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Abstract

Telerehabilitation has arised by the inclusion of emerging technologies for capturing,
transmitting, analyzing and visualizing movement patterns associated to musculoskeletal
disorders. This therapeutic strategy enables to carry out diagnosis processes and provide
rehabilitation treatments. This paper presents a systematic review of the current
development and implementation of telerehabilitation technologies in Latin America. The
main goal is to explore the scientific literature and dissemination sources to establish if
such technologies have been introduced in this region. Likewise, this work highlights
existing prototypes or systems that are to being used or that are still under development. A
systematic search strategy was conducted by two different searches: the first one involves a
rigorous literature search from the most relevant scientific digital repositories; the second
one included telerehabilitation projects and programs retrieved by an advanced Google
search. A total of 53 documents from six countries (Colombia, Brazil, Mexico, Ecuador, Chile
and Argentina) were found. Most of them were focused on academic and research initiatives
to develop in-home telerehabilitation technologies for pediatric and elderly populations
affected by motor and functional impairment, cerebral palsy, neurocognitive disorders and
stroke. The analysis of the findings revealed the need for a comprehensive approach that
integrates health care and the social system to increase the current availability of
telerehabilitation initiatives in Latin America.

Keywords: physical telerehabilitation, emerging technologies, review, Latin America.

Resumen

La telerehabilitation ha surgido debido a la inclusién de tecnologias emergentes para la
captura, transmisién, andlisis y visualizacién de patrones de movimiento asociados a
pacientes con trastornos musculo-esqueléticos. Esta estrategia permite llevar a cabo
procesos de diagnéstico y tratamientos de rehabilitaciéon a distancia. Este articulo presenta
una revision sistematica del desarrollo e implementacién actual de las tecnologias de
telerehabilitacién en la regién latinoamericana. El objetivo principal es explorar, a partir de
la literatura cientifica reportada y fuentes divulgativas, si las tecnologias de
telerehabilitacién han logrado ser introducidas en esta regién. Asimismo, este trabajo revela
los prototipos actuales o sistemas que estan en desarrollo o que ya estan siendo usados. Se
llevé a cabo una revisién sistematica, mediante dos busquedas diferentes. La primera
implic6 una busqueda bibliografica rigurosa en los repositorios digitales cientificos mas
relevantes en el area y la segunda incluyd proyectos y programas de telerehabilitacién
implementados en la regién, encontrados a partir de una busqueda avanzada en Google. Se
encontré un total de 53 documentos de seis paises (Colombia, Brasil, México, Ecuador, Chile
y Argentina); la mayoria de ellos estaban enfocados en iniciativas académicas y de
investigacion para el desarrollo de prototipos tecnolégicos para telerehabilitacion de
pacientes pediatricos y adultos mayores, afectados por deficiencias motoras o funcionales,
paralisis cerebral, enfermedades neurocognitivas y accidente cerebrovascular. El andlisis de
estos documentos reveld la necesidad de un extenso enfoque integrado de salud y sistema
social para aumentar la disponibilidad actual de iniciativas de telerehabilitacién en la
region latinoamericana.

Palabras clave: telerehabilitacion Fisica, tecnologias emergentes, revision, Latinoamérica.
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1. INTRODUCTION

According to the World Health Organi-
zation, at least 15% of the world population
could present musculoskeletal disabilities
[1]. They may be caused by different fac-
tors such as a constant aging population,
congenital disorders and survival to neuro-
logical diseases and trauma, leaving physi-
cal sequels to be rehabilitated [2]. From
these groups, it is estimated that between
76% and 85% of subjects do not have access
to rehabilitation programs [1]. In Latin
American countries, previous reports have
estimated that between 6% and 31% of the
population is affected by some type of func-
tional disability [3], but only 3% of those
who require rehabilitation services have
access to them [3], [4]. Although these
countries have earmarked important eco-
nomic resources to meet the increasing
demand by providing efficient health ser-
vices, approximately 6.8% of their Gross
Domestic Product (GDP)., they still pre-
sented a huge deficit to provide these ser-
vices [5]. In addition, according to 2010
data [6], disability rates range from 5.1%
in Mexico to 23.9% in Brazil, whereas in
the Caribbean the proportion varies be-
tween 2.9% in the Bahamas and 6.9% in
Aruba. That is to say, almost 12% of the
Latin American population is estimated to
live with at least one disability; this repre-
sents around 85 million people, but only
2% has access to a suitable rehabilitation
program. However, it has been estimated
that the statistics may remain steady due
to the constant aging of the population, the
increase in the occurrence of catastrophic
diseases and physical traumas. These fac-
tors have encouraged the development of
novel strategies, procedures and systems
related to healthcare services provision
whose main purpose is to maintain or im-
prove the functional mobility and inde-
pendence, facilitate the patient’s social
inclusion and enhance the overall wellness
and quality of life [7].

In the area of physiotherapy, the use of
telemonitoring technologies has been pro-
posed as an alternative for providing af-
fordable functional rehabilitation services
and reducing hospital overloads, thus re-
moving some space-time constraints [8],
[9]. A retrospective study with 155 patients
and 155 control subjects shown that the
costs of hospital bed days of care (1,449
days) in the year before the implementa-
tion of telerehabilitation programs totaled
approximately $1,500,000, which de-
creased more than around $804,000 the
year following the implementation of the
telerehabilitation program, which repre-
sents a 46% decrease in costs and a de-
crease of 826 days of care [10]. Likewise,
primary care and geriatric visits decreased
by over 100 during that year. On the other
hand, in some countries in Latin America
physical rehabilitation programs are pro-
vided to social security beneficiaries (65%),
private health care plan members (30%)
and as private health services (5%) [11].
However, access to public health systems is
not free in most Latin American countries
and, therefore, patients need private
health services with variable costs, includ-
ing some related to mobility and personal-
ized assistance. Besides, the charges de-
pend on the cost of living in each country, a
fact that makes more difficult to estimate
constant economic benefits of telerehabili-
tation. Therefore, the cost effectiveness of
telerehabilitation programs has been eval-
uated for a specific disability, as described
in [8]-[10], [12]. Thus, telerehabilitation is
still considered a growing alternative to
traditional face-to-face therapy that em-
ploys technological solutions to remotely
provide rehabilitation care in both clinical
centers and in-home programs. This strat-
egy should not be seen as a technology
itself, but as the use of new emerging tech-
nologies—such as motion capture sensors,
wearable devices and computational tools,
among others—to provide healthcare assis-
tance to patients in their own home or
residence, which reduces high costs and
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discomfort due to long patient transporta-
tion [13]. Consequently, telerehabilitation
systems or programs are developed to cov-
er the high demand of disabled people with
different types of physical impairments in
developed and high-income countries are
reported in different sources of scientific
and dissemination literature.

