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Abstract: Cerebral palsy is a neurological condition that is associated with multiple motor alterations
and dysfunctions in children. Robotic systems are new devices that are becoming increasingly popular
as a part of the treatment for cerebral palsy. A systematic review of the Pubmed, Web of Science,
MEDLINE, Cochrane, Dialnet, CINAHL, Scopus, Lilacs and PEDro databases from November 2021
to February 2022 was conducted to prove the effectiveness of these devices for the treatment of motor
dysfunctions in children who were diagnosed with cerebral palsy. Randomized clinical trials in
Spanish and English were included. In total, 653 potential manuscripts were selected but only 7 of
them met the inclusion criteria. Motor dysfunctions in the lower limbs and those that are specifically
related to gait are the main parameters that are affected by cerebral palsy and the robotic systems
Lokomat, Innowalk, Robogait and Waltbox-K are the most commonly used. There is no consensus
about the effectiveness of these devices. However, it seems clear that they have presented a good
complement to conventional physical therapies, although not a therapy as themselves. Unfortunately,
the low quality of some of the randomized clinical trials that were reviewed made it difficult to
establish conclusive results. More studies are needed to prove and test the extent to which these
devices aid in the treatment of children with cerebral palsy.

Keywords: robotic systems; children; cerebral palsy; physiotherapy treatments

1. Introduction

According to a 2007 report, “Cerebral palsy is a group of permanent disorders of the
development of movement and posture, causing activity limitation, that are attributed
to non-progressive disturbances that occurred in the developing fetal or infant brain” [1].
Traditionally, the diagnosis of cerebral palsy was made between 12 and 24 months of age but
nowadays, diagnosis can be made before 6 months of age [2]. According to the literature,
there are four possible types of cerebral palsy: spasticity (85–91%); dyskinesia (4–7%), which
includes dystonia and athetosis; ataxia (4–6%); and hypotonia (2%) [2]. This pathology is the
most common childhood physical disability with a prevalence of 2.1 cases per 1000 across
all countries [3] and motor function disorders are the main symptoms of cerebral palsy;
however, they are also often associated with other types of conditions, such as: sensation,
perceptual, cognitive, communicative and behavioral disorders; epilepsy; and secondary
musculoskeletal disorders. The clinical presentation of motor symptoms in cerebral palsy [4]
is also very varied and there are several classifications of those symptoms. Some of the most
widely used classifications are the Ingram (1955) [5] and Hagberg (1976) classifications [6].

Despite alterations or dysfunctions also occurring in the upper limbs, such as arm–
hand coordination difficulties, sensory impairments and problems with grasping and
manipulation tasks [7], one of the main implications of the motor impairments in children
with cerebral palsy is the lower limb alterations and the difficulty with walking. It is
estimated that around 90% of people with cerebral palsy have walking difficulties [8,9],
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specifically a decrease in walking speed and reduced endurance [10] due to their decreased
cardiorespiratory fitness [11]. Therefore, the development of independent walking and gait
efficiency are often the focus of therapeutic interventions for children with cerebral palsy in
order to guarantee their independence in daily life [12].

There is not a gold standard for the treatment of these motor symptoms. The tech-
niques that are commonly used to treat them are focused on early interventions that take
advantage of the neuroplasticity of the brain [2]. In addition, task-specific motor training
that includes self-discovery of the environment and solutions to overcome movement
challenges [13,14], repeated daily practice for the acquisition and refinement of motor
skills and the creation of enriched environments to promote the intensity and variety of
movement, as well as enjoyable practice, are also recommended for this population [15,16].
The importance of this last aspect is very relevant since treatment that is designed as a game
guarantees adherence and continuity due to the characteristics of this population. This was
demonstrated by Roberts et al. [17] in their article, in which they implemented virtual reality
games to assist with hand movement and function using the Hocoma ArmeoSpring Pediatric.

