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Abstract

Background: Delays in starting physical therapy after hospital discharge worsen deconditioning in older adults.
Intervening quickly can minimize the negative effects of deconditioning. Telerehabilitation is a strategy that
increases access to rehabilitation, improves clinical outcomes, and reduces costs. This paper presents the protocol
for a pragmatic clinical trial that aims to determine the effectiveness and cost-effectiveness of a multi-component
intervention offered by telerehabilitation for discharged older adults awaiting physical therapy for any specific
medical condition.

Methods: This is a pragmatic randomized controlled clinical trial with two groups: telerehabilitation and control.
Participants (n=230) will be recruited among individuals discharged from hospitals who are in the public healthcare
system physical therapy waiting lists. The telerehabilitation group will receive a smartphone app with a
personalized program (based on individual’s functional ability) of resistance, balance, and daily activity training
exercises. The intervention will be implemented at the individuals’ homes. This group will be monitored weekly by
phone and monthly through a face-to-face meeting until they start physical therapy. The control group will adhere
to the public healthcare system’s usual flow and will be monitored weekly by telephone until they start physical
therapy. The primary outcome will be a physical function (Timed Up and Go and 30-s Chair Stand Test). The
measurements will take place in baseline, start, and discharge of outpatient physical therapy. The economic
evaluations will be performed from the perspective of society and the Brazilian public healthcare system.

Discussion: The study will produce evidence on the effectiveness and cost-effectiveness of multi-component
telerehabilitation intervention for discharged older adult patients awaiting physical therapy, providing input that
can aid the implementation of similar proposals in other patient groups.

Trial registration: Brazilian Registry of Clinical Trials (ReBEC), RBR-9243v7. Registered on 24 August 2020.
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Background
Deconditioning causes a significant functional decline in
older adults and is often associated with readmissions,
institutionalization, and mortality [1–3]. Deconditioning
in older adults refers to a systemic physiological change
after a period of inactivity and/or immobility [2, 4–6].
These changes may begin during hospitalization, as
many older people are confined to bed [7, 8]. Studies
demonstrate that deconditioning remains after discharge
[9, 10] and the older adults who resume physical therapy
immediately after leaving hospital show gains [11, 12].
The literature recommends that deconditioned older
adults should receive moderate to high-intensity training
focused on resistance exercises, walking, balance, and
daily life activities [2].
Older people referred for rehabilitation after discharge

may face long waiting lists to start treatment. The imbal-
ance between rehabilitation supply and the growing de-
mand for its service leads to increased waiting time for
treatment [13]. This is especially common in low- and
middle-income countries such as Brazil [14], whose pub-
lic healthcare system serves approximately 70% of the
population [15]. Specifically in the city of Belo Hori-
zonte, located in the southeastern Brazilian state of
Minas Gerais, the delay for starting physical therapy
treatment in the public healthcare system can take up to
3 months. Approximately 400 individuals of different
ages are waiting for physical therapy; of these, almost
70% are hospital discharges with different types of med-
ical conditions such as postoperative of lower or upper
limbs, fractures, and COVID-19. Inactivity during this
waiting period may aggravate deconditioning, especially
in older adults.
Telerehabilitation may be a viable alternative to reduce

the waiting time for physical therapy [16], minimizing
the negative impacts of inactivity, such as falls [17], sed-
entary pattern [18], and loss of strength, mobility, and
resistance [19]. Telerehabilitation provides rehabilitation
through information and communication technologies
such as videoconferencing, telephoning, and smartphone
app [20–22]. This rehabilitation modality offers early ac-
cess to treatment, reduces costs (mostly with transporta-
tion), induces the patient to play a more active role in
the treatment, and allows the treatment to be adapted to
their routine [16, 23–26]. Evidence shows that telereh-
abilitation is safe [27, 28], effective, and less costly when
compared to face-to-face rehabilitation [23, 25, 26]. In
patients who underwent orthopedic surgery, telerehabil-
itation had positive effects on physical function [28, 29],
range of motion [30], function, and pain [31]. In
addition, the face-to-face and telerehabilitation modal-
ities demonstrated equivalent results for hospital dis-
charged patients [32–37]. More recently, the social
isolation resulting from the COVID-19 pandemic has

shown that distance healthcare is essential to ensure
treatment continuity, especially for older adults [38].
Therefore, investing in programs that reduce costs with-
out compromising the population’s access is essential.
This paper presents the protocol for a pragmatic su-

periority clinical trial that aims to determine the effect-
iveness and cost-effectiveness of a personalized exercise
program offered by telerehabilitation to minimize the
deconditioning of older adults who are, for non-specific
conditions, awaiting outpatient physical therapy.

