
www.einj.orgCopyright © 2020 Korean Continence Society

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (https://creative-

commons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distri-
bution, and reproduction in any medium, provided the original work is properly cited.

Corresponding author: Saeed Sadigh-Eteghad   https://orcid.org/0000-0003-
2872-1072
Neurosciences Research Center (NSRC), Tabriz University of Medical Sciences, 
5166614756, Tabriz, Iran
E-mail: Saeed.sadigetegad@gmail.com 
Submitted: February 14, 2020 / Accepted after revision: March 23, 2020

Original Article

https://doi.org/10.5213/inj.2040058.029
pISSN 2093-4777 · eISSN 2093-6931

Vo
lum

e 19 | N
um

b
er 2 | June 2015   pages 131-210

IN
J

IN
T

E
R

N
AT

IO
N

A
L 

N
E

U
R

O
U

R
O

LO
G

Y
 JO

U
R

N
A

L

Official Journal of 
Korean Continence Society / Korean Society of Urological Research / The Korean Children’s Continence 
and Enuresis Society / The Korean Association of Urogenital Tract Infection and Inflammation

einj.org
Mobile Web

pISSN 2093-4777
eISSN 2093-6931

IN
T

E
R

N
AT

IO
N

A
L  N

E
U

R
O

U
R

O
LO

G
Y

  JO
U

R
N

A
L

Purpose: Neurogenic bladder dysfunction (NGB) has an impact on the quality of life, which made it an important research 
subject in preclinical studies. The present review investigates the effect of stem cell (SC) therapy on bladder functional recov-
ery after the onset of spinal cord injury (SCI), multiple sclerosis (MS), Parkinson disease (PD), and stroke in rodent models.
Methods: All experiments evaluated the regenerative potential of SC on the management of NGB in rodent models up to June 
2019, were included. From 1,189 relevant publications, 20 studies met our inclusion criteria of which 15 were conducted on 
SCI, 2 on PD, 2 on stroke, and 1 on MS in the rodent models. We conducted a meta-analysis on SCI experiments and for other 
neurological diseases, detailed urodynamic findings were reported.
Results: The common SC sources used for therapeutical purposes were neural progenitor cells, bone marrow mesenchymal 
SCs, human amniotic fluid SCs, and human umbilical cord blood SCs. There was a significant improvement of micturition 
pressure in both contusion and transaction SCI models 4 and 8 weeks post-SC transplantation. Residual urine volume, mictu-
rition volume, and bladder capacity were improved 28 days after SC transplantation only in the transaction model of SCI. 
Nonvoiding contraction recovered only in 56 days post-cell transplantation in the contusion model.
Conclusions: Partial bladder recovery has been evident after SC therapy in SCI models. Due to limitations in the number of 
studies in other neurological diseases, additional studies are necessary to confirm the detailed mechanism for bladder recov-
ery.

Keywords: Stem cell therapy; Neurogenic bladder; Rodent models; Systematic review

•  Fund/Grant Support: This study was financially supported by Research center for Evidence-Based Medicine Tabriz University of Medical Sci-
ences (grant No. 59224). 

•  Research Ethics: This meta-analysis was approved by the local ethical committee of Tabriz University of Medical Sciences (IR.TBZMED.
REC.1397.451).

•  Conflict of Interest: No potential conflict of interest relevant to this article was reported.

Stem Cell Therapy for Neurogenic Bladder Dysfunction in Rodent 
Models: A Systematic Review

Hanieh Salehi-Pourmehr1, Sakineh Hajebrahimi1,2, Reza Rahbarghazi3, Fariba Pashazadeh1, Javad Mahmoudi4,  
Narjes Maasoumi5, Saeed Sadigh-Eteghad4,6,7 
1 Research Center for Evidence-Based Medicine, Iranian EBM Centre: A Joanna Briggs Institute (JBI) Center of Excellence, Tabriz University of Medical 
Sciences, Tabriz, Iran

2Urology Department, Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran
3Stem Cell Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
4Neurosciences Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
5University Hospital Southampton, Southampton, United Kingdom
6East-Azerbaijan Comprehensive Stroke Program, Tabriz University of Medical Sciences, Tabriz, Iran
7Department of Persian Medicine, Faculty of Persian Medicine, Tabriz University of Medical Sciences, Tabriz, Iran

Int Neurourol J 2020;24(3):241-257

http://crossmark.crossref.org/dialog/?doi=10.5213/inj.2040058.029&domain=pdf&date_stamp=2020-09-30


242    www.einj.org

Salehi-Pourmehr, et al.  •  Stem Cell Therapy in the Neurogenic Bladder in RodentsINJ

Int Neurourol J  September 30, 2020

INTRODUCTION

Neurogenic bladder (NGB) is an ineffective bladder that origi-
nated from the damage to the central or peripheral nervous 
system. Regarding the site and severity of injury to the nervous 
system, patients usually experience urinary frequency, inconti-
nence, urgency, and urinary tract infection [1]. In the United 
States, a fraction of patients with multiple sclerosis (MS; 40%–
90%), Parkinson disease (PD; 37%–72%), and stroke (15%) suf-
fer from NGB. In the 50%–90% of patients with MS, hyperreflexia 
is indicated and the others have areflexia [2]. After spinal cord 
injury (SCI), 70%–84% of patients confront with some degree 
of bladder dysfunction [3]. NGB has a tremendous effect on the 
quality of life [4]. In addition to physical and clinical aspects, 
the signs associated with urinary incontinence can negatively 
impact a patient’s quality of life  [5]. Different strategies includ-
ing conservative methods (lifestyle changes, bladder retraining, 
pelvic floor muscle training), pharmacological (anticholiner-
gics, β-adrenoceptor agonists) and nonpharmacological ap-
proaches (electrical stimulation, clean intermittent catheteriza-
tion, and indwelling catheters), as well as surgical interventions 
(augmentation cystoplasty), have been developed for the man-
agement of NGB. However, improvement in voiding dysfunc-
tion is not been fully achieved and also was accompanied by 
several side effects [4,6-10]. Based on the results from previous 
experiments, stem cell (SC) transplantation is used in the man-
agement of neuro-urological diseases accompanied by promis-
ing outcomes [11]. The potential of self-renewal, multilineage 
differentiation, site-specific migration, tissue regeneration, 
made SC as a beneficial therapeutic target in the treatment of 
several types of complications such as degenerative diseases 
[12]. The major issues in SC therapy correlate with cell survival, 
dynamic growth, and regeneration potential of transplanted 
cells in the long-term outcome [13]. Despite the promising ef-
fects of SC therapies, there is a concern about cellular rejection 
by the adaptive immune response in the host tissues. A large 
number of transplant cells die in the early hours to days postad-
ministration [14]. Animal models are valuable tools for evaluat-
ing new therapeutic agents and efficacy of candidate interven-
tions such as SC. Also, rodent models mimic many features of 
disorders and have been extensively applied to study the mech-
anisms of therapeutic interventions and assess the possible ad-
verse effects of treatments [15]. Considering the possible un-
wanted effects associated with SC administration, appropriate 
integration to the host tissues, and a number of viable SCs, it 

