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Abstract

Purpose Shoulder dysfunction is one of the most bothersome questions for breast cancer survivors. Studies show that mir-
ror therapy can improve shoulder function in patients with a limited shoulder range of motion and shoulder pain. Here, this
article reports the results of a randomized controlled trial investigating the effects of the mirror therapy on shoulder function
in patients with breast cancer following surgical treatments.

Methods Totally, 79 participants were divided to two groups receiving active range-of-motion upper limb exercise based
on the mirror therapy or active range-of-motion upper limb exercise respectively for 8 weeks. Shoulder range of motion,
Constant-Murley Score, Disabilities of Arm, Shoulder, and Hand Questionnaire, Tampa Scale of Kinesiophobia, Visual
analog scale, and grip strength were measured at baseline (T0), 2 weeks (T1), 4 weeks (T2), and 8 weeks (T3). The effects
of the intervention on shoulder function were analyzed in generalized estimation equation, from group, time, and the inter-
actions between group and time based on the data from participants who completed at least one post-baseline observation
Results At least one post-baseline observation was performed by 69 participants (n=34 mirror group, n=35 control group).
28(82.35%) participants in the mirror group adhered to the exercise compared to 30(85.71%) in the control group. Gener-
alized estimation equation model showed group had main effects on forward flexion (Waldy?=6.476, P=0.011), with the
Cohen’s d=0.54. The effects of the group on abduction, Constant-Murley Score, and Disabilities of Arm, Shoulder, and
Hand Questionnaire were significant when fix the effects of the time. At 8 weeks, participants in the mirror group showed an
improvement in abduction compared to the control group (P=0.005), the Cohen’s d was 0.70. At 8 weeks, participants in the
mirror group had a higher Constant-Murley Score than control group (P=0.009), with Cohen’s effect size value of d=0.64.
The mirror group showed a greater improvement on the Disability of Arm, Shoulder, and Hand Questionnaire than control
group at 2 weeks, 4 weeks, and 8 weeks (P<0.032), but with a weak effect size value of all (r<0.32). Group had main effects
on Tampa Scale of Kinesiophobia (Waldy?=6.631, P=0.010), with the Cohen’s effect size value of d=0.56.

Conclusions Mirror therapy improved shoulder flexion, abduction, shoulder function in daily life, and arm function and
symptom of the affected shoulder in patients with breast cancer following surgical treatment, while decreasing fear of move-
ment/(re)injury. Mirror configuration needs to be improved in further research to increase its feasibility.

Implications for Cancer Survivors Breast cancer survivors can try mirror therapy as a practical and effective method in
shoulder rehabilitation for a promotion on effects.

Trial registration ClinicalTrial.gov Identifier: ChiCTR2000033080.

Keywords Breast cancer - Shoulder function - Mirror therapy - Exercise - Randomized controlled trial

Introduction

Breast cancer is a globally prevalent malignancy [1]. Following
the advancements in the field of oncology, the survival rates
for breast cancer patients improved much, with 5-year sur-
Wei Zhu and Wei Zheng are the joint corresponding authors. vival rates of 85%-90% in developed countries and 80%-84%
in developing countries [1, 2]. Although surgery is currently
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the primary therapeutic modality for breast cancer, it still has
limitations. Shoulder dysfunction is a common and persis-
tent complication of breast cancer surgery, characterized by a
restricted range of motion (ROM), decreased arm strength, pain
and numbness in the shoulder, and a decline in function, signifi-
cantly impacting the physical health and quality of life of breast
cancer survivors [3, 4]. Mastectomy and lymph node dissec-
tion are surgical procedures that involve removal of significant
amounts of soft tissue and pectoral fascia that are instrumental
in supporting free shoulder movement due to their extensibility
and elasticity. Consequently, muscle excision and myofascial
involvement result in a wide area of tissue tightness and gliding
restrictions in the neck, upper arm, axilla, chest wall, and abdo-
men [5], as well as a subsequent reduction in ROM, particu-
larly in abduction and forward flexion, with an average reduc-
tion of 41° and 32°, respectively, 33 months after surgery [6].
Even less invasive therapies like sentinel lymph node biopsy
(SLNB) have been shown to cause a reduction of more than 10°
in abduction and forward flexion in patients two years after the
surgery [7]. Moreover, patients treated with breast conserving
surgery exhibited a decrease in forward flexion and abduction
by 19° and 28° after 9 months, respectively, while their pectora-
lis minor muscle shrank by 1 cm [8]. Shoulder function deterio-
rates in patients undergoing radiation therapy, with local pain,
edema, and shoulder stiffness [9], thereby increasing the risk
of rotator cuff disease and shoulder adhesive capsulitis [10].
Patients with shoulder dysfunction report difficulty returning
to work and performing daily activities, as well as emotional
issues and a low quality of life [11-13]. Exercise is critical
in rehabilitating shoulder function of breast cancer survivors.
Typically, in the early postoperative period, exercise involve
active or passive movement of fingers and arms, beginning on
the first to third postoperative day. The effects of exercise have
been well documented in the literatures, including improve-
ments in shoulder ROM and activity of daily living [14, 15].
Despite the potential benefits of early ROM exercise, many
patients reported shoulder dysfunction even years after breast
cancer surgery [16]. Literatures reported that breast cancer
survivors may be hesitant to move their arms due to concerns
about surgical complications and postoperative pain [17, 18].
However, systematic reviews have indicated that early exercise
did not exacerbate surgical side effects, such pain, seroma, or
slower wound healing, when compared to delayed exercise [15].
It appears that the fear of movement/(re)injury among breast
cancer survivors is rooted in psychological factors. The fear is
characterized as an excessive, irrational, and debilitating fear
of physical movement and activity caused by an excessive fear
of painful injury or reinjury, with the most severe form of fear
known as “kinesiophobia” [19]. Literatures demonstrated that
fear of movement/(re)injury is strongly associated with disabil-
ity, including decreased joint ROM, poor participation in daily
activities and task performance, work loss, and other negative
outcomes [20-22]. Recent research by Van der Gucht E et al.
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revealed that kinesiophobia, a related factor that often outweighs
pain intensity and pain catastrophizing, is a major contributor
to pain-related disability in breast cancer survivors after treat-
ment [23]. Similarly, Gencay Can A et al. discovered that breast
cancer survivors with kinesiophobia have higher morbidity of
lymphedema, arm function disability, and lower quality of life
than patients without kinesiophobia [24]. These findings sug-
gest that various breast cancer sequelae is associated with the
fear of movement/(re)injury. Furthermore, the fear of movement/
(re)injury often results in patients adopting a posture of bent
arm and adducent shoulder, which may aggravate the adaptive
shrinkage of chest tissue [10].

