Supportive Care in Cancer (2022) 30:2101-2110
https://doi.org/10.1007/500520-021-06559-1

ORIGINAL ARTICLE q

Check for
updates

Effect of exercise mode on physical function and quality of life
in breast cancer—related lymphedema: a randomized trial

Maged A. Basha'?® - Nancy H. Aboelnour*© . Ashwag S. Alsharidah*® . FatmaAlzahraa H. Kamel*"'

Received: 18 February 2021 / Accepted: 8 September 2021 / Published online: 20 October 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Purpose This study aimed to compare the effects of virtual reality (VR) training and resistance exercises training on
lymphedema symptom severity as well as physical functioning and QoL in women with breast cancer—related lymphedema
(BCRL).

Methods In a single blinded randomized trial, women diagnosed with unilateral BCRL were randomly divided into two
groups: the Xbox Kinect group received VR Kinect-based games (n=30) and resistance exercise group received resist-
ance training (7 =30). In addition, both groups received complex decongestive physiotherapy (manual lymphatic drainage,
compression bandages, skin care, and exercises). The intervention was conducted five sessions per week for 8 weeks. The
outcome measures included excessive limb volume, visual analogue scale (VAS), the Disability of the Arm, Shoulder, and
Hand (DASH) questionnaire, shoulder range of motion (ROM), shoulder muscles strength, hand grip strength, and Study
Short-Form (SF-36). The outcomes were evaluated pre and post intervention (week 8).

Results Statistical significant differences were recorded in VAS (pain intensity), DASH, shoulder ROM (p < 0.001), bod-
ily pain (p =0.002), general health (p <0.001), and vitality (p =0.006) in favor of the Xbox Kinect group. However, there
were statistically significant differences in shoulder flexion strength (p =0.002), external rotation strength (p =0.004), and
abduction strength and handgrip strength (p <0.001) in favor of the resistance exercise group.

Conclusions The VR training was superior to resistance exercises training in BCRL management. The empirical findings
support the VR as a new effective and encouraging intervention modality which can assist in improving physical functioning
and quality of life in women with BCRL.

Trial registration This study is retrospectively registered at ClinicalTrials.gov (ID: NCT04724356).

Keywords Breast cancer—related lymphedema - Virtual reality - Resistance exercise - Physical function - Quality of life

Abbreviations RE Resistance exercise

BCRL Breast cancer—related lymphedema SF-36  Study Short-Form

QoL Quality of life DASH The Disability of the Arm, Shoulder, and Hand
ROM  Range of motion questionnaire

VR Virtual reality
VAS Visual analogue scale
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physical function has been documented in both fine and gross
motor skills [2, 3]. Furthermore, these patients showed malad-
justment to disease as well as significantly increased psycho-
social disorders such as distress, anxiety, and depression [4].
These variables influence all aspects of quality of life (QoL),
including home, work, social and recreational relationships,
and personal care functions [3, 5].

Clinical guidelines for BCRL suggest that women should
minimize daily physical activity and restrict vigorous exer-
cise as it may intensify lymphedema [6, 7]. This suggestion,
therefore, induces diminished physical activity and func-
tional decline, and decreased range of motion (ROM), muscle
strength, and QoL [8]. The American Cancer Society, on the
other hand, recommends primary treatment to eliminate or
minimize lymphedema risk, which includes use of personal-
ized exercise rehabilitation [9], and recent evidence supports
exercise as safe and effective for BCRL [10-12].

In rehabilitation, the use of technology is growing pro-
gressively, as emerging technologies are further encouraging
patients to engage in their own daily treatment and traditional
programs. The virtual reality (VR) training has revealed posi-
tive outcomes for the functional development of the upper
limbs and offers the ability to perform daily life tasks. Xbox
Kinect-based training offers interactive user technology that
makes multiple therapeutic options easy to accomplish and
offers more contributions to the existing rehabilitation pro-
grams [13, 14]. The VR programs are being used in differ-
ent diseases to enhance upper limb performance and function
[15-18].

