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Abstract

Objective: To compare the strength of the middle deltoid muscle by means of dynamometry and the Shoulder
Pain and Disability Index (SPADI) in participants in treatment for cancer after the practice of an exergaming
protocol.

Materials and Methods: We conducted a randomized controlled clinical trial. Thirty-eight voluntary partici-
pants were divided into two groups: cancer group (n=19; age=61.46+8.79 years; body mass index [BMI]=
28.36+4.94kg/m>) and control group (n=19; age=57.62+7.57 years; BMI=28.06+3.74kg/m’), and they
participated in the study. All participants performed an exergame protocol by using Xbox 360 Kinect® (Mi-
crosoft, Redmond) with the game Your Shape Fitness Evolved 2012 two to three times per week for 20 sessions.
They were evaluated through the isometric dynamometer in the middle deltoid muscle and the SPADI at three
moments: preintervention (EV1), after 10 sessions (EV2), and after 20 sessions (EV3).

Results: The cancer group scored higher on both the disability index, in all three evaluations, and the pain
index, in EV2 and EV3, when compared with the control group. There was a significant reduction in the
disability score in EV2 and EV3 when compared with EV1 in the cancer group, whereas pain was lower in EV2
and EV3 when compared with EV1 in the control group. There were no significant interevaluation or intergroup
differences in the maximal isometric voluntary contraction of the deltoid muscle of both upper limbs.
Conclusion: At the end of the exergaming, protocol reduced the disability of the shoulder joint of the cancer
group and decreased the differences between the groups for disability and pain scores, without changing
isometric force.
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Introduction

C ANCER IS THE third leading cause of death in developing
countries." Fatigue is the most prevalent side effect of
cancer treatment.>> This symptom prevails from the begin-
ning to the end of the treatment, persisting for years and
negatively influencing quality of life.*” Cancer-related fa-
tigue (CRF), according to the National Comprehensive
Cancer Network, ““is a distressing, persistent and subjective
sense of physical, emotional, and/or cognitive tiredness or
exhaustion related to cancer or cancer treatment that is not
proportional the recent activity performed and interferes with
usual functioning.”® This condition affects cognitive abili-
ties, characterized by reduced motivational levels, interest,
attention, and concentration, as well as memory loss,5 leading
to the impairment of physical performance.”

CRF is divided into central fatigue and peripheral fatigue.
Central fatigue is characterized by failure of the central
nervous system to transmit neuromotor impulses, such that
the muscle does not reach its maximum capacity of voluntary
contraction.”® Peripheral fatigue occurs under conditions of
excessive physical exertion, compromising the muscle ex-
citation—contraction mechanism® and altering the propaga-
tion of the action potential and excitability of the muscular
membrane.” These factors result in a low voluntary capacity
to produce strength to power the muscle,”® reducing the
muscle’s ability to perform motor tasks.

Associated with treatments such as chemotherapy and
radiotherapy, fatigue symptoms have a prevalence of up to
96% among patients being treated for cancer.’ These treat-
ment modalities may include other short- and long-term
complications, such as a reduction of the shoulder function,
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an increase in pain, a decrease in range of motion, numbness,
and strength of the muscle.” The surgical procedures may
cause an accessory spinal nerve injury, with a consequent
shoulder dysfunction, especially in the upper limb abduction
movement.'” In cancer patients, sensory and motor impair-
ments were observed, which affect the nerve impulse con-
duction velocity,'" resulting in loss of muscle strength.'?
Thus, these conditions may compromise the shoulder ability
to perform daily life activities, especially caused by the de-
cline of the middle deltoid muscle force, which has increased
its activation in the first 90° of shoulder abduction.'? Thus,
the shoulder joint morbidity can remain for up to 6 years after
the surgery, compromising the daily living activities, in-
cluding the ability to return to work.'*'> Considering its
prevalence in people with cancer, many health professionals
seek to understand and develop safe and effective techniques
to reduce these symptoms.'”

The main treatment techniques for CRF complaints are
psychotherapy, physiotherapy, nutritional adequacy, therapy
for sleep disturbances, and pharmacological treatments."
Physical exercise can reduce the intensity of this symptom,
with relief being proportional to the volume of weekly
practice.'”'® Physical exercise programs improve physical
fitness, quality of life, aerobic capacity, muscular strength,
depression, and well-being'®° The American College of
Sports Medicine recommends that, to apply exercise safely
to cancer patients, exercise intensity should start low and
increase according to the individual’s ability.*

Exergaming, which is exercising through videogames,
requires attention and motivation, promotes a sense of ac-
complishment, and, being pleasurable, contributes to adher-
ence to treatment.”! Exergaming can reproduce the practice
of light- to moderate-intensity physical activity when used
with combined whole-body movements.”> Therefore, ex-
ergaming is a viable alternative for the treatment of CRF."”
The aim of this study was to determine the effects of ex-
ergaming on the production of strength in the middle deltoid
muscle and on functionality and pain in shoulder joints of
cancer patients.

