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Abstract
Objectives Allostatic overload occurs when environmental factors become excessive for the individual capacity of neuro-
biological response and can trigger internalizing disorders. These disorders have a strong impact on individuals with autism 
spectrum disorder (ASD) and can exacerbate ASD symptoms and deficits. A non-invasive neurobiological stimulation 
technology, called the radio electric asymmetric conveyer (REAC), has been shown to be effective in improving internal-
izing disorders and remodeling the individual allostatic response. On these premises, REAC neurobiological stimulation 
treatments have been introduced for the treatment of internalizing disorders in ASD. The aim of this current research was 
to retrospectively verify the effects of REAC treatments on motor, cognitive, and behavioral skills and symptoms, assessed 
using the Autism Profiling Questionnaire (APQ).
Methods Data were collected through administration of the APQ to the caregivers of 112 individuals with ASD. The car-
egivers rated every cluster of the questionnaire with a score based on an evaluation scale ranging from 0 to 10.
Results At the 3-month follow-up, the caregivers perceived and rated a global improvement of the individuals with ASD 
in all clusters.
Conclusions This research suggests that the mitigating effects of REAC neuromodulation treatments in relation to the severity 
of internalizing disorders can enhance the quality of life and the autonomy of individuals with ASD, as shown by the shift 
in the median values in all 21 items of the APQ toward an improvement in symptoms and skills.
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Autism spectrum disorder (ASD) is a neurobiological disor-
der with an incidence that is growing worldwide. Therefore, 
there is a need to develop therapeutic strategies to improve 
the quality of life of individuals with ASD. The comorbidity 

of internalizing disorders, such as depression (DeFilippis, 
2018; Gegelashvili, 2019), anxiety (Adams & Emerson, 
2021; Vasa et al., 2020), and stress-related disorders (Oer-
beck et al., 2021; Taylor et al., 2021), with ASD is very often 
present and can affect the deficit severity and the overall 
quality of life of individuals with ASD. Some non-invasive 
brain stimulation (NIBS) techniques based on different tech-
nologies, such as transcranial magnetic stimulation (Enticott 
et al., 2019) (TMS) and transcranial direct current stimula-
tion (Amatachaya et al., 2014; Garcia-Gonzalez et al., 2021) 
(TDCS), have been proven to induce improvements in social, 
health, and behavioral problems among these individuals.

Another non-invasive technique for neurobiological 
stimulation, called the radio electric asymmetric conveyer 
(REAC), has been proven in several studies to be effective 
in psychological and psychiatric disorders, classified in the 
DSM-5 as internalizing disorders, including depression 
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(Olivieri et al., 2011; Rinaldi et al., 2019), anxiety (Fon-
tani et al., 2011a, 2011b; Pinheiro Barcessat et al., 2020a, 
2020b), stress-related disorders (Fontani et  al., 2011a, 
2011b; Rinaldi et al., 2010), and motor skills (Lorenzini 
et al., 2016; Olazaran et al., 2014), balance (Fontani et al., 
2012), and other psychiatric disorders (Fontani et al., 2011a, 
2011b). As these disorders can exacerbate ASD symptoms 
and deficits, REAC neurobiological stimulation treatments 
have been used for some years in individuals with ASD to 
address their social, health, and behavioral problems. The 
current research is aimed to retrospectively analyze the 
treatment results collected in a standardized manner using a 
specific test designed to evaluate the effects of REAC neuro-
biological stimulation treatments on the degree of expression 
of some motor, cognitive, and behavioral deficits typical of 
ASD and conditioned by internalizing disorders.