The majority of research regarding resistance exercises
(RE) in BCRL has concentrated on the safety of exercises,
exhibiting that exercises do not accelerate or intensify
lymphedema regardless of alterations in the intensity of exer-
cises [19-21]. Few trials have demonstrated that RE diminish
the lymphedema volume [22]. However, there is a paucity of
trials to study the efficacy of VR or compare the impacts of the
different types of exercises in women with BCRL.

Acquiring more knowledge about how each exercise set-
ting influences lymphedema, in addition to other health-
related results, will allow better prescription of exercise
guidance related to BCRL. So, the aim of this trial was to
compare the impacts of Xbox Kinect training and RE train-
ing on lymphedema symptom severity as well as physical
functioning and QoL in women with BCRL.

Methods
Design and setting
A single blinded, randomized trial was conducted between

January 2019 and May 2020. All women were recruited from
the outpatient clinics at the National Cancer Institute and
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El-Sahel Teaching Hospital, Cairo, Egypt. The intervention
was received at an outpatient rehabilitation center, and all
women signed an informed consent. Approval for this trial
was gained from the Research Ethics Committee of Physical
Therapy Faculty in Cairo University and was conducted in
compliance with the Declaration of Helsinki. This trial was
registered in ClinicalTrials.gov (ID: NCT04724356).

Participants

Females with BCRL, age more than 30 years old, were
selected to engage in this trial. Females had a histologi-
cal finding of breast cancer at least 1 year preceding the
experiment, a clinical diagnosis of unilateral BCRL, and
attained medical clearance from their medical oncologists
or surgeons. Lymphedema was clinically diagnosed in case
of presence of 5% discrepancy at least in volume or circum-
ference between limbs [23]. Females were excluded in case
of unstable lymphedema (getting antibiotics for infection
in the last 3 months), and a neurological, musculoskeletal,
and/or cardiovascular disorder that could inhibit them from
exercising. All females were informed to keep up their lev-
els of physical activities, diet, and lymphedema self-care all
throughout the treatment time frame.

Sample size and randomization

G*Power (version 3.1.9.2; Germany) was used (F tests-
MANOVA: repeated measures, within-between interac-
tion) to calculate the minimal estimated sample size before
the start of study, with 0.4 effect size, 80% power analysis,
and a two-sided 5% alpha level. Therefore, fifty-two patients
were estimated as a minimal sample size. The sample size
was increased by 20% for a possible drop out. This effect
size was calculated from a pilot study of 10 participants (5
in each group). Computer-generated block randomization
method was used to randomly assign the participants equally
either to Xbox Kinect group (n=230) or RE group (n=30).
Randomization was conducted by a therapist who was not
involved in data gathering procedures. The block size was
4 to minimize inter-group variability and avoid selection
bias. Participants’ allocation was concealed through using
sealed, sequentially numbered opaque envelopes. Once the
therapist unfolded the envelope, the treatment procedures
were conducted depending on group distribution. A blinded
therapist to group allocation collected the outcome measures
at baseline and at the 8th week after treatment.

Intervention
The intervention was conducted once per day, 5 days

a week, over 8 weeks. Small groups of 1 to 4 women
received the intervention session at a time, supervised by



Supportive Care in Cancer (2022) 30:2101-2110

2103

qualified physiotherapists. Both groups received complex
decongestive physiotherapy.

Complex decongestive physiotherapy included man-
ual lymphatic drainage, compression therapy, skin care,
and exercises. Foldi method was used for the conduc-
tion of manual lymphatic drainage and accompanied with
daily multilayer short stretching bandage. Patients were
instructed to keep the bandage on during exercising. The
remedial exercises were conducted as follows with breath-
ing exercises in between: large joint mobilization (5 min
with moderate speed); mobilization of shoulder girdle
with scapular protraction, retraction, and depression;
extension of shoulder; flexion and extension of elbow
and wrist; ball squeezing; and stretching of both trapezius
and pectoralis muscles [24].

