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A B S T R A C T

Background: One common complication after mastectomy is thickened scars at the surgical site that impair
shoulder function. This study aimed to investigate the effects of mechanical stimulation on scar appearance,
arm function, and quality of life of breast cancer survivors after mastectomy.
Methods: This was a single-center, single-blinded (assessor), randomized controlled trial with a 3-month fol-
low-up. Women who had undergone mastectomy in the preceding 6 weeks for breast cancer were randomly
allocated to an experimental group and a control group by permuted block randomization (block size=6).
The experimental group received conventional treatment (mobilization and strengthening exercises) and
mechanical stimulation applied to the mastectomy scar twice a week for 6 weeks (12 sessions). The control
group received 12 sessions of conventional treatment only. Primary outcome measures included the Vancou-
ver Scar scale (VSS) to assess scar quality. The secondary outcomes were spectrophotometry, the Disabilities
of the Arm, Shoulder and Hand (DASH) questionnaire; shoulder range of motion; the Numeric Pain Rating
scale; hand grip strength; and Functional Assessment of Chronic Illness Therapy−Breast Cancer (FACT-B).
Results: One hundred and eight participants were equally randomized to 2 groups. All follow-up assessments
were completed in September 2018. Intention-to-treat analysis revealed a significant group £ time interac-
tion on the VSS (h2 = 0.161, p < 0.001), DASH (h2 = 0.060, p = 0.003), and FACT-B functional well-being scores
(h2 = 0.033, p = 0.034), indicating that the experimental group (n=54) showed greater improvement in these
outcomes than the control group (n=54). Post-hoc analysis showed that the improvements in the VSS and
DASH scores remained apparent at the 3-month follow-up. Other outcomes did not yield significant
group £ time interaction. No adverse effects were reported.
Conclusion: The addition of mechanical stimulation to a conventional intervention program improved scar
appearance, arm function, and functional well-being compared with conventional intervention alone.

© 2022 Elsevier Masson SAS. All rights reserved.
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Introduction

Breast cancer is the most common cancer among women [1]. Mas-
tectomy is a common treatment for breast cancer. Scarring, as an
intrinsic process of wound healing, is reported to be one of the most
common complications following mastectomy [2]. Thickened mas-
tectomy scars and soft tissue adhesions can cause pain [3], loss of
function [3, 4], compromised quality of life (QoL) [4, 5], loss of
shoulder range of motion (ROM) [3−5] and other psycho-social prob-
lems [5]. Given the undesirable consequences of thickened mastec-
tomy scars, there is a need to identify effective scar management
strategies.

Previous studies have found mechanical massage (e.g., effleurage,
petrissage, friction, lengthening and rolling, 10-30 min/session, 2 ses-
sions per week, 3 weeks-3 months) has a positive effect on surgical
scars or radiation-induced fibrosis, [6, 7] probably because mechani-
cal stimulation (horizontal and vertical pressure) on elastin fibers
could assist skin tone restoring by enhancing the production of elastic
fibers and collagens. [8, 9] Mechanical stimulation (tension, compres-
sion and osmotic) could also prevent scar over-formation by relieving
the tension around wounds [10, 11].

The treatment of post-mastectomy scars is an under-studied area.
Conventional post-mastectomy physiotherapy focuses primarily on
active and active-assisted upper limb exercises [3, 4, 12]. A review
examining morbidity after breast cancer treatment [13] suggested
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that adherent scars post-mastectomy can be treated with transverse
maneuvers [14] as well as circular friction maneuvers and rotational
kneading procedures [13]. The positive effect of using a hand-held
device that transferred pressure and shear forces to scar tissue on
shoulder mobility and perception of disability post-mastectomy was
demonstrated in a retrospective, single-group study only [3]. Given
the adverse influence of post-mastectomy scars on cosmetic, func-
tional, and psychological outcomes [3, 5] and a lack of robust evi-
dence for interventions, more research is needed to determine
effective mastectomy scar management [15].

A randomized controlled study was undertaken to investigate
the efficacy of mechanical stimulation in (i) alleviating scar
appearance (pigmentation, vascularity, pliability, and thickness),
(ii) improving arm function (reduction in pain and improvement
in ROM, strength, and functional ability), and (iii) enhancing QoL
of women who have undergone mastectomy for breast cancer.
Mechanical stimulation delivered via an electrical device was
studied because this method is not labor-intensive and produces
consistent and replicable massage maneuvers [7]. It was hypothe-
sized that when compared with conventional physiotherapy
alone, a combination of mechanical stimulation and conventional
physiotherapy intervention for scar management in post-mastec-
tomy women would result in better outcomes in terms of scar
appearance (i.e., pigmentation, vascularity, pliability, and thick-
ness), arm impairment and function (i.e., shoulder pain, ROM,
muscle strength, and functional ability), and QoL.

Methods

Study design

This study was a single-center, single-blind, randomized con-
trolled study. The study is reported according to the CONSORT check-
list for non-pharmaceutical intervention studies.

Ethical considerations

The study protocol was reviewed and approved by the Hospital
Authority Kowloon Central Cluster Research Ethics Committee (refer-
ence no. KC/KE-15-0186/FR-3) and the Institutional Review Board
of the Hong Kong Polytechnic University (reference no.
HSEARS20150326001-02). The study was also registered at www.clin
icaltrials.gov (reference number: NCT02702050). Written informed
consent was obtained from potential participants before their enroll-
ment.

Participants

A convenience sampling method was used. The participants were
recruited from women attending the physiotherapy breast care clinic
at a local hospital between March 2016 and April 2018. The inclusion
criteria were: (1) women over 18 years of age who (2) had undergone
mastectomy in the preceding 6 weeks and (3) were able to attend
physiotherapy treatment follow-ups. The exclusion criteria were: (1)
altered mental state, (2) unable to provide informed consent, (3) pre-
senting with signs and symptoms of mastectomy scar infection or
inflammation, (4) unhealed mastectomy wounds, (5) history of
lymphedema, (6) bilateral breast cancer, (7) unstable medical or car-
diovascular conditions, (8) pre-existing arm impairments or dysfunc-
tions that would affect the testing or exercising of the affected arm,
(9) undergoing radiotherapy during the study period, (10) known
sensitivity to mechanical stimulation, (11) skin cancer on the treat-
ment area or unclear margins of the cancer, (12) cancer with known
metastasis to other areas, and (13) human immunodeficiency virus
positive status.
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Sample size estimation

An a priori power analysis was performed using the statistics soft-
ware G*Power 3.1.92 for Windows (Heinrich-Heine-Universit€at
D€usseldorf, Kiel, Germany) [16]. We took the reference values from
studies that examined the effects of massage therapy on scar tissue
in other patient populations [17, 18]. The standardized effect size
(Hedge’s g) for these studies was -0.4 for pigmentation, -1.4 for pli-
ability, and -1.9 for thickness [17, 18]. Therefore, a more conservative
approach was adopted by using the smallest effect size (Cohen’s
d = 0.4; equivalent to F = 0.2 for ANOVA). With an alpha of 0.017 (to
adjust for multiple comparisons) and a power of 0.9, a total of 70 par-
ticipants would be required. Assuming a 20% attrition rate, the mini-
mum sample size needed would be 90 (45 in each group).

Randomization

After the physiotherapist in the breast care clinic had performed
the initial screening and obtained consent from women 3-4 weeks
after surgery, group allocation was done by an independent research
assistant who had not been involved in the recruitment process. The
participants were randomly allocated to either the experimental
(mechanical stimulation + conventional physiotherapy) group or the
control (conventional physiotherapy only) group by permuted block
randomization, with a block size of 6 and an allocation ratio of 1:1,
using sequentially numbered opaque sealed envelopes.