Mirror therapy (MT) has been shown in to enhance shoul-
der function in patients with shoulder problems immediately
after the intervention. Louw A et al. found that a 3-min MT
improved forward flexion by 14.5° in patients with shoulder
pain and limited shoulder ROM [25]. Bagkaya MC et al. admin-
istered mirror-based shoulder exercises to the experimental
group, while the control group received the same exercise with
a placebo mirror. The experimental group exhibited a 24.1°
increase in forward flexion immediately after the intervention
[26]. MT is a conventional rehabilitation therapy utilized to
treat strokes and phantom pain. The technique involves placing
a mirror in front of participants with the reflective side facing
the healthy limb. The patients are then prepared for MT by
performing functional tasks or exercises with the healthy limb
in front of the mirror and the affected limb behind it. While
patients look at the image of the healthy limb in the mirror, they
imagine that the affected limb can move similarly to the healthy
one. A number of studies have found that MT can improve
motor function and relieve unilateral pain [27-29]. The visual
feedback inherent in MT underlies its effects. The appearance
of the healthy limb in the mirror creates the impression that the
injured limb is equally healthy, directly activating the affected
limb’s proprioception, somatosensory cortex, and motor cor-
tex through this optical illusion, thus restoring the proper sen-
sorimotor closed loop [30-32]. Given the efficacy of MT in
improving shoulder and other motor function, it is reasonable to
incorporate MT into shoulder rehabilitation after breast surgery
procedures. This two-arm prospective randomized controlled
trial aims to evaluate the effects of active ROM upper limb
exercise based on the MT on ROM, shoulder function of daily
living, shoulder pain, handgrip strength, and fear of movement/
(re)injury in patients after breast cancer surgery.

Methods
Design, setting, and participants
Between July 2020 and June 2021, a total of 89 participants

were recruited from two hospitals in Shanghai and under-
went screening before being randomly assigned to receive
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the active ROM upper limb exercise based on the MT or
receive the active ROM upper limb exercise. The 8-week
intervention commenced on the first postoperative day, and
outcome measurements were taken at the baseline (pre-sur-
gery), 2 weeks, 4 weeks, and 8 weeks. Eligible participants
were women aged 18 years or older who had been newly
diagnosed with breast cancer and were scheduled to undergo
surgical treatment. Breast surgery was limited to modified
radical mastectomy (MRM), mastectomy (Mas), or conser-
vation surgery (Con), and axillary surgery was limited to
axillary lymph node dissection (ALND) or SLNB. Addi-
tionally, participants were required to have the ability to use
WecChat, a practical social software in China with phonetic
and video function. Patients with bilateral breast cancer, can-
cer metastasis, impaired upper limbs, physical and mental
illnesses, or visual defects were excluded from the study.
Patients who underwent immediate breast reconstruction
during the trial period were excluded. Dropouts included
breast reconstruction, withdrawal, death, and loss of contact.

Ethical statements

The study protocol adheres to the Helsinki Declaration,
and has been published [33]. It is registered in the Chinese
Clinical Trial Registry (ChiCTR2000033080), and has
been approved by the Longhua Hospital Shanghai Univer-
sity of Traditional Chinese Medicine’s Ethical Committee
(2020LCSYO016). Prior to the intervention, all participants
signed an informed consent form.

Procedure

Participants were recruited every Monday and every
Thursday from two hospitals. A rater blinded to the study
completed the subsequent baseline measurement after
the primary researcher introduced the study to eligible
participants and obtained informed consent. Participants
were then randomly assigned 1:1 to either the mirror
group or control group using a computer-generated ran-
dom sequence. To ensure allocation blindness, allocation
information was written on carbonless copy paper and
placed in sealed, opaque, sequentially numbered enve-
lopes. After the assignment, both groups received training
in active ROM exercises to become acquainted with the
intervention, and the mirror group received additional mir-
ror treatment. Treatment began on the first postoperative
day. Study nurses monitored both groups via exercise logs,
phone calls, and WeChat. Except for the rehabilitation
therapist and study nurses, the rater and statistician were
blinded to the study and were not permitted to ask partici-
pants about group allocation or intervention information.

