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Objective: The standard of care treatment of potentially resectable lung cancer (LC) is surgery. However,
postoperative pulmonary complications (PPCs) and impairments in physical capacity are common. Recently,
the effect of inspiratory muscle training (IMT) in postoperative patients with LC (PWLC) was investigated in
these outcomes in different studies. The purpose of this systematic review was to synthesize the effect of
postoperative IMT (P-IMT) on PPCs and physical capacity in PWLC. Database: PubMed, EMBASE, Cochrane,
and CINAHL were searched. Study Selection: Randomized controlled trials, including control/sham group,
IMT as the intervention group, and key measures including PPCs, 6-minute walk test (6MWT), Vo2peak, maxi-
mal inspiratory pressure (MIP), maximal expiratory pressure (MEP), quality of life (QoL), physical activity level,
hospital length of stay, spirometry. Data Synthesis: The quality of the studies was assessed using the Phys-
iotherapy Evidence Database (PEDro) scale. The outcome findings were compared and interpreted. Results:
Five studies with 249 patients were analyzed. The PEDro scores of studies ranged from 6 to 8. There is no
significant difference in PPCs between the groups. The effects of P-IMT on the 6MWT, Vo2Peak, MIP, MEP, and
QoL were ambiguous. No effect of P-IMT on spirometry was reported. Conclusion: No effect of P-IMT in PPCs
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was reported. The effect of P-IMT on physical capacity and respiratory muscle strength was not observed. The
level of the effect of P-IMT on hospital length of stay and postoperative physical activity was low. No optimal
setting of P-IMT for PWLC with surgery was found. More studies are needed. (Rehab Oncol 2023;41:202–212)
Key words: inspiratory muscle training, lung cancer, postoperative pulmonary complications

Lung cancer (LC) is one of the leading causes of death
in the world with more than 1.8 million deaths.1 Recently,
there were improvements in LC management and min-
imally invasive surgical approaches with a reduction of
mortality.2-4 Unfortunately, the postoperative pulmonary
complication (PPC) rate is between 29.9% and 36.6% in
the elderly population depending on the type of operation
(segmentectomy, lobectomy, or pneumonectomy).5,6 The
decrease in physical function in survivor patients with LC
(PWLC) was also reported up to 2 years after surgery.7 In-
vestigating the potential effect of inspiratory muscle train-
ing (IMT) on physical capacity is important due to the in-
versed correlation between physical capacity and the risk
of death in PWLC.8,9 One focal point of PWLC surgery
was respiratory muscle weakness.10,11 Indeed, the inspira-
tory muscle weakness induces impairment of cough, chest
compliance, and physical capacity, and was associated with
PPCs.12-16 To address these postoperative issues, IMT has
emerged.17

Several systematic reviews with metanalysis showed
the effectiveness of preoperative IMT in PWLC, but ev-
idence of postoperative IMT (P-IMT) was scattered.18,19

Moreover, guidelines for dosing of P-IMT such as inten-
sity, frequency, and time are not yet understood.

This systematic review was conducted, first, to sum-
marize the effects of P-IMT on PPCs, physical capacity,
maximal inspiratory pressure (MIP), maximal expiratory
pressure (MEP), quality of life (QoL), physical activity
(PA) level, hospital length of stay, and lung function after
LC surgery. Second, the settings of the programs of P-IMT
were also summarized in PWLC after surgery.

METHODS

The Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guidelines were used to con-
duct this review.20

Literature Search

Four electronic databases were used for searching:
PubMed, EMBASE, Cochrane library, and CINAHL. The
equation of searching strategy in PubMed was based on
PICO criteria and as follows: (“inspiratory muscle train-
ing”[Title/Abstract]) OR (IMT[Title/Abstract]) OR (“respi-
ratory muscle training”[Title/Abstract]) AND (lung* AND
(carcinogen* OR sarcom* OR tumor* OR tumour* OR car-
cinoma* OR cancer* OR neoplasm*)) AND (“postopera-
tive” OR “post-surgery”). The equation was adapted to the
other databases. The searching and screening were con-
ducted independently by 2 reviewers (N-M. N. and G. R.).
There was no publish date limitation for the search.

