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Abstract 

Background: Stem cell-based urethral injection has been proposed as a regenerative treatment for stress urinary incontinence (SUI), 
and symptom relief does not necessarily establish recovery of urethral sphincter function. Objective: To compare patient-centred  
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symptomatic improvement with direct assessment of urethral functional recovery after cell-based treatment for female SUI. Method: 
PubMed/MEDLINE, Scopus, Web of Science Core Collection, and the Cochrane Library were searched from inception through 2026-05-
31. Human interventional studies of adult women with SUI treated with a stem cell, muscle precursor cell, adipose-derived stem-cell, 
stromal vascular fraction, or related autologous regenerative cell product were eligible. Retracted reports were excluded. Two 
reviewers independently screened records, extracted study-level data, linked reports from the same cohort, and synthesized the 
findings narratively. Symptom outcomes included leakage episodes, pad tests, cough stress testing, validated questionnaires, and 
quality of life. Direct functional recovery required urethral pressure or length measurements, sphincter contractility, or structural 
imaging interpreted alongside function. Results: Twenty-two original reports were identified. Symptom measures improved, including 
pad weight, cough stress test, incontinence episodes, and questionnaire scores. Direct urethral measurements were sparse and 
heterogeneous. One phase I study documented increased functional urethral length and external sphincter diameter alongside 
improved ICIQ-UI-SF scores, whereas a 38-participant study reported persistent symptom benefit without overall improvement in 
urodynamic urethral properties. In the largest blinded trial, the primary symptom endpoint did not differ from placebo. An electrical-
stimulation plus cell-implantation trial favored cellular arms against placebo on symptom endpoints without direct physiologic 
confirmation. Conclusion: Current findings support a short-term symptom signal and acceptable procedural tolerability; they do not 
establish consistent objective urethral functional regeneration. Future trials require standardized cell-product reporting, blinded 
comparison, direct pressure-based and imaging outcomes, and durable follow-up. 

Keywords: stress urinary incontinence; cell therapy; regenerative medicine; urethral sphincter; muscle-derived cells; adipose-derived 
stem cells; urodynamics 

Introduction 

Stress urinary incontinence (SUI) is defined as 
involuntary urine leakage during effort or physical 
exertion, including coughing and sneezing, and it 
reflects insufficient urethral closure when intra-
abdominal pressure rises (1). Female urinary 
incontinence carries a personal and health-system 
burden, with SUI representing a major subtype 
across community populations (2). First-line 
management relies on pelvic-floor muscle training 
and behavioral intervention, whereas sling 
procedures remain established operative options 
for selected women with persistent symptoms (3, 
4). Neither symptomatic response nor a negative 
provocative test identifies restoration of the 
striated sphincter mechanism, a distinction central 
to regenerative treatment claims (5). 

Stem cell-based strategies seek to repair 
components of the urethral continence apparatus 
rather than alter symptoms alone (6). Muscle-
derived cells, adipose-derived stromal/stem cells, 
cord-blood cells, stromal vascular fraction, and 
mixed regenerative preparations have been 
injected into or around the external urethral 

sphincter or suburethral tissue with the aim of 
rebuilding the continence mechanism (6, 7). Early 
clinical reports emphasized feasibility and changes 
in leaks, pad weights, questionnaires, and quality of 
life, while formal urethral function endpoints 
remained inconsistently reported (7, 8). A prior 
systematic review of studies in women described 
wide variation in cell manufacturing, dose, injection 
technique, co-intervention, follow-up, and outcome 
definitions (9). 

Leakage diaries, pad tests, cough stress tests, and 
patient-reported questionnaires capture different 
dimensions of clinical benefit (5, 9). Pad tests and 
cough stress testing are objective measures of 
leakage severity; they do not directly quantify 
sphincter pressure, functional urethral length, 
rhabdosphincter contractility, or tissue integration 
(5, 6). A cellular implant, carrier volume, injection-
related tissue reaction, concurrent electrical 
stimulation, and placebo response are all plausible 
explanations for reduced leakage in the absence of 
verified cellular regeneration (6, 7). An 
improvement in direct urethral metrics without a 
meaningful symptom effect also warrants cautious 
interpretation (5, 6). 
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 This review separates patient-reported symptoms, 
objective leakage burden, and direct assessment of 
urethral functional recovery (5, 9). The primary 
question asks whether symptomatic improvement 
after stem cell-based therapy is accompanied by 
concordant changes in urethral function rather than 
represented solely by leakage reduction. Safety and 
the direction of comparative trial findings are 
summarized to frame clinical interpretation of this 
evolving treatment field. 

