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Abstract
Introduction and hypothesis The efficacy of physiotherapy for postpartum lower urinary tract symptoms (LUTS) has attracted
considerable research interest. In the current study we evaluated the efficacy and safety of pelvic floor muscle training (PFMT)
combined with biofeedback (BF), electrical stimulation (ES) therapy, or both for postpartum LUTS.
Methods PUBMED, EMBASE, Web of Science, Cochrane Library, Chinese Biomedical Literature Database, China National
Knowledge Infrastructure, Chinese Science and Technique Journals Database, and Wanfang databases were searched from
inception to December 2020. Eligible randomized controlled trials on postpartum LUTS comparing PFMT plus BF, ES, or both
with PFMT alone were included. The Cochrane handbook was used to evaluate the quality of the studies.
Results Seventeen studies were included. The results of the meta-analysis showed that PFMT plus ES with or without BF was
more effective than PFMT alone. Patients receiving PFMT plus ES and BF achieved greater improvement than controls receiving
PFMT alone in incontinence quality of life scores (mean difference: 15.33, 95% confidence interval [CI]: 11.70–18.97, P <
0.00001), pelvic floor muscle strength (risk ratio: 2.29, 95% CI: 1.53–3.43, P < 0.0001), and urodynamic parameters (maximum
urethral closure pressure, abdominal leak point pressure, and maximum urinary flow rate), and 1-h urine leakage (standardized
mean difference: −0.70, 95% CI: −1.23 to −0.17, P = 0.010) also decreased.
Conclusions PFMT plus ESwith or without BF exhibited better efficacy and safety for early postpartumLUTS than PFMT alone.

Keywords Biofeedback . Electrical stimulation . Lower urinary tract symptoms . Postpartum urinary incontinence . Pelvic floor
muscle training . Physiotherapy

Introduction

Lower urinary tract symptoms (LUTS) are characterized as a
departure from normal in structure, function, or sensation ex-
perienced by a woman throughout the micturition cycle [1].
An investigation [2] revealed that 55.3% of women experi-
enced LUTS 6 weeks after delivery. For some women, post-
partum LUTS are temporary, but a considerable number of
postpartum women experience long-term issues. A longitudi-
nal cohort study [3] revealed that the incidence of maternal

urge urinary incontinence (UUI) and stress urinary inconti-
nence (SUI) increased from 5.7% and 29.9% during pregnan-
cy to 22.8% and 46.4% at 1 year after delivery and 10.2% and
23.7% at 7 years after delivery, respectively. Thus, early ef-
fective therapies are clearly needed to prevent and treat post-
partum LUTS.

Pelvic floor muscle training (PFMT) is currently recom-
mended as a first-line treatment for postpartum urinary incon-
tinence (PUI) [4, 5]. Physiotherapy, particularly biofeedback
(BF), is an active pelvic floor muscle exercise. Since Kegel
reported a BF success rate as high as 84% in 1951, BF has
been considered to be a valuable method for female urinary
incontinence [6]. Conversely, electrical stimulation (ES) is a
passive exercise that can contract the pelvic floor muscles to
increase functional endurance [7]. Most of the previous meta-
analyses [8–11] mainly focused on the efficacy of PFMT
alone or in combination with other methods in treating post-
partum LUTS. This review focused on analyzing the efficacy
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and safety of PFMT plus BF, ES, or both compared to PFMT
alone for the management of postpartum LUTS.

Materials and methods

Eligibility criteria

Types of studies

Randomized controlled trials (RCTs) that evaluated PFMT
combined with BF, ES, or both in treating LUTS in postpar-
tum women were included in this meta-analysis. Non-RCTs,
cohort studies, quasi-experimental studies, observational stud-
ies, cross-sectional studies, case reports, animal studies, re-
views, and experience summaries were excluded. Studies
published in English and Chinese were included, regardless
of whether they were blinded or not.

Types of participants

Studies on women experiencing LUTS within 1 year after
delivery were included, with diagnosis of LUTS being con-
firmed on the basis of urodynamic testing, ultrasonography,
clinical symptoms, or the relevant guidelines for the diagnosis
and treatment of female stress urinary incontinence [12].
Studies that comprised pregnant participants were excluded.
We intended to exclude the history of PUI/prolapse before
pregnancy; however, most studies did not report this criterion.
Therefore, we removed this exclusion criterion.

Types of interventions

The experimental group was treated with PFMT combined
with BF, ES, or both, without limiting the application regimen
(duration or frequency of application) for the treatment of
LUTS. The control group was treated with PFMT alone.

Outcome measurements

The primary outcomes were the therapeutic effect and pelvic
floor muscle strength. The definition of total therapeutic effect
in this meta-analysis was based on guidelines for the diagnosis
and treatment of female stress urinary incontinence published
in 2017 in China [12]. As for patients with PUI, cure was
defined as no leakage of urine and/or the urine leakage of 1-
h pad test was < 1 g in the case of increased abdominal pres-
sure, such as coughing. Improvement was defined as reduced
urine leakage and/or the urine leakage in the 1-h pad test was
reduced by ≥ 50% compared with before treatment when ab-
dominal pressure increased. Failure was defined as leakage of
urine when coughing and other abdominal pressure increased
and/or the 1-h urine pad test urine leakage decreased by < 50%

compared with before treatment. For patients with postpartum
urinary retention (PUR), cure was defined as the ability to
urinate independently and post-void residual (PVR) < 50 ml.
Improvement was defined as PVR between 50 and 100 ml.
Failure was defined as an inability to urinate spontaneously or
PVR > 100 ml. The total therapeutic effect of this meta-
analysis included cure rate and improvement rate. The second-
ary outcomes were comprised of indicators based on storage
and voiding LUTS in postpartum patients. Storage symptom
outcomes were measured using incontinence quality of life
scores (I-QoL) and the 1-h pad test. Voiding symptom out-
comes were measured using urodynamic parameters, includ-
ing abdominal leak point pressure (ALPP), maximum urethral
closure pressure (MUCP), maximum flow rate (Qmax), and
voiding time (VT). Adverse events associated with the thera-
pies were also reported.

