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ABSTRACT
Objective: To evaluate the safety and efficacy rate of polyvinylidene fluoride (PVDF) slings in the treatment 
of female stress urinary incontinence (SUI).

Material and methods: A prospective pilot study was conducted with women with SUI who underwent 
PVDF slings. Data regarding subjective (International Consultation on Incontinence Questionnaire - Uri-
nary Incontinence [ICIQ-UI] and International Consultation on Incontinence Questionnaire - Overactive 
Bladder [ICIQ-OAB]) and objective (stress test and bladder diary) outcomes and complication rates were 
evaluated. Primary outcomes were objective (negative pad and stress test) and subjective (no leakage epi-
sodes) success after a median follow-up of 24 months.

Results: PVDF slings demonstrated a high level of satisfaction with objective cure (transobturator 90% 
compared with retropubic 100%, P = .90), urgency to urinate, frequency of de novo incontinence (transob-
turator 90% compared with retropubic 80%, P = .85), ability of physical and sexual activity (transobturator 
90% compared with retropubic 100%, P = .90). The multivariate logistic regression model for satisfaction 
was associated with overall treatment success (odds ratio [OR] = 3.55, 95% confidence interval [CI] 2.32–
6.1), greater reduction in ICIQ-UI (OR = 0.85; 95% CI 0.78–1.85) and ICIQ-OAB (OR =0.99; 95% CI 0.89–
1.78). The total Female Sexual Function Index (FSFI) score for both groups was 19.3 ± 1.2 and 20.7 ± 1.8, 
statistically significant when compared with perioperative FSFI score 16.7 ± 1.1 and 17.6 ± 1.4 (P < .001). 

Conclusion: PVDF mid-urethral slings are safe with clinically efficacies at 3, 6, 12, and 24-month follow-up 
for the treatment of SUI. The high level of satisfaction seen after PVDF sling procedures is associated with 
objective improvement of SUI and fewer slings related complications. Further studies using larger sample 
sizes with longer and comparative clinical follow-up are required.
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Introduction

Urinary stress incontinence (SUI) is a prob-
lem, increasingly common in women, affect-
ing their quality of life (QoL) and that of their 
loved ones. The prevalence of UI increases 
with old age, with a typical rate in young 
adults (20%–30%), a peak around middle age 
(30%–40%), and a steady increase during old 
age (30%–50%).[1] The treatment of female 
SUI with alloplastic slings seems to have 
short-term effectiveness. The overall reported 
success rate of clinical trials ranges from 86% 
to 99%.[2, 3] The most common implants used in 
these surgeries, owing to the disadvantages 

of being non-biodegradable in nature, has 
been polypropylene (PPL) mesh, which is used 
to support either the urethra for SUI and pelvic 
organs. Despite the high success rates of PPL 
mid-urethral slings, a growing number of com-
plications and adverse effects have been re-
ported.[4, 5] The Food and Drug Administration 
(FDA) modified the risk class in 2016 from II 
(moderate risk) to III (high risk) for alloplas-
tic implants because of serious erosion and 
complications related to mesh insertion,[6] and 
in 2019 ordered manufacturers of all remain-
ing transvaginal alloplastic implants devices 
for pelvic organ prolapse (POP) repair to stop 
distributing and selling these products imme-
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diately. The implantation of alloplastic implants in fascia and 
muscle tissue is known to cause fascial implant related infec-
tions and surgical complications, such as the erosion of adjoin-
ing organs or vesicovaginal, urethrovaginal, or ureterovaginal 
fistula formation.[7-10] Klinge et al.[11] identified long-term signs 
of foreign body reaction and chronic inflammation surrounding 
the alloplastic implants, and there was extensive foreign body 
reaction (inflammation, infection, and/or rejection) with fibro-
ses and shrinkage (30%–50%) during the first month following 
surgery. Alloplastic implants potentially add to these compli-
cations. These also include trauma of insertion, contraction of 
the mesh (causing pain), and the stability of the prosthesis over 
time.[12] Recognized implant-related complications of the mid-
urethral sling include de novo with urge incontinence, dyspa-
reunia, postoperative pain, mesh erosion, and the potential for 
bladder, vaginal, and vascular injury.[13, 5] A material’s biocom-
patibility and ability is an important requirement for the per-
fect ingrowth of the implant. It is determined by inflammatory 
foreign body reactions and depends on parameters such as the 
type of polymer, material weight, and pore size.[15, 14] PVDF is 
a relatively new polymer with improved textile and biological 
properties and biocompatibility with tissues, which means less 
mesh shrinkage.[15, 16] Although it has been introduced in ortho-
pedics, general and vascular surgery for years, it has never been 
used for the construction of surgical meshes. The open ques-
tion is whether PVDF is fundamentally safe and effective for 
the treatment of female SUI. Therefore, in this study, we aimed 
to evaluate objective and subjective success (primary endpoints) 
and complication rates (secondary endpoint) of PVDF mid-ure-
thral sling after a median follow-up of 18 months.