limits the efficacy and therapeutic potential of this approach 
[16]. Despite these challenges, SC therapy makes significant 
steps toward the clinic in the coming decades [17]. Although 
several experimental types of research have been conducted to 
examine the potency of SCs on the management of bladder 
dysfunction, there is no general agreement on regenerative out-
comes in empirical studies [18,19]. In the current systematic re-
view, we highlighted the restoration of bladder function post-
SC transplantation in preclinical NGB dysfunction studies us-
ing meta-analysis on SCI and with a comprehensive systematic 
review in PD, stroke, and MS.

MATERIALS AND METHODS

Search Strategy
A systematic search was conducted in Embase, ProQuest, Co-
chrane library, Clinicaltrial.gov, WHO, Google Scholar, MED-
LINE via PubMed, Ovid, Scopus, Web of Science, ongoing tri-
als registers, and conference proceedings in June 2019 with no 
limit of date or language. The list of included review articles, ex-
periments, and contacted authors of included trials were 
screened for subsequent analyses. We also monitored the ab-
stracts from international congress. Unpublished or incomplete 
experiments were scoped via researchers known to participate 
in similar studies.

Inclusion and Exclusion Criteria
All preclinical studies about NGB and SC transplantation as 
therapy on rodents (e.g., mouse and rat) models of SCI, PD, 
MS, and stroke were included. We excluded all studies report-
ing the effect of SC therapy associated with conditions other 
than the mentioned neurological disease models or with hu-
man subjects or in vitro studies without any access to full-text. 
Inclusion and exclusion criteria are summarized in Table 1. Ti-
tle and abstract screening process were performed indepen-
dently by 2 investigators. Then, each author separately evaluated 
the full-text of selected articles. Any dispute among different 
study sections between reviewers was resolved by debate until 
unanimity was reached. A preliminary review of the data was 
done on the identified citations in study selection I. Due to the 
profound heterogeneity within the data from various studies, a 
wide range of point estimates was achieved and thereby a sec-
ond study selection was done (study selection II) to screen most 
relevant results for further statistical analysis. All types of SCs 
or other progenitor cells were included in the current systemat-
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ic review. Of note, autologous or human-derived bone marrow 
mesenchymal SCs (hBMSC), human amniotic fluid SC (hAF-
SC) and human umbilical cord blood SC (hUCMSC), oral mu-
cosa, human embryonic SCs-medial ganglionic eminence 
(hESC-MGEs), human glial-restricted progenitors, immortal-
ized neural SCs, neural-restricted progenitors (NRPs), glial-re-
stricted progenitors (GRPs), human glial-restricted progenitors 
(hGRP) and astrocytes derived from hGRP, human-derived ad-
ipocyte SC, and interstitial cells of Cajal were enrolled in this 
study. The primary outcome measures were urodynamic-asso-
ciated findings such as micturition pressure, residual urine vol-
ume, nonvoiding contraction, bladder capacity, micturition 
volume, maximum pressure, and detrusor hyperreflexia.

Data Extraction
Two authors independently recorded the information by using 
a data extraction form as follows: Author, year of publication 
and type, animal characteristics (including strain, species, and 
sex) and the model of neurological disease to induce NGB de-
tails, the characteristics of SCs (including type, route, time, 
dose, and frequency of transplantation), study quality evalua-
tion, and the reporting of measures to reduce the risk of bias 
(see the following sections). We collected data for the nature of 
the outcome reported (urodynamic parameters), and animal 
number per group, mean outcome and standard deviation (SD) 
or standard error of the mean. In a single publication where 
various experiments were represented, the data were consid-
ered as independent experiments. Disagreement resolved in 
consultation with the third person. For graphically presented 
data, we monitored the values from graphs using Universal 
Desktop Ruler (ver. 2.9) or contacted the authors of the manu-
script for the details.

Methodological Quality of Studies
For this propose, 2 reviewers assessed the methodological qual-
ity of the selected trials. The assessment of the risk of bias was 
done through a 6-criterion appraisal checklist containing se-
quence generation, allocation concealment, blinding, incom-
plete outcome data, and selective outcome reporting and other 
bias. The internal validity of the enrolled studies (e.g., selection, 
performance, detection, and attrition bias) and other study 
quality measures (e.g., reporting quality, power) were assessed 
using a modified version of the Collaborative Approach to Me-
ta-Analysis and Review of Animal Data from Experimental 
Studies (CAMARADES) quality checklist  [15].

Statistical Analysis
The outcomes of interest in the current analysis were the mictu-
rition pressure, micturition volume, maximum pressure, resid-
ual urine volume, nonvoiding contraction, or detrusor hyperre-
flexia in rodents with NGB induced by SCI. Results for PD, 
stroke, and MS were not subjected to the statistical analysis due 
to the lack of sufficient data. Meta-analysis of the data such as 
findings of urodynamic studies was done by using the Mantel-
Haenszel method with Comprehensive Meta-Analysis software 
(ver. 2.2; Biostat, Englewood, NJ, USA). All variables were con-
tinuous data. Mean±SD was used to calculate the standardized 
mean difference and 95% confidence interval (CI). Statistical 
heterogeneity was analyzed using the I2 value and the result of 
the chi-square test. A P <0.05 and I2 >50% were considered 
suggestive of statistical heterogeneity. We used the fixed model 
for low heterogeneity and mixed model for high heterogeneity 
in parameter analysis. Subgroup analysis was done whenever it 
was possible. Results of the comprehensive meta-analysis to ex-
amine any potential publication bias in the studies are shown as 
Funnel plots.

