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ABSTRACT

People with Multiple Sclerosis (MS), no matter theverity of
their ability or disability, need regular physieattivities. The goal
of our work is to support face-to-face sessionsfopered by
patients one day a week at the medical center @itircises at
home the rest of the week. A pilot study was cotefliavith a
duration of two month with a tailor-made telereltigdgion tool
used by 20 MS patients and 10 professionals of ABEM
(Multiple Sclerosis Basque Foundation) associaténg after that,
patients and professionals were given a 10 iterstounaire with
5 response options to evaluate the usability of system. The
values of usability from the questionnaires werg3knd 75 over
100 point in SUS scale in patients and professtoregpectively.
Results demonstrate that our system is usableotbrfatients and
professionals so now we will be able to evaluagedholution of
MS patients in a long-time period through our tool.
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1. INTRODUCTION

Multiple sclerosis (MS) is a chronic illness thaegents many
complications for the affected person; both physieend

psychosocial implications, the latter being the sonmore
disruptive regarding the patient’s psycho-emotiohalance on
certain occasions [1-5]. In MS, it does not exisittmer medical
nor rehabilitative action against such disease][6athich will

allow a return to normality state prior to contmagtthe MS

disease. It should be given the patients the ciederstanding that
that they have live under certain limitations, $@yt must be
adapted physically and psychologically to such titions [10-
13]. Patients with chronic disorders need to eser@nd keep
exercising continuously to maintain and/or imprawer condition
condition and motor skills. Some people will beeatd undertake
their rehabilitation at home by themselves withasignal contact
from a health professional. Others will need marensive care
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and support. The treatments the patients must godsuch as
physiotherapy, medical, psychological and occupafiacherapy
would not return them to their previous situatibot would help
to relieve the symptoms, to delay or avoid the prsg of the
disease, and try to make their quality of life aseptable as
possible. At the same time, the family also haadjoist to this new
new situation and understand the key role they playe patient’s
patient’s treatment. Moreover, no two patients aike in their
circumstances or their symptoms, so two treatmeatmot be
equal. By means of this project, we intend to as&lthe following
following points:

* To Re-educate and maintain the entire voluntarytrobn

available.

« To incorporate treatment techniques in livelihoodsating
them with appropriate daily activities, providingig way
maintenance of all the improvement obtained.

« To stimulate any sensitive and perceptual expegieand
maintain the experience of the normal movementutjinout
the progression of the disease, not only to exgheitpotential,
but also to enable the patient to feel safer anthdwe fore
freely, claiming to be required the assistanceetdtives or
aides, in the later stages of the illness.

The paper is organized as follows: first of alle tmaterials and
methods section gives details of the experimenste®y Design
section describes the technological solution aeditidings of the
study are then presented in experiment resultfosedollowed by
a conclusion explanation.

2. MATERIALS AND METHODS

2.1 Materials

ADEMBI created a set of exercises and questiongetform the
pilot test, which were included in the telerehdhtlon tool. The
exercises represent what patients perform at thaicalecenter
with explanations and multimedia. This multimediacludes
pictures, both static and animated (n=307, 162 MBjleos
(n=201, 1.45 GB) and documents (n=140, 21 MB). Qoes
assigned by professional were used to evaluateensti
rehabilitation-evolution (these questions were arsd by
patients through the telerehabilitation tool) amtl accordingly:
continue or change the specific program (assignedicises) to
improve their rehabilitation. The evaluation is paped by
objective values calculated on the basis of thevars Every
answer has a value associated with it, which was s make a
proper assessment. We developed two types of qoesti
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« Multiple choice (only one answer)If a respondent decides to
choose a different option, their first selectioraigomatically
deselected and assigned to the new se-lection. tVilnssver
has the lower value and best answer has the highegs.

» Multiple choice (multiple answers) This type is used when
more than one answer may be applicable to a regpond

Exercises and questions are classified accordingitomain
categories: Speech Therapy, Neuropsychology, Oticunad
Therapy, Yoga, Physiotherapy and Rehabilitation.

The telerehabilitation tool used in this pilot tegas modularly
designed, and each feature was represented by alendd create
create these modules we used WEB technologies RiKE,
JavaScript and AJAX, and some multimedia technologies like
Red5*and Adobe FleX We chose Adobe Flex instead of another
Web technology like HTML5 because HTML5's necessaBls
for multi-media treatment (videoconference and mdicg) can't
run properly on some web browsers like Internetlé»gp 6, 7 and
and 8 or Firefox 3.x and above [14]. Joomla, a €oint
Management System (CMS), acts as the infrastruébumata and
and modules handling. The data storage is powerddysQL, an
an open source database. Finally, the system mures Linux
environment, in particular, Ubuntu Server environimewith
Apache server.