Methods
Study design
This is a protocol for a pragmatic randomized controlled
clinical trial. Pragmatic trials are used to evaluate the ef-
fectiveness of interventions in the actual clinical practice
setting. This design maximizes the application and
generalization of results by establishing an appropriate
basis for decision-making [39, 40]. This study protocol
has been reported in accordance with the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT) Statement [41]. Additional file 1 details
the SPIRIT checklist.

Setting and participants
Participants will be recruited from the waiting list for
outpatient physical therapy of the Municipal Health Sec-
retariat of Belo Horizonte, Brazil. All individuals on this
list aged ≥ 60 years and referred to physical therapy after
hospital discharge will be contacted by telephone for an
initial survey to determine whether they fit the inclusion
criteria with questions on mobility, cognition, and Inter-
net access. At an in-person meeting, the researchers will
detail the study and clarify any questions. The partici-
pant will then be asked to sign the consent form and will
undergo the initial evaluation. Figure 1 details the study
planning.
The inclusion criteria are (1) older adults age ≥ 60

years [42], (2) being on a waiting list for outpatient phys-
ical therapy in the public healthcare system for any spe-
cific medical condition, (3) have recently been
discharged from the hospital, (4) no impediment to un-
load weight in the lower limbs to perform the telereh-
abilitation program, (5) walking independently or with
the aid of a device and being able to sit and stand up
from a chair to perform physical function tests, (6) being
in a stable clinical condition to avoid complications dur-
ing the telerehabilitation program, (7) having a smart-
phone device with Internet access (their own or a
companion’s) for the telerehabilitation intervention, and
(8) having a companion during the execution of the ex-
ercises at home to ensure the safety of the intervention.
The exclusion criteria are (1) the presence of clinical

complications that make physical exercise impossible; 2)
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neurological disease, such as Parkinson or stroke; (3) a
score in the Mini-Mental State Exam less than 13 for
people with no schooling, 18 for individuals with low/
moderate schooling, and 26 for people with a high level
of schooling [43]; and (4) not being able to understand
instructions or complete the tests. Excluded individuals
will receive a booklet on the importance of staying active
while awaiting physical therapy.

Randomization and allocation
After the initial evaluation, participants will be randomly
allocated to the following groups: telerehabilitation (TG)
and control (CG). The allocation will be in random
blocks sizing four and six, with an allocation rate of 1:1.
The randomized sequence will be computer-generated
before the start of the study by a researcher not involved
in the study and placed in opaque, sealed, sequentially
numbered envelopes. This sequence will remain con-
cealed until the participant is allocated to the groups.

Telerehabilitation intervention
The TG will receive a multi-component intervention
that includes resistance exercises targeting the main
muscle groups of the lower and upper limbs, and bal-
ance exercises. There are strong recommendations for
the use of this type of intervention, showing improve-
ment in clinical outcomes in older adults, such as redu-
cing falls and increasing muscle strength and mobility
[2, 17–19, 44, 45]. These exercises are easy to perform,
do not require special equipment or accessories, and
were designed for execution without professional super-
vision. In addition, the participant will choose an activity
from their daily routine that they have difficulty in per-
forming and hope to improve in the short term. The
participants’ choosing an activity is a strategy aimed to
stimulate engagement in the intervention and increase
of their independence.
The exercise program will be carried out three to five

