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Abstract

Background: Breast cancer survivors suffer physical impairment after oncology treatment. This impairment
reduces quality of life (QoL) and increase the prevalence of handicaps associated to unhealthy lifestyle
(for example, decreased aerobic capacity and strength, weight gain, and fatigue). Recent work has shown that
exercise adapted to individual characteristics of patients is related to improved overall and disease-free survival.
Nowadays, technological support using telerehabilitation systems is a promising strategy with great advantage
of a quick and efficient contact with the health professional. It is not known the role of telerehabilitation
through therapeutic exercise as a support tool to implement an active lifestyle which has been shown as an
effective resource to improve fitness and reduce musculoskeletal disorders of these women.

Methods / Design: This study will use a two-arm, assessor blinded, parallel randomized controlled trial design.
People will be eligible if: their diagnosis is of stages I, II, or IIIA breast cancer; they are without chronic disease or
orthopedic issues that would interfere with ability to participate in a physical activity program; they had access
to the Internet and basic knowledge of computer use or living with a relative who has this knowledge; they had
completed adjuvant therapy except for hormone therapy and not have a history of cancer recurrence; and they
have an interest in improving lifestyle. Participants will be randomized into e-CUIDATE or usual care groups.
E-CUIDATE give participants access to a range of contents: planning exercise arranged in series with breathing
exercises, mobility, strength, and stretching. All of these exercises will be assigned to women in the
telerehabilitation group according to perceived needs. The control group will be asked to maintain their usual
routine. Study endpoints will be assessed after 8 weeks (immediate effects) and after 6 months. The primary
outcome will be QoL measured by The European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 version 3.0 and breast module called The European Organization for Research and
Treatment of Cancer Breast Cancer-Specific Quality of Life questionnaire. The secondary outcomes: pain
(algometry, Visual Analogue Scale, Brief Pain Inventory short form); body composition; physical measurement
(abdominal test, handgrip strength, back muscle strength, and multiple sit-to-stand test); cardiorespiratory
fitness (International Fitness Scale, 6-minute walk test, International Physical Activity Questionnaire-Short Form);
fatigue (Piper Fatigue Scale and Borg Fatigue Scale); anxiety and depression (Hospital Anxiety and Depression
Scale); cognitive function (Trail Making Test and Auditory Consonant Trigram); accelerometry; lymphedema; and
anthropometric perimeters.
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Discussion: This study investigates the feasibility and effectiveness of a telerehabilitation system during
adjuvant treatment of patients with breast cancer. If this treatment option is effective, telehealth systems could
offer a choice of supportive care to cancer patients during the survivorship phase.

Trial registration: ClinicalTrials.gov Identifier: NCT01801527

Keywords: Breast, Neoplasm, Telerehabilitation, Exercise
Background
Approximately 4.4 million women worldwide live with
a diagnosis of breast cancer [1]. Developments in
screening and improved treatments for breast cancer
have led to improved survival [2,3]. Cancer is increas-
ingly viewed as a chronic disease and therefore there is
a growing need for long-term treatments [4,5]. Breast
cancer survivors suffer physical impairment after on-
cology treatment [6,7]. This impairment reduces qual-
ity of life (QoL) and increases the prevalence of
conditions associated with an unhealthy lifestyle (for
example, decreased aerobic capacity and strength,
weight gain, and fatigue) [8]. The reduction of range of
movement in the neck/shoulder complex and chronic
pain in the neck/shoulder complex are the most pre-
valent musculoskeletal dysfunction associated with
oncology treatment [9,10].
There is evidence that physical activity is effective in

the primary and secondary prevention of chronic dis-
eases [11]. There is increasing evidence that patients
with cancers such as breast, colon, prostate cancer, and
hematological malignancies may benefit from physical
exercise programs in terms of improvement in fitness
levels, physical activity, and health-related quality of
life (HRQoL) [4]. In fact, many previous studies, such
as observational studies [12] and randomized con-
trolled trials [13], have assessed the effects of physical
activity on treatment-related symptoms and recovery
outcomes. For this reason, physical activity has become
an aim of cancer recovery research for breast cancer
patients [14].
One of common postoperative complications is re-

