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Background: Aerobic exercise is currently considered to be an effective method of rehabilitation in breast
cancer patients. Studies have shown that aerobic exercise after breast cancer surgery can improve upper limb
function, cardiopulmonary function, and quality of life. Breast cancer rehabilitation guidelines encourage
patients to actively participate in aerobic exercise to promote rehabilitation, the current study is to evaluate
the effectiveness of aerobic exercise on upper limb muscle strength and range of motion (ROM) following
breast cancer treatment.
Methods: Electronic databases (Cochrane Library, PubMed, Web of Science, EBSCO and Embase) were
searched for randomized controlled trials (RCTs) published before September 1, 2019, using the search terms
“aerobic exercise”, “exercise”, “breast cancer”, “muscle strength”, “strength”, “flexibility” and “function”.
Grip strength and shoulder joint ROM were used to evaluate upper limb strength and upper limb flexibility
respectively. All statistical tests were performed using RevMan5.3 software.
Results: Nine RCTs (421 patients) were included for analysis, with JBI scores ranging from 19 to 23, and
bias grade B for all studies among which, there were six studies reported change in grip strength, and five
studies reported change in shoulder joint ROM. Meta-analysis showed a statistically significant difference
in shoulder flexion ROM (MD =4.97, 95% CI: 0.47–9.46, P=0.03), shoulder abduction ROM (MD =8.95,
95% CI: 0.99–16.91, P=0.03), shoulder internal rotation ROM (MD =3.45, 95% CI: 1.80–5.09, P<0.0001),
shoulder external rotation ROM (MD =7.69, 95% CI: 0.06–15.32, P=0.05) between the intervention and
control groups following completion of the aerobic exercise intervention, while there were no significant
improvement with respect to grip strength and shoulder extension ROM (P>0.05).
Conclusions: Aerobic exercise could improve shoulder joint ROM in breast cancer survivors, but shows
no obvious effect on the improvement of upper limb strength.
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Introduction

most common cancer globally, and the most common

The International Cancer Research Center of WHO
estimates there are 1.67 million new cases and 525,000
deaths from breast cancer every year, making it the second-