Study Selection

Studies were selected based on the following inclusion
criteria: (1) the main purpose of studies was to investigate
the effect of IMT in the postoperative LC population; (2)
randomized controlled trial (RCT) including sham/control
groups; (3) outcomes including at least one of following
measures: PPCs, 6-minute walk test (6MWT), MIP, MEP,
QoL questionnaires, PA level, hospital length of stay, and
lung function.

Exclusion criteria were: (1) non-English language, (2)
studies including preoperative IMT intervention, and (3)
inclusion of diseases other than LC.

After removing duplicated studies with Endnote,21 2
independent reviewers (N-M.N. and G.R.) screened all po-
tential studies by title and abstract. Then a full test reading
was performed with selected studies. The final list of in-
cluded studies was discussed and confirmed by consensus.

Quality Assessment

The quality of studies was checked by the online Phys-
iotherapy Evidence Database (PEDro) website and then as-
sessed again by 1 reviewer (N-M.N.). The PEDro scale in-
cludes 11 items with a score of 0 or 1.22 Item 1 (eligible
criteria) is not included in the cumulative score; thus, the
maximal score was 10. The higher the score, the better
the internal validity. These items satisfied the core set of
items for RCT quality assessment.23 The levels of quality
were divided into 3 groups: good (>6), fair (4-5), and poor
(≤3).24

Data Extraction

The extracted data from all included studies were:
(1) characteristics of demographic data (sample size, age,
body mass index (BMI), smoking, and MIP); 2) type of
surgery; 3) intervention program of study and control
groups (method, duration, and starting point); and (4) out-
comes (PPCs, 6MWT, Vo2peak, MIP, MEP, QoL, hospital
length of stay, and spirometry). Data extraction was con-
ducted independently by 2 reviewers. The final table of
data was cross-checked.

RESULTS

Study Selection

After a comprehensive literature search, ta total of
201 studies met the inclusion criteria (Figure). After ti-
tle/abstract screening, 27 studies were assessed by full-text
reading. Five articles were included in the final systematic
review (Figure).
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Fig. A flowchart of search strategy.

Study Description and Quality

The 5 RCTs included 276 patients with a confirmed
diagnosis of LC. All patients underwent surgery. The types
of surgery included open surgery (134 participants) and
video-assisted thoracic surgery (VATS) (142 participants).
There was a dropout of 27 participants in 3 studies; thus,
249 participants were analyzed after training. One study
included only PWLC with VATS,25 and others combined
both types of surgery with no significant difference in the
open-VATS surgery ratio between the control (CG) and in-
tervention groups (IG).26-29 The median age of participants
was 64.2 (70.5; 53.3) years. BMI was in the normal or over-
weight range.30 The smoking rate was above 60% in 4 stud-
ies reporting this rate.27 There was no significant difference
in demographic characteristics between the IG and the CG
in all studies (P > .05) (Table 1).

The median PEDro score was 7. All the scores were
between 8 and 6.

Intervention Description

All the patients from the IG received P-IMT com-
bined with a rehabilitation program. Rehabilitation pro-
grams were composed of aerobic training, breathing ex-
ercise, positive expiratory pressure (PEP), early mobiliza-
tion, airway clearance techniques, strength limb exercise,

PA advice, and respiratory muscle training. The duration of
training was from 2 to 8 weeks.26-28 In 1 study, the train-
ing program was finished when patients were discharged
without a fixed duration.29 One study started the training
4 days after surgery, and it continued until 6 weeks after
discharge.25 Three studies started the training 1 to 2 days
after surgery without mentioning the tube removal,26,27,29

and 1 study started at 4 to 6 weeks post-surgery.28

The CGs received the same rehabilitation program in
3 studies.25-27,29 One CG received only PA advice. Two
studies used Powerbreath, 2 others used Threshold, and 1
study combined inspiratory and expiratory muscle train-
ing with Oxygen Dual Valve. The intensity of P-IMT var-
ied from 15% to 50% of the MIP and the training frequency
ranged from 100 to 120 repetitions a day and 3 to 5 days a
week (Table 2).