duced range of motion (ROM) in the shoulders of
breast cancer patients [15-17]. Much research has sup-
ported performing early exercises to avoid limitations
of ROM in the shoulder [15,18]. This and other impair-
ments may improve with physical activity in women
with breast cancer [19] therefore adequate measure-
ments should be implemented to improve disability in
breast cancer women.
Recent work has shown that exercise programs after

diagnosis of breast cancer adapted to individual char-
acteristics of patients are related to improved overall
and disease-free survival [1]. The benefits of regular
physical activity as a way of recovery show enough
scientific evidence to justify the development of new
health services that respond to the needs of these pa-
tients after cancer process. However, the implementa-
tion of this type of program involves high cost
resources that usually are not viable and require that
participants live near the facilities which is not possible
in non-urban women or women of low socioeconomic
status [20].
Nowadays, technological support is a promising

strategy that could improve issues such as barriers of
distance, time, and cost [21]. Patients have the great
advantage of quick and efficient contact with the
health professional. On the other hand, the health pro-
fessional can provide therapeutic intervention more
efficiently in response to a patient’s needs. The moni-
toring of some variables (for example, weight, heart
rate, and arm mobility) allows the control of these pa-
tients, which may provide improved adhesion of pro-
grams that seek to increase the QoL of these patients.
The motivation of patients can be increased signifi-
cantly using the telehealth system by immediate feed-
back that may be responsible for an active approach
to fitness.
A systematic review [22] supports the view that

telerehabilitation can lead to similar clinical outcomes
compared to traditional rehabilitation programs, with
possible positive impact on some areas of healthcare
utilization. There are internet-based programs that in-
crease amount of physical activity in different types of
diseases such as multiple sclerosis [23] and juvenile
idiopathic arthritis [11]. In particular, recent research
[24] reported a home-based exercise program that
has shown to effectively improve affected upper-limb
symptoms (for example, lymphedema) and led to im-
proved QoL of breast cancer patients. The role of
telerehabilitation through therapeutic exercise is not
known as a support tool to implement an active life-
style which has been shown as an effective resource to
improve fitness and reduce musculoskeletal disorders
in these women [25].
It is relevant to the future of patients in a clinical

setting to know whether a telerehabilitation interven-
tion to improve physical status and reduce pain
shows benefits compared to usual care in breast
cancer survivors.

http://clinicaltrials.gov/ct2/show/NCT01801527


Table 1 Study assessment schedule

Assessment Baseline Follow-up Post-
intervention

Detraining

(4 weeks) (8 weeks) (24 weeks)

Informed consent X

Day 1 testing

Sociodemographic
data

X

Anthropometric data,
pressure/rate heart

X X X

Training on
the treadmill

X

Lymphedema X X X

Day 2 testing

Piper Fatigue
Scale-revised

X X X X

Trail Making Test X X X

Auditory Consonant
Trigram

X X X

EORTC QLQ-C30 X X X X

EORTC QLQ-BR23 X X X X

International Fitness
Scale

X X X

Brief Pain Inventory
short form

X X X X

Hospital Anxiety
and Depression Scale

X X X

Visual Analogue Scale
for pain

X X X

Algometry X X X

Body composition X X X

Handgrip strength X X X

Back muscle strength X X X

Multiple sit-to-stand
test

X X X

Abdominal test X X X

6-min walk test X X X

Borg Fatigue Scale X X X

Accelerometry
(1 week)

X X X

Questionnaire to be
completed at home
after accelerometry

Questionnaire X X X

IPAQ-SF Satisfaction
survey

X
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Methods
Objectives
The overall objective of the e-CUIDATE tele-
rehabilitation randomized controlled trial is to evaluate
the immediate and long-term effects of a tele-
rehabilitation program on the overall impact of QoL,
pain, body composition, physical measurement, cardio-
respiratory fitness, fatigue, anxiety and depression,
cognitive function, and lymphedema. The intervention
group will receive three training sessions each week for
an 8-week period. We will also study the effect of a 24-
week period without telehealth support on the studied
variables.We hypothesize that a strategy for care based
on telerehabilitation to promote therapeutic exercise
will increase QoL, reduce musculoskeletal disorders,
and improve fitness in breast cancer patients.