This paper presents a systematic re-
view of the current development and im-
plementation of telerehabilitation technol-
ogies in Latin American countries. The
main goal is to explore from reported scien-
tific literature and informative sources to
establish if rehabilitation technologies
have been introduced in this region. Like-
wise, this work expects to describe current
prototypes or systems that are being used
or still under development, which are not
yet reported in scientific literature.

2. OVERVIEW OF TECHNOLOGIES FOR
TELEREHABILITATION

Telerehabilitation is comprised of a set
of instruments and protocols aimed at
providing access to rehabilitation services
to patients at geographically distant loca-
tions [13]. Previous works have reported
some important benefits for patients in
specific rehabilitation programs that use
information and communication technolo-
gies. The outcomes are comparable to those
obtained by the well-known face-to-face
physiotherapy [14]—[17]. Since telerehabili-
tation systems are used in real clinical
scenarios, several assistive technologies
have been implemented using basic com-
munication tools, e.g., healthcare assis-
tance by videoconference [18]. Because of
technological advances, more sophisticated
methods were introduced into rehabilita-
tion processes [19]. Thus, the principal aim
is to include low-cost technologies to im-
prove and optimize the rehabilitation ser-
vice and patient outcomes by reinforcing
traditional rehabilitation programs and
providing applicability and portability at

home. Most rehabilitation technologies are
customized to personal practices [20],
which suggests reduced applicability in
other rehabilitation practices. In fact, some
clinical studies reveal that only 31% of the
patients actually follow home exercise
routine such as prescribed by therapists
[21]. Currently, home rehabilitation proto-
cols are addressed to those patients in a
game context, thus maintaining the effec-
tiveness of cognitively challenging exercis-
s [22]. For that reason, telerehabilitation
systems based on motion capture have
been shown to increase the intensity of
rehabilitation sessions and improve the
user’s experience [23], [24]. These systems
have encouraged the use of different kinds
of commercial sensor technologies for cap-
turing, storing, analyzing and processing
movement information related to orienta-
tion and position of different body seg-
ments (limbs) of patients from which both
video and spatiotemporal signals are ac-
quired [21], [25]. Therefore, different assis-
tive technologies have been implemented
in telerehabilitation systems and resulted
in the emergence of some disciplines, such
as the following:

2.1 Virtual environments and serious games
(exergames)

A virtual interaction between patient-
to-clinician allows to simulate traditional
treatments, being as effective as in-person
therapies [26]. Several rehabilitation sys-
tems based on low-cost motion tracking
technologies have been developed to record
the user’s movements in 3D graphic envi-
ronments with devices, such as Nintendo
Wii Remote, Kinect Camera and inertial
sensors (Inertial Measurement Units
IMUs) implemented in 3D computer graph-
ic environments [21], [27]. Some research
projects have directly explored the poten-
tial of current commercial games for reha-
bilitation. This is the case of commercial
console games with motion-based input
devices, such as Playstation and Wii
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Sports, which have been used in real clini-
cal studies [28]—[30]. Their main draw-
backs are related to a design that is di-
rected at normal subjects. Other systems
[31], [32], inspired by game consoles in the
market (Wii, Xbox) have proposed a mixed
rehabilitative/gaming use of these com-
mercial devices. Among them, very few
studies are devoted to develop exergaming
devices customized for rehabilitation [33],
[34]. However, not all of them are suitable
for home care settings, and none of them
can be integrated as a telerehabilitation
device. Likewise, virtual environments and
virtual reality engines such as Unity 3D,
Games Maker Studio, Unreal Engine and
Blender toolkits, among others, have been
used as development kits for 2D and 3D
video games. They enable to simulate real
clinical scenarios for both patients and
clinicians.

2.2 Robotic-based rehabilitation

Nowadays, low-cost technologies allow
different developments of telerehabilita-
tion prototypes, which can be provided in a
variety of modes. They include both robotic
devices and virtual reality applications for
tele-homecare to coordinate in-home ther-
apy and patient support, in-home patient
telemonitoring, and teletherapy for exer-
cise recognition and supervision by a re-
mote therapist [22], [35], [36]. Specifically,
a therapy robot is used during a rehabilita-
tion program for a certain period of time to
increase an individual’s ability to recover
the capability of movement [37]. These
robots are part of human—machine interac-
tions that are often considered robotic
therapy aids to assist disabled patients.
They implement simple technologies to be
used and managed by patients, engineers,
therapists and clinicians. Such is the case
of robots based on haptic sensors combined
with inertial and depth sensors (Kinect®
camera), which enable to estimate meas-
urements such as strength (force), orienta-
tion and position of human body segments

[38], [39]. These strategies are being used
to cover post-surgery movements of human
limbs and provide mobility aids based on
exoskeletal devices. Usually, the Kinect®
cameras provide the position of joints
between two adjacent body segments,
which are extracted from the human sil-
houette by processing the depth images
obtained from the Kinect® technology [15],
[40]. This device uses a skeleton with fif-
teen or twenty joints, depending on the
version, Kinect vl or v2. Hence, spatial
information allows to locate the body seg-
ment under evaluation.

