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Abstract

Cerebral Palsy (CP) is one of the most severe disabilities in childhood, and it demands important costs in health, education, and social services. CP is caused by
damage to or abnormalities inside the developing brain that disrupt the brain’s ability to control movement and maintain posture. Furthermore, CP is often associated
with sensory deficits, cognition impairments, communication and motor disabilities, behavior issues, seizure disorder, pain, and secondary musculoskeletal problems.
According to the literature, motor modules are peripheral measurements related to automatic motor control. There is a lack of evidence of change in motor modules
in children with CP when different treatment approaches have been evaluated. Thus, new strategies are needed to improve motor control in this population.

Robotic-based therapies are emerging as an effective intervention for gait rehabilitation in motor disorders such as stroke, spinal cord injury, and CP. There is
vast clinical evidence that neural plasticity is the central core of motor recovery and development, and on-going studies suggest that robot-mediated intensive
therapy could be beneficial for improved functional recovery. However, current robotic strategies are focused on the peripheral neural system (PNS) facilitating the
performance of repetitive movements (a bottom-up approach). Since CP affects primarily brain structures, both the PNS and the central nervous system (CNS)
should to be integrated in a physical and cognitive rehabilitation therapy (a top-down approach).

This paper discusses perspectives of the top-down approach based on a novel robot-assisted rehabilitative system. Accordingly, the CPWalker robotic platform was
developed to support novel therapies for CP rehabilitation. This robotic platform (Smart Walker + exoskeleton) is controlled by a multimodal interface enabling the
interaction of CP infants with robot-based therapies. The aim of these therapies is to improve the physical skills of infants with CP using a top-down approach, in
which motor related brain activity is used to drive robotic physical rehabilitation therapies. Our hypothesis is that the CPWalker concept will promote motor learning
and this improvement will lead to significant improvements in automatic motor control.

Introduction treatments used in musculoskeletal impairment in CP is orthopedic
surgery with its main technique being single-event multilevel
orthopedic surgery (SEMLS) [4]. This surgical procedure consists of
two or more soft-tissue or bony surgical techniques at two or more
anatomical levels during one sole operative procedure [5]. After this
procedure, a period of 2 years is often required in order to obtain an
appropriate functional level. Consequently, new strategies are needed
to help to promote, maintain, and rehabilitate the functional capacity,

Cerebral Palsy (CP) is a term that could be defined as ‘a persisting
but not unchanging disorder of movement and posture, appearing in
the early years of life and due to a non-progressive disorder of the brain,
the result of interference during its development’ [1,2]. CP is often
associated to sensory deficits, cognition impairments, communication
and motor disabilities, behavior issues, seizure disorder, pain, and
secondary musculoskeletal problems. Furthermore, CP is an important
cause of permanent serious physical disability in childhood, and in
recent years, the survival rates of children with severe level of disability
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and thereby diminish the dedication and assistance required, and the
economical demands that this condition represents for the patient, the
caregivers, and society at large [6].

Experimental evidence suggests that diverse human motor
behaviors are constricted by a combination of rudimentary motor
modules, which probably reside at the spinal cord or mesencephalic
centers. Each motor module involves a basic activation pattern with
variable weights of distribution to different muscles [7,8]. In this sense,
the concept of muscle synergy has emerged in neuroscience and has
been proposed as a mechanism for neural control of normal movement
[9]. Muscle synergies in healthy subjects represent functional muscle
coordination patterns used to reliably produce motor functions during
natural motor behaviors (4-5 synergies for gait) [7,9,10]. Interestingly,
a reduced number of synergies during gait have been reported for
children with CP (2-3 synergies). Moreover, no changes have been
observed that derive from therapeutic approaches introduced for
management of gait disorders [12,13].

The integration of intense, task-related exercise strategies, and
the comprehensive combination of non-invasive treatment, surgical
interventions, and new technologies (e.g. robotic platforms) has been
proposed to improve current rehabilitation strategies [14]. According
to a bi-center survey [15], no severe side effects have emerged from
these strategies and the vast majority of children were highly motivated
to participate with motivation being sustained throughout the training
period. Moreover, clinical experience suggests that gait training in
children with considerable cognitive deficits could be conducted
even more effectively using robotic-assisted therapy rather than
conventional over-ground training [16].