times a week with high intensity, as suggested by Falvey

Fig. 1 Flow diagram
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et al. (2015) [2]. The volume will have three series; the
number of repetitions will be customized based on
Borg’s Modified Perceived Exertion Scale [46], with ef-
fort levels ranging from five to seven. The exercises’ dif-
ficulty levels and their sublevels of progression are
shown in Table 1 and Additional file 2. Each participant
may carry out the entire exercise program once a day or
intermittently, two or three times a day (Table 1).
The exercises will be available in a smartphone app

developed for this study. This technology is widely used,
being the main form of Internet access [47]. The app
will be installed on either the participant’s or the com-
panion’s smartphone. After each exercise, the partici-
pants will report their level of pain and difficulty on the
app, on a scale of 0 to 5. The exercise program may also
be accessed via a computer if the participant prefers this
device. After the initial evaluation, participants and their
companions will be trained in how to use the app and
perform the exercises. Information on deconditioning
and the benefits of the proposed exercises will also be
provided.
Two previously trained physical therapists who have

a master’s degree will be responsible for monitoring
the intervention. The proposed exercises and activities
will be performed at home, in the presence of a com-
panion to increase the safety of the exercises and fa-
cilitate the management of the app. Participants will
be monitored by telephone and in-person meetings.
The phone calls will take place weekly to monitor the
exercise execution, pain, and adverse events. The pro-
gression of the exercises’ difficulty through the proto-
col’s sublevels will be based on this information, as
well as those reported daily in the app. The face-to-
face meetings will occur monthly (between 24 and 30
days) at the participant’s rehabilitation center. In
these meetings, the professionals will evaluate the
execution of the exercises and adjust the difficulty
level according to the participant’s performance. The
intervention will cease when the participant is con-
tacted to begin outpatient physical therapy. Therefore,
the participation period in the trial will depend on
the waiting time of each participant.

Control group
CG participants will follow the usual flow of the wait-
ing list of patients awaiting outpatient physical ther-
apy in the public healthcare system and will not
receive any guidance or exercise, as recommended in
pragmatic studies. They will be monitored weekly by
telephone call to check the onset of outpatient phys-
ical therapy and adverse events. Like the TG, the
period each CG participant will spend in the trial will
depend on the time awaiting outpatient physical ther-
apy. Participants in both the TG and CG will not be

prohibited from receiving others interventions such as
exercises on their own, physical activity (e.g., walk-
ing), medications, or physical therapy elsewhere while
on the waiting list, but this information will be
recorded.

Data collection
Figure 2 shows the schedule of enrollment, interven-
tions, and assessments (according to the SPIRIT). Out-
comes will be assessed by in-person meetings at baseline
(t0), at the end of the telerehabillitation protocol (t1),
and after discharge from outpatient physical therapy or
within 6 months of outpatient treatment (t2). All evalua-
tions will be performed by a trained evaluator blinded to
group allocation. All instruments show adequate validity
and reliability for older adults [48–52].
In the baseline (t0), besides the outcomes, socio-

demographic and clinical data will be collected, as well
as data on the companion, and information on the use
of communication technologies.
In the second evaluation (t1), satisfaction with the

intervention and the TG app will also be evaluated. To
minimize sample loss, the second evaluation will occur
before the start of outpatient physical therapy or up to 1
week after the start of physical therapy treatment. The
start of the outpatient physical therapy will be accom-
panied by weekly phone calls to both groups.
The final evaluation (t2) will take place on the last day

of outpatient physical therapy or up to 1 week after dis-
charge. The evaluation will consist of the collection of
outcomes and information about outpatient physical
therapy. Reasons for program discontinuity and follow-
up losses will be recorded throughout the study.

Outcomes
Primary outcome
The primary outcome will be physical function mea-
sured by the Timed Up and Go (TUG) and the 30-s
Chair Stand Test (30CST). These tests were chosen be-
cause they are simple, fast, widely used and do not re-
quire special equipment.
The TUG was developed to measure the functional

mobility of older people [53]. The participant gets up
from a chair and walks 3 m alone or with the aid of a
walking device, at a comfortable and safe speed, and
then return and sit down again in the same chair [53].
The 30CST consists of sitting and standing, tasks often