Literature search

This systematic review was based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [13]; the protocol was registered in the PROSPERO
database (CRD42021238443). Electronic searches of the data-
bases were independently conducted by two reviewers (Dai Zhu
and Zhiqi Yang) from database inception to December 2020.
The PUBMED, EMBASE, Web of Science, Cochrane
Controlled Trail Register of Controlled Trials, Chinese
Biomedical Literature Database (CBM), China National
Knowledge Infrastructure (CNKI), Chinese Science and
Technique Journals Database (VIP), and Wanfang databases
were systematically searched. The reference lists of the included
studies and identified reviewswere analyzed to replenish the grey
literature. We used the retrieval method of medical subject head-
ings (MeSH) in combination with free-text terms. The search
terms used were as follows: “pelvic floor muscle exercise,” “pel-
vic floor muscle training,” “Kegel exercise,” “biofeedback,”
“electrical stimulation,” “pelvic floor rehabilitation,” “physio-
therapy,” “lower urinary tract symptoms,” “LUTS,” “overactive
bladder,” “OAB,” “voiding dysfunction,” “urinary incontinenc,”
“urinary retention,” “nocturia,” “enuresis,” “postpartum,” “after
labor,” “after pregnancy,” “after birth,” “postnatal,” and “puerpe-
rium.”All the databases were searched. If the retrieved data were
incomplete, the data were obtained by contacting the authors via
e-mail.

Data extraction

One reviewer (Dai Zhu) independently screened the literature
by reading the titles as well as the abstracts. The screening
process was double-checked by a second reviewer (Zhijun
Xia). After excluding studies that did not meet the inclusion
criteria or could not be ascertained due to limited information,
the full text of the studies that might fulfil the eligibility

508 Int Urogynecol J (2022) 33:507–521



criteria was further read and finally the studies to be included
were determined. The following details were extracted from
each included study: basic research information (the first au-
thor’s name and publication year); basic demographic data of
the participants (age, parity, sample size, delivery mode, the
type of postpartumLUTS, and the baseline severity of LUTS);
intervention measures of the experimental and control groups;
evaluation time, intervention duration, and follow-up dura-
tion; and outcome indicators.

Quality assessment

To ascertain the validity of the eligible RCTs, two of the meta-
analysis authors (Dai Zhu and Zhijun Xia) independently
evaluated the methodological quality of all included studies
according to the quality evaluation items recommended in the
Cochrane Handbook for Systematic Reviews of Interventions
[14]. The evaluation items included seven domains: random
sequence generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessment, in-
complete outcome data, selective reporting, and other bias.
For each study, each of the aforementioned items were judged
as ‘high risk of bias,’ ‘low risk of bias,’ or ‘unclear risk of
bias’ (lack of relevant information or uncertainty about bias).

Statistical analysis

Statistical analysis was performed using Review Manager 5.4
software (Cochrane Community, London, UK). First, heteroge-
neity analysis was performed. When I2 < 50% and P > 0.10, the
effect values of the included independent studieswere considered
homogeneous, and the fixed-effect model was used for statistical
analysis. When I2 > 50% and P < 0.10, the effect values of the
included studies were considered heterogeneous, and the poten-
tial sources of heterogeneity were further analyzed through sub-
group analysis and sensitivity analysis.

Subgroup analysis

Based on the intervention time, postpartum LUTS types, de-
livery mode, follow-up duration, and evaluation method of the
pelvic floor muscles, subgroup analysis was performed to de-
termine whether the results of the study were influenced by
these factors.

Sensitivity analysis

Individual studies that caused heterogeneity were excluded
using the leave-one-out approach, and the results of the
meta-analysis before and after inclusion were compared to
determine the impact of these studies on the pooled effect.

If heterogeneity could not be solved, the random-effect
model was used for statistical analysis. When the outcome

data were qualitative or dichotomous variables, the risk ratio
(RR) and 95% confidence interval (CI) were used. When the
outcome data were quantitative or continuous variables, the
mean difference (MD) or standardized mean difference
(SMD) and 95% CI were used. P < 0.05 was considered sta-
tistically significant. Furthermore, if the number of eligible
trials was ≥ 10, funnel plots were drawn to evaluate whether
there was publication bias in the results of the meta-analysis
[15].

Results

Results of the literature retrieval

After systematic retrieval, 1248 studies were identified, in-
cluding 593 Chinese studies and 655 English studies. After
removing duplicate studies, 537 were eligible. By reading the
titles and abstracts, 90 reviews and 386 studies that did not
meet the inclusion criteria were excluded, and the remaining
51 Chinese and 10 English papers were further evaluated.
Among 61 studies, 31 were excluded because the studies were
not RCTs, 6 were excluded because the studies were not listed
for specific implementation plans, 5 were excluded owing to
ineligible control groups, and 2 were excluded owing to in-
complete data. Finally, a total of 17 RCTs [16–32] were in-
cluded in this meta-analysis, all of which were published in
Chinese. The specific screening process is illustrated in Fig. 1.

Basic characteristics of the included studies

This meta-analysis included 17 studies, all of which were pro-
spective RCTs. A total of 2315 cases were included (1158 in the
experimental group and 1157 in the control group). The sample
size of all the included studies ranged from 40 to 680 cases.
Regarding the type of postpartum LUTS, 15 studies [16–27,
30–32] involved PUI and the other 2 studies [28, 29] involved
PUR. The intervention methods in 15 studies [16–30] involved
PFMT plus BF and ES and two RCTs [31, 32] involved PFMT
plus ES. No eligible studies involving PFMT plus BF for post-
partum LUTS were retrieved. The basic characteristics and data
of the studies included in the meta-analysis are summarized in
Table 1. The specific intervention protocols for the intervention
and control groups are listed in Table 2.

Quality assessment

The risk bias in the included studies was evaluated according to
the quality evaluation items recommended in the Cochrane
Handbook for Systematic Reviews of Interventions. All included
studies referred to randomization, of which 11 studies [16–18,
20, 22–24, 27–29, 31] used the random number table method
and therefore exhibited a low risk of bias. The remaining six
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studies [19, 21, 25, 26, 30, 32] did not specify the randomization
sequence methods and therefore had a high risk of bias. None of
the studies reported allocation concealment. Only one study [21]
implemented blinding of the outcome assessment; the remaining
16 studies did not implement blinding. All participants in the 17
studies had undergone follow-up evaluations. No selective bias
was reported in any study. The results of the literature bias eval-
uation are shown in Fig. 2.