2.2 Participants

To obtain the sample, a group of 40 people belangpmMDEMBI
were invited to participate, based on the two ngamups to use
the system: medical professionals and people withitiphe
sclerosis. 75% (n = 30), 10 in the medical groud a6 in the
group of people with multiple sclerosis answered time
affirmative. For none of the groups no distinctiamsre made in
recruitment on grounds of origin, ethnicity, retigs belief or
social status. For both groups, different inclusaomd exclusion
criteria were defined:

« Collective of people with multiple sclerosisFor this group,
the requirements to participate in the researclew@) have a
diagnosis of multiple sclerosis, and (2) the diaimds Benign
Multiple Sclerosis or Relapsing-Remitting MultipBelerosis.
Furthermore, the exclusion criteria comprised (&yihg a
diagnosis of a disempowering and serious illness @) a
severe cognitive impairment (MMSE <24).

« Collective of professionals For this group, the requirements
to participate in the research were: (1) be a Phiysiapist,
Speech Therapist or Occupational Therapist antg2¢ basic

! PHP is a widely-used Open Source general-purposptiag
language that is especially suited for web devekagm

2 JavaScript is a dynamic scripting language supypgrototype
based object construction.

3 AJAX is a web development technique for creatimgsRunning
on the client's browser, maintaining communication
asynchronously with the server in the background

4 Red5 is an Open Source server for presentingmstoeatents in
Adobe Flash using RTMP/RTMPT/RTMPS.

5 Flex allows programmers to rapidly develop crolssfprm
applications and their layouts using MXML and AcatBcript
language

basic knowledge of computer. No exclusion critenare
defined.

2.3 Methods

A professional met patients individually at ADEMEicilities in
one session that lasted 15 minutes on averagetaiexhe aim of
the pilot test and its duration. Next week, botbfessional and
patient had another session at ADEMBI facilitieage chour on
average, to explain everything about the telerditatoon tool, and
the professional provided access details. Durirggweeek, patients
tested the system at ADEMBI facilities and therm, $ox weeks,
professionals assigned exercises, 35 exercisesvérage, and
patients performed them at home, alternating withits/ to
ADEMBI facilities. While the execution of each egie, several
patients themselves were recorded, thereby prayidiisual
feedback to professionals for later use during &welution
analysis. After this period of time, both professils and patients
filled a satisfaction survey focused on the usgbdi the system.
This satisfaction survey was based on a 10 iteratgumnaire with
5 response options, with values from 0 to 4; a @ystysability
Scale (SUS) [15] questionnaire.

3. SYSTEM DESIGN

In order to create an accessible, powerful, lovt-aas easy-to-use
tool we have designed a technological solutiongamesl in Figure
1.The telerehabilitation tool has two views, one tltee medical

professionals and one for the patients:

« Professional’s viewcontains everything necessary to ensure
efficient monitoring as well as all the necessaryptovide
content to the system. To add content, professohalve
several modules: exercises, questions, repositorym, blog
and users’ management. To monitor users, the sysfiens a
monitoring and a history module. Finally, professibs view
has a chat and videoconference modules along with a
notification center.

Patients/Users’ viewoffers a personalized monitoring module
and forum, blog, videoconference, chat, recordingd a
notification center modules.

User home

Figure 1. High level diagram

As stated above, the system is designed on the bfsiodularity,
and each module is independent, with some of them
interconnected to offer extra functionality. Evergodule is
described below briefly (see Figure 2):

« Recording module (1) This module is exclusive to patients;
by means of it, every patient has the possibilityecord the
exercise during the execution.



e Monitoring (2)/History (3) module. Monitoring module
allows the professional to see the evolution ohepaatients,
day-by-day, and enables a personalized treatmasedoon the
characteristics and the evolution of the patiergtdty module
acts like the monitoring module but whit the optionchoose
between two dates.

Exercises (4)/Questions (5) module©nly the professionals
are able to use these modules. With these modtites,
professionals can set up a repository of exerciard

questions.

Users’ management (6) moduleThis module is used for
creating users and for controlling system and attcpalicies.

in the system.

Forum (8)/Blog (9) modules Forum and blog offer offline
communication. These modules make it possible tater
thematic threads involving both professionals aatiepts.

