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Stroke is the leading cause of long-term disability for adults in industrialized societies. Rehabilitation’s eﬀorts are tended to avoid
long-term impairments, but, actually, the rehabilitative outcomes are still poor. Novel tools based on new technologies have been
developed to improve the motor recovery. In this paper, we have taken into account seven promising technologies that can improve
rehabilitation of patients with stroke in the early future: (1) robotic devices for lower and upper limb recovery, (2) brain computer
interfaces, (3) noninvasive brain stimulators, (4) neuroprostheses, (5) wearable devices for quantitative human movement analysis,
(6) virtual reality, and (7) tablet-pc used for neurorehabilitation.

1. Introduction
In the last decade, the manual conventional therapy for
people aﬀected by stroke has been often integrated with
the use of technological devices specifically developed for
increasing rehabilitative outcomes. Does the manual therapy
really need this support? A study of 2008 showed that at
dismissal from a hospital of rehabilitation, about half of
patients with stroke are on wheelchair, whereas less than
15% are able to walk inside without aids, less than 10%
are able to walk outside, and less than 5% are able in stair
climbing [1]. Recovery of upper limb motor functions is
even poorer, leading to suppose that upper limb recovery
could be mainly intrinsic and slightly improved by therapy
[2–4]. Furthermore, the need of more therapies performed
in a more adequate and appropriate manner has been
claimed [5]. In fact, the recovery has been shown to depend
on the intensity of therapy, repetition of specified skilled
movements directed towards the motor deficits and rewarded
with performance-dependent feedback [6–8].
These are the main reasons for purposing the use of
technological devices in order to increase intensity, repetitions, specificity, and feedback during rehabilitation. Many

reviews have already summarised the results of previous
studies on the eﬃcacy of these technologically supported
treatments (for a recent one see Belda-Lois et al. [5]).
In this paper, we provided our point of view on seven
specific technological devices designed for supporting motor
recovery after stroke. These technologies for rehabilitation
of people aﬀected by stroke are robots, brain computer
interfaces, neuroprosthesis, noninvasive brain stimulators,
wearable devices, virtual reality, and tablet-pc.

2. Robot
The English word robot was derived from the Czech word
“robota”, meaning literally “serf labor” and figuratively
“forced workers”; it is also used with the general meaning
of “workers” in Russian and other Slavic languages [9].
The Robot Institute of America defined a robot as “a
programmable, multi-functional manipulator designed to
move material, parts or specialized devices through variable
programmed motions for the performance of a variety of
tasks” [9]. Three Ds were defined for identifying the most
common tasks a robot is usually designed to perform: dull,
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dirty, and dangerous [10]. These three Ds match neurorehabilitation in regards of the need of repetitive movements
suggested as fundamental for sensorimotor relearning [11].
This task can be seen as dull and dangerous, for example,
when a therapist is asked to support patient’s weight during
gait rehabilitation. Most recent approaches suggested that
robots may also provide movement controllability and
measurement reliability, two aspects that make robots ideal
instruments to help medical doctors and therapists to
address the challenges facing neurorehabilitation [12].
Robots for neurorehabilitation can be mainly divided in
terms of the body functioning that they aim to rehabilitate
or in terms of their design. In fact, the first division is
primarily between robots for upper limbs and those for lower
limbs, with a subdivision between bilateral and unilateral
robots (especially for those aiming to upper limb recovery,
whereas those for lower limb rehabilitation are usually
bilateral because they focused on gait recovery). The second
classification usually divided robots in exoskeletons and
controller of endpoint trajectories. Typical examples of these
robots are Lokomat as exoskeleton for lower limbs, Gait
Trainer (or Gang Trainer) as end eﬀector for lower limbs,
ARMin III as exoskeleton for upper limb, and MIT-Manus as
an end eﬀector for upper limb, but many other commercial
robots or specific prototypes exist.