Research design and methods
A randomized controlled trial will be conducted with as-
sessments at baseline, 4 weeks and immediately after
intervention (at 8 weeks). Follow-up measurements will
be carried out 24 weeks after the end of the 8-week inter-
vention period, giving a total trial data collection period of
32 weeks. The assessments will be performed on 2 separ-
ate days to avoid fatigue in the patients. The study assess-
ment schedule is shown in Table 1.

Specific research aims

1. To investigate the effects of telerehabilitation-
based controlled exercise and adapt the needs of
this population on physical fitness and pain
perceived parameters.

2. To assess characteristics of breast cancer survivors
more adequate to receive benefits from interactive
program of telerehabilitation.

Participants
A total of 80 breast cancer survivors will be randomized
to receive the interactive rehabilitation or usual care.
The telerehabilitation group will receive an 8-week inter-
active intervention and the control group will receive
printed material at the beginning of the study. Breast
cancer survivors will be recruited through the services of
the oncology and breast unit at the Virgen de las Nieves
Hospital and San Cecilio Hospital in the province of
Granada. This study has been approved by the Medical
Ethics Committee of the University of Granada and the
local Ethical Boards of the participating hospitals.

Eligibility criteria
To be eligible for this study participants will need to
meet the following criteria: diagnosis of stage I, II, or
IIIA breast cancer; medical clearance of participation;
free of chronic disease or orthopedic issues that would
interfere with ability to participate in a physical activity
program; access to the Internet; basic ability to use a
computer or living with someone who has this ability;
completion of adjuvant therapy except for hormone
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therapy; no history of cancer recurrence; have interest
in improving lifestyle: fitness/stress level; have signed
informed consent.

Assessment
Primary outcome measure

Quality of life The European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire
Core 30 (EORTC QLQ-C30) version 3.0 [26]: QoL will
be assessed using EORTC QLQ-C30. This is one of the
most widely-used instruments for measuring QoL in
cancer patients. The questionnaire includes both multi-
item scales and single-item measures. These are com-
posed by five functional scales, three symptom scales, a
global health status/QoL scale, and six single items; the
scores have to be averaged and transformed linearly to
obtain a range of score from 0 to 100 with higher score
meaning a great response level [27].
The European Organization for Research and Treat-

ment of Cancer Breast Cancer-Specific Quality of Life
questionnaire (EORTC QLQ-BR23) [26]: It is a breast
cancer module of EORTC QLQ-C30. This module con-
tains 23 items assessing disease symptoms, side effects
of treatment, body image, sexual functioning, and future
perspective. All items are rated on a four-point scale
ranging from 1 (not at all) to 4 (very much). The scoring
procedure of the breast cancer module is the same as
the EORTC QLQ-C30 [27]. The reliability has been
found high to moderate (Cronbach´s α ranged between
0.46-0.94) [28].

Other outcome measures
Pain
Algometry is used to measure pressure pain threshold
(PPT) [29] levels through an electronic algometer
(Somedic AB, Farsta, Sweden). We assess bilaterally PPTs
over the C5-C6 zygapophyseal joint, deltoid muscle, and
tibialis anterior muscle. The order of assessment for the
different points was randomized between participants.
The pressure is at an approximate rate applied of 30 kPa/s
by a 1 cm2 probe. We ask for participants to press the
switch when they first feel a change from pressure to pain.
The mean of three tests (intra-examiner reliability) is used
for the main analysis. There is an interval delay of 30 s be-
tween each test [30]. The reliability of pressure algometry
has been found to be high the same day (intraclass
correlation coefficient=0.91 (95% confidence interval (CI)
0.82-0.97)) [31] and between 4 separate days (intraclass
correlation coefficient=0.94-0.97) [32].
The Visual Analogue Scale (VAS) is a scale for subject-

ive pain estimation that consists of scores in the range
of 0 to 10 where 0 indicates ‘no pain’ and 10 indicates
‘worst pain imaginable’. Participants mark the level of
pain that they feel in that moment for both arms. The
VAS has been widely used and has shown to be a reli-
able and valid instrument for assessing pain.
The Brief Pain Inventory (BPI) short form [33-35]:

This version of the BPI has the front and back body dia-
grams, four pain severity items (assessment the pain in
its ‘worst’, ‘least’, ‘average’, and ‘now’) and seven pain inter-
ference items with daily activities whose scores range
from 0 (no interference) to 10 (interferences completely).
Pain severity and pain interference are obtained from
mean scores. Furthermore the pain is answered in the
last 24 h in this short form and there is an item about
percentage of pain relief by treatment.

