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Summary. During the last decade we assisted to relevant progress in rehabilitation studies and in
technological development. From the combination of these issues rises the tele-rehabilitation — a
subfield of telemedicine consisting of a system to control rehabilitation “at distance” — as an actual
possibility of application and a promising development in the future. The present paper offers a
short review of the state of the art in the field of tele-rehabilitation, with a special focus on upper
limb tele-rehabilitation. The experience is also briefly reported of the preliminary application of
the H-CAD (home care activity desk) system and the HELLODOC (Healthcare service linking tele-
rehabilitation to disabled people and clinicians) tele-rehabilitation service, conducted by the authors
within two European projects in the period 2003-2005 and 2005-2007 respectively.
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Riassunto (Teleriabilitazione: situazione presente e prospettive future). Nel corso dell’'ultima decade
si ¢ assistito a un rilevante avanzamento in ambito riabilitativo, € a un concomitante progresso tec-
nologico. Dalla combinazione di questi due fattori emerge il successo della teleriabilitazione — un
campo della telemedicina costituito da sistemi per il controllo dei percorsi riabilitativi a distanza —
che va intesa come una potenziale risorsa applicativa attuale, e un promettente sviluppo per il futuro.
Il lavoro qui di seguito esposto offre una breve revisione critica dello stato dell’arte nel campo della
teleriabilitazione, con specifico riferimento alla teleriabilitazione dell’arto superiore. Si riportano
anche, brevemente, le esperienze degli autori in relazione al sistema per teleriabilitazione H-CAD
(home care activity desk) ed alla sua successiva implementazione come servizio di teleriabilitazione
HELLODOC (healthcare service linking tele-rehabilitation to disabled people and clinicians). Le es-
perienze sono state condotte nell’ambito di due progetti europei, il primo nel periodo 2003-2005, il
secondo nel periodo 2005-2007.

Parole chiave: ictus, sclerosi multipla, trauma cerebrale, teleriabilitazione, arto superiore, riabilitazione domiciliare.

INTRODUCTION

During the last decade we assisted to relevant
progress in rehabilitation studies and in technological
development. From the combination of these issues
rises the tele-rehabilitation — a subfield of telemedi-
cine consisting of a system to control rehabilitation
“at distance” — as an actual possibility of application
and a promising development in the future.

The rehabilitation studies demonstrate that in or-
der to increase the efficacy, the rehabilitation pro-
gram should: start as soon as possible; be intensive
as much as possible; be prolonged during the recov-
ery phase at home.

On the other hand the technological field offers
now robotic or automated machines, electronically

controlled, that are suitable to be used locally to in-
crease the intensity of rehabilitation and to intro-
duce new exercise paradigms. These systems might
be used also at distance and controlled via telecom-
munication systems.

Many initiatives have been taken to develop tele-
medicine applications in rehabilitation. Published
studies and current experiences show that tele-reha-
bilitation mainly addresses:

- patient’s functional assessment;

- patient’s clinical management at distance;

- management of rehabilitation programs by remote;

- selection of the needs of the patient or the caregiver;

- tele-consulting;

- education of professionals and caregivers.
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Patient assessment has been one of the first applica-
tion [1-3] as well as patient clinical management [4, 5].
The telehealth systems have been also used to manage
rehabilitation programs remotely. In the area of phys-
iotherapy, examples of application are the Rutgers
Arm [6], virtual reality systems [7], web-based librar-
ies of status tests, therapy games, and progress charts,
including a low-cost force-feedback joystick capable
of assisting or resisting movement [8§].

The above applications, together with other tele-
medicine applications in rehabilitation, are consid-
ered promising but the evaluation of currently ex-
isting telemedicine applications studies is still in its
early stages. No large-scale clinical trials are availa-
ble. DeChant et al. (1996) propose a four-staged ap-
proach for telemedicine evaluation addressing both
narrow focused and comprehensive evaluations [9].

In this review the authors discuss the perspectives
of rehabilitation in relation with present and future
applications of tele-rehabilitation systems. Main
points of discussion are:

- new perspectives in rehabilitation;

- robotics and new opportunities in rehabilitation;

- tele-rehabilitation;

- the effectiveness of tele-rehabilitation;

- future of tele-rehabilitation.

An example of a tele-rehabilitation application is
also reported and briefly discussed which deals with
H-CAD (home care activity desk), an activity instru-
mented desk for upper limb rehabilitation. The desk
was part of a tele-rehabilitation service the authors im-
plemented and validated within the European project
frame HELLODOC (Healthcare service linking tele-
rehabilitation to disabled people and clinicians).

NEW PERSPECTIVES IN REHABILITATION

Recent findings in neurophysiology of nervous
system showed new perspectives in motor control
and, consequently, in rehabilitation programs. In
particular, the motor plan of frontal cortex is in-
fluenced by the environment and the context where
the action takes effect [10]. In fact, in prefrontal
cortex, there are areas that facilitate or inhibit
the motor plan depending on the significance of
the object the upper limb is going to reach [11].
Furthermore, there are arcas which are sensitive to
replicate the same action performed from another
person. These neurons are named “mirror neurons”
[12]. They are activated from both human and ro-
botic action [13].

Based also on these observations, new rehabilitation
paradigms have been developed as task oriented ther-
apy [14]. Such a therapy is based on exercises inserted
on meaning context through repetitive actions [15,
16]. The training can be carried out also without ac-
tive movement, by thinking to the movement without
activating muscles. This technique is named “mental
practice” and it has been shown to be effective [17].

Another emerging issue is the importance of the
intensity of treatment. Adding more treatment can

induce a better recovery especially in the lower limb
but also in the upper limb [18, 19].

In the past years the chronic phase of recovery has
been considered as a static period, according with the
old conception of a “static brain”. In recent years,
several studies showed that the brain is continuously
remapped according with the activation of brain ar-
eas [20]. The inactivity leads to a “learned non-use”
with consequent impaired function of specific areas
[21]. During the chronic phase any applied exercise
increases function, thus indicating that in presence
of an impairment there is indeed the need to main-
tain an adequate activity [22].