Overall meta-analysis results

PFMT plus BF and ES versus PFMT alone

Fifteen studies were eligible [16–30] for evaluation of PFMT
plus BF and ES versus PFMT alone. The studies included
1965 postpartum women (983 in the PFMT plus BF and ES
group and 982 in the PFMT group).

Fig. 1 The flow diagram of
literature searching, screening,
and selecting eligible studies

510 Int Urogynecol J (2022) 33:507–521



Ta
bl
e
1

B
as
ic
ch
ar
ac
te
ri
st
ic
s
of

th
e
in
cl
ud
ed

st
ud
ie
s

St
ud
y

T
yp
e

of L
U
T
S

B
as
el
in
e

se
ve
ri
ty

of
L
U
T
S

In
te
rv
en
tio

n
gr
ou
p

C
on
tr
ol

gr
ou
p

M
od
e
of

de
liv

er
y

T
im

e
of

as
se
ss
m
en
t

T
re
at
m
en
t

du
ra
tio

n
Fo

llo
w
-u
p

du
ra
tio

n
L
U
T
S
di
ag
no
st
ic
cr
ite
ri
a

O
ut
co
m
e

m
ea
su
re

in
di
ca
to
rs

n
A
ge

(y
ea
rs
)

Pa
ri
ty

M
od
e

n
A
ge

Pa
ri
ty

M
od
e

L
iu

et
al
.

20
20

[1
6]

P
S
U
I

M
ild

or
m
od
er
at
e

40
31
.8
2
±

4.
6-

7

N
/A

B
+
E
+
P

40
32
.3
8

± 5.
-

14

N
/A

P
V
ag
in
al

≤
1
ye
ar

po
st
pa
r-

tu
m

8
w
ee
ks

8
w
ee
ks

F
em

al
e
U
ro
lo
gy

①
②
④

Ji
n
20
20

[1
7]

P
S
U
I

M
ild

or
m
od
er
at
e

or
se
ve
re

77
25
.9
7
±

1.
9-

2

1
B
+
E
+
P

77
26
.1
3

± 1.
-

87

1
P

N
/A

N
/A

8
w
ee
ks

8
w
ee
ks

G
ui
de
lin

es
fo
r
th
e
di
ag
no
si
s
an
d

tr
ea
tm

en
to

f
fe
m
al
e
st
re
ss

ur
in
ar
y
in
co
nt
in
en
ce

①
③
⑤

Z
ou

et
al
.

20
20

[1
8]

P
S
U
I

M
ild

or
m
od
er
at
e

43
29
.1
4
±

3.
2-

4

1
B
+
E
+
P

43
29
.2
1

± 3.
-

32

1
P

V
ag
in
al

+ ce
sa
r-

ea
n

N
/A

3
m
on
th
s

3
m
on
th
s

C
lin

ic
al
+
bl
ad
de
r
ne
ck

lif
tin

g
te
st

②
③

S
un

et
al
.

20
17

[1
9]

P
S
U
I

Io
rI
Id

eg
re
e

(G
ul
le
n

cr
ite
ri
a)

26
29
.2
±

3.
2

N
/A

B
+
E
+
P

26
28
.5
±

3.
4

N
/A

P
V
ag
in
al

+ ce
sa
r-

ea
n

42
da
ys

po
st
pa
r-

tu
m

3
m
on
th
s

3
m
on
th
s

T
he
or
y
an
d
pr
ac
tic
e
of

gy
ne
co
lo
gy

an
d
ob
st
et
ri
cs

①
②

G
u
et
al
.

20
20

[2
0]

P
S
U
I

M
ild

or
m
od
er
at
e

or
se
ve
re

51
27
.8
4
±

6.
0-

6

1
B
+
E
+
P

51
28
.1
3

± 6.
-

21

1
P

V
ag
in
al

42
da
ys

po
st
pa
r-

tu
m

6
w
ee
ks

6
w
ee
ks

M
od
er
n
ob
st
et
ri
cs
an
d
gy
ne
co
lo
gy

①
②

S
un

et
al
.

20
17

[2
1]

PS
U
I

m
od
er
at
e

32
N
/A

1
B
+
E
+
P

32
N
/A

1
P

V
ag
in
al

42
da
ys

po
st
pa
r-

tu
m

6
w
ee
ks

6
m
on
th
s

C
lin

ic
al
+
ur
od
yn
am

ic
①
②
③

Z
en
g et
al
.

20
18

[2
2]

PS
U
I

N
/A

34
0

26
.2
±

3.
1

N
/A

B
+
E
+
P

34
0

27
.4
±

3.
2

N
/A

P
V
ag
in
al

+ ce
sa
r-

ea
n

42
da
ys

po
st
pa
r-

tu
m

6
w
ee
ks

6
m
on
th
s

C
lin

ic
al

①
③

Z
ha
ng et
al
.

20
16

[2
3]

P
U
I

N
/A

46
N
/A

N
/A

B
+
E
+
P

44
N
/A

N
/A

P
N
/A

42
da
ys

po
st
pa
r-

tu
m

3
m
on
th
s

3
m
on
th
s

C
lin

ic
al

①
②

L
iu

et
al
.

20
20

[2
4]

PS
U
I

N
/A

30
26
.3
±

3.
7

N
/A

B
+
E
+
P

30
25
.7
±

4.
1

N
/A

P
V
ag
in
al

+ ce
sa
r-

ea
n

N
/A

12
w
ee
ks

12
w
ee
ks

C
lin

ic
al

①
②

H
ua
ng

et
al
.

