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Abstract: Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder that affects
communication, social interaction, and behavior. Non-invasive neuromodulation techniques, such as
radioelectric asymmetric conveyer (REAC) technology, have gained attention for their potential to
improve the endogenous bioelectric activity (EBA) and neurobiological processes underlying ASD.
Neuro Postural Optimization (NPO) and Neuro Psycho Physical Optimization (NPPO) treatments
are non-invasive and painless neuromodulation treatments that utilize REAC technology and have
shown promising results in improving the symptoms of ASD. This study aimed to evaluate the effects
of NPO and NPPO treatments on functional abilities in children and adolescents with ASD using
the Pediatric Evaluation of Disability Inventory-Computer Adaptive Test (PEDI-CAT). The study
consisted of 27 children and adolescents with ASD who underwent a single session of NPO followed
by 18 sessions of NPPO treatment over a period of one week. The results showed significant im-
provements in the children’s and adolescents’ functional abilities across all domains of the PEDI-CAT.
These findings suggest that NPO and NPPO may be effective treatments for improving functional
abilities in children and adolescents with ASD.

Keywords: autism spectrum disorder; endogenous bioelectric activity; epigenetic; radioelectric asymmetric
conveyer technology; neurobiological stimulation; neurobiological modulation; PEDI-CAT

1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition [1] characterized
by difficulties in social interaction, communication, and restricted, repetitive patterns of
behavior. This heterogeneous disorder exhibits varying symptoms among individuals. The
precise cause of ASD remains unknown, although recent research suggests that a combina-
tion of genetic and environmental factors influence the development of the disorder [1].

Behavioral, mood, and psychiatric disorders are prevalent in individuals with ASD [2],
which can significantly impair social, academic, and occupational functioning. Commonly
observed behavioral disorders include attention-deficit/hyperactivity disorder (ADHD) [3]
and obsessive-compulsive disorder (OCD), with a prevalence rate of up to 60% and 30% [4],
respectively. Mood disorders, such as anxiety and depression, are also common in individ-
uals with ASD, with a prevalence rate of up to 30% and 50%, respectively [5,6]. Psychiatric
disorders such as schizophrenia and bipolar disorder are less common, with a prevalence
rate of up to 1% and 4%, respectively [7,8]. However, individuals with ASD have a higher
risk of developing these disorders compared to the general population [9]. The presence
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of these co-occurring disorders can complicate diagnosis and treatment, leading to poorer
outcomes for individuals with ASD [10].

Epigenetic factors have also been implicated in the development of ASD and its co-
occurring disorders [11]. Environmental factors such as exposure to toxins or stress can
influence epigenetic changes. Epigenetic modifications can affect the expression of genes
involved in brain development and function, including those associated with ASD [12].
For instance, DNA methylation changes in the oxytocin receptor gene have been linked
to social deficits in individuals with ASD [12]. Similarly, alterations in gene expression
involved in regulating the stress response have been linked to anxiety and depression in
individuals with ASD [13,14].

There is no cure for autism, but various treatments are available that aim to improve
the symptoms and quality of life of individuals with autism [15].

Among the various interventions available, non-invasive neuromodulation techniques
are gaining attention due to their potential for improving the neurobiological processes
underlying the disorder. Radioelectric asymmetric conveyer (REAC) technology is a non-
invasive neuromodulation technique that has been proposed as a potential intervention for
ASD [16,17]. REAC technology treatment is a non-invasive, safe, and effective method of
neurobiological modulation that uses radioelectric asymmetric conveyer fields to modulate
nervous system functionality.

Neuro Postural Optimization (NPO), Neuro Psycho Physical Optimization (NPPO),
and Neuro Psycho Physical Optimization-Cervico Brachial (NPPO-CB) are REAC neuro-
modulation treatments. NPO aims to optimize the posture balance and motor control of
the individual [18,19], while NPPO aims to improve mood and behavioral, cognitive, and
emotional processing [20,21]. Both techniques are non-invasive and painless and have
shown promising results in improving the symptoms of ASD [16,17]. The purpose of this
paper is to present the findings of a study that analyzed the effects of NPO and NPPO
treatments on children and adolescents with ASD using the PEDI-CAT [22–24]. The study
included 27 children and adolescents with ASD who underwent a session of NPO and 18
sessions of NPPO treatment over one week. The results of the study showed improvements
in the children’s and adolescents’ functional abilities across all domains of the PEDI-CAT.