Intervention

Participants in both groups received an educational booklet before
the commencement of the program. The educational booklet pro-
vided information about the breast cancer rehabilitation program,
strategies to prevent shoulder morbidities, skin care, scar massages
and home exercises. It was specified in the pamphlet that partici-
pants should perform the home exercises 3 times per day. The physi-
otherapists who provided the intervention also reinforced the
importance of home exercises to participants in both the experimen-
tal and control groups at each intervention session.

At 6 weeks post-mastectomy, the experimental and control
groups received their respective intervention twice weekly for 6 con-
secutive weeks (i.e., total of 12 sessions). This treatment frequency
and duration were chosen because, according to 2 previous studies
that investigated the treatment effect of mechano-stimulation on
scars, a positive treatment effect was found after an average of 9 to
14 biweekly treatment sessions [3, 8].

In each treatment session, both groups of participants underwent
a comprehensive exercise program. Each session included 20 minutes
of shoulder mobilization exercises (pendulum, wall climbing, and
reciprocal pulley exercises) and 20 minutes of arm and grip strength-
ening exercises using a dumbbell and an arm ergometer. The exer-
cises were supervised by 1 of the 2 experienced physiotherapists
who had worked in the breast care clinic for more than 3 years to
ensure that the delivery of exercise intervention was standardized.
Five minutes of general stretching exercises were performed before
and after the training program (a total of 10 minutes) as warm-up
and cool-down exercises, respectively.

Participants in the experimental group received additional
mechanical stimulation treatment immediately after each exercise
session described above. To ensure consistency of the treatment
delivered, the mechanical stimulation treatment was administered
by a third physiotherapist who had more than 20 years of experience
in managing patients with breast cancer (approximately 200 breast
cancer cases per year) and had undergone a one-week training course
run by the manufacturer on the theory and practical use of the
mechanical stimulator (LPG Cellu M6 Integral, Valence, France). A
pre-set protocol installed on the mechanical stimulator for scar
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management was selected. This protocol included maneuvers
of sequential grasp (2 minutes), bouncing and opposition (6 minutes),
and stretching (2 minutes), in accordance with previous reports
[6, 8]. The suction force was adjusted according to each participant’s
tolerance.

For quality assurance purposes, the physiotherapy department of
the hospital underwent an internal audit to ensure adherence of care
providers to the protocol.

Outcome measurements

All the outcome measurements were performed by 3 physiothera-
pists who had 4 to 10 years of work experience at the breast care
clinic. To ensure that these practitioners were blinded to group allo-
cation, none of them were involved in delivering the intervention. All
participants were evaluated at baseline (T1, 6 weeks post-mastec-
tomy), immediately after the 6-week intervention (T2, 3 months
post-mastectomy), and 3 months after the end of the intervention
period (T3, 6 months post-mastectomy).

Relevant demographic and clinical data (age, height, weight, past
medical history, diagnosis, characteristics of the mastectomy, and
adjunct therapy) were collected from medical records. The use of
compression therapy, silicone gel sheets, and other scar treatments
was documented as reported by the participants.

Primary outcome
The Vancouver Scar Scale (VSS), the primary outcome, was admin-

istered to assess overall scar quality. The VSS is a common tool for
scar assessment [19] and includes assessments of the thickness, pli-
ability, pigmentation, and vascularity of a scar. The former 2 items
are rated on ordinal scales, while the latter 2 are presented in a
descriptive manner. The VSS score ranges from 0 (normal scar) to 13
(most severe scar). The VSS has been shown to have excellent inter-
rater reliability in a burn scar population (intraclass correlation coef-
ficient [ICC] = 0.81) [19]. When used post-mastectomy, it also has
acceptable internal consistency, with a Cronbach’s alpha of 0.79. The
inter-observer’s ratings showed strong correlations (Spearman’s cor-
relation coefficients = 0.66, p < 0.001); and the association of ratings
for pliability (Spearman’s r = 0.37, p = 0.004) and color of scars
(Spearman’s r = 0.42, p = 0.001) between tester and patient were
found to be moderate [20]. In a study of hypertrophic scars, a strong
and statistically significant correlation was found between pigmenta-
tion and vascularity scores on the VSS and two color measurements
by spectrophotometer: lightness (Spearman’s r = -0.83 to -0.80, p <
0.01) and redness (Spearman’s r = 0.72 to 0.75, p < 0.01) [21].

Secondary outcomes
Spectrophotometry: A spectrophotometer (MiniScan EZ 45/0 SAV;

HunterLAB, Reston, Virginia, USA) was used to objectively measure
scar color [21]. In a spectrophotometry measurement, the level of
redness indicates vascularization, and pigmentation represents the
amount of melanin deposited in a scar [22]. Before each measure-
ment, the spectrophotometer was checked and calibrated according
to the standardized instructions provided by the manufacturer. All of
the assessments took place in the same room with the same amount
of lighting. With the participant in the supine position, the spectro-
photometer was placed onto the midline of the scar while the spec-
trophotometry data were registered. The test-retest reliability was
demonstrated to be moderate to high (ICC = 0.95−0.99) [21, 23]. The
pigmentation of a scar and the skin was reported in terms of lightness
(L), redness (a), and yellowness (b). These measurements are consis-
tent with the international expression of the Commission Internatio-
nale de l’Eclairage (CIE) [24], which is considered to be the most
accurate scar color evaluation standard [25, 26].

The Numeric Pain Rating Scale (NPRS) is valid, reliable, and appro-
priate for use in a clinical setting with good test-retest reliability
3

(ICC = 0.67-0.83) [27, 28]. Using this scale, pain is rated from 0 (no
pain) to 10 (the worst pain possible). The minimal clinically impor-
tant difference using this scale is 1.1 points [28]. The participants
were asked to describe their level of pain in the breast region from 0
to 10.

Active shoulder flexion and abduction ROM on the operated side
were evaluated as follows. The participants were asked to maintain
an upright standing position and perform an active shoulder flexion
on the operated side. The maximum ROM attained was measured
with a universal plastic goniometer [29, 30]. The participants were
then asked to perform an active shoulder abduction movement [13,
29, 30] in the same standing position, and the goniometer reading
was recorded [29, 30]. Excellent intra-rater reliability (ICC = 0.96
−0.97, standard error of measurement (SEM) = 2.5°-2.9°, minimal
detectable difference (MDC) = 7°-8°) and inter-rater reliability
(ICC = 0.88−0.93) for shoulder flexion goniometric measurement has
been established for individuals with unilateral shoulder pathology
[31].

Hand grip strength was evaluated using the JAMAR Hydraulic
Hand Dynamometer (JAMAR 5030J1; Patterson Medical Limited,
Warrenville, Illinois, USA) [4, 29] according to the standard proce-
dures recommended by the American Society of Hand Therapists
[32]. The participants were instructed to perform 3 trials of the hand
grip strength test. Mean strength, measured in kilogram-force (kgf),
from these trials was recorded for analysis. The SEM and MDC are
1.51-1.98 (kgf) and 4.18 to 5.47(kgf) respectively in individuals with
primary osteoarthritis of the hand [33].

