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Abstract

Title: This paper presents a systematic review of robotic
devices and therapies for cerebral palsy (CP), trying to
shed some light on the present literature on robot-based
CP rehabilitation.

Background: Recent publications have demonstrated that
robot-assisted therapies may constitute an effective tool
for the compensation and rehabilitation of the functional
skills of people with CP. The most important robotic
devices for lower and upper limb rehabilitation were
selected, specifying the assisted therapies, experiments
done with them, and their results in children with CP.

Methods: Scientific articles were obtained by means of an
extensive search in electronic databases, primarily
PubMed and Scopus. Papers published from the year
2000 to 2015 were considered for inclusion. The search
was performed by using the following keywords in
combination: robot, Cerebral Palsy, children, and
therapies. Moreover, some web pages about CP
organizations were used to complete the review.

Conclusions: There is still a lack of randomized clinical
trials with a representative number of subjects, which
makes it difficult to evaluate the impact of robot-based
therapy, especially the long-term effects. The inclusion of
cognitive aspects into the therapies and the design of
virtual scenarios in combination with robotic devices
provide promising results.

Keywords: Cerebral Palsy; Robotic Therapy;
Rehabilitation; Review

Introduction
Cerebral palsy (CP) is one of the most common disabilities in

childhood and makes heavy demands on families, children,
and health, educational, and social services. The most
frequently cited definitions of CP are: a disorder of posture
and movement due to a defect or lesion in the immature brain
[1] or a group of movement and posture disorders that are
associated with progressive alteration of the immature brain
during fetal or infant growth. The disorders are permanent but
not invariable, and these disorders do place some limitations
on daily living. CP is often associated with sensory deficits,
cognition impairments, communication and motor disabilities,
behavior issues, seizure disorder, pain, and secondary
musculoskeletal problems [1]. The main causes and risk factors
of CP are: multiple birth, extreme prematurity, birth asphyxia,
feeding issues, prolonged hospitalization, or postnatal
infection; this disorder is more common in males [2].

Individuals with CP are normally categorized into classes or
groups, though most people with CP have a combination or
two or more types [3]. From a topographic point of view,
depending on how many structures are involved, people with
CP could be classified as having Hemiplegia, Paraplegia,
Tetraplegia, Diplegia, or Monoplegia. This classification, used
in combination with the type of movement disorder
(Spasticity, Dyskinesia, Ataxia, or Mixed), offers an interesting
approach for clinical practice. Functional classification
procedures are recommended when a clinical decision is
required. The gross motor function classification system
(GMFCS) [4] and the functional mobility scale (FMS) are the
most commonly used scales [5]. GMFCS defines five levels of
CP depend on functional limitations, the need for hand-held
mobility devices (such as walkers, crutches or canes) or
wheeled mobility, and to a much lesser extent, quality of
movement. This bibliography also recognizes that the levels of
GMFCS are based on age (groups under two years old,
between two and four years old, between four and six years
old, between six and 12 years old and between 12 and 18
years old).
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A cure for CP, which means repair of the underlying brain
damage, is not currently available; therefore, the management
of children with CP usually focuses on maintaining and
improving quality of life and function and preventing
secondary complications. Patients with CP are at a high risk of
developing musculoskeletal problems that are mainly related
to physical growth, abnormal muscle tone, weakness, a lack of
mobility, poor balance, and a loss of selective motor control.
Treatments for CP patients depend on the specific patient’s
pathology and range from physical therapy to medication and
surgery. When distinguishing therapeutic approaches by their
main emphasis, the following basic principles can be
recognized [6]: 1) emphasis on normalization of the quality of
movement and 2) emphasis on functional activities, which
focuses on the development of skills necessary for the
performance of activities of daily living. These activities include
playing, self-care activities, such as dressing, grooming, and
feeding, and fine motor tasks, such as writing and drawing.
Children treated with an emphasis on functional activities have
better clinical results than treatments that focus on movement
[7]. The aim of the rehabilitation is to improve the patient’s
independence in daily life activities [8]; it is during the early
stages of development that fundamental abilities and skills are
developed [9] and therefore it is essential to give infants with
CP an opportunity to interact with the environment for integral
development (physical and cognitive). The success rate of
rehabilitation increases in accordance with the intensity of
therapy, repetition, and the patient’s motivation, especially in
children [8].

