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ABSTRACT

This paper presents the development of an m-Health platform for
supporting the rehabilitation process of patients with acquired brain
injury. A six-step methodology for neuro-rehabilitation was
supported by the platform called CloudRehab. This cloud-
supported home-based rehabilitation platform includes a mobile
application and a web application. The mobile application has been
designed to record and play videos simultaneously, as well as
collect physiological and behavioral data to be uploaded to the
cloud. The collected data are accessed through a web application
for professionals of health. A single subject research design
indicated the platform was effective for improving a daily living
activity of a patient with chronic sequelae after stroke. CloudRehab
improve the performance of the rehabilitation exercise in a real-
context training, contributing to the effectiveness of the
rehabilitation process. The use of technological solutions for
supporting neuro-rehabilitation can seamlessly provide benefits to
patients and health systems.
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1. INTRODUCTION

Patients with acquired brain injury (ABI) due to traumatic brain
injury or stroke undergo a variety of physical, cognitive and
emotional impairments. Interdisciplinary teams expend many time
in neuro-rehabilitation of these patients. Some of them must relearn
even how to walk, talk and many activities of daily living. For that
reason, patients have to train several times until perform these
activities in a natural way. Feedback to patients about their
performance of activities is a key feature in rehabilitation. Health
professionals through verbal and descriptive information give
feedback. However, a single professional cannot provide enough
and fine feedback to patients in the more usual format in neuro-
rehabilitation, the group training.
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Evidence based practices indicate that patients’ self-monitoring is
possible in rehabilitation after ABI [1]. Self-monitoring is
complementary to feedback from professionals for allowing
patients to identify and discriminate between correct and incorrect
components of a rehabilitation activity. Video-feedback of per-
formance of rehabilitation tasks is especially useful for patients
after ABI [2]. Video-feedback is a proper way to develop self-
monitoring. Many works have investigated the potential of the
video capture technology and developed platforms that enabled
users to interact with graphic objects [3]. Visual information about
performance makes possible to self-correct mistakes made in the
sequence of a rehabilitation activity.

Tele-rehabilitation can be helpful after ABI. Patients need intensive
and long period of rehabilitation in outpatient medical centers [4].
This means a great number of displacements and time waste for
patients coming from places far away from the center. In addition,
many consequences of ABI remain as chronic sequelae after
discharge from outpatient rehabilitation programs. After this time,
rehabilitation at home by themselves can provide benefits to these
patients. Despite the ideal training should be conducted within the
patient’s own real-life context [5], many patients stop training at
home, and then some of the improvements and learning acquired
after a hard treatment fade away. Lack of feedback from
professionals during independent performance of rehabilitation
exercises may influence this interruption. In this regard, m-
Rehabilitation is emerging as an appropriate technique to enable
effective treatment of patients in their natural environments.
Previous proposals have mainly consisted in several forms of video
tracking of patients by using different types of devices and
technologies, such as video recording or videophones [6]. In
contexts where video is extensively used, the management and
labeling of recorded material is also a crucial issue, however, none
of them seem to provide this kind of support or make use of the
services and functionalities provided by mobile devices alongside
cloud computing [7], for subsequent reference, collaboration and
discussion between professionals, and with caregivers, at anytime,
from anywhere [8].

This paper summarized the project for developing a m-Health
cloud-based platform for supporting the neuro-rehabilitation pro-
cess of patients after acquired brain injury.
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2. THE REHABILITATION PROCESS
SUPPORTED BY CloudRehab

2.1. Case description

The participant was a 53 years old male with right hemiplegia after
a stroke 10 months ago. The main disability was the mobility of the
right upper limb and right lower limb, causing limitations in finger
extension and flexion. His body awareness and spatial competence
were normal and there were no limitations in understanding the
information given. Most of his activities of daily living (ADLs)
were accomplished by compensating with the left arm

2.2. Research Design

A single-subject design was used to evaluate the pre (Baseline) and
post (CloudRehab) training phase, following the rating scale
method for the quality of single-case experimental designs and tests
n-1: ROBINT. Buttoning and unbuttoning the shirt using both
upper limbs was the selected monitoring task.

