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Abstract
Purpose Breast cancer surgery may be associated with pain and physical symptoms in the upper limbs. Functional impairment and
pain-related avoidance of movement may further increase disability level. This study aimed to investigate the potential effects of early
postoperative virtual reality (VR) therapy on pain, range of motion (ROM), muscle strength, functionality, and fear of movement.
Methods Forty women with breast cancer who had undergone unilateral mastectomy with axillary lymph node dissection and
who were receiving adjuvant therapy were included in the study and randomly assigned to two groups: the Kinect-based
rehabilitation group (KBRG) and the standardized physical therapy group (SPTG). The KBRG (n = 20) received VR therapy
using Xbox Kinect-based games and the SPTG (n = 20) received standard physiotherapy. Study subjects were assessed at
baseline and after the 6-week treatment. Outcome measures were pain (visual analogue scale), grip strength (dynamometer),
functionality (disabilities of the arm shoulder and hand questionnaire), muscle strength (handheld dynamometer), ROM (digital
goniometer), and fear of movement (Tampa kinesiophobia scale (TKS)).
Results Both groups detected significant changes in pain, ROM, muscle strength, grip strength, functionality, and TKS scores
after the treatment (p < 0.01). Fear of movement was significantly improved in the KBRG and the SPTG displayed more
improvement in functionality (p < 0.05). There were no differences in ROM, muscle strength, grip strength, and pain between
the groups after the treatment (p > 0.05).
Conclusion Kinect-based VR therapy resulted in significant outcomes that were comparable to those obtained under standard
physiotherapy in the early postoperative phase in patients who had undergone breast cancer surgery.
Trial registration This study is registered at ClinicalTrials.gov (ClinicalTrials.gov identifier: NCT03618433).
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Introduction

Breast cancer is the most commonly diagnosed cancer among
women worldwide and is the leading cause of cancer-related

deaths. More than 1.3 million women are diagnosed with breast
cancer every year [1]. While the incidence of breast cancer has
gradually increased, the survival rate of breast cancer has in-
creased dramatically [2]. Primary treatment approaches for
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breast cancer treatment may cause various side effects. Primary
treatment of breast cancer includes surgery, adjuvant chemo-
therapy, radiation therapy, endocrine therapy, and targeted ther-
apy [3]. Effective adjuvant therapies have the potential to re-
duce the risk of recurrence and mortality. However, these treat-
ments are associated with significant adverse effects and a de-
crease in quality of life [4]. Neoadjuvant therapy or adjuvant
therapy does not significantly contribute to complications asso-
ciated with cancer therapy. Currently, axillary radiation therapy
is known to be associated with an increased level of disability,
an increased risk of lymphedema, impaired shoulder–arm mo-
bility, and soft tissue thickening [5].

It has been reported that pain, fatigue, a decreased range of
motion (ROM), and decreased muscle strength have devel-
oped during the early postsurgical period leading to limitation
in daily living activities [6]. Passive mobilization, exercise,
manual stretching, and conventional physiotherapy protocols
consisting of a combination of these modalities have proven to
be effective in the management of upper limb pain after sur-
gery and in the restoration of functionality [7]. Arm morbidity
might be reduced by a targeted physiotherapy program ap-
plied following surgery [8].

Conventional physiotherapy modalities focus on improv-
ing morbidity and functionality, while task-oriented programs
focus on the adaptability of patients to various situations, to
shorten adaptation processes and to gain rapid problem solv-
ing skills by overcoming the fear of movement. Task-oriented
programs are superior to exercises involving repetitive multi-
ple movement patterns in patients with musculoskeletal disor-
ders. Task-oriented trainings also improve quality of life by
improving personal functionality [9].

The use of technology in rehabilitation is rapidly increas-
ing, while new technologies further motivate patients to par-
ticipate in their own usual care and standard programs. Virtual
reality (VR) therapy has shown as effective results as conven-
tional therapy for upper extremity functional development and
provides the capacity to conduct daily living activities [10].
Xbox 360 Kinect (Redmond, WA) produced by Microsoft,
has advanced user technology that makes it easy to complete
many clinical applications [11]. The main feature of Xbox 360
Kinect™, is its ability to interpret voice, image, and depth data
flow and transfer this information to the interface through a
microphone array and three dimensional depth sensors
mounted on it. It perfectly perceives human body motions
without physical contact and transfers relevant data to the
computer system. As a product of rapidly developing video
gaming technologies, Xbox 360 Kinect™ does not require a
game controller and provides additional contributions to cur-
rent rehabilitation programs [12, 13]. Kinect-based VR reha-
bilitation programs have been used to improve upper limb
function in various groups of disease [14].