Material and methods

Study design 
A prospective pilot study of women with SUI was conducted 
from January 2018 to January 2019. Patients affected by SUI 
were prospectively evaluated for the retropubic and transobtu-
rator mid-urethral slings with PVDF mesh. The regional ethics 
committee for medical research approved the PVDF 17-002 

study in August 2018. The study protocol was registered at the 
“2017229” medical association in Nordrhein-Westfalen before 
the start of the study. All the participants gave their written con-
sent after receiving all the information about the study. Study 
methods were applied according to recommendations by the In-
ternational Urogynecological Association (IUGA) and the Inter-
national Continence Society (ICS).[17, 7] The primary outcomes 
were objective (negative pad and stress test) and subjective (no 
self-reporting of SUI symptoms and no leakage episodes on 
bladder diary) success after 12 and 24 months. Two surgeons, 
experienced in both the surgical techniques, performed one ap-
proach each. We enrolled 20 women who complained of SUI 
symptoms with urodynamically proven SUI. Eligibility require-
ments included at least a three-month history of SUI that was 
predominantly or solely associated with urethral hypermobility 
according to the recommendations by ICS. Exclusion criteria 
were a history of previous sling procedure, overactive bladder 
(OAB), urodynamically proven detrusor overactivity, a postvoid 
residual volume > 100 mL, and the desire for future childbear-
ing. All included patients underwent preoperative urodynamic 
studies with Valsalva leak-point pressure measurement, and the 
pressure/flow study using a standardized protocol in accordance 
with good urodynamic practice guidelines of the ICS.[18] Twenty 
patients completed three validated questionnaires on quality of 
life (QoL): the International Consultation on Incontinence Ques-
tionnaire (ICIQ-UI), International Consultation on Incontinence 
Questionnaire overactive bladder (ICIQ-OAB), and the Female 
Sexual Function Index (FSFI). QoL was assessed using the 
ICIQ-UI, with possible scores of 0 to 21.[19] 

Study procedures 
All the women kept a bladder diary for three days and under-
went pelvic floor ultrasound and urodynamic cystometry, which 
included urethral profilometry. Finally, the Valsalva leak point 
pressure (VLPP) was determined at vesical volumes of 150 
and 200 cc. Mid-urethral sling procedures were performed by 
two surgeons according to the surgical technique described by 
Ulmsten et al.[20] All the patients were placed in the lithotomy 
position, with thighs flexed at approximately 90°, and the surgi-
cal procedures were performed under general anesthesia. The 
peri and postoperative assessments were done using the same 
protocol. Postoperative lower urinary tract dysfunctions, storage 
symptoms, and obstructive symptoms were defined by ICS.[18] 

Outcomes 
The objective and subjective outcomes (primary endpoints) were 
assessed at 3, 6, 12, and 24 months after treatment. Objective 
success was described as a negative pad test, a negative cough 
stress test at a bladder volume between 200 and 300 cc, and 
no retreatment for SUI. Subjective success was described as no 
self-reporting of SUI symptoms on the validated ICIQ- UI ques-
tionnaire and no urine leakage in the bladder diary (three days). 

•	 Polyvinylidene fluoride (PVDF) is a new type of mid-urethral 
sling for the treatment of female stress urinary incontinence 
(SUI). 

•	 PVDF mid-urethral slings are safe with clinically efficacies at 
3, 6, 12, and 24-month follow-ups.

