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Abstract
Purpose To determine the efficacy of physical therapy interventions on quality of life (QoL) and pain severity in post-
mastectomy pain syndrome (PMPS).
Methods Multiple databases were searched from database inception to October 2020. Searches were limited to human 
studies published in either English or Chinese in peer-reviewed journals with full text available for randomized controlled 
trials conducted on females. Trials comparing the effectiveness of physical therapy interventions against control conditions 
on QoL and pain were included.
Results Eighteen trials were included in the review. The pooled analysis of the four exercise trials revealed a significant 
effect of the intervention on general [standardized mean difference [SMD]: 0.87 (95%CI: 0.36, 1.37); p = 0.001], physical 
[SMD: 0.34 (95%CI: 0.01, 0.66); p = 0.044], and mental health components [SMD: 0.27 (95%CI: 0.03, 0.51); p = 0.027] of 
QoL compared with the control condition. Meta-analyses of six exercise trials, two myofascial release trials, and two acu-
puncture trials revealed a significant improvement in pain severity in the treatment group than in the control group. However, 
meta-analyses of two studies revealed a non-significant effect of compression therapy compared to control on pain severity.
Conclusion Our meta-analyses found that exercise is beneficial for improving the QoL and pain severity of women with 
PMPS. Future studies are needed to determine the optimal parameters for exercise interventions designed to improve QoL 
and pain severity in women with PMPS. The effect of acupuncture, myofascial release, and compression therapy remains 
inconclusive, and future research is required to validate the effect of these interventions on PMPS.
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CDT  Complex decongestive therapy
GRADE  Grading of recommendations, assessment, 
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NMT  Neuromuscular taping
OIS  Optimal information size
PEDro  Physiotherapy evidence database
PMPS  Post-mastectomy pain syndrome
PRISMA  Preferred reporting items for systematic 

reviews and meta-analyses

QoL  Quality of life
RCT   Randomized controlled trial
RM  Repetition maximum
SD  Standard deviation
SF-12  12-Item short form survey
SF-36  36-Item short form survey
SMD  Standardized mean difference
VAS  Visual Analog Scale

Introduction

Post-mastectomy pain syndrome (PMPS) is defined as 
chronic neuropathic pain affecting the upper quadrant 
(including the breast, chest wall, axilla, and ipsilateral 
medial arm) after breast cancer surgery [1]. PMPS affects 
20%–68% of post-mastectomy patients worldwide [2]. 
PMPS occurs following all kinds of breast surgery, including 
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mastectomy, lumpectomy, and quadrantectomy with axillary 
lymphadenectomy [3], and persist for at least six months 
post-operatively [4]. It is associated with damage to nervous 
tissue, in particular the intercostobrachial, medial pectoral, 
lateral pectoral, thoracodorsal, or long thoracic nerves [5].

Post-mastectomy pain has been reported to have adverse 
impacts on quality of life (QoL), including impaired physical 
functioning and increased psychosocial distress [6]. Surgery-
related arm symptoms (such as lymphedema, pain, numb-
ness, stiffness, and limited shoulder range of motion) can 
cause functional impairment, lowering the QoL of women 
with PMPS [7]. In addition, the occurrence of pain in cancer 
survivors represents a continuous memory of both the dis-
ease and the treatment and can be viewed by some survivors 
as a sign of residual disease, leading to fears of worsening 
or recurrence [8]. Even in the absence of disease progres-
sion, these factors contribute to substantial psychophysical 
distress among cancer survivors who experience pain, with 
negative effects on QoL [8]. The efficacy of conservative 
therapies on QoL among women who underwent breast can-
cer treatment [9] or who experienced lymphedema following 
breast cancer therapy [10] was previously evaluated in meta-
analytic reviews. However, previous meta-analytic reviews 
either evaluated the efficacy of single interventions, did not 
evaluate the QoL of women with PMPS, or were published 
more than five years ago [9, 10]. The current meta-analytic 
review is the first to evaluate QoL among women with PMPS 
and include all physical therapy interventions.