Traditional robotic platforms, such as the Lokomat (Hocoma
AG, Switzerland), use strategies which are based on motor control
reorganization triggered by peripheral physical therapy (a bottom-
up approach). However, CP affects primarily brain structures,
suggesting that both the peripheral nervous system (PNS) and the
central nervous system (CNS) should be integrated into physical and
cognitive rehabilitation therapy [17]. Current studies suggest that
such integration of the CNS into the human-robot loop maximizes
the therapeutic effects, especially in infants, as it enhances therapy
adherence. This approach is known as a top-down approach [17]:
motor patterns of the limbs are represented in the cortex, transmitted
to the limbs, and fed back to the cortex. Although this approach has
been previously studied in other populations (e.g. stroke [18]), there
is a lack of studies in CP [19]. It is important to highlight that young
children, target patients of the present proposal, present increased
brain plasticity compared to adult patients, and that they are more
likely to change motor patterns following an intervention.

In support of the use of the CPWalker as a novel approach for
CP rehabilitation, a validation study is further proposed. CPWalker
offers the use of a robotic platform controlled by the user (top-
down approach) through which the infant can start experiencing
autonomous locomotion in a rehabilitation environment. The
interaction between the infant and the robotic platform takes place
through a multimodal human-robot interface (MHRI). This MHRI
consists of an electroencephalographic (EEG) acquisition unit and an
electromyography (EMG) system for measuring residual movement
and activation strategies. The rationale of this multimodal interface is
to allow integrated PNS and CNS physical and cognitive interventions.
MHRI interaction with therapeutically selected tasks will be based on
volitional motor planning, the aim being promoting re-organization
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of motor planning brain structures and thus integrating CNS in the
therapy.

This highly cross-disciplinary research represents a unique
framework that will allow us to collect never before captured behavioral
and neurophysiological data from children with CP, which will offer a
deeper theoretical insight on the effects that robotic-assisted therapies
have on pathological pediatric gait at an individual level.

Finally, active participation during rehabilitation sessions is
considered a key-factor in order to achieve a good motor outcome.
This is supported by the fact that motivation scores of children with
CP have been reported to be much higher on dimensions of mastery
pleasure and social persistence than on dimensions of persistence with
cognitive or motor tasks for which motivation scores were lowest,
indicating difficulty to remain motivated during prolonged duration of
motor rehabilitation programs [20]. The top-down approach proposed
in our study intends to address this issue by promoting the active
participation of the patient during the therapy [18].

Methods

Provisional experimental setup

The experimental setup is based on the robotic platform CPWalker,
which is composed by the following subsystems: 1) a smart walker
with body weight support, 2) a wearable exoskeleton robot (ER), 3)
a MHRI and 4) a software analysis tool (Figures land 2). Based on
this approach, CPWalker will provide a new concept in physical and
cognitive therapies for CP infants, which will allow integrated PNS
and CNS physical and cognitive interventions. This will be achieved
in many ways:

. Specific therapies will be developed in which motor planning
and brain reorganization is promoted both by PNS physical therapies
in combination with MHRI data related to execution tasks. These
therapies will be implemented through the robotic platform developed.
For these therapies, the MHRI system will be used instead to derive
information on motor planning and motor imagery. This information
will in turn be used to drive PNS physical therapies, e.g. repetitive
assisted active joint movements, so that a link between central and
peripheral motor mechanisms is initiated and promoted. This will
improve current therapies for CP rehabilitation.

. Both the body position and the movements carried out by
the child will be analyzed by a multiple approach based on the use of
EMG, inertial movement units (IMU), and force sensors integrated
into the robotic platform. This will provide both kinematic and kinetic
information of the executed tasks. While the IMU sensors will be related
to the analysis of the residual movements and posture, the EMG system
will be set up in order to detect muscular activation strategies, and to
analyze how they are modified during the rehabilitation treatment. The
force sensors will measure the interaction forces between the user and
the robotic plattform. Since the acquisition of motor skills is connected
to the appearance of the so called muscular synergies, this information
will grant an accurate estimation of the muscular strategies actuated
by the child. It will be possible to have a quantitative evaluation of the
rehabilitation progress, measuring e.g. the timing and amplitude of co-
contraction for the muscles involved in the movements executed by
the child as well as the development of new coordination patterns for
locomotion.

. The system will be also used to provide both a simplified real
time biofeedback to the infants, and an off-line report to therapists and
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Figure 1. Diagram of the CPWalker robotic platform.

care-givers on therapy progress and motor evolution of CP infants.
Information for feedback will be derived from the MHRI system, e.g.
trends in involuntary movements like spasms and spasticity as well as
time and effort during motor planning; and from robot information,
e.g. trajectories and driving time.

The clinical trial will be designed to test the superiority of the
combination of robotic-assisted therapy with MHRI interface, as
compared with the same therapy driven peripherally in the recovery
process of gait in children with CP. Subjects will be randomized
according to a block randomization to receive robotic training with
MHRI or robotic training without MHRI. Each subject will receive
daily CPWalker training sessions over three weeks, five sessions per
week (workdays), 45 to 60 minutes per session. A qualified member
of the study staff will always be present through the entire session. The
proposed clinical trials will be based on CPWalker robotic platform
and on standard scales of common use in clinical practice and clinical
rehabilitation settings, therefore the protocols during experimentation
will be close to clinical setting replication.