Electromechanical devices, such as treadmill with body
weight support or the above-cited Gait Trainer, are often
referred to robot family in an improper manner. Furthermore, outcomes of rehabilitation supported with these
devices are often analysed together with those of trainings
conducted with robots. The adaptability allowed by the
presence of “intelligent” sensors is the key point diﬀerentiating robots from electromechanical devices. However,
in neurorehabilitation, this diﬀerentiation sounds picky,
although the absence of an intelligent control may expose
patients to some potential risks. It usually implies the
continuous presence of a therapist during electromechanical
trainings and limits the use of electromechanical devices.
For example, for the Gait Trainer, the exclusion criteria
include the presence of muscular contracture or presence of
not healed bone fractures because of the absence of torque
sensors able to assess the eventual joint resistance torque.
Are robots and electromechanical devices eﬀective in
stroke rehabilitation? An updated Cochrane review found
that robotic-assisted gait training (Lokomat and Gait
Trainer) in combination with conventional physiotherapy
increased the odds of becoming independent in walking
[13]. However, gait speed and walking capacity was not
found significantly diﬀerent between patients who received
robotic versus conventional therapy alone. This Cochrane
review included nonambulatory and ambulatory patients,
those with subacute and those with chronic stroke, treated
with Lokomat or Gait Trainer. More recently, Morone and
colleagues suggested changing the question “Is roboticassisted training eﬀective?” into “Who may benefit from
robotic training?” [14, 15]. The authors found that severely
aﬀected patients with subacute stroke are the ideal candidates
for an increase of outcomes when conventional rehabilitation
is accompanied by robotic training. Conversely, conventional
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therapy alone and that supported by robotic training were
found equivalent in less aﬀected patients [14]. These diﬀerences were maintained also 2 years after dismissal [15].
However, we can paraphrase Clark when in 1997 he
wrote: “Where are the artificial minds promised by 1950s
science fiction and 1960s science journalism?” [16]: “Where
are the robots promised by scientific literature able to restore
motor functions after stroke?”
The high purchase cost, the confusion among robots and
electromechanical devices, the still uncertainty about their
eﬃcacy, the absence of clear guidelines to achieve eﬀective
results, the need of trained therapists, and the scepticism
by some members of the rehabilitation team are certainly
contributing to limit the use of robots during inpatient care
[14]. In fact, in this scenario, it still lacks a unified approach
for integrating these devices into rehabilitation programs.
Furthermore, the eﬀectiveness of these devices therefore still
depends heavily on the ability of the rehabilitation team to
most eﬀectively tailor the selection of motor parameters to
each patient’s needs and abilities [17].
Another issue recently raised up is the need to modify
the “bottom-up” approach typical of many robots (and even
more of electromechanical devices), based on the idea that
moving passively the limbs of patients may enhance the
recovery of limb functions. It is recently suggested to redesign
or use robots on the basis of a top-down approach, for
increasing the active participation of the patients during
robotic training [5]. The other possible modification that
may enhance the eﬃcacy of robotic neurorehabilitation in
the next years is the use of ambulatory exoskeletons. At the
moment the most common robots are nonambulatory, even
when based on motorized exoskeletons (as the Lokomat).
Ambulatory exoskeletons may allow for more physiological
trainings and allow patients to move in an environment
similar to that they will find at their home returning.

3. Brain Computer Interfaces
Brain computer interfaces (BCIs) are a family of various
devices aiming to translate measurements of brain activity
into commands or messages. So, a BCI is a system directly
measuring brain activity associated with the user’s intent
and translates by means of a computer the recorded brain
activity into corresponding control signals for applications
[18]. BCI could be used to provide the patient with realtime feedback, to allow for passive monitoring (assessing
motor intention without providing real-time feedback), and
to allow for active control of a computer and hence of many
devices, by means of a computer. When the information
is derived from the peripheral nervous system measuring
neural activity, these devices are classified as Brain-Neural
Computer Interface.