Physical therapy interventions that have been proposed 
for reducing post-mastectomy pain include exercise, acu-
puncture, cryotherapy, biofeedback, transcutaneous electri-
cal nerve stimulation, and massage therapy [11]. A system-
atic review investigating the effectiveness of post-operative 
physical therapy interventions on upper limb pain in breast 
cancer patients identified exercise (i.e., manual stretching 
and active exercises) as effective for treating post-operative 
breast cancer pain [12]. However, the review did not include 
a meta-analysis and was published over five years ago [12]. 
The objective of this meta-analytic review was to determine 
the efficacy of physical therapy interventions on both QoL 
and upper quadrant pain in women with PMPS.

Materials and methods

This meta-analytic review was developed and is reported in 
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [13]. 
This meta-analytic review is registered in the PROSPERO 
registry (CRD42020179900).

Search strategy and study screening

Databases—including AMED, CINAHL, Cochrane Central 
Register of Controlled Trials, EMBASE, Medline, PEDro, 
PubMed, Scopus, and Web of Science were searched from 
database inception until April 2020. Searches were updated 
in October 2020. We utilized three comprehensive search 
themes: breast cancer; physical therapy interventions; and 
randomized controlled trial [RCT] to retrieve potentially rel-
evant articles. Searches were limited to (1) human studies; 
(2) RCTs conducted on females; and (3) full-text studies 
published in either English or Chinese (traditional or simpli-
fied) in scholarly peer-reviewed journals. The specific search 
strategy for the Medline database is presented in supplemen-
tary Appendix 1. The reference lists of relevant systematic 
reviews were also manually searched in order to identify 
any other potentially eligible trials. Disagreements regarding 
study selection were resolved by discussion between the two 
reviewers. A third reviewer was consulted for any unresolved 
disagreements.

The inclusion criteria were: (1) RCTs (parallel, crosso-
ver, or pilot) that compared the effect of various physical 
therapy interventions to control (no treatment, standard care, 
sham, placebo, usual care, or active control) on QoL and 
upper quadrant pain in women with PMPS and; (2) trials 
that utilized either the 36-Item Short Form Survey (SF-36) 
or 12-Item Short Form Survey (SF-12) for measurement of 
QoL or the Visual Analog Scale (VAS), Numeric Pain Rat-
ing Scale (NPRS), or Brief Pain Inventory (BPI) (short form, 
Q3-6) for measurement of pain severity. A piloting of the 
study selection process (inclusion and exclusion criteria) was 
performed prior to commencing this meta-analytic review. A 
quick piloting process is recommended to enable themes and 
determine which standardized outcomes have been included 
in a sample of studies that examine the intervention of inter-
est [14]. The measures of QoL and pain that were utilized 
in the current meta-analytic review were chosen based on 
the results of the piloting process. Studies were excluded if 
they (1) compared two physical therapy interventions or two 
different treatment parameters, (2) combined more than one 
intervention in either treatment group or control group, and 
(3) involved subjects with other cancers (such as ovarian, 
uterine, etc.) in addition to breast cancer. Trials were not 
excluded based on the year of publication.

Data extraction

Data extraction was conducted by two independent review-
ers. Relevant data extracted from each study included the 
following: last name of the first author, publication year, 
country, mean age of participants, sample size in each study 
group, intervention and control, outcome measures, and data 
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[mean and standard deviation (SD)] reported at baseline 
(pre-intervention) and at the end of the longest follow-up 
period. If any study reported results as non-parametric data 
(i.e., median and interquartile range) unsuitable for meta-
analysis, Bland’s and Wan’s methods were applied to calcu-
late the mean and SD [15, 16].

Quality assessment

Trials were not excluded on the basis of quality, although 
quality was taken into consideration when interpreting the 
results. The methodological quality of the RCTs was evalu-
ated by two independent reviewers using the Physiotherapy 
Evidence Database (PEDro) scoring system. Trials that 
scored ≥ 6 were considered to be of high quality, scores of 
4–5 were considered fair quality, and scores < 4 were con-
sidered poor quality [17].