In rehabilitation one of the main constraint re-
lated to the effectiveness of the intervention is the
setting where the program is applied. In acute phase
of stroke patients the stroke units, characterized
by an adequate level of rehabilitation, do decrease
the mortality and the disability of the patients [23].
During the post-acute phase, the emerging role
is at present that of the community occupational
therapy, mainly performed at home [24]. Home re-
habilitation has a critical role to finalize the poten-
tial recovery and to maintain the reached function.
Special relevance have the exercises done with the
physiotherapist and the occupational therapist [25,
26], supervised or self-done [27].

Summarizing, the main new issues in rehabilita-
tion which form the basis for the tele-rehabilitation
approach are:

- intensity of exercises;

- type of exercise;

- a new view of chronic condition;

- movement facilitation task;

- constraint induced movement;

- home rehabilitation.

ROBOTICS AND NEW OPPORTUNITIES
IN REHABILITATION

Robotics is potentially related to tele-rehabilita-
tion because each electronically controlled sys-
tem might be remotely controlled and send data
at distance. A series of studies in rehabilitation
showed that robotics could be useful for the re-
covery as both alternative or integrative system to
the classical physiotherapy [28], main limit being
that most of robotic systems are not easily trans-
portable, due to their size and weight. Most of
robotics applications are focused on upper limb
rehabilitation through different systems [29-32].
This type of intervention improves, at short- and
long-term, the motor impairment of the paretic
shoulder and elbow in sub-acute and chronic pa-
tients with no consistent influence on functional
abilities. Furthermore, it seems to improve motor
control more than conventional therapy [33].

Robotics is becoming promising for lower limb, too,
with similar perspectives as for upper limb [34-36].

Another interesting application in rehabilitation
and tele-rehabilitation is the interaction of hu-



mans with machines (HMI). Brain-machine inter-
faces (BMI) form a special subclass of HMI and,
so far, have been used as a communication means
for people who have little or no voluntary control of
muscle activity. The BMI is an augmenting interface
for domotics, rehabilitation and assistive robotics.
Simple rehabilitation devices can be easily control-
led by means of BMI technology. Prosthetic hands
and wheelchairs as well as the head and the trunk
can be controlled by means of BMI. In general, the
BMI system could usefully be thought as a base for
tele-rehabilitation applications.

Virtual reality (VR) is becoming a new approach
in several rehabilitation fields [37, 38]. So far it has
been utilized in upper limb rehabilitation [39], physi-
cal and learning disability [40], cognitive impairment
[41], vestibular rehabilitation [42].

In a recent review about VR used in motor rehabili-
tation, several areas of application have been identified
such as stroke rehabilitation — upper and lower extrem-
ity training, spatial and perceptual-motor training —
acquired brain injury, Parkinson’s disease, orthopaedic
rehabilitation, balance training, wheelchair mobility
and functional activities of daily living training. From
the analyzed studies four major findings emerged: 1)
people with disabilities seem to be capable of motor
learning within virtual environments; 2) in most cas-
es people with disabilities transfer those movements
learned in VR to real world equivalent motor tasks;
in some cases they even generalize to other untrained
tasks; 3) few studies compared motor learning in real
versus virtual environments, but in all cases some ad-
vantage for VR training has been found; and 4) no oc-
currences of “cybersickness” in impaired populations
have been reported during those experiments in which
VR has been used to train motor abilities [38].

Virtual reality shows significant advantages when
applied to rehabilitation. These advantages include
patient motivation, adaptability and variability based
on patient baseline, transparent data storage, online
remote data access, economy of scale, reduced medi-
cal costs. Challenges in VR use for rehabilitation relate
to therapists’ lack of computer skills, lack of support
infrastructures, initially expensive equipment, inad-
equate communication infrastructure for tele-rehabili-
tation in rural areas, and patient safety concerns [43].

Applications of robotics and virtual reality were
found to be very good candidates to be moved on
tele-rehabilitation, because the instruments are usu-
ally portable [44] and might address most relevant
issues of tele-rehabilitation — intensity and type of
exercise, management of chronic condition, move-
ment facilitation tasks, constraint induced move-
ment, home rehabilitation.

TELE-REHABILITATION

The development of telecommunication technolo-
gies now allows to think to tele-rehabilitation as a
reliable system to provide a series of rehabilitation-
related services.

TELE-REHABILITATION: PRESENT AND FUTURE

Several new issues contribute to render the tele-re-
habilitation an appealing application. Among them
the need of intensive rehabilitation, rehabilitation
in chronic phases, and the effectiveness of home
setting could lead the tele-rehabilitation towards a
rapid development.

So far the tele-technologies have been used in re-
lated fields of rehabilitation — patient’s functional
assessment; patient clinical management at dis-
tance; management of rehabilitation programs; se-
lection of the needs of the patient or the caregiver;
tele-counseling; education of professionals and car-
egivers. First uses have been the tele-assessment in
psychiatric field [45], the evaluation of the outcome
of rehabilitation programs [3], the assessment of pa-
tient’s needs [46-49].

Tele-rehabilitation may offer major benefits, par-
ticularly in terms of improved communication and
access to health care over distance [50]. Increased
communication allows information and medical da-
ta sharing with consequent advantage for patients,
family, caregivers, clinicians, and researchers [S1].
Access to health care over distance offers people liv-
ing in remote areas the possibility to access to health
care services supporting the families caring low re-
sponsive patients [52]. It also offers the possibility of
early diagnosis, start of therapy under acute condi-
tions, shortening of in-hospital period, continuous
monitoring of people at risk, overall time and cost
reduction.

For the specific application of tele-rehabilitation,
the first experiences consisted of case studies in physi-
otherapy. They are briefly described here below:

- a connection to convey information about a stroke
patient’s movement capacity was used. During 8
weeks of physical tele-rehabilitation, the patient
improved in several aspects of impairment and
functional ability [53, 54];

- tele-rehabilitation of upper limb after stroke
was applied, through a system including a web-
based library of status tests, therapy games, and
progress charts, which can be used with a vari-
ety of input devices, including a low-cost force-
feedback joystick capable of assisting or resisting
movement [8];

- the application of physiotherapy over distance in
a single case of a person with a severe traumatic
brain injury living 100 miles from the rehabilita-
tion centre was studied [55]. The patient showed
improvements in physical functioning and neu-
ropsychological status.