Hypothesis

The concept proposed in this study aims to reduce the rehabilitation
period by the use of an intensive rehabilitation program based on
robotics and a top-down approach, which will improve motor control
of children with CP. The hypothesis presented in this paper is based
on the increased brain plasticity and the crucial role of motor learning
trained with the CPWalker robotic rehabilitative platform. This
hypothesis relies on the following assumptions:

. Robot-assisted gait trainers can deliver an intensive therapy
and provide objective measures of the patient’s performance. Moreover,
performing gait in real ambulatory scenarios can be a more challenging
situation in which the movement is developed. There is evidence that
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Figure 2. Prototype of the CPWalker robotic platform and the exoskeleton designed for
the platform.

promoting the earlier incorporation of CP patients to the rehabilitation
therapy, increasing the level of intensity and frequency of the exercises,
and enabling the maintenance of therapeutic methods on a daily basis
leads to significant improvements in the treatment outcome.

. Early use of assistive technology in children with CP can
be of paramount importance. It is during early stages of development
that fundamental abilities and skills are developed. It is also at this
stage when corporal, spatial, and time structures are integrated in
the cognitive development. From the birth of the child, cognitive
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skills are developed through interrelation and interaction with the
environment through autonomous locomotion. These early stages are
also characterized by a high degree of flexibility and plasticity both
in physiological and psychological structures, rendering a maximum
capability of rehabilitation.

. The rehabilitation protocol is an intensive task-oriented
program focused on the main gait impairments obtained form 3D
gait analysis data and the Gross Motor Function Classification System
functional test (GMFCS). Motor imaginery is used as a preparation
tool for children and as a biofeedback tool during therapy. The
rehablilitation platform will be triggered using EEG information. The
EMG, IMU, and robotic joints will give a continuous feedback to the
robotic platform and the clinician in order to optimize the gait cycle and
adjust speed, body-weigth support, and range of motion of the different
joints. This retroalimentation loop is the basis of the neuroprothesis,
mainly working as propioceptive input for the platform giving a real
time opportunity to change motor planning and improve motor
learning. It will serve as the local control for the biomechanics of the
exoskeleton and the Smart Walker. Children will receive an auditory
feed-back when the therapy goals are attained during the training. This
will reinforce the motivation required for promoting neuroplasticity. A
parallell gamification will be designed for the control of evolution and
children participation in therapy planning.

Discussion and conclusions

This study proposes a new therapeutical approach to accelerate and
improve the rehabilitation process in children with CP through the
use of a novel ambulatory robotic gait trainer. The CPWalker enables
the implementation of strategies for both ambulatory bodyweight-
supported training and constraint induced movement therapy, in order
to promote changes in the affected brain structures that will trigger
normalized gait patterns. The sensor equipped platform will also enable
the study of the reorganization of the muscle activation patterns (at
the CNS and PNS) as a means to objectively assess the outcome of the
therapy, and also help to elucidate the neural mechanisms that mediate
such recovery.

This project builds on vast previous clinical evidence that neural
plasticity is the central core of motor development, and on studies
suggesting that robot-mediated intensive therapy is beneficial for
improved functional recovery [18]. These approaches need to be
refined and critically analyzed to determine their functional benefit for
children with different levels of sensory-motor or cognitive impairment
or both.

Current level of evidence regarding the efficacy of new technologies
in the rehabilitation process still remains scarce. Novel studies must
involve follow-up measurements to determine if gains will have long-
term and lasting impact for children with CP. The platform presented
and the way we proposed for its use in clinical practice will allow
authors to implement such study and precisely evaluate the effects of
different control strategies on this population. The assessment will be
carried out based on objective measures derived from the information
of the MHRI.

A randomized clinical trial must be conducted for the clinical
validation of the robotic rehabilitation platform. We propose to
compare robotic training with MHRI against robotic training without
MHRI [21]. In addition, specific objective and subjective assessment
tools must be addressed in order to build a novel rehabilitation strategy
[22-25].

Biomed Res Clin Prac, 2016 doi: 10.15761/BRCP.1000106

Improvements in motor control cannot be reached without the
basic pieces of learning. Thus, the CPWalker concept was designed for
creating a repetitive task-oriented training, looking for a strong alliance
of motivation and repetition as neuroplasticity triggers [21,26,27].

In conclusion, the prototype described has been designed to
introduce novel rehabilitation therapies in the treatment of children
with CP. The results obtained with the future clinical validation will
provide important outcomes to justify the use of top-down approach
based robotic therapy.
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