The quality of the evidence in each RCT was assessed 
using the Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) tool. GRADE profiler 
software (version 3.6.1, http:// tech. cochr ane. org/ revman/ 
other- resou rces/ grade pro/ downl oad) developed by the 
GRADE group was used to rate the quality of evidence. Five 
factors were considered for rating the quality of evidence: 
risk of bias, imprecision, inconsistency, indirectness, and 
publication bias [18]. Trials were downgraded for risk of 
bias for the following reasons: lack of allocation conceal-
ment, lack of assessor/therapist blinding, loss of > 15% of 
participants over follow-up, selective outcome reporting, 
cessation of the study for a benefit, and failure to perform 
an intention-to-treat analysis [19]. Trials were downgraded 
for precision level if there was minimal or no overlap of 
confidence intervals (CIs) or if the total number of partici-
pants included in the review was smaller than the sample 
size required for an adequately powered trial [20]. Optimal 
Information Size (OIS) was used to determine the necessary 
sample size required for an adequately powered trial. To 
inform this decision, the OIS for a two-arm parallel-group 
trial was calculated using data from a previous study, assum-
ing an α of 0.05 and 80% power (β = 0.2) [21]. Trials were 
downgraded for inconsistency if there was wide variations in 
point estimates across studies, wide CIs or evidence of sta-
tistical heterogeneity as indicated by a large I2 value (> 50%) 
[22]. Trials were downgraded for indirectness if there was 
a difference between the populations, interventions, or out-
come measures (surrogate outcomes) across trials [23]. Tri-
als were downgraded for publication bias if they were com-
mercially funded, likely to be sponsored by industry, or if 
the authors shared a conflict of interest [24].

Statistical analysis

Meta-analyses were conducted using Comprehensive Meta-
Analysis software, version 3. Trials of similar interventions 
and outcome measures were pooled together. For QoL, the 
differences in mean and 95% CI were calculated. For pain 
measurement, Hedges’ g [standardized mean difference 
(SMD)] and 95% CIs were computed because of different 
measurement scales across trials. Statistical heterogeneity 
was assessed using the Chi-square test (I2). A p value ≤ 0.05 
was defined as statistical significance.

Results

Figure 1 summarizes the study selection process based 
on the PRISMA approach. Trials excluded at the full-text 
screening stage and the reasons for exclusion are listed in 
supplementary Appendix 2. Electronic and manual search-
ing identified 17,759 articles. Eighteen trials met the inclu-
sion criteria and were included in the meta-analytic review.

Characteristics of included trials

The characteristics of the included trials are summarized in 
Table 1. Data from 1098 women were collected across the 
18 trials included in the meta-analysis. The sample size of 
included trials ranged from 23 to 291. Mean participant age 
ranged from 45.6 to 67.8 years. Interventions in the included 
studies are exercise (n = 10), myofascial release (n = 2), acu-
puncture (n = 2), compression therapy (n = 2), self-adminis-
tered complex decongestive therapy (CDT; n = 1), and neu-
romuscular taping (NMT; n = 1). Of the 18 included trials, 
four reported QoL and 14 reported pain severity.

Methodological quality

The PEDro quality of the included trials is presented in 
Table 2. The mean PEDro score of the 18 trials was 6.2 
out of 10. Of the 18 included trials, 12 were of high meth-
odological quality, five of fair quality and one trial was 
of poor quality. Among the 18 included trials, 17 lacked 
therapist blinding, nine did not report allocation conceal-
ment, nine lacked intention-to-treat analysis, eight lacked 
assessor blinding, and six trials lost > 15% of participants 
to follow-up.

Quality of evidence (GRADE)

The GRADE evidence profiles for individual interventions 
on each outcome measure are shown in Table 3. Serious 
risk of bias was the main factor contributing to downgraded 

http://tech.cochrane.org/revman/other-resources/gradepro/download
http://tech.cochrane.org/revman/other-resources/gradepro/download
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quality of evidence, and this was identified by both the 
GRADE assessment and the PEDro scale.