Materials and Methods
Study design

This is a controlled, quasi-experimental study conducted
between January 2015 and October 2016. The study was
approved by the Research Ethics Committee of the
Federal University of Alfenas (Protocol no. or CAAE no.
51644515.7.0000.5142) and registered in the Registration
Platform of Clinical Trials (RBR9t48g5). All volunteers
were informed of the procedures involved in the study; on
their agreement to participate, they signed the informed
consent form.

Participants

The sample used in this study is part of the larger study,
dealing with effects of exergaming in CRF in the quality of
life and electromyography of the middle deltoid of people
with cancer in treatment: a controlled trial.>® In that study,
quality of life data and middle deltoid muscle electromy-
ography of cancer patients were analyzed. In this study,
the maximal voluntary isometric contraction (MVIC) of
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the middle deltoid muscle and disability and pain data, as
measured through the Shoulder Pain and Disability Index
(SPADI), are presented.

The inclusion criteria for the cancer group were: patients
between 18 and 80 years old with a good ability to under-
stand the evaluation and training methods, clinical diagnosis
of any type of cancer in stage O to III, who had or had not
undergone radiotherapy or chemotherapy, and who obtained
medical release for the practice of physical activity. The
inclusion criteria were the same for the control group, except
for the cancer diagnosis and treatment.

The exclusion criteria were as follows: presence of or-
thopedic lesion in the shoulder with signs and symptoms
active in the past 6 months, presence of nerve damage that
impairs upper limb motility, reduced limb activity that pre-
vents participation in the exergaming protocol, presence of
infectious disease, presence of cutaneous lesions that make
evaluation impossible, incapable of voluntary movement of
the upper limbs, and incapable of performing isotonic exer-
cises. Those who, for any reason, refused to sign the free and
informed consent form were also excluded.

Assessment procedures

All evaluations and trainings were carried out by the same
evaluator at the Human Movement Analysis Laboratory of
the Federal University of Alfenas—Minas Gerais (LAM-
Unifal-MG). A preliminary evaluation was carried out via a
sociodemographic and clinical questionnaire. Then, an in-
spection and palpation were performed on the upper limb,
anterior trunk, and posterior trunk to observe any changes,
such as hyperemia, cyanosis, spots, fibrosis, feverish state, or
any other dermal alteration.

MVIC was obtained by an EMG System® model 830c
(EMG System, Sao José dos Campos, Sao Paulo, Brazil),
which was equipped with a load cell with a total capacity of
200 kgf. For the analysis, three maximal isometric contrac-
tions were performed, with a duration of 60 seconds for each
contraction and a rest period of 5 minutes between each
task.? Before the test, the evaluator issued a statement to all
the volunteers to instruct them both verbally and visually
regarding the proper way to perform the test.

Each volunteer was placed in a seated position in a rigid
chair, with the back supported on the backrest, with the upper
limb to be tested in an abduction of ~90°, aligned with the
trunk, a position in which the middle deltoid muscle has great
activation."® All were given the same incentive to perform
abduction of the shoulder against the load cell, sustaining
maximum force throughout the test for 60 seconds. The
volunteer was verbally encouraged to achieve maximum
strength with the phrase, ‘‘Strength, strength, strength....”
The test was ended if the volunteer could not keep MVIC for
60 seconds after the beginning of the test.**

For the MVIC analysis, the first five and the last five
seconds were excluded to minimize the effect of the verbal
encouragement until isometric contraction was reached,
obtaining a 50-second test interval. The mean of the three
trials was considered an estimate of the MVIC.?> For this
analysis, researchers used the EMGLab v.1 software (EMG
System do Brazil).

To evaluate participants’ pain level and functionality,
the SPADI questionnaire, translated and adapted into the
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Portuguese language,”® was used. The questionnaire con-
sists of 13 questions, 8 on disability and 5 on pain, in which
the patients are asked to rate the difficulty level, from O to
10, they faced when performing 10 activities during the
previous week. After completing the questionnaire, the
score for each domain (disability and pain) is given in a
percentage, such that the higher its value, the greater the
pain and dysfunction.?®

After the first evaluation, participants completed ten ex-
ergaming sessions, followed by a second evaluation. Then
came another ten sessions of the proposed exergaming pro-
tocol, and, finally, a third evaluation using the same evalu-
ation instruments.