Table 1. Inclusion and exclusion criteria in study selection rounds I and II

Study selection Inclusion criteria Exclusion criteria

Round I Preclinical studies In vitro studies

Studies on rodent models Studies with human subjects

Studies evaluating the effect of SCs therapy in the management of 
neurogenic bladder following SCI, MS, PD, and stroke models

Studies reporting the effect of SCs therapy associated with 
conditions other than the mentioned neurological disease model

Round II Studies reporting data from the urodynamic study Studies without any urodynamic data

Studies involved combined treatment with SCs

SC, stem cell; PD, Parkinson disease; SCI, spinal cord injury; MS, multiple sclerosis.
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RESULTS

Description of Studies
We found 1,189 relevant publications during the searching of 
electronic databases. Among them, 1,281 were excluded after 
an intensive screening of the titles and abstracts, duplicate pub-
lications, or human subjects. The full-text of 53 articles was 
evaluated and finally, 19 studies met our inclusion criteria that 
evaluated SC therapy effects on NGB (Table 2). Among the in-
cluded studies, 15 publications were conducted on SCI (of these 
3 were induced by transection model and others were contu-
sion model), 2 on PD (6-hydroxydopamine administration into 
medial forebrain bundle region, 2 related to stroke and one cor-
related with MS rodent models. Most of the publications used 
rats and only 3 studies related to SCI and MS experiments used 
the mouse as a model. In 4 publications, male rats were exam-
ined while the others were conducted on female rats, and gen-
der was not mentioned in 2 publications. The common SCs 
type used in the studies were neural progenitor cells (NPCs), 
BMSc, hAFSC, and hUCMSC. The common delivery routes for 
cell transplantation were intrathecal, intrabladder wall or intra-
tail vein, substantia nigra, and medial forebrain bundle. In one 
of the SCI studies, urodynamic data were not in accordance 
with the other data thereby we didn’t include it in the meta-
analysis [20]. Finally, 11 studies met all inclusion criteria. In one 
study, the urodynamic assessment was done 6 months post-cell 
transplantation [21] and in another study, NPC was transplant-
ed 13 weeks after contusion lesion [22]. Therefore, we did not 
include these studies to analyze and eventually, 9 studies were 
used. A flow chart for data selection is represented in Fig. 1. We 
did not perform a meta-analysis in the other models of NGB 
(i.e., PD, stroke, and MS) due to the lack of sufficient studies.

Risk of Bias in the Included Studies
In the current study, a modified CAMARADES quality check-
list was used to assess the internal and external validity of the 
selected studies. The checklist contains details notably random-
ized allocation (model/sham groups), blinded induction of the 
model and assessment of outcomes, calculation of the sample 
size, compliance with existing animal welfare act, the disclosure 
of all relevant conflicts of interest, reporting of animal exclu-
sions, and publication in peer-reviewed journals. All articles 
had been issued in peer-reviewed journals. Seven studies had 
disclosure statements for conflicts of interest. All papers except 
one stated compliance with the animal protection act. The pro-

cedure of random assignment to the groups was seen in 25% of 
studies. All selected articles declared blinded induction of the 
animal model. No study existed to state the methodology of 
sample size calculation and only 6 studies illustrated both ani-
mal exclusion criteria and blind outcome assessment (Fig. 2).

Urodynamic Findings
Parkinson disease
Campeau showed that the ipsilateral transplantation of rat BM-
SCs (rBMSCs) into substantia nigra improved urodynamic pa-
rameters in the PD model up to 42 days. However, it was shown 
that encapsulated BMSCs (ErBMSCs) exacerbated the urody-
namic parameters on days 7 and 14 after cell transplantation 
without any improvement during 42 days. rBMSC-treated ani-
mals showed a lower threshold, intermicturition pressure spon-
taneous activity, and uninhibited contraction 42 days post-cell 
transplantation compared to the control animals. The adminis-
tration of ErBMSCs to rats yielded lower threshold pressure af-
ter 28 days and lower spontaneous activity on day 42 than that 
in rats given vehicle only [23]. In the study of Soler et al. [24], 
cystometric parameters were changed in all groups, 3 and 7 
days after cell transplantation compared to parallel-matched 
controls. Cystometric parameters including bladder capacity, 
micturition pressure, spontaneous activity, and threshold pres-
sure were improved in rats received BMSC and hAFSC 14 days 
after cell administration. On day 14, hBM-MSC injected rats 
showed improvement in micturition volume, bladder capacity, 
micturition pressure, mean bladder pressure between 2 mictu-
ritions, spontaneous activity, compliance, and threshold pres-
sure. Moreover, nonsignificant differences were found in the 
cystometric parameter among the groups after 28 days  [24].

Stroke
According to the study of Liang et al. [25], pre- and postadmin-
istration of SCs via the tail vein in ischemic rats, returned cysto-
metric variables nearly to levels found in sham-operated rats. 
All rats were subjected to bilateral ovariectomy 2 weeks prior to 
middle cerebral artery occlusion (MCAO) to create a hypoes-
trogenic menopausal state. Results from cystometric analysis 
noted that ischemic rats showed increased values in peak void-
ing pressure and residual urine volume 1, 3, and 7 days after the 
induction of MCAO, which further decreased after cell admin-
istration. Both intercontraction intervals and voided volumes 
were reduced post-MCAO while these values increased after 
cell transplantation on days 3 and 7.



www.einj.org    245

 Salehi-Pourmehr, et al.  •  Stem Cell Therapy in the Neurogenic Bladder in Rodents INJ

Int Neurourol J  September 30, 2020

Ta
bl

e 2
. C

ha
ra

ct
er

ist
ics

 o
f i

nc
lu

de
d 

stu
di

es
 in

 sy
ste

m
at

ic 
re

vi
ew

 an
d 

m
et

a-
an

aly
sis

Sp
ec

ies
Ty

pe
 o

f 
di

se
as

es
O

ut
co

m
e (

s)
M

ec
ha

ni
sm

 (s
)

C
ell

 ty
pe

C
ell

 d
en

sit
y

Th
e t

im
e 

pe
rio

d 
be

tw
ee

n 
in

ju
ry

 an
d 

ce
ll 

tra
ns

pl
an

tat
io

n

Tr
an

sp
lan

ta
tio

n 
zo

ne

Ti
m

e o
f 

cy
sto

m
et

ry
 

aft
er

 
tra

ns
pl

an
tat

io
n

Re
fe

re
nc

es

Fe
m

ale
 ra

ts
PD

Im
pr

ov
em

en
t a

t 4
2 d

ay
s

Ty
ro

sin
e h

yd
ro

xy
las

e p
os

iti
ve

 
ne

ur
on

s i
n 

th
e t

re
at

ed
 su

bs
ta

nt
ia

 
ni

gr
a p

ar
s c

om
pa

cta
 (j

ux
tac

rin
e e

ffe
ct)

rB
M

SC
s

1×
10

5
2 W

ee
ks

Ip
sil

ate
ra

l 
su

bs
tan

tia
 n

igr
a

7,
 14

, 2
8,

 an
d 

42
 d

ay
s

Ca
m

pe
au

 et
 al

., 
20

14
 [2

3]