Given the serious risk of bias as revealed by the GRADE 
assessment and the PEDro scale, the overall GRADE qual-
ity of evidence for the included trials ranged from very low 
to moderate. Inconsistency, which was not assessed in the 
PEDro scale, could be another factor underlying the decline 
in GRADE quality. Very serious inconsistency was recog-
nized in the pooled analyses from exercise trials for both 
QoL and pain measures due to the large variations in point 
estimates, wide CI and statistical heterogeneity across trials 
[22]. One trial was downgraded for publication bias because 

a conflict of interest was not reported [25]. Since the number 
of participants included in this meta-analytic review is more 
than the sample size necessary for an adequately powered 
trial, this OIS criterion was met and therefore trials were 
not downgraded for imprecision. Furthermore, none of the 
included trials were downgraded for indirectness.

Fig. 1  Flowchart of the study 
selection. PT Physical therapy, 
*Ineligible women: Women 
without upper quadrant pain, 
#Ineligible outcome measures: 
Outcome measures out of scope 
of interest of the current meta-
analytic review

Studies screened by title
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Excluded after title screening 

Excluded after abstract screening 
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� Non-RCT (n=384)
� Non-English study (n=5)
� Protocol (n=37)
� Ineligible participants* (n=81)
� Ineligible outcome measures#

(n=396)
� Not PT intervention (n=115)
� 2 active treatments compared 

(n=83)
� Combination of treatments for 

the intervention group (n=56)
� Telerehab (n=23)
� No abstract (n=29)
� Unfinished trial (n=61)

Studies included in meta-analysis
(n=18)

Studies screened by abstract
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Full-text articles assessed for 
eligibility 
(n = 215)

Studies identified through database 
searching (n=17,171)

AMED (n=39)   Web of Science (n=2636)
PEDro (n=174) PubMed (n = 1669)
Scopus (n=2113) Cochrane (n=2561)     
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Duplicates (n = 8684)

Excluded after full-text screening 
(n=197)

� Not RCT (n=21)
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� Conference abstract (n=36)
� Protocol (n=1)
� Ineligible participants* (n=47)
� Ineligible outcome measures#

(n=65)
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� Active treatments compared 
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Effects of intervention on QoL

Exercise vs. control

Four trials [21, 26–28] compared the effect of exercise to 
a control condition on general, physical, and mental health 
components of QoL. The types of exercises included aerobic 
exercise, resistance training [21, 26–28], and aqua fitness 
exercise [26]. Aerobic exercise [28] was performed on the 
treadmill at an intensity of 60%–80% heart rate maximum. 
Resistance training [26] included exercises for the large 
muscles of the upper and lower limbs progressing from two 
sets of 12 repetitions at 50–60% one repetition maximum 
(RM) to three sets of 10 repetitions at 60–80% 1RM, over 
a period of 2 years. Aqua fitness exercise [26] consisted of 
aerobic and resistance exercise for the chest, shoulder, lower 
limbs, and core muscles. The exercise parameters in the four 
trials ranged from 30 to 60 min sessions, performed two to 
five times per week for a duration of 3 months to 2 years. Of 
the four trials, three [21, 27, 28] measured QoL using the 
SF-36 and one [26] measured QoL using the SF-12.

The methodological quality of the four trials [21, 26–28] 
ranged from fair-to-high and the quality of the evidence was 
very low. The pooled analysis of the four trials (n = 451) 
revealed a statistically significant effect of the interven-
tion on general [SMD 0.87 (95%CI: 0.36–1.37); p = 0.001; 
Fig. 2a], physical [SMD 0.34 (95%CI: 0.01–0.66); p = 0.044; 
Fig. 2b] and mental health components [SMD 0.27 (95%CI: 
0.03–0.51); p = 0.027; Fig. 2c], when compared to the con-
trol condition.