Scores were obtained after each recording based on predefined
criteria for each behavior object. The implementation for each
criterion of each behavior was rated from 0 to 4 (4: Very good
execution; 3: Good execution, 2: Poor execution; 1: Very poor
execution and 0: unexcuted). These assessments were performed by
two blinded therapists. The videos, both base line and intervention,
are provided in the order given by a list of random numbers.

2.3. Procedure

The project started with a summary of those needs of patients and
professionals about neuro-rehabilitation that should be addressed
from m-health. These needs were basically summarized as follows:
(1) professional had to train patients on how to perform properly
each activity, (2) patients had to memorize and remember how to
do it every single time they must train with the presence of the
professional, and (3) without the presence of the professional, (4)
patients had to get behavioral and emotional feedback during and
after their performance, and (5) professional and patients need to
communicate quickly and efficiently, and this included the
recording of data. From these needs, we determined which steps
should compose the m-health tele-rehabilitation process.

2.3.1. Training of patient at the medical center

At the beginning, as in any rehabilitation program, the patient
should be trained by the corresponding professional in the health
center. This is a teaching-learning process adapted to patient
characteristics. The training exercise must be divided in its
sequential components. Close supervision and guidance of
professional helps patient to perform the target exercise in an
appropriate way.

2.3.2. Recording the performance of the rehabilitation
exercise

Once the patient has learned to perform the training task, the
professional records a guided execution with a smartphone or other
record device. This so called “self-tutorial video” is to be uploaded
to the system in order to be available for patient later on. A web-
based video manager helps professionals to divide the file with the
recorded exercise in several relevant steps. The establishment of
sequential phases into the exercise supports learning and
performance of patients, who can watch their own recorded tutorial
videos in a step-by-step basis.

2.3.3. Training of patient at home

Patients can perform a target rehabilitation exercise at home,
without direct professional supervision, but using a video tutorial as
guidance. At the beginning of a home-based performance of
rehabilitation activities, it is advisable that patients watch the self-
tutorial video first and then try to reproduce it in the same way that
they did at hospital. Of course, patient performance during training
at home should be also recorded with him/her device, and
automatically uploaded to the system for asynchronous supervision.
Patients encouraged to watch their own “video of training at home”
immediately get a useful feedback for self-monitoring their
performance. This feedback process is also supported by reviewing
and comparing their current performance recorded at home with the
self-tutorial video. Subsequently, patients could try it again and
correct some mistakes. The m-health system must provide patients
with a guide about when and how many times they should perform
each rehabilitation exercise.

2.3.4. Heart rate monitoring

While patients perform rehabilitation exercises at home, they can
make mistakes or get nervous for several reasons. Changes in heart
rate helps patient and professionals be aware of emotional distress.
For that reason, heart rate is monitored during the execution of
some training activities, by a chest strap (Polar Wearlink+® Smart
Bluetooth) The system should also provide some support when
needed. In these cases, system may ask patient to select between a
menu of possible support options. He/she could get some help for
relaxing, stop and rest for a short time and/or simply continue the
exercise in case of false alarms.

2.3.5. Therapeutic session programmer

In order to facilitate the planning of rehabilitation at home, the
system allows the professionals to schedule the therapeutic sessions
with specific dates, start time and end time. This promotes the
realization of an adequate number of repetitions at the most
convenient times of the day to be carried out.

2.3.6. Collect and sharing rehabilitation process data.

Communication between professionals and patients

The m-health system might collect several set of data during the
above described home-based rehabilitation process. Supervision of
professionals may be based on videos of training, records of heart
rate values, time of performances, kind of support options chosen
for patients, and so on. It could be a very useful communication
between patients and professional through text messages into the
system. Professional could review this wide range of information at
any time and provide specific feedback about patient’s performance
of the rehabilitation exercise he/she prescribed (how to improve or
correct mistakes). They can try to motivate patients or give advice
about how the rehabilitation process is going, etc.

2.4. The application for supporting the neuro-

rehabilitation process
In order to meet all identified needs and follow the above steps, we
developed a platform with two main applications:

2.4.1. Web Application

The web application can be used by any user of the system (health
professionals, patients and their relatives). Although all of them use
the same web application, each type of user (i.e., health
professional, caregiver, and patient) has its own interface and
restricted access to different sets of functionalities. The different
functionalities provided are, among others, the management of
patient information (medical and personal information), the



management of the sessions performed by patients, review
information generated by patients or real-time monitoring.