CP is the most common physical disability affecting the
functional development of children. In the United States alone,
500,000 infants are affected by CP [10,11]; in Europe, these
figures are even higher [12]. Medical costs were markedly
higher for children with CP and the costs were highest for
children with both CP and intellectual disability [13].

Medical costs for children with CP alone were 10 times
higher than for children without CP or intellectual disability
($16,721 vs. $1,674 in 2005 dollars).

Medical costs for children with both CP and intellectual
disability were 26 times higher than for children without CP or
intellectual disability ($43,338 vs. $1,674 in 2005 dollars).

The estimated lifetime cost to care for an individual with CP
is nearly $1 million. The combined estimated lifetime costs for
all people with CP who were born in 2000 will total $11.5
billion in direct and indirect costs [13].

The main therapies focused on the rehabilitation of people
with CP are: 1) physical and occupational therapy, which is
focused in walking, standing , stretching exercises, and
flexibility; 2) oral medication, which is generalized to spasticity
treatment; 3) orthotics, which are normally used in children
with CP to try to prevent deformities, contractures, and pain;
4) Botulinum toxin to treat localized spasticity; 5) ferule and
plaster to avoid moderate contractures; 6) multilevel
orthopedic surgery, which implies that there are at least two
surgical orthopedic procedures (soft tissue and/or bones) at
different anatomic points and in both lower limbs in only one

surgery process, [14]; 7) neurosurgical procedures; 8) partial
bodyweight-supported treadmill training (PBWSTT) and
constraint-induced movement therapy (CIMT), which are
based on motor learning theories and promote the
standardization of gait pattern by involving sensory
information and reflection components of gait; and 9) robot-
aided gait therapy (RAGT), which may be an effective tool to
compensate and/or rehabilitate the functional skills of people
with CP [15].

New strategies are needed to help promote, maintain, and
rehabilitate functional capacity and thereby diminish the
dedication and assistance required and the economic
demands that this condition represents for the patient,
caregivers, and society [16]. Robot-assisted therapies appear
to be alternative and complementary treatments [8]. In light of
this, this paper presents a critical review of the robot-assisted
therapies specifically designed for people with CP, focusing on
locomotion (lower limb) and manipulation (upper limb).

Methods
This systematic review is according to the principles of the

preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines. This study did not require
human participation.

Scientific articles were obtained by means of an extensive
search in electronic databases, primarily PubMed and Scopus.
Papers published between 2000 and 2015 were considered for
inclusion. Although a few references published before the year
2000 were selected, the more important articles in this review
were released in the last 15 years. The search was performed
by using the following keywords in combination: robot,
cerebral palsy, children, and therapies. The papers were
preselected by reading the titles and abstracts. The selection
was completed after reading the full text. Moreover, some web
pages about CP organizations were used to complete the
information for this review.

Results
A total of 226 articles were identified once we deleted

duplicates. Of these, 73 were excluded because they were too
old (papers without relevance published before 2000) and 28
others were removed because they did not address CP. After
reading the full texts, we excluded 81 assessed articles
because they didn’t adapt to our final inclusion terms, which
were discussed by the heterogeneous group of authors
(including engineers, medical staff and physiotherapists). The
result of this was a total of 44 reviewed studies. They were
divided in this way: 22 for robot-assisted rehabilitation for the
lower limb; 9 included in robot-assisted rehabilitation for the
upper limb; 7 in terms of virtual reality (VR) in collaboration
with robotic rehabilitation in CP; and 6 in the context of
translating the experiments to clinical scenarios. The flow of
studies and reasons for exclusion are summarized in the
PRISMA diagram (Figure 1).
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Gait: robot-assisted rehabilitation for the lower
limbs

One of the main goals of neuromotor rehabilitation is the
recovery of locomotion ability because it allows patients to
improve their independence and quality of life. Traditionally,
physical therapy plays a critical role in lower limb
rehabilitation. Treadmill training, usually PBWSTT, is also
gaining importance because the therapy is provided in a
controlled and safe way. Generally, training protocols include a
gradual increase of difficulty level by decreasing the amount of

body weight support provided, increasing the treadmill speed,
or increasing the time spent walking. In this framework,
robotics is emerging as a leading technology for the motor
rehabilitation of subjects with neurological impairments and,
in particular, the recovery of walking. In fact, RAGT has some
promising advantages over traditional training or PBWSTT in
that it is intensive, controlled, repetitive, and provided with
goal-oriented tasks, which is known to be related to cortical
organization and motor learning processes [17]. This aspect is
particularly important for the pediatric population, who could
obtain better results thanks to their higher neuroplasticity.