Limiting to brain activity, it is usually measured using
electroencephalography (EEG) [18]. More recently, new
noninvasive brain imaging techniques, such as functional
near infrared spectroscopy (fNIRS), have been suggested to
be used instead of EEG as a brain monitoring technique
[19]. While EEG measures electrical activity, fNIRS measures
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blood oxygenation levels in the brain, providing a diﬀerent
and complementary source of information about brain
function [20].
In the last years, BCI devices have been designed as aids
for patients, more than for the motor recovery. More recently,
BCI systems are becoming more common in the context of
neurorehabilitation. They can be used in combination with
robotics-based therapy for enhancing the active participation
of patients during their rehabilitation [5, 21–23].
In fact, a major problem with existing stroke robotic
therapy is the low compliance and the typical bottomup approach [5, 24]. On the contrary, active participation
has been identified as an enhancer of rehabilitation outcomes, especially in the early phase of rehabilitative training
[25]. People may find certain aspects of robotic therapy
frustrating, exhausting, or boring or can be simply afraid
or alienated by electromechanical devices. The use of BCI
may hence contribute to increase directly rehabilitation
eﬀectiveness by means of the provided real-time feedback.
A new field in which BCI is used in neurorehabilitation is for supporting training based on motor imagery
[26]. Recently, BCI has been combined with rehabilitative
approaches based on motor imagery for stimulating the
brain plasticity [27]. A study performed on 54 patients with
stroke reported an accuracy of BCI systems on patients
with stroke similarly to that of healthy subjects, despite the
brain injury [27]. But the main problem is that eﬀects of
BCI devices are usually tested on few subjects, and further
researches including large cohorts of patients are needed for
proving its eﬀectiveness. Moreover, our experience suggests
that a good compliance of patient is required for using
brain computer interface for the need of EEG and of a
period of familiarization that could be sometimes too long,
exhausting, and disaﬀecting for people with stroke.

4. Noninvasive Brain Stimulators
The activity of brain can be also enhanced or inhibited,
not only monitored or used to control external devices. The
use of electrical currents or magnetic fields can modify the
functional activities of the brain, and it is known by almost
two centuries, but in the last decade this approach, known as
noninvasive brain stimulation (NIBS), has rapidly gathered a
worldwide interest in therapeutic field.
The NIBS consists principally of two techniques: repetitive Transcranial Magnetic Stimulation (rTMS) and transcranial Direct Current Stimulation (tDCS). Globally concerning, NIBS aims to modulate motor cortical function,
enhancing the brain plasticity by means of activation of longterm potentiation and long-term depression phenomena,
even if definitive evidences in this sense are still lacking [28,
29]. However, both these techniques have showed potential
benefits as adjunctive treatment of several psychiatric and
neurological disorders, and now researchers are attempting
new applications in other patient categories.
Because tDCS varies the spontaneous neuronal firing
rates without producing action potentials, acting below the
threshold of activation of potentials, it should be considered
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as a neuromodulatory intervention rather than a stimulation
[30]. This activity is dependent on the polarization of
the electrodes. It is assumed that tDCS modulates the
brain favoring the depolarization (and hence the activation
by anodic stimulation) or hyperpolarizing (and hence the
inhibition by cathodic stimulation) the resting membrane
potential of neurons [31, 32].
If the application of electrical currents has been initially
used to investigate the cortical functions, adding information
about neuroanatomy and behavior, afterwards tDCS has
gathered a role in the therapy. Used to treat depressive
disorders in the 1960s and 1970s, the electrical stimulations
are now proposed as treatment of many diﬀerent diseases.
Not only stroke, Alzheimer’s and Parkinson’s diseases and
brain and spinal cord injuries, but also fibromyalgia, low
back pain, and other chronic pain syndromes have been
studied as possible target of treatment [33].
In stroke rehabilitation, the use of tDCS has regarded
the recovery of motor and cognitive impairments. The
preferential cortical target has been the primary motor
cortex, the brain area in motor execution, memory formation, and consolidation of motor skills [34], enhancing the
convincement that tDCS favors the brain plasticity through
the strengthening of the synaptic connections, a mechanism
similar to long-term potentiation [35]. Many studies have
reported improvements in performance of complex ADLlike tasks with the paretic hand in patients with stroke
after anodal tDCS [36]. It has been hypothesized that this
mechanism involves an extensive network of brain regions.