Body composition
Height will be measured. Weight, body mass index, skel-
etal muscle mass, and percentage of body fat will be
obtained with bioelectrical impedance analysis (InBody
720; Biospace, Seoul, South Korea).

Physical measurement
The Abdominal test [36]: The subject lie down supine
on a bench with knees flexed and heels about 0.30 m
from buttocks. The arms have to be lifted with guided
palms to level the knees so that the inferior angle of the
scapula is barely lifted from the bench. The number of
seconds that the position is maintained is recorded.
Measurement of upper body muscular strength: Hand-

grip strength is determined using digital dynamometer
(TKK 5101 Grip-D; Takey, Tokyo, Japan). The precision
will be 0.1 kg. For dynamometry measurement, patients
maintain the standard bipedal position during the entire
test with the arm in complete extension and they do not
touch any part of the body with the dynamometer ex-
cept the hand being measured. The determination of op-
timal grip span according to hand size is obtained
through a simple algorithm which allowing the grip span
to adapt to the hand size in women before the test [37].
Each subject will do three tests for each hand (alternat-
ing both hands) with 1 min of delay between measures.
The final result will be the mean score for each hand.
This test is valid and reliable [38].
Measurement of back muscle strength: Back muscle

strength is assessed with a digital dynamometer (TKK
5002 Back-A; Takey, Tokyo, Japan). The precision will
be 1 kg. The patients have to maintain a standing pos-
ture with 30° lumbar flexion [39]. Each subject will do
three tests with 1 min of delay between measures. The
mean from three tests is recorded.
Lower body endurance: Multiple sit-to-stand test is

used to assess general lower extremity endurance [40].
Participants are asked, while sitting at the front of the
chair, to rise until they reach full knee extension and sit
back 10 times as fast as possible. The length of time
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taken to complete this will be recorded.This test has
shown to be reliable [41].

Cardiorespiratory fitness
The International Fitness Scale (IFIS) [42,43]: The IFIS
is scored on a 5-point Likert scale with five response
possibilities (‘very poor’, ‘poor’, ‘average’, ‘good’, and ‘very
good’) and deals with perceived patients’ overall fitness,
cardio-respiratory fitness, muscular fitness, speed-agility,
and flexibility.
Functional capacity: The 6-min walk test using a

treadmill (H-P-COSMOS for graphics; Germany) con-
sists of determining the maximum distance (meters) that
can be walked in 6 min. All participants have to be fa-
miliarized with the treadmill exercise protocol. Before
the task participants are instructed to set their own pace,
to ‘walk as far as you can in 6 minutes’ and to increase
or decrease the speed of the treadmill voluntarily. Dur-
ing the task standardized phrases of encouragement are
given. The examiner has to monitor the whole task be-
cause the participant must maintain a walking pace, de-
fined as at least one foot being weight-bearing at all
times. This test has shown to be reliable [44]. Before and
after the task,heart rate, oxygen saturation, and Borg
Fatigue Scale are controlled.
The International Physical Activity Questionnaire-

Short Form (IPAQ-SF) [45]: This tool is used for cross-
national monitoring of physical activity and inactivity.
This self-administration version asks about three specific
types of activity (walking, moderate-intensity activities,
and vigorous-intensity activities) over the last 7 days.

