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Abstract
Background: Stroke is a disease of the central nervous system caused by the reduction or interruption of a vessel on the brain. The
prevalence of stroke consequences, not only physical but also psychological and social, tend to increase in the years after stroke,

being rehabilitation the most important part of the process. With the emergence of new technologies, stroke rehabilitation benefited
from important improvements.

Purpose: The purpose of this study is to understand the role of new interventions on the rehabilitation of stroke patients with
hemiplegia and body asymmetry.

Results: Standard therapy, Bobath concept, Induced Constraint Movement Therapy, Mirror Therapy, Force Plate Feedback, Virtual

Reality and Robot Therapy are described and the evidence supporting each approach is presented. Based on the studies mentioned
above, the new approaches that have been more studied and shown more results are the Virtual Reality and the Robot Therapy.

Conclusion: In summary, these studies reveal that the new therapeutic approaches should be used as a complement of the standard
therapy.
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Introduction
Stroke is a disease of the central nervous system caused by the reduction or interruption of a vessel on the brain. This leads to a default

of oxygen and nutrients in the brain that causes damage or the death of some brain cells [1,2]. The clinical signs can be focal or global

and have a quick development [1] causing motor and sensory dysfunctions [3]. Apparently, there is no cause rather than vascular origin.
Stroke can occur due to an interruption (ischemic) or a rupture (haemorrhagic) of a vessel [3,4].

According to the World Health Organization “15 million people suffer stroke worldwide each year and of these, 5 million die and an-

other 5 million are permanently disabled”, so for many years stroke has been one of the most common causes of disability and death [2].
“Stroke is still predicted to be a leading cause of disability worldwide by 2030” [5].

Stroke often causes cognitive impairment, being the domains most frequently affected memory, orientation, language and attention,

constructional and visuospatial functions [6].
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This condition can affect the middle cerebral artery, anterior cerebral artery, posterior cerebral artery and vertebral/basilar artery

[3]. The largest artery is the middle cerebral artery stroke and usually the most commonly affected [7]. Stroke frequently gives origin to
contralateral hemiparesis and hypesthesia, aphasia, neglect and ipsilateral hemianopsia [3].

Stroke has a huge impact in people all around the world and the existing treatments (conventional/traditional therapy) are not very

effective, so despite the positive developments, it is still possible to improve the treatments [8]. Upper limb (UL) paralysis is the most
common symptom in stroke, so most therapies focus on UL rehabilitation [1,9].

Another consequence of this condition is the asymmetry of the body, because one side of the body is paralyzed, and this causes prob-

lems in movement control and balance skills [10]. The prevalence of stroke consequences, not only physical but also psychological and
social, tend to increase in the years after stroke, being rehabilitation the most important part of the process [11].

With the emergence of new technologies, stroke rehabilitation benefited from important improvements. The purpose of this study is

to understand the role of new interventions on the rehabilitation of stroke patients with hemiplegia and body asymmetry. In this review,
we will discuss the standard methods and the “new” methods such as robot therapy (RT), force plate feedback therapy (FPT) and virtual
reality (VR).

Rehabilitation approaches
As a first step to explain the new approaches available for stroke, it is paramount to describe what is commonly defined as standard

therapy. The approaches used on standard therapy consist of exercises to improve muscle strength, motor control of lower limb and gait
training, balance, activities of daily living, Bobath concept, mirror therapy and constraint-induced movement therapy [11,12].

Usually, physiotherapy focus on regaining mobility and flexibility of the affected limb to contradict the flexo pattern and promote the

use of the non-affected side to compensate on the daily tasks. The fact that the therapists stimulate more the unaffected limb to compensate, it will eventually, reduce the sensorimotor representation on the cortex [11]. Improvement of motor learning and refining of movement occurs in the intact nervous system by the multilevel sensory dynamics, where alternative motor areas can be recruited [5,13]. Such

an approach can also be used in the lesioned nervous system, that is why both limbs (affected and non-affected) should be stimulated, to
increase somatosensory input in order to augment cortical excitability and facilitate neuroplastic changes [13].
Bobath approach

The Bobath Concept addresses people suffering from a central nervous system impairment that affects motor, cognitive, social and

emotional developments. This approach focuses on regulating muscle tonus, balance, mobility and functional extremity movements, especially related to daily living tasks, is based on the ability of the brain to recover and learning principles [14,15]. The Bobath concept

consists of facilitating the movement in key areas, giving “a sensory input” to the cortical area and send information to motor control and
perception of the limb in space [16].

