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motion, muscle strength  
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Abstract
Objective: The objective was to evaluate the effectiveness of early rehabilitation on arm range of motion 
(ROM), strength and function after breast cancer surgery (BCS). Data sources: PubMed, MEDLINE, 
Bireme, Embase, LILACS and CINAHL databases were searched.
Methods: Two independent reviewers selected randomized controlled trials evaluating women 
who underwent early rehabilitation to restore arm ROM, strength or function after BCS. Cochrane 
Collaboration recommendations and Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were followed. Methodological quality was assessed by the PEDro scale. 
The International Classification of Functioning, Disability and Health was considered to analyze results. 
Effect size (ES) was calculated for clinical relevance interpretation of the outcomes of interest, and the 
evidence was summarized through the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) system.
Results: Up to June 2019, a total of 1658 references were identified and 15 studies were included. 
Twelve of them presented adequate methodological quality. A total of 1710 patients were evaluated. Few 
studies performed the simultaneous assessment of variables related to body structure and function and 
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Introduction

Breast cancer surgery is associated with reduced 
arm range of motion, weakness of the shoulder 
muscles,1,2 decreased arm function2,3 and altered 
scapular kinematics during arm movements.4,5 All 
these factors may limit activities of daily living, 
and exercise therapy could be an effective approach 
for preventing and restoring arm function after 
breast cancer surgery.6

Protocols performed in the early and late postop-
erative period of breast cancer have been considered 
beneficial in improving shoulder7 and arm func-
tion.8–10 Nevertheless, there is no consensus on the 
most effective exercise approach to prevent func-
tional changes in the arms of these patients consider-
ing the different stages of the postoperative period.

Four systematic reviews11–14 evaluating the 
effects of upper limb exercises on arm range of 
motion and muscle strength after breast cancer sur-
gery were identified. These studies, published 
between 2010 and 2015, focused on the effects of 
immediate versus late postoperative interventions 
after breast cancer surgery and identified positive 
effects of early rehabilitation.11–13 The study by De 
Groef et al.14 included five randomized controlled 
trials (RCTs) that investigated the effectiveness of 
exercise therapy on pain and range of motion after 
six weeks of surgery. Nevertheless, none of these 
reviews provided specific recommendations regard-
ing the type of exercise and protocol characteristics 
that should be used on clinical practice to improve 

shoulder function, range of motion and muscle 
strength in the immediate postoperative period of 
breast cancer surgery.

Considering that shoulder range of motion, 
muscle strength, scapular kinematics and upper 
limb function are impaired in the long term of sur-
gery,5 there is a lack of updated evidence regarding 
the effects and characteristics of early rehabilita-
tion protocols applied following breast cancer sur-
gery for improvement of upper limb clinical 
measures and patient-reported outcomes.

Thus, this systematic review aims to summarize 
evidence regarding the effectiveness of early reha-
bilitation in the immediate postoperative period of 
breast cancer surgery for arm function, range of 
motion and strength.

Methods

This systematic review followed Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines15 and the 
recommendations of the Cochrane Collaborations 
for systematic reviews.16 This review was regis-
tered in the International Prospective Register of 
Systematic Reviews (PROSPERO) under number 
CRD42017058279.

Up to June 2019, an electronic search was per-
formed in the following databases: PubMed, 
MEDLINE, Embase, Bireme, CINAHL and LILACS. 
For the PubMed, the following keyword combination 
was used: (“Breast Neoplasms”[Mesh] OR breast 

patient-reported outcomes. A moderate level of evidence was synthesized regarding the effectiveness of 
ROM exercises for improving arm flexion, abduction and external rotation (ES: 0.45–2.5). A low level 
of evidence was synthesized regarding the effectiveness of isolated strengthening exercises for patient-
reported arm function. ROM exercises associated with muscle strengthening exhibited a moderate level 
of evidence for improving shoulder flexion (ES: 1.4–2.4).
Conclusion: Both ROM and strengthening exercises associated with ROM exercises improved shoulder 
flexion, abduction and external rotation ROM after BCS. Shoulder abduction and external rotation 
showed less recovery, irrespective of the intervention applied.
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cancer) AND surgery AND (upper limb function OR 
shoulder range of motion OR scapular kinematics OR 
muscle strength). The search strategy used is given in 
more detail in the Supplemental Material. Each elec-
tronic database was searched from the earliest year 
available to identify relevant studies.

Two independent reviewers performed the 
selection process based on titles, abstracts and 
full-text reading. Any disagreements were solved 
by consensus. Full texts of potentially relevant 
articles were retrieved for final evaluation. 
Manual search was performed through the 
screening of primary studies’ reference lists to 
identify possible relevant studies not retrieved 
by the electronic search.

This systematic review included only RCTs that 
evaluated women who had undergone breast can-
cer surgery and received early rehabilitation, in the 
immediate postoperative period. The rehabilitation 
program had to commence within the first eight 
weeks after surgery. Arm range of motion, strength 
and function reported by the patients were the pri-
mary outcome measures of interest.

The methodological quality of the included stud-
ies was assessed using the PEDro scale (www.pedro.
org.au),17 which is based on the Delphi list.18 The 
studies indexed in the PEDro database had been pre-
viously rated.19 For the present review, randomized 
trials with scores greater than or equal to 6 were con-
sidered of high methodological quality, those which 
scored 4 or 5 were classified as fair quality and those 
which presented a score less than or equal to 3 were 
classified as low methodological quality.20

A standardized form adapted from the Cochrane 
Collaboration model16 was used to extract data on 
participants (number of patients, age, body mass 
index, comparison groups and type of surgery), 
intervention (onset, characteristics, frequency, dura-
tion and setting) and outcome measures (outcome 
assessed, assessment tool, statistical outcomes and 
clinical relevance of the intervention). The clinical 
relevance of interventions was interpreted through 
the effect size (ES) with a 95% confidence interval 
(CI) for continuous outcomes in each comparison 
group, considering pre- and post-intervention val-
ues. The treatment effect was further classified as 
small (<0.20), moderate (between 0.21 and 0.79) 
and large (>0.80), according to the Cohen index.21

Primary study results were interpreted according 
to the effectiveness of the rehabilitation program in 
promoting gains or preserving arm range of motion, 
strength or function after surgery. Results were con-
sidered positive when the comparison between inter-
vention and control groups showed a statistically 
significant improvement in primary outcomes. The 
preventive effects of rehabilitation were also consid-
ered positive when impairments were not observed. 
Studies that showed a significant reduction in out-
comes after the intervention were classified as having 
no effect. The ES was calculated for the studies that 
presented mean and standard deviation (SD) data for 
the primary outcomes.