To the best of our knowledge, no studies investigating
the potential effects of Kinect-based VR rehabilitation

programs on upper limb dysfunction have been conducted
in patients undergoing breast cancer surgery. Hence, this
study aimed to investigate the potential effects of Kinect-
based virtual rehabilitation programs on upper limb dys-
function in the early postoperative period in patients un-
dergoing breast cancer surgery.

Materials and methods

Participants

All patients were recruited between August 2018 and July 2019
from the Department of Multidisciplinary Breast Surgery in col-
laboration with the Department of Radiation Oncology of
Okmeydanı Training and Research Hospital (Istanbul). The pa-
tients were given written information before the study.

The inclusion criteria were as follows: (1) having under-
gone breast cancer surgery with axillary dissection; (2) in the
second postoperative week; (3) female patient aged 30 to
60 years; (4) absence of any hearing, visual, or speech impair-
ment. Exclusion criteria were (1) previous breast cancer sur-
gery on the present or contralateral side; (2) active or metasta-
tic cancer focus; (3) upper extremity ROM limitation before
the surgery; (4) presence of pace-maker, infection, open
wounds, or wound drains; and (5) mental disorders or coop-
eration issues [15, 16].

Study design and ethics

This studywas designed as a prospective, randomized, controlled
study and patients were randomly assigned into two groups: the
Kinect-based rehabilitation group (KBRG) (n = 20), which re-
ceived treatment with tissue massage, passive mobilization, and
Xbox 360 Kinect™ video game program and the standardized
physiotherapy group (SPTG) (n= 20), which received treatment
with a standard upper extremity physiotherapy program includ-
ing scar tissue massage and passive mobilization. The random
allocation was performed using a computer-based system to gen-
erate random numbers to assign patients into the groups
(Research Randomizer, https://www.randomizer.org/) [17].
Numbers were individually placed into opaque, sealed
envelopes to conceal the allocation sequence. Both groups
received the treatment for 45 min per session and two times a
week for 6 weeks. All patients were given the same home
exercise program except for the session days. The assessor was
blind to the groups and used the same assessment procedure at
baseline and after the last treatment session but not on the same
day with the session. Patients received the same treatment
protocol from the first day to the second week after the surgery
before the initiation of study treatments (Table 1).

All study procedures were approved by the University
Ethics Committee (Protocol ID:ATADEK-2018/9) and the
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study was conducted in accordance with the ethical rules of
the Declaration of Helsinki.

This clinical trial was registered at www.clinicaltrials.gov
(ClinicalTrials.gov identifier: NCT03618433). Written
informed consent was obtained from the patients.

Interventions

Technical and fictional analysis of Xbox 360 Kinect games
has been performed to detect movement patterns equivalent to
those practiced in the standard physiotherapy group. Arman
et al. described the transitions of Kinect video games from
easiest to hardest in their study to improve upper extremity
functionality and strength [16]. In line with the literature, we
chose Kinect Sports I (darts, bowling, boxing) for the first
3 weeks of the 6-week treatment and in the last 3 weeks,
Kinect Sports I (beach volleyball, table tennis) and Fruit
Ninja were played for 30 min. Before starting each session,
patients had a warm-up session for 5 min with Dance Central
3: Macarena. All the games required active upper extremity
movements from the patients including shoulder flexion,

abduction, extension, internal and external rotation, elbow
flexion, extension, forearm supination, pronation, and wrist
flexion and extension on the affected side. The treatment pro-
gram consisted of playing Kinect video games for 35min, scar
tissue massage for 5 min, and passive shoulder joint mobili-
zation for 5 min. The treatment program was performed by an
experienced physiotherapist. Details of the treatment protocol
are shown in Table. 1.

Outcomes measures

Primary outcomes

Primary outcome measurements included pain intensity
and ROM.