Effects of interventions on pain severity

Exercise vs. control

Six [29–34] trials evaluated the effectiveness of exercise on 
pain severity in women with PMPS. The types of exercise 
included in the six trials were aerobic exercise, resistance 
training [29, 32, 33] for the upper limbs (i.e., biceps, triceps, 
shoulder abductors and extensors, scapular muscles), lower 
limbs, and trunk muscles, hydrotherapy [31], stretching exer-
cises, and nerve gliding exercise [30]. Of the six trials, one 
trial [33] measured pain severity with both VAS and BPI, 
two trials [29, 30] used NPRS, and three trials [31, 32, 34] 
utilized only VAS.

The methodological quality of the six exercise trials 
[29–34] ranged from fair-to-high and the grade quality of 
the evidence was very low. Of these six trials, one trial [33] 
included three groups (scapula-oriented shoulder exercise, 
general exercise, and a control group), and data from the two 
exercise intervention groups versus the same control group 
were included individually. Pooled analysis of the six trials 
(n = 406) revealed a significantly greater reduction in pain Ta
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severity in the intervention group than the control group 
[SMD − 1.00 (95%CI: − 1.48 to − 0.52); p < 0.001; Fig. 3a].

Myofascial release vs. placebo

Two [35, 36] of the 14 included trials compared the effec-
tiveness of myofascial release to placebo. In both trials, 
the myofascial release therapy was applied using the Pilat 
approach [37] to the upper thoracic and upper limb region, 
for 30–40 min per session. The methodological quality of 
the two trials [35, 36] ranged from fair-to-high and the grade 
quality of evidence was moderate. Pooled analysis of the 
data from these two trials (n = 45) showed a statistically sig-
nificant effect of the intervention compared to placebo [SMD 
− 0.65 (95%CI: − 1.29 to − 0.01); p = 0.04; Fig. 3b].

Acupuncture vs. control

Data were pooled from two trials [25, 38] of fair methodo-
logical quality and very low-grade evidence comparing the 
effect of acupuncture to usual care. One of the two trials pro-
vided electroacupuncture in 30-min sessions at an alternat-
ing frequency of 2–10 Hz, and participants received a total 
of 18 acupuncture treatments over the course of 8 weeks 
[38]. However, the other [25] trial provided inadequate 
intervention-related information such as the acupoints used, 
the depth of insertion, and whether needle stimulation was 
elicited. Pooled analysis (n = 55) revealed a statistically sig-
nificant reduction in pain severity in the acupuncture group 
[SMD − 0.82 (95%CI: − 1.36 to − 0.29); p = 0.003; Fig. 3c] 
than in the control group.

Self‑administered CDT vs. usual care

One small trial [39] (n = 41) of high methodological quality 
and moderate-grade evidence compared the effect of CDT 
to usual care; and utilized the NPRS to measure pain sever-
ity. The trial provided ten sessions of CDT (each lasting 
for 1.5 h) over the course of four weeks. The trial showed a 
statistically significant effect of CDT compared to usual care 
control [standard mean difference (SMD) − 0.75 (95%CI: 
− 1.38 to − 0.12]; p = 0.020; Fig. 3d].

NMT vs. sham‑NMT

One small trial [40] (n = 40) of high methodological quality 
and moderate-grade evidence compared the effect of NMT 
to sham-NMT on pain severity. NMT was applied to the 
cervical, wrist forearm, and lumbosacral regions for three 
7-day sessions over the course of 5 weeks. The trial showed 
a statistically significant effect of NMT compared to sham 
[SMD − 2.81 (95%CI: − 3.69 to − 1.94); p < 0.001; Fig. 3e].

Compression therapy vs. control

Data were pooled from two [41, 42] trials with low-grade 
evidence and a range of poor-to-high methodological qual-
ity comparing the effect of compression therapy to a control 
condition. One [41] trial provided a compression corset, 
while the other [42] provided participants with a compres-
sion-type sports bra. Both trials utilized the VAS for meas-
uring pain severity. Pooled analysis (n = 60) revealed a non-
significant effect of the intervention compared to control 
[SMD 0.29 (95%CI: − 0.26 to 0.85); p = 0.299; Fig. 3f].