Method

Participants

The total population included in this international research 
consisted of 112 children with ASD with an average age 
of 5.96 ± 3.15 years, including 26 girls with an average 
age of 7 ± 3.41 years and 86 boys with an average age of 
5.65 ± 3.01 years. This population consisted of all children 
who visited the clinical centers of the International Scien-
tific Society of Neuro Psycho Physical Optimization with 
REAC Technology (SONC) for over 12 months and who 
had a previous diagnosis made by a child psychiatrist using 
the Autism Diagnostic Observation Schedule (ADOS) and 
Autism Diagnostic Interview-Revised (ADI-R). Besides the 
existing treatment plans, the children’s caregivers voluntarily 
opted to add the REAC neuromodulation treatments.

Procedure

The REAC neuromodulation treatments were administered 
at the SONC clinical facilities, and data were collected for 
over 12 months.

REAC Technology

The REAC technology for neurobiological stimulation is 
aimed at optimizing the endogenous bioelectrical activ-
ity (EBA) of neural circuits (Baer & Colello, 2016; Levin 
et al., 2017). EBA generates signals involved in epigenetic 
cascades and transcriptional changes in cellular proper-
ties, such as proliferation, differentiation, migration, shape 
change, senescence, apoptosis, neuroinflammation, and 
neurotransmission (Chernet & Levin, 2013; Levin, 2014). 
The EBA mechanism implies that an asymmetrical gradient 

exists in all the components of an organism, which allows 
the creation of ionic flows, consequently producing cur-
rents and endogenous bioelectric fields (EBFs) (Tuszynski, 
2019). Many mechanisms, including exposome pressure, 
can invalidate the correct and adequate production of ionic 
flows and therefore EBFs, causing a wide range of health 
problems. Because EBFs are also involved in neurotrans-
mission mechanisms, their alteration can cause mood and 
behavioral problems. The optimization of EBA through the 
REAC technology is made possible because REAC devices 
emit radio electric fields in the environment. These radio 
electric fields interact with an individual’s body through the 
device’s asymmetric conveyer probe (ACP). This interac-
tion promotes the formation of endogenous gradients that 
promote the release of charge densities induced by external 
factors, thus facilitating neuromodulation processes. The 
data reported by various studies confirm that the REAC tech-
nology, used according to specific protocols, can optimize 
EBA and induce direct cell reprogramming (Maioli et al., 
2012, 2013), contrast of senescence (Maioli et al., 2014; 
Rinaldi, Maioli, et al., 2014), contrast of neuroinflammation 
(Lorenzini et al., 2016; Panaro et al., 2018), and modulation 
of neurotransmission even in neurodegenerative diseases 
(Lorenzini et al., 2016; Rinaldi et al., 2015).

REAC Neuromodulation Treatments

In this study, one session of neuro postural optimization 
(NPO) treatment (Olazaran et al., 2014; Rinaldi et al., 2014a, 
2014b) and one cycle of neuro psycho physical optimization 
(NPPO/NPPO-CB) treatments (Pinheiro Barcessat et al., 
2020a, 2020b; Rinaldi et al., 2019) were administered to 
mitigate the internalizing disorders that affected the ASD 
status and quality of life of the children. REAC NPO neu-
romodulation is a preprogrammed, one-session treatment. 
It was designed to induce a greater efficiency of the modu-
latory capacities of the brain response (Mura et al., 2012; 
Rinaldi et al., 2014a, 2014b) to improve motor control and 
treat functional dysmetria (FD) (Mura et al., 2012; Rinaldi 
et al., 2014a, 2014b) even in neurodegenerative diseases, 
such as Parkinson’s and Alzheimer’s disease (Olazaran et al., 
2013). Its therapeutic result is long-lasting, remaining stable 
after many years.