In fact, tDCS might be involved not only in the stimulation
of the intended area, but also for adjacent cortical areas, due
to the use of large electrode size [37].
There are no published studies reported seizure as
adverse eﬀect; on the contrary, pilot studies have attempted
to use cathodal tDCS for the treatment of focal epileptic
syndromes [38]. Only minor side eﬀects, seldom occurring
and not always perceived, may be mild headache, itching
and erythema at the electrode site, fatigue, and nausea [32].
Therefore, this technique appears a safe treatment.
The treatment with tDCS can assist both the pharmacological and the rehabilitative treatments, preceding or
following them. Sessions can last up to 30 min [39], close
to the duration of a session of rehabilitative treatment, and
can be administered in synchrony with motor rehabilitative
protocols, strengthening the eﬀects of motor rehabilitation
[40].
However, some other studies reported that neither
anodal nor cathodal transcranial direct current stimulation enhanced the eﬀect of rehabilitation [41, 42]. Hence,
although tDCS may appear one of the most potential
technologies for the future improvement of therapies in the
clinical setting, at the same time, many questions have still
to be made to clarify certain aspects still not clear about
its eﬃcacy in enhancing motor rehabilitation, especially for
patients with stroke in subacute phase. In fact, even if tDCS
is widely used, research in this field is relatively young and
in its early stages, with reduced sample sizes. The abiding
eﬃcacy of tDCS in the followup, the best patients’ selection,
and how the variation of parameters and a more accurate
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focality (intensity, duration, and polarization) can influence
a stable motor improvement need to be deeply studied.
Nevertheless, the perspectives that widespread use of tDCS
opens are very relevant, as the possibility of a continuous
home-based therapy. In the clinical practice, advantages of
tDCS in respect of rTMS or other technological devices are
related especially to the fact that the stimulator is cheap,
reduced in size, portable, simple to use, and painless.
Similar to the tDCS, rTMS has showed to be eﬀective
in the treatment of many neurological and psychiatric
conditions, despite a major variability. Diﬀerently by the
direct current, rTMS operates on neurons via brief pulses
of high-intensity magnetic field by an inductive coil. Use
of repetitive stimulations entails a persistent modulation of
neural excitability. The induced current is able to depolarize
neurons both directly at the axon hillock or indirectly via
depolarization of interneurons. Classic use of rTMS implies
trains of pulses at specific frequencies. Stimulator consists
of a large electrical capacitance that is attached to a coil
of several turns of copper wire. This implies a modulation
of cortical excitability as well as of other physiological,
metabolic, and behavioral measures [43]. Although rTMS
has been studied much more than tDCS, also for rTMS
it is not well clear how it delivers the immediate clinical
benefit, even if the association of neuromodulators and
growth factors release is supposed to be over the abovecited mechanism of neuroplasticity [29]. Diﬀerently from
tDCS, rTMS entails a wider intersubject and intersession
variability [44], conditioning the eﬀect because of the broad
variety of experimental procedures and parameters utilized.
In fact, several diﬀerent protocols have been proved, but no
definitive evidence has been established.
In neurorehabilitation, clinicians have tested rTMS, in
order to drive the adaptive plasticity and to facilitate the
process of recovery. Several small investigations have shown
functional improvements. Most of the results have been
obtained by inhibitory approaches, both for motor (performances) and cognitive (speech) impairments [45, 46].
In conclusion, despite some encouraging studies, the use
of NIBS is promising but needs to be delved deeper. Protocols should be standardized worldwide and multicentercontrolled clinical trials should be set up to provide definitive
evidence in neurorehabilitation. In addition, studies about
the economic benefits from a continuous use of these
techniques should be taken into consideration (i.e., costeﬀective home therapy versus inpatient rehabilitation). At
the same time, many therapeutic opportunities based on
NIBS are open for researchers worldwide.