cancer in women (1). The annual economic burden of
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breast cancer in China is about 970 million RMB (2).
Aerobic exercise is currently considered to be an effective
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method of rehabilitation in breast cancer patients. Studies
have shown that aerobic exercise after breast cancer
surgery can improve upper limb function, cardiopulmonary
function, and quality of life (3-5). Breast cancer
rehabilitation guidelines encourage patients to actively
participate in aerobic exercise to promote rehabilitation (6).
This study aimed to explore the specific impact of
aerobic exercise on upper limb function in breast cancer
survivors through evidence-based methods, and to
provide recommendations for effective rehabilitation of
breast cancer survivors. In this study, the term ‘breast
cancer patients’ refers to breast cancer patients who have
completed intensive treatment.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2616).
Methods
Search strategy and eligibility criteria
Systematic review of Cochrane and JBI libraries was
performed with subsequent meta-analysis. A preliminary
search of relevant original papers in Chinese and English
databases (such as CNKI, Wanfang Data, Cochrane Library,
PubMed) was conducted to analyze titles and abstracts to
determine appropriate key words for the literature search.
A database search was then conducted in five databases
(Cochrane Library, PubMed, Web of Science, EBSCO
and Embase) using the search terms “aerobic exercise”,
“exercise”, “breast cancer”, “muscle strength”, “strength”,
“flexibility” and “function”. Articles published from
database inception until September 2019 were included.
Titles and abstracts were screened, with abstracts that
met the inclusion criteria undergoing review of full text to
determine eligibility. Reference lists of included articles
were screened for relevant studies.
Inclusion and exclusion criteria
Type of study
Randomized controlled trials (RCTs) investigating change
in upper limb strength and flexibility in breast cancer
survivors were included.
Inclusion and exclusion criteria
Studies including patients over 18 years old who had
been diagnosed with breast cancer by pathology and had
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completed intensive treatment for breast cancer (including
surgery, chemotherapy and/or radiotherapy) were included.
Studies were required to have an intervention involving
organized aerobic exercise and a control group that
participated in routine nursing or routine activities in the
same period. Patients with recurrence or metastasis of
disease, or ongoing treatment, were excluded.
The outcome index
Muscle strength of upper limb
Foreign scholars highlighted grip strength as an effective
way to measure upper limb muscle strength (7). Standard
grip dynamometry was used to measure patients’ grip
strength. The grip dynamometer handle was adjusted
to an appropriate position before the measurement and
measurements were made in kilograms (kg).
Range of motion of upper limb joints
According to the guidelines from The American Medical
Association, maximum ROM of shoulder flexion (8),
extension, abduction, internal rotation and external
rotation were measured with goniometry. This requires
the patient to stand with their arms by their side, elbows
straight, and palms facing inward, with the vertical line
used as the stationary axis. Shoulder flexion ROM is
measured by lifting the arm forward to maximum height,
placing the goniometer axis at the humeral head and
measuring the angle between the stationary arm (parallel
with the trunk) and moving arm (midline of the humerus).
Shoulder extension and abduction ROM are measured
using the same axis, stationary and moving arms, with
extension measured by reaching the arm back as far as
possible, and abduction measured by reaching the arm
up and out to the side to maximum height. Internal
and external rotation ROM is measured by rotating the
shoulder inwardly and outwardly.
Data extraction
Search results were exported to EndNote X7 and duplicates
were removed. Two researchers exported the citations to
Microsoft Excel and conducted the literature screening and
selection independently. Divergent judgements were settled
through discussion.
Literature quality evaluation
Quality of the included studies was evaluated using the JBI
scoring criteria. This included assessment of study purpose,
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Chinese and English databases searched (including CNKI, WanFang and PubMed).
246 articles (23 in Chinese, 203 in English) identified

Duplicates removed

86 studies removed due to duplication

Abstracts screened

129 studies removed for not meeting inclusion criteria

Full texts reviewed

22 studies removed for not meeting inclusion criteria

9 studies included
(all in English)

Figure 1 Literature screening process. Initial literature search yielded 246 potential studies for inclusion. After removing duplicate papers or
papers that did not meet the inclusion criteria (n=237), 9 papers were included for analysis.

allocation method, blinding method, sample size, baseline
comparison, description of loss to follow-up, research
tools, data collection and follow-up method, statistical
method, discussion of results, and references. The scoring
criteria comprises 13 items, with a score of 0 denoting total
failure to meet requirements, a score of 1 denoting partial
fulfilment, and a score of 2 denoting complete fulfilment of
requirements, for a total possible score of 26 points.
Bias grade was evaluated according to the Cochrane
Handbook for Systematic Reviews of Interventions (9).
Grade A states that a study “[met] all the criteria completely,
with the least possibility of bias”, grade B states that a study
“[met] all the criteria partially, the probability of bias is
moderate”, and grade C states that a study “completely [does
not meet] all the criteria, the probability of bias is high”.
Studies with a JBI score >15 and bias grade A or B were
included.
Data analysis method
RevMan5.3 software was used for data meta-analysis with
data imported from the included studies. Data was assessed
for heterogeneity: if heterogeneity results were I 2≤50%
and P≥0.1, a fixed effects model was used for analysis;
if I 2 >50%, P<0.1, a random effects model was used.
Effects values were combined and presented in a forest
plot. All results were continuous variable data and mean
difference was used to measure effect sizes. All effects
were expressed as 95% confidence intervals (CIs) where
P<0.05 was considered statistically significant. Where the
heterogeneity test was statistically significant, subgroup
analysis was conducted to analyse factors that may have
contributed to heterogeneity.
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Results
The results of the literature research
Initial literature search yielded 246 potential studies for
inclusion. After removing duplicate papers or papers that
did not meet the inclusion criteria (n=237), 9 papers were
included for analysis (Figure 1).
Methodological quality of included studies
Nine RCTs were included, with JBI scores ranging from
19 to 23, and bias grade B for all studies, indicating high
quality of included studies.
Methods of aerobic exercise
All studies included in this meta-analysis used exercise
methods adopted in the intervention group included
Aerobics Pulse, Tai Chi, and cycling. Intervention occurred
after intensive breast cancer treatment. The longitudinal
duration of the intervention ranged from 42 days to
12 months, with each episode of aerobic exercise lasting
from 40 to 60 minutes each. Eight studies used professional
instructors to guide and supervise patients through a
standardized exercise regime, and three studies outlined clear
requirements and measures for evaluating exercise intensity.
Table 1 provides an overview of the included studies.
Effects of aerobic exercise on upper limb function in breast
cancer patients
Our meta-analysis evaluated upper limb function in
patients based on grip strength and shoulder joint ROM.
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Heterogeneity analysis showed no heterogeneity, and a fixed
effects model was used for meta-analysis.
Of the included studies, six evaluated change in grip
strength at completion of the aerobic exercise program,
which included 128 patients in the intervention group and
133 patients in the control group. Shoulder joint ROM
was evaluated in five studies, which included 108 patients
in the intervention group and 110 patients in the control
group, with flexion, extension, abduction, internal rotation
and external rotation being the main planes of movement
recorded.

