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Abstract

Background: Autism Spectrum Disorder (ASD) is characterized by social communication
deficits, restricted/repetitive behaviors, sensory processing atypicalities, and impaired
adaptive functioning. Neuropsychomotor Therapy of Early Development (TNPEE) inte-
grates motor, cognitive, and socio-emotional domains, promoting functional skills, while
Therapy in Aquatic Motor Activities (TAMA) targets motor and sensory engagement. This
multicenter, 18-month study compared TNPEE, TAMA, and their combination, hypothe-
sizing that TNPEE would drive core symptom and adaptive improvements, with TAMA
providing complementary benefits. Methods: Seventy-seven children with Autism Spec-
trum Disorder (31.6% females) were recruited from four Italian centers (Palermo, Perugia,
Sarno, Messina) and allocated to three groups: TAMA only, TNPEE combined with TAMA,
and TNPEE only. Assessments included the Autism Diagnostic Observation Schedule,
Second Edition (ADOS-2), the Childhood Autism Rating Scale, Second Edition (CARS-2),
Vineland Adaptive Behavior Scales, Sensory Processing Measure and HAARS at baseline,
6,12, and 18 months. Results: By 18 months, children receiving TNPEE, alone or combined
with TAMA, exhibited significant reductions in autism severity, significant improvements
in adaptive functioning, and enhanced sensory processing. In contrast, the TAMA-only
group demonstrated improvements in aquatic competence (HAARS) but no statistically
significant changes in ASD severity or adaptive functioning. Conclusions: TNPEE was the
intervention most consistently associated with improvements in ASD severity, adaptive
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functioning, and sensory processing, whereas TAMA alone showed a more limited impact
on broader developmental outcomes.

Keywords: autism spectrum disorder; ASD; neuro psychomotor therapy; TNPEE; aquatic
therapy; multicenter study; longitudinal study; adaptive behavior; rehabilitation outcomes

1. Introduction

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition charac-
terized by impairments in social communication, restricted and repetitive behaviors, and
frequent comorbidities in sensory processing and motor development [1,2]. Functionally,
children with Autism Spectrum Disorder often present with deficits in adaptive functioning,
including difficulties in daily living skills, socialization, and communication [3,4]. Sen-
sory processing atypicalities are also prominent, with heightened or diminished responses
to sensory stimuli [5,6]. Additionally, maladaptive behaviors such as ritualistic actions,
sensory-seeking or sensory-avoidant behaviors, excitability, and anxiety-related behaviors
may interfere with participation in everyday activities [7]. Collectively, these characteristics
delineate a multidimensional profile of functioning in ASD, encompassing social, cognitive,
sensory, and adaptive domains, which serves as a foundation for targeted therapeutic
interventions. There is consensus that intensive, individualized interventions are crucial
to support developmental trajectories and enhance functional outcomes [8,9]. Among the
therapeutic approaches implemented in Italy and across Europe, Neuropsychomotor Ther-
apy of Early Development (NTED or TNPEE from Italian acronym of Terapia della Neuro e
psicomotricita dell’Eta Evolutiva) is widely implemented in clinical practice, with emerging
supportive evidence. TNPEE is a widely implemented developmental-relational rehabilita-
tion approach in Italy and other European contexts, with emerging supportive evidence in
children with Autism Spectrum Disorder, although further controlled studies are needed to
define its efficacy according to formal evidence-based treatment criteria [10,11]. The therapy
emphasizes the child as a global system, in which body, mind, and relational context are
closely interconnected. It utilizes structured and spontaneous play, motor activities, sensory
stimulation, and cognitive exercises to enhance motor coordination, cognitive functioning,
emotional regulation, and social skills. Interventions are individualized and often involve
caregivers to ensure generalization of acquired skills to everyday contexts [12]. By psy-
chophysical development, we refer to the integrated maturation of sensorimotor, cognitive,
emotional, and relational functioning [13,14]. At the same time, particularly in the Italian
context, Therapy in Aquatic Motor Activities (TAMA) has attracted clinical interest due
to the natural motivation provided by water, which may promote motor coordination,
sensory regulation, and engagement in structured activities [15-19]. However, although
aquatic environments can provide unique opportunities and facilitators for engagement
and participation, the clinical efficacy of TAMA interventions as a stand-alone treatment
for children with Autism Spectrum Disorder has not yet been conclusively established.
Current evidence is limited, and while preliminary studies suggest potential benefits in
motor, social, and adaptive domains, further rigorous, controlled trials are necessary to
determine the extent to which TAMA can produce consistent and clinically meaningful
outcomes when applied independently.