Discussion

This meta-analytic review evaluated the efficacy of physical 
therapy interventions compared to control for the manage-
ment of upper quadrant pain in PMPS. Eighteen trials met 
the inclusion criteria and were included in the meta-analysis.

The pooled analysis of data from four trials [21, 26–28] 
of fair-to-high methodological quality and very-low-grade 
quality of evidence showed a significant effect of exercise 
compared with control conditions on the general, physi-
cal, and mental health components of QoL in women with 
PMPS. The results obtained in this meta-analytic review 
for QoL concur with the results of a previous meta-analytic 
review by Zeng et al. [9], who evaluated the efficacy of exer-
cise interventions on QoL among breast cancer survivors. 
The effect size and the 95% CI were small in both reviews, 
indicating a clinically insignificant effect. Similar to the cur-
rent paper, the previous review [9] also identified aerobic 
training combined with resistance training as being effica-
cious for improving the QoL in women with PMPS. How-
ever, the current review provides evidence for the efficacy of 
additional therapies, such as nerve gliding and water exer-
cises, for alleviating PMPS, which were not evaluated in the 
previous review. Although the beneficial effects of exercise 
interventions on QoL were significant in this meta-analysis, 
definitive conclusions cannot be drawn due to the methodo-
logical flaws of the included trials, the failure of the 95% CI 
to exclude a clinically trivial effect, and the very low quality 
of evidence in the included studies. However, exercise is a 
low-risk intervention, and a recent systematic review [43] 
found that exercise was generally safe for women with breast 
cancer. Therefore, exercise interventions may be considered 
in clinical settings to improve QoL in women with PMPS.

Although exercise interventions showed positive effects 
on QoL, some demographic factors, such as age [44], race, 
and ethnicity [45], may also affect the evaluation of QoL in 
this population. Studies report that age may influence how 
breast cancer affects QoL in women; however, the reported 
effects of breast cancer on younger and older women have 
been contradictory. Some studies found that older women 
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reported poorer QoL due to a sedentary lifestyle [44, 45], 
whereas other studies reported that women younger than 
50 years report a greater QoL disturbance than those older 

than 50 years [46–49]. Younger women have been reported 
to lose more workdays and experience child-care problems 
that affect their QoL [46]. Breast cancer survivors from 

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

García-Soidán et al. 2020 Aerobic Exercise 1.440 1.084 1.796 0.000 17.70
García-Soidán et al. 2020 Strength Training 1.327 0.972 1.683 0.000 17.69
García-Soidán et al. 2020 Aqua Fitness 1.261 0.897 1.625 0.000 17.62
Paulo et al. 2019 0.977 0.300 1.655 0.005 14.38
Dong et al. 2019 0.082 -0.464 0.629 0.768 15.81
Irwin et al. 2008 0.000 -0.451 0.451 1.000 16.80

0.865 0.360 1.371 0.001

-2.00 -1.00 0.00 1.00 2.00

Favours Control Favours Exercise

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

Paulo et al. 2019 1.512 0.784 2.240 0.000 10.96
Dong et al. 2019 0.778 0.211 1.345 0.007 13.96
García-Soidán et al. 2020 Strength Training 0.157 -0.165 0.479 0.339 19.56
García-Soidán et al. 2020 Aerobic Exercise 0.075 -0.242 0.391 0.644 19.68
García-Soidán et al. 2020 Aqua Fitness 0.055 -0.277 0.388 0.745 19.32
Irwin et al. 2008 0.028 -0.423 0.479 0.903 16.53

0.335 0.009 0.661 0.044

-3.00 -1.50 0.00 1.50 3.00

Favours Control Favours Exercise

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

Dong et al. 2019 1.044 0.461 1.628 0.000 11.34
García-Soidán et al. 2020 Strength Training 0.332 0.008 0.655 0.045 21.11
Paulo et al. 2019 0.316 -0.327 0.959 0.335 9.91
Irwin et al. 2008 0.138 -0.313 0.590 0.549 15.50
García-Soidán et al. 2020 Aqua Fitness 0.115 -0.217 0.448 0.497 20.67
García-Soidán et al. 2020 Aerobic Exercise 0.024 -0.293 0.341 0.882 21.47