•	 PVDF was associated with significant improvement in other 
lower urinary tract symptoms such as urgency, frequency, and 
sexual activity.

•	 Further studies using larger sample sizes with longer and com-
parative clinical follow-up are required.

Main Points:
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We also used sexual questionnaires (FSFI) postoperatively at 3, 
6, 12, and 24 months after surgery to determine any impairment 
in sexually active women. Secondary outcomes included post-
operative implant-related complications and the difference be-
tween transobturator and retropubic slings, postoperative pain, 
change in QoL as assessed by SF-12,[21] and a change in sexual 
function. Additional urodynamic testing was performed when 
women complained of the onset of irritative urinary symptoms. 
For women with OAB, anticholinergic drugs were administered 
for at least 8–12 weeks. The reporting of implant-related com-
plications and the classification of the severity of events were 
documented across the Clavien-Dindo classification.[22]

Statistical analysis 
Statistical analysis was performed using IBM Statistical Pack-
age for Social Sciences v.19 for Windows (IBM Corp, Armonk, 
NY, USA). Descriptive statistics were used for the evaluation of 
complication rates and analysis of the questionnaire. We used 
the chi-squared test for trends to evaluate the success of the sur-
gical procedure at the different follow-up visits (3, 6, 12, and 
24-month follow-ups). Changes in number of used pads and in-
continence episodes were recorded by the ICIQ UI and ICIQ 
OAB questionnaires, whereas the bladder diary and pain scores 
were analyzed using the repeated, measured analysis of variance 

or the Friedman test as appropriate. The Mann-Whitney U and 
Wilcoxon tests were used to compare ordinal and non-normally 
distributed continuous variables. Univariate and multivariate 
logistic regression analyses were performed with each variable 
of 20 patients. The t-test was utilized for a comparison of the 
complications between the groups. A P value below .05 was con-
sidered statistically significant.

Results 

Twenty women with proven SUI were enrolled, who met the 
inclusion criteria and signed informed consent. Tables 1 and 2 
shows the demographic and preoperative measures and urody-
namic parameters of the patients in each group. Patient char-
acteristics, intraoperative data, postoperative clinical outcomes, 
and incontinence severity data were similar in the two groups. 
The severity of incontinence at baseline and objective (as mea-
sured by cough stress test and pad test) and subjective (as mea-
sured by the ICIQ-UI and ICIQ-OAB questionnaires) measures 
were not statistically different between the satisfied and unsatis-
fied patients. Preoperative urodynamic parameters were similar 
in the two groups. The median (IQR) age of the patients includ-
ed in these studies was 59.3 ± 10.51 years for the transobturator 
group and 55.90 ± 11.17 for the retropubic group. None of the 

Table 1. Demographic, preoperative measures, and urodynamic parameters of patients in both study groups (continuous 
parameters) 
	 Sling type	 Mean	 Median	 SD	 Lower quartile	 Upper quartile	 Min	 Max	 p