Fatigue
The Piper Fatigue Scale (PFS): The PFS is a validated
tool to assess cancer-related fatigue. The PFS-revised (R-
PFS) contains 22 items whose scores range from 0 to 10
and includes four dimensions of subjective fatigue: be-
havioral/severity, affective meaning, sensory, and cogni-
tive/mood. The total fatigue score is calculated. The
scale has high reliability (Cronbach’s α=0.96) [46].
The Borg Fatigue Scale [47]: The questionnaire presented

a series of numbers arranged vertically from 6 (no per-
ceived exertion) to 20 (maximum perceived exertion) as in-
tensity of perceived exertion. It will be administered before
and after carrying out the 6-min walk test.

Anxiety and depression
The Hospital Anxiety and Depression Scale (HADS)
[48,49]: This self-reporting tool assesses the possible pres-
ence of anxiety and depression in the setting of a medical
non-psychiatric outpatient clinic. It contains 14 items
(seven items for each subscale) with four-point Likert scale
(ranging from 0 to 3). The global score ranges from 0 to
21 for anxiety and depression. The cutoff point for
considering a pathological condition is 11 or above for
both subscales.
Cognitive function
The Trail Making Test (TMT) is one of the most import-
ant neuropsychological tests and provides information on
speed for attention, sequencing, mental flexibility, visual
search, and motor function [50]. The TMT consists of two
parts. Part A requires the participant to draw lines to con-
nect consecutive numbers (1 to 25) distributed on a sheet
of paper as fast as possible. In part B, the participant must
draw a consecutive line between numbers and letters (for
example, 1-A-2-B-3-C, and so on). Before each part, a
practical example is administered to ensure participants
understand each part. When a mistake is made during the
test, the examiner corrects it. Scoring is based on the
length of time required to finish each part.
The Auditory Consonant Trigram (ACT) is also known

as the Brown-Peterson procedure. This tool is used to test
short-term memory, attention span, and information-
processing capacity in adults [50]. The subject listens to
the consonant trigram (CCC) at a rate of one letter per
second following by a mental test as counting backward
during delay intervals of 9, 18, and 36 s randomly. For the
first five consonant trigrams, there is no delay interval
(0 seconds) to recall the letters. Afterwards, the subject is
asked to recall the trigram. Scoring is based on the total
number of letters properly recalled in each delay interval.

Accelerometry
The protocol for using and analysis of accelerometers has
been published previously [51]. Participants will be asked
to wear a tri-axial accelerometer (ActiGraph GT3X+,
Pensacola, FL, US) over 8 consecutive days, starting the
same day they receive the device. They will return the ac-
celerometers to the researcher 9 days later. We will show
them how to wear the accelerometer on their lower back
with elastic belt all day (including sleeping hours). It is
compulsory, for reasons of security, to take off accelerom-
eters during aquatic activities (for example, bathing).
The first day of recording will not be included in the

analysis, so a total of 7 days of recording (minimum of 10
h or more of registration per day) will be necessary to be
included in the analysis. It will exclude from the analyses
bouts of 60 continuous minutes of 0 activity intensity
counts, considering these periods as non-wearing time.
Monitor wearing time will be calculated by subtracting the
non-wear time and the sleeping time (recorded with a
diary of days/hours) from the total registered time for the
entire day (typically 1,440 min). A recording of >20,000
counts per min will be considered as a potential malfunc-
tion of the accelerometer and the value will be excluded
from the analyses.
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Lymphedema
Changes in size or volume of the upper limbs are mea-
sured to diagnose lymphedema. An inextensible flexible
tape 0.5 cm wide × 2 m long with an accuracy of 0.1 cm
will be used. According to research [52], the patient
must be in an upright sitting position with both arms on
a table, shoulders in neutral rotation and flexion of 45°,
and forearms at maximum supination, the examiner will
have to measure the circumference at 5-cm intervals
along both arms, using the elbow fold as the reference
beginning point. This procedure has been shown to be
valid and reliable [53-55].
Anthropometric perimeters
Perimeters of waist and hip: We will measure perimeters
of waist and hip following the specific method [56]. An
inextensible flexible tape 0.5 cm wide x 2 m long with
an accuracy of 0.1 cm will be used. The examiner will
measure the patient’s waist in a standing position placing
the tape measure at the midpoint between the last rib
and the upper anterior iliac spine. The measure will take
place at the end of exhalation.
For the hip perimeter the patient will remain in a