NPPO treatments were designed to optimize the indi-
vidual response to environmental stressors, which can 
induce and sustain a wide range of dysfunctional adaptive 
behavioral patterns that underlie many internalizing dis-
orders (Pinheiro Barcessat et al., 2020a, 2020b; Rinaldi 
et al., 2019). NPPO can be administered as follows: (1) 
NPPO is administered with a punctiform ACP on the auri-
cle and (2) NPPO-CB with a planar ACP in the cervico-
brachial region (Pinheiro Barcessat, et al., 2020a, 2020b). 
These two methods of administration, both non-invasive 
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and equivalent in effectiveness (Pinheiro Barcessat et al., 
2020a, 2020b), allow the selection of the option most 
tolerated by young individuals according to their degree 
of cooperation. Both NPPO treatments are usually admin-
istered in cycles of 18 sessions. The NPPO treatment ses-
sion lasts for approximately 30 s, while the NPPO-CB 
session lasts for approximately 4 min. The minimum time 
interval between the two sessions is 1 h.

The maximum number of sessions per day is usually 
four. The number of cycles to be administered depends 
on the individual’s condition. In this current research, the 
REAC treatment cycle was administered within approxi-
mately 3 weeks. The parameters for administering these 
neuromodulation treatments are set by the manufacturer 
of the device and cannot be modified by the operators. 
The models of the equipment used for the administration 
of the treatments were the BENE 101 and BENE 110 
models produced by ASMED SRL (Florence, Italy).

The study time points were scheduled as follows: 
Autism Profiling Questionnaire (APQ) administration 
(T0), dysmetria assessment (T1), NPO administration 
(T2), dysmetria assessment after NPO (T3), NPPO/
NPPO-CB administration (T4), dysmetria assessment at 
follow-up (approximately 3 months after the end of the 
treatment cycle) (T5), and APQ assessment at follow-up 
to the children’s parents (T6).

Measures

The effectiveness of the neurobiological stimulation treat-
ments NPO and NPPO/NPPO-CB on the degree of expres-
sion of some motor, cognitive, and behavioral deficits typical 
of ASD was assessed using the APQ and an evaluation of 
neurological semiology based on the analysis of FD. The 
APQ is used at the clinical facilities that adhere to the SONC 
and is administered to the parents or caregivers of children 
with ASD. It is not a diagnostic test but only a grid for col-
lecting data on the presence and degree of expression of 
some motor, cognitive, and behavioral deficits typical of 
ASD in a standardized manner. The questionnaire includes 
21 questions or items divided into three clusters: motor 
skills, cognitive skills, and behavioral skills and symptoms. 
Table 1 lists the APQ items and clusters. Herein, the car-
egivers of the children with ASD rated each item of the 
questionnaire with a score based on an evaluation scale 
ranging from 0 to 10 (Table 1). The APQ was administered 
at follow-up (approximately 3 months after the end of the 
treatment cycle) (T6). The results of the APQ at T0 and 
T6 were compared to determine which changes the parents 
observed in their children after the REAC NPO and NPPO 
neuromodulation treatments.

FD analysis was also performed. Dysmetria is defined 
as the inability to perform accurate movements owing to 
injury or dysfunction of the cerebellum (Manto, 2009). The 

Table 1  SONC autistic profiling questionnaire

Cluster Item Evaluation scale

Cognitive skills 1 Language production Evaluation scale from 0 (no skill) to 10 (very good skill)
2 Language comprehension
3 Attention concentration
4 Learning memory
5 Executive functions
6 Personal autonomy
7 Sphincteric control
8 Night rest
9 Sensory issues

Motor skills 10 Gross motor skills
11 Fine motor skills

Behavioral skills 12 Non-verbal communication
13 Eye contact
14 Adaptation to changes
15 Ability to follow social rules in an interaction
16 Interest in socialization and social contact

Behavioral symptoms 17 Self-aggressive behaviors Evaluation scale from 0 (no symptom) to 10 (high 
severity of the symptom)18 Hetero-aggressive behaviors