The most common treatments that have traditionally been used have tended to focus
on physiotherapy and botulinum toxin [18]; however, advances in new technologies have
offered up a wide range of possibilities for the treatment of this pathology. New techniques
have recently appeared for the rehabilitation and treatment of the motor conditions that
are caused by cerebral palsy. One of them involves a virtual reality and has demonstrated
improvements in the gross motor function of the lower limbs and the fine motor function
of the upper limbs in children with cerebral palsy [19]. Additionally, it is worth mentioning
other new robotic system technologies, of which the Lokomat or Innowalk devices are the
most significant. The objective of robotic systems is to help patients to achieve correct
motor function, based on the repetition of tasks with their assistance [20]. They can provide
high intensity, repetitive, task-specific and interactive training [21]. Robotics systems can
focus on several strategies, such as assistive (similar to the exercises that are implemented
by physiotherapists), haptic stimulation (related to the practice of daily life activities),
coaching (help, motivation and promotion of motor skills learning) or challenge-based
(exercises that involve more difficult tasks or challenges) [21]. The main benefits that could
be obtained from the use of these devices are a decrease in spasticity and improvement in
joint amplitudes, autonomy, muscle tone and strength, etc. [22,23]; however, as these are
such new techniques, their feasibility and effectiveness in the treatment of this condition
and within this population are not entirely clear.

As mentioned above, the Lokomat is one of the most widely used robotic systems, which
has already been explored by van Hedel et al. [24] in their ARTIC study. This observational
study included patients with neurological disorders and gait difficulties (cerebral palsy, stroke
injury, spinal cord injury, traumatic brain injury, etc.) who were using the Lokomat system as
part of their treatment in order to draw conclusions about its use and even extended its use
to other diagnoses. However, no relevant conclusions have yet been obtained.

Therefore, the objectives of this study were to systematically review the evidence that
is available on the effectiveness of robotic systems either as a therapy by themselves or in
combination with the physiotherapy treatments of children who have been diagnosed with
cerebral palsy in improving their autonomy and quality of life.

2. Materials and Methods

This systematic review was previously registered at PROSPERO with the ID number
308988 and the recommendations of the PRISMA statement have been followed [25].

2.1. Systematic Literature Research

Bibliographic research was conducted in the Pubmed, MEDLINE, Web of Science,
Cochrane, PEDro, Dialnet, CINAHL, Scopus and Lilacs databases from November 2021 to
February 2022. Manual bibliographic research was then performed through the references
of the selected articles. The inclusion criteria were randomized clinical trials or articles,
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depending on the database that was being used. The language was limited to English and
Spanish and the PICO strategy was followed:

Population: Children aged between 4 and 14 years old with a cerebral palsy diagnosis;
Interventions: All forms of robotic systems that assist with motor dysfunctions in

addition to conventional physiotherapy;
Comparisons: The same group of children without the use of any robotic systems or

conventional physiotherapy treatments;
Outcomes: The main variable to be measured was motor dysfunction, without a

specific location.

2.2. Selection Criteria

This systematic review included randomized clinical trials with the following inclusion
criteria: (1) children aged between 4 and 14 years old with a cerebral palsy diagnosis;
(2) all forms and utilizations of robotic systems that are used for this population; and
(3) randomized clinical trials with at least 20 patients. The exclusion criteria were: (1) a
combination of treatments; (2) medical or pharmacological treatment at the same time as
treatment with robotic systems or any other treatment other than robotic systems; (3) other
types of publication, such as cases, editorials or letters to editors.

2.3. Screening, Selection and Data Extraction

The articles that were found in all databases were reviewed and independently
screened by two reviewers (L.-R.R. and S.-G.J.L.). In the first screening, duplicated articles
were removed. After that, both reviewers screened the title and abstract to select eligible
articles. Then, the articles were read in full. When there was any form of disagreement, a
third reviewer (L.-R.I.) participated in the process in order to obtain a consensus.

Data from the fully read articles were extracted by the two reviewers (L.-R.R. and
L.-R.I.). The population, age, type of robotic systems (intervention), outcome measures and
follow-ups were registered in a table. When there was any form of disagreement, a third
reviewer (S.-G.J.L.) participated in the process in order to obtain a consensus.

