to 47) 0.441
Detrusor pressure at Qmax (cm H,O) 34 (21-52) 28 (12-40) 2(-5t012) 0.101
Subjects without signs of anatomical pathologies (n=24)
Volume at FDV (mL) 271 (195-382) 228 (156-316) 54 (26-81) 0.004
Cystometric capacity (mL) 365 (284-453) 329 (247-484) 41 (10-65) 0.017
Compliance (mL/cm H,O) 35 (24-44) 26 (19-38) 7 (2-13) 0.001
Voided volume (mL) 285 (221-401) 243 (98-395) 25(-3210 67) 0.245
Detrusor pressure at Qmax (cm H,O) 27 (16-48) 22 (10-35) 4(-5t017) 0.181
(Continued)
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Table 2. Summary of urodynamic changes between TTNS and control (continued)

TTNS Control DHIFEETES
Urodynamic parameter TTNS-control P-value
Median (IQR) Median (IQR) Median (IQR)

Subjects with signs of anatomical pathologies (n=27)
Volume at FDV (mL) 250 (189-380) 255 (171-362) 20 (-62t0 71) 0.631
Cystometric capacity (mL) 354 (215-481) 375 (239-500) -6 (-44 to 70) 0.942
Compliance (mL/cm H,O) 32(20-41) 33 (23-40) 1(-3to5) 0.554
Voided volume (mL) 247 (94-383) 219 (94-341) 13 (-62 0 69) 0.639
Detrusor pressure at Qmax (cm H.O) 26 (15-38) 22 (10-35) 5(-2to 13) 0.037

TTNS, transcutaneous tibial nerve stimulation; Control, placebo stimulation; IQR, interquartile range; difference TTNS - control, median individual
change of value; volume at FDV, bladder volume at first desire to void; Cystometric capacity, maximum cystometric capacity; Compliance, bladder

compliance; Qmax, maximum urine flow rate.
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to TTNS, bladder compliance showed a median increase of 3
mL/cm H,O (P=0.01). However, the difference in maximum
cystometric capacity (+22 mL during TTNS compared to con-
trol) did not reach statistical significance (P=0.07). While 13
subjects showed pathological amounts of postvoid residual dur-
ing placebo stimulation, there were only 9 persons with post-
void residuals above 100 mL during TTNS (P=0.28).

Subgroup analysis showed no statistical difference in urody-
namic changes between both sexes. Age and body mass index
also had no statistically significant impact on urodynamic re-
sults. However, linear regression found a significant difference
in bladder volume at first sensation of bladder filling and the

Int Neurourol J December 31, 2021

individual OABSS. When exposed to TTNS, a high OABSS was
related to a large increase in bladder volume at first filling sen-
sation Thus, about 9.7% of the value distribution could be at-
tributed to symptom severity as measured by the OABSS (P =
0.02). Two substantial differences were revealed by building
study groups based on their medical conditions (OABS, DOA,
stress incontinence, MUI, and urinary retention): Median de-
trusor pressure during maximum urine flow increased in pa-
tients who suffered from MUI by 9 cm H,O (P =0.04), whereas
test subjects without MUI showed no change during TTNS.
Subjects who suffered from urinary retention had an increase
in their voiding volume during TTNS by a median of 76 mL

www.einjorg 343
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(P=0.03), while voiding volume remained nearly constant for
participants without urinary retention. These findings are de-
picted in Fig. 3. There were no notable urodynamic changes be-
tween TTNS and placebo stimulation regarding solely stress in-
continence or a potential neurogenic cause. As opposed to this,
patients who did not show any sign of anatomical pathologies
displayed several significant changes when exposed to TTNS:
Their bladder volume at FDV increased by a median of 54 mL
(P<0.01). Maximum cystometric capacity grew by 41 mL (P=
0.02) and bladder compliance rose by 7 mL/cm H,O (P <0.01).
In contrast, the subgroup of patients with anatomical patholo-
gies of the lower urinary tract did not exhibit any remarkable
differences.

Verification of correct electrode placement failed in 13.7% of
study participants because electrostimulation triggered neither
a motoric nor sensory response. However, these patients still
showed a significant increase in bladder compliance under the
influence of TTNS (median, 6 mL/cm H,O; IQR: 1-9; P=
0.047). As a validation of the single-blinded cross-over-setup,
every test subject was interviewed after completion of the sec-
ond urodynamic cycle about whether he or she believed that
placebo stimulation had been applied at first. This question was
answered correctly by 45.1% of participants, but there was no
notable correlation with their urodynamic outcomes. Since
urodynamic testing was performed in close succession, the
study setup was also checked for potential carryover effects be-
tween TTNS and control, but there were no statistically signifi-
cant differences between patients who received TTNS-first and
those who received placebo stimulation first.