Exergaming protocol

The exergaming protocol was performed in the Human
Movement Analysis Laboratory of the Federal University of
Alfenas (LAM), which is equipped with eight 42-inch LED
TVs and XBox360 Kinect consoles (Microsoft). The study
used the game Your Shape Fitness Evolved 2012 (Ubisoft,
Canada). The two groups participated in exergaming sessions.
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The practice of exergaming not only sought to follow the
recommendations proposed by the American College of Sports
Medicine for physical exercise prescription in cancer patients,
who require 150 minutes of moderate-intensity exercise, 75
minutes of vigorous exercise, or an equivalent combination of
both, per week, but also sought to meet the individual needs of
each patient.”’

The chosen games within Your Shape Fitness Evolved
2012 were Wall Breaker, Stomp It, and Run the World. The
game Wall Breaker has the objectives of improved coordi-
nation, agility, and velocity of breaking blocks with the
upper limbs. Players are scored as a function of execution
time: The faster the execution, the higher the score. The
objective of Stomp It is to step on the lights that appear
around the patient by performing anterior and lateral
movements of the lower limbs, adjusting the position of the
arms during the movements of the lower limbs, to remain in
orthostatic postural balance. This game has the objective to
improved coordination, agility. The game Run the World,
which simulates distance walking of 400 m, had its condi-
tion determined by the game, performing knee and hip
flexion movements. The objective of this game is to promote
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improved cardiovascular fitness and well-being. This game
was added to increase workload and minimize any possible
disinterest of the participants.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) (IBM
Corp., Chicago), version 20.0 was used for statistical anal-
ysis of the data. The variables were analyzed by means of the
intention-to-treat method, illustrated in the flow chart of the
study design shown in Figure 1. Initially, the data were an-
alyzed by using descriptive statistical methods, obtaining the
values of the mean, standard deviation, and confidence in-
tervals. Then, all datasets were tested for normality by using
the Kolmogorov—Smirnov test, with significance set at
P<0.05. To analyze differences in the variables age and
body mass index (BMI), a one-way analysis of variance
(ANOVA) was used.

The effect of the intervention was compared between the
groups by means of an ANOVA two-way repeated measures
model. The ANOVA was submitted to Mauchly’s sphericity
test. In cases of sphericity violation Huynh—Feldt correction
was adopted. The post hoc Bonferroni test was used to
compare inter- and intragroup analysis. A significance level
of 5% was set for all variables.

The effect size was calculated by using G* Power soft-
ware, v. 3.1.7 (Franz Faul, Universitit Kiel, Germany). To
calculate the effect size in ANOVA, f2 Cohen was used and
values from 0.02 to 0.15 (small effect), 0.15 to 0.35 (median
effect), and above 0.35 (large effect) were adopted. For the
sample power, values above 0.80 were considered as having
high power, and a significance level of o=0.05 was applied.

Results

The sociodemographic and clinical characteristics of the
sample of this study are presented in Table 1. The one-way
ANOVA revealed no significant differences between the
groups with respect to age and BMI. A chi-square test re-
vealed no significant differences with respect to sex
(P=0.426) and physical activity (P=0.721).

The shoulder disability and pain scores are shown in
Table 2. The cancer group obtained higher score values than
the control did during all evaluations for the disability index
and in the two last evaluations for the pain index. Therefore,
the highest SPADI scores in the cancer group may be linked
to the current cancer treatment.

With the exergaming intervention in the cancer group,
there was a significant reduction in disability observed in
the SPADI questionnaire scores between the assessments.
The exergaming protocol did not reduce the level of pain by the
SPADI questionnaire in the cancer group, whereas there was a
significant reduction in the level of pain in the control group.

Table 3 shows the means and standard deviations of
the maximal voluntary isometric contraction (MVIC) of the
medial deltoid muscle on both sides at each evaluation.
There were no significant differences between the evalua-
tions or between the two groups.