Virtual reality techniques and high speed networks
create an environment which allows clinicians and
technical staff — located at a distance from the pa-
tient — to interact with 3D visualisation of patient’s
specific data [56].

Virtual reality with haptic interfaces and net-
worked PCs was applied in orthopaedic rehabilita-
tion. Burdea et al. reported on the application of
the Rutgers & Stanford system for rehabilitation of
hand, elbow, knee and ankle impairments, which al-
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lows to provide exercises to the patient while being
monitored remotely by therapists [57]. Preliminary
results with the Rutgers Ankle system indicated that
the system works well as a diagnostic/monitoring
tool and that the subjective evaluation by patients
was very positive [58].

A Cyber-Glove and Rutgers Master U-ND force
feedback glove, which allows user-interaction with
a virtual environment was also used in stroke reha-
bilitation. The program consisted of 4 rehabilitation
routines, each designed to exercise one specific aspect
of hand movement: range, speed, fractionation or
strength. A pilot clinical trial using the system with
three chronic stroke patients showed improvement
on most of the hand parameters over the course of
the training [59].

An internet-based virtual rehabilitation centre that
provides rehabilitation, education and support servic-
es for traumatic brain injury patients was implement-
ed and used. The modules of the virtual reality sys-
tem consisted of tools for the assessment of reaction
time and communication capabilities, and functional
modules. The patients with greater cognitive impair-
ment required more trials to acquire the requested
skills. Also language processing appeared to be relat-
ed to how effectively participants learned about the
use of the virtual rehabilitation system [60].

Cognitive rehabilitation is a potential field of appli-
cation for developing tele-rehabilitation systems, es-
pecially those using virtual reality [61]. This approach
was mainly used for the recovery of traumatic brain
injury (TBI) [55]. A series of single cases in TBI tele-
rehabilitation shows a certain improvement, but its
efficacy still remains to be proved with studies includ-
ing an adequate number of patients [62)].

Speech therapy was provided in few tele-rehabilita-
tion experiences. The main findings of a relevant pilot
study were that the approach is feasible, even though
the protocols deserve a certain improvement [1].

The upper limb motor rehabilitation is one of the
main fields of application in stroke patients; it basi-
cally exploits instrumented gloves [63], facilitating
systems or virtual reality.

The constraint-induced movement therapy (CIMT)
consists of a forced use of upper limb to improve the
recovery and contrast the “learned non-use” [64].
Recently, this paradigm was implemented in the tele-
rehabilitation system automated constraint-induced
therapy extension (AutoCITE). In a pilot study, im-
provements were comparable in size with those previ-
ously reported for participants who received equal in-
tensities of directly supervised AutoCITE training or
standard one-on-one constraint induced (CI) therapy
without the device [65].

A simplified tele-rehabilitation method is to use
the web to effectively apply the CIMT [66].

A virtual reality system was recently developed
which is based on a 3D motion tracking system
(Polhemus 3Space Fastrack, Vermont, USA) to
capture the patient’s arm movements by means of a
magnetic receiver and to transmit it to the PC inter-

face. The receiver is attached to a real object (end ef-
fector) grasped by the patient, or to a glove directly
worn by the patient himself [67].

A specific software package was developed and
used in tele-rehabilitation (Massachusetts Institute
of Technology, USA) for remotely managing the
patient’s PC console and for processing motion data
derived from the patient’s arm movement.

With the remote workstation, the operator cre-
ates the sequence of virtual exercises and super-
vises the patient’s execution. Virtual tasks mainly
consist of simple movements which simulate ac-
tivities of daily living, i.e., pouring water from a
glass, using the hammer, posting an envelope into
a mailbox slot, circumnavigating a donut, etc. The
complexity of the task is determined by the physi-
otherapist, depending on patient’s motor deficit
and the degree of motor recovery. The tele-reha-
bilitation system used in the pilot study consisted
of two PC workstations settled at patient’s home
and at the rehabilitation hospital respectively. The
patient moved the real object — envelope, carafe,
hammer — on virtual environment and followed
the trajectory of the corresponding virtual object
on the computer screen. During performance, the
patient could visualize in real time not only his
movement but also the correct trajectory that he
had to execute with the end effectors, to meet the
constrains of the exercise as it was designed by the
physical therapist. The pilot study was carried out
on 5 stroke patients. They underwent the tele-reha-
bilitation program for 4 weeks. The therapy signifi-
cantly improved the Fugl-Meyer mean score, the
mean duration and the velocity of the movements,
but not the functional independence measure scale
score [7].

The H-CAD system: an activity desk

for rehabilitation of the upper limb

The H-CAD project was sponsored by the EC in
the period 2003-2005. It dealt with the development
of a tele-rehabilitation system to enable patients af-
fected by multiple sclerosis (MS), stroke (S) or trau-
matic brain injury (TBI) to perform upper limb re-
habilitation treatment at home. An activity desk was
purposely designed to allow the patient to perform
exercises at home, to monitor patient’s performanc-
es, and to transmit the monitored data to a hospital
environment. There was also the possibility for the
patients to interact with the therapist through a tel-
econference system.

Feedback, and parameter measurement had two
main purposes. The first one was to immediately in-
form the user about the performance of a specific
task. The second one was to allow the therapist to
remotely check how many attempts have been made
to perform a certain task and how many of these at-
tempts have resulted in successful task completion.

The H-CAD system and the implemented exercises
were based on the concept of task oriented therapy.
In order to apply this paradigms the instrumented



desk was designed to allow upper limb movements
similar to those requested during normal daily ac-
tivities (Table 1 ).

A pilot study was performed in two clinical cen-
tres, namely in the Guttmann Institute (Barcelona,
Spain) and UORIN (Trevi, Italy).

The experimental phases were performed in 2 dif-
ferent settings:

- tests in a hospital environment, where healthy vol-
unteers and a series of MS, S and TBI patients were
recruited to test the system;

- tests at home, with a single study design for a se-
ries of patients.

In hospital, main purposes were:

- to check the reliability and feasibility of use of
the H-CAD system including the desk and com-

Table 1| List of H-CAD 8 home care activity desk exercises

TELE-REHABILITATION: PRESENT AND FUTURE

munication system in patients affected by MS, S
and TBI;

- to obtain reference data from pathological sub-
jects;

- to measure the effect of the exercise in a hospital
setting.