On the other hand, the most widely
used wearable sensors are of the inertial
type, which retrieve information from gy-
roscopes, accelerometers and magnetome-
ters contained in an IMU unit [41], [42].
This information allows to estimate 3-axis
data regarding the orientation of each body
segment under analysis. In addition, the
clinic movements can be estimated de-
pending on anatomical planes by pro-
cessing the information about their posi-
tions. These devices enable to wirelessly
measure joint angles for diagnosis during
rehabilitation exercises [43].

Finally, haptic technologies are used to
recreate the sense of touch by applying
forces, vibrations, or motions to the users
[29]. This kind of mechanical stimulations
are used to assist in the creation or han-
dling of virtual objects in a graphic envi-
ronment [44], [45]. Their main advantage
is providing biofeedback during a rehabili-
tation process that can be used to enhance
some control systems, mainly when they
are included in exoskeletal systems based
on motor movements.

3. METHODS
3.1 Data sources and search strategy
In this work, a systematic strategy was

taken to conduct the review by two differ-
ent searches. The first one involves a rig-
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orous literature search from some scientific
digital repositories and second one includes
telerehabilitation projects and programs
implemented in Latin American region by
both academic and healthcare institutions.
Each search is described below.

3.1.1 Searching Scientific Literature

To identify relevant articles focused on
telerehabilitation endeavors in Latin
American region, a literature search was
conducted from different scientific data-
bases such as: Embase, IEEE Xplore,
PlosOne, Medline, ScienceDirect, Scopus,
Scielo, Redalyc and Google Scholar. This
search was related to keywords: "telereha-
bilitation" OR '"tele-rehabilitation" OR
"telerehabilitacion" OR "tele-
rehabilitacion" "tele reabilitacdo" OR
"telereabilitacdo" AND “Motor” OR “Mo-
tion” OR “Motriz” OR “Movement” OR
“Movimiento” OR “Movimento” AND any
name of Latin America countries (Argenti-
na, Bolivia, Brazil, Chile, Colombia, among
others). For doing so, refereed journals
and peer-reviewed articles published in
either conference proceedings or book
chapters from January 2011 to May 2017
were taken into account. In addition, only
articles written in English, Spanish or
Portuguese were included. Hence, the title
and abstract of all the retrieved articles
were initially reviewed by title and ab-
stract to identify potentially relevant pa-
pers.

3.1.2 Searching Telerehabilitation Pro-
grams/projects

Several telerehabilitation initiatives
have emerged as simple academic proto-
types that later transcended as research
projects by universities, hospitals and gov-
ernment or private institutions. Their
outcomes have allowed to implement dif-
ferent telerehabilitation programs in pub-
lic health systems in some Latin American
countries. However, the technological de-

velopment of these programs or projects
has not always been reported through
scientific articles. Therefore, our second
search regarding telerehabilitation pro-
grams and projects was conducted on
Google. For doing so, we used search terms
related to telerehabilitation services, pro-
grams or projects. Thus, the search terms
were combined as follows: ("telerehabili-
taciéon" OR "tele-rehabilitacion" OR "tele
reabilitacao" OR "telereabilitacdo") AND
("Servicio" OR "programa" OR "proyecto"
OR "servigo" OR "Projeto" OR "Programa").
The second search strategy aimed to re-
trieve technical information such as: in-
formative literature, technical reports,
websites and informative documents.
Those written in Spanish or Portuguese
languages due to that we suppose that the
most relevant information is disseminated
in the native language of each country.
This way, informative and technical re-
ports from January 2006 to May 2017 were
retrieved. For that purpose, the web do-
mains of each Latin American country
were included in the search, e.g., *.co, *.ch,
*.ar, *.ec and *.br, among others.

The time period of the search was de-
fined by the release date of video game
technologies used for telerehabilitation
such as Nintendo WII (2006), Kinect®
camera by Microsoft (2010) and exergames
development based on WebGL (2011).
Likewise, all the titles and abstracts of the
retrieved documents were initially re-
viewed to identify potentially relevant
information. Finally, once all the relevant
articles and informative documents related
to telerehabilitation programs/projects
were i1dentified, an inclusion/exclusion
process was established based on some
criteria, as described below.

3.2 Study selection-inclusion/exclusion cri-
teria

Once the two sets of scientific articles
and technical reports on telerehabilitation
programs/projects were identified and
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retrieved (e.g., from digital repositories
and websites or documents), a selection
process was introduced. The latter was
based on the Preferred Reporting Items for
Systematic Review and Meta-Analyses -
PRISMA statement [46], as illustrated in
Figure 1.

Thus, a preliminary selection task was
carried out by removing all duplicate arti-
cles or technical reports related to the
same telerehabilitation program/project.
Then, two groups of inclusion/exclusion
criteria were defined: one for the scientific
literature and another one for the telere-
habilitation programs/projects.

3.2.1 Scientific literature criteria

The selected articles were assessed
based on the following screening questions.

Inclusion criteria questions:

1. Is the publication focused on the de-
velopment or implementation of technolo-
gies in physical telerehabilitation?

2. Does the publication describe re-
search or implementation projects carried
out in a Latin American country?

3. Was the document published be-
tween January 2011 and May 2017?

4. Is the publication a MSc or PhD the-
sis?

5. Is the retrieved publication written
in English, Spanish or Portuguese?

If the answer was “yes” to all the ques-
tions above based on the title and abstract
of the selected article, that document was
included in an eligibility review. The arti-
cles that cast doubt regarding any question
were also remained. On the other hand, an
exclusion criterion was also defined; it
allowed to remove articles with absolute
certainty. Likewise, if the review process
resulted in “no” answers to all the exclu-
sion question, the article was included. The
detailed list of exclusion questions is be-
low.

Exclusion criteria questions:

1. Is the publication focused on the de-
velopment or implementation of technolo-
gies for other telerehabilitation services
(different to motor impairments)?

2. Does the publication describe re-
search or implementation projects that
were developed out of Latin American
countries?

3. Is the publication a review, a degree
project or a text book?

Finally, the review process concludes
with an eligibility review stage. During the
latter, the full text was read and reviewed
to establish if it met some eligibility crite-
ria such as telerehabilitation platform,
methodological evaluations and clinical
results.