Figure 1 PRISMA flow diagram

There are basically two groups of assistive robotic devices to
help people with mobility problems: alternative devices and
empowering (or augmentative) ones. These solutions are
selected based on the degree of the user’s disability. In the
case of total incapacity of mobility (including both
bipedestation and locomotion), alternative solutions are used,
such as wheelchairs or special vehicles. People who have
reduced mobility commonly use augmentative devices that
use their residual capabilities, e.g., walkers and exoskeleton
robots are augmentative devices that assist in standing,
balance, and locomotion [18].

Walkers are intended to help users’ navigation. Smart
Walkers are robotic devices based on walkers that are
optimized to improve the human-machine interaction and, as
a result, improve the acceptance and functionality of these

systems in rehabilitation. As walkers take advantage of the
user’s remaining locomotion capability, they also help to avoid
the early and deteriorative use of alternative devices, most
commonly wheelchairs.

Exoskeleton Robots are mechatronic devices whose
segments and joints correspond to some extent to those of the
human body and the system is externally coupled to the
person. In rehabilitation applications, exoskeletons should be
able to replicate, with a patient, the movements performed
with a therapist during the treatment. In the case of functional
compensation, exoskeletons are designed to support the
execution of activities of daily living by assisting the user in the
basic motor functions. The exoskeletons were intended to
provide either joint support by means of brakes or clutches
[19-22] or actively add power to the joints, thus providing a
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means to control and complete joint movements [23-26]. In
addition, the sensors attached to the exoskeleton can assess
the patient’s forces and movements, which would give the
therapist quantitative feedback regarding the patient’s
recovery and rehabilitation process. Therefore, the
exoskeleton could act as a tool for the measurement of the
performance and evolution of the treatment [27].

A commercially available device that illustrates the use of
robotics for the assistance of people with CP is the NF-Walker
(Figure 2), a hybrid assistive device that gives dynamic support
to standing position and gait. The user’s weight is discharged
by the device’s wheels [28]. This device provides motor
stimulation for users and gives them a sense of
accomplishment. It can be individually adapted to the user,
who is supported in an upright and corrected position with
both hands free. The NF-Walker was developed by Made for
Movement. To evaluate the applicability of this robotic walking
aid in non-ambulatory children with CP, Smania et al. [29]
conducted an experiment with an 11-year-old boy (GMFCS IV)
that was unable to walk independently due to spastic
tetraparesis. The outcomes measures were: 2-minute walking
test, 10-meter walking test, respiratory and heart parameters,
and energy cost of locomotion. The results were satisfactory in
most of the tests, suggesting that the NF-Walker may allow
children suffering from CP with severe gait impairment to
move around in their environment. This device may potentially
stimulate the development of gait in children with neurological
gait impairment.

The other devices developed by Made for Movement are
Innowalk and Innowalk-Pro. Both Innowalk and Innowalk-Pro
are robots intended for rehabilitation programs that can
induce healthy gait patterns in their users [30]. Innowalk gives
disabled people the opportunity to experience assisted,
guided, and repetitive movement, which is very beneficial for
rehabilitation after surgery, and provides steady and corrected
leg movement in sitting and/or standing positions [31]. With
the Innowalk-Pro, the upper limbs, lower limbs and Innowalk-
Pro movements are coordinated as part of the therapy [32].
The Innowalk and Innowalk-Pro are static devices because the
patient doesn’t move through the room. In [33], five children
with GMFCS scores between III and V were chosen for an
experiment where they had to use the Innowalk for 4 weeks (5
times per week, 30 minutes per day). At the end of the study,
four of five children had increased muscle mass, three of five
improved their joint deflection, and all of them improved their
posture control. Moreover, 72.2% of patients’ caregivers stated
that the child enjoyed using Innowalk, while 85.1% stated that
Innowalk helped to maintain the child's function [31].