At home, main purposes were:

- to check the reliability and feasibility of use of the
H-CAD system at home, in patients affected by
MS, S and TBI;

- to measure the effect of the exercise in a home
setting;

- to determine the acceptance of the system by both
patients and caregivers.

The in-hospital experiment showed that H-CAD

system had really good acceptance and good general

Task name Action Parameter Movement components
Key Pick up a key Number of attempts for key insertion Reaching

Insert in key-hole on shelf Rotation amplitude Precision

Turn 360° left & right Task duration Pro/supination
Cube Pick up pieces Cube assembled Reaching

Assemble cube (6 pieces) Task duration Grasping

Fit in form on shelf Mobility

Co-ordination
Bimanual task

Light bulb Switch light on & off Light bulb in socket Reaching
Unscrew low socket Task duration Dexterity
Screw in upper socket Grasping
Switch light on & off
Unscrew upper socket
Screw low socket
Switch light on & off
Book Pick up from desk Book position Lumbrical grip
Hold against sensor on shelf Task duration Strength
Put book back on desk
Jar Pick up from desk Position of jar Hook grip
Hold against sensor on shelf Task duration Strength
Put jar back on desk
Pencil Pick up Number of characters written 3 point pinch grip
Write text Task duration Dexterity
Put pencil back
Checkers Pick up Number of correct placements Pinch grip
Place on board Task duration Precision
Put checkers back Mobility
Drawers Open Maximal amplitude 3 point pinch grip
Close Task duration Hook grip
Mobility
Strength
Key-board Type number sequence Correct code Push 1 finger
Task duration Precision
Box Pick up from shelf Box position Reaching
Put down on desk Task duration Grasping

Put back on shelf

Bimanual task
Strength
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opinion. The worst scored characteristic of the H-
CAD system was its aesthetic aspect.

As for the home-based tele-rehabilitation phase,
the pilot study nine hole peg test values showed an
improving trend from baseline to the end of home
test. The analysis of data revealed a certain im-
provement in all tested participants. Trial limited
length did not allow to know whether part of the
improvement is sustained along time or motor func-
tion returns to baseline.

A further development of the H-CAD system was
used in the HELLODOC project. HELLODOC is
the acronym for “healthcare service linking tele-
rehabilitation to disabled people and clinicians”.
The project started on March 2005 as a 18-months
European project co-financed by the European
Community programme eTEN. It was successfully
closed on February 2007 after a 6-months exten-
sion. The primary objective of the project was
to validate the EU market — more specifically in
Italy, Spain, The Netherlands and Belgium — for
a home-care service. Main aim of the service was
to extend the rehabilitation treatment at patient’s
home under close supervision of the hospital. The
tele-rehabilitation service was mainly addressed to
neurological patients affected by MS, S and TBI.
Basically, it consisted of two main apparatuses: an
in-hospital based server and a portable unit — an
improved version of H-CAD - to be installed at
patients’ home.

The clinical effectiveness was investigated
through a wide pilot study. 81 patients with chron-
ic MS, S and TBI were recruited in all: 50 out of
81 received 1 month of H-CAD intervention, with
one training session a day lasting 30 minutes for
5 days a week.

The overall satisfaction of both patients and thera-
pists was high. The action research arm and the
nine hole peg test, which were used as main out-
come measures, proved the H-CAD system to be at
least as effective as usual care. Maybe due to limited
length and intensity of treatment, during the train-
ing month subjects improved on the individual H-
CAD exercises but, as in the usual care group, the
arm/hand function remained at the same level. An
extensive description of the pilot study is accurately
reported elsewhere.

THE EFFECTIVENESS
OF TELE-REHABILITATION

Tele-rehabilitation is a quite recent field of ba-
sic research and clinical application. The first
experimental studies only started few years ago.
This short review focuses on 9 relevant studies
to analyze the evidences of the effectiveness of
tele-rehabilitation. Unfortunately, the studies in-
cluded a small number of patients and the design
is limited, since only 2 studies were randomized.
One study was case-control and the other was ob-
servational, with or without intervention.

The first analyzed study was based on a tele-
monitoring service to support frail elders. Patients
were compared with a control group with same
health problems and same age. The effect seemed
relevant in terms of function, which improved in
the intervention group [68]. Another observation-
al study without specific intervention, emphasized
the reliability of tele-monitoring approach [69].

The upper limb rehabilitation of stroke patients
through virtual reality (VR) tools can be locally used
to introduce new exercises; when applied remotely, it
seems to be effective on improving the impairment
without affect the function. The examined study
was observational, non-randomized, and without a
group of control; thus, the promising data should be
confirmed with a larger trial [7]. Similar results with
a similar VR paradigm were obtained in a further
study [70].

The rehabilitation intervention from remote was
proved at least as effective as the specific interven-
tion of the therapist in a home setting [71]. Similar
observation was reported in another study with dif-
ferent intervention. Chronic stroke patients trained
with AutoCITE obtained similar results than the
patients treated with a directly supervised program
[65]. Similar results were found with different proto-
cols of exercise in other studies [66, 72].

Most of the studies were carried out in neuroreha-
bilitation field, but some research groups studied the
effects of tele-rehabilitation in orthopaedics. Using
an haptic glove, the recovery after hand surgery
seemed to be facilitated [73].

From an overall analysis of the above studies we
can conclude that there are not strong evidences
about the efficacy of tele-rehabilitation due to the
small size of the sample studied and the poor study
design (Tuable 2). However, the tele-rehabilitation
approach is promising, and the collected data show
at least a trend towards a positive effect of such
methodology.

FUTURE OF TELE-REHABILITATION:
PEARLS, PERILS AND PITFALLS
Pearls

The tele-rehabilitation is a work-in-progress field
where there is the opportunity to develop a lot
of interesting rehabilitation paradigms according
with the cost/benefit ratio.

One of the main opportunity is the possibility
to increase the intensity and the duration of re-
habilitation programs. Monitoring the patient at
home via teleconferencing or/and applying robot-
ic or electronic apparatuses to enhance training
may allow to extend the time of the rehabilitation
program and utilize the new opportunities pro-
vided from the new technologies. This opportu-
nity induces the need to modify the organization
of rehabilitation centers in order to provide this
new service as a standard. To do that, a series of
problems should be sorted out such as the accept-



Table 2 | Summary of research studies dealing with tele-rehabilitation

Study Design
Chumbler NR, Case-control
Mann WC et al.