5. Neuroprosthesis
Neuroprosthesis (or neural prosthesis) is a general term
referring to devices that cannot only receive output from the
nervous system (such as BCI), but can also provide input,
with the possibility to interact with the peripheral and central
nervous systems [18]. Furthermore, neuroprosthesis is a
device that substitutes, completely or in part, a motoneural
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function at peripheral level. Cochlear and retinal implants
are examples of neuroprosthesis [18].
In neurorehabilitation field, electronical devices may
directly stimulate muscles or nerves that should in turn
stimulate muscles (this second possibility needs the integrity
of peripheral nerves).
Some neuroprostheses are based on the principle of
functional electrical stimulation (FES), and in the recent
years it has been used in stroke rehabilitation. For example,
during locomotion, FES can be timed with the swing phase
of the gait cycle to stimulate the ankle dorsiflexor muscles,
usually weaker in patients with stroke. Recently it has
been shown that the use of FES for 3 months increases
the maximum voluntary contraction and the motor-evoked
potentials [47].
FES has been used as surface or as implanted stimulation.
A possible example of gait FES is based on a tilt sensor which
measures the orientation of the shank, controlling when
to turn the stimulator of tibialis anterior on and oﬀ [48].
Another example is based on the use of a pressure attached
below the foot, allowing to know if the heel is in contact with
the ground or not for controlling ankle joint movements
[49].
Regarding FES eﬃcacy recent findings showed that FES
may improve active movements and strengthen muscles,
improving gait velocity and endurance, preventing falls
[50], reducing spasticity, and providing better functional
recovery [51–53]. So, in the field of gait rehabilitation,
neuroprosthesis may provide more potential benefits than
common orthoses, as reported by rehabilitative outcomes
[54] and patients’ comments [48, 55].

6. Virtual Reality
Similar to the use of the term robot, also the expression
virtual reality is sometimes used improperly in neurorehabilitation. In many studies a computer-based technology
providing visual stimuli on a monitor is generally called
virtual reality. But with the expression virtual reality (VR) we
should refer to a high-end user-computer interface involving
real-time stimulation and interactions of an embedded
subject through multiple sensorial channels (visual and
auditory, sometimes haptic, smell and taste if possible), based
on a synthetic environment in which the subject feels his
presence [56]. Similar to the three Ds of robotic works,
VR is based on three Is defining its features: immersion,
interaction, and imagination [56]. So, a computer videogame
should not be considered as VR because of the absence of
immersion in a virtual environment. However, with the more
wide use of tridimensional visual stimuli also in video games,
this diﬀerence is going to be reduced in the early future.
Both VR and computer-based stimulation are supposed
to have the potential to greatly increase the ways in which
people are trained during rehabilitation. There are many
advantages provided by VR at the basis of this idea: the
synthetic environment is easily changeable, allowing for
designing an optimal individualized therapy, VR can provide
functional, rich stimuli and motivating context, increasing
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the active participation of the subject in his rehabilitation (a
fundamental aspect to increase the rehabilitative outcomes
[25]), and then the data can be collected for monitoring and
evaluating rehabilitation progress.
In the last few years there have been an increase in
the application of virtual reality and computer-interfacebased systems to the rehabilitation of a variety of deficits
resulting from lesions of the nervous system [57, 58]. The
main area is probably the rehabilitation of patients with
stroke, in particular with respect to the function of the upper
extremities.
Several virtual reality systems for upper limb rehabilitation have been developed and tested worldwide following
diﬀerent methods and therapeutic concepts including systems used to train reaching movements through imitation
of a virtual instructor [59, 60]; systems based on haptic
devices [61]; systems for training individual hand and finger
properties such as range of motion and strength by means
of intense practice of skilled movements [62, 63]; systems to
train general upper limb movements by mental rehearsal and
the imitation of movements of the nonparetic arm [64].