20
17

[2
5]

PS
U
I

N
/A

29
25
.8
±

2.
1

1
B
+
E
+
P
+

R
ou
ti-

ne
ca
re

30
25
.7
±

2.
2

1
P
+ R

ou
t-

in
e

ca
re

V
ag
in
al

42
da
ys

po
st
pa
r-

tu
m

3
m
on
th
s

3/
6/
12

m
on
th
s

C
lin

ic
al

①
②

G
ao

20
20

[2
6]

P
S
U
I

M
ild

or
m
od
er
at
e

30
27
–3
5

1
B
+
E
+
P

30
27
–3
4

1
P

V
ag
in
al

1
ye
ar

po
st
pa
r-

tu
m

6–
9
w
ee
ks

6
m
on
th
s

C
lin

ic
al
+
pa
d
te
st

①

511Int Urogynecol J (2022) 33:507–521



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

T
yp
e

of L
U
T
S

B
as
el
in
e

se
ve
ri
ty

of
L
U
T
S

In
te
rv
en
tio

n
gr
ou
p

C
on
tr
ol

gr
ou
p

M
od
e
of

de
liv

er
y

T
im

e
of

as
se
ss
m
en
t

T
re
at
m
en
t

du
ra
tio

n
Fo

llo
w
-u
p

du
ra
tio

n
L
U
T
S
di
ag
no
st
ic
cr
ite
ri
a

O
ut
co
m
e

m
ea
su
re

in
di
ca
to
rs

n
A
ge

(y
ea
rs
)

Pa
ri
ty

M
od
e

n
A
ge

Pa
ri
ty

M
od
e

G
e
et
al
.

20
19

[2
7]

P
S
U
I

M
ild

or
m
od
er
at
e

90
29
.6
5
±

3.
2-

6

1.
51

±
0.
-

27

B
+
E
+
P

90
30
.2
1

± 3.
-

52

1.
53

±
0.
-

32

P
N
/A

42
da
ys

po
st
pa
r-

tu
m

8
w
ee
ks

8/
12

w
ee
ks

G
ui
de
lin

es
fo
r
th
e
di
ag
no
si
s
an
d

tr
ea
tm

en
to

f
fe
m
al
e
st
re
ss

ur
in
ar
y
in
co
nt
in
en
ce

①
④
⑤

Y
an
g

et
al
.

20
17

[2
8]

PU
R

N
/A

39
27
.8
6
±

6.
5-

4

N
/A

B
+
E
+
P
+

ro
ut
in
e

ca
re

39
27
.9
6

± 6.
-

82

N
/A

P
+ ro

u-
tin

e
ca
re

N
/A

42
da
ys

po
st
pa
r-

tu
m

6
m
on
th
s

6
m
on
th
s

In
te
rn
at
io
na
lC

on
tin

en
ce

So
ci
et
y2
00
2

①
③

L
in

20
19

[2
9]

PU
R

N
/A

90
29
.7
6
±

2.
4-

3

1.
25

±
0.
-

54

B
+
E
+
P
+

ro
ut
in
e

ca
re

90
28
.7
9

± 3.
-

17

1.
21

±
0.
-

59

P
+ ro

u-
tin

e
ca
re

N
/A

N
/A

6
m
on
th
s

6
m
on
th
s

C
lin

ic
al

①

D
en
g

et
al
.

20
17

[3
0]

PS
U
I

N
/A

20
28
.2
1
±

4.
6-

7

N
/A

B
+
E
+
P

20
28
.0
4

± 3.
-

41

N
/A

P
V
ag
in
al

+ ce
sa
r-

ea
n

N
/A

3
m
on
th
s

3
m
on
th
s

C
lin

ic
al

①
③

D
u
et
al
.

20
20

[3
1]

P
S
U
I

M
ild

or
m
od
er
at
e

10
0

25
.9
4

±
3.

81

1
E
+
P

10
0

26
.4
2

±
3.

57

1
P

V
ag
in
al

+ ce
sa
r-

ea
n

42
da
ys

po
st
pa
r-

tu
m

5
w
ee
ks

5
w
ee
ks

G
ui
de
lin

es
fo
r
th
e
di
ag
no
si
s
an
d

tr
ea
tm

en
to

f
fe
m
al
e
st
re
ss

ur
in
ar
y
in
co
nt
in
en
ce

①
③
④

H
e
et
al
.

20
19

[3
2]

PS
U
I

N
/A

75
28
.2
5
±

6.
2-

1

1.
56

±
0.
-

84

E
+
P

75
27
.4
4

± 5.
-

96

1.
62

±
0. 96

P
N
/A

N
/A

1
m
on
th

1
m
on
th

G
ui
de
lin

es
fo
r
th
e
di
ag
no
si
s
an
d

tr
ea
tm

en
to

f
fe
m
al
e
st
re
ss

ur
in
ar
y
in
co
nt
in
en
ce

①
②
⑤

P
SU

Ip
os
tp
ar
tu
m
st
re
ss
ur
in
ar
y
in
co
nt
in
en
ce
,P

U
Ip
os
tp
ar
tu
m
ur
in
ar
y
in
co
nt
in
en
ce
,P

U
R
po
st
pa
rt
um

ur
in
ar
y
re
te
nt
io
n,
B
bi
of
ee
db
ac
k,
E
el
ec
tr
ic
al
st
im

ul
at
io
n,
P
pe
lv
ic
fl
oo
rm

us
cl
e
tr
ai
ni
ng
;①

th
er
ap
eu
tic

ef
fe
ct
;
②

pe
lv
ic
fl
oo
r
m
us
cl
e
st
re
ng
th
;
③

1-
h
pa
d
te
st
ur
in
e
le
ak
ag
e
(g
);
④

in
co
nt
in
en
ce

qu
al
ity

of
lif
e
sc
or
es

(I
-Q

O
L)
;
⑤

ur
od
yn
am

ic
pa
ra
m
et
er
s:
ab
do
m
in
al
le
ak

po
in
t
pr
es
su
re

(A
LP

P
),
m
ax
im

um
ur
et
hr
al
cl
os
ur
e
pr
es
su
re

(M
U
C
P
),
m
ax
im

um
fl
ow

ra
te
(Q

m
ax
),
vo
id
in
g
tim

e
(V
T)
;N

/A
:n

ot
st
at
ed

512 Int Urogynecol J (2022) 33:507–521



Table 2 Training protocol details of included studies

Study Training protocol

Intervention group Control group

Liu et al.
2020
[16]