(2004) [68]

Piron L, Tonin P,
et al. (2004) [7]

Experimental
observational study

Rintala DH,
Krouskop TA,
et al. (2004) [69]

Observational

Sanford JA, Randomized, clinical
Griffiths PC, et al.  trial
(2006) [71]

Lum PS, Uswatte G,
et al. (2006) [65]

Experimental
observational study

Holden MK, Dyar
TA, et al. (2007)

Experimental
observational study

[70]
Carey JR, Durfee  Subjects with
WK, et al. (2007)  chronic stroke

[72] and 10 degrees of
voluntary finger
extension were
randomly assigned
to receive 1800 tele-
rehabilitation trials
over 2 weeks

Page SJ, Levine P,
(2007) [66]

Pre-post, single-
blinded case series

Heuser A, Kourtev
H, et al. (2007)
[73]

Experimental
observational study

UCG: usual care group;
1G: intervention group 1G;

Intervention

Frail elders-one that received care
coordination via distance monitoring
(home-telehealth) and one that
received no intervention (pt = 111;
c=115)

5 pt with stroke, virtual reality session
at home guided from the therapist

57 wounds (39 ulcers, 19 amputation
incisions) were evaluated by

means of still photographs and skin
temperature data sent via ordinary
telephone lines

33 adults were randomized to the
control or UCG, 32 to the IG. Therapist
intervention in home setting (trad.
group n = 16) or remotely via tele-
technology (tele-group n = 16)

Seven participants with chronic stroke
trained with AutoCITE for 3 h/d for 10
consecutive weekdays

Therapist to conduct interactive VE
treatment sessions remotely with 11
patient at home

Compare 2 tele-rehabilitation
training strategies, repetitive tracking
movements versus repetitive simple
movements, to promote brain
reorganization and recovery of hand
function

mCITE protocol, in which 4 persons
with stroke participated in therapy
sessions via the Internet

Rutgers Masters Il haptic glove tested
on five subjects, two weeks post-
hand surgery. 13 sessions, 30 min
per session, three sessions per week,
and had no conventional outpatient
therapy

mCITE:modified constraint-induced therapy extension,

MAL: motor activity log;
WMT: Wolf motor test;
SMRI: functional MRI
WMFT: Wolf motor function test;

IADL: independent activity of daily living;

FIM: functional independence measure;
SES: standardized effective size;
CI: confidence interval.

TELE-REHABILITATION: PRESENT AND FUTURE

Outcome measure

IADL and FIM

Fugl-Meyer and functional
independence measure
scale

Intrarater agreements

and McNemar chi(2) tests
assessed; decisions after
tele-rehabilitation and
decisions made by the
same rater after in-person
sessions

Ten-item Likert-scale
measure of mobility
self-efficacy

MAL

Fugl-Meyer;
WMT; shoulder strength

Box and Block test,
Jebsen Taylor test, and
finger range of motion;
finger-tracking activation
fMRI

MAL and WMFT. Interview
patients about their
satisfaction with the
protocol

Hand mechanical energy;
virtual pegboard errors;
virtual hand ball errors

Results

Intervention group improved 2.2
points in IADL, 14.4 points in FIM
motor scores, and 2.7 points in FIM
cognitive scores compared to control
group (p < 0.0001)

Improved the Fugl-Meyer mean
score, the mean duration and the
velocity of the movements, but not
the FIM scale

Interrater agreement on 18 wounds
was 78% (kappa = 0.55, p < 0.02)
for the tele-rehabilitation sessions
and 89% (kappa = 0.77, p < 0.001)
for the in-person sessions

No statistical sig between IG (SES:
tele = 0.35, 95% Cl = -2.5-0.95;
trad = 0.54, 95% Cl = 0.06-1.14)

Gain MAL (p. 0.9) similar to the
directly supervised program

All the outcome measure shown an
significant improvement maintained
over the 4 months of follow-up

The track group showed significant
improvement in all 4 behavioral
tests; the move group improved in
the Box and Block and Jebsen Taylor
tests. The improvement for the track
group in the Box and Block and
Jebsen Taylor tests did not surpass
that for the move group

Improvements in more affected
arm use, quality of movement, as
measured by the MAL

Increases in grip (by up to 150%)
and key pinch (up to 46%) strength
in three of the subjects, while two
subjects had decreased strength
following the study; improved in their
tip pinch strength
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ance of the health professionals that work in re-
habilitation centers, adequate technical support,
daily organization that include time to spend for
tele-assistance.

The home tele-rehabilitation could have a good
cost/effectiveness ratio if the intervention of the
therapist is not continuous but mainly used to ad-
dress and monitoring the activities done by the pa-
tient or caregiver.

The possibility to stay in touch with the rehabili-
tation centers via tele-systems is relevant also for
the severe disabilities such as severe traumatic brain
injury, chronic condition after stroke, late stage of
multiple sclerosis, etc. In these cases the contact
from remote with the medical doctor, the nurses, the
therapist could play an important role to address
and solve the problems and decrease the access to
the hospital. The contact could be useful also to
monitor exercises provided by the patient himself
or the caregiver in order to maintain the recovered
function after the end of the intensive rehabilitation
programs.

Perils

Tele-rehabilitation is a great opportunity but we
ought to be aware of the perils and adverse effects.
One problem could be the loss of real contact be-
tween the therapist and the patient. In fact, the sen-
sory input passively induced by the physiotherapist
is an important component in every rehabilitation
techniques [74]. The traditional exercises should be
considered as a standard during the intensive reha-
bilitation program. In this phase, robotic rehabili-
tation could play a complementary role if used lo-
cally in the rehabilitation hospital in order to extend
the exercise time. In some cases, when the robotic
or electronic apparatus is the same of that used at
home, the time spent in hospital could be consid-
ered as a training for the home exercises, when the
patient will be at home.

Tele-rehabilitation could also lead to a relegation
of the patient at home. Sometimes the possibility
to reach the rehabilitation center for an outpatient
program is also a motivation to go outdoor and a
strong stimulus to increase the participation to the
community.