Pulmonary Postoperative Complications

PPCs were assessed in 2 studies. Only one study re-
ported a significantly lower rate of hypoxemia in the IG
than in the CG (15% vs 35%, P = .049), but no difference
in pneumonia (P = .14) or atelectasis (P = .11) between the
2 groups without associating with the type of surgery.26

Another study reported the same result of PPCs in the 2
groups with VATS.25
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şk
in

et
al

29
IG

:2
0

C
T

+
ea

rl
y

m
ob

il
iz

at
io

n
+

IM
T

1-
2

d
af

te
r

su
rg

er
y,

ar
ou

n
d

2
w

k

15
%

M
IP

,
in

cr
ea

se
2

cm
H

2
O

/d
u

p
to

45
%

10
×

6
O

n
ce

/d
,5

d/
w

k
T

h
re

sh
ol

d
IM

T
6M

W
T

:6
m

o
af

te
r

su
rg

er
y

�
IG

:M
D

=
−

29
.5

±
12

2.
3

m
,P

>
.0

5
�

C
G

:M
D

=
−

11
5.

2
±

12
8.

9
m

,P
<

.0
1

�
D

=
85

.7
2

m
(9

5%
C

I,
16

6.
15

to
5.

28
),

P
=

.0
37

C
G

:2
0

C
T

+
ea

rl
y

m
ob

il
iz

at
io

n
1-

2
d

af
te

r
su

rg
er

y,
ar

ou
n

d
2

w
k

..
.

..
.

..
.

M
IP

:

�
IG

:M
D

=
3.

1
±

17
.3

cm
H

2
O

,P
>

.0
5

�
C

G
:M

D
=
−

8
±

16
.4

cm
H

2
O

,P
>

.0
5

�
D

=
11

.0
5

(9
5%

C
I,

21
.8

4
to

0.
25

),
P

=
.0

45

M
E

P
:

�
IG

:M
D

=
1.

1
±

17
.7

cm
H

2
O

,P
>

.0
5

�
C

G
:M

D
=
−

24
.1

±
34

.6
cm

H
2
O

,P
<

.0
1

�
D

=
25

.2
3

(9
5%

C
I,

42
.8

3
to

7.
62

),
P

=
.0

06

H
os

pi
ta

ls
ta

ys
:I

G
(9

.1
±

3)
vs

C
G

(1
2.

9
±

4.
2)

,
P

=
.0

02
(c

on
ti

nu
es

)

Copyright © 2023 Academy of Oncologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

Rehabilitation Oncology, Vol. 41, No. 4 The Effect of IMT in Patients With Lung Cancer After Surgery 207

D
ow

nloaded from
 http://journals.lw

w
.com

/rehabonc by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 07/30/2024



TA
BL

E
2

C
h

ar
ac

te
ri

st
ic

s
of

In
te

rv
en

ti
on

s
an

d
R

es
u

lt
s

(C
on

ti
nu

ed
)

IM
T

P
ro

gr
am

A
u

th
or

Sa
m

p
le

Si
ze

In
te

rv
en

ti
on

P
ro

gr
am

T
im

e
(B

eg
in

n
in

g
an

d
D

u
ra

ti
on

)
In

te
n

si
ty

F
re

qu
en

cy
D

ev
ic

e
O

u
tc

om
e

F
in

d
in

gs

L
iu

et
al

25
IG

:2
6/

32
A

er
ob

ic
+

IM
T

+
re

h
ab

(b
re

at
h

in
g

co
n

tr
ol

,l
im

bs
ex

er
ci

se
s,

ai
rw

ay
cl

ea
ra

n
ce

te
ch

n
iq

u
e,

in
ce

n
ti

ve
sp

ir
om

et
ry

,l
u

n
g

ex
pa

n
si

on
)

4
d

af
te

r
su

rg
er

y,
6

w
k

30
%

M
IP

,
in

cr
ea

se
to

45
%

M
IP

10
-1

5
3-

4
/d

,d
ai

ly
T

h
re

sh
ol

d
IM

T
P

P
C

s:

�
P

n
eu

m
on

ia
:i

de
m

,P
=

.1
65

�
A

te
le

ct
as

is
:i

de
m

,P
=

.2
95

�
A

R
D

S:
id

em
,P

=
.5

19
C

G
:2

8/
31

R
eh

ab
(b

re
at

h
in

g
co

n
tr

ol
,l

im
bs

ex
er

ci
se

s,
ai

rw
ay

cl
ea

ra
n

ce
te

ch
n

iq
u

e,
in

ce
n

ti
ve

sp
ir

om
et

ry
,l

u
n

g
ex

pa
n

si
on

)

4
d

af
te

r
su

rg
er

y,
6

w
k

..
.

..
.

..
.