19 Agitation—hyperactivity
20 Irritability—oppositive behavior
21 Stereotypies
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cerebellum is initially associated exclusively with control 
of movements but has been known to play a fundamental 
role in regulating the adequacy of emotional, behavioral, 
cognitive, and relational responses (Timmann & Daum, 
2007). This role can be highlighted through the assessment 
of dysmetria. When dysmetria is present in healthy indi-
viduals (Rinaldi et al., 2014a, 2014b), it is defined as func-
tional (Mura et al., 2012) and is correlated with adaptive 
phenomena at the base of fluctuating asymmetry. On these 
premises, FD represents one of the main signs of a neuro-
psycho-physio-pathological and dysfunctional adaptive state 
and can be an epigenetic measure of stress (Parsons, 1990). 
FD can be observed through an evaluation of neurological 
semiology, aimed at highlighting the asymmetric activation 
of symmetrical muscle groups, such as the quadriceps mus-
cles (Mura et al., 2012; Rinaldi et al., 2014a, 2014b). Post-
mortem (Hampson & Blatt, 2015) and neuroimaging stud-
ies (D’Mello et al., 2015; Hashimoto et al., 1995) reported 
cerebellar anomalies of the anatomical and functional types, 
respectively, in individuals with ASD (Johnson et al., 2014). 
Therefore, ASD can be defined as a neurobiological disorder 
related also to both cerebellar connectivity and dysfunction 
(Becker & Stoodley, 2013). This impacts the brain areas 
that govern the cognitive functions, including language and 
executive functions, as well as affective regulation (Becker 
& Stoodley, 2013; D’Mello & Stoodley, 2015). The NPO 
treatment, which can determine a long-lasting disappear-
ance of FD in a single administration (Rinaldi et al., 2014a, 
2014b), can serve as an important tool in reducing some 
ASD deficits. In fact, immediately after the administration 
of NPO, a stable disappearance of FD and an overall reor-
ganization of postural and motor controls are also observed 
in neurodegenerative diseases (Fontani et al., 2012).

Data Analysis

Statistical analysis was performed using SPSS version 22 
(IBM SPSS). The data collected on the APQ were analyzed 
using the Wilcoxon and sign tests, performed for each item. 
Statistical significance was set at P-values of < 0.5. A confi-
dence level of 95% was selected, in association with confi-
dence intervals (CIs), which were specifically identified for 
each item of each of the three clusters of the APQ. Each CI 
was set as the mean value of ± 10%.

Results

FD Evaluation

The FD evaluation performed immediately after the admin-
istration of NPO treatment (T3) showed the disappearance 
of FD in 100% of the individuals with ASD. At the 3-month 

follow-up (T5), the stable disappearance of FD was verified 
in 100% of the individuals with ASD.

APQ Results

The variations between the data collected at T0 and T6 were 
analyzed separately for each of the three clusters: motor 
skills, cognitive skills, and behavioral skills and symptoms. 
The data were represented using box plots, a method for 
graphically depicting groups of numerical data through 
quartiles. Quartiles divide a rank-ordered dataset into four 
equal parts. The values that separate the parts are called the 
first, second, and third quartiles and are denoted by Q1, Q2, 
and Q3, respectively. The interquartile range (IQR) indi-
cates the distance between the first quartile and the third 
quartile (Q1 − Q3) and measures how spread out the data 
points are from the mean of the data set. It is graphically 
represented by the height of the box: The higher the IQR, 
the more spread out the data points; in contrast, the smaller 
the IQR, the more bunched up the data points are around 
the mean. Box plots may also have lines extending from the 
boxes (whiskers), indicating variability outside the upper 
and lower quartiles. The height of the box plot indicates 
the values within which 50% of the measured values are 
contained, while the length of the whiskers represents the 
tails of the distribution: The greater their length, the greater 
the dispersion of the values below the first quartile and/
or above the third quartile. To isolate potential outliers, 
we used Tukey’s fences method, which is a nonparametric 
method developed to detect observations outside the nor-
mal range using IQRs. The ranges between Q2 − k(Q3 − Q1) 
and Q2 + k(Q3 − Q1) are referred to as fences. Data points 
that are below the lower fence or above the higher fence are 
identified as outliers. The value k determines the width of 
the fences. The larger the value of k, the lower the number 
of outliers that will be detected. In our analysis, we set the 
value of k as 1.5. The box plot was used because it was the 
best visual tool to determine how much the values were dis-
persed from the median value in the pre- and post-treatment 
data. Moreover, it allowed the identification of the outliers 
rapidly and accurately, in comparison with other numerical 
indices, such as the mean and standard deviation. In fact, if 
there were anomalous values, these would be represented 
in the boxplot as isolated asterisks positioned above and/
or below the distribution whiskers. This feature allowed us 
to highlight very interesting observations, considering how 
profoundly the profiles of individuals with ASD can differ.