2. Materials and Methods
2.1. Sample Size Determination and Power Analysis

We conducted a power analysis with G*power (Universität Düsseldorf, Psychologie—
HHU) [25], assuming a large effect size of 0.80, an alpha error probability of 0.05, and a
desired power of 0.95 on a given sample size.

The analysis indicated that a total sample size of 20 participants would be sufficient
for our study. However, due to our compassionate approach, we decided to include all
candidates who met our inclusion criteria instead of limiting it to the required sample size
of 20.

2.2. Inclusion Criteria

Boys and girls aged 3 to 21 years, with a prior diagnosis of autism confirmed by Autism
Diagnostic Interview-Revised (ADI-R) and functional abilities comparable to those of a
child between 6 months and 7 years of age, whose parents expressly requested to receive
REAC neuromodulation treatments and participate in the psychometric test were included.

2.3. Population

The study comprised 27 children and adolescents between 3 and 17 years of age,
consisting of 24 males, mean age: 6.71, and 3 females, mean age: 5.67.
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2.4. Research Locations

The study was conducted in a Clinic affiliated with the International Scientific Society
of Neuro Psycho-Physical Optimization with REAC Technology, Brazilian Branch, Brazil,
and at the Rinaldi Fontani Institute and Foundation, Italy.

2.5. Assessments

In this study, two assessments were conducted: the evaluation of functional dysme-
tria [26,27] and the administration of the PEDI-CAT questionnaire [23]. These assessments
were performed both before and after the administration of REAC NPO and NPPO treat-
ments, with a follow-up conducted approximately 3–4 months after the treatments. In order
to assess the immediate response to the NPO treatment, the disappearance of functional
dysmetria was verified immediately after its administration. At the follow-up checkup,
stable correction of functional dysmetria was observed, and a second administration of the
PEDI-CAT [22–24] questionnaire was conducted.

2.6. Functional Dysmetria

Functional dysmetria (FD) is a neuro psycho motor expression of adaptive dysfunction
characterized by a maladaptive response to internal or external stressors [27]. It results in an
alteration of the processes that coordinate the execution of voluntary movements. The FD can
occur in healthy individuals [18] and is not associated with structural or neurological damage.

2.7. Pediatric Evaluation of Disability Inventory-Computer Adaptive Test (PEDI-CAT)

The PEDI-CAT is a comprehensive assessment tool used to evaluate functional skills
and abilities in children and adolescents with disabilities [22,23]. The PEDI-CAT assesses
the developmental milestones of children and adolescents aged from 2 to 21 years across
four subscales: activities of daily living, mobility, responsibility, and social cognition. It also
assesses the consistency of caregiver responses to reduce potential biases in caregiver-filled
tests. The test takes approximately 20–30 min to complete and can be administered by a
trained healthcare professional or therapist.

One of the conditions for which the PEDI-CAT is frequently used is ASD [24]. Children
and adolescents with ASD often experience challenges with daily living skills such as self-
care, mobility, and socialization. The PEDI-CAT is specifically designed to evaluate a child’s
abilities in these areas and identify areas of strength and weakness.

The PEDI-CAT has been validated for use in children and adolescents with ASD [24],
demonstrating reliability and validity in assessing functional skills in this population. The
assessment results provide valuable information about a child’s functional abilities, which
can be used to develop individualized treatment plans, monitor progress over time, and
inform educational and therapeutic interventions.

2.8. Neuro Postural Optimization (NPO)

The REAC Neuro Postural Optimization (NPO) treatment is a one-session neuro-
biological modulation technique that aims to optimize endogenous bioelectric activity
(EBA) and cerebral electro-metabolic activity, resulting in long-lasting greater efficiency
and functionality compared to previous modifications induced by dysfunctional adap-
tations [18,27,28]. The primary clinical outcome of NPO treatment is an immediate and
long-lasting correction/disappearance of functional dysmetria and sustained improvement
in motor strategies and balance [19,29].

2.9. Neuro Psycho Physical Optimization Treatments

The REAC Neuro Psycho Physical Optimization (NPPO) treatments are neurobiologi-
cal modulation treatments designed to optimize EBA to enhance neuro-psycho-physical
performance, resulting in improved mood, behavior, cognitive and emotional control,
physical performance, and overall well-being [20,21,30,31]. This approach has also been
applied to individuals with ASD [16,17,29].
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2.10. Statistics

For the statistical evaluation of the study, the G*Power (version 3.1.9.7) and SPSS 22
software (Version 22) were used. The Wilcoxon method was employed to assess sample
size and statistical significance across all values obtained in the research.