�
R

es
pi

ra
to

ry
fa

il
u

re
:i

de
m

,P
=

.5
19

�
Su

bc
u

ta
n

eo
u

s
em

ph
ys

em
a:

id
em

,P
=

.8
93

�
A

ir
le

ak
:i

de
m

,P
=

.1
77

6M
W

T
at

w
k

2:

�
C

G
(3

32
.9

±
78

.4
)

vs
IG

(4
12

.5
7
±

74
.2

),
P

=
.0

02

6M
W

T
at

w
k

6:

�
C

G
(3

06
.8

±
70

.6
)

vs
IG

(4
19

.0
2
±

60
.7

),
P

=
.0

07

6M
W

T
at

w
k

12
:

�
C

G
(3

06
.9

±
58

.2
)

vs
IG

(4
02

.4
±

65
.2

),
P

=
.0

36

M
IP

at
w

k
2:

�
C

G
(7

7.
4
±

34
.9

)
vs

IG
(9

1.
9
±

25
),

P
=

.1
24

M
IP

at
w

k
6:

�
C

G
(7

1.
7
±

27
.9

)
vs

IG
(9

4.
3
±

32
.8

),
P

=
.0

18

M
IP

at
w

k
12

:

�
C

G
(8

0.
0
±

30
.9

)
vs

IG
(9

5.
7
±

34
.7

),
P

=
.1

20

M
E

P
at

w
k

2:

�
C

G
(7

0.
9
±

24
.3

)
vs

IG
(9

0.
9
±

28
.1

),
P

=
.0

15

M
E

P
at

w
k

6:

�
C

G
(7

9.
1
±

24
.5

)
vs

IG
(9

4.
8
±

30
.4

),
P

=
.0

66

M
E

P
at

w
k

12
:

�
C

G
(7

6.
1
±

20
.2

)
vs

IG
(9

8.
6
±

35
.3

),
P

=
.0

12

A
bb

re
vi

at
io

n
s:

A
R

D
S,

ac
u

te
re

sp
ir

at
or

y
di

st
re

ss
sy

n
dr

om
e;

C
G

,c
on

tr
ol

gr
ou

p;
C

T,
ch

es
t

th
er

ap
y;

F
E

V
1,

fi
rs

ts
ec

on
d

of
fo

rc
ed

ex
pi

ra
ti

on
;F

V
C

,f
or

ce
d

vi
ta

lc
ap

ac
it

y;
IE

M
T,

in
sp

ir
at

or
y-

ex
pi

ra
to

ry
m

u
sc

le
tr

ai
n

in
g;

IG
,

in
te

rv
en

ti
on

gr
ou

p;
IM

T,
in

sp
ir

at
or

y
m

u
sc

le
tr

ai
n

in
g;

M
D

,
m

ea
n

di
ff

er
en

ce
;

M
E

P,
m

ax
im

al
ex

pi
ra

to
ry

pr
es

su
re

;
M

IP
,

m
ax

im
al

in
sp

ir
at

or
y

pr
es

su
re

;
PA

,
ph

ys
ic

al
ac

ti
vi

ty
;

P
E

P,
po

si
ti

ve
ex

pi
ra

to
ry

pr
es

su
re

;
P

P
C

,p
os

to
pe

ra
ti

ve
pu

lm
on

ar
y

co
m

pl
ic

at
io

n
;Q

oL
,q

u
al

it
y

of
li

fe
;r

eh
ab

,r
eh

ab
il

it
at

io
n

pr
og

ra
m

;6
M

W
T,

6-
m

in
u

te
w

al
ki

n
g

te
st

;W
H

O
,W

or
ld

H
ea

lt
h

O
rg

an
iz

at
io

n
.

Copyright © 2023 Academy of Oncologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

208 Nguyen et al Rehabilitation Oncology, Vol. 41, No. 4

D
ow

nloaded from
 http://journals.lw

w
.com

/rehabonc by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 07/30/2024



Physical Capacity

Three studies assessed the 6MWT.25,26,29 Only 2 of
them demonstrated a significant difference in the walked
distance between the 2 groups. One of them showed a sig-
nificant difference after 2, 6, and 12 weeks.25 The other re-
ported a significant decrease in the 6MWT in the CG while
there was no significant change in the IG, and the differ-
ence between the 2 groups was significant.29

One study assessed Vo2peak and the authors reported
a significant improvement in the IG than in the CG.28