standing position and the examiner will place the tape
measure at the midpoint between both trochanters to
the level of maximum relief of the buttocks and
symphysis pubis.
Telerehabilitation group/intervention group
The intervention will be implemented by research group
called CUIDATE. The e-CUIDATE system is an 8-week
program (three training sessions per week) which aims to
recover a healthy lifestyle in breast cancer survivors. Par-
ticipants will have access to a range of exercises such as
breathing exercises, mobility, strength, and stretching. All
of these exercises will be assigned to women in the
telerehabilitation group according to their perceived needs
at baseline assessment. These needs will be established
based on fatigue level, functional capacity (6-min walk
test), and neck-shoulder pain reported by the patients. For
this reason each participant will receive progressive per-
sonal training (for example, number and type of exercises,
repetitions, series, and so on). We will instruct partici-
pants to use the telerehabilitation system on day 2 testing
(username and password are provided for each partici-
pant). The participants’ aims will be set weekly; the
CUIDATE group will then choose exercises aimed at
achieving these goals. Furthermore women will receive
telephone calls, text messages, and videoconference ses-
sions (as required) to resolve any question or suggestion.
Efforts will be made to prevent the telerehabilitation group
receiving additional physical care.
Telerehabilitation system
The CUIDATE group will identify impairments of partici-
pants at baseline assessment. The aims based on weekly
improvements will be set to facilitate the final goal. After
each training session there will be feedback between the
participant and the CUIDATE group to change or im-
prove any exercise or activity. This feedback will allow to
us to select adequate exercises and levels of difficulty. As a
result, a modifiable personal training will be assigned to
each one focusing on cardio-respiratory, mobility, and en-
durance performance through online system rehabilitation
(using written instructions, HD videos, and audio files).

Checking through e-CUIDATE
Participants will have three sessions per week during the
8-week period through e-CUIDATE. We will check that
assigned sessions are being done properly each week
through a control platform. Also, comments about
doubts and suggestions will be written by participants
after performing their sessions through e-CUIDATE.
They will receive feedback (through text messages in
their profiles in e-CUIDATE) about these comments be-
fore attending the following session. If they have a web-
cam they will also be able to receive feedback via this
videoconferencing facility.

Telephone calls
The telephone calls will be made by the CUIDATE group.
The aim of these calls will be to solve any problems of car-
rying out the training sessions and to check levels of satis-
faction and improvement. Also, messages of encouragement
will be given to stimulate adherence to the program.

Instant messaging through e-CUIDATE
Changes about assigned exercises will be provided by us.
More messages of support and encouragement will also
be received via this medium. Participants will use instant
messaging to advise of any change in training days.

Videoconference facility through e-CUIDATE
The videoconference facility will be available three times
per week with a set schedule through Wormhole Web
Conference and Skype software (Microsoft corporation,
Redmond, Washington).
A single point of contact between patients and thera-

pists will be located in university facilities and staffed by
two full-time researchers. This will ensure that all
patients receive standardized and comparable feedback
and advice.

Follow-up at 8 weeks
Post-intervention assessment will be made to check on
aims achievement. Support and encouragement will be
given to follow with training sessions self-sufficiently
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because all participants will continue to have access to
their profiles in e-CUIDATE.
Control group/usual care
The control group will receive a dossier of written infor-
mation with brief general recommendations about stress
management and improving physical fitness. These rec-
ommendations will be handed in at the beginning of the
study. The dossiers will contain similar information to
those of the telerehabilitation group but with a single
written support. After completion of this study, for eth-
ical compromise of the CUIDATE group, control partici-
pants will be given the opportunity to participate in a
telerehabilitation program. These data will be not used
in this research project.
Monitoring with accelerometers
Participants of both groups (telerehabilitation and control
group) will wear accelerometers (tri-axial motion sensor)
at baseline, 8 weeks, and 24 weeks to know the lifestyle
and habits of breast cancer survivors at different stages of
the study.
RECRUI
Enroll

WRITTEN INFOR

BASELINE A
Testing at d

RANDOMI

TELEREHABILITATION GROUP
e-CUIDATE program

(n=40)