This study was designed to explore the differential contributions of Neuropsychomotor
Therapy of Early Development and Therapy in Aquatic Motor Activities intervention in
children with Autism Spectrum Disorder. In this multicenter, 18-month rehabilitation
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cohort study, we compared outcomes across three therapeutic groups: TAMA only, TNPEE
combined with TAMA, and TNPEE alone.

Our primary hypotheses are as follows: (a) TNPEE acts as the main therapeutic driver,
producing significant improvements in core ASD symptomatology, including social affect,
restricted and repetitive behaviors, and overall autism severity; (b) TNPEE is expected to
enhance adaptive functioning, improve socio-emotional and relational skills, and reduce
maladaptive behaviors; and (c) TAMA alone, while potentially beneficial for motor and sen-
sory engagement, will not result in substantial changes in core ASD features. Furthermore,
(c1) the combination of TNPEE with TAMA may provide additional benefits, particularly
in adaptive functioning and sensory integration, beyond those achieved by TNPEE alone.
Longitudinal tracking of ASD severity levels (Levels 1-3) is anticipated to capture these
therapeutic effects over time.

2. Materials and Methods
2.1. Ethical Statement

Ethical approval was granted by the Institutional Review Board of the University of
Campania “Luigi Vanvitelli,” acting as the leading and coordinating center responsible
for the overall study governance, as well as for centralized data collection and analysis
(protocol no. 217, 4 August 2020). Written informed consent was obtained from the parents
or legal guardians of all participants prior to study inclusion.

2.2. Study Design

This study is designed as a multicenter, 18-month longitudinal cohort aimed at eval-
uating the differential effects of three therapeutic interventions in children with Autism
Spectrum Disorder. Participants were not randomly assigned to treatment conditions.
Group allocation reflected the rehabilitation program available or already implemented
within the participating centers according to routine clinical practice. Following the base-
line assessment, all participants underwent their assigned treatment three times per week
for a total duration of 18 months. Standardized assessments were conducted at baseline
(T0), 6 months (T1), 12 months (T2), and 18 months (T3) by blinded clinicians to allow longi-
tudinal evaluation of core ASD symptomatology, adaptive functioning, and sensory—motor
outcomes across the three therapeutic conditions.

2.3. Participants

The sample was recruited from four clinics, located respectively in Naples, Palermo,
Perugia, and Sarno. Inclusion criteria are: (a) diagnosis of Autism Spectrum Disorder;
(b) age from 2 to 10 years old. The exclusion criteria were as follows: (a) significant sen-
sory impairment was defined as severe visual or hearing impairment likely to interfere
with standardized assessment or participation in therapy; (b) significant motor impair-
ment referred to neurological or orthopedic conditions substantially limiting independent
participation in psychomotor or aquatic sessions; (c) chronic serious health conditions
included uncontrolled epilepsy, major cardiopulmonary disease, severe gastrointestinal
disorders requiring frequent medical management, cerebral palsy, and other neurological
or systemic diseases judged by the clinical team to interfere with participation or outcome
interpretation; (d) use of psychoactive medications. Seventy-seven children with Autism
Spectrum Disorder (ASD) (31.2% female; age range 4-10 years, mean age = 8 years) were
consecutively enrolled. All participants underwent a comprehensive diagnostic assessment
conducted by experienced clinical psychologists. The diagnosis of ASD was confirmed
through the administration of the Autism Diagnostic Observation Schedule, Second Edition
(ADOS-2) and the Childhood Autism Rating Scale, Second Edition (CARS-2), in accor-
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dance with DSM-5 criteria. Group characteristics were as follows: Grl had a mean age of
7.62 years (median 7.10; SD = 2.03) and mean ASD level of 2.15 (SD = 0.613); Gr2 had a
mean age of 8.22 years (median 7.80; SD = 2.04) and mean ASD level of 2.32 (SD = 0.748);
Gr3 had a mean age of 8.23 years (median 8.80; SD = 2.29) and mean ASD level of 2.15
(SD = 0.732). Baseline demographic and clinical characteristics were comparable across
groups, ensuring the suitability of the cohort for subsequent longitudinal comparisons. For
characteristics of the sample, see Table 1.