0.270 0.030 0.510 0.027

-2.00 -1.00 0.00 1.00 2.00

Favours Control Favours Exercise

A

B

C

Fig. 2  Effect of interventions on quality of life
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racially and ethnically diverse populations are associated 
with lower levels of physical activity and higher rates of obe-
sity, which are commonly associated with poorer QoL [44, 
45]. QoL also varies relative to socioeconomic status among 
breast cancer survivors [50], with low socioeconomic status 
associated with poorer QoL [44, 50]. Therefore, future RCTs 
must be carefully designed and include statistical methods to 

control for potentially confounding variables that may affect 
QoL measures in this population.

The use of generic measures of QoL in the current review 
does not allow for the determination of which disease-spe-
cific symptoms contribute the most to the limitations on 
physical functioning and psychological well-being among 
women with PMPS. The identification of disease-specific 
symptoms that impact the QoL among women with PMPS is 

 

 

 

 

 

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

VAS Nyrop et al. 2017 -0.246 -0.781 0.289 0.367 15.13
Combined Lee et al. 2010 Shoulder Exercise -0.255 -0.953 0.443 0.473 13.37
Combined Lee et al. 2010 General Exercise -0.617 -1.329 0.096 0.090 13.21
Blank Hammond et al. 2020 -1.003 -1.596 -0.409 0.001 14.50
Combined Cantarero-Villanueva et al. 2012 -1.183 -1.705 -0.661 0.000 15.26
Blank Ammitzboll et al. 2019 -1.267 -1.608 -0.927 0.000 17.02
Blank Hwang et al. 2008 -2.654 -3.530 -1.779 0.000 11.51

-1.000 -1.481 -0.519 0.000

-4.00 -2.00 0.00 2.00 4.00

Favours ExerciseFavours Control

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

Combined Castro-Martín et al. 2017 -0.378 -0.978 0.222 0.216 59.56

Blank Serra-Añó et al. 2018 -1.048 -1.878 -0.218 0.013 40.44

-0.649 -1.293 -0.005 0.048

-2.00 -1.00 0.00 1.00 2.00

Favours Myofascial Release Favours Control

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

Quinlan-Woodward et al. 2016 -0.768 -1.581 0.045 0.064 44.03

Lu et al. 2020 -0.856 -1.577 -0.135 0.020 55.97

-0.817 -1.357 -0.278 0.003

-2.00 -1.00 0.00 1.00 2.00

Favours Acupuncture Favours Control

A

B

C

 

 

Fig. 3  Effect of interventions on pain severity
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important for treatment planning and goal setting in clinical 
practice. Future trials of physical therapy interventions for 
PMPS are recommended to utilize psychometrically valid 
and disease-specific outcome measures to evaluate QoL. The 
exercise parameters (frequency, intensity, duration, and time 
per session) in the exercise trials included in the current 

meta-analytic review varied greatly, minimizing the appli-
cability of the findings to clinical settings. Future research 
remains necessary to determine the optimal exercise types 
and parameters that will improve QoL among women with 
PMPS.

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative 
g limit limit p-Value weight

Hansdorfer-Korzon et al. 2016 0.546 -0.176 1.267 0.138 55.30
Johansson et al. 2020 -0.021 -0.828 0.786 0.959 44.70

0.292 -0.260 0.845 0.299

-2.00 -1.00 0.00 1.00 2.00

Favours Compresison therapy Favours Control

F

E

D

Fig. 3  (continued)
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The pooled analysis of data from six exercise trials 
[29–34] of fair-to-high methodological quality and very-
low-grade quality of evidence showed a significant effect 
of exercise interventions on pain severity compared with 
control conditions for women with PMPS. These results 
concur with the results reported in the systematic review by 
Tatham et al.  [51]. Tatham et al.  [51] evaluated the efficacy 
of aerobic exercise and strength training on post-mastectomy 
shoulder pain but lacked a quantitative analysis. However, 
the current paper summarizes the evidence quantitatively 
and provides evidence for the efficacy of other therapies, 
such as nerve gliding and water exercises. Another contri-
bution of the current meta-analytic review is the provision 
of new evidence regarding the reduction of upper quadrant 
pain in PMPS, whereas the previous review by Tatham et al.  
[51] only evaluated shoulder pain.