Methods 

This systematic review followed PRISMA 2020 
reporting guidance. Two authors independently 
searched PubMed/MEDLINE, Scopus, Web of 
Science Core Collection, and the Cochrane Library 
from database inception through 2026-05-31. The 
strategy combined controlled vocabulary and free-
text terms for stress urinary incontinence, urethra, 
urinary sphincter, stem cells, mesenchymal stromal 
cells, muscle-derived cells, myoblasts, muscle 
precursor cells, adipose-derived cells, stromal 
vascular fraction, regenerative cells, and cell 
transplantation. The PubMed syntax was: ((“Urinary 
Incontinence, Stress”[Mesh] OR “stress urinary 
incontinence” OR SUI) AND (“Stem Cells”[Mesh] OR 
“stem cell*” OR “muscle-derived cell*” OR 
myoblast* OR “muscle precursor cell*” OR 
“adipose-derived stem cell*” OR “stromal vascular 
fraction” OR “regenerative cell*”) AND (urethra OR 
sphincter OR periurethral OR intrasphincteric)). 
Reference lists of eligible articles and relevant 
reviews were screened manually. 

Eligible studies enrolled adult women with clinically 
diagnosed SUI, delivered a human cell-based 
intervention to the urethra, external sphincter, 
bladder neck, or suburethral region, and reported 
postintervention symptoms, leakage burden, direct 
urethral function, safety, or more than one of these 
domains. Randomized trials, nonrandomized 
comparative studies, and prospective single-arm 
interventional studies were eligible. Animal, 

laboratory, review, protocol, and conference-only 
reports without sufficient outcome data were 
excluded. Studies of male postprostatectomy 
incontinence, non-cell injectables, duplicate data 
sets, and retracted publications were excluded. 
Reports describing the same cohort were linked and 
interpreted as one treatment program rather than 
independent confirmation. 

After deduplication, the two authors screened titles 
and abstracts, assessed full texts, and resolved 
disagreements through discussion. Using a piloted 
extraction form, the reviewers recorded study 
design, setting, participant characteristics, cell 
source and processing, dose, carrier, route, co-
intervention, duration of follow-up, efficacy 
outcomes, adverse events, and links to related 
cohort reports. Symptom outcomes were 
incontinence episodes, questionnaires, satisfaction, 
and quality-of-life measures. Objective leakage 
outcomes were pad tests, cough stress tests, and 
diaries. Direct urethral functional recovery was 
defined before extraction as a change in maximum 
urethral closure pressure, functional urethral 
length, leak-point pressure, sphincter contractility, 
or structural sphincter imaging assessed alongside 
function. 

The reviewers recorded trial design, attrition, 
outcome definition, co-intervention, and cohort 
overlap descriptively. No numerical quality score 
was used to exclude a study. A quantitative pooled 
estimate was not calculated because cell products, 
cell doses, carriers, delivery routes, comparator 
groups, co-interventions, follow-up intervals, and 
outcome definitions differed materially across 
studies. The synthesis prioritized blinded 
comparisons, direct functional endpoints, and 
clinically relevant symptom outcomes. 

Results 

Twenty-two original clinical reports published 
between 2008 and 2026 fulfilled the prespecified 
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 eligibility criteria, and small single-centre 
prospective cohorts dominated the earlier 
literature, whereas later reports included placebo-
controlled and active-comparator trials. Peters et al. 
pooled related phase I/II muscle-derived-cell series, 
and the two Blaganje reports represented 

sequential reporting from the same 38-patient 
program; these linked publications were not 
interpreted as independent confirmatory cohorts 
(14, 17, 25). A previously published randomized trial 
reporting striking cell-therapy effects was excluded 
because it was formally retracted (32). 

