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Abstract 

INTRODUCTION: Percutaneous Tibial Nerve Stimulation (PTNS) has been used clinically since 2000 to treat 
symptoms associated with urinary disorders:  urinary urgency, urinary frequency (daytime or nighttime), and urge 
incontinence.  To date, the studies that have been published have been of modest size, with the largest studies 
including about 50 patients.  We conducted a meta-analysis of these studies to strengthen the conclusions that could 
be drawn from them. 
 
METHODS: Seventeen (17) papers were reviewed for inclusion in the meta-analysis; seven (7) met the inclusion 
criteria of:  (1) PTNS therapy and (2) treatment of any of the following symptoms: urinary urgency, urinary 
frequency (daytime or nighttime), and urge incontinence.  Of these papers, six were studies of patients before and 
after treatment with PTNS – they were not randomized to a control and treatment group.  One was a randomized-
control trial with an active pharmaceutical control; only the before-and-after treatment data in the PTNS arm was 
used.  Seven objective responses to therapy were analyzed:   

• Number of voids per day 
• Voiding volume 
• Nighttime voiding 
• Number of incontinence episodes per day 
• Incontinence quality-of-life (I-QoL) 
• Overall quality-of-life (SF-36) 
• Percent of patients improved   

 
Not all of the papers included all seven of the responses.  Urodynamic measurements were included in too few papers 
meeting the inclusion criteria to be meta-analyzed. Fixed- and random-effects meta-analysis models were analyzed for 
each of the seven results.  
 
RESULTS: The responses to therapy and the number of patients evaluated under each criteria were:   

• Number of daily voids - 244 patients improved an average of 23% (7 papers, p<0.001) 
• Nighttime voiding - 151 patients improved 41% (5 papers, p=0.002) 
• Voiding volume - 182 patients improved 43% (5 papers, p<0.001) 
• Incontinence episodes - 167 patients improved 45% (4 papers, p=0.023) 
• Incontinence QoL - 122 patients improved 17% (3 papers, p=0.033) 
• Overall QoL - 75 patients improved 17% (2 papers, p=0.25 NS) 
• Percent of patients improved - 174 of 244 (71%) patients improved (7 papers, p<0.001) 

 
All of the variables showed significant heterogeneity of effect size and required a random-effects model except percent 
of patients improved, which was analyzed using a fixed-effects model as there was a similar effect across all the studies 
(No adjustments were made for multiple inference). 
 

DISCUSSION: The published literature provides strong evidence for the effectiveness of PTNS for the treatment of 
urinary urgency, urinary frequency, and urge incontinence. Over two-thirds of patients show improvement.
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1. Introduction 
1.1  Percutaneous Tibial Nerve Stimulation  
 Percutaneous Tibial Nerve Stimulation (PTNS) has been used in clinical practice since 2000 to treat symptoms 
associated with urinary disorders:  urinary urgency, daytime or nighttime urinary 
frequency, and urge incontinence.  The Urgent PC Neuromodulation System 
(Figure 1) is a minimally invasive neuromodulation system from Uroplasty, Inc. 
(Minnetonka, MN).  It is designed to deliver retrograde access to the sacral nerve 
plexus through percutaneous electrical stimulation of the posterior tibial nerve  
(Figure 2).  The Urgent PC Neuromodulation System consists of the Urgent PC 
Stimulator and the Urgent PC Lead Sets (with percutaneous stimulation needle 
electrode) and has been cleared by the U.S. FDA for the treatment of urinary 
urgency, urinary frequency and urge incontinence. 
 
 In recent years, a number of papers have been published on the use of 
PTNS for pelvic-floor conditions. Many of these papers have been of 
modest size, ranging from a dozen to several dozen patients.  The amounts 
of stimulation and the methods for measuring responses have varied to 
some degree.  These issues have caused some in the medical community to 
question whether there is adequate, consistent evidence of the effectiveness 
of PTNS therapy. 
  
1.2      Meta-Analysis  
 
 Meta-analysis is a method of statistical analysis for combining results 
from a few or many studies to produce aggregate conclusions about the 
effect of a treatment, sometimes compared to another.  We conducted a 
meta-analysis of PTNS studies to strengthen the conclusions that could be 
drawn from them. 
  