2.4. Assessment of Methodological Quality and Risk of Bias

To evaluate the methodological quality and the risk of bias of the selected randomized
clinical trials, the physiotherapy evidence database (PEDro) scale was used. This scale
was used to evaluate the sample selection, the randomization into each group, blinding
(participants and therapists), initial group homogeneity and statistical analysis (intention
to treat and comparisons). The total score of this scale was 10 points and a score of higher
than 6 points was considered a high-quality clinical trial [26].

3. Results
3.1. Study Selection

In total, 653 articles were identified as potential studies for inclusion in this review.
After the duplicates were removed, the sample was reduced to 151 files. The title and
abstract screening then limited the sample to 43 articles, which were read in full by the two
independent reviewers. Finally, the total sample that was selected following the inclusion
and exclusion criteria included 7 randomized clinical trials. A PRISMA flowchart of the
article selection can be seen in Figure 1.

3.2. Study Characteristics

The population of this systematic review was composed of children aged between 4
and 14 years old with a cerebral palsy diagnosis. Most of them received robotic system
treatment as a complement to conventional physiotherapy treatment in comparison to
conventional treatments only, which acted as the control group. The type of robotic system,
type of treatment, treatment duration (which ranged from 4 to 12 weeks), session duration
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(30–40 min), main results and conclusions were extracted from each manuscript. The main
characteristics of the selected articles are presented in Table 1.
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Table 1. Characteristics of the selected articles.

Author (Year) Population Robotic
System Intervention Results and Conclusions

MARIUSZ
DRUZBICKI

(2013) [27]

52 children with
spastic diplegic
cerebral palsy
(6–13 years)

Lokomat active
orthosis

Individual exercise program
(motor control, sitting stability

and walking skills) with
Lokomat or individual exercise

program;
20 sessions of 45 min

Walking speed showed a low level of
improvement in both groups

(r = −0.53, p = 0.0011). No statistically
significant changes in gait parameters after

4 weeks.
Lokomat: no significative improvement

(p > 0.05).

LAURA WALLARD
(2017) [28]

30 children with
bilateral spastic
cerebral palsy
(8–10 years)

Lokomat
Pediatric

Lokomat Pediatric or
physical/occupational therapy

treatment (passive–active
mobilizations, balance,

grasping and displacements);
20 sessions: 5 times perweek

(40 min) for 4 weeks

Lokomat improved walking ability, upper
body control and lower limb kinematics.

Standing activity: 60.58% ± 14.71 for
experimental group versus

55.74% ± 15.02 for control group.
50.87% ± 15.82 for experimental group

versus 43.61% ± 12.59 for control group for
walking, running and climbing activities.
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Table 1. Cont.

Author (Year) Population Robotic
System Intervention Results and Conclusions

LAURA WALLARD
(2018) [29]

30 children with
bilateral spastic
cerebral palsy
(8–10 years)

Lokomat
Pediatric

Lokomat Pediatric or
physical/occupational therapy
treatment for walking on level
ground or a mat and balance
(unipodal or bipodal) up and

down stairs;
20 sessions: 5 times per week

(40 min) for 4 weeks

Lokomat system favored new gait
organization to improve postural and
locomotor functions and gait patterns:
p = 0.073 (experimental group) versus

p = 0.048 (control group).
Lokomat system did not replace other

therapies, it was a complement.

MELTEN YAZICI
(2019) [30]

24 children with
congenital spastic

hemiparetic
cerebral palsy
(5–12 years)

Innowalk Pro:
robotic gait

training
program

Conventional treatment
(stretching and strengthening

exercises, squats, stair
climbing and descending,

functional reaching, balance
and standing on a single leg)
with RGTP or conventional

treatment;
3 times per week (30 min) for

12 weeks

Muscle strength, balance (52.08 (2.68)
points for experimental group versus 51.00

(3.30) for control group), walking speed
(22 m for experimental group),
functionality (93.00 (10.11) for

experimental group versus 92.71 (8.88) for
control group), endurance and peripheral

O2 saturation improved.
Experimental group: effects were

preserved after three months.
Robotic system rehabilitation: supportive
tool, but not a therapeutic method alone.