Lokomat (Figure 3) is a robotic platform designed by
Hocoma AG for the treatment of RAGT in adults and children
and is the most widely used hospital rehabilitation robotic
platform worldwide. Pediatric Lokomat is adapted to the
individual patient’s anatomy. Its concept is similar to the
Innowalk in that it practices rehabilitation therapies using
repetitive movements. The Lokomat consists of a 2-leg
exoskeleton with motor drives, a body weight support, and a
synchronized treadmill. A study developed with 16 users that

had previous strokes demonstrated that after treatment all
patients had improved gait performance and motor function;
although five patients were initially unable to walk in the
Lokomat for 30 minutes, they succeeded in doing so within 1
to 3 days [34]. In another study that included CP patients, 33
patients (all GMFCS III initially) underwent 40 Lokomat
sessions (nine females and 24 males, all around 7 years of
age); after 40 sessions of 20 minutes each, eight users (24%)
could walk without assistance and achieved GMFCS II, and
15.3% of the remaining patients showed improvements in
their gait pattern [35].

Figure 2 NF-Walker. Reprinted from [28]

Borggraefe et al. [36] showed positive effects after 12
training sessions with the Lokomat and described
improvements in standing and walking ability (dimensions D
and E of the GMFM, respectively) in 20 children with bilateral
CP, which were maintained after a period of six months. The
authors also reported the intervention’s efficacy was dose-
dependent, as the improvements in the task (walking)
measured in dimension E of the GMFM were positively
correlated with higher distance and time walked.

Another system for robotic-assisted gait training available in
the market for the rehabilitation of children with CP is the Gait
Trainer GT-1 RehaStim (Figure 4), which aims to improve the
patient’s ability to walk through repetitive training. The weight
of the user is relieved and children are positioned on two
footplates that simulate the stance and swing phases of gait
[37]. A recent study checked the effectiveness of this device,
compared to conventional training, in 18 children with diplegia
or tetraplegia. The GT-1 group received 30 minutes of robot
training plus 10 minutes of stretching exercises, while the
control group received 40 minutes of conventional
physiotherapy; all the subjects underwent 10 sessions over a
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2-week period. The results were satisfactory for the
experimental group, showing improvements on the 10-meter
walk test, 6-minute walk test, hip kinematics, speed, and step
length, which was maintained 1 month after the treatment
had finished [37].

In a nutshell, Table 1 summarizes the most relevant robotic
platforms found in the literature.

Figure 3 Lokomat. Reprinted from [17]

Manipulation: robot-assisted rehabilitation for
the upper limbs

There are currently a limited number of robotic systems
targeting the upper extremity that have been applied to
children with CP [38]. These devices work via goal-directed
tasks and reaching movements to rehabilitate hand and arm
function.

The InMotion2, also called the shoulder-elbow robot, is an
end-effector robot, a commercial version of MIT-MANUS
(Interactive Motion Technologies) [39], which is capable of
continuously adapting to and challenging each patient’s ability.
This device aims to improve the patient’s range of motion,
coordination, strength, movement speed, and smoothness.
One hundred and seventeen subjects that had previous strokes
were trained with InMotion2, and during the training patients
were able to execute shoulder and elbow joint movements
with significantly greater independence. At the end of the
experiment, the subjects were better able to draw circles [40].
In most cases, studies conducted with stroke patients have
encouraged new experiments with people with CP, as in
another experiment where 12 children aged 5-12 years with
CP and upper-limb hemiplegia received robotic therapy twice a
week for 8 weeks. The children showed significant
improvement in their total quality of upper extremity skills test
(QUEST) and Fugl-Meyer Assessment scores [39]. Following the
distal approach, Interactive Motion Technologies developed
the MIT-Manus InMotion3, which works with flexion,
extension, pronation, and supination of the affected wrist. The
results are similar to those of InMotion2, but in this case,
InMotion3 can operate both as a standalone device and as an

InMotion2 module; InMotion3 has not yet been used in
studies that include children with CP.