Table 1. Main outcomes at baseline (T0) and 18 months (T3) across treatment groups, with statistical results.

Outcome TMA TMA TMA + TMA + TNPEE TNPEE Value 2
Only TO Only T3 TNPEETO  TNPEE T3 Only TO onlyts *

ADOS-2 Total 1748 +£257 15984257 1710+191 1210+191 17.75+1.66 1315+166  <0.001  1.000
CARS-2 Total 4136 +4.06 3836+406 4384+366 3284+£366 4380+£3.60 33.80+3.60 <0.001  1.000
VABS Communication ~ 47.32+7.74  50.63+7.94 5073+7.16  6348+737 4715+6.63 5750 +649 <0001 0523
VABS Daily Living 5245+587 5595+ 646 51.71+£595  65.65+608 5226+839 62514940  <0.001 0560
VABS Socialization 50234793  5279+807 49.13+527  6260+499 5068 +494 6148+584 <0001 0598
VABS Motor 60.68 +4.86  6384+513  60.04+490 7273+487 60.14+424 7026+494 <0001 0492
VABS Composite 5267 +3.68 5580 +£3.64 5290+266  66.11+294 5256+336 6294+362  <0.001  0.827
SPM Total 7300+ 615 6850+ 615 73.68+625 63.68+625 7315+678 6465+678  <0.001  1.000
ASDBI Ritualistic 8544099  750+093  853+136  503+138  858+110 570+1.18 <0001  0.755
ASDBI Sensory 835+1.02 7314100  813+120  465+115 826+118  537+120 <0001 0773
ASDBI 780+124  682+138  742+146  389+159  724+158  429+147 <0001  0.781
Affective responses
ASDBI Excitability 784+127 6824133 8204103 4754112 7974117  490+119 <0001  0.774
ASDBI . 259+133 3324140 3144105 596+111  279+080  500+£087 <0001  0.698
Relational /Social
ASDBI

: . 356+1.13 4294129  314+103  587+109  329+110 558+1.13 <0001  0.633
Anxiety /Mentalizing
HAARS Rotations 1645+7.80 8333+1150 1377 +886  92.86+801 — — <0.001  0.198
HAARS Balance 2724922  8885+648 25724991  97.11+541 — — 0.003 0.090
HAARS Independent 1417 1 795 8263 £1115 13624866 92634894 — — <0001 0.157
movement

Legend: Data are presented as mean + standard deviation. Statistical significance refers to group x time
interaction effects. Effect sizes are reported as partial eta squared (n?). TMA = Test Multidimensionale dell’ Autostima
(Multidimensional Self-Esteem Test); TNPEE = Neuro and Psychomotor Therapy in Developmental Age (Terapia della
Neuro e Psicomotricita dell’Eta Evolutiva); ADOS-2 = Autism Diagnostic Observation Schedule, Second Edition;
CARS-2 = Childhood Autism Rating Scale, Second Edition; VABS = Vineland Adaptive Behavior Scales; SPM = Sensory
Processing Measure; ASDBI = Autism Spectrum Disorders Behavior Inventory; HAARS = Home and Activities Assessment
Rating Scale.