The exercises executed without direct control of
the therapist or, at least, his supervision could be
done with bad compensation strategies that lead to
a low quality of recovery. An example could be the
reaching movement of the upper limb, that should
be done with the trunk fixed and a full movement of
the arm. The usual compensation strategy used by
the patient is to facilitate the reaching moving the
trunk towards the target, which is a poor functional
compensation.

Another issue to be sorted out is the high cost/ben-
efit ratio particularly due to the cost of the various
systems now available on the market. One of the
challenges is to develop low cost apparatuses [75].

Pittfalls

The patients to be included in a tele-rehabilitation
program should be selected according to the possi-
bility of recovery according with the type of disease
and the phase of recovery. The correct definition of
such criteria should be carried out through specific
studies. To date, the available studies do not show
strong evidence, but the results do encourage to go
on with both application and research.

Besides that, the effect on upper limb recovery
seems to be small and only focused on improvement
without changes in functioning in daily life activi-
ties [7].

Another potential problem is the transient effect
of improvement. Especially in chronic phase of the
disease, in fact, any type of exercise seems to work
well and induce a temporary improvement that
could last for weeks, rarely for months.

The new technologies are better accepted by the
young patients, while diseases of high incidence
and prevalence like stroke mainly involve elderly
patients. The acceptance is also conditioned by
the cultural level of the patient. To overcome this
problems, an effort should be done to simplify the
devices in order to be used by a large number of
patients [76].

Tele-rehabilitation acceptance is not only a pa-
tient’s but also a therapist’s problem; the latter
might in fact be worried about a loss of pivotal role
in the rehabilitation management of the patients
and about a lower quality of exercises. In an inter-
esting paper dealing with occupational therapy, the
concept is emphasized that for tele-rehabilitation
“...issues remain of efficacy, cost, reimbursement,
legal and ethical ramifications, and practitioner
competence. There is a significant need for occupa-
tional therapy practitioners to document, research,
and publish on the efficacy of consultation, inter-
vention, and follow-up services provided using tele-
rehabilitation technologies. Further investigation
of the use of telehealth technologies in professional
development and supervision is needed to clarify ef-
fectiveness and efficiency, as demand for services,
particularly in rural areas, threatens to exceed serv-
ices available...” [77].

A relevant improvement has been done on the de-
velopment of technologies but there are still prob-
lems of reliability and validation of technologies,
and problems with the need for high speed connec-
tions. The growing development and diffusion of
wireless technologies will partly solve the problem.

Last but not least is the problem of reimburse-
ment system. In fact, without a system for covering
the cost of the service, which might be provided by
government or private insurances, the application
will be limited to experimental studies, or only
used by those patients who have enough money to
buy the apparatuses or pay the rental.

Submitted on invitation.
Accepted on 15 December 2007.



References

L.

11.

12.

14.

16.

20.

Hill AJ, Theodoros DG, Russell TG, Cahill LM, Ward EC,
Clark KM. An Internet-based tele-rehabilitation system for
the assessment of motor speech disorders: a pilot study. Am
J Speech Lang Pathol 2006;15:45-56.

. Galea M, Tumminia J, Garback LM. Tele-rehabilitation in

spinal cord injury persons: a novel approach. Telemed J E
Health 2006;12:160-2.

. Russell TG, Wootton R, Jull GA. Physical outcome measure-

ments via the Internet: reliability at two Internet speeds. J
Telemed Telecare 2002;8 Suppl. 3(6):50-2.

. Savard L, Borstad A, Tkachuck J, Lauderdale D, Conroy

B. Tele-rehabilitation consultations for clients with neuro-
logic diagnoses: cases from rural Minnesota and American
Samoa. NeuroRehabilitation 2003;18:93-102.

. Ricker JH. Clinical and methodological considerations in

the application of tele-rehabilitation after traumatic brain
injury: a commentary. NeuroRehabilitation 2003;18:179-81.

. Kuttuva M, Boian R, Merians A, Burdea G, Bouzit M,

Lewis J, Fensterheim D. The Rutgers Arm, a rehabilitation
system in virtual reality: a pilot study. Cyberpsychol Behav
2006;9:148-51.

. Piron L, Cenni F, Tonin P, Dam M. Motor tele-rehabilitation in

post-stroke patients. Med Inform Internet Med 2004;29:119-25.

. Reinkensmeyer DJ, Pang CT, Nessler JA, Painter CC. Web-

based tele-rehabilitation for the upper extremity after stroke.
IEEE Trans Neural Syst Rehabil Eng 2002;10:102-8.

. DeChant HK, Tohme WG, Mun SK, Hayes WS, Schulman

KA. Health systems evaluation of telemedicine: a staged ap-
proach. Telemed J 1996;2:303-12.

. Rizzolatti G, Wolpert DM. Motor systems. Curr Opin Neurobiol

2005;15:623-5.

Binkofski F, Buccino G, Stephan KM, Rizzolatti G, Seitz
RJ, Freund HJ. A parieto-premotor network for object
manipulation: evidence from neuroimaging. Exp Brain Res
1999;128:210-3.

Rizzolatti G. The mirror neuron system and its function in
humans. Anat Embryol ( Berl) 2005;210:419-21.

. Gazzola V, Rizzolatti G, Wicker B, Keysers C. The anthro-

pomorphic brain: the mirror neuron system responds to hu-
man and robotic actions. Neuroimage 2007;35:1674-84.

Higgins J, Salbach NM, Wood-Dauphinee S, Richards CL,
Cote R, Mayo NE. The effect of a task-oriented intervention
on arm function in people with stroke: a randomized con-
trolled trial. Clin Rehabil 2006;20:296-310.

. Walker MF. Stroke rehabilitation: evidence-based or evi-

dence-tinged? J Rehabil Med 2007;39:193-7.

Salbach NM, Mayo NE, Robichaud-Ekstrand S, Hanley JA,
Richards CL, Wood-Dauphinee S. The effect of a task-ori-
ented walking intervention on improving balance self-effi-
cacy poststroke: a randomized, controlled trial. J Am Geriatr
Soc 2005;53:576-82.