In the behavioral skill and symptom clusters, two dis-
tinct box plots were prepared for better visualization of the 
T0/T6 comparison. In fact, since 5 of the 10 items of this 
cluster aim to evaluate a skill, the possible improvement of 
individuals with ASD post-treatment can be detectable if 
and to the extent in which an increase in values is observed. 
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In contrast, since the other five items of the cluster aim to 
detect the presence of a symptom and evaluate its degree 
of severity, the possible improvement is detectable if and 
to the extent to which a reduction in values is observed. A 
statistical significance of P < 0.5 was found for the five items 
aimed at detecting the presence of behavioral symptoms and 
P < 0.05 for all the other 16 items.

Cluster Motor Skills

Gross Motor Skills

At T0, the Q1 value was 4, and the median value was 6; the 
Q3 value was 8, and the IQR was 4. At T6, the Q1 value 
was 5, and the median value was 7; the Q3 value was 8, and 
the IQR was 3 (Fig. 1). Statistical significance was set at 
P-values of < 0.05.

Fine Motor Skills

At T0, the Q1 value was 2, and the median value was 4,5; 
the Q3 value was 7, and the IQR was 5. At T6, the Q1 value 
was 5, and the median value was 6; the Q3 value was 8, and 
the IQR was 3 (Fig. 1). Statistical significance was set at 
P-values of < 0.05.

Cluster Cognitive Skills

Language Production Skills

At T0, the Q1 value was 1.75, and the median value was 4; 
the Q3 value was 5, and the IQR was 3.25. At T6, the Q1 
value was 3, and the median value was 6; the Q3 value was 
8, and the IQR was 5 (Fig. 2). Statistical significance was 
set at P-values of < 0.05.

Language Comprehension Skills

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 7, and the IQR was 4. At T6, the Q1 value 
was 4, and the median value was 6; the Q3 value was 8, and 
the IQR was 4 (Fig. 2). Statistical significance was set at 
P-values of < 0.05.

Attention and Concentration

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 5, and the IQR was 2. At T6, the Q1 value was 
4, and the median value was 6; the Q3 value was 7.25, and 
the IQR was 3.25 (Fig. 2). Statistical significance was set at 
P-values of < 0.05.

Learning and Memory

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 7, and the IQR was 4. At T6, the Q1 value 
was 5, and the median value was 6; the Q3 value was 8, and 

Fig. 1  Gross and fine motor 
skills show an improvement 
with statistical significance 
p < 0.05
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the IQR was 3 (Fig. 2). Statistical significance was set at 
P-values of < 0.05.

Executive Functions

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 6, and the IQR was 3. At T6, the Q1 value 
was 4, and the median value was 6; the Q3 value was 8, and 
the IQR was 4 (Fig. 2). Statistical significance was set at 
P-values of < 0.05.

Personal Autonomy

At T0, the Q1 value was 2, and the median value was 4; the 
Q3 value was 6, and the IQR was 4. At T6, the Q1 value was 
3.75, and the median value was 5; the Q3 value was 7, and 
the IQR was 3.25 (Fig. 2). Statistical significance was set at 
P-values of < 0.05.

Sphincteric Control

At T0, the Q1 value was 1.75, and the median value was 5; 
the Q3 value was 9, and the IQR was 7.25. At T6, the Q1 
value was 3, and the median value was 6; the Q3 value was 
10, and the IQR was 7 (Fig. 2). Statistical significance was 
set at P-values of < 0.05.