Fe
m

ale
 at

hy
m

ic 
nu

de
 ra

ts
PD

Te
m

po
ra

ril
y a

m
eli

or
at

io
n 

of
 b

lad
de

r d
ys

fu
nc

tio
n

Ju
xt

ac
rin

e o
r p

ar
ac

rin
e e

ffe
ct

s
hA

FS
Cs

 an
d

hB
M

SC
s

-
2 W

ee
ks

Ri
gh

t M
FB

3,
 7,

 14
, a

nd
 

28
 d

ay
s

So
ler

 et
 al

., 
20

10
 [2

4]

Fe
m

ale
 Sp

ra
gu

e-
D

aw
ley

 ra
ts

St
ro

ke
Im

pr
ov

em
en

t o
f b

lad
de

r 
dy

sfu
nc

tio
n

Ex
pr

es
sio

ns
 o

f b
lad

de
r N

G
F, 

m
us

ca
rin

ic 
an

d 
P2

X1
 re

ce
pt

or
s

hA
FS

Cs
1×

10
6

3 H
ou

rs
Bl

ad
de

r w
al

l
D

ay
s 3

 an
d 

10
Li

an
g e

t a
l., 

20
17

 [2
6]

Fe
m

ale
 Sp

ra
gu

e-
 

D
aw

ley
 ra

ts
C

er
eb

ra
l 

isc
h-

em
ia

Re
sto

ra
tio

n 
of

 b
lad

de
r 

dy
sfu

nc
tio

n
Ex

pr
es

sio
ns

 o
f N

G
F, 

M
2,

 an
d 

M
3 

in
 th

e b
lad

de
r

hU
CM

SC
s

1×
10

6
O

ne
 gr

ou
p 

30
 

m
in

ut
es

 b
ef

or
e 

M
CA

O
 an

d 
on

e g
ro

up
 3 

ho
ur

s a
fte

r 
M

CA
O

Ta
il 

ve
in

1,
 3,

 an
d 

7 
da

ys
Li

an
g e

t a
l., 

20
16

 [2
5]

M
ale

 Sp
ra

gu
e-

 
D

aw
ley

SC
I

Im
pr

ov
em

en
t o

f b
lad

de
r 

dy
sfu

nc
tio

n
In

hi
bi

tin
g a

po
pt

os
is 

an
d 

en
ha

nc
in

g 
ce

ll p
ro

lif
er

at
io

n
O

ra
l m

uc
os

a 
ste

m
 ce

lls
 o

f 
ra

ts

-
Im

m
ed

iat
ely

Le
sio

n 
ca

vi
ty

3 W
ee

ks
Ch

o 
et

 al
., 

20
14

 [2
0]

Im
m

un
e-

de
fic

ien
t 

B6
.C

B1
7 m

ice
SC

I
Im

pr
ov

em
en

t o
f N

VC
, R

V
 

an
d 

vo
id

in
g e

ffi
cie

nc
y

D
iff

er
en

tia
te 

in
to

 G
AB

Ae
rg

ic 
ne

ur
on

 su
bt

yp
es

 an
d r

ec
eiv

e 
sy

na
pt

ic 
in

pu
ts 

fu
nc

tio
na

l 
in

teg
ra

tio
n i

nt
o h

os
t s

pi
na

l c
or

d

hE
SC

-M
G

Es
3×

10
5  (l

ow
 d

os
e)

 
or

 6
×

10
5  an

d 
8×

10
5  

(h
ig

h 
do

se
)

2 W
ee

ks
Sp

in
al 

co
rd

 at
 

th
e l

um
ba

r 
en

lar
ge

m
en

t

6 M
on

th
s

Fa
nd

el 
et

 al
., 

20
16

 [2
1]

M
ale

 Sp
ra

gu
e-

D
aw

ley
 ra

ts
SC

I
Re

co
ve

ry
 o

f l
ow

er
 

ur
in

ar
y t

ra
ct

 fu
nc

tio
n

In
hi

bi
tio

n 
un

m
ed

iat
ed

 C
-fi

be
r 

bl
ad

de
r a

ffe
re

nt
 sp

ro
ut

in
g a

nd
 

de
cr

ea
se

 a 
C-

fib
er

 b
lad

de
r-

to
-

bl
ad

de
r s

pi
na

l m
ict

ur
iti

on
 re

fle
x

BM
SC

s
3×

10
6

9 D
ay

s
Ta

il 
ve

in
4 W

ee
ks

H
u 

et
 al

., 
20

11
 [8

5]

Fe
m

ale
 Sp

ra
gu

e-
D

aw
ley

 ra
ts

SC
I

Re
co

ve
ry

 o
f b

lad
de

r 
fu

nc
tio

n
D

iff
er

en
tia

tio
n 

in
to

 sm
oo

th
 m

us
cle

 ce
lls

BM
3.

B1
0 

(B
10

)
1×

10
6

4 W
ee

ks
Bl

ad
de

r w
al

l
4 W

ee
ks

Le
e e

t a
l., 

20
15

 [7
4]

Fe
m

ale
 at

hy
m

ic 
ra

ts
SC

I
At

ten
ua

tio
n 

of
 hy

pe
ra

ct
ive

 
bl

ad
de

r r
efl

ex
es

D
iff

er
en

tia
tio

n 
in

to
 gl

ia
, a

str
oc

yt
es

,
hG

RP
 an

d 
hG

D
A

1×
10

5
9 D

ay
s

Sp
in

al 
co

rd
 at

 th
e 

les
io

n 
ce

nt
er

8 W
ee

ks
Jin

 et
 al

., 
20

11
 [3

0]

Fe
m

ale
 W

ist
ar

 ra
ts

SC
I

Re
co

ve
ry

 o
f v

oi
di

ng
 

fu
nc

tio
n

-
Im

m
or

ta
liz

ed
 

ne
ur

al 
ste

m
 

ce
lls

 (E
G

6 
ce

lls
)

1×
10

6
9 D

ay
s

In
ju

re
d 

sp
in

al 
co

rd
4 W

ee
ks

M
its

ui
 et

 al
., 

20
03

 [3
1]

Fe
m

ale
 Sp

ra
gu

e-
D

aw
ley

 ra
ts

SC
I

Im
pr

ov
em

en
t o

f b
lad

de
r 

fu
nc

tio
n

N
eu

ro
pr

ot
ec

tio
n,

 ax
on

al 
gr

ow
th

N
RP

s a
nd

 
G

RP
s

10
 µ

L
9 D

ay
s

In
to

 th
e s

pi
na

l 
co

rd
8 W

ee
ks

M
its

ui
 et

 al
., 

20
05

 [7
2]