Pain intensity

The visual analogue scale (VAS) was used to measure the
intensity of pain. Patients were told to report their pain level
in their neck, shoulder, axilla, arm, trunk side, and breast

Table 1 Rehabilitation protocol for the standard physical therapy group and Kinect-based rehabilitation group [18, 19]

Standard physical therapy group (SPTG) Kinect-based rehabilitation group (KBRG)

Weeks 0–2
•Breathing exercises
•Upper limb pumping exercise (2 set 15 repetitions)
•Shoulder flexion and abduction up to 90°
•Avoidance of extreme and rotational movements if a
wound drain is present

Weeks 2–6
•Upper limb pumping exercise (2 set 15 repetitions)
•Pendulum exercises (anterior–posterior, medial–lateral 10 repetitions)
•Shoulder shrugs (2 set 15 repetitions)
•Shoulder rotation (2 set 15 repetitions)
•Arms up with hands clasped in sitting position (2 set 15 repetitions)
•Shoulder internal and external rotation (arms on sides—arms in abduction)
•Arms up with hands clasped in lying position (2 set 15 repetitions)
•Wand exercises (flexion—extension—abduction and
internal—external rotation 15 repetitions)
•M. pectoralis major—M. Pectoralis Minor stretches in supine
and standing positions
•Snow angels (10 repetitions)
•Front and lateral climbing on wall (10 repetitions)
•Trunk rotation in standing position (in sitting position,
if not tolerated) (10 repetitions)
•Trunk lateral flexion with arms in 90 degrees abduction in
standing position (10 repetitions)
•Passive glenohumeral joint mobilization (5 min)
•Scar tissue massage (5 min)

Weeks 6–8 (in addition to abovementioned exercises)
•Resistance band exercises (Theraband) (flexion—extension—abduction,
adduction and internal—external rotation)
•Strengthening the muscles of upper limb (0.5–1 kg)

Limitations for both group
•No shoulder flexion-abduction over 90° during the first 2 weeks.
•Weights exceeding 5 kg should not be lifted during the first 6 weeks
•Jumping and jogging should be avoided during the first 6 weeks

Weeks 0–2
•Breathing exercises
•Upper limb pumping exercise (2 set 15 repetitions)
•Shoulder flexion and abduction up to 90°
•Avoidance of extreme and rotational movements

if a wound drain is present
Weeks 2–5
•Dance Central 3: Macarena (5 min warm-up)
•Kinect Sports I
Dart (10 min, affected side)
Bowling (10 min, affected side)
Boxing (10 min, affected side)
•Passive glenohumeral joint mobilization (5 min)
•Scar tissue massage (5 min)
Weeks 5–8
•Dance Central 3:Macarena (5 min warm-up)
•Kinect Sport I
o Beach Volleyball (10 min affected side)
o Table Tennis (10 min, affected side)
•Fruit Ninja (10 min, affected side)
•Passive glenohumeral joint mobilization (5 min)
•Scar tissue massage (5 min)
Additional workout for both groups
Walking 30 min 3 times a week
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regions on the affected side during their daily living activities.
The VAS is a simple and reliable method for measuring the
intensity of pain [20]. Patients were asked to place a mark on a
10-cm scale to indicate the level of their pain with 0
representing no pain and 10 worst pain ever experienced [21].

Range of motion

Shoulder ROM was measured in degrees using a digital goni-
ometer. Active flexion and abduction of the shoulder were
assessed with the elbow extended in the supine position.
External rotation was measured while the shoulder was
adducted and in neutral position with the forearm in neutral
supination and pronation while sitting on a chair. The angle
between the longer axis of the forearm and sagittal plane of the
body was defined as the rotational ROM. All measurements
were repeated three times and the average of the three mea-
surements was recorded [22, 23].

Secondary outcomes

Secondary outcomes included shoulder muscle strength and
hand grip strength, upper extremity functionality, and fear of
movement.

Arm strength

The affected upper extremity flexion, abduction, and external
rotation muscle strength were measured during maximal vol-
untary isometric muscle contraction with the J Tech
Commender Muscle Tester (Salt Lake City, Utah, USA) hand-
held dynamometer according to reported positions. Patients
were asked to push their arm with the maximal strength which
was recorded in kilograms. All measurements were repeated
three times with a 30-s interval, and the average of three mea-
surements was recorded [24, 25].

Hand grip strength

The Saehan hydraulic hand dynamometer was used to mea-
sure grip strength. The maximum grip strength on the affected
side was measured in kilograms. Measurements were per-
formed in the position defined by the American Society of
Hand Therapists (in the sitting position while the shoulder is
positioned at adduction with elbow in 90° flexion and the
wrist in neutral position). The test was performed three times
with 1-min intervals, and the average of three measurements
was recorded [16, 26].