It has been shown that, after VR training, there is a cortical reorganization due to neuroplasticity in which cortical
activation was reorganized from contralesional (before VR)
to ipsilesional (after VR) activation; that is, there is a shift in
cortical organization of the aﬀected limb from the ipsilateral
hemisphere to the contralateral hemisphere after the VR
intervention. It is probably due to the fact that VR may have
motivated and promoted practice-dependent reorganization
resulting from the increased amount of use of the aﬀected
limb in relevant motor tasks [65].
A recent Cochrane review analysed 19 studies involving
565 patients with stroke, putting together the use of VR
with video-gaming therapy for stroke rehabilitation [66].
Positive results were found in terms of recovery of arm
function and increase in independence in activities of daily
living, and few and mild adverse eﬀects were sporadically
reported, whereas no evidence was found for improvements
in global functions, grip strength, or gait speed. However,
this Cochrane review suggested caution in interpretation of
results because studies on VR eﬀects in rehabilitation generally enrolled a small sample of subjects, and interventions
and outcome measures varied, limiting the comparisons
among studies. Then, because the intervention approaches
in the included studies were predominantly designed to
improve motor function rather than cognitive function or
activity performance, there was no evidence for cognitive
improvement after VR training. Finally, the majority of
participants in VR rehabilitation were young people with
chronic stroke, relatively active (in many researches they
should be able to move a joystick), then the positive eﬀects
were found soon after the end of the treatment, and it is not
clear whether the eﬀects are long-lasting.
Although further trials involving larger numbers of
participants and longer-term followup are required, VR
and video-gaming therapy could be further developed on
the basis of the recent development and the progressive
cost reduction of 3D televisions, combined with markerless
system for movement analysis [67] or accelerometric devices

5
for controlling video games [68]. These technologies could
bring at home of patients new rehabilitative tools in the early
future.

7. Wearable Devices
The instrumented movement analysis is a systematic manner to investigate motor abilities of a subject, involving
measurements, descriptions, and assessments of quantities
characterizing human biomechanics and locomotor control
[69, 70]. It is a fundamental tool for assessing pathological
conditions and compensatory motor strategies and for
evaluating the improvements during rehabilitation, in a
more sensible and objective manner than ordinal scores of
clinical scales [71].
Through instrumented movement analysis, the kinematic and kinetic parameters of human movements can be
determined, and musculoskeletal functions can be quantitatively evaluated. As a result, instrumented movement analysis
has been employed in sports, rehabilitation, and health
diagnostics. It is sometimes called “gait analysis” because
most of these studies are related to human locomotion.
Research on instrumented movement analysis has been
conducted since the late 19th century, and its widespread
application in biomedical engineering began with the
availability of video camera systems [72–74]. A standard
laboratory of gait analysis is formed by a multicamera
motion capture system and force platforms with the capability of measuring ground-reaction forces [75]. However,
this standard gait analysis requires specialized laboratories,
expensive equipment, and lengthy setup and postprocessing
times, with limitations in terms of the moving area and gait
cycles.
In the last decade, an alternative gait analysis method was
developed based on wearable sensors. Some of the potential
benefits of using wearable device to assess movements in
clinical settings could include the low cost compared with
more commonly used gait analysis equipment, the small
dimensions and light weight, and no limitation of the testing
environment to a laboratory, enabling subjects to walk
relatively unrestricted [76, 77].
Wearable devices for motion sensing can be accelerometers [76, 77], force sensors [78, 79], goniometers [80],
inclinometers [81], gyrosensors, and strain gauges, and they
can be worn or attached to various parts of the body [82].
Particular interest has been devoted to the use of
accelerometers for assessing human locomotion [76]. In
fact, the ability of a subject to maintain balance during
walking can be properly assessed by measuring upper-body
accelerations [83, 84]. A large and growing body of the
literature has investigated the use of this technique in healthy
subjects [85–88], patients with stroke [77, 89], children with
cerebral palsy [90], people with low-back pain [91], and
those with cognitive impairments [92].