LI HUA JIN
(2020) [31]

20 children with
cerebral palsy

(4–9 years)

Walkbot-K
system

(exoskeletal
robot-assisted
gait training)

Conventional physical therapy
(2–4 times per week) or robotic
system-assisted gait training
(3 times per week, 30 min);
18 sessions over 6 weeks

Gross motor function and functional
capability in daily activities improved after

6 weeks of treatment with the Walkbot-K
system (p = 0.018 for standing activities and

p = 0.021 for dynamic activities).

MAURIZIO
PETRARCA (2020) [32]

24 children with
diplegic cerebral

palsy (4–13 years)
Lokomat

Robotic system-assisted gait
training and physiotherapy
(functional gait exercises);

20 sessions: 5 times per week
for 4 weeks

Robotic system-assisted gait training with
Lokomat and physiotherapy produced no
conclusive results in the search for new
adaptative solutions for these children.

BURAK YASAR
(2021) [33]

26 children with
diplegic cerebral

palsy (7–14)
Robogait

Conventional physical therapy
(40 min) and RoboGait (25 min)

2 times per week or
conventional therapy alone
(65 min) 2 times per week;
16 sessions over 8 weeks

No significant differences were observed
between groups, although both groups

showed improvement in functional
independence, balance and performance at
the end of the therapy (29.08 points (10.28)
in robotic system group versus 26.69 points

(10.82) in control group).
Robogait alone was not superior to

conventional physical therapy
(p > 0.05).

3.3. Methodological Quality and Risk of Bias

The quality of the studies (randomized clinical trials) was assessed using the PEDro
scale [26]. In our review, four articles in the sample showed high quality with 6-8 points.
However, the other three articles demonstrated a low methodological quality with scores
of 3, 4 and 5 points. In Table 2, the PEDro Scale assessment of the seven selected articles
is presented.

3.4. Robotic Systems

The robotic systems that were used in the articles that were included in this systematic
review mainly focused on gait parameters and lower limb motor dysfunctions. The most
commonly used were the Lokomat system [27–29,32], followed by the Innowalk Pro [30],
the Walkbot-K system [31] and Robogait [33].
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Table 2. Assessment of methodological quality using the PEDro scale.

M. DRUZBICKI
(2013)

L. WALLARD
(2017)

L. WALLARD
(2018)

M. YACIZI
(2019)

LH. JIN
(2020)

M. PETRARCA
(2020)

B. YASAR
(2021)

RANDOM
PARTICIPANT
ALLOCATION

Y Y Y N Y N Y

CONCEALED
ALLOCATION Y Y Y N Y N Y

GROUPS SIMILAR AT
BASELINE Y Y Y Y Y NA Y

SUBJECT BLINDING N N N N N N N
THERAPIST
BLINDING N N N N N N Y

ASSESSOR BLINDING Y Y N N Y N Y
LESS THAN 15%

DROPOUT N Y N Y Y Y Y

INTENTION TO
TREAT ANALYSIS N N N N N N N

STATISTICAL
COMPARISONS

BETWEEN GROUPS
Y Y Y Y Y Y Y

POINT MEASURES
AND VARIABILITY

DATA
Y Y Y Y Y Y Y

TOTAL SCORE 6/10 7/10 5/10 4/10 7/10 3/10 8/10

Y, yes; N, no; NA, not applicable.

All sessions were individualized and included between 20 [31] and 52 [27] children
who were diagnosed with cerebral palsy. The duration of the sessions ranged from 25 [33]
to 45 [27] min. The periodicity that was implemented in four manuscripts was 20 sessions
over 4 weeks (five times a week) [27–29,32] and another was 18 sessions over 6 weeks (three
times a week) [31]. The most diversity occurred between Yasar et al. [33], who delivered
16 sessions over 8 weeks (two sessions a week) and Yacizi et al. [30], who implement
36 sessions over 12 weeks (three times a week).