3.2.2 Projects and Programs criferia

Similarly, the retrieved documents
were screened by reviewers to find pro-
grams and projects that led to answer “yes”
to all the inclusion and exclusion criteria
questions below. Since some of those doc-
uments were news articles and other unof-
ficial texts, the projects and programs re-
ported by them were followed in order to
obtain official information. Then, specific
news articles were accepted as official
information when the reported data was
provided by clearly identified official
sources.

Inclusion criteria questions:

1. Is the project or program concerned
with developing or implementing physical
telerehabilitation services in a Latin Amer-
ican country?

2. Was the program or project devel-
oped between January 2007 and May
2017?
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Figure 1. Visual representation of the document search and inclusion/exclusion process during different phases
of the conducted review process. Source: authors

Exclusion criteria:

1. Is there any official or technical doc-
ument that allows to verify the execution
of the program or project?

4. RESULTS

4.1 Database search and selected papers

An overview of our obtained results
from both scientific literature and telere-

[162] TecnoLégicas, ISSN-p 0123-7799 / ISSN-e 2256

habilitation projects/programs searches are
shown in Figure 1. A group of 802 articles
and 255 Google documents were initially
retrieved by the aforementioned searches.
Out of those, only 46 relevant articles and
7 documents related to programs and pro-
jects met all the inclusion criteria proposed
in this systematic review. A distribution of
the selected scientific papers and projects
by Latin American region is shown in Fig-
ure 2. It reveals that only six countries
have reported any telerehabilitation initia-
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tive based on emerging technologies for
restoring some motor impairments. As a
result, a total of 14 documents were found
from Colombia, 13 from Brazil, 10 from
Ecuador and 10 from Mexico. Argentina
and Chile reported 3 documents each. Ad-
ditionally, in the particular case of Chile, a
set of 8 documents related to telerehabili-
tation projects developed by Teletén Insti-
tute was retrieved. However, those initia-
tives were summarized and reported in a
single relevant document, which is consid-
ered in this systematic review.

Colombia Brasil Mexico  Ecuador Argentina Chile Other

mNumber of Programs in Google documents

mNumber of Scientific or Academic Publications

Figure 2. Distribution of the selected documents related to
Telerehabilitation initiatives, which were developed or
implemented in Latin American Countries.
Source: authors

The selected studies were classified by
country and project, as the results of our
eligibility process. In addition, the review
allowed to determine that some documents
had been written by the same authors (or
some of them) and they were the outcomes
of the same projects that also described
their use and applied technology. Table 1
presents a summary of the technologies
used in those projects. It can be observed
that a large number of studies reported the
development or use of virtual rehabilita-
tion technologies (25) compared to robot-
assisted rehabilitation (6), web platforms
(3) and basic communication tools (1).
Likewise, the Kinect® depth camera was
the most widely used sensor for interacting
with virtual environments, which was an
expected result because it allows patients
to move freely. Furthermore, Table 2 de-
scribes the most relevant aspects of the

selected studies grouped by projects. It can
be seen that a reduced number of the se-
lected studies reported a clinical evalua-
tion of real patients.

Table 1. Number of projects using specific telerehabilita-
tion technologies. Source: authors

Virtual Rehabilitation / Videogames 25

Kinect 12

Haptic devices

Wii-Mote

Inertial sensors

Electromyograph

Robot Assisted Rehabilitation

Basic communication tools

W (= O [N [ | (Ot

Web platform

4.2 Telerehabilitation related to national
Initiatives

Among other countries in Latin Ameri-
ca, Colombia, Ecuador, Mexico, Brazil,
Argentina and Chile have reported techno-
logical developments and innovation of
emerging telerehabilitation technologies,
processes and services directed at people
with disabilities, mobility difficulties and
older adults. The details of those initiatives
are presented below.

4.2.1 Colombia

In this study, Colombia holds the high-
est number of scientific or academic docu-
ments published in Latin America, which
is a sign of the development and/or imple-
mentation of telerehabilitation initiatives.
Seven telerehabilitation projects were
identified from a subset of eleven peer-
reviewed documents and one rehabilitation
program. The program was executed as a
cooperation agreement between Teletén
and a non-profit organization, Fundacién
IDEAL [11], [47]. It consisted of an educa-
tional process for rehabilitation promoters,
disabled people, their families and caregiv-
ers. In addition, this initiative was imple-
mented in the Amazonian region. Accord-
ing to Teleton, from 2015 to 2016, 45 users
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were assisted using this initiative; this
number is due to the fact that they faced
some problems, such as the internet con-
nection [11]. Besides, the analysis of the
documents from that country revealed only
one peer-reviewed document that reported
a real telerehabilitation implementation in
a clinical scenario [48]. Such work com-
prises a teleconsultation platform for both
health promoters and people from a specif-
ic community to assist patients who have
trouble getting to a medical center. Like-
wise, most of the other selected documents
reported the use of virtual reality com-
bined with low-cost technologies for motion
capture based on devices such as inertial
and magnetic sensors [42], [45], [50]-[52],
Kinect® cameras [40], [63] and haptic de-
vices [35]. These emerging technologies
were used for motion tracking and measur-
ing joint angles in order to track the pro-
gress of patients with disabilities caused
by multiple sclerosis [20] and upper limb
motor disabilities during rehabilitation
programs [42], [45], [60]-[52], [63], [35],
[37], [39].

Colombia also reported the use of exer-
gaming technologies (serious games) as
telerehabilitation initiatives for improving
user experience [35], [45], [63]. A remarka-
ble telerehabilitation system was devel-
oped by Callejas et al. .[42], [45], [60]-[52]
for people with upper limb motor disabili-
ties. Their system includes a sensor mod-
ule to capture motion information by using
an optical device and three inertial sensors
located on each arm joint. The information
1s wirelessly sent to a receiver module
installed on the health professional's com-
puter to analyze the movements related to
a patient’s progress and match them with
a therapeutic plan based on video games.
Another well-known technology is also
adapted in Colombia: robotic-based assis-
tance. Some selected documents presented
the use of a teleoperated exoskeleton com-
posed of torque and angular position sen-
sors controlled in real time via Ethernet
[37], [39].