Analysis and data synthesis

The quality of the evidence for each intervention 
was determined based on the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE)22 system as high, moderate, 
low or very low level of evidence. For evidence 
synthesis, follow-up periods of three and six 
months were considered. All tables were generated 
by GRADEpro software after the GRADE criteria 
analysis was performed by authors.

The outcomes presented by the primary studies 
were complementally analyzed taking into account 
the International Classification of Functioning, 
Disability and Health (ICF) perspective about 
functioning and disability.23 Thus, outcomes were 
qualitatively analyzed considering measures of 
body structure and function, which allows the 
assessment of impairments and patient-reported 
outcome measures (PROMs), which measure 
patients’ activity limitations and participation 
restrictions, allowing the identification of func-
tional loss and disability.24

Results

The electronic search resulted in a total of 1658 
references, 15 of which were included. The flow-
chart of this review selection process is presented 
in Figure 1.

A total of 1710 patients were evaluated. Of the 15 
studies included, 13 were classified as high meth-
odological quality.7,10,25–35 The most critical criteria 
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to be satisfied were related to participant (100%) 
and therapist blinding (100%) and intention-to-treat 
analysis (100%). Only five studies7,26,28,35 reported 
blinding assessors who measured at least one key 
outcome of the intervention applied.

The main characteristics of the studies in terms 
of participants, exercise programs and outcomes 
assessed are shown in the Supplemental Table S1. 
All the analyzed outcomes were categorized 
according to the ICF perspective about functioning 
and disability and its domains: body structure and 
function and PROMs (Supplemental Table S2).

In general, the exercise protocols started at the 
first week following the surgery and consisted of 
upper limb active exercises, passive and active 
stretching, shoulder range of motion and strength-
ening exercises combined with scar massage. 
Moreover, the protocols were carried out from 10 
to 19 days in three studies,28,33,36 between one and 
two months in four studies,10,25,26,29 between three 
and six months in five studies7,31,32,34,35,37 and two 
studies did not report protocol duration.27,30

Only eight studies7,25,26,28,32,34,35,37 provided 
mean and SD data to calculate the ES of the inter-
vention applied to the operated upper limb. 
Regarding shoulder range of motion, improve-
ments were identified at three7,27–29,33,34,36 and 
six7,24–31,36 month follow-up periods. The ES ranged 
from 0.03 to 2.4. Considering the studies that 
reported a positive treatment effect,28,32 the ES 
ranged from 1.4 to 2.4 for flexion range of motion, 
1.3–1.9 for abduction and 0.45–0.90 for shoulder 
external rotation. Moreover, 95% CI values ranged 
from 0.073 to 2.8 for shoulder flexion; from 0.69 to 
2.2 for abduction and from −0.06 to 1.4 for shoul-
der external rotation. Regarding the improvement 
of shoulder function, the ES ranged from −0.31 to 
2.5 and the 95% CI ranged from 0.12 to 2.5 in those 
studies with a positive treatment effect.7,28,34,35

Evidence synthesis regarding intervention 
effectiveness in improving upper limb range of 
motion, muscle strength and functional outcomes 
based on the GRADE approach is presented in 
Table 1 for the three-month follow-up and in Table 
2 for the six-month follow-up period.

Nine studies investigated the effectiveness of 
protocols in improving upper limb range of motion 
and involved 988 patients,26–28,30–36 whereas five 
studies with 769 patients investigated effectiveness 
of protocols in improving shoulder function 
through patient-reported outcomes assessed by 
questionnaires7,10,29,35,37 (Tables 1 and 2).

Figure 1. Selection process steps of the primary 
studies.



Ribeiro et al. 5

T
ab

le
 1

. 
Su

m
m

ar
y 

of
 b

od
y 

of
 e

vi
de

nc
e 

fo
r 

up
pe

r 
lim

b 
ex

er
ci

se
s 

in
 t

he
 t

hr
ee

-m
on

th
 fo

llo
w

-u
p 

ac
co

rd
in

g 
to

 t
he

 G
R

A
D

E 
ap

pr
oa

ch
.

In
te

rv
en

tio
n/

ou
tc

om
e

Bi
as

 r
is

k
In

co
ns

is
te

nc
y

In
di

re
ct

 
ev

id
en

ce
Im

pr
ec

is
io

n
Sa

m
pl

e 
si

ze
Q

ua
lit

y 
of

 t
he

 
ev

id
en

ce
 (

G
R

A
D

E)
R

es
ul

t

In
te

rv
en

tio
n

C
om

pa
ri

so
n

Ef
fe

ct
iv

en
es

s 
of

 R
O

M
 e

xe
rc

is
es

 in
 im

pr
ov

in
g

 
R

O
M

 s
ho

ul
de

r 
fle

xi
on

27
,2

8,
33

,3
4,

36
N

ot
 s

er
io

us
a

N
ot

 s
er

io
us

b
Se

ri
ou

sc
N

ot
 s

er
io

us
d

19
3/

38
8 

(4
9.

7%
)

19
5/

38
8 

(5
0.