In the Xbox Kinect group, the games were analyzed
in order to identify the fictional and technical features
of the games and movement patterns required during
the games. Our team has defined the therapeutic objec-
tives and fictional features of Xbox Kinect games. The
“Macarena” dance typically consisting of upper extrem-
ity activities was given as warm-up (5 min) to reduce
joint stiffness. Other Xbox Kinect games (darts, bowling,
boxing, table tennis, fruit ninja, and beach volleyball)
were chosen as per the participant’s performance level.
All games depend on active motions of the upper limb
including all movements of shoulder joint, elbow flexion
and extension, and forearm supination and pronation, and
all movements of the wrist and fingers. Within all games,
specific adjustments of the games were done including
increase or decrease of execution time or adding addi-
tional levels with more difficulty. Prior to first session,
participants were asked to imitate the act of the avatar
shown on the screen just like mirror image. The more the
motions of the participants were similar to the avatar’s
behavior in fluency, velocity, and angle, the greater the
score. Then, verbal explanation and instructions of the
game were given, and the participants were asked to com-
plete a round of each game as an introduction; after the
game started, no hints were given. A technical guideline
was given for each game.

In the RE group, the participants performed stretching
exercises then RE using dumbbells in the form of seated
rows, pulling down of latissimus dorsi, one arm bent over
row, biceps brachii curl, bench press, and extension of
triceps. These exercises were conducted at 50 to 60% of
their estimated one repetition-maximum, 2 sets of 10 to
12 repetitions for each one; a 2-min rest in between sets
was allowed; and repetition of exercises was done with
gradual increment of weight (5 to 10%) when patients fin-
ished 3 sets of 12 repetitions without any complaint [22].

Outcome measurements

The outcome measures included lymphedema symptom
severity, physical function, and QoL. The lymphedema
symptom severity was assessed using limb volume meas-
urement; visual analogue scale (VAS); and the Disability
of the Arm, Shoulder, and Hand (DASH) questionnaire.
Physical function assessment includes shoulder ROM,
muscle strength, and hand grip strength. The QoL was
assessed by the Medical Outcomes Study Short-Form
(SF-36).

Limb volume measurement circumference measurements
of the extremity volume were done by using an inelastic
tape and were started only distal to the metacarpophalangeal
joints and measured at 4-cm stretches up to the arm until
the axilla base. A mean of two measurements was taken;
circumferential measurements intra- and inter-rater reli-
ability were ICC=0.998 and 0.997, respectively. Standard
errors of measurements were 0.13 cm (0.5%) for intra-rater
assessment and 0.17 cm (0.7%) for inter-rater assessment
of the forearm [25]. The extremity volume was estimated
depending on the frustum equation which yielded excellent
inter- and intra-observer reproducibility (0.97 and 0.98,
respectively) in comparison to water displacement [26], and
the excess limb volume (ELV) and percent of ELV were
calculated.

The VAS is a reliable scale (ICC=0.97). It was utilized
to measure tightness, heaviness, and pain severity; this scale
consists of a 100-mm line (10 cm), where a score zero indi-
cates no pain or discomfort, and a score of ten indicates
severe pain or discomfort [27].

The DASH was used to assess disorders and measure dis-
ability of the upper limb and monitor change and function
over time. The Arabic version of this questionnaire is con-
sidered a simple validated (r=0.94) and reliable (r=0.97)
assessment tool. The higher the scores, the higher the symp-
tom severity [28].

Digital goniometer is a reliable measurement (r>0.84)
used to assess active shoulder flexion and abduction ROM in
supine position with elbow extension, while external rotation
measurement was done in sitting position. All measurement
was conducted three times, and the mean of the three meas-
urements was recorded [29, 30].

A handheld dynamometer (J Tech Commender Mus-
cle Tester, Salt Lake City, UT, USA) has a good validity
(r=0.81); it was used to assess shoulder flexion, abduction,
and external rotation muscle strength in the lymph edema-
tous limb through maximum isometric muscle contraction
that was recorded in kilograms. All estimations were con-
ducted three times, and the mean of the three estimations
was recorded [31].