 It is well accepted among meta-analysts and reviewers at major 
journals that meta-analyses do not require every patient in all studies to 
receive identical treatment, or even that their responses to the treatment 
are measured in precisely the same way.  Rather, it is only required that the 
therapies be similar enough that the audience for meta-analysis (in the 
medical field, usually physicians or healthcare payers) would acknowledge 
them as the same clinical therapy.  The response measurements are 
required to measure the same concept, although they can use different scales to do so.  The responses are converted 
into the standardized difference of means (SDM), a number which measures how many standard deviations the 
average treatment response is from the control or no-treatment response. Then all of the SDMs are averaged. 
  
 For example, it would be acceptable in most circumstances to meta-analyze the effect of an analgesic on fever 
reduction if some studies used tablets and others used capsules or liquids in varying doses and if some studies 
measured the fever reduction in degrees Fahrenheit and others in degrees Celsius.  Although the amount of fever 
reduction may be affected by the dose or method of administration, a general conclusion about the effectiveness of 
the analgesic on fever would still be possible.  Also, the two scales for measuring temperature can be converted into a 
single scale by using the SDM. 

Figure 1 

Figure 2 
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 In analyses in which the treatments or patients in the included papers are not very similar, the amount of change 
caused by the treatment can be highly variable from study to study.  This is known as “heterogeneity of effect size” or 
simply “heterogeneity.”  When there is evidence of heterogeneity in the analysis, a random-effects meta-analysis must 
be used.  If there is no evidence of heterogeneity, it is permissible to use a fixed-effects analysis.  These terms are 
analogous to the analysis of variance (ANOVA) terms;  in a fixed-effects model, the assumption is that each subject 
(article) provides an estimate of the same effect size.  In a random-effects model, the assumption is that there is a 
population of different effect sizes from which the subjects (articles) are sampled.   
  
 The results of a meta-analysis are the global p-value for the effect of the treatment and an estimate of how 
effective it is (the effect size).  The estimate of the effect size, however, is usually in standard deviations, and so must 
be converted back to the original measurement units. In this paper, we have reported effect size as percent 
improvement. 
 

2. Methods 

2.1 Inclusion/Exclusion Criteria 
 The manufacturer has maintained a library of journal articles on PTNS and related therapies over several years.  
This entire set of articles was used for this analysis, from which 17 complete references utilizing percutaneous 
posterior tibial nerve stimulation were available.  These 17 papers were reviewed for inclusion in the meta-analysis 
and were included if they met the following criteria: 

• Patients were diagnosed with pelvic-floor conditions including one or all of the following: urinary urgency, 
urinary frequency, and urge incontinence.   

• Patients’ symptoms were measured before and after therapy. 
• The therapy delivered was PTNS; transcutaneous tibial nerve stimulation (TTNS), transcutaneous electrical 

nerve stimulation (TENS), sacral nerve stimulation (SNS) and other modalities were excluded. 
 
 Additionally, a single abstract (Peters et al. 2008) presented at the 2008 AUA Late Breaking Science Forum was 
included in this meta-analysis because it reported the first results from a multi-center, randomized controlled study of 
PTNS. Articles were excluded if the patients appeared to be a subset of those in another publication by the same 
group of authors.  Appendix 2 contains the complete references of papers included in this analysis and those studies 
that were considered but not included based on the above criteria.  
 
2.2 Analysis Methods 
 From the articles that met the inclusion and exclusion criteria, symptom and urodynamic data were extracted.  
The data were meta-analyzed with the program Comprehensive Meta Analysis v2.2 (www.Meta-Analysis.com).  Each 
of the response variables that were present in at least two source articles was meta-analyzed. 
 
 Each variable was first meta-analyzed with a fixed-effects model.  The model was then tested for heterogeneity of 
the effect;  if this test was statistically significant, a random-effects meta-analysis was used. 
 

3. Results 

3.1 Articles Included in the Analysis 
 Seven of the 17 papers met the inclusion/exclusion criteria.  Of these papers, six were single-arm studies of 
patients before and after treatment with PTNS. One was a randomized-control trial with an active pharmaceutical 
control; only the before-and-after treatment data in the PTNS arm was used.  Only one paper contained urodynamic 
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Figure 3 

data, so it was not possible to meta-analyze these data.  Seven symptomatic responses to therapy were present in two 
or more articles and were analyzed:   

• Number of voids per day 
• Voiding volume 
• Number of voids per night 
• Number of incontinence episodes per day 
• Incontinence quality-of-life (I-QoL) 
• Generic quality-of-life (SF-36) 
• Percent of patients improved.   