3%
)

⨁
⨁
⨁

 M
O

D
ER

A
T

E
(=

)2
7,

34
(+

)2
8,

33
(−

)3
6

 
R

O
M

 s
ho

ul
de

r 
ab

du
ct

io
n2

7,
28

,3
3,

34
,3

6
N

ot
 s

er
io

us
a

N
ot

 s
er

io
us

Se
ri

ou
sc

N
ot

 s
er

io
us

d
21

4/
38

8 
(5

5.
2%

)
17

4/
38

8 
(4

4.
8%

)
⨁
⨁
⨁

 M
O

D
ER

A
T

E
(=

)3
4 (
+

)2
7,

28
,3

3 (
−

)3
6

 
R

O
M

 s
ho

ul
de

r 
ex

te
rn

al
 r

ot
at

io
n2

7,
28

,3
4,

36
N

ot
 s

er
io

us
N

ot
 s

er
io

us
Se

ri
ou

sc
N

ot
 s

er
io

us
d

12
4/

23
9 

(5
1.

9%
)

11
5/

23
9 

(4
8.

1%
)

⨁
⨁
⨁

 M
O

D
ER

A
T

E
(=

)2
7,

36
(+

)2
8,

33

 
U

pp
er

 li
m

b 
fu

nc
tio

n7
,2

9,
34

,3
5

N
ot

 s
er

io
us

a
N

ot
 s

er
io

us
b

Se
ri

ou
sc

N
ot

 s
er

io
us

d
22

8/
46

5 
(4

9.
0%

)
23

7/
46

5 
(5

1.
0%

)
⨁
⨁

 L
O

W
(=

)7
(+

)2
9,

34
,3

5

Ef
fe

ct
iv

en
es

s 
of

 m
us

cl
e 

st
re

ng
th

en
in

g 
ex

er
ci

se
s 

in
 im

pr
ov

in
g

 
U

pp
er

 li
m

b 
fu

nc
tio

n7
,2

9,
33

,3
4

N
ot

 s
er

io
us

Se
ri

ou
sa

Se
ri

ou
sb

N
ot

 s
er

io
us

17
7/

36
3 

(4
8.

8%
)

18
6/

36
3 

(5
1.

2%
)

⨁
⨁

 L
O

W
(=

)7
(+

)2
9,

33
,3

4

Ef
fe

ct
iv

en
es

s 
of

 R
O

M
 a

nd
 s

tr
en

gt
he

ni
ng

 e
xe

rc
is

es
 in

 im
pr

ov
in

g
 

R
O

M
 s

ho
ul

de
r 

fle
xi

on
27

,2
8,

33
N

ot
 s

er
io

us
a

N
ot

 s
er

io
us

Se
ri

ou
s

N
ot

 s
er

io
us

10
8/

21
2 

(5
0.

9%
)

10
4/

21
2 

(4
9.

1%
)

⨁
⨁
⨁

 M
O

D
ER

A
T

E
(=

)2
7 (
+

)2
8,

33

 
R

O
M

 s
ho

ul
de

r 
ab

du
ct

io
n2

7,
28

,3
3

N
ot

 s
er

io
us

a
N

ot
 s

er
io

us
b

Se
ri

ou
sc

N
ot

 s
er

io
us

10
8/

21
2 

(5
0.

9%
)

10
4/

21
2 

(4
9.

1%
)

⨁
⨁

 L
O

W
(+

)2
7,

28
,3

3

 
R

O
M

 s
ho

ul
de

r 
ex

te
rn

al
 r

ot
at

io
n2

7,
28

,3
3

N
ot

 s
er

io
us

a
N

ot
 s

er
io

us
b

Se
ri

ou
sc

N
ot

 s
er

io
us

10
8/

21
2 

(5
0.

9%
)

10
4/

21
2 

(4
9.

1%
)

⨁
⨁

 L
O

W
(=

)2
7 (
+

)2
8,

33

G
R

A
D

E:
 G

ra
di

ng
 o

f R
ec

om
m

en
da

tio
ns

 A
ss

es
sm

en
t, 

D
ev

el
op

m
en

t 
an

d 
Ev

al
ua

tio
n;

 R
O

M
: r

an
ge

 o
f m

ot
io

n.
Sa

m
pl

e 
si

ze
: n

um
be

r 
of

 p
at

ie
nt

s 
fr

om
 in

te
rv

en
tio

n 
or

 c
om

pa
ri

so
n 

gr
ou

ps
/t

ot
al

 n
um

be
r 

of
 p

at
ie

nt
s 

(%
 o

f p
at

ie
nt

s 
in

 e
ac

h 
in

te
rv

en
tio

n 
or

 c
om

pa
ri

so
n 

gr
ou

p 
us

ed
 t

o 
th

e 
G

R
A

D
E 

re
co

m
m

en
da

tio
n)

. B
ol

d 
te

rm
s 

re
fe

r 
to

 t
he

 le
ve

l o
f e

vi
de

nc
e 

ac
co

rd
in

g 
to

 G
R

A
D

E.
 R

es
ul

t: 
(=

), 
tr

ea
tm

en
t 

w
ith

ou
t 

ef
fe

ct
; (
+

) 
an

d 
(−

), 
po

si
tiv

e 
an

d 
ne

ga
tiv

e 
tr

ea
tm

en
t 

ef
fe

ct
.

a 1
%

 t
o 
<

75
%

 o
f t

he
 s

tu
di

es
 e

xh
ib

it 
hi

gh
 q

ua
lit

y 
(P

ED
ro

).
b 1

%
 t

o 
<

75
%

 o
f t

he
 s

tu
di

es
 e

xh
ib

it 
po

si
tiv

e 
or

 n
eg

at
iv

e 
re

su
lts

.
c H

et
er

og
en

ei
ty

 in
 r

el
at

io
n 

to
 t

he
 in

te
rv

en
tio

n 
pr

ot
oc

ol
s 

us
ed

.
d R

es
ul

ts
 b

as
ed

 o
n 

a 
to

ta
l s

am
pl

e 
of

 <
20

0 
pa

rt
ic

ip
an

ts
.



6 Clinical Rehabilitation 00(0)

T
ab

le
 2

. 
Su

m
m

ar
y 

of
 b

od
y 

of
 e

vi
de

nc
e 

fo
r 

up
pe

r 
lim

b 
ex

er
ci

se
s 

in
 t

he
 s

ix
-m

on
th

 fo
llo

w
-u

p 
ac

co
rd

in
g 

to
 t

he
 G

R
A

D
E 

ap
pr

oa
ch

.