The effect size reported in the current meta-analytic 
review are below the clinically worthwhile threshold of 2 on 
a 0–10 VAS/NPRS scale [52], indicating a clinically insig-
nificant effect. Therefore, further data in this area remain 
necessary to confirm the effectiveness of exercise on pain 
severity in women with PMPS. The exercise intervention 
parameters in the included trials of the current meta-ana-
lytic review varied greatly, which minimized the applica-
bility of these findings to clinical settings. Future studies 
are required to determine the optimal types of exercise and 
exercise parameters for improving pain severity in women 
with PMPS.

The pooled analysis of data from two small myofascial 
release trials [35, 36] of fair-to-high methodological qual-
ity, moderate-grade and two small acupuncture trials [25, 
38] of fair methodological quality, very-low-grade showed 
significantly increased reductions in pain severity in the 
intervention groups than in the control group. However, the 
mean estimate of the effect of myofascial release (0.65) and 
acupuncture interventions was (0.82) small. Due to the small 
effect size, the methodological quality of the included stud-
ies, and the sample size, we are unable to make any recom-
mendations regarding the efficacy of myofascial release or 
acupuncture for the treatment of PMPS. Further research 
with larger sample sizes and carefully planned designs are 
required to confirm the effects of myofascial release and 
acupuncture for the treatment of PMPS.

This meta-analytic review has several strengths. This 
meta-analytic review identified significant benefits for sev-
eral physical therapy interventions—including exercise 
therapy, myofascial release and acupuncture—in improving 
the QoL and reducing pain severity in women with PMPS. A 
comprehensive search strategy was utilized to identify trials 
evaluating the effectiveness of physical therapy interven-
tions for the treatment of upper quadrant pain in women with 
PMPS. More than half of the studies included in the current 
meta-analytic review were of high methodological quality. 

Furthermore, more than half of the studies reported asses-
sor blinding, thereby minimizing bias. The current meta-
analytic review has some limitations: we could not evaluate 
the impact of publication bias due to the small number of 
studies included in each meta-analysis (a minimum of 8–10 
studies are necessary to generate a funnel plot to assess pub-
lication bias). The second limitation is that the current meta-
analytic review utilized generic outcome measures for QoL 
rather than disease-specific measures, which minimizes the 
applicability and generalizability of the findings to clinical 
settings and women with PMPS. Other limitations include 
the small sample sizes in some of the included trials, the 
small number of articles included in some meta-analyses, 
and the low methodological quality of some of the included 
studies. Therefore, adequately powered RCTs of high meth-
odological quality remain necessary for future analysis to 
allow for the generation of appropriate future recommenda-
tions. These improvements could increase the specific under-
standing of the efficacy of physical therapy interventions in 
clinical practice.

Conclusions

Meta-analysis revealed statistically significant effects of 
exercise compared to control in improving both overall QoL 
and pain. Exercise is a low-cost and safe intervention and 
could, therefore, be considered an essential component of 
QoL and pain management among women with PMPS. The 
exercise intervention parameters of the included trials in the 
current meta-analytic review varied greatly. Further research 
is required to determine the optimal parameters for exercise 
interventions designed to improve QoL and pain severity 
in women with PMPS. Our meta-analysis showed positive 
treatment effects for acupuncture and myofascial release 
for PMPS; however, due to the effect sizes, methodological 
qualities, grade of evidence, and sample sizes in the included 
trials, we are unable to make any recommendations regard-
ing the efficacy of these interventions for the treatment of 
PMPS. Future research is required to investigate the effect of 
physical therapy interventions on QoL and surgery-related 
arm symptoms that contribute the most to the limitations on 
physical functioning and psychological well-being among 
women with PMPS.
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