Table 1. Symptom-dominant clinical reports of cell-based therapy for female SUI 

Study Cell product and delivery Main symptom or leakage findings 
Direct urethral-function 
finding 

Carr et al., 2008; n=8 
(10) 

Autologous muscle-derived cells, 
transurethral injection 

Five women improved and one became 
continent; improvement persisted for a 
median of 10 months 

Not reported 

Lee et al., 2010; n=39 
(11) 

Human cord-blood stem cells, 
transurethral injection 

Twenty-six women reported more than 50% 
improvement at 12 months 

Urodynamics assessed in ten 
women; numerical values were 
not reported 

Sèbe et al., 2011; 
n=12 (12) 

Autologous deltoid-muscle 
progenitor cells, intrasphincteric 
injection 

Three women were dry and seven improved 
on pad testing at 12 months 

Qmax showed no change at 3 
months 

Shirvan et al., 2013; 
n=9 (13) 

Autologous total nucleated cells 
plus platelets, sphincteric and 
submucosal injection 

Eight women became continent and one 
markedly improved at 6 months 

MUCP and ALPP were reported 
in one woman with intrinsic 
sphincter deficiency 

Blaganje and 
Lukanović, 2012; 
n=38 (14) 

Autologous myoblasts into external 
sphincter plus electrical stimulation 

At 6 weeks, 29 women had a negative stress 
test and 29 reported improvement 

Not reported 

Carr et al., 2013; 
n=38 (15) 

Autologous quadriceps-derived 
cells, low or high dose, one or two 
injections 

In the two-treatment subgroup, 50% pad-
weight reduction occurred in 8/9 high-dose 
and 8/13 low-dose recipients 

Not reported 

Stangel-
Wojcikiewicz et al., 
2014; n=16 (16) 

Autologous muscle-derived cells, 
transurethral rhabdosphincter 
injection 

Two-year success was 75%, including 50% 
complete and 25% partial improvement 

Not reported 

Peters et al., 2014; 
n=80 (17) 

Autologous muscle-derived cells, 
10-200 million cells, 
intrasphincteric injection 

Higher-dose groups had a larger proportion 
with at least 50% reductions in leaks and 
pad weight 

Not reported 

Gräs et al., 2014; 
n=35 (18) 

Freshly minced autologous skeletal 
muscle, intraurethral injection 

Cure/improvement occurred in 25%/63% of 
uncomplicated and 7%/57% of complicated 
SUI groups 

No voiding dysfunction; no 
direct sphincter measure 

Kuismanen et al., 
2014; n=5 (19) 

Autologous adipose stem cells plus 
bovine collagen gel, transurethral 
injection 

Three women had a negative cough test at 
12 months and all reported some 
questionnaire improvement 

No direct pressure-based 
measure 

Arjmand et al., 2017; 
n=10 (20) 

Autologous adipose-derived stem 
cells, transurethral and transvaginal 
periurethral injection 

Pad-test and ICIQ-SF scores improved 
through 24 weeks 

Qmax rose from 32.6 to 35.7 
mL/s; Qmax is not a direct 
sphincter-pressure measure 
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 Across early uncontrolled cohorts, symptom and 
leakage improvement appeared frequent, although 
definitions of cure and improvement varied 
substantially and follow-up was generally short. The 
dose-ranging study found a higher proportion of 
pad and diary responders among high-dose 
recipients after two injections, while the pooled 80-

participant report described a similar dose-
response pattern without direct physiologic 
measurements (15, 17). The small adipose-cell pilot 
combined cells with collagen, and the total-
nucleated-cell study combined cells with platelets, 
leaving the independent contribution of the cellular 
component uncertain (13), (19). 
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Figure 1: PRISMA flow chart 
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 Table 2. Comparative and function-focused reports: concordance between symptoms and urethral recovery 

Study Design and principal clinical result Direct functional or structural outcome Interpretation 

Jankowski et al., 2018 
(21) 

Blinded AMDC-USR versus placebo trial; 
90% placebo response on the composite 
endpoint led to early halt 

No direct urethral functional endpoint 
reported 

Primary efficacy result 
inconclusive 

Sharifiaghdas et al., 
2019; n=20 (22) 

At 12 months, 10/17 completers had 
complete response; several responders 
relapsed by 24 months 

Multichannel urodynamics obtained, 
without extractable numerical 
functional result in the abstract 