PFMT protocol consistent with control group. ES first (gradually
increase from 0 to maximum tolerance) with 25 min, then BF (type
I and type II muscle fiber training first and select A3 biofeedback
template training) with 25 min, 2 times per week, treat for 8 weeks

PFMT: 5 s of contraction and 5 s of rest, continue for 15 min, 2
times per day, treat for 8 weeks

Jin 2020
[17]

PFMT protocol consistent with control group. BF and ES (50 Hz,
30 mA) with 30 min, three times per week, treat for 8 weeks

PFMT: Kegel exercises: 3–10 s of contraction and 2–6 s of rest,
continue for 30 min, 3 times per day, treat for 8 weeks

Zou et al.
2020
[18]

PFMT protocol consistent with control group. ES (50 Hz, 0–70 mA).
BF+ES (320–740 μs, 8–32 Hz) to type I muscle fibere andBF+ES
(20–320 μs, 20–80 Hz) to type II muscle fiber with 30 min, two
times per week, treat for 3 months

PFMT: Type I muscle: 3 s of contraction and relax, continue for 100
times per day

Type II muscle: contract and relax immediately, continue for 3–5
times, treat for 3 months

Sun et al.
2017
[19]

PFMT protocol consistent with control group. BF (SUI regime) with
15 min and ES (50 Hz, 0–50 mA) with 10 min, two times per
week, 10 times in total

PFMT: 3 s of contraction and 3 s of rest, continue for 15–30 min,
2–3 times per day (150–200 times daily), treat for 3 months

Gu et al.
2020
[20]

PFMT protocol consistent with control group. BF and ES (8–80 Hz,
20–700 μs) with 30 min, 2–3 times per week, treat for 6 weeks

PFMT: 1.gluteus muscles: 5 s of contraction and relax, continue for
10 times,twice per day; 2.levator ani: 5 s of contraction and
relax,continue for 15 min, 3 times per day; 3. perineum, anus: 5 s
of contraction and relax, continue for 5 times, three times per day,
treat for 6 weeks

Sun et al.
2017
[21]

PFMT protocol consistent with control group. BF and ES
(0–100 mA)with 30 min andBFwith 20 min, 1 time per day, treat
for 6 weeks

PFMT: ≥ 3 s of contraction and relax, continue for 20 min, 3–4
times per day, treat for 6 weeks

Zeng
et al.
2018
[22]

PFMT protocol consistent with control group. BF and ES
(15–100 Hz, 0–100 mA) with 20 min, 1 time per week, treat for
6 weeks

PFMT: ≥ 3 s of contraction and relax, continue for 20 min, 3–4
times per day, treat for 6 weeks

Zhang
et al.
2016
[23]

PFMT protocol consistent with control group. ES (50 Hz, 250 μs).
BF+ES (320–740 μs, 8–32 Hz) to type I muscle fiber and BF+ES
(20–320 μs, 20–80 Hz) to type II muscle fiber and enhanced
mode, with 30 min, two times per week, treat for 3 months

PFMT: Kegel exercises: ≥ 3 s of contraction and relax, continue for
15 min, 3 times per day, treat for 3 months

Liu et al.
2020
[24]

PFMT protocol consistent with control group. BF and ES intensity
adjusted by itself, three times per week, treat for 12 weeks

PFMT: 3 s of contraction and relax, continue for 15–30 min, 2–3
times per day, treat for 12 weeks

Huang
et al.
2017
[25]

PFMT protocol consistent with control group. ES (50 Hz, 0–70 mA)
BF+ES (320–740 μs, 8–32 Hz) to type I muscle fiber and BF+ES

(20–320 μs, 20–80 Hz) to type II muscle fiber and BF training in
various scenes, with 30 min, two times per week, treat for
3 months

PFMT: Kegel exercises: type I muscle: 3–5 s of contraction and
3–5 s of rest, 100 times daily; type II muscle: 3–5 times for fast
contraction and relaxation and 3–5 s of rest, continue for 10–15
times, 3–5 times per day; treat for 3 months

Gao 2020
[26]

PFMT protocol consistent with control group. ES (50 Hz, 250 μs).
BF+ES (320–740 μs, 8–32 Hz) to type I muscle fiber and BF+ES
(20–320 μs, 20–80 Hz) to type II muscle fiber and enhanced
mode, with 30 min, two times per week, treat for 6–9 weeks

PFMT: ≥ 3 s of contraction and relax, continue for 20–30 min, 2–3
times per day, treat for 6 months

Ge et al.
2019
[27]

PFMT protocol consistent with control group. ES (from 0 mA) with
5 min+ES (from 0 mA) with 5 min+5 min BF intensive training,
repeating this cycle for 15 min, two times per week, treat for
8 weeks

PFMT: Kegel exercises with individual treatment protocol, treat for
8 weeks

Yang
et al.
2017
[28]

PFMT protocol consistent with control group for 6 months. BF and
ES (0–60 mA) with 20 min, 10 times in total

PFMT: 10 s of contraction and 5 s of rest, continue for 30 min, 2
times per day, treat for 6 months

Lin 2019
[29]

PFMT protocol consistent with control group. BF and ES alternately
carry out for 20 min, treat for 6 months

PFMT: 10 s of contraction and 5 s of rest, continue for 15–30 min,
2 times per day, treat for 6 months

Deng
et al.
2017
[30]

PFMT protocol consistent with control group. ES first, BF+ES to type
I muscle fiber and BF+ES to type II muscle fiber and united mode
and enhanced mode, with 20–30 min, two times per week, treat for
3 months. Vagina dumbbell at home with 15–20 min, twice per
day

PFMT: Supervised exercise program. 5–8 s of contraction and
relax, continue for 15–20 min, ≥ 2 times per day, treat for
3 months
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Therapeutic effects Among the 14 eligible studies [16, 17,
19–30]that compared the interventions, the participants of 12
RCTs [16, 17, 19–27, 30] were PUI patients with a total of
1621 patients. The other two RCTs [28, 29] involved PUR
patients with a total of 258 patients. Heterogeneity analysis
(I2 = 0%, P = 0.64) indicated that there was homogeneity
among the studies. The fixed-effect model was adopted for
statistical analysis of the pooled effect. The pooled effect re-
sults (RR: 1.20, 95% CI: 1.15–1.24, P < 0.00001) showed a
significant improvement in therapeutic effects in patients un-
dergoing treatment with PFMT combined with ES and BF
compared to those undergoing PFMT alone (Fig. 3a).