Upper extremity functionality

The disability of the arm, shoulder and hand (DASH) question-
naire was used to assess upper extremity functionality [27]. The

DASH is a 30-item questionnaire. Each item is scored on a 1 (no
difficulty) to 5 (unable) scale. The total score may range from 0
to 100 points. High scores indicate a high level of disability.

Fear of movement

This outcome measure was assessed with the Tampa
kinesiophobia scale (TKS). TKS is a 4-point Likert-type scale
(1 = strongly disagree, 4 = strongly agree) and total scores
range from 17 to 68. High scores indicate an increased degree
of kinesiophobia [28].

Sample size determination and statistical analyses

The sample size was determined based on our primary out-
come (pain severity) from a study performed by Beurskens
et al. [29]. Based on this study, a two-independent-samples t
test was used to determine the sample size. At least 17 persons
were found to be necessary for strength of 0.80 with an alpha
level of 0.05. Considering a dropout rate of 10%, 20 subjects
were included in each group.

The Shapiro–Wilk test was used to evaluate whether con-
tinuous variables were normally distributed. An independent t
test was used for comparisons between the groups in terms of
mean values. The paired t test was used for intragroup com-
parisons of pre-intervention and post-intervention mean
values. General linear model repeated measures variance anal-
ysis (time × group interaction) was used to determine whether
the differences between pre-intervention and post-intervention
measurements varied by group. Cohen’s d was used to calcu-
late the effect size. Fisher’s exact test was used for the analysis
of categorical variables. A p value of 0.05 was considered to
be significant in the analysis. An IBM SPSS 21 Statistics
software package was used to analyze the study data.

Results

Figure 1 shows the flow diagram of patients. We evaluated 67
patients, 22 patients did not meet the inclusion criteria. Five
patients refused participation. We included 40 patients in the
study. All patients underwent pre-intervention assessment at
baseline. Three patients from the SPTG and one patient from
the KBRG were dropped out. Table 2 shows that no significant
differences were found between the KBRG and SPTG in base-
line characteristics except the affected side ratio (p= 0.049).

No significant intergroup differences were found in the
primary and secondary assessments at baseline (p > 0.05).
Within-group analysis revealed a significant decrease for all
primary and secondary outcomes from baseline to post-
intervention in both groups (p = 0.001) (Table 3). These re-
sults indicate that the effects of the Kinect-based VR rehabil-
itation program on changes from the baseline are more
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prominent than those of standard physical therapy approaches,
with the exception of DASH scores and hand grip strength.

Statistically, significant intergroup differences were ob-
served in the mean changes in DASH and TKS scores from
the baseline to post-intervention. The mean TKS score change
(12.89 points) (p = 0.001) was found to be significantly higher
in the KBRG than in the SPTG, while the mean DASH score
change was found to be significantly higher (36.53 points)
(p = 0.025) in the SPTG than in the KBRG (Table 3). No
significant intergroup differences were detected in other out-
come parameters in terms of changes from the baseline.
Cohen’s d values and confidence intervals for each group
are shown in Table 4.

Discussion

We designed this study to investigate the effect of VR training
using XboxKinect™ on upper extremity disability in the early

phases after breast cancer surgery. In addition, we aimed to
investigate the potential use of the Kinect video game program
as an alternative treatment to a standard physiotherapy pro-
gram. Considering the results of this study, both treatment
approaches showed significant improvement in all clinical
parameters. When the effect sizes of the treatment approaches
were compared, the KBRG was superior to the SPTG in all
parameters except DASH score and grip strength. However,
this superiority was statistically significant only for the time-
dependent changes in TKS scores. While the change in TKS
scores for the KBRG was more significant, the change in
DASH scores was more significant for the SPTG.

To our knowledge, there have been limited studies investi-
gating the efficacy of VR in the treatment of patients with
breast cancer that have focused on the effects of VR on pain,
anxiety, cognitive function, and its role as a distraction from
chemotherapy [30]. Kinect has been used to assess upper limb
ROM and to monitor movement components [31]. Our study
was the first randomized controlled study comparing Kinect-

Assessed for eligibility

(n=67)

22 not meeting the inclusion criteria
1 bilateral breast cancer surgery

5 existing shoulder pathologies before surgery 

4 major depression 

5 metastasis 

7 surgery complications 

5 refused further participation 

Randomized (n=40)

Kinect Based Rehabilitation (KBRG) 

Group: Xbox 360 Kinect Video gaming 

(n= 20)

Standard Physical Therapy Group 

(SPTG): Standard physical therapy 

(n=20)

Dropout (n=1)

Declined to participate

Dropouts (n=3)

New metastasis focus (n =1)

Declined to participate (n=1)

Chemotherapy side effect (n=1)

Analyzed (n= 19)

Excluded from analysis (n=0)

Analyzed (n= 17)

Excluded from analysis (n=0)

Fig. 1 Patient flow chart
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based VR rehabilitation program to standard physiotherapy in
the early phases after breast cancer surgery.