Fe
m

ale
 Sp

ra
gu

e-
D

aw
ley

 ra
ts

SC
I

Re
co

ve
ry

 o
f m

ict
ur

iti
on

 
fu

nc
tio

n
N

eu
ro

pr
ot

ec
tio

n
N

eu
ro

na
l 

pr
ec

ur
so

rs
1×

10
5  ce

lls
/μ

L
9 D

ay
s

Le
sio

n 
sit

e
8 W

ee
ks

M
its

ui
 et

 al
., 

20
11

 [3
2]

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)



246    www.einj.org

Salehi-Pourmehr, et al.  •  Stem Cell Therapy in the Neurogenic Bladder in RodentsINJ

Int Neurourol J  September 30, 2020

Sp
ec

ies
Ty

pe
 o

f 
di

se
as

es
O

ut
co

m
e (

s)
M

ec
ha

ni
sm

 (s
)

C
ell

 ty
pe

C
ell

 d
en

sit
y

Th
e t

im
e 

pe
rio

d 
be

tw
ee

n 
in

ju
ry

 an
d 

ce
ll 

tra
ns

pl
an

tat
io

n

Tr
an

sp
lan

ta
tio

n 
zo

ne

Ti
m

e o
f 

cy
sto

m
et

ry
 

aft
er

 
tra

ns
pl

an
tat

io
n

Re
fe

re
nc

es

Fe
m

ale
 Sp

ra
gu

e-
D

aw
ley

 ra
ts

SC
I

Im
pr

ov
em

en
t o

f b
lad

de
r 

fu
nc

tio
n 

in
 2 

m
od

els
A

 m
ix

ed
 p

op
ul

at
io

n 
of

 lin
ea

ge
-

re
str

ict
ed

 n
eu

ra
l p

re
cu

r s
or

 ce
lls

N
PC

s
1×

10
6  

in
di

re
ct

 in
jec

tio
n 

2×
10

6  N
PC

s i
n 

LP
 d

eli
ve

ry

9 D
ay

s
les

io
n 

sit
e o

r L
P

8 W
ee

ks
N

eu
hu

be
r 

et 
al.

, 2
00

8 
[2

8]

Fe
m

ale
 Sp

ra
gu

e-
D

aw
ley

 ra
ts

SC
I

N
ot

 re
co

ve
ry

 in
 b

lad
de

r 
dy

sfu
nc

tio
n

-
hM

SC
s

30
×

10
5 /5

 μ
L

9 D
ay

s
C

on
tu

sio
n 

sit
e

4 a
nd

 8 
w

ee
ks

Pa
rk

 et
 al

., 
20

10
 [1

9]

Fe
m

ale
 F

isc
he

r 
34

4 r
at

s
SC

I
N

o 
ch

an
ge

s i
n 

th
e r

ec
ov

er
y

of
 b

la
dd

er
 fu

nc
tio

n
-

BM
SC

s a
nd

 
fib

ro
bl

as
ts

BM
SC

s 
(1

05  ce
lls

/μ
L)

 o
r 

fib
ro

bl
as

t 
(1

05
 ce

lls
/μ

L)

3 D
ay

s
Le

sio
n 

sit
e

8.
5 W

ee
ks

Sa
nd

ne
r e

t a
l., 

20
16

 [3
4]

Sp
ra

gu
e-

D
aw

ley
 

ra
ts

SC
I

Im
pr

ov
em

en
t s

om
e l

ow
er

 
ur

in
ar

y s
ys

te
m

 fu
nc

tio
n

N
eu

ro
na

l d
iff

er
en

tia
tio

n 
by

 E
-N

CA
M

 
an

d 
A

2B
5

N
RP

s a
nd

 
G

RP
s o

r 
nB

M
SC

s

1×
10

6
9 D

ay
s

Le
sio

n 
sit

e
4 W

ee
ks

Te
m

elt
as

 et
 al

., 
20

09
 [8

6]

Fe
m

ale
 ra

ts
SC

I
O

nl
y b

lad
de

r r
ec

ov
er

y 
aft

er
 th

e c
om

bi
ne

d 
tre

at
m

en
t i

n 
th

e N
/C

/
G

 gr
ou

p

5-
H

T 
ex

pr
es

sio
n

N
PC

s
1×

10
5

13
 W

ee
ks

Le
sio

n 
sit

e
8 W

ee
ks

Jin
 et

 al
., 

20
16

 [2
2]

Fe
m

ale
 ra

ts
SC

I
Im

pr
ov

em
en

t s
om

e l
ow

er
 

ur
in

ar
y s

ys
te

m
 fu

nc
tio

n
-

BM
-M

SC
s

1×
10

6
4 W

ee
ks

Bl
ad

de
r w

al
l

4 W
ee

ks
Sa

leh
i-

Po
ur

m
eh

r e
t a

l., 
20

19
 [1

1]

Sp
ra

gu
e-

D
aw

ley
 

ra
ts

SC
I

Vo
id

 vo
lu

m
e a

nd
 

fre
qu

en
cy

 8 
an

d 
10

 w
ee

ks
 p

os
tin

ju
ry

En
ha

nc
e t

iss
ue

 sp
ar

in
g a

nd
 d

ec
re

as
e 

as
tro

gl
ia

l r
ea

ct
iv

ity
hu

m
an

 
M

A
PC

s
4×

10
6

Im
m

ed
iat

ely
In

tra
ve

no
us

4,
 6,

 an
d 

10
 w

ee
ks

D
eP

au
l e

t a
l., 

20
15

 [8
7]

C5
7B

L/
6 J

 m
ice

 
m

ice
EA

E
Im

pr
ov

em
en

t o
f b

lad
de

r 
dy

sfu
nc

tio
n

c-
Ki

t e
xp

re
ss

io
n 

am
eli

or
at

io
n 

of
 

pa
nn

ex
in

 1 
an

d 
co

nn
ex

in
43

In
te

rs
tit

ia
l 

ce
lls

 o
f C

aja
l

-
Im

m
ed

iat
ely

In
tra

pe
rit

on
ea

lly
-

Jin
 et

 al
., 

20
17

 [2
7]

PD
, P

ar
ki

ns
on

 d
ise

as
e; 