In
te

rv
en

tio
n/

ou
tc

om
e

Bi
as

 r
is

k
In

co
ns

is
te

nc
y

In
di

re
ct

 
ev

id
en

ce
Im

pr
ec

is
io

n
Sa

m
pl

e 
si

ze
Q

ua
lit

y 
of

 t
he

 
ev

id
en

ce
 (

G
R

A
D

E)
R

es
ul

t

In
te

rv
en

tio
n

C
om

pa
ri

so
n

Ef
fe

ct
iv

en
es

s 
of

 R
O

M
 e

xe
rc

is
es

 in
 im

pr
ov

in
g

 
R

O
M

 s
ho

ul
de

r 
fle

xi
on

26
–2

8,
30

–3
2

N
ot

 s
er

io
us

a
Se

ri
ou

sb
Se

ri
ou

sc
N

ot
 s

er
io

us
d

29
9/

63
0 

(4
7.

5%
)

30
4/

63
0 

(4
8.

3%
)

⨁
⨁

 L
O

W
(=

)2
6,

27
,3

1 (
+

)2
8,

32
(−

)3
0

 
R

O
M

 s
ho

ul
de

r 
ab

du
ct

io
n2

6–
28

,3
0–

32
N

ot
 s

er
io

us
a

Se
ri

ou
sb

Se
ri

ou
sc

N
ot

 s
er

io
us

d
29

9/
63

0 
(4

7.
5%

)
30

4/
63

0 
(4

8.
3%

)
⨁
⨁

 L
O

W
(=

)2
6,

31
(+

)2
7,

28
,3

2 (
−

)3
0

 
R

O
M

 s
ho

ul
de

r 
ex

te
rn

al
 r

ot
at

io
n2

7,
28

,3
0–

32
N

ot
 s

er
io

us
Se

ri
ou

sb
Se

ri
ou

sc
N

ot
 s

er
io

us
d

23
4/

49
9 

(4
6.

9%
)

23
8/

49
9 

(4
7.

7%
)

⨁
⨁

 L
O

W
(=

)2
7,

31
(+

)2
8,

32
(−

)3
0

 
U

pp
er

 li
m

b 
fu

nc
tio

n7
,2

9,
35

,3
7

Se
ri

ou
sa

N
ot

 s
er

io
us

b
Se

ri
ou

sc
N

ot
 s

er
io

us
d

22
0/

47
1 

(4
6.

7%
)

25
1/

47
1 

(5
3.

3%
)

⨁
⨁

 L
O

W
(=

)7
(+

)2
9,

35
(−

)3
7

Ef
fe

ct
iv

en
es

s 
of

 m
us

cl
e 

st
re

ng
th

en
in

g 
ex

er
ci

se
s 

in
 im

pr
ov

in
g

 
R

O
M

 s
ho

ul
de

r 
fle

xi
on

27
,2

8
N

ot
 s

er
io

us
Se

ri
ou

sa
Se

ri
ou

sb
Se

ri
ou

sc
59

/1
22

 (
48

.4
%

)
63

/1
22

 (
51

.6
%

)
⨁

V
ER

Y
 L

O
W

(=
)2

7 (
+

)2
8

 
R

O
M

 s
ho

ul
de

r 
ab

du
ct

io
n2

7,
28

N
ot

 s
er

io
us

N
ot

 s
er

io
us

Se
ri

ou
sb

Se
ri

ou
sc

59
/1

22
 (

48
.4

%
)

63
/1

22
 (

51
.6

%
)

⨁
⨁

 L
O

W
(+

)2
7,

28

 
R

O
M

 s
ho

ul
de

r 
ex

te
rn

al
 r

ot
at

io
n2

7,
28

N
ot

 s
er

io
us

Se
ri

ou
sa

Se
ri

ou
sb

Se
ri

ou
sc

59
/1

22
 (

48
.4

%
)

63
/1

22
 (

51
.6

%
)

⨁
V

ER
Y

 L
O

W
(=

)2
7 (
+

)2
8

 
U

pp
er

 li
m

b 
fu

nc
tio

n7
,2

9
N

ot
 s

er
io

us
Se

ri
ou

sa
Se

ri
ou

sa
N

ot
 s

er
io

us
10

8/
20

4 
(5

0.
5%

)
10

6/
20

4 
(4

9.
5%

)
⨁
⨁

 L
O

W
(=

)7
(+

)2
9

Ef
fe

ct
iv

en
es

s 
of

 R
O

M
 a

nd
 s

tr
en

gt
he

ni
ng

 e
xe

rc
is

es
 in

 im
pr

ov
in

g
 

R
O

M
 s

ho
ul

de
r 

fle
xi

on
26

–2
8,

30
–3

2
N

ot
 s

er
io

us
a

Se
ri

ou
sb

Se
ri

ou
sc

N
ot

 s
er

io
us

29
9/

63
0 

(4
7.

5%
)

30
4/

63
0 

(4
8.

3%
)

⨁
⨁
⨁

 M
O

D
ER

A
T

E
(=

)2
6,

27
,3

1 (
+

)2
8,

32
(−

)3
0

 
R

O
M

 s
ho

ul
de

r 
ab

du
ct

io
n2

6–
28

,3
0–

32
N

ot
 s

er
io

us
a

Se
ri

ou
sb

Se
ri

ou
sc

N
ot

 s
er

io
us

29
9/

63
0 

(4
7.

5%
)

30
4/

63
0 

(4
8.