intervention (MD =3.45, 95% CI: 1.80–5.09, P<0.0001)
(Figure 6).
Effects of aerobic exercise on shoulder external rotation
ROM in breast cancer patients
Meta-analysis showed a statistically significant difference in
shoulder external rotation ROM between intervention and
control groups following completion of the aerobic exercise
intervention (MD =7.69, 95% CI: 0.06–15.32, P=0.05)
(Figure 7).

Effects of aerobic exercise on grip strength in breast
cancer patients
After the completion of the aerobic exercise intervention
program, no statistically significant difference was found
in the grip strength between the intervention and control
groups (MD =5.52, 95% CI: −7.74–18.79, P=0.41) (Figure 2).

Aerobic exercise is considered effective in promoting
recovery in breast cancer patients following treatment, with
advantages including its simplicity, economic-viability and
highly-feasibility. Although studies suggest that aerobic
exercise can improve upper limb function in breast cancer
patients, there exist few systematic analyses targeting
specific aspects of upper limb function.
The purpose of this study was to evaluate the effect of
aerobic exercise on improving upper limb strength and
shoulder ROM in breast cancer patients. All included
RCTS compared intervention and control group data at
baseline, with no significant differences between groups. All
studies met inclusion criteria, with an intervention method
of aerobic exercise, and control group of routine nursing or
routine activities. JBI scores of included studies ranged from
19 to 23, and bias was evaluated as grade B in all studies,
indicating high quality and reliability.
The results of this review showed that aerobic training,
even at high intensities, was feasible in a breast cancer
population. There were no reports of adverse events
caused by aerobic exercise in the included studies; however,
training should still be conducted under professional
guidance in a safe environment.
In contrast to Ibrahim’s study (15), the results of this
meta-analysis suggested that short-term exercise had no
significant effect on improving grip strength in breast
cancer patients, possibly due to the nature of the aerobic
exercise intervention—which predominantly targeted core
muscles rather than upper limb muscles—or the shorter
intervention time.
Meta-analysis showed that aerobic exercise improved
shoulder joint flexion, abduction, internal rotation and
external rotation in breast cancer patients, but showed
no significant effect on shoulder extension ROM. This
could be due to movements of shoulder flexion, abduction,