4.2.2 Brazil

In Brazil, two types of telerehabilita-
tion have been proposed and both use low-
cost technologies. One of them aims to
conduct randomized trials and the other
one at providing remote rehabilitation.
Randomized trials are used to evaluate the
efficacy of virtual reality scenarios and
exergaming technologies in rehabilitation
sessions. Such technologies are imple-
mented using commercial controller devic-
es, such as the Wii Remote® [28], [68] and
Kinect® [56], [67]. These works aim to
improve the physical functions of Cerebral
Palsy [57], [568] and stroke [28], [56] pa-
tients. In general, those studies have
shown that Virtual Reality contributes to
motor damage recovery and follow up. In
contrast, the study by do Nascimento [58]
revealed that virtual reality was not useful
to improve the upper limb function of chil-
dren with cerebral palsy. Additionally, in
2014, Marques M. [60] carried out a study
to demonstrate the feasibility of using
conventional technologies such as phone
calls, text messages and videoconferences
to support the physical rehabilitation pro-
cess in remote areas. According to her
results, both therapists and patients re-
ported satisfaction when they use the pro-
posed technologies and feasibility during
the rehabilitation process. In terms of de-
veloped technologies, most of those sys-
tems aim to support the physical rehabili-
tation through some virtual rehabilitation
applications, which are based on serious
games (exergames). Like in other countries
in Latin America, those systems propose to
use different low-cost devices such as Ki-
nect® [59], [61], [62], Nintendo Wii® [24],
[28], balance board [64] and PlayStation
EYE® webcam [63], among others. Those
initiatives allowed to provide therapeutic
treatments for hemiparetic stroke [24],
[28], [63], [64] and upper limb disabilities
[61], [62]. Although those works indicate
the potential of the proposed technologies
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Table 2. A summary of development and implementation initiatives of telerehabilitation technologies in Latin American Source: authors

Project Type of technology Application Development Evaluation /

(References) status participants
Colombia
Ideal — Teletén Not reported Tele-education Implementation 45 users attended
[11], [47]
Yunda et al. [48] Web platform for teleconsultation: Text and image sharing Support of health promoters and Implementation Three rural hospitals

community
Ordoniez et al.[35] Virtual reality. Sensor: haptic device Upper Limb fine motor rehabili- Prototype Not reported
tation

Murtioz et al. [49]

Virtual Reality — Exergames.
Sensor: Kinect®. Developed software: Bio-Cirac v. 1.0

Multiple pathologies

Clinical evaluation

Patients and healthy
subjects

Sosa et al. [40]

Movement measurement.
Sensor: depth and color images (Kinect®)

Measurement of functional
performance of multiple sclerosis
patients

First stage prototype

Not reported

Callejas et al.[42], Movement analysis - Virtual Reality — Exergames. Flexion/extension elbow rehabil- Prototype Not reported
[45], [50]-[52] Sensors: inertial, magnetic and optical. itation follow-up
Patient-physician interaction: web based application.
Ruiz-Olaya et al. Robotic exoskeleton. Real-time evaluation of upper Prototype Not reported
[37], [39] Sensors: angular position and torque. limb function
Patient-physician interaction: videoconference.
Uribe et al. [53] Exergames. Shoulder rehabilitation Prototype Not reported
Sensor: 3D depth (Kinect®)
Brazil
Tto [54] Robot-assisted Rehabilitation - Video Games. Distal radius fracture rehabilita- Prototype 30 healthy subjects
Sensor: Easy-to-use Positioning. tion
Uribe [55] Robot-assisted Rehabilitation - Virtual Reality - Video Games. Lower limb rehabilitation Prototype 3 patients with differ-

Sensors: Position sensor, Kinect®, Wii Remote®.

ent diseases

Aratjo et al. [56]

Virtual Reality - Video Games.
Sensor: Kinect®.

Recovery of post-stroke hemipa-
retic patients

Randomized trial

5 stroke patients

Camara[57] Virtual Reality - Video Games. Rehabilitation of children with Randomized trial 28 children with Cere-
Sensor: Kinect®. Cerebral Palsy bral Palsy
Nascimento [58] Virtual Reality - Video Games. Rehabilitation of children with Randomized trial 12 children with Cere-
Sensor: Wii Remote®. Cerebral Palsy bral Palsy
Nogueira [59] Virtual and augmented reality. Post-stroke patient rehabilita- Prototype 5 healthy subjects and
Sensor: Electromyograph. tion 5 stroke patients
Marquez [60] Basic Communication TechnologiesO(phone call, text message, vide- Post-stroke patient rehabilita- Feasibility study 20 therapists and 5
oconference) tion stroke patients

Cargnin et al. [61],
[62]

Serious Games.
Sensor: depth and color images (Kinect®).
Patient-physician interaction:
Multiplayer game.

Upper Limb rehabilitation

Prototype

Not reported

Ribeiro et al. [24],
[28]

Patient's progress follow-up.
Sensor: Nintendo Wii® games.

Post-stroke patients

Randomized trial

29 hemiparetic pa-
tients

Soares et al. [63],
[64]

Virtual reality - Serious games.
Sensors: PlayStation Eye®
webcam and inertial sensor (Board).

Post-stroke patient rehabilita-
tion

Prototype

Not reported




Mexico

Meridia - Elder
Day Center [65]

VirtualRehab.
Sensor: Kinect®.