Age (years)	 Transobturator	 59.30	 58	 10.51	 46.0	 64.3	 26.0	 84.1	 0.9

	 retropubic	 55.90	 54	 11.17	 48.0	 63.6	 25.1	 85.2

Parity, n	 Transobturator	 2.76	 2.0	 1.17	 2.0	 3.0	 0.0	 5.0	 0.9

	 retropubic	 2.62	 2.0	 1.2	 2.0	 3.0	 0.0	 6.0

PVR, mL	 Transobturator	 14.2	 6.5	 23.54	 4.0	 15.0	 0.0	 153.0	 0.93

	 retropubic	 13.54	 7.1	 22.54	 5.0	 14.0	 0.0	 168.0

MUCP, cmH2O	 Transobturator	 25.41	 28.4	 17.23	 20.0	 62.0	 5.0	 97.0	 0.76

	 retropubic	  27.07	 29.2	 19.89	 22.0	 63.0	 6.0	 91.0

FUL, mm	 Transobturator	 21.2	 25.0	 4.9	 21.0	 27.0	 13.0	 51.0	 0.56

	 retropubic	 23.3	 23.0	 4.7	 20.0	 29.0	 12.0	 48.0

ICIQ - OAB	 Transobturator	 8.0	 9.0	 4.0	 5.0	 13.0	 6.0	 12.0	 0.77

	 retropubic	 9.0	 10.0	 3.0	 4.0	 12.0	 7.0	 14.0

ICIQ -UI	 Transobturator	 15.0	 14.0	 2.0	 13.0	 19.0	 13.0	 20.0	 0.83

	 retropubic	 17.0	 14.0	 4.0	 14.0	 20.0	 15.0	 21.0

FSFI	 Transobturator	 12.0	 11.0	 3.0	 9.0	 15.0	 4.0	 15.0	 0.78

	 retropubic	 13.0	 12.0	 5.0	 8.0	 14.0	 5.0	 14.0

SD: standard deviation; Min: minimum; Max: maximum; PVR: postvoid residual volume; MUCP: maximal urethral closure pressure; FUL: functional urethral length; 
ICIQ-OAB: international consultation on incontinence questionnaire overactive bladder; ICIQ UI: international consultation on incontinence questionnaire-urinary 
incontinence; FSFI: Female Sexual Function Index.
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patients had previously undergone unsuccessful anti-inconti-
nence procedures or had a history of previous pelvic surgery. 
The mean (IQR) for maximal urethral closure pressure was 27 
(5–25) cmH2O. All the women underwent mid-urethral slings 
under general anesthesia, with a mean anesthesia plus operative 
duration of 32 (24± 66) min. The blood loss was < 100 mL in all 
the patients. Nineteen (95%) women resumed immediate spon-
taneous voiding. The mean (IQR) length of hospital stay was 2 
(1–5) days following surgery. The follow-up was conducted at 
a mean (IQR) interval of 24 ± 2.2 (IQR 24–26) months for the 
transobturator group and 24 ± 1.5 (IQR 24–27) months for the 
retropubic procedure; the overall median was 24 months.

Outcome data
The primary outcome data for our study is shown in Table 3. 
Twenty women completed eht ICIQ- UI and ICIQ-OAB sat-
isfaction questionnaires, and no leakage were recorded in the 
bladder diary questionnaire at 3, 6, 12, and 24 months in both 
groups. After 24 months of follow-up, 20 patients were avail-
able for clinical check-up. Clinical effectiveness was estimated 
based on subjective and objective outcomes. PVDF mid-urethral 
slings (transobturator, retropubic) demonstrated a high level of 
satisfaction with objective cure (transobturator 90% and retro-
pubic 100%, P = .90), urgency to urinate, frequency of de novo 
incontinence (transobturator 90% and retropubic 80%, P = .85), 
ability of physical, and sexual activity (transobturator 90% and 
retropubic 100%, P = .90). In the last follow up, the majority of 
patients were highly satisfied, according to the ICIQ-OAB and 
QoL questionnaire, specifically with the urgency and frequency 
to urinate and ability of physical and sexual activity. There was 
no significant difference between the two treatment groups (Ta-
ble 3). The multivariate logistic regression model for satisfaction 
was associated with overall treatment success (odds ratio [OR] 

Table 2. Demographic and urodynamic parameters of patients in both study groups (categorical parameters) 
Parameter		  Transobturator	 Retropubic	 p

BMI, kg/m2	 18.0–25-0	 40 (22.9)	 42 (20.9)	 0.85

	 25.0–30.0	 78 (40.1)	 80 (41.4)	 0.78

	 ≥30.0	 81 (40.4)	 79 (39.6)	 0.79

Valsalva maneuver	 negative Valsalva 	 95 (76.1)	 101.3 (80.1)	 0.58

	 maneuver and VLPP>60 	 42 (25.5)	 39 (26.5)

	 cmH2O	

	 VLPP<60 cmH2O

Incontinence score	 Grade 1	 3 (30)	 1 (10)	 0.6

	 Grade 2	 5 (50)	 6 (60)

	 Grade 3	 2 (20)	 3 (30)

Pads (n)		  3 (1-6)	 3 (2-7)	 0.89

BMI: body mass index; VLPP: Valsalva leak point pressure

Table 3. Primary outcome measures at 24 months
	 Transobturator	 Retropubic	 p

Follow-up (mon), mean; IQR	 24±2.2 	 24±1.5 	 0.83

ICIQ - OAB 	 4.6±2.79	 3.7±1.66	 0.71

ICIQ -UI	 7.2±2.54	 7.9±3.5	 0.88

FSFI increase	 19.32±1.24	 20.70±1.84	 0.81

ICIQ-OAB: international consultation on incontinence questionnaire overactive 
bladder module; ICIQ UI-SF: international consultation on incontinence 
questionnaire-urinary incontinence short form; FSFI: Female Sexual Function Index