3%
)

⨁
⨁

 L
O

W
(=

)2
6,

31
(+

)2
7,

28
,3

2 (
−

)3
0

 
R

O
M

 s
ho

ul
de

r 
ex

te
rn

al
 r

ot
at

io
n2

7,
28

,3
0–

32
N

ot
 s

er
io

us
Se

ri
ou

sb
Se

ri
ou

sc
N

ot
 s

er
io

us
26

7/
53

8 
(4

9.
6%

)
27

1/
53

8 
(5

0.
4%

)
⨁
⨁

 L
O

W
(=

)2
7,

31
(+

)2
8,

32
(−

)3
0

 
U

pp
er

 li
m

b 
fu

nc
tio

n7
,2

9,
37

N
ot

 s
er

io
us

a
N

ot
 s

er
io

us
Se

ri
ou

sc
N

ot
 s

er
io

us
19

0/
36

9 
(5

1.
5%

)
20

0/
36

9 
(5

4.
2%

)
⨁
⨁

 L
O

W
(=

)7
(+

)2
9 (

−
)3

7

G
R

A
D

E:
 G

ra
di

ng
 o

f R
ec

om
m

en
da

tio
ns

 A
ss

es
sm

en
t, 

D
ev

el
op

m
en

t 
an

d 
Ev

al
ua

tio
n;

 R
O

M
: r

an
ge

 o
f m

ot
io

n.
Sa

m
pl

e 
si

ze
: n

um
be

r 
of

 p
at

ie
nt

s 
fr

om
 in

te
rv

en
tio

n 
or

 c
om

pa
ri

so
n 

gr
ou

ps
/t

ot
al

 n
um

be
r 

of
 p

at
ie

nt
s 

(%
 o

f p
at

ie
nt

s 
in

 e
ac

h 
in

te
rv

en
tio

n 
or

 c
om

pa
ri

so
n 

gr
ou

p 
us

ed
 t

o 
th

e 
G

R
A

D
E 

re
co

m
m

en
da

tio
n)

. 
Bo

ld
 t

er
m

s 
re

fe
r 

to
 t

he
 le

ve
l o

f e
vi

de
nc

e 
ac

co
rd

in
g 

to
 G

R
A

D
E.

 R
es

ul
t: 

(=
), 

tr
ea

tm
en

t 
w

ith
ou

t 
ef

fe
ct

; (
+

) 
an

d 
(−

), 
po

si
tiv

e 
an

d 
ne

ga
tiv

e 
tr

ea
tm

en
t 

ef
fe

ct
.

a 1
%

 t
o 
<

75
%

 o
f t

he
 s

tu
di

es
 e

xh
ib

it 
hi

gh
 q

ua
lit

y 
(P

ED
ro

).
b 1

%
 t

o 
<

75
%

 o
f t

he
 s

tu
di

es
 e

xh
ib

it 
po

si
tiv

e 
or

 n
eg

at
iv

e 
re

su
lts

.
c H

et
er

og
en

ei
ty

 in
 r

el
at

io
n 

to
 t

he
 in

te
rv

en
tio

n 
pr

ot
oc

ol
s 

us
ed

.
d R

es
ul

ts
 b

as
ed

 o
n 

a 
to

ta
l s

am
pl

e 
of

 <
20

0 
pa

rt
ic

ip
an

ts
.



Ribeiro et al. 7

Isolated range of motion exercises exhibited a 
moderate level of evidence for increasing shoulder 
flexion, abduction and external rotation after three 
months of follow-up with a low level of evidence 
regarding shoulder function improvement (Table 
1). After six months of follow-up, this protocol pre-
sented a low level of evidence in improving shoul-
der range of motion and function (Table 2).

Isolated muscle strengthening exercises revealed 
a low level of evidence in improving shoulder func-
tion reported by the patients after three months of 
follow-up (Table 1). Moreover, the same protocol 
presented a low level of evidence in improving 
shoulder abduction and a very low level of evidence 
in improving shoulder flexion and external rotation 
and function after six months of follow-up (Table 2).

A range of motion exercises associated with 
muscle strengthening exhibited a moderate level 
of evidence for improving flexion range of 
motion after three and six months of follow-up 
and a low level of evidence for improving abduc-
tion and external rotation range of motion both at 
three and six months after breast cancer surgery 
(Tables 1 and 2).

Range of motion exercises, muscle strengthen-
ing exercises and range of motion exercises associ-
ated with muscle strengthening exhibited a low 
level of evidence for improving upper limb func-
tion after three and six months of follow-up (Tables 
1 and 2). Upper limb function was assessed by 
patient self-reporting through questionnaires in 
five studies.7,26,29,35,37 Nevertheless, three stud-
ies28,33,35 used a series of 10 questions related to 
upper limb function without reporting the validity 
of these questionnaires for breast cancer patients.

Discussion

This systematic review aimed at evaluating the 
effectiveness of early rehabilitation protocols on 
range of motion, muscle strength and arm function 
after breast cancer surgery. All the analyzed out-
comes were categorized according to the ICF per-
spective about functioning and disability.

A moderate level of evidence was identified 
regarding the effectiveness of protocols that used 
range of motion exercises to improve shoulder 

flexion, abduction and external rotation range of 
motion after a three-month follow-up. The evi-
dence was also moderate for protocols that associ-
ated range of motion exercises with strengthening 
exercises to enhance shoulder flexion after three- 
and six-month follow-ups. A low level of evidence 
was identified regarding the effectiveness of the 
range of motion exercises, muscle strengthening 
exercises and range of motion exercises associated 
with muscle strengthening exercise protocols to 
improve arm function.

Although the majority of study protocols were 
started in the first week following surgery,7,26–37 the 
exercises used were heterogeneous, as were the fre-
quency and duration of the sessions and total treat-
ment duration. The evaluation tools used in the 
studies were also heterogeneous. Another critical 
point is related to the follow-up periods, which 
ranged from the five postoperative days to 12 
months after surgery. Periodic reassessment is rec-
ommended to identify the minimum intervention 
period required to observe effective responses in 
muscle strength, range of motion and upper limb 
function. Thus, we recognize that strength of the 
evidence synthesized was compromised by this pro-
tocol heterogeneity. Based on the included primary 
studies of this review, no recommendations on the 
total duration of timing of beginning rehabilitation 
program could be done. Nevertheless, a previous 
systematic review by De Groef et al.14 appoints that 
exercises should be started in the first few days after 
surgery and can be increased gradually.14

Effectiveness of range of motion 
exercises

The analysis of 10 studies including 825 patie
nts26–28,30–36 revealed a moderate level of evidence 
regarding the effectiveness of the range of motion 
exercise protocols for range of motion flexion, 
abduction and external rotation in the three-month 
follow-up, with moderate to high ES. On the other 
hand, a low level of evidence was observed for the 
effectiveness of this type of intervention in improv-
ing upper limb function reported by patients and 
assessed through questionnaires, after the analysis 
of five studies7,29,33–35 including a total of 763 
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patients. It is important to highlight that four stud-
ies identified a preventive effect of the applied 
intervention. Three of them reported improved 
upper limb function,10,29,35 while one reported func-
tion maintenance after treatment7 and just one 
reported a decrease in upper limb function.37

Previous research has shown that loss of range of 
motion is common after breast cancer surgery.5 As 
such, the use of upper limb range of motion exercises 
during rehabilitation may contribute to recovering 
shoulder movement and upper limb function.12 Thus, 
the perception of shoulder function maintenance 
after surgery must be recognized as a positive result.

