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Abstract

Due to the socioeconomic complexity unleashed by childhood
cerebral palsy (CP), as well as other diseases, this subject needs to
be better discussed and understood concomitantly with scientific and
technological advances. In this context, this mini-review proposes
to show how some different areas such as nanotechnology,
bioinformatics, and artificial intelligence (Al) applied in the study of
diseases can undoubtedly contribute to the elucidation or predicted
of problems not yet well understood in medicine. Thus, this review
points to some possible contributions that can collaborate with the
prevention, early diagnosis and treatment of the diseases such as
CP and others not so clear yet as well. In this context, it is also
necessary to exemplify some advances in the nanoparticles used
as drug-carrying agents, tumor markers and in the production of
nanorobots with a broad spectrum of applications in nanomedicine.
The elucidation of questions, for example in the CP is a good case
correlated to these emerging areas with therapy and diagnosis
medicine approaches, that should generate different decision-
making by health experts with a view to prevention, recovery and
improvement of the quality of life of patients.
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Introduction

Cerebral palsy (CP) can be defined as a group of permanent and
non-progressive heterogeneous disorders in the development of
movement body and posture, which may or may not be accompanied
by sensory, muscular, cognitive, behavioral disorders, communication
failures and epileptic problems [1,2]. In addition to being the most
common cause of childhood disabilities, it has been estimated the
prevalence between 2 and 2.5 cases per 1000 births [2,3], and this
proportion has remained stable for more than 50 years [4]. Among its
possible causes, some are commonly associated with birth asphyxia,
intraventricular haemorrhage, hypoxic-ischemic encephalopathy,
periventricular leukomalacia, intrauterine infections, restrictions
on fetal growth and prematurity [4,5]. Due to its aetiology, the
Gross Motor Function Classification System (GMFCS) and the
Communication Function Classification System (CFCS) have been
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used to categorize, through levels, autonomous casual skills such
as walking and sitting, as well as such as the ability to transmit
information with family and third parties consecutively. Both these
classifications varying from the first to the fifth level depending on the
degree of dependence and communication, the first being milder and
the fifth more severe [6,7]. Other forms of CP classification include
the clinical (spastic, dyskinetic, ataxic), affected limbs (hemiparesis,
diplegia, quadriplegia) and anatomical distribution, being unilateral
(monoparetic, hemiparetic) and bilateral (diparetic, triparetic,
quadriparetic) [7]. Regardless of the diagnosis be permanent or not,
the impact on the life of the children and the people who around them
it is critical, especially that of the mother since she normally dedicates
her life to the child’s care. This situation usually implies in psycho-
social problems in children, leading them to situations of prejudice
and isolation, which tends to worsen with their growth and gain in
consciousness [2,3,8,9].

In addition to the permanent care, special treatments and
assistance are necessary to keep the quality of life of the children and
their caregiver, who are often the only sources of optimism and hope
(2] but are usually tied to a high economic cost [7,9].

The information technology (IT) are growing up exponentiality
in terms of an acquisition, storage and processing, with increasing
speed, variety and availability, defining as Big Data [10]. This amount
of information serves as fuel for the complex algorithms used in
artificial intelligence, generating computational models capable of
recognizing and classifying movement patterns, objects, sounds, as
well as providing predictive models that support various decisions
[11]. In this context, the application of such technology expands the
way of seeing the past and the future of diseases that until they have
been considered incurable [12].