Although this concept has shown some positive results in the chronic phase mainly on improving selective movement and upper limb

function, as well as mobility and balance in the acute phase, overall, it is not more effective in general than other therapies in regaining
mobility, motor control, balance and activities of daily living [12,14,16].
Induced constrain movement therapy

Induced constrain movement therapy (ICMT) is a behavioral approach based on “Learned Nonuse” [17]. It consists of restraining the

non-affected limb and ask for tasks, intensive and repetitive movements using only the affected side [18]. This approach has shown posiCitation: Madalena Bettencourt and João Casaca-Carreira. “Stroke Rehabilitation: A Role for the New Technologies?". EC Neurology 12.6
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tive results on ROM improvement of the upper limb during difficult tasks [19]. ICMT is possible to be done at home, without supervision
and has shown a good cost-effectiveness relation [20]. This also has a few limitations since it is very specific for upper limb (only) and if
the therapy is not applied at an early stage the results tend to be not so positive [19,21].
Mirror therapy

The mirror therapy is a very often used method that therapist apply as a part of the treatment, because provides real-time visual feed-

back and gets patients motivated and interested, since the patient focus on the unaffected side rather than the affected [1,9,10].

This approach requires the placement of the mirror between the patient limbs. The reflective side faces the non-affected limb to create

the illusion to the patient of two unaffected sides [10]. Although the affected limb is not moving in the way that the patient sees it in the
mirror, the fact that the patient is imagining the movements dispatch cortical activity [22]. The affected motor-areas and brain cells get
stimulated by the feedback they are receiving from the image of the non-affected side moving [19]. It has been proven to be effective in

improving motor function especially on ADL performance, mainly in the upper limb [10,19]. However, a disadvantage of this method is
the compensations that can be done towards the unaffected side by the patient due to the weakness of the muscles on the affected side.
When the patient focus on moving the “normal” limb acquires an asymmetrical posture, which can also be related to the fact the patients

trying to see better the image on the mirror [10]. Besides, is a difficult method for patients to do on their own, since the mirror is a heavy
object to dislocate [22].

The fact that standard therapies help in the improvement of motor function, only modest benefits have been shown to date and can

also be expensive if one thinks that most cases become chronic and need long term rehabilitation [19,23].

Here, in this review we decided to explore novel therapies since they can provide safe environments allowing patients to try challeng-

ing and stimulating tasks and also receiving real-time feedback [13].
Force plate feedback (FPF)

One characteristic of hemiplegic patients is the increased postural sway and an asymmetric distribution of the body weight. Usually,

the body load is shifted towards the unaffected side, changing the midline of the body making it difficult for the patient to maintain bal-

ance [24,25]. So the FPF “addresses these deficits and provides the individual with feedback from a force platform while balance activities
are performed”. This approach is applied in order to improve postural balance that is defined “as the ability to maintain the center of mass
of the body within the base of support with minimal postural sway” [25,26]. As a consequence of the asymmetrical weight distribution
the walking performance will be affected [24].

The use of this therapy is important in the sense that provides visual or auditory feedback about the patient’s postural symmetry. This

method can measure the weight distribution of the body on the platform and the centre of pressure of the body and work on that through
visual, vestibular and proprioceptive inputs [11,24,25]. It focuses on doing daily tasks on the platform in order to prevent falls [25]. Al-

though the studies refer to an improvement of the body distribution on a static/stance position, they are not conclusive about the effects
on postural sway or gains on gait independence in ADLs [24]. The costs of these equipment’s are not as high as they were a few years ago

but remain still high which limits the possibility of having one at home [26,27]. Besides this, the FPF therapy requires the maintenance
of balance and body orientation while the patient is standing on the platform, which makes it impossible for the patient to do it alone in
some cases [27].
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VR is defined as a “computer-based technology that allows users to interact with the multisensory simulated environment and receive

‘real-time’ feedback on performance” [28]. There are different types of VR devices used in rehabilitation. The most common are the immersive and non-immersive. As the name suggests in the immersive, the person is completely involved in the VR environment, it is more
realistic [29]. It is not often used because of the price, although it is not as expensive as in the past, the price is still around 100.000$. Also,

it can be harder for patients to set up the equipment alone, which can cause them motion-like sickness and requires some space around
[29,30].

The non-immersive VR as a better cost-effective relation [29]. It is based on video games, so it is also more accessible for patients to

even have it at home, but still mainly affordable for clinical use [23,29]. Even though it’s easier to find cheaper equipment for non-immer-

sive VR, it’s important to have in mind, that not all video games are suitable for the motor recovery treatment of these patients [31]. A big
disadvantage is the fact that the environment cannot be manipulated to full engagement of the patient and also it can’t make corrections

related to the visual impairments, since with the immersive system one can make corrections on the movement regarding the differences
between visual and vestibular feedback [13,29].