2.4.2. Mobile Application

The mobile application allows the training session of an exercise to
be played and recorded while obtaining heart rate using a chest
strap sensor to monitor patient’s stress level. The application
divides the device screen into two different parts. The upper part
shows the images captured by the frontal camera, while the bottom
part of the screen displays the training video previously recorded
with the supervision of a therapist (Figure 1). This provides the
patient with a useful real-time feedback about how to correctly
perform the exercise and how he/she is approaching to the intended
model. If the application detects that the heart rate signal of the
patient has reached the threshold defined by the professionals, the
application plays an information sound and shows a pop-up dialog
with different options (i.e., review the video session by steps, play
custom help audio or view relaxing images) in order to aid the
patient to reduce their stress level. The user interface has been
designed according to the criteria of health professionals in order to
ensure the usability for this set of users, and make it easy to use and
intuitive for the patient as well.

Figure 1. Self-Monitoring. Part A of screen: recording and watching
current patient’s performance; part B: watching self-Tutorial video

3. RESULTS OF EFFECTIVENESS
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Figure 2. Total score of everyday participant’ performance in baseline
(Pre-CloudRehab) and treatment phases (CloudRehab)

To study the effectiveness of CloudRehab platform a single case
study design with two phases was conducted. During the baseline
phase (8 days) the participant was asked to record himself while
doing the target behaviour (wear a shirt and buttoning using both
upper limbs) the best he could do. Subsequently, in the treatment
phase (8 days), the participant performed and recorded the
behaviour using the CloudRehab mobile application (frontal
camera). For data analysis, a split-middle trend line was applied to
extrapolate data trend in the baseline phase in order to determine if
the trend continues in the treatment phase [9]. Data of baseline
phase was divided in half [10] by a vertical dotted yellow line (see
Figure 2). The median of the data in each half of the baseline was 8
and 9 respectively. Each half of the phase was halved by the
vertical green line so that it was segmented into quarters. The value
of the first median (eight) was plotted on the firstquarter green line;
the second median (nine) was plotted on the third-quarter line. A
scarlet line throughout the baseline phase was drawn through the
two median data points. An equal number of data points appeared
on either side of the split-middle trend line. The line was
extrapolated into the treatment phase. Seven of the eight data of the
treatment (87.5 percent) were over the split-middle trend line.

4. DISCUSSION

This analysis supported an improvement of patient’s performance
in the target behavior. Looking at features of the systems, we
hypothesize there are some key factors in CloudRehab for explain
its effectiveness. First, the system is a constant source of feedback
to the patient, a powerful issue in rehabilitation process [11]. The
self-tutorial video refreshes all what patients have to keep in mind
for doing the target exercise in a right way. Then, they can review
their own performance and get self-monitoring about the degree of
similarity between what they did and what they should do.
Availability of information in a permanent format such as videos
has been successfully used in rehabilitation after acquired brain
injury [1]. Thus, patients can train at home independently without
too much memory requirements to remember what, when and how
to do. The use of videos allows to workaround memory and
executive dysfunctions, one of the most frequent sequelae after
brain injury [12]. Second, training daily living activities outside the
medical center, at the real-life context, promotes generalization
[13]. Caregivers play a key role helping patients and professional to
choose feasible activities for home-based rehabilitation. It seems
reasonable that a motivated patient who is provided of professional
help to practice as much as he/she want, can make larger advances
in their own recovery.

5. CONCLUSIONS AND FUTURE WORK

The aim of this research was apply a m-Health cloud-based
platform for supporting the neuro-rehabilitation process of patients
after acquired brain injury. CloudRehab facilitates rehabilitation by
support learning and training of rehabilitation target activities
together with reducing the number of displacements of patients and
caregivers to a medical center. Results from a single subject re-
search design shows the effectiveness of this methodology for a
relevant daily living activity such as dress a shirt independently.

As future work we are currently working in the development of
new functionalities needed for specific professional in the
interdisciplinary rehabilitation team such as Speech Therapists and
Nurses. On the other hand it is necessary to include more patients.
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