. Page SJ, Levine P, Leonard A. Mental practice in chronic

stroke: results of a randomized, placebo-controlled trial.
Stroke 2007;38:1293-7.

. Kwakkel G. Impact of intensity of practice after stroke: is-

sues for consideration. Disabil Rehabil 2006;28:823-30.

. Kwakkel G, Kollen BJ, Wagenaar RC. Long term effects of

intensity of upper and lower limb training after stroke: a ran-
domised trial. J Neurol Neurosurg Psychiatry 2002;72:473-9.

Vitali P, Abutalebi J, Tettamanti M, Danna M, Ansaldo Al
Perani D, Joanette Y, Cappa SF. Training-induced brain rem-
apping in chronic aphasia: a pilot study. Neurorehabil Neural
Repair 2007;21:152-60.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

TELE-REHABILITATION: PRESENT AND FUTURE

Blanton S, Wolf SL. An application of upper-extremity con-
straint-induced movement therapy in a patient with subacute
stroke. Phys Ther 1999;790:847-53.

Wolff JL, Boult C, Boyd C, Anderson G. Newly reported
chronic conditions and onset of functional dependency. J
Am Geriatr Soc 2005;53:851-5.

Kalra L, Langhorne P. Facilitating recovery: evidence for or-
ganized stroke care. J Rehabil Med 2007;39:97-102.

Walker MF, Leonardi-Bee J, Bath P, Langhorne P, Dewey M,
Corr S, Drummond A, Gilbertson L, Gladman JR, Jongbloed
L, Logan P, Parker C. Individual patient data meta-analysis
of randomized controlled trials of community occupational
therapy for stroke patients. Stroke 2004;35:2226-32.

Monger C, Carr JH, Fowler V. Evaluation of a home-based
exercise and training programme to improve sit-to-stand in
patients with chronic stroke. Clin Rehabil 2002;16:361-7.

Ozdemir F, Birtane M, Tabatabaei R, Kokino S, Ekuklu G.
Comparing stroke rehabilitation outcomes between acute in-
patient and nonintense home settings. Arch Phys Med Rehabil
2001;82:1375-9.

McClellan R, Ada L. A six-week, resource-efficient mobil-
ity program after discharge from rehabilitation improves
standing in people affected by stroke: placebo-controlled,
randomised trial. Aust J Physiother 2004;50:163-7.

Kahn LE, Lum PS, Rymer WZ, Reinkensmeyer DJ. Robot-as-
sisted movement training for the stroke-impaired arm: Does it
matter what the robot does? J Rehabil Res Dev 2006;43:619-30.

Masiero S, Celia A, Armani M, Rosati G. A novel robot de-
vice in rehabilitation of post-stroke hemiplegic upper limbs.
Aging Clin Exp Res 2006;18:531-5.

Colombo R, Pisano F, Micera S, Mazzone A, Delconte C,
Carrozza MC, Dario P, Minuco G. Robotic techniques for
upper limb evaluation and rehabilitation of stroke patients.
1EEE Trans Neural Syst Rehabil Eng 2005;13:311-24.

Stein J, Krebs HI, Frontera WR, Fasoli SE, Hughes R, Hogan N.
Comparison of two techniques of robot-aided upper limb exer-
cise training after stroke. Am J Phys Med Rehabil 2004;83:720-8.

Volpe BT, Krebs HI, Hogan N, Edelstein OL, Diels C, Aisen
M. A novel approach to stroke rehabilitation: robot-aided
sensorimotor stimulation. Neurology 2000;54:1938-44.

Prange GB, Jannink MJ, Groothuis-Oudshoorn CG, Hermens
HJ, Ijzerman MJ. Systematic review of the effect of robot-aid-
ed therapy on recovery of the hemiparetic arm after stroke. J
Rehabil Res Dev 2006;43:171-84.

Simon AM, Brent Gillespie R, Ferris DP. Symmetry-based
resistance as a novel means of lower limb rehabilitation. J
Biomech 2007;40:1286-92.

Johnson MJ. Recent trends in robot-assisted therapy envi-
ronments to improve real-life functional performance after
stroke. J Neuroengineering Rehabil 2006;3:29.

Ferris DP, Sawicki GS, Domingo A. Powered lower limb
orthoses for gait rehabilitation. Top Spinal Cord Inj Rehabil
2005;11:34-49.

Romano DM. Virtual reality therapy. Dev Med Child Neurol
2005;47:580.

Holden MK. Virtual environments for motor rehabilitation:
review. Cyberpsychol Behav 2005;8:187-211; discussion 212-9.

Henderson A, Korner-Bitensky N, Levin M. Virtual reality in
stroke rehabilitation: a systematic review of its effectiveness for
upper limb motor recovery. Top Stroke Rehabil 2007;14:52-61.

Yalon-Chamovitz S, Weiss PL. Virtual reality as a leisure
activity for young adults with physical and intellectual dis-
abilities. Res Dev Disabil 2007[E-pub ahead of print].

133



134

Mauro Zampolini, Elisabetta Todeschini, Montserrat Bernabeu Guitart, et al.

41.

42.

Baheux K, Yoshizawa M, Yoshida Y. Simulating hemispa-
tial neglect with virtual reality. J Neuroengineering Rehabil
2007;4:27.

Boniver R. Virtual vestibular re-education. A new technol-
ogy. B-Ent 2006;2:147-50.

43 Burdea GC. Virtual rehabilitation--benefits and challenges.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Methods Inf Med 2003;42:519-23.

Carignan CR, Krebs HI. Tele-rehabilitation robotics: bright
lights, big future? J Rehabil Res Dev 2006;43:695-710.

Jerome L. Assessment by telemedicine. Hosp Community
Psychiatry 1993;44(1):81.

Sanford JA, Jones M, Daviou P, Grogg K, Butterfield T. Using
tele-rehabilitation to identify home modification needs. Assist
Technol 2004;16:43-53.

Robinson SS, Seale DE, Tiernan KM, Berg B. Use of tele-
medicine to follow special needs children. Telemed J E Health
2003;9:57-61.

Rodriguez-Ascaso A, Villalar JL, Arredondo MT, Valles M,
Cabrera MF. An assistive home care environment for people
with special needs. J Telemed Telecare 2002;8(Suppl. 2):72-4.