SC
I, 

sp
in

al 
co

rd
 in

ju
ry

; E
A

E,
 ex

pe
rim

en
ta

l a
ut

oi
m

m
un

e e
nc

ep
ha

lo
m

ye
lit

is;
 rB

M
SC

, r
at

 b
on

e m
ar

ro
w

 m
es

en
ch

ym
al 

ste
m

 ce
lls

; h
BM

SC
, h

um
an

 b
on

e m
ar

ro
w

 m
es

en
ch

ym
al 

ste
m

 ce
lls

; h
A

FS
C,

 h
um

an
 am

ni
ot

ic 
flu

id
 st

em
 ce

lls
; N

PC
s, 

ne
ur

al 
pr

og
en

ito
r c

ell
s; 

G
RP

s, 
gl

ia
l-r

es
tri

ct
ed

 p
ro

ge
ni

to
rs

; h
U

CM
SC

, h
um

an
 u

m
bi

lic
al 

co
rd

 b
lo

od
 st

em
 ce

lls
; M

SC
, m

es
en

ch
ym

al 
str

om
al 

ce
lls

; h
ES

C-
M

G
Es

, h
um

an
 em

br
yo

ni
c s

te
m

 ce
lls

- m
ed

ia
l g

an
gl

io
ni

c e
m

in
en

ce
; h

G
RP

, h
um

an
 g

lia
l-r

es
tri

ct
ed

 p
ro

ge
ni

to
rs

; h
G

D
A

, a
str

oc
yt

es
 d

er
iv

ed
 fr

om
 h

G
RP

; M
FB

, m
ed

ia
l f

or
eb

ra
in

 b
un

dl
e; 

LP
, 

lu
m

ba
r p

un
ct

ur
e; 

M
CA

O
, m

id
dl

e c
er

eb
ra

l a
rte

ry
 o

cc
lu

sio
n;

 N
/C

/G
, N

PC
+ 

len
tiv

iru
s v

ec
to

rs
 ex

pr
es

sin
g 

ch
on

dr
oi

tin
as

e (
Ch

as
e/

LV
) +

 G
ro

w
th

 fa
ct

or
s; 

M
PA

, m
ul

tip
ot

en
t a

du
lt 

pr
og

en
ito

r c
ell

; N
G

F, 
ne

rv
e g

ro
w

th
 fa

ct
or

; N
RP

s, 
ne

ur
on

al 
re

str
ict

ed
 p

re
cu

rs
or

s; 
BM

-M
SC

s, 
bo

ne
 m

ar
ro

w
-d

er
iv

ed
 m

es
en

ch
ym

al 
ste

m
 ce

lls
.

Ta
bl

e 2
. C

on
tin

ue
d



www.einj.org    247

 Salehi-Pourmehr, et al.  •  Stem Cell Therapy in the Neurogenic Bladder in Rodents INJ

Int Neurourol J  September 30, 2020

Liang et al.  [25] stated that residual urine volume decreased 
significantly 10 days after treatment with the direct intrabladder 
transplantation of hAFSC compared to the sham and MCAO 
groups. Based on data, voided volume was increased 3 and 10 

days after the induction of MCAO in the hAFSC-treated group. 
Also, intercontraction intervals were increased 10 days after cell 
transplantation compared to the MCAO group  [26].

Multiple sclerosis
We found only one study evaluated the impacts of intraperito-
neal injection with interstitial Cajal cells on bladder function. 
Marked bladder dysfunction was developed in experimental 
autoimmune encephalomyelitis (EAE) mice indicated by uri-
nary retention, the increase of micturition, and urine output re-
duction per micturition. In mice treated with SC factor, the di-
ameter of the bladder was reduced compared to the EAE mice  
[27].

Spinal cord injury
Among the remained studies that met our inclusion criteria in 
2 stages of study selection, we only included the studies in our 
meta-analysis in which the time (28- or 56-day post-SCI induc-
tion) and route of cell transplantation (lesion site) were homog-
enous.

Micturition Pressure
Of 10 trials, 6 experiments (n=155; 87 treatments and 68 non-
treated controls) presented data correlated with micturition 
pressure [28-33]. The standardized mean difference (SMD) 
change of micturition pressure improvement from baseline was 
-1.093 (95% CI, -1.42 to -0.76) (P<0.001). Heterogeneity assay 
revealed P=0.116 and 36.5% of Higgins’ I2. In subgroup analy-
sis, the SMD change of micturition pressure in the contusion 
model was -1.002 (95% CI, -1.36 to -0.64) (P<0.001) and in the 
transection model was -1.66 (95% CI, -2.56 to -0.76) (P<0.001) 

Fig. 1. Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) diagram of included studies in quali-
tative and quantitative stages. SCI, spinal cord injury; PD, Par-
kinson disease; MS, multiple sclerosis.

Publication in peer-reviewed journal
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Fig. 2. Percentage of selected experiments for each item in the modified version of the CAMARADES (Collaborative Approach to 
Meta-Analysis and Review of Animal Data from Experimental Studies) quality checklist.
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(Fig. 3). In the second subgroup study, the results of urodynam-
ic showed that SMD change of micturition pressure 28 days 
posttransplantation reached -1.93 (95% CI, -2.71 to -1.15) 
(P<0.001) and it was -0.91 (95% CI, -1.28 to -0.54) (P<0.001) 
on day 56 (Fig. 4).

Residual Urine Volume
Of 10 trials, 6 experiments (n=155; 87 treatments and 68 non-
treated controls) demonstrated data related to RV  [28-33]. The 
SMD change of residual urine volume from basal levels based 

on fixed model analysis was -0.47 (95% CI, -0.81 to -0.14) 
(P=0.005) (Fig. 5). Heterogeneity assay revealed P<0.001 and 
Higgins’ I2 was 81.72%. However, after subgroup analysis based 
on SCI type, it decreased to 47.89% in contusion and 46.31% in 
transection model. Also, mixed model subgroup analysis results 
showed that in contusion model, the SMD was -0.27 (95% CI, 
-0.74, to 0.2) (P=0.266) while it was -4.78 in transaction model 
(95% CI, -6.81 to -2.76) (P<0.001) (Fig. 5). Also, we performed 
a subgroup analysis based on urodynamic date post-cell trans-
plantation. Twenty-eight days after treatment, SMD was -3.69 

Fig. 3. Micturition pressure improvement based on spinal cord injury type. CI, confidence interval.

Fig. 4. Micturition pressure improvement based on the time of urodynamics assessment. CI, confidence interval.
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(95% CI, -6.10 to -1.29) (P =0.003) and in 56 days post-cell 
transplantation was -0.13 (95% CI, -0.56 to 0.28) (P=0.52) (Fig. 
6). Heterogeneity did not differ in subgroup analysis in 28 days 
after cell transplantation but it was reduced after 8 weeks post-
cell transplantation (Higgins’ I2 =30.05%, P=0.199).