Figure 4 Training with GT-1. Reprinted from [37]

Another robotic system for the upper limbs is the New
Jersey Institute of Technology’s Robot-Assisted Virtual
Rehabilitation System. It is comprised of a HapicMaster and a
custom-made ring gimbal. This system has 6 degrees of
freedom and is a force-controlled haptic interface [8]; it
provides the user with a realistic haptic sensation and the
power to closely simulate the weight and force found in a wide
variety of human tasks. The programmable robot arm utilizes
the admittance control (force control) paradigm, giving the
device unique haptic specifications, and was used in
combination with virtual scenarios to improve shoulder and
elbow movements [41]. In a study that tested nine patients
with CP, who performed nine 60-minute sessions of 3 timed
upper extremity tasks and several measurements of reaching
kinematics, the patients improved in measures of motor
activity in the Melbourne Assessment (MA) after treatment
[8].

The ARMEO (Hocoma AG) system (based on the T-WREX
system) proposes a rehabilitative exercise that allows early
rehabilitation of motor abilities and provides adaptive arm
support in a 3D workspace (Figure 5). The ARMEO system is
focused on patients that lack sufficient strength to move their
arm and hand against gravity [42]. Some springs can support
the weight of the upper and lower arm [8], and the system can
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be adapted for each child. Unfortunately, no clinical trials have
been performed with this system and people with CP.

Figure 5 Armeo and YouGrabber. Reprinted from [8]

The YouGrabber System (Figure 5), developed by YouRehab
Company, is a virtual rehabilitation system based on video
games that uses a pair of data gloves and an infrared camera
to capture the fingers’ flexion. This system allows mirror
movement training, and a particular advantage of YouGrabber
is its ability to provide both unilateral and bilateral training
[43]. The games are based on reach, grip, and transport tasks
[8]. In the first study, five children with motor deficits in the
upper limbs were tested with YouGrabber. The experiment was
developed in nine sessions of 45 minutes each, and the task
involved hand grasping and releasing, wrist pronation and
supination, and arm reaching. The results were satisfactory:
four out of five patients showed improvements in all measures
in the MA [44].

Gilliaux et al. [45] assessed another robot-assisted therapy
(REAPlan) through a single-blind randomized trial. Sixteen
children with CP were randomized into two groups: a control
group of eight users conducting five conventional therapy
sessions per week over 8 weeks and a robotic group of eight
users conducting three conventional therapy sessions and two
robot-assisted sessions per week over 8 weeks. The REAPlan is
a distal effector robot that allows for displacements of the
upper limb in the horizontal plane. Outcome measures, such
as QUEST and PEDI (Pediatric Evaluation of Disability
Inventory), were analyzed. According to the authors, there was
evidence that the robotic therapy was effective since the
outcome measures improved significantly more in the robotic
group than in the control group; is the authors also suggested
studying the long-term effects of the therapy.

The classification of the most used devices for CP and the
upper limbs is shown in Table 2.

Discussion
Robot-assisted therapy is a form of physical therapy that

uses a robotic device to help a person with impaired functional
ability to recover their function [46]. The cost and accessibility
(not to mention boredom) of therapy in clinics generally
reduces therapy compliance. The robotic device usually
proposes a goal-directed task, which encourages the patient.
This approach has interesting advantages compared to
traditional therapy, because robotic therapy integrates

functional tasks with accurate and assembled movements
instead of repetitive movements without goals; as a result, the
number of sessions, frequency, intensity, and finally the
positive impact of the treatment are all typically increased.
Additionally, these devices usually integrate assessment
systems to objectively measure the progress of the therapy.

According to the results, numerous devices for the
rehabilitation of gait in CP can be found [29,33,35-37]. Robotic
exoskeletons to support human gait have become very popular
because they propose interesting strategies to increase the
frequency and intensity of the sessions. Some of the devices,
which were designed for spinal cord injury or stroke patients,
were recently adapted for people with CP. Most studies
suggest that children with CP benefit from robotic-assisted gait
therapy; however, since there is no standardization about the
outcome measures used, it is difficult to describe and quantify
those benefits precisely. Additionally, a more detailed
description of the user’s profile is required, especially in the
case of users with CP, whose motor particularities are very
heterogeneous.