Several interventions were similar: a therapist combined with conventional physical
treatments with exercises that focused on motor control, sitting stability, walking skills,
stretching and strengthening exercises, squats, stair climbing and descending, functional
reaching, balance and standing on a single leg, among others, with the addition of the
robotic system-assisted gait training [27,30,33]. The authors established different groups,
with the experimental group being the group that used the robotic systems and the control
group being the group that received conventional physical treatments [28,29,32].

Despite the lack of the clear superiority of the robotic systems versus physiotherapy
treatments that was found by some authors or the lack of statistically significant results
between groups (p > 0.05) [27,33], robotic systems showed improvements in walking
ability and postural and locomotor systems, which were evaluated with the Gross Motor
Function Classification System, and demonstrated an improvement of 60.58% ± 14.71
in the experimental group versus 55.74% ± 15.02 in the control group after treatment
for standing activities and an improvement of 50.87% ± 15.82 in the experimental group
versus 43.61% ± 12.59 in the control group after treatment for walking, running and
climbing activities [28,29]. Functional independence, balance and performance, which
were evaluated with the Pediatric Berg Scale, showed an increase of up to 29.08 points
(10.28) in the robotic system group and 26.69 points (10.82) in the control group [33]. These
improvements were also reflected in walking speed (r = −0.53, p = 0.0011) [27] and muscle
strength, which was evaluated using the lateral step-up test for the paretic limb (24.83 (5.80)
in the study group versus 21.71 (4.92) in the control group), the sit to stand test (17.17 (2.37)
in the study group versus 14.71 (2.75) in the control group) and the half kneeling to standing
test (16.17 (3.46) in the study group versus 15.14 (2.91) in the control group). In another
study, balance was again evaluated with the Pediatric Berg Scale and showed a result
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of 52.08 (2.68) points in the robotic group versus 51.00 (3.30) points in the control group.
Additionally, the walking ability of the robotic group achieved a distance increase of 22
m, which was three times higher than the control group [30]. Functionality was measured
with the Gillette Functional Assessment Questionnaire walking scale, which presented
a value of 93.00 (10.11) in the study group versus 92.71 (8.88) in the control group after
treatment [30]. Improvements were also observed in gross motor function and functional
capability for daily activities (p = 0.018 for standing activities and p = 0.021 for dynamic
activities, which were measured with the Gross Motor Function Classification System) [31].
Only one manuscript did not show any conclusive results [32]. Follow-ups are important
to understand the extent or duration of the results that were obtained with the treatment.
Unfortunately, only one study that was included in this review carried out a follow-up after
3 months, in which it was shown that the experimental group maintained the results that
were achieved with the treatment [30]. It is important to highlight that all authors agreed
that these robotic systems are a good complement to conventional physical therapy and
that they cannot replace or substitute physical therapy treatments.

4. Discussion

New technologies and robotic systems are gaining popularity within treatment ther-
apies and nowadays, several studies are trying to prove the feasibility and reliability of
these devices in the treatment of cerebral palsy [34,35].

There is clear evidence that upper limb robotic systems improve function and
strength [36], but these improvements are not always transferred to daily activities [37].
Authors have justified this by the lack of integration [38,39], as most studies have focused
on the hand.

Regarding the selection criteria, only two articles were found in relation to the upper
limb [17,40]. One author used the ArmeoSpring to prove its effectiveness in the treatment of
children with cerebral palsy and acquired brain damage, which focused on the precision
and velocity movement of the upper limbs [40]; the other article implemented virtual reality
games to test precision movement and hand function [17]. However, neither of them were
included in this review due to the exclusion criteria.

In cerebral palsy, motor impairment or the dysfunction of the lower extremities is
very common [41]. There are several robotic system-assisted gait training programs that
facilitate training or gait rehabilitation patterns that focus on all parameters to stimulate
new rehabilitation strategies and motor function for patients who unfortunately have
these alterations due to their injury. It seems that the Lokomat system is the most widely
used, according to the reviewed bibliography [27–29,32]; however, no study was found
that compared two different robotic systems to prove whether there is any superiority of
one device over another. In this sense, Aycardi et al. [42] published an article in which
they tried to verify the efficacy of the CPWalker platform with this same population. They
highlighted the importance of investigating the gait parameters of patients with cerebral
palsy. This research could be the basis for the creation of robotic systems that are adapted to
the treatment of cerebral palsy, but again, there is not a clear gold standard for the selection
of one device over another.