The Chinese version of the Disabilities of the Arm, Shoulder and
Hand (DASH) questionnaire was used to evaluate upper extremity
disabilities and symptoms. The DASH is a self-administered question-
naire that can be completed in under 15 minutes [34]. The partici-
pants were asked to consider the week before the questionnaire was
administered and rate the degree of difficulty and severity of pain
when performing various activities on a 5-point Likert scale. The total
DASH score ranges from 0 (no disability) to 100 (most severe disabil-
ity). The test-retest reliability (ICC = 0.77) and internal consistency
(Cronbach’s alpha = 0.94) for the 30-item Disability/Symptom scale
are good [34]. The associations of the DASH scores with unilateral
grip strength (r = -0.43−0.44, p < 0.01) and the physical functioning
score from SF-36 (r = -0.43, p < 0.01) were found to be moderate [35].
The minimal clinically important change in the DASH score is 12.4
points [36].

The fourth version of the Functional Assessment of Chronic Illness
Therapy−Breast Cancer (FACT-B), a traditional Chinese questionnaire,
was used to measure quality of life in women with breast cancer [37,
38]. This tool includes the FACT-G (physical, social/family, emotional,
and functional well-being) instrument and a breast cancer sub-scale.
In this study, the questionnaire was self-administered by the partici-
pants. The total FACT-B score ranges between 0 and 144 points,
reflecting the lowest to highest health-related quality of life [39]. The
test-retest reliability (ICC = 0.88) and internal consistency (Cron-
bach’s alpha = 0.87−0.91) of the Chinese version of FACT-B are high
[39]. The minimal clinically important difference in the FACT-B score
is 7−8 points [40].

Prior to actual data collection, the intra-rater reliability of the
physiotherapist responsible for assessing a given outcome was estab-
lished. The tests were performed on 5 women on 2 consecutive days.
Reliability was good, with ICC values ranging from 0.70 to 0.95 (Sup-
plementary file: 1).

Attendance and safety

Attendance at the treatment sessions was recorded by the physio-
therapist who delivered the interventions. The same physiotherapist
also monitored the participants’ responses during each treatment
session. Any adverse events were noted.
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Data analysis

Statistical analyses were performed using Statistical Package for
the Social Sciences (SPSS) 24.0 for Windows (IBM Corp., Armonk, NY,
USA). The baseline characteristics of the 2 groups were compared
using independent samples t tests, Mann-Whitney U tests, or chi-
square tests, depending on the kind of data. A two-way repeated-
measures analysis of variance (ANOVA) (mixed design; within-sub-
ject factor: time [3 levels]; between-subject factor: group [2 levels])
was used to compare the outcome measures between the 2 groups
across time. Post-hoc tests were used for group comparisons if signif-
icant results were found by the ANOVA. Effect size was indicated by
the eta-squared value (h2). Eta-squared values of 0.01, 0.06, and 0.14
were considered to represent small, medium, and large effect sizes,
respectively [41]. The level of significance (alpha) was set at 0.05,
except for the post-hoc analysis, in which the alpha was adjusted
according to the number of comparisons made (Bonferroni’s correc-
tion). Spearman’s r was used to analyze the correlation between
improvement in quality of life and other functional outcomes, and
the outcomes that showed a significant treatment effect (i.e., a signifi-
cant time £ group interaction). An intention-to-treat analysis was
conducted, with the missing data replaced using the last-observa-
tion-carried-forward method. This was followed by per-protocol
analysis.

Results

A total of 183 women who had undergone mastectomy for
breast cancer were screened between March 2016 and April 2018
at the breast care clinic. Of these, 75 women were excluded for
various reasons. In total, 108 individuals who fulfilled the inclu-
sion criteria were enrolled in the study (Fig. 1). Fifty-four individ-
uals were randomly allocated to the experimental (conventional
physiotherapy + mechanical stimulation) group and another 54 to
the conventional physiotherapy group at 3-4 weeks after surgery.
The intervention protocols for the 2 groups during the implemen-
tation stage were the same as those described in the Methods
section. All follow-up outcome assessments were completed in
September 2018.

The overall drop-out rate was 13.9% (experimental group = 7, con-
trol group = 8), which was lower than the estimated attrition rate in
our original sample size calculation (20%). No adverse effects relating
to the experimental or control treatments were reported during the
treatment or the follow-up periods.

The demographic characteristics of the participants are shown in
Table 1. No significant differences were found between the groups in
terms of demographic characteristics or in terms of any of the pri-
mary or secondary outcome variables at baseline (Table 2).

Scar characteristics

Photographs of 2 representative participants from each treatment
group are shown in Fig. 2. At 6 months post-mastectomy, the appear-
ance of the scars in the experimental group was pinker and suppler
than that in the control group.

A statistically significant group £ time interaction effect was iden-
tified for the VSS total (F = 20.41, h2 = 0.161, p < 0.001), vascularity
(F = 6.32, h2 = 0.056, p = 0.002), pigmentation (F = 6.40, h2 = 0.057,
p = 0.003), and pliability (F = 13.60, h2 = 0.114, p < 0.001) scores. As
shown in Table 3, post-hoc analysis showed that the reduction in the
VSS total, vascularity, pigmentation, and pliability scores in the
experimental group was significantly greater (p < 0.017) than that in
the control group immediately after the treatment period (T2) and at
the 3-month follow-up (T3).

The group £ time interaction effect for the VSS height scores was
marginal (p = 0.062), indicating a trend towards a better
4

improvement after the experimental treatment compared with the
control treatment (Table 2). As shown in Table 2, no significant
group £ time interaction or time effects were found for the measure-
ments of skin lightness, redness, and yellowness (spectrophotome-
try).

Physical function and quality of life

A significant time effect (p < 0.05) was found for all the secondary
outcomes except the FACT-B social well-being score. However, the
group £ time interaction effect was only significant for the DASH
(F = 6.82, h2 = 0.060, p = 0.003) and FACT-B functional well-being
scores (F = 3.65, h2 = 0.033, p = 0.034), indicating that these 2 out-
comes showed more improvement in the experimental group than in
the control group.

Post-hoc comparisons found that the change in the DASH scores
from baseline (T1) to follow-up (T3) was significantly greater
(p = 0.002) in the experimental group than in the control group. Addi-
tionally, although both groups showed improvement in the DASH
scores (p < 0.017) at the completion of the intervention (T2), only the
experimental group demonstrated ongoing significant improvement
in the DASH scores during the follow-up period (p < 0.017). Overall,
the changes in the participants’ DASH scores from baseline (T1) to fol-
low-up (T3) were positively correlated with the changes in scar pli-
ability (r = 0.41, p < 0.001) during the same period (Table 4).

Post-hoc analysis showed that there was a greater change in the
FACT-B functional well-being scores in the experimental group
(p = 0.024) than in the control group from baseline to the 6-month
follow-up. As shown in Table 4, these changes in the FACT-B func-
tional well-being scores were significantly related to the changes in
the VSS total (r = 0.37, p < 0.001) and DASH scores (r = 0.39, p <
0.001).

The above intention-to-treat analyses were followed by per-pro-
tocol analyses, and similar results were obtained (Supplementary
file: 2 and 3). Scatter plots of the results shown in Table 4 are pro-
vided in Supplementary file: 4 and 5.

Discussion

The experimental group showed significantly more improvement
over time in various aspects related to scar features than the control
group. The improvement in scar appearance (mainly reflected in vas-
cularity and pliability scores) in the experimental group was main-
tained for at least 3 months after the termination of treatment. The
improvement in upper limb function, as indicated by the DASH
scores, was also significantly greater in the experimental group than
in the control group at follow-up.