2.4. Outcome Measures

The primary outcomes of this study focused on the reduction in core autism symptom
severity and the increase in adaptive skills. Core autism symptom severity reflects the
overall intensity and pervasiveness of symptoms characteristic of ASD, encompassing
impairments in social affect, communication, and the presence of restricted and repetitive
behaviors. It represents the central features of ASD that affect daily functioning, social
interactions, and learning, and was evaluated to capture both the breadth and depth of
symptom expression. Adaptive functioning refers to a child’s practical, everyday skills
across key domains (including communication, socialization, motor abilities, and daily
living skills) which are critical for independent functioning and successful engagement in
social and educational contexts. They are assessed respectively with Autism Diagnostic
Observation Schedule, Second Edition (ADOS-2) and Vineland Adaptive Behavior Scales
IT (VABS II).
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As secondary outcomes, sensory processing abilities were assessed to characterize how
children detect, interpret, and respond to sensory stimuli in their environment, capturing
their capacity for sensory modulation, integration, and regulation in both home and school
contexts. Sensory Processing Measure is used to assess this capacity. Socio-emotional
and behavioral outcomes encompass a range of affective and behavioral traits, including
ritualistic behaviors, sensory-related responses, excitability, affective reactions, relational
and social skills, anxiety /mentalizing, and other maladaptive behaviors. We evaluate these
dimensions through Autism Spectrum Disorder Behavior Inventory.

2.5. Materials and Assessment Protocol

A comprehensive battery of standardized instruments was administered to assess core
autism symptomatology, adaptive functioning, sensory processing, and socio-emotional
behavior. The selected measures allowed for a multidimensional evaluation of participants’
functioning and the monitoring of therapeutic effects over time. The assessment protocol
included the following instruments:

e  Autism Diagnostic Observation Schedule, 2nd edition—ADOS-2 [20]: A semi-structured,
standardized observational assessment measuring autism symptoms in social relatedness,
communication, play, and restricted or repetitive behaviors. Standardized severity scores
can be derived from these domains to compare symptom levels across modules.

e Vineland Adaptive Behavior Scales 2nd edition—VABS II [21]: A parent interview as-
sessing socialization, communication, motor skills, and daily living abilities. The VABS
provides age-equivalent and standardized scores across multiple subscales, including
expressive and receptive language, social competence, and adaptive behavior.

e  Childhood Autism Rating Scale, Second Edition CARS-2 [22]: A standardized rating
scale used to classify the severity of autism based on direct observation and caregiver
information, yielding a total score reflecting overall symptom intensity.

e  Sensory Processing Measure—SPM [23]: A parent-report instrument designed to
evaluate sensory modulation, integration, and behavioral responses in home and
school contexts, providing standardized scores for multiple sensory domains.

e Autism Spectrum Disorder Behavior Inventory—ASDBI [24]: The ASDBI was se-
lected because it captures multiple behavioral and socio-emotional domains relevant
to treatment monitoring in ASD, including ritualistic behaviors, sensory responses,
excitability, affective regulation, and social functioning. Its multidomain structure
makes it suitable for detecting broad behavioral changes over time in rehabilitation
settings. We acknowledge, however, that this instrument was not designed as a formal
measure of clinically meaningful change and that interpretation of repeated-measures
change should therefore remain cautious.

e HAARS—Humphries’ Assessment of Aquatic Readiness [25]: The HAARS is a 17-item
observational scale designed to assess children’s aquatic readiness through three
skill domains: water orientation, basic motor abilities, and essential water-safety
behaviors. It provides a quick, structured evaluation of a child’s preparedness for
early swimming instruction.