Intervention

Both the mirror group and control group received active
ROM upper limb exercise, with the mirror group undergo-
ing exercise based on the mirror therapy while the control
group underwent active ROM upper limb exercise alone.
The Chinese Anti-Cancer Association, Committee of
Breast Cancer Society, recommends active ROM upper
limb exercise as part of the guidelines and specifications
for breast cancer diagnosis and treatment (2019 edition).
Prior to surgical treatment, training was utilized to famil-
iarize participants in both groups with the intervention.
Intervention was administered on the first day following
surgery, usually one or two days after admission. Partici-
pants received written booklets and videos specifically
created for the intervention upon discharge. Furthermore,
the research team provided a mirror configuration for the
mirror group participants. Participants continued to exer-
cise at home after discharge and were supervised by study
nurses every Tuesday or Thursday via WeChat or phone
of exercise logs, including time and frequency, as well as
adverse events. Those who completed the exercise were
regularly rewarded with small items such as a small juicer,
vacuum cup, towel, or toothpaste. Biweekly instructions
on diet, self-care, and sexual life were also provided to
both groups. Participants who reported morning stiffness
on their shoulders for more than 30 min could take some
stretch exercise or massage at morning to relieve the stiff-
ness. The measurements are aim to protect participants and
reduce the damage. During the intervention period, neither
group was instructed to do exercises such as arm stretch-
ing, yoga, or Pilates, and use of elastic bandages. The
intervention in both groups is described in detail below.

Control group Appendix shows the active ROM upper limb
exercise given to participants in the control group.

Mirror group The mirror group received the active ROM
upper limb exercise based on mirror therapy. The active
ROM upper limb exercise is the same as the intervention
used in the control group. The trial’s standing mirror con-
sisted of a plane mirror, an adjustable bracket, and two
wheels, measuring 70 cm in length and 50 cm in width, with
the mirror’s height above the ground adjustable up to 1.9 m.
(Fig. 1). The mirror group’s program is described below.

(1) Preparation: The MT was performed in a separate, quiet
room, with participants required to remove any accesso-
ries (watches, bracelets, rings, hairbands, etc.) from both
upper limbs before beginning the intervention. Through-
out the intervention, participants were free to sit or stand.
The standing mirror was placed in front of the partici-
pants along their midsagittal plane, with their unaffected
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limb placed in front of the reflective side, allowing the
affected limb to be hidden behind the mirror. Participants
could lean slightly forward to view the entire image of
the unaffected limb in the mirror (Fig. 2).

(2) Warm-up: Participants were instructed to focus on the
image of the unaffected limb in the mirror while per-
forming synchronized upper limb movements for two to
three minutes. This procedure was repeated three times.
The mirror’s reflection allowed the affected limb to be
moved normally over the image, giving the injured arm
the appearance of being intact.

(3) Active ROM upper limb exercise: The MT therapist
instructed participants later to perform the active ROM
upper limb exercise described in Appendix while
using MT. Throughout the exercise, participants were
instructed to look in the mirror at the image of their
unaffected limb and imagine the affected shoulder mov-
ing like the healthy one.

Exercise adherence and adverse events

Adverse events, such as wound drainage volume greater
than 50 mL 1 week after surgery, delayed wound healing,
seroma, skin flap necrosis, and persistent shoulder pain,
were monitored during the study. The nurse observed the
wound and recorded daily fluid drainage before catheter
withdrawal, as well as any adverse events that occurred after

Fig. 1 The standing mirror
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Fig. 2 Participant perform active ROM exercise based on the mirror

the participants entered the study. Participants who reported
adverse events have the option to withdraw from the inter-
vention and receive free treatment and evaluation. Partici-
pants who attended 85% or more of the planned exercise
sessions were considered adherent. The exercise log records
were utilized to calculate adherence.

Measures

A trained rater took measurements at the baseline (TO),
2 weeks (T1), 4 weeks (T2), and 8 weeks (T3).

Primary outcome The main outcome was shoulder ROM on
the affected limb including forward flexion, backward flexion,
abduction, internal rotation, and external rotation. A 30-cm
transparent goniometer usually used in the orthopedics was
employed to assess the shoulder ROM with the participants
seated. The goniometer is consisted with a degree marked disk
and two arms. Participants were asked to remove the clothes
on the affected shoulder, then attempt to attain their maximal
active range of motion as much as possible at each assessment.
When measured forward flexion and backward flexion, the axis
of the goniometer was positioned over the acromion process,
with the stationary arm of the device was set paralleled with
the midaxillary line, and the moving arm was set to the central
line of the upper arm. External rotation and internal rotation
are measured in 90° of abducted position of the upper limb.
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The axis of the goniometer was set at the olecranon process,
the stationary arm was set paralleled with the ground, and the
moving arm was set to the ulna. For abduction measurement,
the axis of the goniometer was positioned over the acromion
process, the stationary arm was set paralleled with the spine,
and the moving arm was set to the central line of the upper
arm. The measurement protocol for the shoulder joint that fol-
lows the recommendations from Lee DK et al. [34].