Effects of aerobic exercise on shoulder ROM in breast
cancer patients
Effects of aerobic exercise on the shoulder flexion ROM in
breast cancer patients
Meta-analysis showed a statistically significant difference
in shoulder flexion ROM between the intervention and
control groups following completion of the aerobic exercise
intervention (MD =4.97, 95% CI: 0.47–9.46, P=0.03)
(Figure 3).
Effects of aerobic exercise on shoulder extension ROM in
breast cancer patients
Meta-analysis showed no statistically significant difference
in shoulder extension ROM between the intervention and
control groups following completion of the aerobic exercise
intervention (MD =6.89, 95% CI: −4.77–18.55, P=0.25)
(Figure 4).
Effects of aerobic exercise on shoulder abduction ROM in
breast cancer patients
Meta-analysis showed statistically significant difference in
shoulder abduction ROM between the intervention and
controls group following completion of the aerobic exercise
intervention (MD =8.95, 95% CI: 0.99–16.91, P=0.03)
(Figure 5).
Effects of aerobic exercise shoulder internal rotation ROM
in breast cancer patients
Meta-analysis showed a statistically significant difference in
shoulder internal rotation ROM between intervention and
control groups following completion of the aerobic exercise
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Discussion
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17/20

32/31

30/30

Hwang et al.,
2008, (16)

Park, 2017, (17)

de Rezende et
al., 2006, (5)

Regular
activities

Regular
activities

Regular
nursing

Regular
nursing

Regular
nursing

Regular
activities

Regular
activities

Regular
family
activities

Regular
activities

Control
group

Aerobic exercise

Aerobic exercise and
strength training (aerobic
exercise and dumbbell
weight training)

Moderate-intensity aerobic
exercise (treadmill, walking
and cycling)

Aerobic exercise and
resistance exercises

Continuous moderateintensity aerobic exercise
and high-intensity interval
aerobic exercise (running
and aerobic exercise)

Pilates

Aerobic exercise (step
aerobics, swimming, etc.)

Water sports and regular
home exercise

Tai Chi

Intervention

12 weeks

12 weeks

Length of
intervention

3 sessions/week, 40 min/session*

5 sessions/week, 30–60 min/session;
exercise intensity: moderate to high intensity
aerobic exercise

3 sessions/week, 50 min/session (10 min
warm-up and cool-down, 30 min effective
exercise); exercise intensity: 50–70%
HRmax*

2 sessions/week, (10 min warm-up, 8–
10 rounds aerobic exercise, cool-down
exercise); increase to 20 rounds after
6 weeks*

2 sessions/week, 20 min/session; exercise
intensity: moderate 13–15 RPE + high 16–18
RPE (3 rounds as 3 min exercise/
1 min rest)*

3 sessions/week, 40–45 min/session*

42 days

4 weeks

5 weeks

12 weeks

16 weeks

8 weeks

1 session/week with professional guide, 3
12 months
session/week similar training (10 min warmup and cool-down, 40 min effective training);
exercise intensity: 11–13 RPE beginning,
gradually increased to
14–16 RPE, 80% HR max*

Water sports: 1 session/weekm 60 min/
session; regular home exercise:
6 times/week, 25–30 min/session*

3 sessions/week, 60 min/session (10 min
warm-up and cool-down, 40 min Tai Chi, 15
min Yang Tai Chi) Monitored attendance*

Intervention details
(frequency, duration, intensity)

Baseline,
4 weeks

Baseline,
4 weeks

Baseline, 3, 6,
12, 18 months

Baseline,
16 weeks

Baseline,
8 weeks

Baseline,
6 months,
12 months

Baseline,
12 weeks

Baseline,
12 weeks

OM timing

b, c, d, e, Baseline, 14,
f
28 and
42 days

b, c, d, e,
f

b, d, e, f

a

a

a, b, d, e,
f

a

a

a, b, c, d

OM

21/B

23/B

22/B

23/B

20/B

19/B

22/B

20/B

21/B

JBI/grade

a, grip strength; b, shoulder flexion ROM; c, shoulder extension ROM; d, shoulder abduction ROM; e, shoulder internal rotation ROM; f, shoulder external rotation ROM; *,
professional guide. OM, outcome measure; RPE, rating of perceived exertion; HRmax, maximum heart rate.