Hand grip strength was measured by the Saehan
“SH5001” hand dynamometer in kilograms. Measurement
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was conducted in the defined position by the American Soci-
ety of Hand Therapists. The measurement was conducted
three times with a 1-min interval, and the mean of the three
estimations was recorded. The inter-rater reliability of hand-
grip using the dynamometer was ICC =0.98 [32].

The SF-36 was utilized for evaluation of health-related
QoL. The inter-rater reliability was excellent (ICC=0.98)
and Cronbach alpha coefficient was 0.94. It includes physi-
cal functioning, role physical, general health, vitality, bodily
pain, mental health, role emotional, and social functioning
[33].

Statistical analysis

SPSS software for Windows, version 25.0 (Armonk, NY,
USA), was used to conduct the statistical analysis. It was
done in accordance to intention to treat analysis with mul-
tiple imputation models for the missing data from the
8 weeks after intervention. Calculation of means, standard
deviations, counts, and percentages for each group was done
prior to the study and after 8 weeks. Shapiro-Wilk’s test was
used for testing the normal distribution of data. Differences
of the combined outcome measures between both groups

Fig.1 CONSORT 2010 flow [

. Enrollment ]
diagram

were detected by 2-way mixed-model multivariate analyses
of variance (MANOVA). The F value was utilized according
to Wilks’ lambda, and when the MANOVA demonstrated
a statistical effect (p <0.05), post intervention univariate
ANOVAs were conducted by Bonferroni-adjusted p-values
to avoid potential type I error.

Results

The patients’ flow diagram through the trial is illustrated
in Fig. 1. Sixty participants met the inclusion criteria and
underwent pre-intervention evaluation at baseline. Tow par-
ticipants from the RE group were lost at week 8, and their
missing data were replaced with multiple imputation model.
The demographic data and clinical characteristics of partici-
pants are shown in Table 1.

The Shapiro-Wilks test for normality showed that the
measured variables were normally distributed (p > 0.05).
Two-way mixed design MANOVA was conducted to evalu-
ate the difference between patients in both groups in the
amount of change in their scores on the combined out-
come measures. Statistically significant multivariate effect
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Table 1 Baseline demographic and clinical characteristics of partici-

pants (N=60)

Characteristics Xbox Kinect ~ Resistance
group (n=30) exercise group
(n=30)

Age (years) 48.83+7.0 52.07+7.48
BMI (kg/m?) 28.4+4.81 30.57 +£4.99
Time since cancer diag. (years) 5.6+2.19 447+1.72
Number of lymph nodes removed 15.2+4.14 16.47+4.27
Affected arm (right/left)* 18/12 17/13
Stage of lymphedema (I/I/III)* 11/16/3 13/15/2
Adjuvant therapy, n (%)**

Radiotherapy 19 (63.33%) 18 (60%)

Chemotherapy 18 (60%) 19 (63.33%)

Hormone therapy 11 (36.67%) 14 (46.67%)
Comorbidities (n, %)**

0 4 (13.33%) 5 (16.67%)

1to3 20 (66.67%) 18 (60%)

More than 3 6 (20%) 7 (23.33%)
ELV (ml) 487.0+24.69 495.2+31.64
ELV (%) 2097+3.64  21.17+3.47
VAS-pain (mm) 71.33+1042 69.33+11.12
VAS-heaviness (mm) 77.33+7.85 73.33+9.94
VAS-tightness (mm) 75.67+10.73 74.33+9.71
DASH 37.6+£3.91 38.37+£4.39
Flexion ROM (deg.) 111.3+9.13  113.6+10.86
Abduction ROM (deg.) 92.57+4.75 92.1+7.81
External rotation ROM (deg.) 56.0+4.92 56.5+5.12
Flexion strength (kg) 5.33+0.88 52+1.32
Abduction strength (kg) 5.17+£1.05 5.13+£0.99
External rotation strength (kg) 5.37+1.07 53+1.13
Grip strength (kg) 19.03+2.34  18.7+2.28
Physical functioning 50.0+4.28 51.07+4.08
Role physical 51.27+3.71  50.53+3.51
Bodily pain 49.63+3.3 49.2+3.21
General health 52.33+344  51.57+3.5
Vitality 50.63+247  51.8+3.55
Social functioning 50.33+3.73  48.87+4.26
Role emotional 48.5+3.6 48.0+2.88
Mental health 47.83+3.69  47.73+3.05