Night Rest

At T0, the Q1 value was 4, and the median value was 6; the 
Q3 value was 9, and the IQR was 5. At T6, the Q1 value 
was 6, and the median value was 8; the Q3 value was 9, and 
the IQR was 3 (Fig. 2). Statistical significance was set at 
P-values of < 0.05.

Sensory Issues

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 6, and the IQR was 3. At T6, the Q1 value 
was 3.75, and the median value was 5; the Q3 value was 
7, and the IQR was 3.25 (Fig. 2). Statistical significance 
was set at P-values of < 0.05.

Cluster Behavioral Skills and Symptoms

Non‑verbal Communication Skills

At T0, the Q1 value was 4, and the median value was 5; the 
Q3 value was 7, and the IQR was 3. At T6, the Q1 value 
was 5, and the median value was 7; the Q3 value was 8, 
and the IQR was 3 (Fig. 3). Statistical significance was set 
at P-values of < 0.05.

Voluntary Eye Movements and Eye Contact

At T0, the Q1 value was 3.75, and the median value was 
5; the Q3 value was 7, and the IQR was 3.25. At T6, the 
Q1 value was 4, and the median value was 6; the Q3 value 
was 8, and the IQR was 4 (Fig. 3). Statistical significance 
was set at P-values of < 0.05.

Adaptation to Changes

At T0, the Q1 value was 4, and the median value was 5; 
the Q3 value was 7, and the IQR was 3. At T6, the Q1 
value was 5, and the median value was 6; the Q3 value 

Fig. 2  Cognitive skills show 
an improvement with statistical 
significance p < 0.05
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was 8, and the IQR was 3 (Fig. 3). Statistical significance 
was set at P-values of < 0.05.

Ability to Follow Social Rules in an Interaction

At T0, the Q1 value was 3, and the median value was 4; 
the Q3 value was 5.25, and the IQR was 2.25. At T6, the 
Q1 value was 4, and the median value was 5; the Q3 value 
was 6, and the IQR was 2 (Fig. 3). Statistical significance 
was set at P-values of < 0.05.

Interest in Socialization and Social Contact

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 6, and the IQR was 3. At T6, the Q1 value 
was 4, and the median value was 6; the Q3 value was 7, and 
the IQR was 3 (Fig. 3). Statistical significance was set at 
P-values of < 0.05.

Self‑aggressive Behaviors

At T0, the Q1 value was 0, and the median value was 2; the 
Q3 value was 4, and the IQR was 4. At T6, the Q1 value 
was 0, and the median value was 1; the Q3 value was 3, and 

Fig. 3  Behavioral skills show 
an improvement with statistical 
significance p < 0.5

Fig. 4  Behavioral symptoms 
show an improvement with 
statistical significance p < 0.5
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the IQR was 3 (Fig. 4). Statistical significance was set at 
P-values of < 0.5.

Hetero‑aggressive Behaviors

At T0, the Q1 value was 0, and the median value was 2; the 
Q3 value was 4, and the IQR was 4. At T6, the Q1 value 
was 0, and the median value was 1; the Q3 value was 3, and 
the IQR was 3 (Fig. 4). Statistical significance was set at 
P-values of < 0.5.

Agitation and Hyperactivity

At T0, the Q1 value was 5, and the median value was 6; the 
Q3 value was 8, and the IQR was 3. At T6, the Q1 value 
was 4, and the median value was 5; the Q3 value was 7, and 
the IQR was 3 (Fig. 4). Statistical significance was set at 
P-values of < 0.5.

Irritability and Oppositive Behaviors

At T0, the Q1 value was 4, and the median value was 6; the 
Q3 value was 8, and the IQR was 4. At T6, the Q1 value 
was 3, and the median value was 5; the Q3 value was 7, and 
the IQR was 4 (Fig. 4). Statistical significance was set at 
P-values of < 0.5.