VR is mostly used in upper limb rehabilitation, where the best results were achieved. However, VR has broader recovery purposes as

gait, balance, cognitive functions, and ADL through feedback- based mechanisms [13,31].

In summary, VR allows the possibility of personalized tasks, goal-orientated actions, extra motivation, improvement of patient’s atten-

tion on the most relevant details to the task, all of that in a safe environment [13,22,32]. Evidence is still lacking regarding the effects of

VR in stroke patients compared to conventional therapy, however, it is proven that the use of VR combined with conventional therapy is
effective in restoring upper limb function on ADLs [13,31,32].
Robot therapy (RT)

What is defined as the robotic intervention is “the application of electronic, computerized control systems to mechanical devices

designed to perform human functions” [4]. There are different types of robotic devices to help in the rehabilitation of stroke patients,
and they can focus more on the lower limb (especially on gait training) or on the upper limb (usually robotic arms to help on ADLs) [33].

The use of robot equipment makes it possible to see the contribution of the different muscles separately during the daily living tasks

and see the compensations and give feedback to avoid them [5]. Like the approaches mentioned above, none of the patients submitted to
these interventions, should have suffered from the posterior cerebral artery stroke, since it can cause cortical blindness or visual agnosia,
making it incompatible for patients to receive visual feedback [3].

Since one of the most common consequences of stroke is the hemiplegia and 30% to 66% of those remain with limitation on the arm

function after 6 months, the studies about RT focus more on the upper limb which has shown better results [12,34]. If the patients do not
have access to the proper treatment and stimulus they will be dependent on their daily activities which can lead to depression and low
quality of life [6,35]. Besides the emphasis given to the upper limb, studies also have shown more results in two different stages of the
condition: subacute and chronic [36,37].

In the subacute phase, best results have been shown with weight supported training to increase arm function [9]. If standard therapy

and RT are administrated independently the results favours the patients treated with standard therapy. However, if RT is added to standard therapy the results are better than standard therapy alone [4,34,38].
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Although RT allows patients to train independently, it is not viable to have robot equipment at home, since the prices remain high (we

need to take into consideration not only the price of the equipment itself but also the maintenance costs). Evidence shows that RT alone is
not enough for patients, and for that reason should be combined with other approaches, which makes it unaffordable [34,39].

Although RT already showed good results on the improvement of motor function of the upper limb, robots are not a substitution of

therapists. In addition is still important to find a way that makes it sustainable and effective in more rehabilitation outcomes (balance,
strength, cognitive) and that does not overload the work of health professionals, since it is a long term rehabilitation therapy [34,36].

Since all the approaches above (RT, VT and FPF) have a direct relation with visual feedback, we need to consider that they are only ap-

plicable to patients with no visual impairment.

Conclusion

Based on the studies mentioned above, the new approaches that have been more studied and shown more results are the VR and the

RT. Both have shown results, specifically, on the improvement of the upper limb in motor function. These therapies rely on the attempt

of taking advantage of the neuroplasticity process during the recovery period from the brain injury, what is especially important in the
primary stage of the recovery.

The task-specific and context-specific training should be included in the rehabilitation, as well as intensity and repetition which are

basic principles of neuroplasticity. Another important factor is the cognitive and emotional engagement, key elements in motor recovery.
These aspects are paramount to motivation, since stroke recovery is a long-term process.

Other advantages of these interventions are the fact that they can be delivered at home, alone or in complement to other therapies,

which assumes extreme importance due to the long-term recovery associated with stroke. In case therapy happens at home, the number

of visits to the clinic can be reduced substantially, which can diminish the costs, travel time, and be more comfortable and convenient for
the patient and their families.

Long-term recovery processes are often punctuated by lack of motivation, reduced compliance to home-exercise. The use of new tech-

nologies could counteract this aspect, as new therapies are frequently personalized, safe and enjoyable for the patients.

Although the benefits of these new approaches are not superior in several parameters to standard therapies, the studies described

above show several benefits related to motor recovery of the upper limb.

In summary, the evidence reveals that the new therapeutic approaches (RT, MT, VR, FPF) should be used as a complement of the stan-

dard therapy. More studies need to be done to understand if there is a possibility to develop an intervention protocol that allows only the

use of these technologies, which defines the intensity of the use, the stage that it is more effective, the amount and the type of programs/
devices to use.
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