The evidence on the effectiveness of range of 
motion exercises for improved abduction, flexion 
and external rotation six months after surgery was 
low. A number of important factors, such as the 
lack of information about session frequency and 
duration, the protocol used27 and the lack of train-
ing for external rotators27,32 should be highlighted. 
The heterogeneity of the exercise protocols regard-
ing the type of training, session’s frequency and 
duration as well as the total duration of the proto-
cols applied associated with the different results 
obtained after treatments are also important factors 
that led to the low level of evidence synthesized by 
the GRADE system.

According to our study, a moderate level of evi-
dence was identified regarding the effectiveness of 
range of motion exercises on shoulder range of 
motion improvement at three and six months after 
surgery. Literature demonstrates that after approxi-
mately six months of breast cancer surgery, among 
1%–67% of patients who had undergone surgery 
and radiation present a decrease of shoulder flexion 
and abduction, ranging from 132° to 175°.6 The 
emphasis on preserving limb function, primarily in 
the immediate postoperative period, may minimize 
long-term function loss after surgery.

Effectiveness of muscle strengthening 
exercises

After the analysis of four studies28,32–34 involving 
661 participants, a low level of evidence was syn-
thesized regarding the effectiveness of muscle 
strengthening exercises for upper limb function 

improvement at three months of follow-up.7,29,33,34 
A low and very low level of evidence was synthe-
sized regarding the effectiveness of this protocol 
for improving shoulder flexion, abduction and 
external rotation, based on the analysis of two stud-
ies27,28 involving 122 patients in the six-month fol-
low-up period. Moreover, a low level of evidence 
was synthesized, based on two studies7,29 which 
included 422 patients, regarding the effectiveness 
of muscle strengthening exercise protocol in 
improving upper limb function. The reduced num-
ber of available studies, heterogeneity of the proto-
cols and low methodological quality27 of the 
primary studies limited the strength of the recom-
mendations. Moreover, we considered that valid, 
reliable and reproducible questionnaires should 
also be applied to analyze upper limb function in 
surgically treated breast cancer patients.

Effectiveness of range of motion 
exercises associated with muscle 
strengthening

After the analysis of eight studies7,10,26–28,30–32 
involving 907 patients, a moderate level of evi-
dence was synthesized regarding the effectiveness 
of range of motion exercises associated with mus-
cle strengthening to improve flexion range of 
motion after three and six months of follow-up. 
Moreover, a low level of evidence was identified 
regarding the effectiveness of the same protocol to 
improve shoulder abduction and external rota-
tion27,28,33 in the three months of the follow-up 
period. After six months of follow-up, a moderate 
level of evidence was synthesized regarding the 
effectiveness of range of motion exercises associ-
ated with muscle strengthening protocols to 
improve flexion range of motion, while a low level 
of evidence was identified regarding improve-
ments on abduction and external rotation range of 
motion and upper limb function.26–28,30–32

The level of synthesized evidence was low, 
although studies have shown a positive result from 
exercise protocols applied.10,37 Muscle strength is 
of importance for an adequate biomechanical func-
tionality of the shoulder joint38 and could be an 
efficient therapeutic strategy to maintain shoulder 
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strength after surgery39 in order to avoid altered 
scapular kinematics and poor upper limb func-
tion.4,5 The low number of studies assessing the 
effectiveness of this type of protocol, heterogeneity 
of the protocols applied and lack of specificity 
between the type of exercise and outcome analyzed 
are recognized as the mains factors, which hin-
dered the evidence synthesis.

Effectiveness of protocol exercise to 
improve shoulder function

Among the 15 studies included in this review, 
97,10,26,28,29,33–35,37 considered PROMs. Three7,29,34 
studies analyzed the results of upper limb function 
based on the Disability of Arm, Shoulder and Hand 
(DASH) score,40 three10,35,37 used the Constant–
Murley score41 and one26 study assessed shoulder 
function based on the shoulder rating score.42 Only 
four studies evaluated function report and PROMs 
simultaneously,26,28,33,34 and among them, only 
two26,34 used valid PROMs. It is essential to use 
valid assessment tools to investigate disability lev-
els and monitor progress throughout treatment. The 
importance of PROMs must be recognized as they 
capture information about the impact of a musculo-
skeletal shoulder condition on aspects related to 
physical, emotional and social functioning.24

According to our findings, shoulder function 
showed less potential of recovery, irrespective of the 
intervention applied. Among the nine included stud-
ies, which used PROMs, only five28,29,33–35 presented 
a positive treatment effect associated with moderate 
to high ES (0.31–2.5). It is important to consider that 
different types of questionnaire used may also have 
influenced the results. On the other hand, 426,28,33,34 
of the 15 included studies that evaluated both func-
tion reported by the patients and clinically based 
measures of body structure and function (represent-
ative by the ROM) presented positive results on 
shoulder function which were accompanied by posi-
tive results of PROMs too. Thus, PROMs must be 
recognized as an important measure of the treatment 
impact.24,43 Based on these results, we can conclude 
that both standardized clinical measures and PROMs 
deserve researchers’ attention to measure quality of 
care for breast cancer patients.