On the other hand, robot systems for the rehabilitation of
the upper limbs are scarce, particularly for the rehabilitation of
hand control; however, some studies demonstrate that robotic
therapy can provide new opportunities for improving upper
limb coordination [8,39,44,45]. Generally, the lack of
longitudinal and randomized clinical trials for these robotic
systems makes it difficult to evaluate the impact of the therapy
after robotic training. Nevertheless, these rigorous studies are
needed to understand the key ingredients underlying motor
recovery. In spite of these outcomes, an optimal robotic
training indication to the physiotherapist does not exist.
Additionally, there are obstacles to the widespread adoption
of robotic rehabilitation, including high economic costs and
poor portability [47].

To improve current robotic therapies, novel concepts are
emerging, such as VR, which brings cognitive aspects into the
treatment and provides promising results [8].

Virtual reality as part of robot-based therapy
Recent studies have demonstrated that robot-assisted

therapy, in combination with new rehabilitation techniques,
motivates the patient (which is very important in the case of
children) and improves the treatment. A new and advanced
method of feedback is the application of virtual scenarios,
where the user can interact with a virtual object in real time
and feels that he or she is part of a virtual environment during
the therapy [8]. Changes in cortical maps are driven by specific
aspects of behavioral demand (i.e., motivation, skill
acquisition) and are not simply the result of repetitive use or
strength training [48].

VR is a very attractive tool to enable the adoption of
biofeedback techniques for the treatment of children with CP.
In this scenario, biofeedback can be defined as the use of
sensory feedback through which objective performance
observation related to a specific motor task is presented to
provide the child with immediate, consistent feedback of their
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performance [49]. The aim of providing patients with
biofeedback during exercise is twofold: first, to improve the
effectiveness of the rehabilitation treatment, both by allowing
patients to adjust their movements according to the feedback
of performance and by providing an incentive to exercise; and
second, recording the physiological parameters to be fed back

to the patient provides quantitative monitoring and
documentation of the patient’s progress during treatment. The
latter feature is particularly important when the rehabilitation
treatment is extensive and prolonged, which is typically the
case with patients with CP.

Table 1 The most relevant robotic platforms for lower limbs in CP

Device Number of
patients Therapies and measurements Results

NF-Walker [29] 1

2’ walking test

Improvements in all tests. Use of NF-Walker may help children
with severe impairment of gait as a result of CP.

10 m walking test

Respiratory and heart parameters

Energy cost of locomotion

Innowalk [33] 5 Session training with Innowalk: 30 min/day;
5 days/week; 4 weeks

4 of 5 children increased muscle mass, 3 of 5 improved their
joint deflection, and all of them improved their posture control.

Innowalk-Pro - - Hasn’t found any experiments with CP

Lokomat [35,36] 33 40 sessions of 20 minutes each one
training with Lokomat

8 users could walk without assistance and the 15.3% of the rest
of the patients had an improvement in their gait pattern.

GT1 RehaStim [37] 18

- 30 min of robot training+10 min of
stretching exercises

The results were satisfactory in all the experiments and
maintained 1 month after the treatment had finished.

- 10 min walk test

- 6 min walk test

- Hip kinematics, speed and step length

Table 2 Devices for CP and upper limbs

Device Number of
patients Therapies and measurements Results

InMotion2 [39] 12 Robotic therapy twice a week for 8 weeks Improvements in total QUEST and Fugl-Meyer Assessment
Scores

InMotion 3 - - Hasn’t found any experiments with CP published in literature.

Hapic-Master [11] 9 Composite of 3 timed upper extremity tasks and
several measurements of reaching kinematics Improved in measures of motor activity in the MA

Armeo - - Hasn’t found any experiments with CP published in literature.

YouGrabber [44] 5

9 sessions of 45 min each one

Four of five patients showed improvements in all assessments
(MA)The task carried out involved hand grasping and

releasing, wrist pronation and supination and
arm reaching

REAPlan [45] 16
In robotic group, 8 users conducting 3
conventional therapy sessions and 2 robotic-
assisted sessions per week over 8 weeks

Measures such as QUEST and PEDI were analyzed. There is
evidence that robotic therapy is effective since outcome
measures improved significantly more in the robotic group than
in the control group.