The study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Institutional Review Board of the Center for Developmental Biology and
Reprogramming of the University of Sassari, Italy, approval code N-02/21.

3. Results
3.1. NPO and Functional Dysmetria

Administration of the NPO treatment resulted in an immediate correction of the FD,
which was subsequently confirmed at the 3–4 month follow-up assessment.

3.2. PEDI-CAT
3.2.1. Activities of Daily Living

The assessment of the Daily Activities domain in PEDI-CAT encompasses a total
of 68 elements that are distributed among 4 distinct content domains, namely Getting
Dressed, Keeping Clean, Home Tasks, and Eating and Mealtime. Each of these content
areas falls under the umbrella of the Daily Activities domain. The assessment of children’s
and adolescents’ abilities is conducted using a 4-point Difficulty Scale, where the response
options vary from unable to easy. The results showed a significant statistical difference at a
significance level of p < 0.5.

Figure 1 illustrates the difference in mean scores before treatment and at follow-up,
indicating overall improvement.
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Figure 1. The figure displays the general enhancement in the activities of the daily living domain
assessed between the average scores prior to interventions and during the follow-up evaluation.

3.2.2. Mobility

The PEDI-CAT Mobility domain comprises 75 items distributed across 4 content areas,
namely Basic Movement and Transfers, Standing and Walking, Steps and Inclines, and
Running and Playing. The assessment of children’s and adolescents’ abilities is conducted
using a 4-point Difficulty Scale, where the response options vary from unable to easy. The
results showed a significant statistical difference at a significance level of p < 0.5.

Figure 2 illustrates the overall enhancement assessed between the mean scores prior
to interventions and during the follow-up period.
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Figure 2. The figure displays the general enhancement in the mobility domain assessed between the
average scores prior to interventions and during the follow-up evaluation.

3.2.3. Social Cognition

The Social/Cognitive domain of the PEDI-CAT constituted 60 items in 4 content
areas of Interaction, Communication, Everyday Cognition, and Self-Management. The
assessment of children’s and adolescents’ abilities is conducted using a 4-point Difficulty
Scale, where the response options vary from unable to easy. The results showed a significant
statistical difference at a significance level of p < 0.5.

Figure 3 displays the enhancement observed in the mean scores from pre-treatment to
follow-up evaluation.
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3.2.4. Responsibility

The Responsibility domain of the PEDI-CAT comprises 51 items that evaluate a young
person’s ability to manage life tasks necessary for independent living, categorized into
4 content areas: Organization and Planning, Taking Care of Daily Needs, Health Manage-
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ment, and Staying Safe. This domain requires the utilization of multiple functional skills
in combination to carry out life tasks, rendering it a more challenging area. As a result,
it is assessed in children and adolescents aged 3 to 21 years. The Responsibility domain
encompasses a distinct 5-point Responsibility Scale, comprising responses that range from
Adult/caregiver has complete responsibility, the child assumes no responsibility to the
child independently takes full responsibility without any form of direction, supervision, or
guidance from an adult/caregiver. The results showed a significant statistical difference at
a significance level of p < 0.5.

Figure 4 displays the general enhancement assessed between the average scores prior
to interventions and during the follow-up evaluation.
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4. Discussion

ASD is a highly prevalent and complex neurodevelopmental disorder with significant
heterogeneity in presentation, etiology, and treatment response. The pathogenesis of ASD
is thought to involve complex interactions between genetic, epigenetic, environmental,
and neurobiological factors [32–34], whose common origin is an alteration of endogenous
bioelectrical activity (EBA) [35–37].

The study of EBA and its role in neurobiology has garnered increasing attention in
recent years due to its involvement in fundamental processes such as neurotransmission
and epigenetics [38], as well as its potential implications for disorders such as ASD [39].
In this discussion, we explored the current understanding of EBA in neurobiology and
its relevance to ASD to gain a deeper understanding of how the REAC NPO and NPPO
treatments, which have been studied to improve EBA in neurotransmission processes,
influenced the results presented in this manuscript.

EBA plays a critical role in various physiological processes, including wound healing,
cell migration, and tissue regeneration [40]. In the brain, EBA has been shown to modulate
neuronal activity, regulate synaptic plasticity, and influence the formation and maintenance
of neural circuits and neurotransmission [41,42].