Scar characteristics

The major finding of this study was that the addition of mechani-
cal stimulation to a conventional physiotherapy intervention pro-
gram effectively improved scar appearance, as reflected in the VSS
vascularity (medium effect size), pigmentation (medium effect size),
pliability (medium to large effect size), and total scores (large effect
size), compared with conventional physiotherapy alone. This is con-
sistent with a previous histology study [8] that showed that mechani-
cal stimulation restored vascularization in scar tissue. It is also
consistent with a study that found reduced erythema after mechani-
cal stimulation was applied to radiated breast tissues [7]. The
improved vascularity could be due to improved circulation and lym-
phatic drainage after mechanical stimulation [42, 43], which may
enhance the wound-healing process. The improvement in scar pli-
ability may be due to the stimulation of elastin fibers, disruption of
fibrotic tissues, and reduction of mechanical tension around the scars
after mechanical stimulation [8-11, 44]. The treatment effect on the



Fig. 1. Participant flow and loss at follow-up.
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Table 1
Demographic characteristics of the participants.

Demographics Experimental (n=54) Control (n=54) p-value

Age (years) 57.4 (11.7) 61.8 (12.7) 0.065
Weight (kg) 56.4 (7.2) 55.0 (6.7) 0.283
Height (m) 1.6 (0.1) 1.6 (0.1) 0.259
Length of scar (cm) 15.2 (1.9) 14.9 (1.8) 0.355
Side of breast cancer
involvement (L/R), n

25 /29 26 /28 0.847

Operated side (dominant/
non-dominant), n side), n

30/24 30/24 1.000

Chemotherapy (yes/no), n 33/21 32/22 0.844

Data are mean (SD) unless otherwise stated.

Table 2
Outcome measurements at baseline (T1), immediately after treatment (T2) and at 3-mon

Experimental Group (n=54) Con

T1 T2 T3 T1

Primary Outcomes: Scar Appearance
Vancouver Scar Scale (VSS)
Total score 6.3 (1.7) 4.0 (1.9) 2.7 (2.0) 6.5 (2.2)
Vascularity score 1.5 (0.5) 1.0 (0.5) 0.7 (0.5) 1.5 (0.6)
Pigmentation score 1.9 (0.6) 1.4 (0.9) 1.1 (1.0) 1.8 (0.6)
Pliability score 2.3 (0.8) 1.2 (0.9) 0.7 (0.8) 2.4 (1.1)
Height score 0.7 (0.7) 0.4 (0.5) 0.2 (0.5) 0.8 (0.7)

Secondary Outcomes: Scar color, Shoulder Impairments, Arm Function, and Quality of L
Spectrophotometry
Lightness (L) 59.1 (9.6) 58.2 (9.6) 57.9 (7.9) 59.4 (8.6)
Redness (a) 9.3 (2.6) 9.0 (3.0) 8.5 (3.2) 9.3 (2.8)
Yellowness (b) 14.9 (3.5) 14.6 (3.2) 14.3 (2.3) 14.6 (3.3)

Numeric Pain Rating Scale 2.0 (2.0) 1.1 (1.5) 0.6 (1.2) 1.7 (1.7)
Shoulder active flexion range (°) 144.2 (23.6) 159.4 (17.8) 165.3(15.6) 139.5 (27.3)
Shoulder active abduction range (°) 142.5 (25.6) 157.8 (20.7) 164.6 (17.6) 138.5 (28.7)
Affected side hand grip strength

(kg)
17.3 (4.9) 18.0 (5.4) 18.4 (5.1) 16.5 (5.3)

DASH-HKPWH 31.3 (20.1) 22.9 (18.5) 15.9 (15.9) 30.5 (21.7)
FACT-B-Total 81.5 (26.4) 85.5 (26.9) 94.1 (27.3) 76.2 (26.1)
FACT-B- Physical well-being 17.7(8.1) 18.2(8.4) 21.4(7.8) 15.6(8.2)
FACT-B- Social well-being 16.7(7.0) 17.9(6.0) 17.7(6.8) 15.4(6.9)
FACT-B- Emotional well-being 14.6(6.0) 14.2(6.5) 16.4(6.1) 13.3(6.4)
FACT-B- Functional well-being 13.8(6.6) 16.2(6.2) 17.9(6.5) 13.7(7.5)

Data are mean (SD); DASH-HKPWH: Disabilities of the Arm, Shoulder and Hand questio
Traditional Chinese version 4 questionnaire; NPRS: numeric pain rating scale.
* significant difference (p<0.05).

Fig. 2. Clinical photographs of mastectomy sca
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VSS height score did not quite reach statistical significance
(p = 0.062). This may be because none of the mastectomy scars in our
patient population were hypertrophied or showed keloid formation.
These results suggest that additional mechanical stimulation treat-
ment may not lead to a significant reduction in the height of the
scars.

The same reason may also explain why the scar color analysis, as
measured by spectrophotometry (skin lightness, redness, and yellow-
ness), yielded no significant results. Previous research has found that
spectrophotometry is a good method for differentiating hypertro-
phied scars from normal skin in terms of pigmentation and vascular-
ity (skin lightness, redness, and yellowness) [21], While the redness
values of our participants’ scars were somewhat close to what can be
th follow up (T3) (n=108).

trol Group (n=54) Time £ Group Time Effects

T2 T3 h2 F p-value h2 F p-value

5.6 (2.1) 4.8 (2.2) 0.161 20.41 <0.001* 0.594 154.95 <0.001*
1.3 (0.5) 1.1 (0.5) 0.056 6.32 0.002* 0.417 75.90 <0.001*
1.8 (0.6) 1.5 (0.7) 0.057 6.40 0.003* 0.238 33.13 <0.001*
1.9 (1.1) 1.6 (1.1) 0.114 13.60 <0.001* 0.562 136.05 <0.001*
0.7 (0.6) 0.6 (0.6) 0.028 3.03 0.062 0.225 30.81 <0.001*
ife:

59.3 (9.6) 59.8 (9.5) 0.001 0.11 0.900 0.005 0.52 0.596
9.3 (3.5) 9.6 (3.6) 0.017 1.80 0.171 0.003 0.33 0.710
14.9 (3.6) 14.2 (2.81) 0.005 0.57 0.568 0.015 1.59 0.207
0.9 (1.5) 0.8 (1.4) 0.026 2.80 0.078 0.375 63.65 <0.001*
154.4 (23.8) 159.7 (20.3) <0.001 0.37 0.911 0.420 76.86 <0.001*
153.2 (26.0) 159.3 (21.8) 0.001 0.08 0.871 0.419 76.47 <0.001*
17.1 (5.4) 17. 6 (5.8) 0.001 0.05 0.922 0.102 12.10 <0.001*

26.9 (20.7) 24.4 (20.9) 0.060 6.82 0.003* 0.256 36.44 <0.001*
82.3 (28.1) 84.1 (25.3) 0.017 1.86 0.163 0.130 15.90 <0.001*
16.6(7.7) 18.1(7.4) 0.010 1.11 0.325 0.126 15.34 <0.001*
16.5(6.9) 16.6(6.8) 0.001 0.08 0.895 0.027 2.96 0.054
14.2(6.5) 14.4(6.3) 0.021 2.25 0.116 0.045 4.98 0.011
15.0(7.6) 14.8(7.8) 0.033 3.65 0.034* 0.092 10.75 <0.001*

nnaire; FACT-B: Functional Assessment of Chronic Illness Therapy − Breast Cancer-

rs in both groups at different time points.



Table 3
Change scores of outcome measures during the study period (n=108).