Symptom durability 
uncertain 

García-Arranz et al., 
2020; female cohort 
n=10 (23) 

Five women achieved more than 50% pad-
test improvement 

Urodynamics performed at baseline 
and 12 months; no extractable 
numerical urethral result 

Functional recovery 
indeterminate 

Maene et al., 2022; 
n=10 (24) 

Negative cough test in 8, 6, and 4 women 
at 3, 6, and 9 months 

MRI undertaken; no quantified 
functional recovery reported 

Declining leakage 
response; regeneration 
unverified 

Blaganje and 
Lukanović, 2022; n=38 
(25) 

Incontinence frequency, short pad test, 
quality of life, and perceptions improved 
through two years 

Urodynamic urethral properties did not 
improve overall at one year 

Symptom-function 
discordance 

Schmid et al., 2023; 
n=9 treated (26) 

ICIQ-UI-SF score fell from 7 to 4 at six 
months 

Functional urethral length under stress 
increased from 25 to 30 mm and 
external sphincter diameter from 1.8 to 
1.9 mm 

Concordant short-term 
signal in an open phase I 
study 

Mahboubeh et al., 
2023; n=30 (27) 

Negative Marshall test: 73% with mucosa-
derived cells versus 80% with mini-sling, 
p=0.6 

No direct urethral pressure or structural 
outcome 

Symptom and stress-test 
comparison only 

Kaufman et al., 2024; 
n=297 randomized 
(28) 

At 12 months, at least 50% stress-episode 
reduction occurred in 52.0% versus 53.6% 
with placebo, p=0.798 

No direct functional endpoint reported 
Overall symptom benefit 
not superior to placebo 

Rose and Rübben, 
2025; n=217 (29) 

Low- and high-cell-dose groups plus 
electrical stimulation showed greater 12-
week incontinence-episode reduction 
than placebo 

No direct urethral pressure or imaging 
endpoint reported 

Benefit of the combined 
regimen; cellular 
mechanism unverified 

Dutta et al., 2025; SUI 
subgroup n=8 (30) 

One-hour and three-day pad weights and 
UDI-6/IIQ-7 scores fell after bladder-neck 
injection 

No direct urethral functional endpoint 
reported 

Symptom and leakage 
signal in a small phase I 
cohort 

Souza et al., 2026; 
n=20 treated (31) 

Positive cough test fell from 100% to 40% 
in the skeletal-muscle MSC group; bone-
marrow MSC results were modest 

No direct urethral functional endpoint 
reported 

Feasibility signal, with 
limited efficacy and early 
termination 

The Schmid phase I trial reported improvement in 
functional urethral length and external sphincter 
diameter alongside an ICIQ-UI-SF reduction, 
whereas the 38-patient Blaganje follow-up found no 
overall improvement in urodynamic urethral 
properties despite persistent symptom and quality-
of-life gains (25, 26). A randomized ultrasound study 
recorded increased total and external sphincter 

volumes and lower incontinence-episode frequency 
in both the AMDC and placebo injection groups, 
with no between-group difference at 12 months 
(33). The 2024 multicentre trial did not meet its 
primary symptom endpoint, while the 2025 
electrical-stimulation trial favored cell-treatment 
arms against placebo on leakage and quality-of-life 
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 outcomes without a direct physiologic endpoint (28, 
29).  

Discussion 

The central finding is a repeated signal of 
symptomatic improvement after cell-based therapy 
for female SUI, paired with inconsistent direct 
confirmation of urethral functional recovery. Open 
cohorts frequently recorded fewer leakage 
episodes, lower pad weights, improved cough stress 
testing, and better questionnaire scores after 
intervention. The direct-function literature is much 
narrower: one 38-patient follow-up reported 
sustained symptom benefit without overall 
urodynamic improvement, while a nine-patient 
phase I study reported favorable short-term 
changes in functional urethral length and sphincter 
diameter (25, 26). The largest blinded trial found no 
overall difference from placebo for its prespecified 
symptom endpoint, placing the uncontrolled 
response estimates in context (28). 