 
3.2 Patient Characteristics 
 The seven papers included a total of 244 patients treated with PTNS.  The number of PTNS-treated patients per 
paper ranged from 15 to 51.  Between two-thirds and all of the patients in these studies were female; overall, 87% 
were female.  Their average ages ranged from 51 to 63 years, with an overall average of 56 years.  Although two papers 
did not report the duration of the patients’ symptoms, the five reporting papers had an overall average duration of 
nearly seven years.   

 
3.3 Response to PTNS Therapy 
 Table 1 shows the mean responses to therapy for each of the seven variables that were analyzed.  It also lists the p-
values for the fixed- or random-effects model used, and the p-value for the test for heterogeneity (the “Q” test).  In all 
cases except the percent of patients improved, the test for heterogeneity was significant, indicating the true effect sizes 
appear to differ among the studies.  The random-effects models are therefore the appropriate ones for the other six 
variables. For the percent of patient improved, the effect size was similar among studies. 
 
The responses to therapy and the number of patients evaluated under each criteria were:   

• Number of daily voids: 244 patients improved an 
average of 23% (7 studies, p<0.001) 

• Nighttime voiding: 151 patients improved 41% 
(5 studies, p=0.002) 

• Voiding volume: 182 patients improved 43%  
(5 studies, p<0.001) 

• Incontinence episodes: 167 patients improved 
45% (4 studies, p=0.023) 

• Incontinence QoL: 122 patients improved 17% 
(3 studies, p=0.033) 

• Overall QoL: 75 patients improved 17%  
(2 studies, p=0.25 NS) 

• Percent of patients improved: 174 of 244 (71%) 
patients improved (7 studies, p<0.001)  
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TABLE 1:  Summary of Results of Meta-Analysis Reported as Mean Response to Therapy 

 
RESPONSE 
(PATIENTS) 

 
ARTICLES 

 
RESULTS 

 
MODELS AND P-VALUES* 

VOIDS 
(N=244) 

Congregado-Ruiz 
Govier 
Kim 
Klingler 
Peters 
Van der Pal 
Vandoninck 

PRE:                                 12.3 
POST:                               9.5 
IMPROVEMENT:       2.8 
PERCENT:                   23% 

RANDOM:                       p < 0.001 
Q FOR RANDOM         p = 0.002 

VOIDS PER 
NIGHT 
(N=151) 

Congregado-Ruiz 
Kim 
Klingler 
Peters 
Van der Pal 

PRE:                                   2.9 
POST:                               1.7 
IMPROVEMENT:       1.2 
PERCENT:                   41% 

RANDOM:                         p = 0.002 
Q FOR RANDOM          p < 0.001 

VOIDING 
VOLUME (ML) 
(N=182) 

Congregado-Ruiz 
Klingler 
Peters 
Van der Pal 
Vandoninck 

PRE:                                 137 
POST:                             196 
IMPROVEMENT:       59 
PERCENT:                  43% 

RANDOM:                       p < 0.001 
Q FOR RANDOM         p < 0.001 

INCONTINENCE 
EPISODES 
(N=167) 

Congregado-Ruiz 
Peters 
Van der Pal 
Vandoninck 

PRE:                                  4.1 
POST:                               2.2 
IMPROVEMENT:      1.9 
PERCENT:                  45% 

RANDOM:                       p = 0.023 
Q FOR RANDOM         p < 0.001 
 

I-QoL 
(N=122) 

Govier 
Van der Pal 
Vandoninck 

PRE:                                   57 
POST:                               67 
IMPROVEMENT:     9.9 
PERCENT:                  17% 

RANDOM:                       p = 0.033 
Q FOR RANDOM         p < 0.001 
 

SF-36 
(N=75) 

Van der Pal 
Vandoninck 

PRE:                                   57 
POST:                               67 
IMPROVEMENT:     9.9 
PERCENT:                  17% 

RANDOM:                        p = 0.25 
Q FOR RANDOM          p < 0.001 
 
 

PERCENT OF 
PATIENTS 
IMPROVED 
(N=244) 

Congregado-Ruiz 
Govier 
Kim 
Klingler 
Peters 
Van der Pal 
Vandoninck 

POST:                            71% FIXED:                                p < 0.001 
Q FOR RANDOM          p = 0.11 

*   The p-values are unadjusted for multiple inference. 
 