Experimental Group (n=54) Control Group (n=54) Standardized Effect Size (Cohen’s d)

T1 vs T2 T2 vs T3 T1 vs T3 T1 vs T2 T2 vs T3 T1 vs T3 T1-T2 T2-T3 T1-T3

Primary Outcomes: Scar Appearance:
Vancouver Scar Scale (VSS)
Total score 2.4 (1.9,2.8) ^ 1.3 (0.8,1.8) ^ 3.7 (3.1, 4.3) ^ 0.9 (0.6,1.2) ^,* 0.9 (0.5,1.2) ^ 1.8 (1.3,2.2) ^,* 1.1 (0.7,1.5) 0.3 (-0.1, 0.7) 1.0 (0.6, 1.4)
Vascularity score 0.5 (0.3,0.6) ^ 0.3 (0.2,0.4) ^ 0.8 (0.6,1.0) ^ 0.2 (0.1,0.4) ^,* 0.2 (0.1,0.3) ^ 0.4 (0.3,0.6) ^,* 0.5 (0.1, 0.9) 0.2 (-0.1, 0.6) 0.6 (0.2, 1.0)
Pigmentation score 0.4 (0.2,0.7) ^ 0.4 (0.1,0.6) ^ 0.8 (0.5,1.1) ^ 0.1 (0.0,0.1) * 0.3 (0.1,0.4) ^ 0.3 (0.2,0.5) ^,* 0.6 (0.2, 1.0) 0.1 (-0.3, 0.5) 0.6 (0.2, 1.0)
Pliability score 1.1 (0.9,1.3) ^ 0.5 (0.3,0.7) ^ 1.6 (1.3,1.8) ^ 0.5 (0.4,0.7) ^,* 0.3 (0.1,0.4) ^ 0.8 (0.6,1.0) ^,* 0.7 (0.4, 1.1) 0.3 (-0.1, 0.7) 0.8 (0.5, 1.2)
Height score 0.3 (0.2,0.4) ^ 0.1 (0.0,0.3) ^ 0.4 (0.3,0.6) ^ 0.1 (0.0,0.2) ^ 0.1 (0.0,0.2) 0.2 (0.1,0.4) ^ 0.4 (0.0, 0.8) 0.1 (-0.3, 0.5) 0.4 (0.0, 0.7)

Secondary Outcomes: Scar color, Shoulder Impairments, Arm Function, and Quality of Life:
Spectrophotometry
Lightness (L) 0.8 (-1.8,3.4) 0.3 (-2.1,2.7) 1.1 (-1.5,3.7) 0.1 (-1.7,1.9) 0.5 (-1.6,2.5) 0.6 (-1.8,2.9) 0.1 (-0.3, 0.5) 0.0 (-0.4, 0.4) 0.1 (-0.3, 0.4)
Redness (a) 0.3 (-0.4,1.1) 0.5 (-0.2,1.1) 0.8 (0.0,1.7) -0.1 (-0.9,0.7) -0.2 (-1.2,0.8) -0.3 (-1.3,0.7) 0.2 (-0.2, 0.5) 0.2 (-0.2, 0.6) 0.3 (-0.1, 0.7)
Yellowness (b) 0.4 (-0.6,1.3) 0.3 (-0.6,1.2) 0.7 (-0.2,1.5) -0.3 (-1.3,0.6) 0.7 (-0.3,1.6) 0.4 (-0.5,1.2) 0.2 (-0.2, 0.6) -0.1 (-0.5, 0.3) 0.1 (-0.3, 0.5)

Numeric Pain Rating Scale (NPRS) 0.9 (0.6, 1.2) ^ 0.5 (0.2,0.8) ^ 1.4 (1.0,1.8) ^ 0.8 (0.5, 1.1) ^ 0.1 (0.0,0.3) 0.9 (0.6,1.3) ^ 0.1 (-0.3, 0.5) 0.4 (0.1, 0.8) 0.4 (0.0, 0.7)
Shoulder active flexion range (°) -15.2 (-20.1, -10.3) ^ -5.9 (-9.3, -2.5) ^ -21.1 (-27.7, -14.5) ^ -14.8 (-19.3, -10.4) ^ -5.4 (-8.5, -2.2) ^ -20.2 (-26.0, -14.4) ^ 0.0 (-0.4, 0.4) 0.0 (-0.4, 0.3) 0.0 (-0.4, 0.3)
Shoulder active abduction range (°) -15.3 (-20.2, -10.3) ^ -6.9 (-10.8, -2.9) ^ -22.1 (-29.0, -15.3) ^ -14.7 (-19.2, -10.3) ^ -6.0 (-9.6, -2.4) ^ -20.7 (-26.5, -15.0) ^ 0.0 (-0.4, 0.3) -0.1 (-0.4, 0.3) -0.1 (-0.4, 0.3)
Hand grip strength (kg) -0.7 (-1.4, -0.1) -0.4 (-0.9,0.1) -1.1 (-1.8, -0.4) ^ -0.6 (-1.1, -0.1) -0.5 (-1.0,0.1) -1.1 (-1.9, -0.3) ^ -0.1 (-0.4, 0.3) 0.1 (-0.3, 0.4) 0.0 (-0.4, 0.4)
DASH 8.4 (4.4,12.5) ^ 7.0 (4.1,9.9) ^ 15.4 (10.8,20.0) ^ 3.6 (0.7,6.5) ^ 2.5 (-0.2,5.2) 6.1 (2.2,10.0) ^,* 0.4 (0.0, 0.8) 0.4 (0.1, 0.8) 0.6 (0.2, 1.0)
FACT-B
Total score -4.0 (-9.1,1.2) -8.6 (-14.7, -2.5) ^ -12.6 (-19.9, -5.3) ^ -6.1 (-10.2, -2.0) ^ -1.8 (-4.5,0.9) -7.9 (-12.0, -3.7) ^ 0.1 (-0.3, 0.5) -0.4 (-0.8, 0.0) -0.2 (-0.6, 0.2)
Physical well-being -0.5(-1.9,1.0) -3.2(-5.2, -1.3) ^ -3.7(-5.7, -1.6) ^ -0.9(-2.1,0.2) -1.5(-2.8, -0.3) -2.5(-4.3, -0.7) ^ 0.1 (-0.3, 0.5) -0.3 (-0.7, 0.1) -0.2 (-0.5, 0.2)
Social well-being -1.2(-3.1,0.7) 0.3(-1.1,1.6) -0.9(-3.1,1.2) -1.1(-2.1,0.0) -0.1(-1.1,0.8) -1.2(-2.4,0.0) 0.0 (-0.4, 0.4) 0.1 (-0.3, 0.5) 0.0 (-0.3, 0.4)
Emotional well-being 0.4(-0.7,1.6) -2.2(-3.9, -0.5) ^ -1.8(-3.4, -0.1) -0.9(-1.9,0.1) -0.2(-1.3,0.9) -1.1(-2.6,0.4) 0.3 (0.0, 0.7) -0.4 (-0.8, 0.0) -0.1 (-0.5, 0.3)
Functional well-being -2.3(-4.0, -0.7) ^ -1.7(-3.4,0.0) -4.0(-6.2, -1.9) ^ -1.2(-2.2, -0.3) ^ 0.2(-1.1,1.5) -1.0(-2.6,0.5) -0.2 (-0.6, 0.2) -0.3 (-0.7, 0.0) -0.4 (-0.8, -0.1)

Data are mean (95%CI); Change = T1-T2 or T1-T3 or T2-T3; Cohen’s d=Mean difference/SD pooled; DASH: Disabilities of the Arm, Shoulder and Hand questionnaire; FACT-B: Functional Assessment of Chronic Illness Therapy − Breast Cancer,
traditional Chinese version 4 questionnaire.