Stereotyped Behaviors

At T0, the Q1 value was 3, and the median value was 5; the 
Q3 value was 7, and the IQR was 4. At T6, the Q1 value was 
2.75, and the median value was 4; the Q3 value was 6, and 
the IQR was 3.25 (Fig. 4). Statistical significance was set at 
P-values of < 0.5.

Adverse Events

No adverse events were reported by the participants or 
observed by the investigators.

Discussion

Internalizing problems are characterized by anxiety, depres-
sive symptoms, social withdrawal, and somatic complaints 
(Gobel et al., 2016). The scientific literature provides ample 
support to the fact that the comorbidity of internalizing dis-
orders, such as depression (DeFilippis, 2018; Gegelashvili, 
2019), anxiety (Kim et al., 2021; Vasa et al., 2020), and 
stress-related disorders (Corbett et al., 2021; Taylor et al., 
2021), in ASD can affect the deficit severity, symptomato-
logic expression, and overall quality of life of individuals 
with ASD.

On these premises, the use of NIBS methods for treat-
ing ASD is growing, and studies conducted with these tech-
niques have reported positive effects on social, health, and 
behavioral problems in individuals with ASD (Khaleghi 
et al., 2020). Existing evidence demonstrates that NIBS 
methods could be helpful in treating some dimensions of 
ASD, such as repetitive and stereotyped behaviors, socia-
bility, or some aspects of executive and cognitive functions 
(Khaleghi et al., 2020). The global effects induced by REAC 
NPO and NPPO/NPPO-CB treatments in individuals with 
ASD can be contextualized in studies reporting the positive 
effects of NIBS methods on ASD-related behavioral, cogni-
tive, and neurophysiological dysfunctions. In fact, the results 
obtained in this research demonstrate a positive correlation 
between the REAC NPO and NPPO treatments and improve-
ment in the typical deficits of ASD perceived by caregivers 
at approximately 3 months after the end of the treatment 
cycle. Even in individuals with ASD, a single REAC treat-
ment cycle has been able to mitigate the impact of internal-
izing disorders, as already proven in a non-ASD population 
(Rinaldi et al., 2019). This effect allowed the reduction of 
the severity of some ASD deficits and symptoms, optimizing 
the existing skills and improving the mental health condi-
tions and functional outcomes of patients.

A comparison of the results obtained using different 
NIBS methods is very difficult because of the very large 
heterogeneity and variability among studies in terms of 
patients’ profiles, study designs, schedules, and stimulation 
parameters (Khaleghi et al., 2020).

Moreover, while demonstrating its effectiveness in the 
same ASD dimensions on which other NIBS techniques are 
effective, the REAC technology differs in its mechanism 
of action. In fact, other NIBS methods yield their effects 
through administration on specific brain areas, depending 
on their hypotheses regarding the origin of the neural ASD 
impairments; their capacity to evoke neuroplasticity effects 
is related to the stimulation site, intensity, and frequency 
(Khaleghi et al., 2020) because their actions are carried out 
by inducing inhibitory or excitatory stimulations.

The REAC technology has not a main target brain region 
for stimulation because it is able to globally reorganize the 
level of synaptic activities and the related neural circuitry 
dynamics in the brain (Zippo et al., 2015), not eliciting spe-
cific inhibitory or excitatory stimulations, but optimizing 
EBA and rearranging neural dynamics within “opportune” 
ranges when altered.

Limitation and Future Research

One of the major limitations of this study is the lack of a 
control group and the fact that one of the two verification 
tests involves a parental self-report method. Further stud-
ies are needed to better understand the effects of multiple 
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treatment cycles with appropriate follow-up periods. This 
study suggests promoting further research to verify the 
effects of REAC NPO and NPPO/NPPO-CB treatments in 
low-functioning individuals toward high functionality and 
on relational linguistic skills.
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