Ricker JH, Rosenthal M, Garay E, DeLuca J, Germain A,
Abraham-Fuchs K, Schmidt KU. Tele-rehabilitation needs: a
survey of persons with acquired brain injury. J Head Trauma
Rehabil 2002;17:242-50.

Torsney K. Advantages and disadvantages of tele-rehabilitation
for persons with neurological disabilities. NeuroRehabilitation
2003;18:183-5.

Burns RB, Crislip D, Daviou P, Temkin A, Vesmarovich S,
Anshutz J, Furbish C, Jones ML. Using tele-rehabilitation to
support assistive technology. Assist Technol 1998;10:126-33.

Hauber RP, Jones M L. Tele-rehabilitation support for families
at home caring for individuals in prolonged states of reduced
consciousness. J Head Trauma Rehabil 2002;17:535-41.

Dawson S. From skeptic to convert: a physical therapist’s
story. Improved quality of life is the only acceptable outcome
for patients. Telemed Today 2002;9:8-9.

Dawson SJ, Clark PG, Scheideman-Miller C. The new frontier:
tele-rehabilitation. Physical Therapy Case Report 1999;3:84-90.

Forducey PG, Ruwe WD, Dawson SJ, Scheideman-Miller C,
McDonald NB, Hantla MR. Using tele-rehabilitation to promote
TBI recovery and transfer of knowledge. NeuroRehabilitation
2003;18:103-11.

Ketelaer P, De Wolf L. New Technologies in MS: present and fu-
ture applications of virtual reality. The Int MS J 2001;8(1):10-9.

Burdea G, Popescu V, Hentz V, Colbert K. Virtual reality-
based orthopedic tele-rehabilitation. IEEE Trans Rehabil Eng
2000;8:430-2.

Girone M, Burdea G, Bouzit M, Popescu V, Deutsch JE.
Orthopedic rehabilitation using the “Rutgers ankle” inter-
face. Stud Health Technol Inform 2000;70:89-95.

Jack D, Boian R, Merians AS, Tremaine M, Burdea GC,
Adamovich SV, Recce M, Poizner H. Virtual reality-enhanced
stroke rehabilitation. JEEE Trans Neural Syst Rehabil Eng
2001;9:308-18.

Diamond BJ, Shreve GM, Bonilla JM, Johnston MV, Morodan
J, Branneck R. Tele-rehabilitation, cognition and user-accessi-
bility. NeuroRehabilitation 2003;18:171-7.

Gourlay D, Lun KC, Liya G. Telemedicinal virtual real-

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

ity for cognitive rehabilitation. Stud Health Technol Inform
2000;77:1181-6.

Tam SF, Man WK, Hui-Chan CW, Lau A, Yip B, Cheung
W. Evaluating the efficacy of tele-cognitive rehabilitation for
functional performance in three case studies. Occup Ther Int
2003;10:20-38.

Placidi G. A smart virtual glove for the hand tele-rehabilita-
tion. Comput Biol Med 2006.

Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte G, Morris
D, Giuliani C, Light KE, Nichols-Larsen D. Effect of con-
straint-induced movement therapy on upper extremity func-
tion 3 to 9 months after stroke: the EXCITE randomized
clinical trial. Jama 2006;296:2095-104.

Lum PS, Uswatte G, Taub E, Hardin P, Mark VW. A tele-
rehabilitation approach to delivery of constraint-induced
movement therapy. J Rehabil Res Dev 2006;43:391-400.

Page SJ, Levine P. Modified constraint-induced therapy ex-
tension: using remote technologies to improve function. Arch
Phys Med Rehabil 2007;88:922-7.

Piron L, Cenni F, Tonin P, Dam M. Virtual reality as an as-
sessment tool for arm motor deficits after brain lesions. Stud
Health Technol Inform 2001;81:386-92.

Chumbler NR, Mann WC, Wu S, Schmid A, Kobb R. The
association of home-telehealth use and care coordination
with improvement of functional and cognitive functioning in
frail elderly men. Telemed J E Health 2004;10:129-37.

Rintala DH, Krouskop TA, Wright JV, Garber SL, Frnka J,
Henson HK, Itani KMF, Gaddis W, Matamoros R, Monga
TN. Tele-rehabilitation for veterans with a lower-limb ampu-
tation or ulcer: technical acceptability of data. J Rehabil Res
Dev 2004;41:481-90.

Holden MK, Dyar TA, Dayan-Cimadoro L. Tele-rehabilitation
using a virtual environment improves upper extremity function
in patients with stroke. JEEE Trans Neural Syst Rehabil Eng
2007;15:36-42.

Sanford JA, Griffiths PC, Richardson P, Hargraves K,
Butterfield T, Hoenig H. The effects of in-home rehabilita-
tion on task self-efficacy in mobility-impaired adults: a rand-
omized clinical trial. J Am Geriatr Soc 2006;54:1641-8.

Carey JR, Durfee WK, Bhatt E, Nagpal A, Weinstein SA,
Anderson KM, Lewis SM. Comparison of finger tracking
versus simple movement training via tele-rehabilitation to
alter hand function and cortical reorganization after stroke.
Neurorehabil Neural Repair 2007;21(3):216-32.

Heuser A, Kourtev H, Winter S, Fensterheim D, Burdea G,
Hentz V, Forducey P. Tele-rehabilitation using the Rutgers
Master II glove following carpal tunnel release surgery: proof-
of-concept. IEEE Trans Neural Syst Rehabil Eng 2007;15:43-9.

Carey LM, Matyas TA. Training of somatosensory discrimi-
nation after stroke: facilitation of stimulus generalization.
Am J Phys Med Rehabil 2005;84:428-42.

Sugarman H, Dayan E, Weisel-Eichler A, Tiran J. The Jerusalem
tele-rehabilitation system, a new low-cost, haptic rehabilitation
approach. Cyberpsychol Behav 2006;9:178-82.

Winters J, Feng X, Wang Y, Johnson L, Foil J. Progress to-
ward universal interface technologies for tele-rehabilitation.
Conf Proc IEEE Eng Med Biol Soc 2004;7:4777-80.

Wakeford L, Wittman PP, White MW, Schmeler MR. Tele-re-
habilitation position paper. Am J Occup Ther 2005;59:656-60.