The sample presented in this systematic review consisted of 174 children and was
homogeneous in terms of the population having the same diagnosis of cerebral palsy. None
of the children had received surgical intervention, simultaneous treatment for cerebral
palsy (e.g., muscle electrostimulation, etc.) [43] or botulinum toxin injections [18] in the last
few months so that the results that were obtained with the combination of therapies would
not influence the effectiveness of the robotic system that was selected by the therapists in
these studies. The age ranges that were established within each manuscript varied from 2
to 9 years, whereas for Wallard et al. [28,29], the difference between the ages of the children
averaged 2 years, which increased the homogeneity of their sample. Petrarca et al. and
Yacizi et al. [30,32] increased this age range, which could have influenced the results as the
evolution of the pathology may not be the same in a 4-year-old child as in a 13-year-old
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child. Petrarca et al. [32] specifically did not perform any randomization processes, but
instead created two subgroups and divided the children into the groups according to age
(one group for those older than 6 years and one group for those younger than 6 years),
which could have produced a bias or limitation when interpreting the results due to the
differences between the two study samples that were established.

The structure of the sessions and their periodicity were similar in all of the reviewed
clinical trials in terms of exercises, but at the same time, they were very different. On
the one hand, the therapists set up sessions three to five times a week and the duration
of the treatment varied from 4 to 12 weeks, which could triple the amount of treatment
from one sample to another. The duration of the sessions seemed to be uniform and
averaged 30–45 min for all authors, except for Yasar et al. [33], who doubled this time to
65 min. However, it is true that a single treatment with a robotic system did not exceed
25 min. Follow-ups or post-treatment evaluations to assess the evolution or duration of
the effects that were achieved with these treatments were only conducted in the short
term. Only Yacizi et al. [30] stated that the results that were obtained in their experimental
group (conventional therapy with Innowalk) were maintained after 3 months. The other
authors [27–29,31–33] evaluated the immediate or short-term results, which means that
more research is needed to verify the persistence of the effects that were achieved with these
treatments. In addition, it should be noted that the application of these robotic systems
does not involve an additional workload for the physiotherapist but it is a treatment that
needs constant supervision, which is adapted to the biomechanical parameters of each
child and is varied throughout its implementation according to the needs of each child [27].
On the other hand, some authors have investigated intensive treatments for these children
and have concluded that exercises at home increase the amount of training, but on the
downside, these exercises are less controllable [44].

Regarding effectiveness, the present review yielded contradictory evidence. Some
authors showed the superior effectiveness of the use of a robotic system (Walkbot-K) com-
pared to the control group after a 6-week treatment program, which achieved improve-
ments in function and ability to perform daily activities [31]. After 12 weeks of treatment,
the use of Innowalk also presented a clear superiority compared to the control group for
Yazici et al. [30], which improved muscular fitness, balance, gait speed and peripheral O2
saturation and the results were maintained up to 3 months after the end of the treatment.
Wallard et al. [28,29] demonstrated an improvement in gait in their two studies, which
improved upper limb control, as well as producing better postural control and an improved
gait pattern. Druzbicki et al. [27] concluded that the Lokomat, despite producing a slight
improvement in gait, did not provide a significant improvement in the sample parameters
after 4 weeks of treatment. Finally, Petrarca et al. [32] postulated that they had inconclusive
results after the implementation of a 4-week treatment program with Lokomat and phys-
iotherapy and that the results were not conclusive. Yasar et al. [33] stated that there was
no difference between the two treatment groups, but both groups improved in functional
independence, balance and gait with the established treatment. It should be noted that the
short duration of the interventions is a limitation of these studies that might have altered
the results and for that reason, further studies are needed to evaluate these parameters in
the long term [42]. Intensive treatments have demonstrated effectiveness in motor function
(in upper and lower limbs) [45] because the improvement was in relation to the amount of
practice, which represents a key factor in the achievement of goals [24].