Maximal Inspiratory Pressure and Maximal
Expiratory Pressure

MIP was assessed in 4 studies as the outcome mea-
sure. Three studies showed a significant difference in MIP
between the 2 groups. One reported a significant difference
at 6 months after surgery,29 and 1 after 10 to 12 weeks since
the end of the intervention.28 One of them reported a sig-
nificant difference at week 6, but not at weeks 2 and 12.25

Another study demonstrated no significant difference be-
tween the IG and the CG (P = .22).26

Three of the 4 studies that investigated MEP demon-
strated a significant difference in MEP between the 2
groups,28,29 but one of them only reported a significant
difference at weeks 2 and 12, but without difference at
week 6.25

Quality of Life

Two studies that assess QoL reported no significant
difference between IGs and CGs. One study used the EQ-
5D-5L (P = .8).27 The other assessed the European Orga-
nization for Research and Treatment of Cancer Quality of
Life (EORTC QL-30) (P > .05).28

Physical Activity Level

One study assessed PA by using the Physical Activ-
ity Scale 2.1 reported less sedentary and more moderate
activity levels in the IG than in the CG (P = .006).27 An-
other study assessed the Physical Functioning Scale with
the EORTC QL-30 finding no significant difference be-
tween the 2 groups (P > .05).28

Hospital Length of Stay

Only one study assessed the hospital length of stay as
an outcome. It was shorter in the IG (9.1 ± 3 days) than
in the CG (12.9 ± 4.2 days) (P = .002).29

Spirometry

Only one study assessed the effect of P-IMT on lung
function without a significant difference between the IG
and the CG.26

DISCUSSION

This systematic review focused on the effect of P-IMT
after surgery in PWLC. There was insufficient evidence to
promote the use of P-IMT. Included studies were hetero-
geneous in terms of intervention programs, which made it
challenging to analyze the results. Due to the few studies,
the findings should be cautiously interpreted.

The effect of P-IMT on PPCs was difficult to analyze
because of the methodology of the studies. According to
the result, the earlier starting point with a higher %MIP did
not show more benefit in PPCs compared with the 4-day
delayed lower-intensity P-IMT. The longer duration of the
6-week P-IMT did not show any benefit on PPCs compared
with the 2-week program. However, due to the natural re-
covery process of the operative lung being 6 weeks, the as-
sessment conducted earlier than 6 weeks after surgery may
not be good for evaluating the effect of P-IMT in PPCs.31 In
addition, the high rate of smoking and high BMI in these
studies, which also increases the risk of PPCs,32 should be
considered while interpreting the result. The benefit of P-
IMT on PPCs with different surgery types was not found.
However, with the same percentage of subcutaneous em-
physema and air leak in both groups, P-IMT did not in-
crease these risks, contributing to the feasibility of P-IMT
in postoperative PWLC. Therefore, P-IMT can be used to
improve diaphragm function after surgery.33-36 More stud-
ies are needed to clarify this point as well as the ideal char-
acteristics of the program.

Studies in this systematic review showed that the
short-term effect of P-IMT on the 6MWT was unclear.
Noticeably, 2 studies, which showed a benefit in the
6MWT,25,28 added aerobic exercise in the IG but not in the
CG; therefore, aerobic exercise can be the reason for the
improvement of the 6MWT.37-39 In addition, it was impos-
sible to recommend when to start P-IMT due to different
starting points in included studies. The result of this review
did not suggest any ideal setting of P-IMT for the improve-
ment of the 6MWT. Despite the similar duration, intensity,
and frequency of P-IMT in 2 studies, only 1 of them re-
ported a significant difference in the 6MWT between the 2
groups.26,29 Due to this discrepancy, concluding the short-
term effect of P-IMT on the 6MWT was challenging. The
ideal intensity and frequency of P-IMT for the short-term
6MWT could not be determined. With only 1 study, it was
difficult to assess the effect of P-IMT on Vo2peak. Like the
6MWT, the improvement of Vo2peak may be induced by aer-
obic exercise applied in the IG but not in the CG.37-39 The
same caution should be applied while interpreting the ef-
fect of mid-to-long-term P-IMT on physical capacity. More
studies with longer follow-ups are needed to understand
the specific role as well as the ideal characteristics of P-
IMT on physical capacity.