A decrease in leakage does not identify the 
mechanism producing that decrease. Periurethral 
injection introduces cells, carrier, volume, needling, 
and local tissue response, each of which has the 
potential to alter coaptation or patient expectations 
without durable cellular engraftment (6), (7). The 
placebo-controlled ultrasound analysis provides a 
practical example, as both injected groups showed 
larger measured sphincter volumes and fewer 
stress episodes without a between-group difference 
(33). Electrical stimulation and biologic co-products 
create additional attribution problems, since 
myoblast implantation plus electrical stimulation, 
stromal vascular fraction plus platelet-rich fibrin, 
and adipose cells plus collagen each combine more 
than one active element (14, 19, 24, 29). These 
sources of heterogeneity explain why a shared label 
of “stem cell therapy” does not represent one 
uniform clinical intervention (7-9). 

Direct functional endpoints require a defined role in 
future trials. Maximum urethral closure pressure, 
functional urethral length, abdominal leak-point 
pressure, standardized urethral pressure profiling, 
and blinded imaging of the external sphincter would 
provide a stronger test of the proposed 
regenerative mechanism than symptom diaries 
alone (5, 6). The Schmid trial supplies a useful early 
framework by pairing patient-reported symptoms 
with functional length and magnetic-resonance 
imaging, although its sample comprised only nine 
treated women and its follow-up lasted six months 
(26). The Blaganje program illustrates an equally 
important alternative pattern: symptoms and 
quality of life improved while overall urodynamic 
urethral properties did not (25). Future protocols 
require prospectively specified core symptom, 
leakage, direct-function, imaging, and safety 
outcomes measured at common intervals (5, 6, 25, 
26). 

We found that short-term procedural tolerability 
was acceptable across the included reports, with no 
treatment-related tumour formation reported 
during observed follow-up. This absence does not 
rule out rare or delayed harms because most 
cohorts were small and several had less than two 
years of follow-up. The 2024 trial supplies the most 
informative comparative safety data, recording 
treatment-related adverse events in 9.5% of cell-
treated participants and 6.1% of placebo 
participants, while the 2026 pilot ended early 
because efficacy, logistics, and financial 
sustainability were limited (28, 31). We found that 
long-term surveillance is essential for a therapy 
involving expanded or manipulated cellular 
products. 

This review distinguishes objective leakage 
measures from direct urethral functional recovery, 
excludes a formally retracted trial, and links related 
reports to prevent overinterpretation of repeated 
publications from the same development program 
(5, 17, 25, 32). Its limitations arise from 
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 heterogeneity in cell source, processing, dose, 
carrier, injection site, co-intervention, follow-up, 
endpoint definition, and the predominance of small 
nonrandomized studies (7-9). The narrative 
synthesis did not generate a pooled effect estimate, 
since a single numerical summary would obscure 
clinically important differences between cell 
products and study designs.  

Conclusion 

Stem cell-based therapy for female SUI is associated 
with repeated reports of lower leakage burden and 
improved symptom scores, together with 
acceptable short-term procedural tolerability. The 
current literature does not establish consistent 
recovery of urethral pressure, functional length, 
sphincter contractility, or durable structural 
regeneration. Direct physiologic outcomes are 
sparse, and comparative trials produce mixed 
symptom findings. Cell therapy remains 
investigational. Future trials require blinded 
comparators, preregistered core outcome 
definitions, standardized cell-product reporting, 
separation of cellular effects from carriers or 
electrical stimulation, and sufficiently long 
surveillance for durability and safety. 

Abbreviations 

ADSC, adipose-derived stem cell; ALPP, abdominal 
leak-point pressure; AMDC-USR, autologous 
muscle-derived cells for urinary sphincter repair; 
EUS, external urethral sphincter; FES, functional 
electrical stimulation; FUL, functional urethral 
length; ICIQ-UI-SF, International Consultation on 
Incontinence Questionnaire-Urinary Incontinence 
Short Form; IEF, incontinence-episode frequency; 
IIQ-7, Incontinence Impact Questionnaire-7; I-QOL, 
Incontinence Quality of Life questionnaire; MSC, 
mesenchymal stromal cell; MUCP, maximum 
urethral closure pressure; MPC, muscle precursor 
cell; Qmax, maximum urinary flow; SUI, stress 

urinary incontinence; SVF, stromal vascular fraction; 
TNC, total nucleated cells. 
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