All of the variables showed significant heterogeneity of effect size and required a random-effects model except 
percent of patients improved, which was analyzed using a fixed-effects model (No adjustments were made for 
multiple inference).  Figure 3 shows the average improvement for each of these variables. Note: Positive improvement 
means that patients exhibited a decrease in voids, voids/night and incontinence episodes and an increase in voiding 
volume. 
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The criteria used for “percent of patients improved” included an improvement of a minimum percent in 

incontinence episodes or frequency of voids (Vandoninck, Govier, Klingler, Van der Pal), patient self-evaluation 
(Congregado-Ruiz), an assessment by the physician (Peters), and other (Kim). 
  

Appendix 1 provides the details of the seven meta-analyses, including the standard graphical representation of 
the results of each analysis.  These are:  Table A-1:  Number of Voids;  Table A-2:  Voids per Night;  Table A-3:  
Voiding Volume;  Table A-4:  Incontinence Episodes;  Table A-5:  I-QoL;  Table A-6:  SF-36;  and Table A-7:  
Percent of Patients Improved. 
 

4. Discussion 

 All of the response variables included in this analysis indicated that they were improved by PTNS therapy.  All 
were significant in the fixed-effects models.  In the random effects models, all were significant (when p-values 
unadjusted for multiple inference were considered) except SF-36.  Interestingly, this had the smallest available sample 
size of 75 patients.  Given the variability of quality-of-life data, this sample size may simply be too small to have 
provided the power needed to detect a real difference in overall quality of life. There is no indication that QoL 
decreased following PTNS therapy. 
 
 Three of the response variables -- number of voids, void volume, and voids per night -- were highly significant 
even in the random-effects model (p<0.001 in each case).  It is important to note that although the improvements 
may seem modest in terms of the percentage, the improvement was enough to reduce the symptoms to the normal 
range.  For example, the average number of voids per day was about 12 before treatment and about 9.5 after 
treatment.  The number of daily voids conservatively considered to be normal is eight (8).  The reduction of about 2.5 
voids, which is a seemingly modest 23% improvement, represents an elimination of 65% of the excess voids these 
patients were experiencing. 
 
 The papers included in this analysis were based on single-arm studies of patients’ symptoms before and after 
PTNS (the Peters 2008 study also included a randomized, active pharmaceutical control).  A potential critique of this 
work is that patients are capable of influencing their symptoms by their behaviors and beliefs;  this is the “placebo 
effect.”  Consequently, the influence of patients’ behaviors and beliefs are not separable from the effect of therapy.  
However, one might infer that the patients included in these studies were resistant to the placebo effect.   On average, 
the duration of their symptoms was nearly seven years, so it is likely that they had tried several other therapies with no 
success over the life of their condition.  For this reason, it seems reasonable to conclude that all or part of their 
improvement was due to a physiologically based treatment effect.   
 
 The published literature provides strong evidence for the effectiveness of PTNS for the treatment of urinary 
urgency, urinary frequency, and urge incontinence.  
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APPENDIX 1:  META-ANALYSIS DETAILS 

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Congregado-Ruiz OAB -0.862 0.232 0.054 -1.317 -0.408 -3.718 0.000
Klingler OAB -1.626 0.556 0.310 -2.717 -0.536 -2.923 0.003
Kim UUI -0.211 0.369 0.136 -0.934 0.513 -0.570 0.568
Peters OAB -0.695 0.246 0.061 -1.177 -0.213 -2.824 0.005
Van der Pal UUI -4.041 0.795 0.632 -5.599 -2.483 -5.083 0.000

Fixed -0.861 0.145 0.021 -1.146 -0.576 -5.921 0.000
Random -1.206 0.380 0.144 -1.950 -0.461 -3.174 0.002

-4.00 -2.00 0.00 2.00 4.00

PTNS Better No Treatment Better

Voids per Night

Meta Analysis

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Vandoninck OAB -0.791 0.239 0.057 -1.259 -0.322 -3.309 0.001
Congregado-Ruiz OAB -0.632 0.217 0.047 -1.058 -0.207 -2.915 0.004
Govier OAB -0.341 0.212 0.045 -0.757 0.075 -1.607 0.108
Klingler OAB -1.754 0.582 0.338 -2.894 -0.614 -3.015 0.003
Kim UUI -0.181 0.368 0.136 -0.903 0.540 -0.493 0.622
Peters OAB -0.754 0.250 0.063 -1.245 -0.263 -3.012 0.003
Van der Pal UUI -2.589 0.548 0.300 -3.663 -1.516 -4.726 0.000