Rehabilitation of elderly pa-
tients with special needs

Implemented

Not reported

Mendoza et al.[66],
[67]

Robot-assisted rehabilitation

Robot-assisted rehabilitation of
upper limbs

Under development

Simulations

Aguilar et al. [68] Robot-assisted rehabilitation Elbow, shoulder and wrist Prototype 58 patients
rehabilitation
Valles et al. [69] Robotic commercial systems Upper and lower limb rehabili- Prototype 10 patients
tation
Saucedo et al.[70], Movement analysis - Virtual Reality. Motor impairment diagnosis and Prototype 7 test patients
[71] Sensor: Haptic devices. children rehabilitation
Patient-physician interaction:
Master-slave haptic devices.
Ramirez et al.[72] Virtual Reality - Web application. Massage therapy Prototype 25 elderly patients
Sensors: haptic and leap motion devices.
Borrego et al.[73] Movement analysis - Virtual Reality — Exergames. Upper limb rehabilitation and Prototype 7 older adults

Sensor: gripper.
Patient-physician interaction: web-based application

cognitive stimulation

Macias et al.[74]

Movement analysis - Virtual Reality

Patient-physician interaction: web based application (sample videos).

Patients with rotator cuff (RC)
tear.

Under clinical eval-
uation

11 patients

Ecuador

VPRehab [75]—[80]

Movement analysis - Virtual Reality — Exergames.
Sensors: haptic, Myo® bracelet, Kinect® and Nintendo WII Fit
Plus®.

Patient-physician interaction: web based application.

Fine motor rehabilitation, carpal
tunnel syndrome, upper limbs,
Parkinson’s Disease, cerebral
palsy and Brain Injury.

Prototypes and
implemented appli-
cations

Patients and healthy
subjects for each appli-
cation

ePHoRt [21], [81]

Movement analysis - Virtual Reality.
Sensor: Kinect®
Patient-physician interaction: web-based application.

Remote monitoring of rehabilita-
tion exercises of patients after
hip surgery

Under development

Kushkalla [82],
[83]

Movement analysis - Virtual Reality.
Sensor: inertial — Kinect® sensors.
Patient-physician interaction: web based application and videocon-

Rehabilitation of patients with
dementia disorders

Under development

Not reported

ference.
Chile
Teleton Institute Implementation of a commercial platform. Motor rehabilitation Implemented 26 health centers
[84]-[86] Sensor: Kinect®.
Argentina
Hospital Italiano Telerehabilitation services provider Comprehensive, Cognitive and Implemented Not reported
de Buenos Ai- Kinesthetic Telerehabilitation
res[87]

Reavitelem [88]

Virtual Reality- Exergames.
Sensor: Kinect®.

Rehabilitation of patients with
Multiple Sclerosis

Under implementa-
tion

Not reported

MoVeR-T [89]

Multiplayer Online Virtual Reality Game (MOVR-Game)

Not specified

Proposal
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for performing home rehabilitation thera-
pies, none of them includes an e-health
platform designed to provide remote reha-
bilitation services. In contrast, Dornellas et
al. [61] described an innovative strategy
based on a virtual world for a multiplayer
game that establishes an efficient interac-
tion between the patient and the physical
therapist. In addition, the therapist can
accurately evaluate and monitor the joint
angles and position of the patient by
means of a skeleton representation in a
graphic interface in real time. Additionally,
a novel stabilometry system based on seri-
ous games was proposed. It uses a balance
board with an inertial sensor unit (accel-
erometer and gyroscope sensor) for train-
ing and evaluating the balance of hemipa-
retic stroke patients [64]. This work shows
a low-cost rehabilitation initiative that
employs simple hardware according to
specific requirements. Furthermore, two
documents reported the development of
low-cost mechatronic systems integrated
with virtual games to simulate rehabilita-
tion routines [54], [65]. In those cases, the
systems were developed as a complement
to rehabilitation and not as a replacement
of the physical contact between patient and
therapist. One relevant aspect of Brazilian
Initiatives is that most of them were eval-
uated using real patients. For instance, the
usability of serious games proposed for
upper limb rehabilitation was evaluated by
48 subjects [61], [62]. Besides, the feasibil-
ity of a wvirtual reality strategy was also
evaluated by using 43 post-stroke hemipa-
retic subjects [24], [28].

4.2.3 México

Currently, Mexico is promoting the de-
velopment of virtual rehabilitation com-
bined with robotic-based technologies for
improving rehabilitation sessions. Hence,
several scientific and academic documents
in this review correspond to initiatives
developed in Mexican healthcare institu-
tions. One project aimed at adopting com-

mercial solutions was also identified.
Those commercial solutions are based on
controllers to provide robot—assisted reha-
bilitation for upper limbs [66], [67] and
mechatronic devices for arm, elbow, wrist
and shoulders rehabilitation, respectively
[68]. In addition, an assistive technology
based on robotic-rehabilitation was imple-
mented by using commercial devices: The
Gymnasium for Robotic Rehabilitation
(Robot Gym). In general terms, those
commercial devices have proven to be a
cost- and labor-efficient alternative for
post-stroke rehabilitation compared to
standard time-matched rehabilitation ses-
sions [69]. Also, Mexican researchers have
shown great interest in the development of
rehabilitation systems based on virtual
reality. Saucedo et al. proposed to use two
haptic devices to perform pediatric motor
rehabilitation in a virtual world by apply-
ing computer graphics. To do so, a master-
slave communication between the two
devices allows the therapist to guide the
patient to perform some proposed activities
[70], [71]. Likewise, haptic and Leap Mo-
tion® devices connected to virtual non-
immersive environments were proposed for
managing online programs of back mas-
sage therapy [72]. Another initiative by
Borrego et al. [73] involved a collaborative
game for motor telerehabilitation. In this
sense, a therapy session for two patients is
adapted as a game, thus enabling the pa-
tients to play simultaneously while the
therapist can remotely analyze and moni-
tor their movements.

Another telerehabilitation platform de-
signed for patients with partial rotator cuff
tear was reported in this review. Such
platform 1is an interactive environment
that provides patients with access to a set
of rehabilitation resources, such as educa-
tion on the pathology, injury care, joint
hygiene, activity modification and thera-
peutic exercises. This platform is currently
undergoing clinical trials [74]. Finally, we
found some news about the implementa-
tion of VirtualRehab, a commercial Ki-
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nect®-based platform for physical therapy
supported by exergames. This platform is
being used at an adult day care center,
namely Meridia [65]. However, technical
reports with implementation details or
results were not found.