All of these devices are used in passive mode; however, a recent study that was
published [46] compared the use of these devices in interactive mode for the treatment of
sub-acute and chronic patients to observe cortical activation and establish comparisons
between the two modes. This manuscript represents only 14 patients, but it observed that
there was a change in neuroplasticity that was associated with the activation of muscle
activity in the tibialis anterior during the gait, motor coordination and spasticity modifica-
tions. At the center of these studies is the method that was used by other authors [20,47]:
the “assist as needed” method. This strategy helps the patients when they are not able
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to perform a task in order to optimize the patients’ efforts. These results open up new
treatment possibilities for the recovery of these pathologies. The assistance also guarantees
that the patients can progress onto more difficult tasks [21].

Most articles referenced individual treatments but Wegner and Zeaman [48] demon-
strated that group treatments could benefit the patients’ learning, as well as that a treat-
ment that is implemented by two humans could be performed faster that a human–robot
team [49–51]. This idea justifies the interaction between patients to improve their recov-
ery [51] through their cooperation, collaboration and competition [52].

Another characteristic that has been less investigated is unilateral or bilateral treatment.
In the lower limbs, the bilaterality seems clearer but in the upper limbs, only one article
was found that was specifically related to the bilateral treatment of the forearm and wrist,
in which the authors stated that there is a necessity to regulate intensity treatments [53].

It is important to consider that these patients require a wide range of treatments
that are not only physical but also medical and pharmacological, such as botulinum
toxin [18], or the combination of other physiotherapy treatments, such as transcutaneous
electrical stimulation [54], muscle electrostimulation [43], shock wave therapy [55] or
kinesio taping [56], which is not only effective in the recovery of upper limb motor function
but also in dysphagia disorders. There is also an article that was related to the use of music
therapy for children with cerebral palsy, which showed effectiveness and the maintenance
of the results for 4 months [57]. However, in this systematic review, these treatments were
established as exclusion criteria to ensure that the effects or results that were obtained were
due solely to the robotic systems that were used and not to the summative effects that can
be achieved with a combination of several treatments.

Despite the great variability that exists in relation to the structure, periodization
and duration of the sessions and treatments, most authors concluded that the addition
of a robotic system into the treatment program of a child with cerebral palsy does not
represent a therapy on its own, but rather that it is a good complement to the convention
treatments [30]. It has also been postulated that a single treatment session with these
devices (specifically with the PeLoGAIT device) is not effective. The authors also stressed
the need for individualized treatments for each patient and for the inclusion of these devices
in the holistic treatment of this population [58].

Limitations

The main limitation that was found in this systematic review lay in the low method-
ological quality of some of the studies that were selected, which had no control group, no
randomization when organizing the two treatment groups or a high dropout rate. Fur-
thermore, the specificity of the sample limited the extrapolation of the results to other
population groups. The inclusion of only clinical trials to establish comparisons between
effective conventional treatments and the addition of robotic systems also stands out as
a limitation. Despite there being no restriction in body affectation or the type of robotic
system that was used, lower limb devices seem to have been more extensively investigated
than upper limb, none of which were included in this review due to our exclusion criteria.
Unfortunately, there are very few studies that meet our chosen criteria as most of them
are isolated case studies, pilot studies or protocols that, in some cases, have not been
implemented, which prevents results from being obtained.

5. Conclusions

The use of robotic systems is beginning to gain popularity when used in conjunction
with the conventional physiotherapy treatment of children who have been diagnosed
with cerebral palsy. Motor and function alterations in gait parameters have been the most
commonly investigated in the literature. The Lokomat system seems to be the most widely
used, according to the present review, but there are also other systems, such as the Innowalk,
Walkbot-K and Robogait systems. Despite the scarce evidence that was found in the literature
and the controversy that is related to the effectiveness of these systems for the treatment of
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children with cerebral palsy, the use of robotic systems does not represent a treatment to be
applied in isolation but could be considered as an effective complement to conventional
physical therapies. More studies with larger samples, better methodological quality and
long-term follow-ups are needed to verify the therapeutic scope of these new technologies.
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