2.6. Interventions Description

Three distinct therapeutic conditions were implemented in this study, corresponding
to the three experimental groups: Neuropsychomotor Therapy of early development (Gr1),
Integrated Neuropsychomotor Therapy of early development and Aquatic Therapy (Gr2),
and Aquatic Therapy-only (Gr3). All interventions were delivered by trained and certified
professionals and followed standardized procedures in terms of frequency, duration, and
therapeutic goals.
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Neuropsychomotor Therapy (Grl). Children assigned to Grl received Neuropsy-
chomotor Therapy of Early Development (TNPEE), a rehabilitation approach aimed at
supporting the development of motor, cognitive, relational, and emotional competencies
through structured sensorimotor and play-based activities. TNPEE focuses on enhancing
postural control, motor planning, perceptual-motor integration, social interaction, and
adaptive behavioral regulation. Therapy sessions were conducted three times per week,
each lasting 50 min, within the rehabilitative clinical setting. Interventions were delivered
individually by certified neuropsychomotor therapists (TNPEE practitioners), who hold a
three-year Italian bachelor’s degree in Rehabilitation Sciences (“Terapista della Neuro e Psi-
comotricita dell’Eta Evolutiva”). These professionals are specifically trained to work with
children with neurodevelopmental disorders, including ASD, integrating motor, cognitive,
affective, and relational components within a developmental framework.

Integrated Neuropsychomotor and Aquatic Therapy (Gr2). Children in Gr2 received a
combined intervention consisting of two weekly sessions of neuropsychomotor therapy
and one weekly session of aquatic therapy, each lasting 50 min. Neuropsychomotor ses-
sions were conducted at the psychomotor therapy center by licensed TNPEE practitioners,
who implemented individualized therapeutic programs targeting sensorimotor integration,
emotional regulation, body scheme awareness, communicative intent, and social reciprocity
as in Grl. Aquatic therapy sessions were conducted in an external pool facility specifically
equipped for therapeutic aquatic interventions. The water-based component was delivered
by therapists trained in specialized aquatic therapy protocols. This intervention focused on
improving motor coordination, balance, proprioception, postural control, sensory modu-
lation, and emotional engagement through warm-water immersion, fluid resistance, and
structured aquatic activities.

Aquatic Therapy (Gr3). Children in Gr3 participated exclusively in Aquatic Therapy
(TAMA), conducted in an external therapeutic pool setting. Sessions were delivered three
times per week, each lasting 50 min, by specialized aquatic therapy practitioners certified
in recognized rehabilitation methods. Aquatic therapy targeted motor coordination, core
stability, balance, sensory regulation, and emotional-relational engagement through guided
water-based activities. The buoyancy and multisensory stimulation provided by water were
used to facilitate movement, reduce postural demands, and promote adaptive behavior
and engagement.

3. Results
3.1. Statistical Analysis

All analyses were conducted using SPSS 29.0 (IBM Corp., Armonk, NY, USA). Descrip-
tive statistics were computed for demographic and baseline clinical variables. Normality of
distributions was verified using the Shapiro-Wilk test.

Between-group comparisons at baseline (T0) were performed using one-way ANOVA
for continuous measures (ADOS-2, CARS-2, VABS, SPM, ASDBI subscales, HAARS) and
chi-square tests for categorical variables (sex, ASD severity levels, study center).

Longitudinal changes across the four time points (T0, T1, T2, T3) were analyzed with
repeated-measures ANOVA, with time as a within-subject factor and treatment group as a
between-subject factor. Greenhouse—Geisser corrections were applied when sphericity was
violated. Post hoc pairwise comparisons were Bonferroni-adjusted.

For categorical severity levels (ASD Levels 1-3), transitions across timepoints were
described using contingency tables and analyzed with McNemar’s test for paired compar-
isons (TO vs. T3). Effect sizes were calculated using partial eta-squared (n?) for ANOVA
and Cramer’s V for chi-square tests. A significance threshold of p < 0.05 (two-tailed)
was adopted.
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Post hoc pairwise comparisons were performed where appropriate and are reported
in Table 1.

3.2. Participant Characteristics

Seventy-seven children with Autism Spectrum Disorder (69.4% males; mean age
7.1 & 2.4 years) were recruited from four centers: Naples (n = 29), Palermo (n = 22), Perugia
(n =17), and Sarno (n = 9). No statistically significant differences were observed across
centers in age, sex distribution, baseline ADOS-2, CARS-2, VABS-1I, SPM, or baseline
severity distribution (all p > 0.05).