Limitations and scientific 
recommendations

Some limitations should be mentioned as factors 
which hindered the quality of the evidence synthe-
sized: as the different types of exercise protocols 
applied, a large variety of follow-up time frames, 
the heterogeneity among the methods used to 
assess clinical measurements and patient-reported 
outcomes among included studies. Regarding pri-
mary studies’ internal validity, the allocation con-
cealment, blinded evaluation of the outcomes and 
inclusion of intention-to-treat analysis deserve 
researcher’s attention for future studies’ design.

With respect to external validity, there was also 
a lack of detailed information on the protocol used, 
such as session frequency, treatment duration and 
lack of ES and CI measure’s presentation. Future 
studies should be conducted considering these 
gaps, so that more conclusive evidence can be 
summarized regarding the effectiveness of early 
rehabilitation programs in restoring shoulder range 
of motion, strength and upper limb function in the 
immediate postoperative period of individuals sub-
mitted to breast cancer surgery.

Thus, future RCTs should be carried out, provid-
ing more specific information on the protocols used 
to allow their reproducibility in clinical practice. 
Another important recommendation is to evaluate 
these patients based on the ICF model, considering 
outcomes related to body function and structures as 
well as to patients’ activities and participation. Patient 
assessment considering the ICF model will contrib-
ute to provide a scientific basis for better understand-
ing the changes in health status and functioning after 
breast cancer surgery and must be considered.

Clinical messages

•• In patients who have had surgery for 
breast cancers, range of motion proto-
cols associated with strengthening 
exercises may improve shoulder flex-
ion, abduction, range of external rota-
tion and arm function.

•• There is little evidence regarding fre-
quency, intensity, the exact type of 
exercise or duration of treatment.



10 Clinical Rehabilitation 00(0)

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest 
with respect to the research, authorship and/or publica-
tion of this article.

Funding

The author(s) disclosed receipt of the following financial 
support for the research, authorship and/or publication of 
this article: The study was supported by the Research 
Support Foundation of São Paulo State (FAPESP) 
(Process: 2011/22122-5 and 2015/50303-5). T. F. Salvini 
was funded by the National Research Council (CNPq) 
(Process: 3013442013-2).

ORCID iD

Ivana Leão Ribeiro  https://orcid.org/0000-0002-0317- 
4597

Supplemental material

Supplemental material for this article is available online.

References
 1. Shamley D, Lascurain-Aguirrebena I, Oskrochi R, et al. 

Shoulder morbidity after treatment for breast cancer is 
bilateral and greater after mastectomy. Acta Oncol 2012; 
51(8): 1045–1053.

 2. Harrington S, Michener LA, Kendig T, et al. Patient-
reported upper extremity outcome measures used in breast 
cancer survivors: a systematic review. Arch Phys Med 
Rehabil 2014; 95(1): 153–162.

 3. Sagen A, Kaaresen R, Sandvik L, et al. Upper limb physical 
function and adverse effects after breast cancer surgery: 
a prospective 2.5-year follow-up study and preoperative 
measures. Arch Phys Med Rehabil 2014; 95(5): 875–881.

 4. Borstad JD and Szucs KA. Three-dimensional scapula 
kinematics and shoulder function examined before and 
after surgical treatment for breast cancer. Hum Mov Sci 
2012; 31(2): 408–418.

 5. Ribeiro IL, Camargo PR, Alburquerque-Sendin F, et al. 
Three—dimensional scapular kinematics, shoulder out-
come measures and quality of life following treatment for 
breast cancer—a case control study. Musculoskelet Sci 
Pract 2019; 40: 72–79.

 6. Hidding JT, Beurskens CH, van der Wees PJ, et al. 
Treatment related impairments in arm and shoulder in 
patients with breast cancer: a systematic review. PLoS 
ONE 2014; 9(5): e96748.

 7. De Groef A, Van Kampen M, Vervloesem N, et al. 
Myofascial techniques have no additional beneficial 
effects to a standard physical therapy programme for 
upper limb pain after breast cancer surgery: a randomized 
controlled trial. Clin Rehabil 2017; 31(12): 1625–1635.

 8. Tatham B, Smith J, Cheifetz O, et al. The efficacy of exercise 
therapy in reducing shoulder pain related to breast cancer: a 
systematic review. Physiother Can 2013; 65(4): 321–330.

 9. McNeely ML, Binkley JM, Pusic AL, et al. A prospective 
model of care for breast cancer rehabilitation: postoperative 
and postreconstructive issues. Cancer 2012; 118(8 suppl.): 
2226–2236.

 10. Lauridsen MC, Christiansen P and Hessov I. The effect of 
physiotherapy on shoulder function in patients surgically 
treated for breast cancer: a randomized study. Acta Oncol 
2005; 44(5): 449–457.

 11. Hu C and Zhou L. Exercise interventions for upper-limb 
dysfunction caused by breast cancer treatment. Clin J 
Oncol Nurs 2011; 15(5): 569–570.

 12. McNeely ML, Campbell K, Ospina M, et al. Exercise 
interventions for upper-limb dysfunction due to breast 
cancer treatment. Cochrane Db Syst Rev 2010.

 13. Chan DNS, Lui LYY and So WK. Effectiveness of exer-
cise programmes on shoulder mobility and lymphoe-
dema after axillary lymph node dissection for breast 
cancer: systematic review. J Adv Nurs 2010; 66(9): 
1902–1914.

 14. De Groef A, Van Kampen M, Dieltjens E, et al. Effectiveness 
of postoperative physical therapy for upper-limb impair-
ments after breast cancer treatment: a systematic review. 
Arch Phys Med Rehabil 2015; 96(6): 1140–1153.

 15. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA 
statement for reporting systematic reviews and meta-
analyses of studies that evaluate healthcare interventions: 
explanation and elaboration. BMJ 2009; 339: b2700.

 16. Higgins JPT and Green S. Cochrane handbook for system-
atic reviews of interventions, version 5.1.0. London: The 
Cochrane Collaboration, 2011.