With the development of motion-sensing technology, an
increasing number of wearable sensors will be developed for
gait analysis in the future, increasing the use of wearable
sensors in the clinical field [82]. Even clothes formed by fibers
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and yarns made in conducting and piezoresistive materials
able to record vital signals have been developed as a really
wearable device [93].
The development of wireless wearable sensors has also
been facilitating the development of wearable ambulatory
robotic exoskeletons. More of them are still in prototypal
version, such as those developed in projects financed by the
European Community as, for example, Tremor (extended
title: An ambulatory BCI-driven tremor suppression system
based on functional electrical stimulation) [94] and Better
Projects (extended title: BNCI-driven robotic physical therapies in stroke rehabilitation of gait disorders) [5]. However,
some commercial products have recently been delivered,
such as EKSO (Ekso Bionics, Richmond, CA, USA) and
ReWalk (Argo Medical Technologies Inc., Marlborough, MA,
USA) exoskeletons. These devices are primarily developed as
orthoses especially for subjects with spinal cord injury [95],
but it is arising the idea to use ambulatory exoskeletons also
during stroke rehabilitation [5, 96].

8. Tablet-PC
The last but not the least technology that merits a mention
in this paper is a new technology that is changing our life,
modifying the way we interact and communicate: the multitouching tablets. This is evident through the widespread use
of smartphones and tablet-pc. The ease of downloading and
using applications (apps), many of them free, is changing our
life style, allowing to do many things in new forms, from
reading newspaper, playing, communicating with friends,
getting weather updates, to finding the closest supermarket.
It is hence clear that this technology can have potential
benefits also in healthcare and rehabilitation fields [97].
Particularly tablet-pc, with its many apps, seems to have
potentialities for enhancing therapy, oﬀering speech to text
options, handwriting enhancements, and options for motor
skill development, and so forth. First of all, tablet may
increase the possibilities of augmentative and alternative
communication interventions [98]. Then, it could be helpful
for assessing deficits of fine movements at hand level and
hence for assessing rehabilitation outcomes [99]. Finally,
specific rehabilitative programs for upper limb rehabilitation
can be developed on this simple tool, with all the advantages
above reported for the video-game-based therapy.
When returning home, people with stroke may use these
tablets for improving their hand abilities. This opportunity
is oﬀered by the multitouching technology. Furthermore,
tablets, similar to virtual reality and video-game-based therapies, may allow to collect data of patients’ improvements.
It is also possible to imagine that these data can be shared
in real time via internet with therapists, medical doctors,
and other members of rehabilitative staﬀ. So, although at
the moment the evidence that tablets can be eﬀective for
enhancing stroke rehabilitation is still lacking, and only few
studies investigate this aspect, the potentiality of this tool
and its wide diﬀusion suggest that tablet will enter soon in
neurorehabilitation [98, 99].
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9. Conclusions
At the lights of the above researches, the seven technologies
reported in this paper seem to have potentialities to increase
the eﬀectiveness of rehabilitation in patients with stroke.
However, according to Morone and colleagues [14, 15], the
question about their eﬃcacy on rehabilitation should be
changed into which patients may benefit more from the
use of these devices. Robotic therapy seems to be more
eﬀective when used in severely aﬀected patients, whereas
virtual reality video-game-based therapy is probably more
eﬀective in less aﬀected patients. We expect similar target
patients for Tablet-pc. Also other aspects, such as compliance
and psychological features, should be taken into account for
defining the best target population. The last potentiality of
these new technologies is their possible combination. For
example, brain stimulation was performed during robotic
training in patients with stroke in subacute [41, 100]
and chronic [101] phases. Accelerometric assessment was
performed during sessions of electromechanical training to
obtain online information about the patients’ recovery and
the goodness of parameter selection [17]. As reported above,
the use of wireless wearable devices could be combined
with robotic technologies for the development of ambulatory
exoskeletons [93, 94]. Also brain computer interface could
be combined with robotic training for a top-down approach
[5].
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