4.2.4 Ecuador

In Ecuador, three official projects were
identified among eleven retrieved docu-
ments (10 selected papers and one official
research project). VPRehab (Desarrollo de
un demostrador tecnolégico en pacientes
con dafnio cerebral adquirido) is a project
developed by researchers from ESPE (the
Army University) and Zaragoza University
in Ecuador and Spain, respectively. It was
designed as a rehabilitation system based
on virtual reality that can be used to carry
out in-home rehabilitation programs. Even
though its main purpose was focused on
the rehabilitation of disorders caused by
acquired brain injury, the selected reports
show that it has been used for providing
remote rehabilitation assistance to pa-
tients with chronic acquired brain injury
[76], Parkinson’s disease [75], cerebral
palsy [77], stroke [78], carpal tunnel syn-
drome [79] and upper limbs disabilities
[80]. To do so, this project included low-cost
devices for motion capture that interact
with Kinect® cameras, Nintendo Wi Fit
Plus®, MyO® armband, a haptic device
and a robot ball. The movement is simulat-
ed in virtual environments under the exer-
gaming philosophy (serious games). In all
cases, the evaluation was conducted using
real patients and healthy subjects, but its
use in real clinical scenarios or health-care
services was not reported. The second pro-
ject, named ePHoRt, is an ongoing project
proposed by Ecuadorian and Portuguese
researchers. It aims to develop a web-
based platform for in-home motor rehabili-
tation of patients after hip arthroplasty
surgery. The proposed platform will in-
clude motion capture and tracking, move-
ment recognition and assessment, exer-

games, biofeedback and message-based
communication modules [21], [81]. Some
preliminary outcomes related to motion
capture and movement recognition tasks
are reported in [81]. Likewise, Kushkalla
[83] is a web-based telerehabilitation plat-
form developed as part of the project Plata-
forma de telerehabilitacion para adultos
mayores con trastornos asociados a demen-
cia, basada en tecnologias emergentes [82].
This platform includes a virtual environ-
ment to provide user-clinician interaction,
a motion capture system and graphic ele-
ments for quantitative movement analysis
during in-home rehabilitation treatments.
To do so, they proposed a gait analysis
strategy based on information fusion from
inertial sensors and depth image data. In
addition, this project will develop some
educational plans for caregivers in order to
train them on the correct use of the devel-
oped technologies.

4.2.5 Chile

Unlike other countries in the region,
only one scientific paper was found form
Chile: a technologic development. In con-
trast, the number of implemented cases
identified in our search was significant.
Moreover, the only paper we found con-
cerns one of those implementation cases
[84]. Those initiatives have mainly been
developed by Instituto Teletén, a non-profit
entity responsible for the comprehensive
rehabilitation of children with neuromus-
culoskeletal damage. For that purpose,
Teletén entered an agreement with Virtual
Ware (http://virtualwaregroup.com/es) for
using VirtualRehab (a virtual rehabilita-
tion system based on exergames and Ki-
nect® interaction) and providing telereha-
bilitation services in several municipalities
of this country [85]. Two main programs
are currently being implemented by this
Foundation: Teleton en tu comuna and
Teleton en casa. The first one is developed
under a specific agreement with the local
governments. It aims to equip local health
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care centers with Virtual Rehab technology
for providing some comprehensive rehabili-
tation programs, which are monitored by
specialists located at regional Teletén in-
stitutes. The second one, Teletéon en tu
casa, uses more affordable technologies
such as personal computers and tablets;
hence, patients receive personalized exer-
cise recommendations by therapists. It is
carried out using text messages and vide-
oconference sessions [86]. There were no
statistical reports about patients treated
with this rehabilitation strategy and this
program is not currently available. Howev-
er, Teleton reports that 26 communities
will benefit from those programs until
2017.

4.2.6 Argenftina

In this country two telerehabilitation
projects associated with healthcare institu-
tions were found. They provide specific
rehabilitation therapies by using virtual
rehabilitation technologies. Hospital Ital-
iano de Buenos Aires offers comprehensive,
cognitive and kinesthetic telerehabilitation
services for adults and children [87]. This
Institution has a health informatics de-
partment that is developing several tele-
medicine projects; among them, there is a
graphic application that enables some
rehabilitation exercises at the patient's
home (telerehabilitation) by using motion
sensors [90]. In addition, Instituto de Neu-
rociencias de Buenos Aires (INEBA) is
developing a program that aims to evalu-
ate the feasibility of virtual reality and
telerehabilitation technologies for neu-
rorehabilitation therapies of patients with
multiple sclerosis. To do so, a group of
partner healthcare centers will be provided
by VirtualRehab, the same application
used in Chile by Instituto Teletén. The
project purposed to recruit 100 patients
from ten neurorehabilitation centers locat-
ed around the country [88]. Finally, anoth-
er project was reported in [89]: a virtual
rehabilitation system. This project is fo-

cused on the development of multiplayer
online games with two interconnected
applications: a patient-oriented component
that is executable on virtual reality glasses
and a program that enables physicians to
arrange and follow up on therapy sessions
from a remote rehabilitation center.