BMI, body mass index; ELV, excessive limb volume; deg., degrees;
DASH, Disability of Arm, Shoulder, and Hand; VAS, visual analogue
scale; ROM, range of motion. Data are mean+SD, *counts, and
*¥percentage

was found for the main effects of groups, Wilk’s A=0.24,
F(21’38) =5.61, p<0.001, #2=0.76; for time, Wilk’s
A=0.002, Fi38= 854.35, p<0.001, #2=0.99; and for the
groups and time interaction, Wilk’s A=0.04, F; 35)=48.73,
p<0.001, n2=0.96.

Post intervention univariate ANOVAs demonstrate sta-
tistically significant change for ELV, F(; 55=1.44, p=0.24,

72 =0.02; for percentage of ELV, F(1,58)=0.12, p=0.73,
72 =0.002; for VAS-pain, F(I,SS) =102.0, p<0.001,
n2=0.64; for VAS-heaviness, F(1,53) =3.28, p=0.08,
n2=0.05; for VAS-tightness, F(1,53) =2.51, p=0.12,
n2=0.04; for DASH, F(Lsg) =15.4, p<0.001, #2=0.21; for
flexion ROM, F(l’jg) =64.1, p<0.001, 2=0.52; for abduc-
tion ROM, F(1’58)=224, p<0.001, #2=0.79; for external
rotation ROM, F 5= 68.9, p<0.001, #2=0.54; for flexion
strength, F s¢)=44.0, p<0.001, #2=0.43; for abduction
strength, F(; 55)=36.7, p<0.001, #2=0.39; for external
rotation strength, Fiis= 16.9, p<0.001, #2=0.23; for
handgrip strength, F; 55)=350.8, p<0.001, #2=0.47; for
physical functioning, F s¢y=2.78, p=0.1, #2=0.05; for
role physical, F(; 55)=0.47, p=0.5, n2=0.01; for bodily
pain, F(1’58)= 31.4, p<0.001, y2=0.35; for general health,
F158=97.7, p<0.001, n2=0.63; for vitality, F; 55)=205.0,
p<0.001, #2=0.78; for social functioning, F(I,SS) =2.07,
p=0.16, #2=0.03; for role emotional, F(I,SS) =0.64,
p=0.16, #2=0.01; and for mental health, F(1,58)= 1.55,
p=0.22,#2=0.03.

After 8 weeks of intervention, statistically significant dif-
ferences were recorded in VAS (pain intensity only); DASH
(»<0.001); ROM of shoulder flexion, abduction, external
rotation (p <0.001); and some domains in SF 36 scale as:
bodily pain (p =0.002), general health (p <0.001), and vital-
ity (p=0.006) in favor of the Xbox Kinect group. However,
there were statistically significant differences in strength of
shoulder flexion (p =0.002), abduction (p <0.001), exter-
nal rotation (p=0.004), and handgrip strength (p <0.001)
in favor of the RE group as in Table 2. Regarding effects
within each group, statistically significant improvements
were recorded in all measurements after the intervention
compared with that of the baseline in each group (p <0.001)
as in Table 3.

Discussion

This study was designed to compare the effects of Xbox
Kinect training and RE training on lymphedema symptom
severity as well as physical functioning and QoL in women
with BCRL. Our results showed a statistically significant
improvement in symptom severity (pain intensity (VAS)
and DASH scores), as well as physical functioning (ROM
of shoulder flexion, abduction, and external rotation), and
QoL (bodily pain, general health, and vitality) in favor of the
Xbox Kinect group. On the contrary, the RE group achieved
a statistically significant improvement in physical function-
ing as strength of shoulder flexion, abduction, and external
rotation and handgrip strength. No lymphedema exacerba-
tion or adverse effects were recorded during the study.