Nonvoiding Contraction
Of 9 trials, 5 experiments (n=143; 80 treatments and 63 con-
trols) released data on nonvoiding contraction [28-30,32,33]. 

The SMD change of nonvoiding contraction alleviation was 
-0.942 (95% CI, -1.281 to -0.602) (P <0.001). Heterogeneity 
analysis indicated P=0.138 and Higgins’ I2 was 35.03%. Sub-
group analysis results showed that in contusion model and 56 
days after cell implantation, SMD was -1.023 (95% CI, -1.40 to 
-0.65) (P<0.001) and in transaction model and 28 days after treat-
ment it was -0.591 (95% CI, -1.37 to 0.19) (P=0.139) (Fig. 7).

Fig. 5. Residual urine volume improvement based on spinal cord injury type. CI, confidence interval.

Fig. 6. Residual urine volume improvement based on the time of urodynamics assessment. CI, confidence interval.
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Bladder Capacity
Of 11 trials, 6 experiments (n=185; 93 treatments and 92 con-
trols) released data related to bladder capacity [19,28-30,32,33]. 
Overall SMD based on fixed model analysis was -0.453 (95% 
CI, -0.758 to -0.147) (P =0.004). Heterogeneity analysis re-
vealed P=0.002 and Higgins’ I2 was 64.67%. The SMD change 

of bladder capacity based on mixed model analysis in contusion 
and transaction model was -0.32 (95% CI, -0.85 to 0.2) 
(P=0.228), and -1.566 (95% CI, -2.43 to -0.70) (P<0.001) (Fig. 
8). Also, it was -0.906 (95% CI, -1.56 to -0.26) (P=0.006), and 
-0.325 (95% CI, -0.67 to 0.021) (P=0.065) at 28 and 56 days af-
ter transplantation (Fig. 9). Heterogeneity did not decrease in 

Fig. 7. Nonvoiding contraction improvement based on spinal cord injury type and the time of urodynamics assessment. CI, confi-
dence interval.

Fig. 8. Bladder capacity improvement based on spinal cord injury type. CI, confidence interval.
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subgroup analysis based on urodynamics date, however in 
transection model Higgins’ I2 was 0% (P=0.768).

Micturition Volume
Of 4 trials, three experiments (n =66; 38 treatments and 28 
controls) released data on micturition volume [29,31,34]. Ac-
cording to the mixed model analysis, the SMD change of mic-
turition volume reached 1.23 (95% CI, 0.619 to 1.855) (P < 
0.001) (Fig. 10). Heterogeneity analysis revealed P<0.001 and 

Higgins’ I2 was 91.27%. Due to the limited number of experi-
ments related to micturition volume, we could not conduct 
subgroup analysis.

Publication Bias
We summarized 10 studies based on the Funnel plot analysis 
(Fig. 11). According to the Begg and Mazumdar’s correlation, 
we found no publication bias in the meta-analysis.

Fig. 9. Bladder capacity improvement based on the time of urodynamics assessment. CI, confidence interval.

Fig. 10. Micturition volume improvement based on spinal cord injury type and the time of urodynamics assessment. CI, confidence 
interval.



252    www.einj.org

Salehi-Pourmehr, et al.  •  Stem Cell Therapy in the Neurogenic Bladder in RodentsINJ

Int Neurourol J  September 30, 2020

DISCUSSION

Laboratory animals are widely used to evaluate the medication’s 
efficacy and toxicity. The biological similarity to humans is one 
of the most important characteristics of laboratory animals 
such as mice and rats [35]. Thus, in most experimental NGB 
studies, these animals are preferred. The regulation of micturi-
tion requires connections between the brain and extensive 
tracts in the spinal cord that involve sympathetic, parasympa-
thetic, and somatic systems. Damage of the cerebral cortex, 
brain stem, basal ganglia, and spinal cord following neurologi-
cal disorders lead to NGB [36-40]. Generally, upper motor neu-
ron lesions (above the sacral cord) can lead to neurogenic de-
trusor overactivity and underactive or acontractile detrusor 
could be evident after lower motor neuron injuries such as the 
lower lumbar cord, conus or cauda equina lesions and periph-
eral neuropathies [41,42].

NGB Following Stroke
MCAO to induce an acute ischemic model [43] and common 
carotid occlusion induced ischemia are 2 common animal 
models that lead to bladder overactivity. The variety of recep-
tors including dopamine, glutamate, and gamma-aminobutyric 
acid (GABA) receptors are involved in the pathogenesis of these 
models [44-46]. It has been shown that reduction of nerve 
growth factor, as well as increment of muscarinic receptors in 
central and peripheral nervous systems, play a role in the regu-
lation of the micturition reflex [43,44,47]. Nerve growth factor 
mediates morphological and functional changes in sensory 
neurons innervating the bladder [47], and muscarinic receptors 
contribute to control of the micturition reflex [46]. Following a 
hemispheric stroke, urinary complaints such as nocturnal uri-

nary frequency, urinary incontinence, difficulty in voiding, and 
urinary retention are common. Also, NGB may lead to a con-
siderable alteration in cystometric parameters. For example, in 
the hemispheric stroke, urodynamic study results show detru-
sor overactivity, a condition is related to uncontrolled relaxation 
sphincter and nonrelaxing urethra [48] and in cerebral hemor-
rhage moreover, the detrusor overactivity, low-compliance 
bladder, acontractile detrusor and detrusor-sphincter dyssyner-
gia is seen [49].

NGB Following PD
Bladder dysfunction is a common nonmotor complication in 
PD. The brain pathology causing the bladder dysfunction in-
volves an altered dopamine in basal ganglia-frontal circuit, 
which suppresses the micturition reflex [50]. This reflex is un-
der control of dopamine [51] (D1: inhibitory and D2: facilitato-
ry) and GABA (inhibitory).

The loss of dopaminergic neurons in the substantia nigra, 
which is usually achieved by injecting 6-hydroxydopamine in 
medial forebrain of rats for modeling of PD [52], is associated 
with reduction of striatal dopamine levels. This causes a reduc-
tion of the D1 output and leading to detrusor overactivity [53]. 
The most common urodynamic study finding in PD is detrusor 
overactivity [54,55].

NGB Following MS
EAE is the most common animal model in a rodent for the in-
duction of MS-like pathology. Demyelination in this model is 
associated with the infiltration of T cells, macrophages, and B 
cells [56]. Active induction by immunization with myelin anti-
gens and passive induction by the adoptive transfer of preacti-
vated myelin-specific T cells into naïve mice are 2 main meth-
ods of EAE induction in the mice [57,58]. Myelin oligodendro-
cyte glycoprotein peptide (MOG35–55), which induces relaps-
ing-remitting EAE in C57BL6 mice has been confirmed to be a 
useful model to investigate the mechanisms of NGB [59]. Uro-
dynamic findings of the EAE model are included detrusor-ex-
ternal sphincter dyssynergia, detrusor overactivity, and detru-
sor hypocontractility [60,61].