3.3. Longitudinal Outcomes

Core Autism Symptoms. At baseline, mean ADOS-2 total scores were comparable
across groups (Gr3: 17.3 = 3.1; Gr2: 17.1 £ 3.4; Grl: 16.9 &£ 3.5). ADOS-2 total scores
showed a significant group x time interaction (p < 0.001; see Table 1 for full statistics). A
progressive reduction over time was observed in Grl and Gr2, whereas minimal change
was noted in Gr3. CARS-2 scores showed a significant reduction over time in the TNPEE
groups, while only minimal variation was observed in the TAMA-only group.

Adaptive Functioning. Adaptive functioning improved significantly in the TNPEE-
only and combined TNPEE + TAMA groups across all VABS domains (all p < 0.001; Table 1),
while only marginal changes were observed in the TAMA-only group.

Sensory Processing. Changes in sensory processing were captured using the Sensory
Processing Measure (SPM). Total scores decreased over time—reflecting improved sensory
integration—in Grl (72.3 £ 6.5 — 64.1 + 6.2) and Gr2 (719 £ 6.7 — 63.4 + 6.0). No
significant changes were observed in Gr3 (72.0 & 6.4 — 70.5 &£ 6.2), highlighting the specific
contribution of neuropsychomotor therapy to sensory regulation.

The longitudinal trajectories of CARS-2 scores across timepoints are illustrated in Figure 1.

CARS-2 Total Scores Over Time

—e— TMA only
ot TMA + TNPEE
40+ N ‘ —e— TNPEE only
38
=)
©
]
= 36
i
=
o~
B 341
o
<
O
32}
30
TO T1 T2 T3

Timepoint

Figure 1. CARS-2 total scores trajectories across timepoints (TO-T3) for the three treatment groups.
Only groups receiving TNPEE (alone or in combination with TAMA) show a statistically significant
reduction over time, while TAMA alone does not produce substantial improvement.

Behavioral Domains. Behavioral and socio-emotional outcomes were assessed using
the Autism Spectrum Disorder Behavior Inventory (ASDBI). At T3, children in Gr1 and Gr2
exhibited significant reductions in ritualistic behaviors (RIT), sensory responses (SENS),
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excitability (ECCIT), and affective responses (ARECS/C) (p < 0.01). In parallel, relational
and social skills (RELSOC) and anxiety/mentalizing regulation (AMLR) improved in these
groups (p < 0.01). These results suggest that neuropsychomotor therapy, with or without
aquatic integration, promotes socio-emotional and behavioral development beyond motor
engagement alone.

Aquatic Skills. Both aquatic therapy groups (Gr2 and Gr3) showed significant im-
provements across all HAARS domains (p < 0.001).

ASD Severity Levels. Baseline severity levels were distributed as follows: Level 3 = 38%,
Level 2 = 44%, Level 1 = 18%, with no differences among groups. By T3, children in Grl and
Gr2 demonstrated meaningful shifts toward lower severity levels: all initial Level 3 partici-
pants moved to Level 2, and all Level 2 participants moved to Level 1. In contrast, severity
levels in Gr3 remained largely unchanged. McNemar'’s test confirmed significant transitions
for Grl (p < 0.001) and Gr2 (p < 0.001), but not for Gr3 (p = 0.27).

Changes in ASD severity level distribution from TO to T3 are depicted in Figure 2.

ASD Severity Levels at TO and T3

100} HE level 3TO
B level 2TO
 level 170
B level 3T3
B level 2 T3
80+ N level 1 T3
0w
)
5
8 60 |
S
£
©
o
—
o
X 40t
20
0

TMA only TMA + TNPEE TNPEE only

Figure 2. Distribution of ASD severity levels (Levels 1-3) at baseline (T0) and after 18 months (T3)
across treatment groups. Shifts towards lower severity levels are evident only in the TNPEE and
TMA + TNPEE groups.

All statistical results are fully reported in Table 1.