Pelvic floor muscle strength The evaluation criterion for pel-
vic floor muscle (type I and type II) strength abnormalities
was muscle strength ≤ grade III [33]. Five RCTs [18, 21, 23,
24, 30] analyzed the classification of pelvic floor muscle
strength with a total of 340 patients. Heterogeneity analysis
(I2 = 66%, P = 0.02) indicated that the heterogeneity among

the studies was considerable. The random-effect model was
adopted for statistical analysis of the pooled effect. The pooled
effect results (RR: 2.29, 95% CI: 1.53–3.43, P < 0.0001)
showed that the difference between the two groups was sta-
tistically significant. The results demonstrated that the inci-
dence of pelvic floor muscle strength > grade III in the
PFMT combined with the BF and ES group compared with
the control group increased significantly, indicating that
PFMT combined with BF and ES therapy effectively im-
proved the pelvic floor muscle strength in postpartum women
(Fig. 4a).

Because the heterogeneity was significant, we performed a
sensitivity analysis to determine the heterogeneity values fol-
lowing individual elimination of studies. The heterogeneity
was reduced by 38% after eliminating the study by Zhang
et al. [23] (RR: 1.93, 95% CI: 1.39–2.67, P < 0.0001; Fig.
4b), indicating that this study was likely the source of hetero-
geneity. This finding suggests that the research object of the
eliminated study was PUI, whereas the research object of the

Fig. 2 a Risk of bias summary. b
Risk of bias graph

Table 2 (continued)

Study Training protocol

Intervention group Control group

Du et al.
2020
[31]

First, ES with 30 min, two times per week, 10 times in total, treat for
5 weeks. After treatment of ES, PFMT treat for 5 weeks

PFMT: 3 s of contraction and 3 s of rest, continue for 20 min, 2–3
times per day, treat for 5 weeks

He et al.
2019
[32]

PFMT protocol consistent with control group. Low-frequency ES
(180–300 μs, 50–100 Hz), ES (4000–600 μs, 20–30 Hz) to type I
muscle fiber and ES (200–260 μs, 50–80 Hz) to type II muscle
fiber with 12 min, 4 times per week(1/3/5/7), treat for 1 month

PFMT: 5 s of contraction and 5–10 s of rest, repeat this 150 times, 2
times per day, treat for 1 month

PFMT pelvic floor muscle training, BF biofeedback, ES electrical stimulation
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other studies was postpartum stress urinary incontinence
(PSUI). In addition, considering that the mode of delivery
and follow-up time could be related to the change in pelvic
floor muscle strength among postpartum women, we per-
formed subgroup analysis according to them; however, the

heterogeneity remained substantial. Moreover, we proceeded
to perform subgroup analysis to further explore the sources of
heterogeneity. The evaluation methods used in the studies for
assessing pelvic floor muscle function were the PHENIX
USB2 Pelvic Floor Rehabilitation Therapeutic Apparatus

Fig. 3 Forest plot of therapeutic
effect: a PFMT+ES + BF vs
PFMT alone. b PFMT+ES vs
PFMT alone. CI: confidence
interval

Fig. 4 Forest plot of pelvic floor muscle strength (a), forest plot of pelvic floor muscle strength for sensitivity analysis (b), and forest plot of pelvic floor
muscle strength for subgroup analysis (c). CI: confidence interval
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[23, 30] andManualMuscle Testing (MMT) using theMuscle
Strength Oxford Scale [18, 21, 24]. After subgroup analysis
according to these evaluation methods, the heterogeneity was
significantly reduced (I2 = 0% and I2 = 14%, respectively).
The above results revealed that the evaluation method was
the main source of heterogeneity (Fig. 4c).

One-hour pad test To quantify urinary loss, the 1-h pad test
was used. Five eligible RCTs [17, 18, 21, 22, 28] were includ-
ed. Heterogeneity analysis (I2 = 92%, P < 0.00001) indicated
that the heterogeneity among the studies was considerable.
The random-effect model was adopted for statistical analysis
of the pooled effect. The pooled effect results (SMD: −0.70,
95% CI: −1.23 to −0.17, P = 0.010) showed that PFMT com-
bined with BF and ES reduced the 1-h urine leakage by
−0.70 g. The results revealed that PFMT combined with BF
and ES significantly reduced the amount of postpartum urine
leakage compared to the control interventions (Fig. 5a).

To explore the sources of heterogeneity, subgroup analysis
was performed based on the type of postpartum LUTS (PUI
and PUR). The heterogeneity within the subgroup was not
significantly reduced compared with the overall heterogeneity
after subgroup analysis (Fig. 5b). Subsequently, we performed
subgroup analysis according to the intervention duration (<
8 weeks and ≥ 8 weeks). The heterogeneity was significantly

reduced after subgroup analysis (I2 = 0% and I2 = 0%, respec-
tively). The intervention duration < 8 weeks (SMD: −0.16,
95% CI: −0.31 to −0.02, P = 0.03) and the intervention dura-
tion ≥ 8 weeks (SMD: −1.12, 95% CI: −1.35 to −0.88,
P < 0.00001) were both statistically significant (Fig. 5c). The
above results suggested that the intervention duration was the
main source of heterogeneity.

Incontinence quality of life scores The I-QoL questionnaire
was used to evaluate constraints on behavior, psychological
impact, and social embarrassment [34]. In terms of quality of
life, two eligible RCTs [16, 27] were included, with a total of
260 patients. Heterogeneity analysis (I2 = 66%; P = 0.09) in-
dicated that the heterogeneity between the studies was consid-
erable. The random-effect model was adopted for statistical
analysis of the pooled effect. The pooled effect results (MD:
15.33, 95% CI: 11.70–18.97, P < 0.00001) demonstrated that
compared to women trained with PFMT alone, the women
trained with PFMT combined with BF and ES had greater I-
QoL scores. Thus, PFMT combined with BF and ES effec-
tively improved the postpartum quality of life (Fig. 6).