Table 4. Odds ratios with 95% confidence interval and p 
values for univariate and multivariate logistic regression 
models associated with patient satisfaction at 24 months

	 Univariate 		  Multivariate 
	 OR (95% CI)	 p	 OR (95% CI)	 p

Objective 	 3.5	 0.05	 3.55	 <0.001 
outcome	 (2.35–4.1)		  (2.32–6.1)

Subjective 	 3.6	 0.05	 4.9	 <0.001 
cure	 (0.9–5.2)		  (1.9–6.2)

de novo urgency 	 1.65	 0.032	 1.43	 0.05 
incontinence 	 (0.84–2.05)		  (0.28–1.85)

ICIQ-UI	 1.4	 0.05	 0.85	 0.05 
	 (0.83–2.4)		  (0.78–1.85)

ICIQ-OAB	 1.54	 0.05	 0.91	 0.01 
	 (0.85–1.95)		  (0.89–1.78)

FSFI	 3.4	 0.02	 3.1	 <0.001 
	 (1.3–4.7)		  (1.3–3.9)

ICIQ-OAB: international consultation on incontinence questionnaire overactive 
bladder module; ICIQ UI-SF: international consultation on incontinence 
questionnaire-urinary incontinence short form; FSFI: Female Sexual Function 
Index; OR: Odds ratio; CI: Confidence interval
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= 3.55, 95% confidence interval [CI] 2.32–6.1), greater reduc-
tion in ICIQ-UI (OR = 0.85; 95% CI 0.78–1.85) and ICIQ-OAB 
(OR = 0.91; 95% CI 0.89–1.78) (Table 4). In addition, there was 
no statistically significant difference in clinical efficacy between 
these two groups (χ2 = 1.76, P = 0.49). The total FSFI score for 
both groups was 19.3 ± 1.2 and 20.7 ± 1.8, statistically signifi-
cant when compared with perioperative total FSFI score 16.7 ± 
1.1 and 17.6 ± 1.4 (P < .001).

Peri and postoperative complications
There was one intraoperative vaginal perforation in the transob-
turator group; this was managed by the removal and reposition-
ing of the needle. The rate of postoperative urinary retention was 
1/20 (5%) in the retropubic group. Urinary retention was suc-
cessfully treated by placement of a transurethral catheter for two 
days. Three months after the surgery, two women of our cohort 
2/20 (10%) had de novo detrusor instability with urinary leak-
age. They were treated with anticholinergics for five weeks and 
were symptom-free in the last follow-up. After completing their 
final outcome, there were no long-term effects. Table 5 shows 
peri and postoperative complications.

Discussion

Alloplastic implants have produced highly variable outcomes, 
causing implant-related infections and surgical complications in 
some cases, whereas providing others with safe and effective 
treatment. The risk-benefit ratios for the use of urogynecological 
meshes to treat SUI and POP is a complex issue, caused by in-
herent incompatibility and increased inflammatory and fibrotic 
tissue reaction of the mesh.[23] The new implants for the pelvic 
floor should be clearly biocompatible and not produce an in-
tense inflammatory reaction or extensive foreign body reaction. 
Furthermore, they should be strong enough to withstand dy-
namic distention, yet not so rigid as to cause erosion or foreign 
body reaction through a patient’s native tissue. In 2002, PVDF 
abdominal mesh was developed as a new polymer for the con-
struction of surgical meshes.[24] PVDF was introduced in vascu-
lar surgery years ago.[25] Klinge presents in their textile analysis 
that the tensile intensity, surface roughness, surface roughness, 