performed daily [54, 55]. This test was developed as a
measure of lower limb strength for older adults [49].
The participant sits in a chair with arms crossed in front
of the torso and must repeatedly stand and sit for 30 s
as fast as possible [56].
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Secondary outcomes
The Physical Functioning Scale of the Brazilian version
of the Medical Outcomes Short-Form Health Survey
(SF-36) will be used to measure physical health [57]. The
Physical Functioning Scale presents ten questions; each
one is scored from 1 to 3 according to the perceived
limitation [58]. The final score of the scale is calculated
according to the orientation of the SF-36 authors ranges
from 0 to 100, with lower scores indicating higher limi-
tations [58].
Pain will be measured by the visual analog scale

with numerical (0–10) and color gradations [59].
Health-related quality of life will be measured by the

Brazilian version of EuroQol-5D (EQ-5D-3L). This
instrument evaluates the patient’s current health sta-
tus in five dimensions (mobility, self-care, usual ac-
tivity, pain/discomfort, and anxiety/depression). EQ-
5D-3L also includes a visual analog scale to record
overall health status [60]. The results of this instru-
ment are widely used in economic evaluations [61].
Performance perception and satisfaction will be mea-

sured by the Canadian Occupational Performance Meas-
ure (COPM) [62]. In this study, only the self-care area will
be used. The participant lists the self-care activities they
have difficulty performing, chooses the one they consider
the most important, and ranks their performance and

Fig. 2 Schedule of enrolment, interventions, and assessments (according to SPIRIT)
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performance satisfaction from 0 to 10. Higher scores indi-
cate better performance and performance satisfaction.

Economic evaluation
The economic evaluation will be carried out from the
perspective of society and the Brazilian public healthcare
system during the study period. The costs will be re-
ported based on values updated to the year of data col-
lection. In this phase, all information will follow the
recommendations of the Brazilian Ministry of Health’s
Methodological Guidelines for Economic Evaluation
[63]. Cost measures will be obtained by estimates of
health service utilization (public and private) due to the
health condition that caused the referral to outpatient
physical therapy and/or generated adverse events. The
app development costs will be excluded.
The costs to the public healthcare system will be mea-

sured based on the use of health services and procedures
reported by participants by the weekly Google form plat-
form, and these data will only be assessed by researchers
blinded to group allocation. The costs for hospital care,
elective consultations, outpatient or home physical ther-
apy, and medication will be included. These costs will be
valued using standardized cost tables of the Brazilian
public healthcare system.
Costs to society will include direct costs to participants

and caregivers and loss of productivity. The calculation
of direct expenses, such as medication, purchase of
equipment, transportation, hiring caregivers, and health
services will be based on surveys answered by partici-
pants. The cost of transportation will be evaluated by
the distance between the participant’s home and the
physical therapy site, adjusted by the type of transporta-
tion used and the price of gasoline. Information on the
loss of productivity will be obtained for participants and
non-contracted caregivers (e.g., family members)
through surveys administered to participants who will
indicate whether they have paid work, income from this
work, and lost workdays due to the health condition.
The cost-consequence approach will be used to com-

pare the results obtained by the participants in the pri-
mary and secondary outcomes with the costs for the two
perspectives of analysis (society and public healthcare
system). In the cost-utility analysis, the costs for the
public healthcare system will be compared with the
quality-adjusted life years (QALY) gained from the inter-
vention, obtained by applying the EQ-5D-3L. Sensitivity
analyses will be conducted to explore any degree of un-
certainty in the estimates, such as sampling, time hori-
zon, discount rate, and imputation of missing data.

Other outcomes
Adherence will be monitored through the records com-
puted by the app and confirmed during the weekly calls

to the TG. Participants who perform all the proposed
exercises at least three times a week will be considered
fully adherent.
Adverse events will be monitored weekly during phone

calls and will be reported in the study results. Adverse
events are those harmful or unfavorable results that
occur during or after exercise [64], such as nausea, head-
ache, falling, and incapacitating pain. Events not related
to the intervention will also be monitored. Participants
who report a serious adverse event will be instructed to
seek emergency medical services. The intervention will
be interrupted if the adverse event makes it impossible
for the participant to perform physical exercises.