EBA also plays a crucial role in epigenetics [37,43], the study of heritable changes in
gene expression that do not involve alterations to the underlying DNA sequence [44,45]. One
of the ways EBA affects gene expression is by influencing the methylation of the DNA [43].
Methylation is a process by which methyl groups are added to the DNA molecule, affecting its
accessibility to transcription factors and thereby regulating gene expression [46].
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The connection between EBA and ASD has been a subject of increasing interest in
recent years. Studies have shown that individuals with ASD have altered brain connectivity,
with abnormalities in synaptic transmission and plasticity [47–49].

Therefore, it is possible that EBA alterations may contribute to the development of
ASD by affecting gene expression and neuronal connectivity.

REAC technology uses asymmetrically conveyed radioelectric fields to optimize EBA
at different levels of the organization. By considering the essential role of EBA in epigenetic
processes, neuroplasticity, and neurotransmission, we can infer that REAC treatments
aimed at optimizing EBA across multiple levels represent a potential technological approach
to precision medicine, particularly in the context of ASD.

REAC NPO and NPPO treatments are non-invasive and painless neuromodulation
treatments that optimize EBA levels in neurotransmission processes and have shown
promising results in improving the symptoms of ASD [16,17].

These treatments target the neurobiological and postural imbalances that are common
in individuals with ASD, potentially leading to improvements in functional abilities.

This study aimed to evaluate the effects of NPO and NPPO treatments on functional
abilities in children and adolescents with ASD using the PEDI-CAT. The results showed
significant improvements across all domains. In the activities of the Daily Living Domain,
which include Getting Dressed, Keeping Clean, Home Tasks, and Eating and Mealtime,
there was a statistically significant improvement with a p < 0.5. The Mobility domain,
which comprises Basic Movement and Transfers, Standing and Walking, Steps and Inclines,
and Running and Playing, showed significant improvement with a p < 0.5. Similarly, there
was a significant improvement in the Social Cognition domain, which includes Interaction,
Communication, Everyday Cognition, and Self-Management, with a p < 0.5. Finally, in the
Responsibility domain, which assesses a child’s ability to manage life tasks necessary for
independent living, there was also a significant improvement with a p < 0.5. The results
indicate that NPO and NPPO could be effective treatments for enhancing the functional
abilities of children and adolescents with ASD.

These findings suggest that REAC NPO and NPPO treatments have potential applica-
tions in precision medicine approaches for ASD by optimizing individual EBA alterations
that underlie disrupted neurotransmission processes and epigenetic profiles. However,
further research is needed to better understand the mechanisms of EBA alteration and the
effects of REAC technology on this mechanism, particularly with respect to neurotransmis-
sion disorders and epigenetic dysregulation in ASD.

5. Conclusions

In conclusion, this manuscript highlights the growing understanding of the role of
EBA in neurobiology and its potential implications for neurodevelopmental disorders
such as ASD. The complex interactions between genetic, epigenetic, environmental, and
neurobiological factors in the pathogenesis of ASD are believed to be linked to alterations
in EBA [41,50,51]. The use of REAC NPO and NPPO treatments, which aim to optimize
EBA in neurotransmission processes, has shown promising results in improving functional
abilities in children and adolescents with ASD [16,17].

The critical role of EBA in various physiological processes, including synaptic plasticity
and epigenetics [51,52], underscores the potential of REAC technology as a precision
medicine approach for ASD. The significant improvements observed in multiple domains
of functional abilities, as assessed by the PEDI-CAT, suggest that REAC NPO and NPPO
treatments could be effective in enhancing the daily living skills, mobility, social cognition,
and responsibility of individuals with ASD.

The limitations of this study are typical of an open-label study. However, since the
effectiveness of REAC neuromodulation treatments aimed at improving mood and behav-
ioral disorders in developmental age, used in this study, has been extensively confirmed by
previous studies, the limitations of the open-label design are significantly reduced. How-
ever, further research is needed to better understand the mechanisms of EBA alterations
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and the effects of REAC neurobiological treatments on these mechanisms, particularly in
the context of neurotransmission disorders and epigenetic dysregulation in ASD.

Nevertheless, the findings presented in this manuscript support the potential appli-
cations of REAC NPO and NPPO treatments as novel and non-invasive approaches in
precision medicine for individuals with ASD, with the goal of optimizing individual EBA
alterations to improve functional outcomes [16,17].
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