Second outcome

e The Constant-Murley Score (CMS), a dependable
and effective tool for assessing shoulder function, was
employed to assess shoulder function in daily living,
including aspects of pain, daily activity ability, active
ROM, and abduction strength. This tool allows for a
more comprehensive assessment of shoulder function
than the primary outcome. A higher score on the CMS
denotes improved shoulder function.

e The Disability of Arm, Shoulder, and Hand Questionnaire
(DASH) was also used to assess the function and symp-
tom of the affected arm. This widely used tool evaluates
an individual’s arm function in three aspects: everyday
activity (21 items), abnormal symptoms (5 items), and
implications on social, occupational, sleep, and psy-
chological functioning (4 items). A higher score on the
DASH implies a severe problem with arm function and
symptom. The questionnaire adapts a 5-point Likert scale
in reverse scoring, and the value was determined by add-
ing all of the points, subtracting 30, and dividing by 1.2.

e The 13-item Tampa Scale of Kinesiophobia (TSK), which
has the same reliability and validity as the original version,
was used to evaluate patients’ fear of movement and (re)
injury. The TSK is frequently used to evaluate the patient’s
cognition of pain and attitude toward movement in order
to evaluate the patients’ fear of movement/(re)injury [35].
Each item of the TSK can be graded from 1 to 4, with
higher scores signifying more severe fear. The classifica-
tions of the measure are subclinical (13-22), mild (23-32),
moderate (33—42), and severe (43-52) [36].

e The Visual Analog Scale (VAS) was used to measure
shoulder pain. Participants marked a number in a 10-cm
straight line, with the range from 0 to 10, where 10 rep-
resented the most painful position. Participants were
required to rate their level of pain during exercise and rest.

e An electronic grip strength meter was used to assess
handgrip strength. Prior to assessment, the rater adjusted
the parameter (age and weight) to match each participant
and adjusted the handle to suit the participants’ hand size.
Participants were instructed to sit naturally before gently
pulling the handle with their affected limb and exerting

maximum effort. After each participant was tested twice,
the highest number was selected as the final record. The
participants were given a two-minute break between
tests.

Statistical analysis

The GLIMMPSE program was utilized for the calculation
of repeated measurement. ROM served as the study’s major
endpoint and the primary effect indicator for estimating
sample size in this randomized controlled experiment. The
sample size was determined to be 58 after selecting a test
power of 0.95 and a type 1 error rate of 0.05, with Bagkaya’s
findings on shoulder flexion, which had a Cohen’s effect size
value of 1.3799, cited for reference [26]. Accounting for a
20% dropout rate, the final sample size was 70, with 79 cases
in the study’s real samples.

Demographic data, baseline comparison, and outcomes
between group comparison were reported. Continuous data
that were normally distributed were displayed in means and
standard deviations. Variables met test of homogeneity, exam-
ined in independent two-tailed t-test, otherwise, non-paramet-
ric Mann Whitney U-test was used. Non-normally distributed
continuous variables were presented as median and interquar-
tile ranges and examined in a non-parametric Mann Whitney
U-test. Categorical variables were presented as frequencies
(f) and percentages (%), and examined in chi-square test. The
SPSS24.0 program was used to process the data, and the sta-
tistical significance was adjusted at P value <0.05. All statisti-
cal tests were double-blind. All randomly assigned individuals
with at least one post-baseline observation were included in
the population for the statistical analysis, known as the modi-
fied intention-to-treat (mITT) population. The missing data
were filled in using the last observation carried forward.

To evaluate the effects of the MT on shoulder function
from group, time, and the interactions between group and
time, the generalized estimation equation (GEE) was utilized
on the primary and secondary outcomes, using the corre-
lation matrix as an independent structure. To control the
influence factors, weight, radiotherapy, dominant hand, type
of surgery, and number of lymph nodes removed were used
as covariates. Then, the group and time interaction model
was tested for each outcome, if no interactions were found,
the main effects were reported. When there were interaction
effects, the independent two-tailed -test or non-parametric
Mann Whitney U-test were used to examine simple effects
of group. Correspondingly, the results were presented as a
line chart showing mean and standard error or a box plot.
Cohen’s effect size and r were reported for variables ana-
lyzed in the parametric and non-parametric tests, respec-
tively, to assess the magnitude of statistical differences.
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Results

Recruitment

As shown in Fig. 3, a total of 89 eligible patients were
screened from new case admissions between July 2020 and
June 2021, and 79 patients who signed informed consents
were randomly assigned to the mirror therapy group (n=39)
or the control group (n=40). 69 cases (87.34%) had at least
one post-baseline observation, and 64 cases (81.01%) had
all measurements completed. Dropout rates were compa-
rable in the mirror (n=7) and control groups (n="7), with
reasons including breast reconstruction (n=23), loss of con-
tact (n="7), withdrawal (n=23), and death (n=1). The GEE
analyses were performed on 69 participants who provided

Fig.3 Flow chart for recruit-
ment, allocation, withdrawal
and number of participants for
statistical analysis

at least one post-baseline observation. Adverse events were
minimal, with only one participant in each group experienc-
ing persistent shoulder pain, but both completing the inter-
vention. Overall, the results suggested that mirror therapy
was a safe and feasible intervention for breast cancer patients
who underwent surgery.