Fear of movement and pain in lymph edematous limb are
considered one of the main causes that participate in upper
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Table 2 Clinical characteristics

. ; Characteristics Xbox Kinect Resistance MD (95% CI) P value** Partial ;72

of participants in both groups group (n=30) exercise group

after 8 weeks of intervention (n=30)

(N=60)*
ELV (ml) 431.5+25.82 442.6+33.27 —11.1(=26.49,4.29) 0.15 0.04
ELV (%) 18.33+£3.58 18.6+3.64 -0.27 (—=2.13, 1.6) 0.77 0.001
VAS-pain (mm) 40.33+10.33 53.67+12.45 - 13.3(=19.3,-7.4) 0.0001 0.26
VAS-heaviness (mm) 55.67+7.28 54.33+11.65 1.33 (—3.69, 6.35) 0.6 0.01
VAS-tightness (mm) 60.0+9.1 61.67+10.85 —-1.67(—6.84,3.51) 0.52 0.01
DASH 22.9+3.07 27.1+£5.22 —-42(—6.41,—1.99) 0.0004 0.2
Flexion ROM (deg.) 139.0+9.33  126.0+8.78 13.0 (8.32, 17.68) 0.0001 0.35
Abduction ROM (deg.) 123.3+7.59 102.1+8.32 21.17 (17.05,25.29)  0.0001 0.65
ER ROM (deg.) 75.03+£4.92  66.1+£5.87 8.93 (6.14, 11.73) 0.0001 0.41
Flexion strength (kg) 6.55+1.28 7.55+1.15 —-1.0(—1.63,-0.37) 0.002 0.15
Abduction strength (kg) 6.6+0.89 757+1.17 -0.97 (- 1.51,—0.43) 0.0007 0.18
ER strength (kg) 6.97+0.89 7.7+0.89 -0.73 (- 1.22,—-0.25) 0.004 0.14
Grip strength (kg) 19.9+2.47 22.67+2.87 —2.77 (—4.15,—1.38) 0.0002 0.22
Physical functioning 64.7+4.61 63.83+5.89 0.87 (—1.87, 3.6) 0.53 0.01
Role physical 62.7+3.83 62.6+4.41 0.1 (—2.04,2.24) 0.93 0.001
Bodily pain 55.73+£3.64 52.67+3.84 3.07 (1.14,5.0) 0.002 0.15
General health 58.4+3.99 54.9+3.32 35(.61,54) 0.0005 0.19
Vitality 55.67+2.58 53.5+3.29 2.17 (0.64, 3.7) 0.006 0.12
Social functioning 53.1+3.28 51.27+4.16 1.83 (=0.1,3.77) 0.06 0.06
Role emotional 51.43+399 51.17+3.43 0.27 (- 1.66, 2.19) 0.78 0.001
Mental health 52.37+3.74 51.93+3.49 0.43 (—1.44,2.3) 0.64 0.004

ELV, excessive limb volume; DASH, Disability of Arm, Shoulder, and Hand; VAS, visual analogue scale;
ROM, range of motion; deg., degrees; ER, external rotation; MD, mean difference; p, probability value;
ClI, confidence interval. *Data are mean+SD, P-value <0.05 indicate statistical significance. **P-value
adjusted for multiple comparisons: Bonferroni

limb dysfunction and limitation of ROM [2]. In this trial, the
results showed the decrease in pain intensity (VAS) and sig-
nificant improvement in shoulder ROM in the Xbox Kinect
group. A possible explanation for this might be that one
of the several advantages of the VR is the games of Xbox
Kinect which have the simplicity in interaction and the abil-
ity of pain distraction which in turn enable and encourage
the patients to participate and perform more normal motion
[34-36]. This study coincides with Chirico et al. [37] about
the efficacy and ability of VR to transfer the participant to a
different world that captures the participant’s attention with
less awareness of pain signal process; hence, the study sup-
poses that most of participants’ concentration and interest
were on the selected screenplay path, which introduced emo-
tions of jocosity and excitation.