Fixed -0.685 0.105 0.011 -0.891 -0.479 -6.519 0.000
Random -0.831 0.208 0.043 -1.239 -0.423 -3.989 0.000

-4.00 -2.00 0.00 2.00 4.00

PTNS Better No Treatment Better

Number of Voids

Meta Analysis

Table A-1 

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Vandoninck OAB 1.307 0.284 0.081 0.751 1.863 4.603 0.000
Congregado-Ruiz OAB 1.151 0.255 0.065 0.650 1.651 4.508 0.000
Klingler OAB 1.058 0.456 0.208 0.164 1.951 2.319 0.020
Peters OAB 0.409 0.230 0.053 -0.041 0.860 1.780 0.075
Van der Pal UUI 4.070 0.800 0.640 2.502 5.638 5.087 0.000

Fixed 1.000 0.137 0.019 0.731 1.269 7.285 0.000
Random 1.327 0.360 0.130 0.621 2.033 3.684 0.000

-4.00 -2.00 0.00 2.00 4.00

No Treatment Better PTNS Better

Voiding Volume

Meta Analysis

Table A-3 

Table A-2 
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Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Vandoninck OAB -0.159 0.210 0.044 -0.570 0.252 -0.757 0.449

Congregado-Ruiz OAB -0.534 0.212 0.045 -0.949 -0.119 -2.522 0.012

Peters OAB -0.505 0.235 0.055 -0.964 -0.045 -2.152 0.031

Van der Pal UUI -5.271 1.013 1.027 -7.257 -3.285 -5.201 0.000

Fixed -0.465 0.125 0.016 -0.709 -0.220 -3.724 0.000

Random -0.921 0.405 0.164 -1.714 -0.127 -2.273 0.023

-4.00 -2.00 0.00 2.00 4.00

PTNS Better No Treatment Better

Incontinence Episodes

Meta Analysis

Table A-4 

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Vandoninck OAB 1.585 0.313 0.098 0.972 2.199 5.061 0.000

Govier OAB 0.143 0.207 0.043 -0.264 0.549 0.688 0.492

Van der Pal UUI 4.510 0.878 0.770 2.790 6.231 5.138 0.000

Fixed 0.729 0.170 0.029 0.396 1.061 4.297 0.000

Random 1.847 0.865 0.748 0.152 3.543 2.136 0.033

-4.00 -2.00 0.00 2.00 4.00

No Treatment Better PTNS Better

I-QoL

Meta Analysis

Table A-5 
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Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Vandoninck OAB 0.606 0.227 0.051 0.161 1.050 2.671 0.008

Van der Pal UUI 6.930 1.313 1.725 4.356 9.504 5.276 0.000

Fixed 0.789 0.224 0.050 0.351 1.227 3.530 0.000

Random 3.635 3.159 9.980 -2.556 9.827 1.151 0.250

-4.00 -2.00 0.00 2.00 4.00

No Treatment Better PTNS Better

SF-36

Meta Analysis

Table A-6 

Study name Subgroup within study Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Vandoninck OAB 0.565 0.421 0.700 0.882 0.378
Congregado-Ruiz OAB 0.686 0.548 0.798 2.594 0.009
Govier OAB 0.702 0.558 0.815 2.688 0.007
Klingler OAB 0.667 0.406 0.854 1.266 0.206
Kim UUI 0.875 0.614 0.969 2.574 0.010
Peters OAB 0.805 0.656 0.899 3.596 0.000
Van der Pal UUI 0.828 0.647 0.926 3.191 0.001

0.704 0.641 0.759 5.978 0.000

-4.00 -2.00 0.00 2.00 4.00

Symptom Degradation Symptom Improvement

Percent of Patients Improved

Meta Analysis

Table A-7 
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statistical and health-economics consulting to the medical device, pharmaceutical, and managed care industries. 
 
Dr. Martinson holds a B.A. in Biology from Swarthmore College, and both an M.S. in Statistics and a Ph.D. in Health 
Services Research from the University of Minnesota.  She holds an Adjunct Associate Professorship at the University in 
the School of Public Health, where she teaches graduate-level economic modeling.  Her publications include meta-
analyses and economic models with cost-effectiveness analyses. 
 
She recently published the meta-analysis:  
Johnson, M. & Martinson, M. (2007).  Efficacy of electrical nerve stimulation for chronic musculoskeletal pain:  A meta-
analysis of randomized controlled trials.  PAIN, 130, 157-165. 
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