Sample characteristics

The between group comparison of demographic charac-
teristics were shown in Table 1. The number of cases had
their dominant hand affected in the mirror group and con-
trol group are 24 and 20, the difference between groups is
not significant (Z=1.065, P=0.302). MRM, Mas, and Con
instances are 30, 4, and 5 in the mirror group, and 32, 2 and
6 in the control group, respectively. In the mirror group,

Eligible and recruited
(n=89)

refused
(n=10)

Randomly assigned
(n=79)

The MT group
Baseline (n=39)

The control group
Baseline (n=40)

Incomplete (n=5)
Breast reconstruction (n=2)
Loss of contact (n=1)

Withdrawal (n=2)

Incomplete (n=5)
Breast reconstruction (n=1)
Loss of contact(n=4)

Two weeks after surgery
Completed (n=34)

Two weeks after surgery
Completed (n=35)

Incomplete (n=1)

Loss of contact (n=1)

Incomplete (n=2)
Loss of contact (n=1)
Withdrawal (n=1)

Four weeks after surgery
Completed (n=33)

Four weeks after surgery
Completed (n=33)

Incomplete (n=1)
Death (n=1)

%

Eight weeks after surgery
Completed (n=32)

Eight weeks after surgery
Completed (n=33)

Statistical analysis
(n=34)

Statistical analysis
(n=35)
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Table 1 Demographic

characteristics comparison

between group

34 individuals received ALND and 5 received SLNB,
while 37 participants in the control group received ALND
and 3 received SLNB. In the mirror group, radiation was

Mirror group (n=39) Control group (n=40) 11717 P
Mean +SD Mean +SD
Age 52.68+10.97 54.43+11.9 0.635 0.527
Weight (kg) 56.32+6.20 59.19+5.63 2.009 0.049*
BMI 22.17+2.57 22.96+1.83 1.479 0.144
Median (IQR) Median (IQR)
Height (CM) 160.00 (7.25) 162.00(7.00) 1.007 0.314
Lymph node removed 18 (5.5) 19 (6) 0.945 0.345
Lymph node metastasis 0(2) 0(1) 0.850 0.396
n (%) n (%)
Education 1.193 0.921
Primary school 2 (5.1%) 4 (10.0%)
Junior high school 18 (46.2%) 15 (37.5%)
Senior high school 9 (23.1%) 10 (25.0%)
Junior college 4 (10.2%) 5(12.5%)
Undergraduate 6 (15.4%) 6 (15.0%)
Work 0.628 0.428
In work 17 (43.6%) 21 (52.5%)
Retire 22 (56.4%) 19 (47.5%)
Side(tumor) 0.679 0.410
Right 25 (64.1%) 22 (55.0%)
Left 14 (35.9%) 18 (45.0%)
Dominant hand 1.065 0.302
Affected side 24 (61.54%) 20 (50%)
Unaffected side 15 (38.46%) 20 (50%)
Surgery (breast) 0.840 0.782
MRM 30 (76.9%) 32 (80.0%)
Mas 4 (10.3%) 2 (5.0%)
Con 5(12.8%) 6 (15.0%)
Surgery (axilla) 0.614 0.481
ALND 34 (87.2%) 37 (92.5%)
SLNB 5(12.8%) 3(7.5%)
Chemotherapy 1.269 0.260
Yes 34 (87.2%) 31 (77.5%)
No 5(12.8%) 9 (22.5%)
Radiotherapy 0.327 0.567
Yes 12 (30.8%) 10 (25.0%)
No 27 (69.2%) 30 (75.0%)
Targeted therapy 1.544 0.214
Yes 18 (46.2%) 13 (32.5%)
No 21 (53.8%) 27 (67.5%)
Endocrine therapy 3.121 0.077
Yes 28 (71.8%) 21 (52.5%)
No 11 (28.2%) 19 (47.5%)

MRM modified radical mastectomy, Mas mastectomy, Con conservation surgery, ALND axillary lymph
nodes dissection, SLNB sentinel lymph node biopsy, SD standard deviation, /QR interquartile range

*A statistical significant (P < 0.05) difference between mirror group and control group

administered to 12, which were two more cases than con-
trol group, but statistically, there was no difference between
group (>=0.327, P=0.567). With the exception of weight,
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participants’ demographics were evenly distributed. In
comparison to the control group of 59.19 +5.63 kg, the
weight of the mirror group was 56.32 +6.20 kg, the dif-
ference was statistically significant (r=2.009, P =0.049).
Therefore, weight was a covariate in the GEE analysis to
control the influence. As shown in Table 2, there were no
statistically significant differences between the groups’
baseline comparisons of all outcomes. The within time-
points comparison between group were shown in Table 3.

Shoulder ROM

According to the main effects of the group, the mirror
group participants significantly increased their forward
flexion compared to the control group, as shown in Table 4
(Waldy® =6.476, P=0.011), with Cohen’s d of 0.54. The
results also demonstrated that time is the factor impacting
forward flexion, with an increase at 8 weeks compared to
2 weeks and 4 weeks (P <0.001). Statistic results showed
that backward flexion, external rotation, and internal rota-
tion were not affected by intervention, but rather by time
(P <0.05). Group and time interacted on abduction, accord-
ing to the GEE model (Waldy’=10.818, P=0.013). In
Fig. 4, abduction degree showed the difference between
group at 8 weeks was substantial (P =0.005), with Cohen’s
d of 0.70, showing that the mirror group had significantly

increased on abduction at this point compared to the control
group.