Pain is one of the most prevalent symptoms associated with
breast cancer treatment. Hidding et al. reported the rates of
postoperative shoulder and chest pain following breast cancer
surgery as 75% and 82%, respectively, and the risk of devel-
oping pain has been demonstrated with level of evidence 1 in
patients undergoing axillary lymph node dissection (ALND),
radiation therapy, and chemotherapy or receiving targeted
medicines [32]. In our study, all patients had undergone
ALND and were undergoing adjuvant therapy. At baseline,
the mean pain score in both groups was calculated as 6.53.

The minimal detectable change in VAS scores in breast cancer
treatment was reported to be 9 to 11 mm [33]. Furthermore,
pain reduction of 30.0 mm or greater decrease in the VAS
score was necessary to ensure adequate control of acute severe
pain [34]. In our study, the mean reduction in VAS scores was
found to be 5.0 cm (0.29) for the KBRG and 3.97 cm (0.47)
for the SPTG. Although the difference between the two treat-
ment groups in the mean changes in VAS scores was not
statistically significant, the mean change was higher in the
KBRG. Zeng et al. reported more rapid and positive feedback
for VR-based interventions for pain compared with conven-
tional symptomatic management of cancer [30].

Table 2 Patient demographics
and baseline characteristics KBRG (n = 19) SPTG (n = 17) p

Variables Mean (S.D) Mean (S.D)

Age (years) 50.84 (8.53) 51.00 (7.06) 0.952

Height (cm) 1.59 (0.07) 1.61 (0.06) 0.357

Body weight (kg) 75.63 (11.82) 74.71 (15.01) 0.837

BMI 30.06 (4.73) 28.97 (6.14) 0.553

Surgery side (R/L) 11/8 4/13 0.049*

Chemotherapy (yes/no) 4/15 2/15 0.662

Radiotherapy—axilla (yes/no) 13/ 6 13/4 0.717

Targeted and endocrine therapy (yes/no) 2/17 2/15 1.00

BMI, body mass index. Independent t test was used in the analysis of age, height, and body weight, Fisher exact
test was used in the analysis of surgery side and current adjuvant treatment

*p values representing significant intergroup differences

Table 3 Mean and SD of outcome variables at pre-treatment and post-treatment

Pre-treatment Post-treatment Pre-post treatment

KBRG (n = 19) SPTG (n = 17) KBRG (n = 19) SPTG (n = 17) KBRG (n = 19) SPTG (n = 17)
Mean (SD) Mean (SD) p* Mean (SD) Mean (SD) P** P*** Poverall

#

VAS for pain (0–10) 6.53 (1.65) 6.53 (2.07) 0.996 1.53 (1.35) 2.56 (1.82) 0.001** 0.001*** 0.065

Flexion shoulder, deg 118.83 (16.94) 115.6 (20.91) 0.612 170.85 (8.52) 164.8 (12.64) 0.001** 0.001*** 0.688

Abduction shoulder, deg 95.75 (20.13) 82.55 (18.97) 0.052 159.57 (19.26) 144.13 (29.29) 0.001** 0.001*** 0.793

ER shoulder, deg 62.78 (17.11) 59.28 (17.07) 0.543 85.85 (7.31) 79.78 (12.2) 0.001** 0.001*** 0.573

Shoulder flexion (kg) 5.96 (1.05) 5.33 (1.17) 0.094 8.2 (1.53) 7.03 (1.38) 0.001** 0.001*** 0.203

Shoulder abduction (kg) 5.90 (1.25) 5.43 (1.19) 0.260 8.12 (1.51) 7.34 (1.25) 0.001** 0.001*** 0.532

Shoulder ER (kg) 6.06 (1.54) 5.13 (1.52) 0.077 8.91 (1.83) 7.17 (1.38) 0.001** 0.001*** 0.666