Discussion

The SPADI questionnaire, which has been validated for
the Portuguese language,>® is widely used to assess function
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TABLE 1. Soc10-DEMOGRAPHIC CHARACTERISTICS
OF STUDY PARTICIPANTS

Cancer Control
group group
Characteristics (n=19) (n=19) P
Age (years) 61.46+8.79 57.62+7.57 0.301
Body mass index 28.36£4.94 28.06+3.74 0.844
Sex
Male (%) 15.79 (n=3) 26.32 (n=5) 0.426
Female (%) 84.21 (n=16) 73.68 (n=14)
Cancer diagnosis 49.78+£39.40
(months)
Performs physical 26.32 (n=5) 31.58 (n=6) 0.721
activity (%)
Smoking (%) 0 10.52 (n=2)
Alcoholism (%) 0 5.26 (n=1)
Cancer diagnosis site (%)
Gastrointestinal 10.52 (n=2)
tract
Breast 47.37 (n=9)
Abdomino-pelvic 526 (n=1)
Ovary 10.52 (n=2)
Uterus 10.52 (n=2)
Prostate 10.52 (n=2)
Oropharynx 10.52 (n=2)
Stage (%)
0 0
I 15.79 (n=3)
I 4737 (n=9)
11 10.52 (n=2)
v 0
No data 26.32 (n=5)
Chemotherapeutic drug (%)
Antibiotics 11.1 (n=1)
Platinum 222 (n=2)
Taxanes 66.7 (n=06)
Types of treatment performed (%)
Just surgery 5.26 (n=1)
Just chemotherapy 0
Just radiotherapy  10.52 (n=2)
Surgery and 21.05 (n=4)
chemotherapy
Surgery and 526 (n=1)
radiotherapy
Chemotherapy 526 (n=1)
and radiotherapy
All 52.65 (n=10)
Mean *standard deviation; %, percentages; n, number of

members.

and pain in the shoulder joint in patients with various con-
ditions, such as acute pain in the shoulder joint,?’ resection
of head and neck cancer,w’28 mastectomies,g’29 and frozen
shoulder.*

The volunteers in the cancer group had no clinical diag-
nosis of injury to the shoulder joint, but they presented higher
SPADI scores than the control group, which suggests greater
disability and pain for the former. Scores obtained by the
cancer group resemble clinical shoulder lesions such as
subacromial impact syndrome, rotator cuff tendinopathies,
and frozen shoulder syndrome.w_32 In this study, there was
an incidence of 47.37% breast cancer, and 84.20% of these
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TABLE 2. COMPARATIVE ANALYSIS OF SCORES (MEAN = STANDARD DEVIATION) OBTAINED IN THE SHOULDER PAIN
AND DISABILITY INDEX QUESTIONNAIRE OF CANCER AND CONTROL GROUPS AT THE MOMENT OF EVALUATION

ANOVA-P
Variable Groups EVI EV2 EV3 G*EV  Evaluation Group ES
SPADI dis  Cancer 28.25+21.80* 17.22+18.76"> 18.48+20.91® 0.003 0.009 0.001 0.628
Control ~ 3.68%5.45 4.34+7.01 4.34+7.01 F=7.670 F=5969 F=14.175
SPADI pain  Cancer 33.78+33.87 28.10+27.78"  28.84+32.34% 0.853 0.176 0.002 0.571
Control ~ 8.52+12.12 5.36+8.32° 5.36+8.32° F=0.127 F=1816 F=11.775

“In the same column represents statistical difference intergroups.
"In the same row represents statistical difference intragroups by Bonferroni test.
ANOVA, analysis of variance; ES, effect size; EV, evaluation; G*EV, interaction groups and evaluations; SPADI, Shoulder Pain and

Disability Index; SPADI dis., SPADI disability.

patients had undergone some surgery; similar scores have
been found in post-mastectomy patients in the immediate
postoperative period.”” Therefore, the results suggest that
even without any type of diagnosed lesion, there may be
functional impairment of the shoulder joint.

Mastectomy has physical and functional repercussions for
this population, such as loss of strength, decreased limb
movement capacity, and decreased function.?*** In addition,
higher levels of pain are associated with the surgical proce-
dure and with treatments such as chemotherapy and radio-
therapy.** Therefore, the highest SPADI scores in the cancer
group may be linked to current treatment strategies. Thus,
this study reinforces the need to pay more attention to the
general conditions of this population.

Another possible cause of shoulder dysfunction may be
surgical procedures given as treatment for neck and head
cancers, as these may lead to injury to the accessory spinal
nerve, generating dysfunction in this region, including with
the movement of abduction.'® These cancer patients had the
highest SPADI scores.*®

Another hypothesis for why SPADI scores are higher in
this population is an apparent lack of motivation and in-
creased perception of effort, which could be associated with
psychosocial factors, such as avoidance and catastrophizing
pain.*® This suggests that in volunteers with cancer, vol-
unteers’ belief that they are less able to perform actions,
such as raising their arm to perform activities or carry-
ing heavy objects, could interfere with their performance
during the questionnaire-based evaluation, even when no
MIVC changes are found through isometric dynamometer.
This condition has been described in the literature: The
highest SPADI scores for pain and disability were ob-
served in patients with chronic shoulder pain, and the fact

that isokinetic strength had not changed was not related
to the scores obtained in the questionnaire.*®