CMS

According to Table 4, the intervention had no significant
effects on pain or strength, but these variables changed sig-
nificantly with time (P <0.001). The GEE model revealed
that group and time had interactions on participants’ activity
of daily living (Waldy’ = 18.055, P <0.001). With a P value
of 0.001, 0.004, and 0.004 respectively, comparison of CMS
daily activity score between group in Fig. 4 revealed that the
differences between group at 2, 4, and 8 weeks were signifi-
cant. The effect size of rwere0.43, 0.34, and 0.35 respec-
tively, indicating that the mirror therapy outperformed the
control intervention in terms of daily activity ability. Main
effects showed that shoulder ROM changed by time but not
group, in addition, time and group had interactions on shoul-
der ROM (Waldy’ =17.32, P<0.001). Comparison of shoul-
der ROM between group was significant only at 8 weeks
(P=0.032), with an effect size of r=0.26 (Fig. 4), indicating
that the effects of the mirror therapy on shoulder ROM were
mild. Total score was affected by both time and group, and
their interactions (Wald;(z =9.108, P<0.028). Comparison
of CMS total score between group showed that the difference
at 8 weeks was significant (P =0.009), with Cohen’s d of

Table 2 Baseline comparisons

Mirror group (n=39) Control group (n=40) t/Z P
between group
ROMC(°) Mean + SD Mean +SD
Forward flexion 161.26 +10.24 159.31+7.17 0918 0.362
Median (IQR) Median (IQR)
Backward flexion 60 (9) 60 (8) 0.531 0.600
External rotation 90 (0) 90 (0) 1.015 0.493
Internal rotation 78 (8.5) 80 (12) 1.071 0.288
Abduction 170 (19) 170 (15) 0.453 0.654
CMS
Pain 15 (0) 15 (0) 0.000 1.000
Activity ability 20 (0) 20 (0) 0.000 1.000
Shoulder ROM 40 (2) 40 (2) 0.022 1.000
Strength 25 (0) 25 (0) 0.000 1.000
Total score 100 (2) 100 (2) 0.242 0.809
DASH 0(0) 0(0) 0.069 0.868
VAS (rest) 0(0) 0(0) 0.681 0.685
VAS (activity) 0(0) 0(0) 1.446 0.239
Mean+SD Mean +SD
TSK 25.29+3.61 26.51+£3.42 1.1440 0.155
Grip strength (kg) 23.93+5.62 21.91+4.24 1.690 0.096

ROM range of motion, CMS The Constant-Murley Score, DASH The Disability of Arm, Shoulder, and
Hand Questionnaire, 7SK The Tampa Scale of Kinesiophobia, VAS The Visual Analog Scale, SD standard
deviation, IQR interquartile range, rest participants were in the rest, activity participants were at activity
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Table 4 Results for generalized

. . : Group Time Group X Time
estimation equation model
Waldy? P Waldy? P Waldy? P
ROM
Forward flexion 6.476 0.011* 2185.185 <0.001%
Backward flexion 0.798 0.372 108.476 <0.00*
External rotation 0.046 0.831 13.852 0.003*
Internal rotation 0.081 0.776 104.976 <0.001*
Abduction 4.625 0.032% 3156.496 <0.001% 10.818 0.013%
CMS
Pain 0.674 0.412 45.484 <0.001%
Daily activity 16.978 <0.001* 783.638 <0.001* 18.055 <0.001?
Shoulder ROM 3.265 0.071 1226.900 <0.001* 17.316 <0.001?
Strength on abduction 0.070 0.791 17.316 <0.001*
Total score 4.870 0.027¢ 916.543 <0.001* 9.108 0.028*
DASH 9.293 0.002% 1373.586 <0.001* 10.557 0.014*
TSK 6.631 0.010% 181.018 <0.001*
Grip strength 2453 0.117 83.884 <0.001*
VAS (rest) 0.009 0.923 57.374 <0.001*
VAS (activity) 0.270 0.604 160.774 <0.001%

A statistical significant (P <0.05) difference between mirror group and control group
ROM range of motion; CMS The Constant-Murley Score; DASH The Disability of Arm, Shoulder, and
Hand Questionnaire; TSK The Tampa Scale of Kinesiophobia; VAS The Visual Analog Scale

0.64 (Fig. 4), indicating that the mirror group improved their
shoulder function in daily life more than the control group.

DASH, TSK, handgrip strength, and VAS

The results of the GEE model in Table 4 showed that both
group and time exerted effects on DASH, and these effects
were found to interact (Wald;(2 =10.557, P<0.014). The
comparison of DASH score between group revealed sig-
nificant differences at 2, 4, and 8 weeks (Fig. 4), with
a P value of 0.008, 0.032 and 0.030 respectively. The
effect size of r were 0.032, 0.26, and 0.26, respectively,
indicating a mild difference between group on DASH. A
significant main effect of the group were shown in GEE
model of the TSK (Waldy’ =6.631, P=0.010) in Table 4,
with Cohen’s d of 0.56. It indicated that the effects of
mirror therapy on fear of movement were moderate when
compared to the control intervention. GEE model showed
that handgrip strength and VAS score were both signifi-
cantly affected by time (P <0.001), while group had no
effects on either outcomes.