Sample size
The sample size was based on the TUG primary out-
come. An effect size of d=0.4, previously obtained by
Brovold et al. (2012) [65], power of 80%, alpha of 0.05,
and abandonment rate of 15% were considered to esti-
mate sample size using the G*Power 3.1 software. This
resulted in a minimum sample size of 230 participants,
115 per group.

Data analysis plan
The outcome variables and the participants’ characteris-
tics will be analyzed with descriptive statistics. The
Kolmogorov-Smirnov test will be used to test the nor-
mality of the data. Comparison of TG and CG baselines
will be conducted with parametric or non-parametric
test.
Outcome group comparisons will be analyzed with the

nonlinear mixed effect model [66], given that decondi-
tioning follows a nonlinear path over time and the
period individuals remain in the study is not homoge-
neous. Since the intervention time will be different
among the participants, time will be treated as a random
factor.
All data will be analyzed for intention-to-treat; that is,

all random participants will be included in the analysis
regardless of adherence to the protocol. The data will be
analyzed by the R software (R Foundation for Statistical
Computing, Vienna, Austria) with a significance level of
5%.

Discussion
Potential impact and significance
Our hypothesis is that the multi-component program of-
fered by telerehabilitation will minimize the decondition-
ing of hospital discharged older adult patients waiting
for physical therapy and will reduce costs. Older adults
who were hospitalized due to different health conditions
and who experienced functional decline have up to five
times greater likelihood of dying and 10 to 20 times
greater chance of being readmitted after hospital
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discharge [67–69]. In addition, studies show that ap-
proximately 30% of these older individuals have func-
tional losses at the moment of hospital discharge [68,
69] and that roughly the same proportion maintain these
losses 30 days after discharge [69]. The type of interven-
tion most recommended for this population is a multi-
component program [2, 45]. Thus, the faster these older
individuals start physical therapy and remove themselves
from inactivity, the less negative will be the impacts and
deconditioning advancement. The costs for patients and
the public healthcare system may be reduced. Telereh-
abilitation reduces the cost of transportation [23–25].
Once deconditioning is associated with readmissions [1–
3] and hospitalization generates cost to the healthcare
system, the exercise program may reduce hospital
readmissions.
In Brazil, telerehabilitation is still not a common prac-

tice, with a higher concentration of investments aimed
towards telehealth. In low- and middle-income coun-
tries, studies using the remote rehabilitation are incipi-
ent. Due to the COVID-19 pandemic, this rehabilitation
modality has been gaining prominence as an alternative
to face-to-face treatment [70]. The pandemic has im-
pacted health services around the world, particularly
non-urgent treatments. There is no estimate regarding
the end of social isolation measures in many countries,
and it is not possible to predict when healthcare services
will return to normality. Waiting lists for outpatient ser-
vices will possibly be even longer after the pandemic. As
such, telerehabilitation is becoming increasingly essential
to ensure treatment for the general population.

Strengths and weakness
This pragmatic study will be developed in the context of
the public healthcare system, which favors—if our hy-
pothesis is proven right—a simple and direct application
in clinical practice. To reduce the risk of bias, the proto-
col will be prospectively recorded, the sample size will
be representative of the population of interest, partici-
pants will be randomly allocated to groups, the alloca-
tion process will be concealed, the evaluators will be
blinded to the group allocation, and data will be ana-
lyzed by intention-to-treat. Blinding participants and
physical therapists to the intervention will not be pos-
sible due to the nature of the intervention.

Contribution to physical therapy
We expect the clinical trial will provide evidence on the
effectiveness and cost-effectiveness of a multi-
component telerehabilitation program for hospital dis-
charged older adult patients awaiting outpatient physical
therapy in the Brazilian public healthcare system. In
addition, the study is expected to trigger discussions and

the implementation of similar interventions in different
patient groups and locations.

Trial status
Protocol version 1, date: August 24, 2020. Recruitment
w i l l s t a r t on Februa r y 22 , 2021 , h t tp : / /www.
ensaiosclinicos.gov.br/rg/RBR-9243v7. Recruitment com-
pletion is expected by December, 2021. The results of
this trial will be submitted to a peer-reviewed journal
after sample size is complete.
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