bending stiffness, and resistance fabric have equivalent proper-
ties as observed with common PPL material.[24] Recent studies 
of PVDF mesh application for the reconstruction of pelvic floor 
are available.[25-27] These studies have shown a greater impact 
on functional outcome and a significant improvement in symp-
toms with manageable complications.[25-27] In these studies, the 
authors present a good level of mechanical stability with less 
complications than the existing literature.[28, 29] Implant-relat-
ed complications and erosion is reported to be about 10% af-
ter anterior mesh application.[28, 29] Our study on incontinence 
treatment with PVDF mid-urethral slings focuses on objective 
outcomes and subjective cures to define success. To the best of 
our knowledge, this is the first prospective study comparing the 
retropubic with the transobturator PVDF mid-urethral slings 
for SUI treatment. All the women included had high expecta-
tions about the success of PVDF mid-urethral slings, as well 
as incontinence related issues. The results of this work show a 
high level of satisfaction in terms of SUI improvement (tran-
sobturator 90% compared with retropubic 100%, P = .90). At 
the same time, a significant improvement in lower urinary tract 
symptoms (such as frequency, urgency, and sexual activity) was 
reported by most women too. Satisfaction with symptom im-
provement was associated with both objectively measured and 
patient-perceived improvement of SUI. The complications, as 
categorized according to the Clavien-Dindo classification, were 
not significant. De novo urgency after surgery and incontinence 
related QoL scores (ICIQ-OAB) were present in relatively small 
number of patients 2/20 (10%). Although there are an increasing 
numbers of trials with PPL mid-urethral slings, comparing the 
efficacy and subjective cures, the rate of de novo urgency in pub-
lished reviews is higher (5%–35%).[20, 30] Generally, thigh pain 
is one of the most frequent transobturator complications.[31] In 
the transobturator group, we did not re-treat patients with thigh 
pain. Several studies have assessed sexual function in women 
following surgery for SUI, and these studies have suggested that 
sexual function can be negatively affected because of the allo-
plastic mesh.[31, 32] Maaita completed a retrospective study, using 
a validated questionnaire evaluating the effects of mid-urethral 
slings surgery on sexual function. A recently published study 
with a follow-up of 12 months reported about improvement in 
postoperative continence.[33] However, they used only the tran-
sobturator slings, and sexual function postoperatively was not 
reported.[33] In this study, 72% of the women reported no change 
in sexual function after surgery, but 14% reported a worsening 
of sexual function.[24] In another study comparing sexual func-
tion pre- and postoperatively using FSFI, they found no differ-
ence in terms of sexual activity.[34] However, Yeni et. al. [34] re-
ported a statistically significant worsening of sexual function, 
dyspareunia, and satisfaction after mid-urethral slings compared 
with controls. Our study findings showed no postoperative dys-
pareunia in sexual function. The sexually active women reported 
that postoperative sexual function related to the elimination of 

Table 5. Complications of PVDF midurethral slings 
Type of complications	 Transobturator	 Retropubic	 p

Bladder injury, n (%)	 0.0 (0)	 0.0 (0)	 -

Vaginal injury, n (%)	 1 (10)	 0.0 (0)	 0.05

Urinary retention  
(> 500 mL) n (%)	 0.0 (0)	 1 (10)	 0.05

Postoperative de novo  
overactive bladder, n (%)	 0.0 (0)	 2 (20)	 0.02

PVDF: polyvinylidene fluoride
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“coital urinary incontinence” was strongly associated with an 
improvement in sexual activity. Finally, our testing of various 
approaches of mid-urethral slings have shown no significant dif-
ference between the groups.

A major limitation of our pilot study was the small sample size. 
This was owing to the nature of all pilot studies. The inclusion 
of objective and subjective outcomes is strength of our study, 
particularly given the increasing recognition of these measures, 
which are likely to be useful in improving patient outcomes. It 
is possible that the results were overestimated or underestimated 
using the overall effects of mid-urethral slings on SUI. 

PVDF is a new type of mid-urethral sling for the treatment of 
SUI. PVDF mid-urethral slings are safe with clinically efficacies 
at 3,6,12, and 24-month follow-ups after surgery for the treatment 
of SUI. PVDF was associated with significant improvement in 
other lower urinary tract symptoms such as urgency, frequency, 
and sexual activity. Satisfaction with symptom improvement was 
associated with both objectively measured and patient-perceived 
improvement of SUI. Further studies using larger sample sizes 
with longer and comparative clinical follow-up are required.
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