 17. PEDro—Physiotherapy Evidence Database. The Center 
for Evidence-Based Physiotherapy, Sydney, NSW, 
Australia, 2018, http://www. pedro.fhs.usyd.edu.au

 18. Verhagen AP, de Vet HC, de Bie RA, et al. The Delphi 
list: a criteria list for quality assessment of randomized 
clinical trials for conducting systematic reviews devel-
oped by Delphi consensus. J Clin Epidemiol 1998; 51(12): 
1235–1241.

 19. Coury HJCG, Moreira RFC and Dias NB. Evaluation of 
the effectiveness of workplace exercise in controlling 
neck, shoulder and low back pain: a systematic review. 
Rev Bras Fisioter 2009; 13: 461–479.

 20. Maher CG, Sherrington C, Herbert RD, et al. Reliability 
of the PEDro scale for rating quality of randomized con-
trolled trials. Phys Ther 2003; 83(8): 713–721.

 21. Cohen J. The concepts of power analysis. Statistical power 
analysis for the behavioral sciences. New Brunswick, NJ: 
Academic Press, 1988, pp.1–17.

 22. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 
1. Introduction-GRADE evidence profiles and summary 
of findings tables. J Clin Epidemiol 2011; 64(4): 383–
394.

 23. World Health Organization. How to use the ICF: a prac-
tical manual for using the international classification of 

https://orcid.org/0000-0002-0317-4597
https://orcid.org/0000-0002-0317-4597
http://www. pedro.fhs.usyd.edu.au


Ribeiro et al. 11

functioning, disability and health (ICF). Exposure draft 
for comment. Geneva: World Health Organization, 2013.

 24. Payne C and Michener LA. Physiotherapists use of and 
perspectives on the importance of patient-reported out-
come measures for shoulder dysfunction. Shoulder Elbow 
2014; 6(3): 204–214.

 25. Amaral MTP, Teixeira LC, Derchain SFM, et al. 
Orientação domiciliar: proposta de reabilitação física para 
mulheres submetidas à cirurgia por câncer de mama. Rev 
Cien Med 2005; 14: 405–413.

 26. Amaral MTP, de Oliveira MMF, de Oliveira Ferreira N, 
et al. Manual therapy associated with upper limb exercises 
vs. exercises alone for shoulder rehabilitation in postopera-
tive breast cancer. Physiother Theory Pract 2012; 28(4): 
299–306.

 27. Box RC, Reul-Hirche HM, Bullock-Saxton JE, et al. 
Shoulder movement after breast cancer surgery: results 
of a randomised controlled study of postoperative physi-
otherapy. Breast Cancer Res Treat 2002; 75(1): 35–50.

 28. Cinar N, Seckin U, Keskin D, et al. The effectiveness of 
early rehabilitation in patients with modified radical mas-
tectomy. Cancer Nurs 2008; 31(2): 160–165.

 29. Gordon LG, Battistutta D, Scuffham P, et al. The impact 
of rehabilitation support services on health-related quality 
of life for women with breast cancer. Breast Cancer Res 
Treat 2005; 93(3): 217–226.

 30. Jansen RF, van Geel AN, de Groot HG, et al. Immediate 
versus delayed shoulder exercises after axillary lymph 
node dissection. Am J Surg 1990; 160(5): 481–484.

 31. Schultz I, Barholm M and Grondal S. Delayed shoulder 
exercises in reducing seroma frequency after modified 
radical mastectomy: a prospective randomized study. Ann 
Surg Oncol 1997; 4(4): 293–297.

 32. Testa A, Iannace C and Di Libero L. Strengths of early 
physical rehabilitation programs in surgical breast cancer 
patients: results of a randomized controlled study. Eur J 
Phys Rehabil Med 2014; 50(3): 275–284.

 33. Wingate L. Efficacy of physical therapy for patients who 
have undergone mastectomies—a prospective-study. Phys 
Ther 1985; 65(6): 896–900.

 34. Sato F, Ishida T and Ohuchi N. The perioperative educa-
tional program for improving upper arm dysfunction in 
patients with breast cancer: a controlled trial. Tohoku J 
Exp Med 2014; 232: 115–122.

 35. Zhou K, Wang W, An J, et al. Effects of progressive upper 
limb exercises and muscle relaxation training on upper limb 
function and health-related quality of life following surgery 
in women with breast cancer: a clinical randomized con-
trolled trial. Ann Surg Oncol 2019; 26(7): 2156–2165.

 36. Kilgour RD, Jones DH and Keyserlingk JR. Effectiveness 
of a self-administered, home-based exercise rehabilitation 
program for women following a modified radical mastec-
tomy and axillary node dissection: a preliminary study. 
Breast Cancer Res Treat 2008; 109(2): 285–295.

 37. Scaffidi M, Vulpiani MC, Vetrano M, et al. Early rehabili-
tation reduces the onset of complications in the upper limb 
following breast cancer surgery. Eur J Phys Rehabil Med 
2012; 48(4): 601–611.

 38. Rizzi SK, Haddad CA, Giron PS, et al. Winged scapula 
incidence and upper limb morbidity after surgery for 
breast cancer with axillary dissection. Support Care 
Cancer 2016; 24(6): 2707–2715.

 39. Merchant CR, Chapman T, Kilbreath SL, et al. Decreased 
muscle strength following management of breast cancer. 
Disabil Rehabil 2008; 30(15): 1098–1105.

 40. Gummesson C, Atroshi I and Ekdahl C. The disabilities 
of the arm, shoulder and hand (DASH) outcome question-
naire: longitudinal construct validity and measuring self-
rated health change after surgery. BMC Musculoskelet 
Disord 2003; 4: 11.

 41. Constant CR and Murley AH. A clinical method of func-
tional assessment of the shoulder. Clin Orthop Relat Res 
1987; 214: 160–164.

 42. Amstutz HC, Sew Hoy AL and Clarke IC. UCLA ana-
tomic total shoulder arthroplasty. Clin Orthop Relat Res 
1981; 155: 7–20.

 43. Kool M, van der Sijp JR, Kroep JR, et al. Importance of 
patient reported outcome measures versus clinical out-
comes for breast cancer patients evaluation on quality of 
care. Breast 2016; 27: 62–68.