Urodynamic parameters Urodynamic parameters, including
MUCP, ALPP, detrusor leak point pressure (DLPP),
Qmax, and PVR, are mainly associated with voiding

Fig. 5 Forest plot of 1-h pad test (a), subgroup analysis of 1-h pad test in two groups of patients with different type of postpartum LUTS (b) and with
different treatment durations (c). CI: confidence interval
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dysfunction. Only two eligible RCTs [17, 27] evaluated
some of the urodynamic parameters, including ALPP,
MUCP, and Qmax, with a total of 334 patients. As shown
in Fig. 7a–c, compared with PFMT alone, PFMT plus BF
and ES boosted the ALPP (MD: 9.11, 95% CI: 5.75–
12.46, P < 0.00001, I2 = 0%), MUCP (MD: 7.87, 95%
CI: 6.41–9.33, P < 0.00001, I2 = 0%), and Qmax (MD:
2.62, 95% CI: 1.93–3.32, P < 0.00001, I2 = 0%).

PFMT plus ES versus PFMT alone

Two studies were eligible [31, 32] for evaluation of PFMT
plus ES versus PFMT alone. The studies included 350 women
(175 in the PFMT plus ES group and 175 in the PFMT alone
group). We included both studies in the quantitative analyses
for at least one outcome.

Therapeutic effects Both studies [31, 32] reported on the total
therapeutic effect and were included in a fixed-random model
showing that PFMT plus ES significantly improved the ther-
apeutic effects in postpartum women compared to those un-
dergoing PFMT alone (RR: 1.28, 95% CI: 1.16–1.41,
P < 0.00001, I2 = 0%; Fig. 3b).

Pelvic floor muscle strength Only one eligible study [32]
assessed pelvic floor muscle strength using the PHENIX
USB2 Pelvic Floor Rehabilitation Therapeutic Apparatus,
and a significant difference was reported between the two
groups (RR: 2.11, 95% CI: 1.33–3.35, P = 0.001), with stron-
ger pelvic floor muscle strength observed in the PFMT plus
ES group, although the CIs were very wide.

One-hour pad testOnly one eligible study [31] reported the 1-
h urine leakage; a significant differencewas observed between
the two groups (RR: −0.76, 95% CI: −1.30 to −0.22, P =
0.006). Thus, compared with PFMT alone, PFMT combined
with ES significantly reduced the amount of urine leakage.

Incontinence quality of life scoresOnly one eligible study [31]
presented an estimate that precisely demonstrated superior
results in the PFMT plus ES group, with higher scores on
the I-QoL scale observed in the PFMT plus ES group.

Urodynamic parameters Only one study [32] involving 150
patients reported on urodynamic parameters, including MUCP,
Qmax, and voiding time (VT). The result showed that the PFMT
plus ES group had significantly improved parameters (MUCP
and Qmax) and reduced VT compared to the control group.

Fig. 6 Forest plot of incontinence
quality of life scores (I-QoL). CI:
confidence interval

Fig. 7 Forest plot of urodynamic parameters: abdominal pressure urine leakage point pressure (ALPP) (a), maximum urethral closure pressure (MUCP)
(b), and maximum urinary flow rate (Qmax) (c). CI: confidence interval
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Adverse effects

Among the 17 included studies, only 2 RCTs [25, 29] reported
adverse effects. Huang et al. [25] reported that two patients in
the experimental group and three patients in the control group
experienced slight discomfort on probe insertion, without oth-
er obvious discomfort or adverse events, such as vaginal in-
fections. Lin [29] reported that one patient in the experimental
group had urinary tract infections, whereas in the control
group four patients experienced urinary retention, three pa-
tients experienced dysuria during puerperium, and one patient
developed urinary tract infections.

Publication bias

The publication bias was analyzed using a Review Manager
5.4 funnel plot for the total therapeutic effects of PFMT com-
bined with BF and ES in a total of 14 studies [16, 17, 19–30].
The two sides of the funnel plot were relatively asymmetric;
thus, it was thought that there was a publication bias in this
study (Fig. 8). Indeed, it is easier to publish research in China
that exhibits statistical significance than to publish research
without statistical significance.

Discussion

In the present systematic review, PFMT plus ES with or with-
out BF was shown to have a significant therapeutic effect,
enhance pelvic floor muscle strength, and improve the storage
and voiding LUTS. These findings agree with the results ob-
tained in the clinical trials conducted by Lee et al. [35]. After
6 weeks of PFMT combined with BF and ES therapy, the
subjective LUTS in postpartum women improved significant-
ly compared with the control group (PFMT alone). Since no

eligible study was retrieved, the specific effect of PFMT com-
bined with BF is still uncertain.

Our meta-analysis revealed that compared to the control
group, the number of womenwith pelvic floor muscle strength
> grade III in the experimental group significantly increased
after treatment. The results favored the use of PFMT plus ES
with or without BF therapy in pelvic floor muscle strength
evaluation. After sensitivity analysis by eliminating the study
by Zhang et al. [23], heterogeneity was significantly reduced.
We have identified the differences among studies according to
the type of PUI. We also performed subgroup analysis based
on the delivery mode, follow-up duration, and evaluation
methods used to assess the pelvic floor muscle function. The
heterogeneity was significantly reduced after subgroup analy-
sis according to the evaluation methods. We believe this find-
ing may be because pelvic floor muscle strength test using
digital palpation is somewhat subjective, and the results de-
pend on the experience of the evaluators.