The participants accomplished an average of 139° shoul-
der flexion ROM using Xbox Kinect, which equaled or
exceeded the reported shoulder ROM for hand combing
(75-102°) and high extension (111-142°). [38] In spite of
the fact that the utilization of Xbox Kinect does not sym-
bolize training for a particular task, this trial can afford
objective data of the gaming needs of Kinect, and stimu-
late ROM similar to that required for prevalent functional

@ Springer

assignments. Women with BCRL might exhibit diminishing
in their activities of daily living at home and work environ-
ment; also, their social activities are restricted considering
diminished confidence [2, 3] In this study, the improvement
in the activities of daily living regarding the DASH scores
in the Xbox Kinect group is in line with other studies [10,
19-21, 39], as the Xbox Kinect training affords enriched and
more entertaining and competitive environment that breaks
the barrier of movement scare and allows participants to be
interested in engaging in many video games and interacting
with the system in a 3D environment, where they perform
multiple movement combinations without the need of an
attached device or a controller [15-18].

Moreover, the participants wished to continue, although
finishing the training, reflecting the prominent role of VR in
proceeding to the rehabilitation easily, achieving the target
outcomes and improving activities of daily living which in
turn improve general health and arm disability. According
to our knowledge, no experiments have been evaluating the
effect of VR in the management of BCRL. However, Kinect-
based VR might be preferred over other modalities due to
its effect in increasing upper extremity function, activity
performance, and shoulder ROM, as in burn [14], breast
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Table 3 Pairwise comparisons

Outcomes Xbox Kinect group (n=30) Resistance exercise group (n=30)
for each group pre and after
8 weeks* Change from baseline to 8 weeks Change from baseline to 8 weeks
MD (95% CI) P value MD (95% CI) P value

ELV (ml) 55.5 (52.15, 58.85) <0.0001 52.67 (49.32, 56.01) <0.0001
ELV (%) 2.63 (2.36,2.91) <0.0001 2.57 (2.29,2.84) <0.0001
VAS-pain (mm) 31.0 (28.85, 33.15) <0.0001 15.67 (13.52, 17.82) <0.0001
VAS-heaviness (mm) 21.67 (19.58, 23.75) <0.0001 19.0(16.92, 21.08) <0.0001
VAS-tightness (mm) 15.67 (12.98, 18.35) <0.0001 12.67 (9.98, 15.35) <0.0001
DASH 14.7 (13.46, 15.94) <0.0001 11.27 (10.03, 12.5) <0.0001
Flexion ROM (deg.) —27.73 (—30.44,-25.03) <0.0001 —12.43(—15.14,—-9.73) <0.0001
Abduction ROM (deg.)  —30.73 (—32.69,—28.77) <0.0001 —10.03 (—11.99,—-8.07) <0.0001
ER ROM (deg.) —19.03 (—20.64,—17.42) <0.0001 —-9.6(—11.21,-7.99) <0.0001
Flexion strength (kg) —1.22 (—1.46,—-0.98) <0.0001 —2.35(—2.59,-2.11) <0.0001
Abduction strength (kg) —1.43 (—1.67,—1.2) <0.0001 —2.43(-2.67,—2.2) <0.0001
ER strength (kg) —1.6 (—1.88,—1.33) <0.0001 —2.4(-2.68,—-2.13) <0.0001
Grip strength (kg) —0.87 (—1.48,—-0.25) <0.007 —3.97 (—4.58,—-3.35) <0.0001
Physical Functioning —14.7 (- 16.34,—13.06) <0.0001 —12.77 (—14.41,—11.13)  <0.0001
Role physical —11.43 (—12.75,—10.12) <0.0001 —12.07 (—13.38,—10.76) <0.0001
Bodily pain —6.1 (—6.76,—5.44) <0.0001 —3.47 (—4.13,—2.80) <0.0001
General health —6.07 (—6.46,—5.68) <0.0001 —3.33(-3.73,-2.94) <0.0001
Vitality —5.03 (=5.36,—4.7) <0.0001 —-1.7(=2.03,—-1.37) <0.0001
Social functioning —2.77(=3.13,-241) <0.0001 —2.4(-2.76,—-2.04) <0.0001
Role emotional —2.93(=3.35,-2.52) <0.0001 —3.17 (—3.58,-2.75) <0.0001
Mental health —4.53 (—4.91,-4.16) <0.0001 —4.2(—-4.58,—-3.82) <0.0001