Grip (kg) 21.47 (4.98) 19.22 (5.30) 0.198 23.71 (4.56) 22.22 (5.17) 0.001** 0.001*** 0.302

DASH 44.67 (12.46) 53.82 (15.05) 0.054 16.49 (6.47) 17.28 (6.41) 0.001** 0.001*** 0.025#

TKS 42.37 (5.94) 43.29 (6.39) 0.655 29.47 (5.31) 37.35 (4.51) 0.001** 0.001*** 0,001#

KBRG, Kinect-based rehabilitation group; SPTG, standard physical therapy group; VAS, visual analogue scale; ER, external rotation; DASH, disabilities
of the arm, shoulder and hand scale; TKS, Tampa kinesiophobia scale. Independent t test was used to intergroup comparisons pre-treatment clinical
characteristics. Paired t test was used for intragroup comparisons before and after (pre-post treatment) the treatment. poverall; repetitive measures (general
linear models) were used for time-dependent change in groups

*p values obtained from the independent t test

**p values obtained from the paired t test for the KBRG

***p values obtained from the paired t test for the SPTG
# poverall values obtained from the linear model, repetitive measures
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A systematic review suggested that Kinect-based VR
might be preferred over other modalities to increase the shoul-
der ROM. Kinect-based VR approaches are generally used to
treat neurodegenerative disorders [35]. Sin and Lee reported
favorable effects of the addition of Kinect system to conven-
tional therapy over conventional therapy alone in a group of
patients with hemiplegia and this approach provided signifi-
cant increases in upper limb ROM [36]. In a systematic re-
view, an upper limb training program applied to patients re-
ceiving adjuvant treatment in their early postoperative period
was found to provide an average increase of 12.92° for shoul-
der flexion and 9.72° for shoulder abduction [37]. Minimal
clinically important change (MCIC) for shoulder ROM has
been reported to be 15° in the general population [38]. In
our study, the mean increases in shoulder flexion in the
KBRG and SPTG were found to be 52.0° and 49.2°, respec-
tively while the mean increases in shoulder abduction in the
KBRG and SPTG were found to be 63.82° and 61.58°,
respectively.

Upper limb muscle strength significantly improves in pa-
tients receiving exercise therapy compared to usual care who
receive adjuvant treatment following breast cancer surgery.
Early-term physiotherapy approaches are particularly well-
known to improve quality of life by increasing muscle
strength [39]. In our patients, both standard physiotherapy
and the Kinect-based rehabilitation program provided signifi-
cant improvements in shoulder flexion, abduction, external
rotation, muscle strength, and hand grip strength. Resistance
training has been reported to provide a mean increase of
1.49 kg in shoulder muscle strength [39]. In a study conducted
in elderly patients, comparing the Xbox Kinect game with
exercise and found that the effect sizes for hand grip strength
were 0.40 in the Kinect group and 0.62 in the exercise group
[40]. Our results were in line with those reported in the liter-
ature. Although Cohen’s d effect size was calculated as 0.5

and 0.4 for the SPTG and KBRG, respectively. In our study,
no relevant standardized data have been found in the literature.

Harrington et al. recommend the use of the DASH scale to
assess upper limb functionality in breast cancer survivors [27].
Prospective care of patients with breast cancer aims at improv-
ing joint mobility and muscle strength and reducing pain. A
significant relationship was reported between arm and shoul-
der problems and functionality [41]. Although not validated
for the DASH scale in breast cancer population, upper limb
exercise training has been reported to result in a minimal de-
tectable change of 15 points in DASH scores [39, 42]. In our
study, changes in DASH scores from baseline were found to
be higher than those reported in the literature in both groups.
The mean change in DASH scores was 36.53 in the SPTG and
28.19 in the KBRG. The higher mean change in the SPTG
than that in the KBRG might be associated with higher base-
line values in the SPTG.

Fear of movement further increases the risk of decline in
upper limb function in breast cancer survivors. Upper limb
dysfunction may be further aggravated by avoidance of move-
ments that may induce pain [43]. There are no studies evalu-
ating the effect of VR on fear of movement in breast cancer
patients. Virtual gait effect integrated to a physiotherapy pro-
grammight reduce fear of movement compared to physiother-
apy alone in nonspecific low back pain [44]. The VR-based
Wii Fit yoga program has also been demonstrated to reduce
kinesiophobia [45]. In our study, the level of fear of movement
significantly decreased in both groups. The mean change in
the TKS scores favored the KBRG over the SPTG. Further
studies are needed to explore the efficacy of Kinect-based VR
rehabilitation programs in reducing the level of kinesiophobia.