As noted earlier, understanding the effect of P-IMT on
inspiratory muscles is important because of the negative
correlation previously observed between MIP and PPCs.40

With similar intensity and frequency, the short-term effect
of P-IMT on MIP was contradictory. Two studies reported a
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significant short-term reduction in postoperative MIP prior
to recovering to the preoperative state without significant
difference between the 2 groups.26,29 Thus, the decline
may be due to inspiratory muscle dysfunction caused by
postoperative pain in the early days.41 And the recovery of
MIP can be a natural process after 2 weeks of surgery.42

There was insufficient evidence to suggest that P-IMT had
different efficacy in patients with different surgical proce-
dures. More studies are needed to understand the effect of
P-IMT on MIP.

According to our results, mid-to-long-term effects of
P-IMT on MIP were weak. Two studies showed a significant
difference in MIP between the IG and the CG with 6- to 8-
week training.25,28 However, both studies included aerobic
exercise in the IG but not in the CG; thus, the improve-
ment of aerobic-induced general health can be the reason
for the enhancement of MIP.43 Noticeably, the significant
difference in MIP between the 2 groups disappeared after
12 weeks post-surgery.25 Thus, retaining training may be
a good recommendation to maintain MIP, especially in el-
derly people.44

For MEP, the evidence was conflicted. Two out of the
3 studies showed short-term benefits of MEP.25,29 As no
changes were observed in the IG contrarily to the CG, it
has been suggested that P-IMT can maintain or promote
the recovery of MEP.29 However, this study applied PEP for
CGs and IGs. Although PEP cannot be exactly defined as
expiratory muscle training, it has to be considered while
interpreting the results.45 Another study reported a sig-
nificant reduction in MEP after surgery but recovered to
presurgery status after 2 weeks in both groups without a
significant difference between the 2 groups.26 Thus, recov-
ery may be the natural process after surgery.42 Although
there was some supportive evidence, it was challenging to
define the effect of P-IMT on short-term MEP.

The improvement of the long-term MEP was
observed.25,28 However, the effect should be cautiously
interpreted since aerobic exercises, which were ap-
plied in IGs but not in CGs, may be the reason for the
improvement.37 Besides, the MEP reevaluation time of
these studies was less than 12 weeks, which was believed
to be not long enough to reverse the strength induced by
resistance training.46-49

Due to the importance of the change in QoL, PA level,
hospital length of stay, and spirometry in the LC popula-
tion, investigating the effects of P-IMT in these aspects was
worthy.50-53 However, with only 1 study assessing each of
the outcomes stated above, it was challenging to reach a
conclusion. In addition, the time of the QoL assessment in
included studies was too early to catch the true score. In-
deed, QoL was usually assessed 6 months after surgery.7,54

Our result reported a higher PA level with P-IMT.27 The
reason can be the improvement of the whole-body exer-
cise capacity contributed by inspiratory muscle strength-
ening, which facilitates PA levels.55 One study reported a
shorter hospital length of stay with early IMT.29 The earlier
discharge was only observed in the IG despite early mobi-
lization, which was believed to reduce the hospital length

of stay, was applied in both groups.56,57 Therefore, P-IMT
can promote the earlier discharge after LC surgery. No ef-
fect of P-IMT on spirometry tests was found in this sys-
tematic review, with only 1 study assessed spirometry. In
addition, the test was conducted at week 2 postoperatively,
when pain can still impair breathing maneuvers, leading to
uncountable results.58

The main limitation of this review was the small num-
ber of studies. With only 5 studies included, data extrac-
tion and analysis were challenging. Included studies had a
heterogeneous population with differences in intensity and
training programs. Thus, it made the comparison difficult.
The wide range of duration and starting point of interven-
tion was also another limitation. In addition, the inconsis-
tent outcome measurement in the studies also challenged
the result interpretation.

Conclusion

Overall, this systematic review reported conflicting re-
sults of P-IMT in PWLC with surgery. No effect of P-IMT
in PPCs was reported. The effect of P-IMT on physical ca-
pacity and respiratory muscle strength was not observed.
P-IMT can be used as an additional therapy to improve
hospital length of stay and postoperative PA levels with a
low level of evidence. In addition, we could not find the
optimal setting of P-IMT for PWLC with surgery. Further
studies with clear settings of the intervention program and
specific outcomes should be conducted to confirm the role
of P-IMT on PWLC with surgery.
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