Adherence

In the mirror group, 28 participants completed at least the
85% of planned exercise sessions, while 30 participants in
the control group attended at least the 85% of planned exer-
cise sessions. The difference between group is not significant
in statistics as showed in Table 5.

@ Springer

Discussion

This study aimed to investigate the effects of an 8-week active
ROM upper limb exercise program based on the MT on shoul-
der function in women with breast cancer after the surgery. The
most common side effect of breast cancer survivors is impaired
shoulder function. Our trial found that participants in the mirror
group exhibited significantly better shoulder flexion and abduc-
tion, CMS, and DASH than the control group, indicating that
MT has a positive effect on shoulder motor function. Essentially,
whatever interventions are conducted, the MT is primarily used
as a mirror illusion carrier, where visual feedback from the mirror
acts on the brain during bilateral limb exercises. Thus, the MT is
more of a method than an intervention. Though MT is commonly
used in patients with strokes and hand dysfunction, the exercise
protocol is not yet stipulated, and the type of exercise patients
perform depends on their disease and symptoms. Exercise types
can be classified as movements that include object manipula-
tion and movements that do not include object manipulation [37].
In this study, participants were treated with active ROM exercise,
which is recommended by the Chinese Anti-Cancer Association,
Committee of Breast Cancer Society as the exercise protocol.
In this study, only a piece of mirror was added in the
mirror group to the same exercise in both groups, which
resulted in an improvement in shoulder forward flexion and
abduction, shoulder function in daily living, and function
and symptom of the affected arm. This study’s findings
are consistent with previous studies of Louw A et al. and
Bagkaya MC et al. [25, 26], which demonstrated that MT
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Fig.4 Comparison outcomes that have interaction effects in the Genaral-
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tion Degree indicates a better performance of abduction. Higher of CMS
score indicates a better shoulder function. Lower of DASH score indicates

a better function of the affected arm
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Table 5 Adherence comparison between group

Mirror group Control group X P

(n=34) (n=35)
n (%) n (%)
Adherence 28 (82.35) 30 (85.71) 0.435 0.510
(>85% of

planned exer-
cise sessions)

can improve shoulder ROM. Furthermore, when compared
to their findings, which only looked at the effects of a single
intervention, our study found that a continuous MT inter-
vention (8 weeks) had an effect on shoulder forward flexion
and abduction. Compared to forward flexion and abduction,
internal rotation, external rotation and backward flexion are
less affected and improved in the study. Mirror configura-
tion used in the study is a plane standing mirror, it prob-
ably affects the visual feedback, because the position of the
shoulder image in the mirror and unaffected shoulder not
overlap in those shoulder movement. Symmetrical motion
is the best exercise mode for mirror therapy, but also limits
the use of the mirror therapy in some body parts like facial
Palsy. For the problems, Barth JM et al. adapted the mirror
box as a bi-fold mirror that is opened to a right angle when
use it [38]. The mirror twice reflect the unaffected half of
a patient’s face, such that the patient sees a full, unaffected
face. There also computer vision technology-based mirror-
ing system is developed in studies to provide an immersive
visual experience [39]. Therefore, folding mirror can be
attempted in further study. Although the handgrip strength
was a secondary outcome in the study, little is known about
the improvement of ROM exercise alone on the strength.
This study found that active ROM exercise based on the
MT have not affected the handgrip strength. Aerobic exer-
cise, which includes ROM exercise, has not been shown to
significantly enhance handgrip strength in patients who had
undergone breast cancer therapy, according to Yang’s meta-
analysis [40]. According to McNeely’s meta-analysis [15],
some trials that combined ROM training with resistance
exercise revealed an increase in upper extremity strength.
However, in a systematic review, Ribeiro reported that ROM
exercises coupled with muscle training had no benefits on
hand or shoulder strength [41]. Therefore, additional rand-
omized controlled trials involving many training types are
required to investigate the effects of ROM on strength. In
short, this study found that mirror therapy can improve the
shoulder joint motor function in patients undergone breast
cancer surgeries at least.

The mechanism underlying the improvement of shoulder
function through MT remains unclear. Some studies suggest
that mirror effects may be related to cortical reorganization
of the brain and pain modulation [42]. Conventional studies
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have shown that MT restores the congruence between motor
output and sensory output in patients with unilateral pain, as
well as the involvement of multisensory, visuo-propriocep-
tive integration [32]. As many patients with shoulder disease
experience shoulder pain, Roustaee S et al. and Xie Na et al.
have reported the improvement of the MT on shoulder pain
in breast cancer survivors [43, 44], and Louw proposed that
MT can be used to improve shoulder ROM, particularly in
patients with severe pain [25]. However, in this study, there
was no statistically significant difference between group in
terms of shoulder pain. Shoulder pain in breast cancer sur-
vivors can be classified as musculoskeletal nociceptive pain,
radio-induced and drug-induced neuropathic pain, or chronic
persistent pain [45]. Shoulder pain has a direct impact on
shoulder function. In this study, since participants received
early exercise, few participants had musculoskeletal noci-
ceptive type pain, only one participant in the mirror group
reported moderate to severe surgery-induced neuropathic
type pain and one in the control group reported moderate
radio-induced type pain, while others did not complain
about shoulder pain. Therefore, this study was not yet able
to demonstrate the connection between the improvements
on shoulder function and shoulder pain in breast cancer
survivors. Mirror effects, regardless the improvement on
pain or motor function, are at the heart of mirror therapy.
Studies on healthy people have shown that the perceived
position and judgments of kinesthetic states of their hand
hidden behind a mirror can be influenced by the hand seen
in the mirror [46], indicating that visual information has
a dominant effect on proprioception. Solima proposed that
mirror illusion can primarily affect estimates of our body’s
desired and predicted states [47]. As a result, it appears that
the mirrored image has an effect on motor perception of the
limb behind the mirror. According to this viewpoint, when
participants perform ROM exercises based on the MT, their
attention, action monitoring, motor imagery, or something
similar that is involved in the motor process strengthens,
potentially resulting in improvements in shoulder ROM and
daily function.