5. DISCUSSION

The proposed systematic review re-
vealed that physical rehabilitation based
on telerehabilitation systems has received
some attention from both academic and
healthcare institutions. The retrieved lit-
erature (n=53) is focused on technological
developments to assist the most relevant
impairments, such as fine motor rehabili-
tation, upper limb joint injuries, movement
disorders caused by cerebral palsy, multi-
ple sclerosis, chronic acquired brain injury,
Parkinson’s disease. Besides some docu-
ments deal with exercise programs for
post-stroke patients. Most of these rehabil-
itation programs have included low-cost
technologies for body movement analysis,
measurement and exercise program moni-
toring. Technologies such as inertial and
haptic sensors, Kinect® cameras, Nintendo
Wii Fit Plus®, virtual reality, graphic en-
vironments and more have been estab-
lished as fundamental tools for telerehabil-
itation systems in many clinical scenarios
in industrialized countries [91]. Although
in Latin America they are used for the
same purposes, the reviewed literature
shows that the initiatives in this region
lack rigorous clinical evaluation. Perhaps
this is due to the fact that several telere-
habilitation initiatives retrieved in this
study have emerged as technological de-
velopments more than real clinic applica-
tions. In contrast to reports from other
regions around the world [9], [10], [12], our
findings demonstrate that in Latin Ameri-
ca there are no previous studies of econom-
ic and assistive benefits regarding these
kind of assistive technologies used by ei-
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ther government or private health care
systems to provide rehabilitation services.
Therefore, a huge multidisciplinary effort
by clinicians and researchers is necessary
to validate—from the clinical and economic
point of view—the profitability of assistive
technologies used in remote urban areas in
each country in this region.

Our systematic review also revealed
that some Latin American countries have
started the clinic implementation of low-
cost technologies to create telerehabilita-
tion programs and projects. In some in-
stances, regional developments were found
to be supported by working in partnership
with the local government or commercial
Institutions [65], [85]. Based on the coun-
try-level findings and an overall review of
all scientific papers and dissemination
documents on telerehabilitation pro-
grams/projects gathered for this systematic
review, it can be said that a set of telere-
habilitation initiatives is currently being
implemented in Latin America. Moreover,
a few of them have reported their benefits
and advantages or disadvantages to be
aware of their existence and clinical bene-
fits. Colombia, Mexico and Ecuador have
reported the greatest amount of telereha-
bilitation initiatives as academic develop-
ments, but a reduced number of clinical
implementations were identified. Con-
versely, Chile and Argentina reported few
academic initiatives, but they have some
clinical implementations of telerehabilita-
tion programs, as shown in Table 1. These
clinical implementations have been sup-
ported by some cooperation agreements
between the local health care provider and
foreign institutions.

Even though Colombia and Mexico
have directed their efforts to adapt differ-
ent low-cost technologies to clinical scenar-
108, few programs were clinically evaluated
with real patients. For instance, in Colom-
bia, the reported initiatives lack rigorous
evaluation. [11] reported a tele-education
strategy, but it was evaluated using 45
users. In [48], a web platform for telecon-

sulting was proposed and evaluated during
two months at three rural hospitals. How-
ever, only six teleconsultations were car-
ried out. Similarly, in Mexico, robot-
assisted rehabilitation combined with ex-
ergaming strategies 1s of great interest;
however, the reported evaluation is not
exhaustive, as observed in Table 1. Finally,
in Brazil and Chile, the retrieved literature
has shown that their rehabilitation strate-
gies also lack thorough clinical evaluation.
This review reveals that in all Latin Amer-
ican countries the emerging technologies
have been well-adopted to support physical
rehabilitation without being limited to a
specific disability. Nevertheless, clinical
protocols must be introduced to evaluate
and establish the disadvantages, ad-
vantages and benefits of the implementa-
tion of this kind of alternative rehabilita-
tion programs in different rehabilitation
fields. Therefore, in Latin America, telere-
habilitation still is a growing research area
that offers opportunities for further formal-
izing methods from a clinical point of view.

Another observation based on the re-
view 1s that the telerehabilitation pro-
grams currently available in the region
were partially or fully supported by or
working in partnership with the govern-
ment or foreign companies focused on this
task [85].

Additionally, it is important to high-
light that telerehabilitation programs are
likely to be accepted by the Latin American
population, which was evidenced in the
review. The growing social acceptability of
telerehabilitation programs contributes to
the usability of emerging technologies. In
other words, the users are more likely to
adopt them. In addition, telerehabilitation
needs to be seen differently—as a set of
highly useful technological strategies that
ailds many populations with existing im-
pairments and disabilities and prevents
severe health problems.
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6. CONCLUSIONS AND RECOMMENDA-
TIONS

Physical rehabilitation based on emerg-
ing technologies for impaired populations
has received some attention in Latin Amer-
ica. Specifically, the telerehabilitation
programs and projects under development
are related to disabilities caused by pediat-
ric motor impairment, cerebral palsy,
stroke, neurocognitive disorders and func-
tional movement rehabilitation. Neverthe-
less, a strong effort is being made to pro-
vide rehabilitation programs for the elderly
population, who inevitably are at a high
impairment and disability risk as a result
of ageing. For instance, Colombia, Mexico
and Ecuador have reported the greatest
amount of telerehabilitation initiatives
based on virtual reality combined with
wearable sensors such as haptic, inertial,
torque and Kinect® sensors that adopt the
philosophy of exergaming and assistive
robotics. However, a reduced number of
clinical validations was identified. In con-
trast, Chile and Argentina have reported
few academic initiatives, but they present-
ed some clinical implementations of telere-
habilitation programs supported by coop-
eration agreements between local health
care providers and foreign institutions.
Finally, regarding Brazil and Chile, the
retrieved literature has shown that their
rehabilitation strategies also lack thorough
clinical evaluation. However, more sys-
tematic planning and efforts are required
to design, produce and ensure the availa-
bility of affordable, acceptable, accessible
and adaptable telerehabilitation programs
to assist disabled population in general
terms. In addition, economic support from
health care institutions or government
policies is essential to establish standard-
ized clinical protocols for validating and
evaluating the technology in real clinical
scenarios. Furthermore, national enabling
legislation is necessary in each of the six
reviewed countries to implement these
strategies in a safe and reliable way for

users and clinicians. The analysis of the
results from the six Latin American coun-
tries also suggests the need for a compre-
hensive, integrated health and social sys-
tem approach to increase the current
availability of telerehabilitation initiatives
for disabled population in this region.

Such approach would entail several
tasks: promoting initiatives for low-cost
telerehabilitation programs; raising
awareness and building capacity on emerg-
ing technologies; bridging the gap between
rehabilitation policy and practice in a re-
mote manner; and fostering targeted re-
search on telerehabilitation based on
emerging technologies.
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