29/30

18/19

Alpozgen et al.,
2017, (13)

Ibrahim et al.,
2018, (15)

30/37

Nikander et al.,
2012, (12)

27/25

13/12

Letellier et al.,
2014, (11)

Mijwel et al.,
2018, (14)

11/10

Sample size
(intervention/
control group)

Karen et al.,
2006 (10)

Studies
included

Table 1 Overview of the included studies
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Figure 2 Effects of aerobic exercise on grip strength in breast cancer patients. After the completion of the aerobic exercise intervention
program, no statistically significant difference was found in the grip strength between the intervention and control groups (MD =5.52, 95%
CI: −7.74–18.79, P=0.41). MD, mean deviation; CI, confidence interval.

Figure 3 Effects of aerobic exercise on shoulder flexion ROM in breast cancer patients. Meta-analysis showed a statistically significant
difference in shoulder flexion ROM between the intervention and control groups following completion of the aerobic exercise intervention
(MD =4.97, 95% CI: 0.47–9.46, P=0.03). ROM, range of motion; MD, mean deviation; CI, confidence interval.

Figure 4 Effects of aerobic exercise on the shoulder extension ROM in breast cancer patients. Meta-analysis showed no statistically
significant difference in shoulder extension ROM between the intervention and control groups following completion of the aerobic exercise
intervention (MD =6.89, 95% CI: −4.77–18.55, P=0.25). ROM, range of motion; MD, mean deviation; CI, confidence interval.

Figure 5 Effects of aerobic exercise on shoulder abduction ROM in breast cancer patients. Meta-analysis showed statistically significant
difference in shoulder abduction ROM between the intervention and controls group following completion of the aerobic exercise
intervention (MD =8.95, 95% CI: 0.99–16.91, P=0.03). ROM, range of motion; MD, mean deviation; CI, confidence interval.
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Figure 6 Effects of aerobic exercise on shoulder internal rotation ROM in breast cancer patients. Meta-analysis showed a statistically
significant difference in shoulder internal rotation ROM between intervention and control groups following completion of the aerobic
exercise intervention (MD =3.45, 95% CI: 1.80–5.09, P<0.0001). ROM, range of motion; MD, mean deviation; CI, confidence interval.

Figure 7 Effects of aerobic exercise on shoulder external rotation ROM in breast cancer patients. Meta-analysis showed a statistically
significant difference in shoulder external rotation ROM between intervention and control groups following completion of the aerobic
exercise intervention (MD =7.69, 95% CI: 0.06–15.32, P=0.05). ROM, range of motion; MD, mean deviation; CI, confidence interval.

internal rotation and external rotation being more common
in sports and day-to-day activities, while shoulder extension
is a less functional, possibly leading to a lack of appreciable
change following completion of the exercise program.
Aerobic exercise usually requires the participation of
global muscle groups, which is conducive to improving
cardiopulmonary status, limb function and balance. In this
study, aerobic exercise was shown to effectively improve
patients’ shoulder joint ROM and, as such, should be
widely promoted during the recovery period following
breast cancer treatment. Aerobic exercise rehabilitation
should be completed under professional guidance in a safe
environment with a graded approach, in order to achieve
improved recovery.
Limitations of this study
Due to the wide range of types and intensity of aerobic
exercise, and the heterogeneity of intervention time and
frequency, further subgroup analysis is suggested if large
sample size is available. As this review only analysed
published studies, there may be data from more recent and
current trials that are not included with potential to impact
these findings. Further studies that investigate specific
exercise types and parameters are also needed.
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Conclusions
Aerobic exercise significantly improves shoulder joint ROM
following breast cancer treatment, but has no obvious effect
on grip strength. It is suggested that patients recovering
from breast cancer treatment should undertake regular
aerobic exercise.
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