After trial completion, 80.4% of participants deemed TTNS a
feasible method for daily self-application. Four patients showed
an exceptional improvement of their urodynamic parameters
during the trial and therefore received instructions to apply bi-
lateral TTNS to themselves at home every day for 30 minutes.
A follow-up phone interview was held after 8 weeks: One pa-
tient described substantial symptom improvement due to
TTNS and was eager to continue TTNS treatment. Another pa-
tient reported an initial improvement, but it was not sustained.
The other 2 patients had not tried TTNS yet because of other
treatment options.

DISCUSSION

Compared to placebo stimulation, bilateral TTNS induced sta-
tistically significant improvements in bladder function. Hence
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its immediate effectiveness, regardless of the patient’s sex, age,
and weight, was clinically proven by 3 main findings:

First of all, benefits from TTNS were only found in partici-
pants whose lower urinary tract was not affected by anatomical
pathologies. Even though some significant urodynamic changes
were observed in the entire study sample, a subgroup analysis
revealed this to be a statistical fallacy. Considering its postulated
mechanism of action, it seems reasonable that TTNS has no ef-
fect on structural conditions like bladder outlet obstruction or
stress urinary incontinence [7]. This underlines the importance
of thorough diagnostics and strict patient selection for neuro-
modulation.

Secondly, TTNS diminishes bladder sensitivity while increas-
ing its cystometric capacity. Subjects experienced a delay of
their FDV by a median of 54 mL. Since most patients who suf-
fer from OABS or urinary incontinence tend to go to the bath-
room as soon as they notice a desire to void, this finding ulti-
mately results in a reduction of daytime voids and quality of life
consequently improves, just as described by Seze et al. [8]. This
improvement even seemed to increase in correlation with
OABS symptom severity. Thus, TTNS can be esteemed as a
particularly favorable treatment option for OABS [21]. The im-
provement of maximum cystometric capacity by a median of
41 mL could explain the reported reduction of nocturia. The
significant increase of bladder compliance by more than 20%
demonstrates a TTNS-induced relaxation of the muscular blad-
der wall during the bladder filling phase. This could explain
why TTNS alleviated urinary incontinence in previous studies
[9,10].

Finally, TTNS seems likely to improve intentional bladder
voiding, most likely by strengthening voluntary detrusor con-
tractions, resulting in increased voiding volumes. Accordingly,
TTNS diminished the number of patients with pathological
amounts of postvoid residual by 30%. The intervention, there-
fore, showed a statistical trend to reduce urinary retention. Pa-
tients with MUI also showed a statistically significant improve-
ment of detrusor pressure by roughly 35% during their peak of
intentional micturition. TTNS may mediate enhanced coordi-
nation of voluntary detrusor contractions. Similar findings have
been reported by Kabay et al. [22].

Further analysis proved successful randomization (Table 1)
and blinding of test subjects. Even without a local motor or sen-
sory response, electrostimulation still had a beneficial effect on
bladder function. Hence, there is no need for effective TTNS to
exceed the sensory threshold. The vast majority of patients

Int Neurourol J December 31, 2021
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deemed TTNS to be a viable therapy for daily self-application
and it caused no adverse effects of medical importance. This
renders TTNS an easy-to-use and safe medical procedure even
for elderly individuals in residential care, as stated by Booth et
al. [23].

However, the peripheral application of TTNS seems to re-
strict its therapeutic effectiveness compared to SNM [24]. This
might explain why the measured changes of urodynamic pa-
rameters were relatively small. Another point is that stimulation
was only applied during the urodynamic procedure to prove its
immediate impact, although the favorable effects of neuromod-
ulation may be likely to occur delayed or need recurrent treat-
ment sessions to be maximized [7]. There are also several other
issues to take into account. First, the individual results in study
participants were highly heterogeneous. One reason is that —
even in a healthy population — urodynamic parameters show a
broad distribution because they depend on various biometric,
psychosocial, and genetic factors [17,25]. Furthermore, there
was no preselection of the study sample based on the particular
condition. While diminishing potential selection bias, this also
reduced the statistical power because several participants pre-
sumably could not respond to electrostimulation.

Additionally, about a fifth of the tested subjects were unable
to void their bladder, which means their incomplete urody-
namic data limited the power of statistical evaluation. Apart
from that, there remain uncertainties concerning stimulation
frequencies and validation of the introduced placebo stimula-
tion technique.

In conclusion, compared to placebo, simultaneous bilateral
TTNS induced immediate improvements in bladder function,
particularly regarding OABS and urinary retention. Hence, this
study proved TTNS to be a promising, easy-to-use, and safe
treatment option for patients whose lower urinary tract is not
affected by anatomical pathologies.

Further studies are therefore required to investigate the re-
maining issues. In particular, whether bilateral TTNS surpasses
unilateral TTNS has not yet been examined. Furthermore, the
ideal treatment regimen remains to be discussed. Research with
a larger number of participants focused on OABS and special
types of neurogenic bladder dysfunction may be beneficial to
successfully answer those questions.
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