In relation to body movement, corrective surgeries in children
who have the classic “crouching gait” movement may have a better
result if data obtained through adapted sensors to them (analyzed
by biomechanical models) are used as decision support [13]. Thus,
Al proves to be efficient in the classification of movements through
a probabilistic approach with a high degree of precision, creating
advantage in medical decisions [14]. With a similar technique, another
application has been shown to be useful in monitoring and preventing
the risk of intraventricular haemorrhage in analysis of heart rate
and heart pressure in infants [15], as well as support to the doctor
in the choice of cesarean section if there is risk in normal delivery
[16]. Predictive models generate relevant information regarding the
main factors associated with certain events, as in the case of severe
scoliosis, pointing out important variables that contribute in a high
gain of information about the disease, as well as the decrease of the
uncertainty associated with the inferences of interest [17]. Through
the use of bioinformatics resources, for example, the processing and
understanding of DNA allows the comparison or search of genetic or
epigenetic patterns for certain anomalies, associating some mutations
that can cause CP, more specifically in the ZC4H2 gene [4], as well
as non-inherited punctual mutations (de novo) in the genes KCNC3,
ITPR1 and SPTBN2, which is related to the advancement of the
parents’ age to the ataxic form of CP [18], among other diseases.
Another possibility that may provide us with hereditary arguments
is the mutation in the AP4M1I gene, described as congenital cerebral
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Figure 1: Scanning electron microscope (SEM) images of r-GO in different magnitude (Courtesy of Centro de Microscopia of Universidade Federal de
Minas Gerais).

palsy, in which it mimics lesions in the white matter, usually acquired
perinatally [19]. Another possibility is related to the use of biomarkers
from a biotechnology perspective, that indicates situations where
neonatal sepsis can occur [20], as well in the dysfunction of Excitatory
Amino Acid Transporters 2 (EAAT2) case, as a consequence of the
inefficient use of glutamate, that implies in neuronal development
problems [21]. In addition, applications, such as Botulinum
Toxin type A, which together with the conventional method of
occupational therapy, significantly reduce muscle tone and improve
the functionality of affected limbs [22].

The Nano science and nanotechnology have surprisingly created
different ways of overcoming barriers and challenges posed by
biology with its application in the field of medicine, with the study
of biological devices, biosensors, drug delivery, nanorobots, and
quantum dots used as contrast media, among others [23]. For instance,
nanoparticles with different natures, such as dendrimers, have been
used for systemic and therapeutic delivery, as in the case of N-acetyl-
L-cysteine, previously widely used and with side effects in cases of
intrauterine inflammation, significantly reducing premature birth
rate [24]. Recent studies suggest that the therapy applied to the entire
gestation process may, in addition to preventing the inflammatory
response to the fetus, also enable the regeneration and repair of
damaged areas, reducing the damage caused by the pathology [25].

In terms of nanomaterial, can be mentioned carbon nanotubes
of graphene and their derivatives due to their exceptional
physicochemical properties. For instance, the modified reduced
graphene oxide (r-GO) has the capacity to momentarily cause
the permeability of the Blood Brain Barrier (BBB), allowing the
transport of substances to the central nervous system (CNS) directly,
a procedure previously incapable of being performed by conventional
methods (Figure 1) [26].

This methodology can help in inference of the degree of evolution
in the treatment not only of the CP, but of all other pathologies that
affect the CNS in some way, such as Parkinson’s disease, multiple
sclerosis, epilepsy and stroke, and have shown good results in
protecting and reducing the impacts on their affected areas [27]. In
addition, the r-GO presented low toxicity, excellent biological and
physiological compatibility, efficiency as nanocarrier of drugs and
genes in cancer treatment and gene therapy [28].

Conclusion

Advances in Nanoscience associated with computational
techniques can collaborate synergistically in elucidation of problems
and challenges posed by pathologies that affect the central nervous
system, creating new paths and perspectives in diagnosis and
therapy issues. The computational models associated with Al
can be fundamental tools in the prediction of interfaces between
nanoparticles and drugs, as well as the interaction between them
in different biological environment. In this way, a great appeal
and effort for the correlation these mentioned areas are necessary.
This effort will directly result in improving the quality of life and
dignity of people suffering from this condition and those who are
at around of them. Clearly, prevention must be approached in an
incisive way, since the hypothesis of cure for most diseases is non-
existent.
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