» Chat (10)/Videoconference (11) modulesBoth use Red5
technology. Those modules offer a direct link betwehe
professional and the patient, either by text ovidgo/audio.

[ Recording module 1]—[ Monitoring module 7] [ History module ?]7
Database )

Exercises & question
module 4,5

Users’ management
module 6

[ Blog & Forum module ] [ Netification center ]7
89 7

Videoconference & chat
module 10,11

O o o o
Figure 2. Low level diagram

4. RESULTS

4.1 Experiment example

The picture below, Figure 3, shows the proposetesysised in
the pilot test, in particular, the professional’snitoring module
with a patient’s video recording.

Scguimicnto de los ditimos dos meses

Seguimiento de Gurutze A N.

Ejercicios
Freses o

REPOSIIORID I DAIDS

BERCICIOS

PRECUNTAS

ﬁ |

»

Figure 3. Professional monitoring a patient.

Notification center (7). This module shows the latest updates

Figure 4 shows an exercise, with a video that émpleow to
perform the exercise correctly. Every exercise ioles
information of its purpose, how to perform it (witbxt, images
and/or videos) and the number of repetitions, yf. an

Hombros adelante

Los ejercicios de relajacion de la musculatura del cuello y de hombros s realizaran en posicion sentada, con el tronco recto,
los brazos caidos a lo largo del cuerpo y en aquellos que no requieran movimiento de la cabeza dejar siempre la mandibula
relajada y paralela al suelo

Giro de hombros hacia

nte muy suavemente

®VY O

Unas 7 veces aproximadamente

Material multimedia

videa hombros_sdelante.fiv

[ EIE (s2)

Modificar | Borrar | Volver

Figure 4. Exercise with video attached.

4.2 Assessment analysis

Table 1 shows the questionnaire that patients antegsionals
filled after the test. The questionnaire (see Tdbleas a 10 item
questionnaire with five response options (valuesinfO (zero) to
4: 0 represents totally disagree and 4 represetaytagree. This
questionnaire follows the guidelines of System UggbScale

(SUs)

Table 1. Usability of the system

# Questions

1 The system includes demonstrations that allowedonudbserve
and practice complex processes new to me

2 | think that the system interfa_lce clearly display®rmation, is
easy to understand and consistent

3 | felt comfortable and confident using the system

4 | think that the system modules were consistentdmtheir job
properly

5 | knew what | was doing at all times

6 | was able to perform all actions of the system

7 | was able to read every option of the system

8 I knew why | was doing the processes at all times

9 | found the various functions in this system tonsl integrated

10 | needed to learn a lot of things before | coultggeng with this

system

With respect to patients (n=20), we obtained a eredcore (MS)
of 71.75 with standard deviation (SD) of 11.18 atehdard error
of the mean (SEM) of 2.5€0.05). In SUS scale, values over 68
are considered above average. In this case, otansybtained the
the 29 quartile [14], meaning that our system was considle
aceptable with a value of 71.75. As far as protesss is
concerned (n=10), we obtained MS=75 with SD=5.64 an



SEM=1.78 (=0.05). In this case, our system obtained tfe 3
quartile, meaning that our system was consideredpable with
a value of 75.

Value

000 = | ||
1 2 3 4 5 6 7 8 9 10
Questions

M Men (patient) average values [ Women (patient) average values

M Men (professional) average values B Women (professional) average values

Figure 5. Average values on each question.

5. CONCLUSIONS

As we have seen in the results point, the userth (batients and
professionals) agreed that the system is usableeasy to use.
Technology is getting more and more common in @ilydoutine,

and this opens up new possibilities for systems tile proposed,
because the technology is helping them to lower esataily

barriers (physical barriers, i.e., transportat@ccessible facilities,
etc; psychological barriers, i.e., lack of knowledfack of social
support, etc.). The ease of use is one of the aages of this
system, and the users’ feedbacks prove us right.

Along with this, carrying out the rehabilitation me is a great
step forward in users’ life, because they don’tchietravel, they
don’t need to wait for treatment, they can decidemvand where
they want to carry out the rehabilitation, etc.,ph@sizing the
patient's empowermentlIt's also an improvement for medical
professionals because they can provide a persedatizatment
for several patients at the same time, maintaitivggquality of
service reaching more people.

It is necessary to evaluate the impact of this featment and
really see if a system, such as that proposedy nearks and can
serve as a complement to traditional treatments.chiallenge now
is to evaluate the effects of the system on thiepiat with a long-
time period test.
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