The exergaming protocol used was able to reduce the
disability subscale scores in the cancer group, although they
have not yet reached levels similar to those of the control
group. Other studies have also demonstrated a reduction in
SPADI scores after the conventional exercises. %%’ Also,
exergaming proved to be an effective treatment for some
types of shoulder joint dysfunction, such as impact syn-
drome and joint pain, when compared with conventional
treatment.®’ Shoulder pain in healthy individuals is com-
mon, occurring in at least one in three people at some point
in their life,*® and underdiagnosis of lesions may also occur.
The protocol proposed in this study may not have been en-
ough to significantly reduce the levels of referred pain in
shoulders of the cancer group. A possible explanation for
this apparent absence of modification in pain perception in
the cancer group may be chemotherapy-induced neuropathy
and central sensitization mechanisms,39 although we have
not evaluated these.

Peripheral neuropathy induced by chemotherapy occurs
in ~68% of patients undergoing chemotherapy after the end
of treatment and may be present in almost 30% of individ-
uals 6 months after completion of treatment, com&)romising
their quality of life and functional activities.*® Another
possible explanation is central sensitization, manifested by
increased responsiveness of nociceptive neurons in the
central nervous system. In this case, natural, healthy
movement that is not threatening can be perceived as
threatening, enhancing the individual’s pain experience.*
The absence of modified pain levels in the cancer group may
also reflect psychosocial influences (such as avoidance of
fear, catastrophic pain), which may cause the development

TABLE 3. COMPARATIVE ANALYSIS OF MAXIMAL ISOMETRIC VOLUNTARY CONTRACTION VALUES (KGF)
(MEAN = STANDARD DEVIATION) OF THE MIDDLE DELTOID MUSCLES IN THE CANCER AND CONTROL GROUPS
AT THE MOMENT OF EVALUATION

Member Groups EVI EV2 EV3 G*EV Evaluation Group ES

R Cancer 2.74+1.07 2.88+1.03 2.59+£0.99 0.632 0.256 0.107 0.276
Control 3.27+1.09 3.25+£0.89 3.16£0.88 F=0.462 F=1.387 F=2734

L Cancer 2.58+1.06 2.50+1.06 2.60+£1.07 0.770 0.834 0.350 0.156
Control 291+1.27 2.88+1.15 2.85+1.11 F=0.174 F=0.108 F=0.350

L, left; R, right.
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and maintenance of pain sensitization.® Therefore, it is
necessary to be aware of these factors to approach the
treatment of shoulder dysfunction more successfully.

Commonly, patients undergoing chemotherapy and/or
radiotherapy show reduced muscle strength when compared
with healthy patients.'* Individuals who undergo treatment
for breast cancer show loss of strength in the muscles in
the shoulder joint,** as well as negative effects from the
treatment of cancer in the head or neck.'® However, a study
analyzing cancer patients with or without CRF found that
muscle strength in the biceps brachii did not change in cases
where fatigue was present,*® corroborating our findings for
the deltoid muscle. In our study, both groups demonstrated
similar values for isometric strength, though the heteroge-
neity of the types of cancer may have influenced the results.

Muscle strength production correlates with sex, being
higher in males. With advancing age, both groups did not show
differences in MVIC. Patients with cancer previously treated
with chemotherapy and then with radiotherapy, when par-
ticipating in a progressive resistance training program, in-
creased their capacity in the muscles of the upper limbs to
generate force.*' Due to the lack of resistance during exercise,
exergaming does not compensate for the loss of strength that
occurs during the period of chemotherapy and/or radiotherapy.

This study has some limitations. First, we have not con-
trolled for the possible etiology of the fatigue symptom, such
as changes in hematological factors. Second, because this
study did not take place in a cancer referral center, it was
very difficult to obtain a satisfactory sample, which could
have influenced the results. This explains the heterogeneity
of the cancers obtained in the cancer group, as well as the
types of treatment performed on these volunteers. In addi-
tion, an analysis of the intensity of physical activity during
the exergaming practice could have been used to monitor
volunteers’ responses to the effort. Future studies will be
needed to better elucidate these still obscure issues.

Conclusion

The differences initially found in shoulder joint dysfunc-
tion in the cancer group were reduced after the exergaming
intervention protocol. However, after the intervention, there
were no significant changes in the perceived pain level in the
shoulder joint of the cancer group. The production of iso-
metric muscle strength of the middle deltoid muscle was
similar between groups, remaining unchanged after the
performance of the proposed protocol.
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