Notably, a previous systematic review [36] demonstrated
that compared with alternative interventions, such as no train-
ing, PFMT, PFMT with a vaginal cone, ES, at-home PFMT
exercises, physical therapy, PFMT with BF, and electromyo-
graphic abdominal muscle training, PFMT plus BF for women
with SUI was not superior in terms of muscle strength mea-
sured using a perineometer. The pooled analysis demonstrated
that the use of PFMT with BF did not offer a clear advantage
in terms of improvement in muscle strength. This discrepancy
in results may be related to the differences in inclusion criteria;
specifically, the experimental group included in the review
[36] underwent PFMT plus BF without ES and the partici-
pants were not postpartum women. In the current review,
PFMT alone was used as a control, but Nunes et al. [36]
pooled the alternative interventions as control studies, ac-
counting for the difference in results. Combined with the cur-
rent meta-analysis, it is possible that the main clinical benefit

Fig. 8 Funnel plot of the
publication bias
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of ES is concerned with improvement in the perception of
pelvic floor muscle contraction. One study [37] supported
our hypothesis. Yang et al. [37] evaluated the efficacy of re-
habilitation exercises combined with direct vagina low volt-
age electric stimulation (DES) on pelvic floor nerve electro-
physiology and tissue function in primipara. The results re-
vealed that rehabilitation exercise combined with DES was
beneficial to the recovery of pelvic floor nerve tissue function,
and types I and II muscle fiber strength were significantly
strengthened. The efficacy of BF as an adjunct to PFMT for
postpartum LUTS, however, remains uncertain, and further
large-scale, well-designed RCTs on PFMTwith BF in treating
postpartum LUTS or improving pelvic floor muscle strength
are clearly needed.

The theoretical basis for treatment of pelvic floor muscle dys-
function is to improve pelvic floor support structure, prolong the
muscle activation time, and strengthen pre-contraction to prevent
or reduce urinary leakage [38]. The forest plot of the 1-h pad test
showed that urine leakage was significantly reduced after PFMT
plus BF and ES. After subgroup analysis according to the inter-
vention time (< 8 weeks and ≥ 8 weeks), the heterogeneity was
significantly reduced and there was no accompanying heteroge-
neity in the two subgroups. Compared with the subgroup with
intervention time < 8 weeks (SMD: −0.16, 95% CI: −0.31 to
−0.02, P = 0.03), the subgroup with intervention time ≥ 8 weeks
(SMD: −1.12, 95% CI: −1.35 to −0.88, P < 0.00001) provided
more reason to conclude that the urine leakage between the two
groups was different. Therefore, the present meta-analysis sug-
gested that postpartum pelvic floor muscle rehabilitation should
last ≥ 8 weeks. This result was largely consistent with the previ-
ous meta-analysis [4], suggesting that the postpartum PFMT
protocol should follow the general strength-training principles
and emphasize close to maximum contractions training for at
least 8 weeks. Furthermore, a systematic review published in
2019 [39] recommended that the PFMT program should last
6–12 weeks, with > 3 sessions/week and a session length of <
45 min.

Urodynamic parameters are related to the measurement of
voiding function and can reflect the integrity of intrinsic
sphincter function. Our review only included two studies com-
paring PFMT plus BF and ES with PFMT alone and one study
comparing PFMT plus ES with PFMT alone to analyze and
evaluate MUCP, ALPP, and Qmax. After PFMT plus ES with
or without BF therapy, the MUCP, ALPP, and Qmax values
were significantly improved, which revealed that the voiding
function as well as the urethral intrinsic sphincter integrity
may be improved. In addition, three studies involved the I-
Qol scores of physiotherapy for postpartum LUTS, two [16,
27] involved PFMT plus BF and ES, and the remaining study
[31] involved PFMT plus ES. The result showed that PFMT
plus ES with or without BF significantly improved the quality
of life of postpartum women with LUTS, which is an impor-
tant determinant of mental, physical, and social functioning.

In terms of safety, the most commonly reported adverse
effects were probe-related discomfort or urinary tract infec-
tion. Two studies [25, 29] in our meta-analysis reported ad-
verse events. Compared to the control group, the PFMT com-
bined with BF and ES group showed significantly reduced
incidence of adverse events, such as urinary retention and
dysuria during puerperium, and probe-related discomfort
was rare. As a result, PFMT combined with BF and ES was
shown to be relatively safe.

Despite these advances, there were some limitations in our
meta-analysis. First, the quality of the included literature was
low, as most studies did not describe the method of allocation,
concealment, and blinding, which led to the unavoidable bias
in selection, implementation, and measurement, and interfered
with the results. Second, the treatment protocol varied among
the included studies regarding frequency and duration, which
might lead to methodological heterogeneity. Third, there was
a lack of evidence about the long-term efficacy of physiother-
apy on postpartum LUTS. Few studies had a follow-up period
> 12 months. Therefore, more RCTs are needed with follow-
up extending > 12months to determine the long-term effect of
physiotherapy on postpartum LUTS. Moreover, the efficacy
of physiotherapy in the treatment of postpartum LUTS mainly
focused on one symptom, such as PUI or PUR, whereas the
types of LUTS are diverse. The specific application efficacy
of PFMT combined with BF, ES, or both for other LUTS
warrants further verification and evaluation. Recently, no
comparative studies on PFMT plus BF for postpartum
LUTS have been retrieved. The efficacy of BF as an adjunct
to PFMT therefore remains uncertain. Hence, further multi-
center RCTs involving large cohorts should be conducted to
verify our conclusion and confirm the efficacy of BF.

Conclusions

Based on the current evidence, PFMT plus ES with or without
BF is a safe and effective method to relieve early postpartum
LUTS; specifically, the storage and voiding symptoms of
postpartum women were improved significantly. We con-
clude that postpartum training should last ≥ 8 weeks.
However, more high-quality and adequately powered RCTs
are required to verify the efficacy of PFMT combined with BF
for postpartum LUTS as well as the optimal initiation time,
duration of intervention, and appropriate intervention plan.

Abbreviations LUTS, Lower urinary tract symptoms; SUI, Stress uri-
nary incontinence; PUI, Postpartum urinary incontinence; PFMT, Pelvic
floor muscle training; BF, Biofeedback; ES, Electrical stimulation; RCT,
Randomized controlled trail; I-QoL, Incontinence quality of life scores;
ALPP, Abdominal leak point pressure; MUCP, Maximum urethral clo-
sure pressure; CI, Confidence interval; RR, Risk ratio; MD, Mean differ-
ence; SMD, Standardized mean difference
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