ELV, excessive limb volume; DASH, Disability of Arm, Shoulder, and Hand; VAS, visual analogue scale;
ROM, range of motion; deg., degrees; ER, external rotation; MD, mean difference; p, probability value; CI,
confidence interval. *Data are mean + SD, P-value <0.05 indicate statistical significance

cancer patients [15, 16], neurodegenerative disorders [17],
and hemiplegia [18].

Women in the Xbox Kinect group demonstrated higher
statistical improvement of QoL for bodily pain, general
health, and vitality, compared to the other groups. This study
reported that the Xbox Kinect is a therapy that participates
in the diminishing of symptom severity and improvement of
physical function which are translated into improvement in
different domains of QoL ; more studies are needed to exam-
ine this hypothesis. Consistent with previous research (15,
34-36), VR could ameliorate the emotional, cognitive, and
physical health of cancer patients. Also, VR interventions
demonstrated significant management of several cancer-
related symptoms including fatigue, nervousness, pain, and
psychological dysfunctions.

The RE group achieved higher statistical results only in
muscle strength, and this result may be explained by the fact
that RE induces large physiological changes inside skeletal
muscles involving contractile and/or non-contractile compo-
nents of the muscles. During mechanical stress, disturbance
of myofibers and extracellular matrix occurs causing stimu-
lation of protein synthesis, which in turn induces muscle
growth through increasing the number of sarcomeres leading

to increment of both pennation angle and fascicle length, and
hence muscle enlargement [40].

Results from this trial shows that both groups decrease
BCRL symptom severity and these are lined with other stud-
ies that have used various types of physical exercise [22,
41-43]. Another perspective worth noting is the exercise fre-
quency in these trials [22, 41-43] that included nearly daily
exercise sessions or only 5 weekly sessions as in this study;
subsequently, the exercises’ frequency instead of the length
of an exercise session or mode of exercise is a significant
factor to be considered during planning exercise rehabilita-
tion programs for patients with BCRL.

The fundamental mechanisms behind the utilization of
exercise training and decongestive physiotherapy to diminish
lymphedema size and severity are obscure; exercising can
induce muscle pumping action of venous and lymphatic fluid
and lymphatic vessel constriction which in turn increases
lymphatic drainage and venous return; additionally, stretch-
ing exercises keep the muscles flexible, minimize tissue
contracture, and subsequently reduce occlusion of blood
and lymphatic vessels [24, 44], and diminish the pressure
on free nerve endings with consequent amelioration of pain
sensation and tightness of neighboring tissues [44]. Utilizing
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a pressure garment with exercises makes counterforce that
assists in lymphatic drainage and minimizes capillary per-
meability influenced by vascular tension [45].

Explanation of the results must take into consideration
many limitations; the fundamental constraint of this trial was
absence of control group that would have permitted evalua-
tion of expected bias because of accompanying lymphedema
intervention impacts. The generally little sample size pro-
hibits sub-group analyses needed to analyze if the reaction
to the exercises varied by lymphedema severity. The lack
of blinding during exercise sessions is another limitation of
this study. Moreover, assessment of extremity volume via
circumference technique only is also another restriction;
nonetheless, it could not identify alterations in intra/extra-
cellular tissue fluid as a result of intervention; hence, further
studies, with different non-invasive assessment modalities,
are recommended.

Conclusion

The Xbox Kinect revealed higher significant improvements
in pain intensity and shoulder ROM, and hence improved the
patients’ activities of daily living and QoL and motivated
more social and activity interaction. The Xbox Kinect is
a new efficient and encouraging intervention modality that
should be introduced in the rehabilitation program. The
results of this study suggest that at least in the clinical set-
ting, the prescription of exercise mode can be individualized
toward improving specific physiological concerns, without
adversely affecting lymphedema.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00520-021-06559-1.
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