^ significant change within-group (paired t-test, p<0.017).
* significant between-group difference (independent t-test, p<0.017).
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Table 4
Correlations between change in functional well-being, DASH and VSS from baseline
to 6-month follow-up.

Functional well-being a DASH
Spearman’s rho p-value Spearman’s rho p-value

DASH -0.39** <0.001 − −
VSS total score -0.37** <0.001 0.39** <0.001
VSS Vascularity

score
-0.24* 0.011 0.22* 0.020

VSS Pigmentation
score

-0.22* 0.020 0.11 0.252

VSS Pliability score -0.34** <0.001 0.41** <0.001
a functional well-being in FACTB (Functional Assessment of Chronic Illness Ther-

apy − Breast Cancer-Traditional Chinese version 4 questionnaire); DASH: Disabilities
of the Arm, Shoulder and Hand questionnaire; VSS: Vancouver Scar Scale.
* significant correlation (p<0.05).
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expected in hypertrophied scars, the lightness and yellowness of our
participants’ scars at baseline were close to those found in healthy
skin [21].

Upper limb pain, function and quality of life

The treatment effect on pain was similar in the 2 groups. This
could be partially explained by the floor effect [45], as the pain scores
obtained at baseline were already quite low (2.0 points and 1.7 points
in the experimental and control groups, respectively).

The improvement of shoulder flexion (T2: 15°, T3: 21°) and
abduction (T2: 15°, T3: 22°) ROM observed in the experimental group
was close to the mean change in shoulder flexion (12°) and abduction
(20°) after an average of 9 weeks (SD=7) of physiotherapy including
mechanical massage, as reported in a pilot study without a control
group by Davies et al. [3]. However, the improvement in our experi-
mental group was similar to that observed in the control group,
although the former group showed greater improvement in VSS pli-
ability score. As both groups were instructed to perform home exer-
cises and self-scar massage as described in the educational pamphlet,
it is possible that the between-group difference in these factors may
have confounded the results on ROM.

The experimental group had better DASH outcomes than the con-
trol group at 6 months post-mastectomy, reflecting less disability
(medium effect size). The change in DASH scores in the experimental
group (15.4 points) surpassed the minimal important change (12.4
points) defined by van Kampen et al. (2013) in individuals with
orthopedic shoulder problems [36].

The improvement in FACT-B total scores in both groups post-
intervention, with no significant between-group differences, is con-
sistent with 2 studies of breast cancer survivors who had undergone
mixed types of surgeries (breast-conserving, mastectomy, and axil-
lary dissection) with adjunct therapy (e.g., radiotherapy and chemo-
therapy): these women also reported similar improvements in the
FACT-B total scores after physiotherapy interventions that included
education and therapeutic exercises [46, 47]. Among the various
FACT-B domains, only the improvement in the functional well-being
domain demonstrated a significant group £ time interaction effect
(small to medium effect size). This may be attributable to the greater
improvement in scar status (VSS) and arm function (DASH) in the
experimental group, as shown in the correlation analysis.

Intriguingly, the experimental group had a better improvement in
DASH and functional well-being despite the lack of between-group
differences in shoulder joint ROM, pain and muscle strength after
treatment. The improvement in scar characteristics (as measured by
VSS) may be a contributing factor to the observed improvement in
DASH and functional well-being. Indeed, our correlational analysis
revealed that those whose scar characteristics improved more tended
to have greater improvements in FACT-B. We also cannot rule out the
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possibility of a placebo effect arising from the mechanical stimula-
tion, which may also partly account for the greater improvement in
DASH and FACT-B functional well-being scores (both are self-rated
measures).

Limitations of the study

This study has several limitations. First, the findings of the current
study can only be extrapolated to women who have undergone mas-
tectomy for breast cancer and have demographic and clinical charac-
teristics similar to our study participants. As the results of
mechanical stimulation on hypertrophied mastectomy scars might
be different, further studies involving individuals with hypertrophied
or keloid mastectomy scars are warranted. As this study was a single-
center trial, the external validity is somewhat limited to allow for
widespread changes in clinical practice in post-mastectomy scar
management [48]. Multicenter studies are required to replicate the
findings before mechanical stimulation can be incorporated into clin-
ical practice guidelines for the treatment of post-mastectomy scars.

Second, the sample size calculation was based on the VSS, which
is only an ordinal scale (score range from 0 to 13). The study may
have been underpowered to detect the effects of the experimental
intervention on other outcomes. Third, the effects of other scar treat-
ments may have influenced the results. According to their medical
records, none of the participants had applied silicone gel sheets for
mastectomy scar management. However, the frequency and duration
of manual self-massage and home exercises were not documented.
Moreover, the side effects of adjunct therapies, such as chemother-
apy, might have prolonged the effects on the overall mental and
physical health status of the participants, and this was not assessed
in the current study. Nevertheless, the randomization in the group
allocation process may have minimized the potential confounding
effects of the above factors.

Participants were not blinded to the intervention. To better
account for a potential placebo effect, future studies could consider
providing shammechanical massage as a control by putting the stim-
ulator on the scar but with no, or with minimal, actual mechanical
stimulation. However, this should have no major impact on the
results of the VSS and spectrophotometry because they were deter-
mined by a blinded researcher, rather than the participants them-
selves.

There may be a potential confounding effect of self-scar-massage.
However, the frequency and duration of self-scar-massage was not
documented. Scar massage was included in the education pamphlet
given to participants in both groups. The randomized controlled
design should also have minimized any systematic bias.

None of the screened individuals were eliminated for history of
lymphedema (Figure 1). Lymphedema after mastectomy is more
common as time progresses and among those who had received
radiotherapy. The participants in the current study were newly diag-
nosed breast cancer patients with surgical intervention done within
6 weeks. Those who had received radiotherapy were also excluded.
These factors may explain why no one was excluded from the study
because of having lymphedema.

Conclusion

This study showed that adding mechanical stimulation to conven-
tional physiotherapy for women who have undergone mastectomy
for breast cancer was safe and produced additional benefits in the
form of improvements in scar vascularity and pliability, arm function,
and functional well-being as compared with conventional scar treat-
ment. The results suggest that mechanical stimulation can be used as
a long-term adjunct treatment alongside conventional physiotherapy
to further improve scar recovery and upper limb function in women
post-mastectomy. Further studies that aim to identify the optimal
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amount of stimulation and the potential mechanisms of mechanical
stimulation in scar management are warranted.

Data Availability

Data will be made available on request.

Declaration of Competing Interest

None.
The data and full trial protocol can be accessed from the corre-

sponding author upon well-justified request.

Acknowledgment

This research was supported by the Hong Kong Polytechnic Uni-
versity PhD studentship provided to H. Ouyang.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.rehab.2022.101724.

References

[1] WHO. Breast cancer fact sheet. https://gco.iarc.fr/today/data/factsheets/cancers/
20-Breast-fact-sheet.pdf. 2020

[2] Fourie WJ. Considering wider myofascial involvement as a possible contributor to
upper extremity dysfunction following treatment for primary breast cancer. J
Bodyw Mov Ther 2008;12:349–55. doi: 10.1016/j.jbmt.2008.04.043.

[3] Davies CC, Brockopp DY. Use of ASTYM� treatment on scar tissue following surgi-
cal treatment for breast cancer: a pilot study. Rehabil Oncol 2010;28:3–12. doi:
10.1097/01893697-201028030-00001.

[4] Beurskens CH, van Uden CJ, Strobbe LJ, Oostendorp RA, Wobbes T. The efficacy of
physiotherapy upon shoulder function following axillary dissection in breast can-
cer, a randomized controlled study. BMC Cancer 2007;7:166. doi: 10.1186/1471-
2407-7-166.