The TSK has been a valuable tool for assessing fear of
movement (re)injury, which is defined as a fear of move-
ment and physical activity that is (wrongly) assumed to
cause reinjury. Although limited shoulder movement and
arm load are appropriate for patients undergoing surgi-
cal treatments to reduce the potential risks of surgical
complications, some patients avoid exercise and daily
activity due to their incorrect belief that exercise will
cause pain and injury. Studies have reported that fear of
movement and pain is one of the barriers to full utiliza-
tion of breast cancer survivors’ rehabilitation exercise,
but relevant data is limited and quantitative results are
lacking. Despite the absence of investigation of impact of
fear of movement/(re)injury on shoulder ROM and daily
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function, our findings revealed that the mean TSK scores
of participants in both groups showed mild fear of move-
ment/(re)injury, indicating that breast cancer survivors
are overly concerned about (re)injury within 8 weeks
after the surgery. Furthermore, compared to control
intervention, the MT can moderately improve the fear of
movement. Fear of movement/(re)injury is usually con-
sidered as an excessive, irrational, and debilitating fear,
and psychological interventions and cognitive behavioral
education are effective treatments [21]. The treatments
make patients believe pain is self-managed and gradually
put themselves into situations and specific activity they
identified as “dangerous” or “threatening” by cognition
education and graded exposure, achieving desensitiza-
tion to fear. Graded motor imagery, a three-stage treat-
ment approach that combines left/right judgment, motor
imagery, and MT, has been reported to improve fear of
movement/(re)injury, despite not being the primary out-
come in the studies. Birinci T et al. used graded motor
imagery in patients with post-traumatic elbow stiffness,
and reported an improvement on elbow ROM and TSK
[48]. Gurudut P et al. reported that graded motor imagery
added to the conventional physiotherapy was superior to
conventional physiotherapy alone in terms of kinesio-
phobia, and improving shoulder function in patients with
frozen shoulder [49]. Two studies reported that graded
motor imagery can improve shoulder ROM, shoulder
function, pain, and fear of movement in patients with
shoulder disease. Graded motor imagery requires imag-
ined movement of the affected arm, whereas MT pro-
vides a mirrored illusion of normal movement. Similar to
cognition education and graded exposure in the therapy
of fear of movement/(re)injury, the two key processes can
stimulate the primary motor regions and give patients
a genuine sensation of movement. Our findings, along
with Louw’s, suggest that MT, a single step in the graded
motor imagery sequence, can reduce patients’ anxiety of
movement or (re)injury, at least with shoulder problems.

Despite some studies suggest that MT improves adher-
ence to upper limb exercise, this study revealed no differ-
ence in adherence between the two groups. Geller D et al.
reported that adherence in home-based unimanual mirror
therapy is as good as in traditional occupational therapy
home-based programs in stroke patients [50]. We hypoth-
esized that the high adherence in those studies was related to
the high feasibility of MT in hand training. In this trial, since
the mirror equipment limited the participants to see their
shoulders in the mirror, which required them to adjust their
positions and. We speculate that this process would make
patients feel uncomfortable and inconvenient, affecting their
experience and adherence to MT.

Limitations

This study has the potential to be further promoted in two
aspects. Firstly, fear of movement/(re)injury affects motor
function, and since shoulder ROM and fear of movement/
(re)injury both improved in this study, fear of movement
is possibly a mediating effect between shoulder ROM and
MT. But we did not analyze the mediating effect of fear of
movement/(re)injury. Secondly, making fear of movement/
(re)injury an inclusion criteria may provide a more accurate
effect of MT on fear of movement/(re)injury. However, in
this study fear of movement/(re)injury occurred after the
surgery, while recruitment was completed before surgery,
making it infeasible to list the fear of movement/(re)injury
as an inclusion criteria. We hope the two limitations can be
improved in the further study.

Conclusion

The findings of this study demonstrated that 8 weeks active
ROM upper limb exercise based on the MT can improve the
shoulder flexion, shoulder abduction, activity ability in daily
living, function and symptoms of the affected arm in patients
with breast cancer following surgical treatment, while also
relieving the fear of movement/(re)injury. However, since
few participants reported shoulder pain in the study, the
effects of the MT on pain remain unknown. This study
provided a novel approach to both MT and breast cancer
rehabilitation, demonstrating that MT can be a practical and
feasible method in shoulder rehabilitation with a promotion
effect. However, due to the limitations of study design, one
single experiment cannot draw a definitive conclusion. In
addition, since the MT has complex mechanisms, advanced
studies are needed.
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