Long term effects of the therapy

There is widespread interest in using VR in the rehabilitation
of children with CP to address upper [50,51] and lower
extremity motor functions [52]. Yoo and colleagues [50]
investigated the effectiveness of a combined EMG biofeedback
and VR intervention system to improve muscle imbalance
between the triceps and biceps during reaching movements in
three children with spastic CP; they reported improved muscle
imbalance ratios between the triceps and biceps, compared to

traditional EMG-based biofeedback training. Another case
report [53] investigated the effects of VR therapy on cortical
reorganization and associated motor function in an 8-year-old
child with hemiparetic CP. After VR therapy, the altered
activations disappeared and the contralateral primary
sensorimotor cortex was activated. This neuroplastic change
was associated with enhanced functional motor skills that
were not possible before the intervention. The results show
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that the use of biofeedback and VR-based biofeedback in the
rehabilitation of children with CP is a highly promising area,
and further research is encouraged.

Translation from research to clinical scenarios
Few articles describe how to translate these research

studies into clinical practice; however, this is a key issue
related to the effectiveness of a new rehabilitation tool. This
section describes some of these studies. The research
concepts of some robotic devices for the rehabilitation of CP
and stroke were translated to clinical practice.

Sukal-Moulton et al. [52] evaluated the effectiveness of a
portable robotic device for robot-based ankle rehabilitation for
children with CP. The study reveals that the outcome measures
collected in the clinical treatment are similar to those of
previous research. The participants were children with GMFCS
I, II, or III, seen twice a week for 75-minute sessions for a total
of 6 weeks. The improvements were significant in all main
outcome measures except for the GMFM.

The use of robotic systems in the clinic may provide better
controlled movements than manual exercises, and the
numerous repetitions of practicing a movement, which is
allowed by robotic devices, is an important advantage of this
type of training. Moreover, the video games with goal-directed
training as part of the therapy motivate children to participate
in the clinic and improve motor learning.

Lo et al. [54] presented an interesting long-term study about
the use of robot-assisted therapy for the rehabilitation of
patients with long-term deficits after stroke. No statistical
differences were reported when robot-assisted therapy was
compared to intensive physical therapy programs. The clinical
question beyond this paper was related to how intensive
programs could be carried out at a lower cost; maybe robot-
assisted therapy is the answer.

The combination of VR with robotic training offers
improvements in gait function [55] and muscle power
generation during gait. The combination of motivational
environments with passive-as-required robotic training could
be related to the role of motor imaginary, observation, and
motivation on learning and the neuroplasticity of the human
brain [56,57]. Mirallas [58] indicated that, especially in the
upper limbs, the higher activity provided by robotic devices
helps provide better rehabilitation, and the results are
maintained in the long term. Another study [52] demonstrated
that treatment effects in the protocol applied in the clinic had
statistically equivalent results to those seen in the research
laboratory.

Nevertheless, the cost effectiveness of robotic devices is still
a real problem for rehabilitation if we compare with traditional
therapies [59]. Moreover, there is bibliography that does not
demonstrate advantages of using locomotor training instead of
physical therapy [60].

Conclusions
Robot-based therapies for children with CP are receiving

more attention from the scientific community. This review has
presented the state of the art of robot-assisted rehabilitation
for people with CP and the most relevant devices to carry out
these treatments, both for the upper and lower limbs.

Robotic therapies for the rehabilitation in children with CP
allow physical and cognitive integration, and this combination
is expected to lead to better treatment results. In this context,
the design of virtual scenarios in combination with robotic
devices provides promising results, although some authors
recommend that VR be used only as a complement to other
common therapies, not as a replacement [61].

In the same way, the combination between passive
stretching and active movement using a portable robot has
demonstrated improvements in joint biomechanical
properties, motor control performance, and functional
capability in balance and mobility for children with CP [62].
Nevertheless, no platforms evaluated this concept in a
meaningful clinical trial.

Rehabilitation programs based on robotics adapted to the
special needs of an individual user are expensive and therefore
limited resources hinder the achievement of optimal therapy
[8]. Moreover, specialized technicians are needed to control
the robotic technology, and this means higher costs to the
family and society.
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