[5] Kim MS, Rodney WN, Reece GP, Beahm EK, Crosby MA, Markey MK. Quantifying
the aesthetic outcomes of breast cancer treatment: assessment of surgical scars
from clinical photographs. J Eval Clin Pract 2011;17:1075–82. doi: 10.1111/
j.1365-2753.2010.01476.x.

[6] Shin TM, Bordeaux JS. The role of massage in scar management: a literature
review. Dermatol Surg 2012;38:414–23. doi: 10.1111/j.1524-4725.2011.02201.x.

[7] Bourgeois JF, Gourgou S, Kramar A, Lagarde JM, Guillot B. A randomized, prospec-
tive study using the LPG�technique in treating radiation-induced skin fibrosis:
clinical and profilometric analysis. Skin Res Technol 2008;14:71–6. doi: 10.1111/
j.1600-0846.2007.00263.x.

[8] Majani U, Majani A. Tissue mechanostimulation in the treatment of scars. Acta
Medica Mediterr 2013;29:133–4.

[9] Humbert P, Fanian F, Lihoreau T, et al. M�ecano-StimulationTM of the skin
improves sagging score and induces beneficial functional modification of the
fibroblasts: clinical, biological, and histological evaluations. Clin Interventions
Aging 2015;10:387–403. doi: 10.2147/CIA.S69752.

[10] Barnes LA, Marshall CD, Leavitt T, et al. Mechanical forces in cutaneous wound
healing: emerging therapies to minimize scar formation. Adv Wound Care
2018;7:47–56. doi: 10.1089/wound.2016.0709.

[11] Moortgat P, Anthonissen M, Meirte J, Van Daele U, Maertens K. The physical and
physiological effects of vacuum massage on the different skin layers: a current
status of the literature. Burns Trauma 2016;4:34. -34. doi: 10.1186/s41038-016-
0053-9.

[12] Wingate L, Croghan I, Natarajan N, Michalek AM, Jordan C. Rehabilitation of the
mastectomy patient: a randomized, blind, prospective study. Arch Phys Med
Rehabil 1989;70:21–4.

[13] Gomide LB, Matheus JPC, Candido Dos Reis FJ. Morbidity after breast cancer treat-
ment and physiotherapeutic performance. Review. Int J Clin Pract 2007;61:972–
82. doi: 10.1111/j.1742-1241.2006.01152.x.

[14] Cyriax JH, Coldham M. Textbook of orthopaedic medicine: treatment by manipu-
lation, massage, and injection. Bailli�ere Tindall; 1984.

[15] Harris SR, Schmitz KH, Campbell KL, McNeely ML. Clinical practice guidelines for
breast cancer rehabilitation. Cancer 2012;118:2312–24. doi: 10.1002/cncr.27461.

[16] Faul F, Erdfelder E, Lang A-G, Buchner AG. Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods 2007;39:175–91. doi: 10.3758/bf03193146.

[17] Nedelec B, Couture M-A, Calva V, et al. Randomized controlled trial of the imme-
diate and long-term effect of massage on adult postburn scar. Burns
2019;45:128–39.
9

[18] Roh YS, Cho H, Oh JO, Yoon CJ. Effects of skin rehabilitation massage therapy on
pruritus, skin status, and depression in burn survivors. J Korean Acad Nurs
2007;37:221–6.

[19] Baryza MJ, Baryza GA. The Vancouver scar scale: an administration tool and its
interrater reliability. J Burn Care Res 1995;16:535–8. doi: 10.1097/00004630-
199509000-00013.

[20] Truong PT, Abnousi F, Yong CM, et al. Standardized assessment of breast cancer
surgical scars integrating the Vancouver scar scale, short-form McGill pain ques-
tionnaire, and patients?? Perspectives. Plast Reconstr Surg 2005;116:1291–9.
doi: 10.1097/01.prs.0000181520.87883.94.

[21] Li-Tsang CWP, Lau JCM, Liu SKY. Validation of an objective scar pigmentation
measurement by using a spectrocolorimeter. Burns 2003;29:779–84. doi:
10.1016/s0305-4179(03)00165-7.

[22] Takiwaki H. Measurement of skin color: practical application and theoretical con-
siderations. J Med Invest 1998;44:121–6.

[23] Sala L, Carrillo-de-Albornoz A, Martín C, Bascones-Martínez A. Factors involved in
the spectrophotometric measurement of soft tissue: a clinical study of interrater
and intrarater reliability. J Prosthet Dent 2015;113:558–64. doi: 10.1016/j.pros-
dent.2014.11.003.

[24] Li-Tsang CWP, Lau JCM, Choi J, Chan CCC, Jianan L. A prospective randomized clin-
ical trial to investigate the effect of silicone gel sheeting (Cica-Care) on post-trau-
matic hypertrophic scar among the Chinese population. Burns 2006;32:678–83.
doi: 10.1016/j.burns.2006.01.016.

[25] Li-Tsang CWP, Lau JCM, Chan CCH. Prevalence of hypertrophic scar formation and
its characteristics among the Chinese population. Burns 2005;31:610–6. doi:
10.1016/j.burns.2005.01.022.

[26] Weatherall IL, Coombs BD. Skin color measurements in terms of CIELAB color
space values. J Invest Dermatol 1992;99:468–73. doi: 10.1111/1523-1747.
ep12616156.

[27] Li L, Liu X, Herr K. Postoperative pain intensity assessment: a comparison of four
scales in Chinese adults. Pain Med 2007;8:223–34. doi: 10.1111/j.1526-
4637.2007.00296.x.

[28] Mintken PE, Glynn P, Cleland JA. Psychometric properties of the shortened dis-
abilities of the Arm, Shoulder, and Hand Questionnaire (QuickDASH) and Numeric
Pain Rating Scale in patients with shoulder pain. J Shoulder Elb Surg
2009;18:920–6. doi: 10.1016/j.jse.2008.12.015.

[29] Kilgour RD, Jones DH, Keyserlingk JR. Effectiveness of a self-administered, home-
based exercise rehabilitation program for women following a modified radical
mastectomy and axillary node dissection: a preliminary study. Breast Cancer Res
Treat 2007;109:285–95. doi: 10.1007/s10549-007-9649-x.

[30] Petito EL, Naz�ario ACP, Martinelli SE, Facina G, De Guti�errez MGR. Application of a
domicile-based exercise program for shoulder rehabilitation after breast cancer
surgery. Rev Lat Am Enfermagem 2012;20:35–43. doi: 10.1590/s0104-
11692012000100006.

[31] Mullaney MJ, McHugh MP, Johnson CP, Tyler TF. Reliability of shoulder range of
motion comparing a goniometer to a digital level. Physiotherapy Theory Pract
2010;26:327–33. doi: 10.3109/09593980903094230.

[32] Fess E, Moran C. American society of hand therapists clinical assessment recom-
mendations. 1981.

[33] Ziv E, Patish H, Dvir Z. Grip and pinch strength in healthy subjects and patients
with primary osteoarthritis of the hand: a reproducibility study. Open Orthop J
2008;2:86–90. doi: 10.2174/1874325000802010086.

[34] Lee EWC, Lau JSY, Chung MMH, Li APS, Lo SK. Evaluation of the Chinese version of
the Disability of the Arm, Shoulder and Hand (DASH-HKPWH): cross-cultural
adaptation process, internal consistency and reliability study. J Hand Ther
2004;17:417–23. doi: 10.1197/j.jht.2004.07.005.