NGB Following SCI 
Several SCI induction models are reported in the literature [62]. 
Spinal cord transection and contusion models are frequently 
used methods for the induction of NGB [63].

SCI causes severe deficits in the urinary system besides of 

Fig. 11. Funnel plot of standard error by the standard difference 
in means.
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sensory and motor loss [37]. Urinary dysfunction is the result 
of supraspinal input, afferent input to the spinal cord disrup-
tion, and reorganization of intraspinal circuitry in response to 
injury [38]. Detrusor-sphincter dyssynergia, hyperreflexia, and 
autonomic dysreflexia are the result of this disruption, too [39]. 
Additionally, significant structural, physiological, and molecu-
lar alterations occur in the bladder in SCI conditions [40]. In 
spinal shock phase of SCI, the bladder is acontractile. Although 
catheterization controls this disruption in human, it decreases 
the quality of life and increases the rate of urinary tract infec-
tion. Tissue destruction of the pontine micturition centers lo-
cated at the sacral cord shows the synergy removal between the 
detrusor and sphincter, contributing to detrusor-sphincter dys-
synergia [64,65]. Complete deterioration of bladder compli-
ance, function, infection, and other lower urinary tract compli-
cations are the other consequences of SCI [66] and also incre-
ment of bladder wall thickness as a result of larger collagen per-
centage is a common sequel of NGB induced by SCI [67]. Con-
sidering the underlying recovery mechanism, it was revealed, 
the type C fibers are the major afferents in a spinal segmental 
reflex [41]. In the case of NGB dysfunction, the sensitization of 
C-fiber afferent bladder, and destroying of GABAergic input to 
preganglionic neurons of parasympathetic lead to nonvoiding 
contraction in the bladder detrusor muscles  [68]. Following 
SCI, disruption of neuron entry from supraspinal micturition 
center impairs the coordination among the detrusor and exter-
nal urethral sphincter [69].

SCs transplantation in the management of neuro-urological 
diseases is accompanied with promising outcomes. However, 
its application is limited in the clinic. Three major types of SCs 
e.g. adult SC or tissue-specific SC, embryonic stem cells, and 
induced pluripotent stem cells [70] are more frequently used 
cells in the experimental and clinical researches. The ability of 
myelin regeneration and axonal growth promotion and, differ-
entiation of SCs into neuronal or glial cells are the major rea-
sons for selection the specific type of SCs. Despite the limita-
tions and difficulties, conducting researches on the recovery of 
bladder is a promising approach in the field of neuro-urology. 
In the studies included in this review, the frequently used cells 
were bone BMSc, hAFSC, hUCMSC, and NPCs. The viability 
of NRP/GRP cells in the injured spinal cord and the ability of 
migration, differentiation and neuronal development of these 
cells are reported in the previous studies [71]. Also, different 
studies reported that development in the recovery of the blad-
der function was achieved by transplantation of NPC [29, 

33,72]. SCs are biologically self-renewing adult cells with the 
potency of differentiation to many types of cells even different 
tissues. Also, these cells can be used in the recovery of the dam-
aged bladder by differentiation into smooth muscle cells of the 
bladder [73,74]. Mechanisms of SCs involved in the recovery of 
bladder dysfunction are include migration, differentiation, and 
paracrine effects [73] or in PD model, neurons with tyrosine 
hydroxylase activity in the treated substantia nigra pars com-
pacta, suggesting that functional improvement requires a juxta-
crine effect [23].

However, there are some concerns about the use of NPCs in-
cluding the lack of inefficient tracking systems, moderate cell 
survival [18,75], and glial scar formation [76]. Among the en-
rolled studies, most cells used in the SCI model were NPCs. Ir-
respective of its cause, after SCI, disruption of neural circuits 
influences excitatory and inhibitory inputs and result in failure 
of special cellular functions in neurons [77]. The ability of 
NPCs in neuronal regeneration following direct transplantation 
into the injured site is the main reason for using these cells. The 
other frequently used cell was MSCs that are examined in clini-
cal trials too [78-81]. Its safety is approved [82] and the ability 
of transdifferentiation into neurons and glial cells is shown  
[83,84]. Previously, a meta-analysis study evaluated the bladder 
recovery by SC therapy in SCI-induced bladder dysfunction 
with controlling the SCI model to reduce heterogeneities [18]. 
In our systematic review and meta-analysis, in addition to the 
controlling SCI model (transaction or contusion), the timing of 
the urodynamic assessment (28 days or 8 weeks post-cell trans-
plantation) also was evaluated as a possible source of heteroge-
neity. The other important factors that may be influenced on 
the outcome of the study were the used cell type, the route, and 
timing of cell transplantation. In the majority of the included 
studies in the meta-analysis, the rout of transplantation was di-
rect injection into the lesion site or intrathecal. We did not in-
clude the other rout of transplantation in our analysis. Also, the 
timing of cell transplantation was similar and 9-day postinjury. 
Therefore, we did not perform the subgroup analysis for these 
issues. The other important factor was the rout of transplanta-
tion. The main rout in SCI model was intrathecal and the other 
less common methods were an intrabladder wall and/or intra-
venous. Hence, due to this heterogeneity, we only included only 
intrathecal administration in our meta-analysis. The cell type 
did not consider as a heterogeneous factor, due to the cells enti-
ty was the same and they possess neuro-regeneration capacity. 
Moreover, we enrolled the other neurological diseases that may 
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be a cause of NGB.
In conclusion, the present systematic review and meta-analy-

sis regarding bladder recovery after SC therapy in SCI demon-
strate significant improvements of pressure after SC transplan-
tation in both contusion and transaction models in 2-time 
points i.e., 4 and 8 weeks. Residual urine volume, micturition 
volume, and bladder capacity improved after treatment only in 
the 28 days after transplantation in the transaction model of 
SCI. Nonvoiding contraction recovered only in 56 days post-
transplantation in the contusion model. Considering the appli-
cation of SC in SCI preclinical studies, high-quality experi-
ments to reduce the potential risk of bias are necessary for im-
proved understanding of bladder recovery. Also due to limited 
studies on the relation of other neurological disorders such as 
PD, stroke, and MS with NGB, additional studies with the 
modified methodology to reduce the risk of bias are needed to 
prove the underlying mechanism and to achieve an appropriate 
approach for bladder recovery.
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