4 weeks follow-up assessment

8 weeks post-intervention assessment

24 weeks detraining assessment

Figure 1 Flow diagram showing the recruitment of patients.
Sample size
The estimated sample size was determined for the pri-
mary outcome variable, that is, overall HRQoL using
EORTC QLQ-C30 version 3.0 [26]. According to previ-
ously reported data [57] a minimally important differ-
ence of this HRQoL instrument is 5 to 10 points.
Assuming that telerehabilitation increase HRQoL in
breast cancer survivors respect control group we can de-
tect differences of at least 5% with a power of 90% and
an α of 0.05 with two groups (telerehabilitation and
usual care group) of 36 participants assuming similar
standard deviation of approximately 7 points. We will
assume a maximum loss at follow-up of 10% [58]. We
will recruit a total of 80 breast cancer survivors (that is,
one intervention group and one usual care group of 40
persons each). Figure 1 shows the flow diagram of the
study participants.

Randomization and blinding
We allocated patients to a telerehabilitation program
or control group in five randomization cycles, using
computer-generated numbers (EPIDAT 3.1, Xunta de
Galicia). The sequence was entered into numbered opaque
envelopes by an external member and they were opened
TMENT
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Usual care

(n=40)

4 weeks follow-up assessment

8 weeks post-intervention assessment

24 weeks detraining assessment
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after completion of the baseline assessment. For ethical
implications, those participants allocated to the control
group, who finished the period of 6 months for the
current study, were invited to receive the intervention
when last outcome measurement was carried out. The re-
searcher in charge of randomly assigning participants will
not know in advance what treatment the next participant
would receive and will not participate in assessment.
Assessment staff will be blinded to the participant
randomization assignment. No changes in assignment
will be possible from the staff involved in the
telerehabilitation program.
Data analysis
Mean and standard deviation will be used to represent the
variable scores at baseline and different follow-up mea-
surements. Study population will be characterized using
different descriptive statistics parameters. In a first step,
we will analyze possible differences between groups at
baseline using a one-way analysis of variance for continu-
ous data (or equivalent statistical approach in the case of
non-parametrical data) and Chi-square for categorical
data. For the main analysis we will use an analysis of co-
variance (ANCOVA) to assess the effects of intervention
on study variables. Time since diagnosis, age, tumor stage,
and type of oncology surgery treatment will be used as co-
variates. To complete the analysis we will report effect size
and level significance attending to interaction effects
(group × time).

Implications/discussion
The e-CUIDATE telehealth system study will investigate
the effects of 8-week of an innovative intervention based
on planned physical activity and therapeutic exercise on
QoL and previously presented variables. The physical ac-
tivity purposes include aerobic exercise which has
showed to be effective in reducing many major health
problems in cancer survivors such as fatigue [59], mobil-
ity and strengthening exercises focused on the shoulder
area that are necessary for this population to help with
pain and disability associated with arm morbidity in this
patient group [17,18] and recovery strategies focused in
respiratory exercise, relaxation techniques, and flexibility
exercises which have been well tolerated in this popula-
tion. These recovery strategies related to physical train-
ing could produce an additional improvement in the
patients increasing the adherence to exercise programs
in cancer survivors [60]. To our knowledge, this is the
first randomized controlled trial specifically designed to
assess a telerehabilitation system in breast cancer survi-
vors. QoL improvement is considered an indicator of re-
habilitation cancer success [61]. Therefore the results of
this study could give support for the use of this type of
strategy in an increasing group of 17.8 million prevalent
cases of cancer in the European Union [62] with a high
proportion of them claiming adequate rehabilitation ser-
vices. Cancer survivors suffer a chronic illness with most
prevalent symptoms during the aging process. National
health systems need to benefit from advances in technol-
ogy to give adequate support to this increasing population.
For this reason, the advantages of telehealth systems need
to be explored in this setting.
Telehealth systems have shown feasibility and cost-

effectiveness in several major health problems [63,64].
The explosive worldwide increase of cancer survivors
could generate economic and social costs for national
health systems. The tuning process of this type of inter-
vention could benefit the health of the prevalent cancer
patients and reduce the costs of this relatively new
health problem.

Trial status
Active recruitment.
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