[35] Lee EWC, Chung MMH, Li APS, Lo SK. Construct validity of the Chinese version of
the Disabilities of the Arm, Shoulder and Hand Questionnaire (DASH-HKPWH). J
Hand Ther 2005;30:29–34. doi: 10.1016/j.jhsb.2004.09.010.

[36] van Kampen DA, Willems WJ, van Beers LWAH, Castelein RM, Scholtes VAB,
Terwee CB. Determination and comparison of the smallest detectable change
(SDC) and the minimal important change (MIC) of four-shoulder patient-reported
outcome measures (PROMs). J Orthop Surg Res 2013;8:40. -40. doi: 10.1186/
1749-799X-8-40.

[37] Fong SSM, Ng SSM, Luk WS, et al. Shoulder mobility, muscular strength, and qual-
ity of life in breast cancer survivors with and without Tai Chi Qigong training.
Evid Based Complement Alternat Med 2013;2013:787169 -787169. doi: 10.1155/
2013/787169.

[38] Brady MJ, Cella DF, Mo F, et al. Reliability and validity of the Functional Assess-
ment of Cancer Therapy-Breast quality-of-life instrument. J Clin Oncol: Off J Am
Soc Clin Oncol 1997;15:974–86. doi: 10.1200/jco.1997.15.3.974.

[39] Ng R, Lee CF, Wong NS, et al. Measurement properties of the English and Chinese
versions of the Functional Assessment of Cancer Therapy—Breast (FACT-B) in
Asian breast cancer patients. Breast Cancer Res Treat 2011;131:619–25. doi:
10.1007/s10549-011-1764-z.

[40] Eton DT, Cella D, Yost KJ, et al. A combination of distribution- and anchor-based
approaches determined minimally important differences (MIDs) for four end-
points in a breast cancer scale. J Clin Epidemiol 2004;57:898–910. doi: 10.1016/j.
jclinepi.2004.01.012.

[41] Cohen J. Statistical power analysis for the behavioral sciences. Routledge; 2013.
[42] Fern�andez DR, Del Canto CR, Gal�an VM, et al. Contribution of endermology to

improving indurations and panniculitis/lipoatrophy at glatiramer acetate injec-
tion site. Adv Ther 2012;29:267–75.

[43] Watson J, Fodor P, Cutcliffe B, Sayah D, Shaw W. Physiological effects of Ender-
mologie�: a preliminary report. Aesthet Surg J 1999;19:27–33. doi: 10.1016/
s1090-820x(99)80004-1.

https://doi.org/10.1016/j.rehab.2022.101724
https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf
https://doi.org/10.1016/j.jbmt.2008.04.043
https://doi.org/10.1097/01893697-201028030-00001
https://doi.org/10.1186/1471-2407-7-166
https://doi.org/10.1186/1471-2407-7-166
https://doi.org/10.1111/j.1365-2753.2010.01476.x
https://doi.org/10.1111/j.1365-2753.2010.01476.x
https://doi.org/10.1111/j.1524-4725.2011.02201.x
https://doi.org/10.1111/j.1600-0846.2007.00263.x
https://doi.org/10.1111/j.1600-0846.2007.00263.x
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0008
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0008
https://doi.org/10.2147/CIA.S69752
https://doi.org/10.1089/wound.2016.0709
https://doi.org/10.1186/s41038-016-0053-9
https://doi.org/10.1186/s41038-016-0053-9
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0012
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0012
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0012
https://doi.org/10.1111/j.1742-1241.2006.01152.x
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0014
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0014
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0014
https://doi.org/10.1002/cncr.27461
https://doi.org/10.3758/bf03193146
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0017
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0017
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0017
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0018
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0018
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0018
https://doi.org/10.1097/00004630-199509000-00013
https://doi.org/10.1097/00004630-199509000-00013
https://doi.org/10.1097/01.prs.0000181520.87883.94
https://doi.org/10.1016/s0305-4179(03)00165-7
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0022
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0022
https://doi.org/10.1016/j.prosdent.2014.11.003
https://doi.org/10.1016/j.prosdent.2014.11.003
https://doi.org/10.1016/j.burns.2006.01.016
https://doi.org/10.1016/j.burns.2005.01.022
https://doi.org/10.1111/1523-1747.ep12616156
https://doi.org/10.1111/1523-1747.ep12616156
https://doi.org/10.1111/j.1526-4637.2007.00296.x
https://doi.org/10.1111/j.1526-4637.2007.00296.x
https://doi.org/10.1016/j.jse.2008.12.015
https://doi.org/10.1007/s10549-007-9649-x
https://doi.org/10.1590/s0104-11692012000100006
https://doi.org/10.1590/s0104-11692012000100006
https://doi.org/10.3109/09593980903094230
https://doi.org/10.2174/1874325000802010086
https://doi.org/10.1197/j.jht.2004.07.005
https://doi.org/10.1016/j.jhsb.2004.09.010
https://doi.org/10.1186/1749-799X-8-40
https://doi.org/10.1186/1749-799X-8-40
https://doi.org/10.1155/2013/787169
https://doi.org/10.1155/2013/787169
https://doi.org/10.1200/jco.1997.15.3.974
https://doi.org/10.1007/s10549-011-1764-z
https://doi.org/10.1016/j.jclinepi.2004.01.012
https://doi.org/10.1016/j.jclinepi.2004.01.012
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0041
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0042
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0042
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0042
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0042
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0042
https://doi.org/10.1016/s1090-820x(99)80004-1
https://doi.org/10.1016/s1090-820x(99)80004-1


A.K.P. Leung, H. Ouyang and M.Y.C. Pang Annals of Physical and Rehabilitation Medicine 66 (2023) 101724
[44] Ahmed ET. Role of massage on the management of hypertrophic scar: review. Int J
Multidiscip Curr Res 2017;5:265–7.

[45] Portney LG, Watkins MP. Foundations of clinical research: applications to prac-
tice. vol 892. NJ: Pearson/Prentice Hall Upper Saddle River; 2009.

[46] Anderson RT. A randomized trial of exercise on well-being and function following
breast cancer surgery: the RESTORE trial. J Cancer Surviv 2012;6:172–81.
10
[47] Gordon LG. The impact of rehabilitation support services on health-related qual-
ity of life for women with breast cancer. Breast Cancer Res Treat 2005;93:217–26.
doi: 10.1007/s10549-005-5151-5.

[48] Bellomo R, Warrillow SJ, Reade MC. Why we should be wary of single-cen-
ter trials. Crit Care Med 2009;37:3114–9. doi: 10.1097/CCM.0b013e318
1bc7bd5.

http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0044
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0044
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0045
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0045
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0046
http://refhub.elsevier.com/S1877-0657(22)00096-3/sbref0046
https://doi.org/10.1007/s10549-005-5151-5
https://doi.org/10.1097/CCM.0b013e318<?A3B2 re 3j?>1bc7bd5
https://doi.org/10.1097/CCM.0b013e318<?A3B2 re 3j?>1bc7bd5

	Effects of mechanical stimulation on mastectomy scars within 2 months of surgery: A single-center, single-blinded, randomized controlled trial
	Introduction
	Methods
	Study design
	Ethical considerations
	Participants
	Sample size estimation
	Randomization
	Intervention
	Outcome measurements
	Primary outcome
	Secondary outcomes

	Attendance and safety
	Data analysis

	Results
	Scar characteristics
	Physical function and quality of life

	Discussion
	Scar characteristics
	Upper limb pain, function and quality of life
	Limitations of the study
	Conclusion

	Data Availability
	Declaration of Competing Interest
	Acknowledgment
	Supplementary materials
	References