No complications occurred during Xbox Kinect VR train-
ing performed early in the postoperative period after breast
cancer surgery. The patients in the KBRG participated more
motivationally and had less fear of movement during the

Table 4 Mean differences between measurements before and after the treatment in both groups

Variables KBRG (n = 19), Δ (SE) KBRG (n = 19), 95% CI Cohens’ d SPTG (n = 17), Δ (SE) SPTG (n = 17), 95% CI Cohens’ d

VAS for pain (0–10) 5 (0.29) 4.4 to 5.6 3.3 3.97 (0.47) 2.96 to 4.98 2.0

Flexion shoulder, deg 52.0 (4.61) − 61.71 to − 42.33 3.8 49.2 (5.24) − 60.32 to − 38.08 2.8

Abduction shoulder, deg 63.82 (5.57) − 75.51 to − 52.12 3.2 61.58 (6.41) − 75.16 to − 47.99 2.4

ER shoulder, deg 23.07 (3.31) − 30.0 to − 16.11 1.7 20.51 (2.99) − 26,84 to − 14.17 1.3

Shoulder flexion (kg) 2.24 (0.29) − 2.84 to − 1.64 1.7 1.7 (0.3) − 2.33 to − 1.08 1.3

Shoulder abduction (kg) 2.22 (0.41) − 3.09 to − 1.35 1.6 1.91 (0.24) − 2.43 to − 1.39 1.5

Shoulder ER (kg) 2.85 (0.3) − 3.47 to − 2.22 1.6 2.04 (0.3) −2.68 to − 1.40 1.4

Grip (kg) 2.23 (0.57) − 3.43 to − 1.04 0.4 3 (0.44) − 3.94 to − 2.06 0.5

DASH 28.19 (2.06) 23.86 to 32.51 2.8 36.53 (2.97) 30.24 to 42.82 3.1

TKS 12.89 (1.46) 9.82 to 15.97 2.2 5.94 (1.11) 3.60 to 8.29 1.0

KBRG, Kinect-based rehabilitation group; SPTG, standard physical therapy group; VAS, visual analogue scale; ER, external rotation; DASH, disabil-
ities of the arm, shoulder and hand scale; TKS, Tampa kinesiophobia scale; Δ, absolute value of difference before and after treatment; CI, confidence
interval; Cohens’d, size effect
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entire program. Considering the significant clinical outcome
measures of the KBRG, we think that Xbox Kinect VR train-
ing may be an alternative to standard physiotherapy or may
display more improvement in clinical outcomes when applied
in addition to standard physiotherapy.

Limitations and strengths

This study has certain limitations. The duration of the study
was our limitation. Longer treatment duration may reflect the
efficacy of VR therapy more precisely. Further studies should
be designed with long-term follow-up. Another limitation
might be the lack of an untreated control group.

The study also has strengths. First, baseline characteristics
were similar between the groups, and the consequent homo-
geneity of the distribution of the study groups is one of the
strengths of the study. Second, the estimated dropout rate was
not exceeded, and only 4 dropouts (10%) occurred before the
study was completed. Third, both groups received rehabilita-
tion interventions and were treated by the same physiothera-
pist. Last, manual interventions (scar massage and
glenohumeral joint mobilization) were used in both groups
to avoid any intergroup differences resulting from such
interventions.

Further research

No adverse effects were observed in patients receiving VR
training using Xbox 360 Kinect™ after surgery. Future longi-
tudinal studies may demonstrate whether functional improve-
ments associated with the use of XboxKinect video games are
long-lasting. Future studies are needed to compare the stan-
dard physiotherapy group with the Kinect-based VR training
group without any scar tissue massage and passive
glenohumeral joint mobilization. According to the results of
these studies, Kinect-based VR may be used as an alternative
to standard physiotherapy after breast cancer surgery.

Conclusions

This study has demonstrated that VR training using Xbox
Kinect™ might be as effective as standard physiotherapy
in the management of upper limb dysfunctions after breast
cancer surgery. Xbox Kinect™ video games may provide
more entertaining, low-cost, motivating programs. In clin-
ic, Kinect-based VR rehabilitation programs may be
added to standard physiotherapy or recommended instead
of conventional physiotherapy for patients with high
levels of fear of movement or particularly severe pain
after breast cancer surgery.
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