4. Discussion

The present study examined the longitudinal effects of neuropsychomotor therapy
of early development, an integrated program combining neuropsychomotor and aquatic
therapy, and aquatic therapy alone on core autism symptoms, adaptive functioning, sensory
processing, behavioral domains, and clinical severity in children with Autism Spectrum
Disorder. Over 18 months, both the TNPEE-only group and the combined TNPEE + TAMA
group showed significant gains in autism severity reduction, adaptive functioning, and
behavioral regulation. In contrast, the TAMA-only group did not experience meaningful
changes in core ASD symptoms, despite improved aquatic motor skills.
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These findings align with previous work demonstrating the benefits of neuro-
psychomotor approaches in ASD. For instance, Caliendo et al. (2021) reported significant
improvement in autism-related behaviors, including excitability, resistance to change, social
relations, and learning/memory, after six months of neuro psychomotor therapy, as mea-
sured by the ASDBI scale (p < 0.0001) [26]. Furthermore, both Gr1 and Gr2 demonstrated
significant reductions in ADOS-2 and CARS-2 scores over time, indicating meaningful
improvements in core autism symptomatology such as communication, social interaction,
and behavioral rigidity. In contrast, children receiving only aquatic therapy showed mini-
mal or no reductions across these measures. This pattern suggests that neuropsychomotor
therapy may play a relevant role within a multidimensional rehabilitation framework in
targeting foundational deficits associated with Autism Spectrum Disorder. As reported
in the literature, it may support not only postural and motor abilities in participants with
Autism Spectrum Disorder but also social-affective development [27-29].

The comparable magnitude of improvement in Grl and Gr2 further indicates that
while aquatic therapy may provide complementary benefits such as on aquatic motor skills
and motor coordination [18,30], it does not replace the structured, developmental frame-
work inherent to neuropsychomotor intervention. Significant improvements in adaptive
functioning (VABS-II) were observed exclusively in Grl and Gr2. These gains support
the role of neuro-psychomotor intervention on communication, socialization, daily living
skills, and motor skills, reflecting enhanced autonomy and functional competence in ev-
eryday contexts. The limited progression in Gr3 may suggest a specific contribution of
neuropsychomotor therapy in promoting the acquisition and generalization of adaptive
behaviors, likely due to its emphasis on embodied interaction, environmental exploration,
and co-regulated engagement. Across sensory, behavioral, motor, and global develop-
mental outcomes, children in Grl and Gr2 consistently demonstrated the most substantial
gains, whereas Gr3 showed limited or domain-specific improvements. Sensory processing
improved only in Grl and Gr2, reflecting the effectiveness of neuropsychomotor therapy
in providing structured multisensory experiences that enhance regulation and perceptual
organization. Similarly, significant reductions in ritualistic behaviors, sensory reactiv-
ity, excitability, and affective dysregulation, alongside gains in relational and regulatory
abilities, emerged exclusively in Grl and Gr2, highlighting the role of neuropsychomo-
tor principles in promoting self-regulation [31-33]. While both aquatic-exposed groups
(Gr2 and Gr3) improved in aquatic skills, only Gr2 generalized these benefits to broader
developmental domains, indicating that aquatic therapy is most effective when embed-
ded within a neuropsychomotor framework. Together, these findings underscore that
neuropsychomotor-based interventions, alone or integrated with aquatic therapy, pro-
duce the most robust and generalized developmental progress in children with Autism
Spectrum Disorder.

In terms of aquatic interventions, systematic reviews suggest moderate evidence
that aquatic therapies can improve motor and social skills and reduce autistic behaviors,
although results are heterogeneous [34]. Shariat et al. specifically found that aquatic
therapy significantly improves domains such as mental adjustment, rotations, balance,
and independent movement when compared to land-based exercises [18]. These findings
support our observation: TAMA enhances aquatic competence but does not by itself
translate to clinical improvement unless paired with a neuro-psychomotor framework.

Taken together, the data suggest that aquatic activities may serve as facilitators for
engagement and motor readiness, yet only TNPEE, grounded in relational and develop-
mental principles, may contribute to broader developmental improvements across domains
in ASD. The consistent shifts in severity levels over 18 months in groups receiving TNPEE
highlight its modulatory capacity, a pattern not observed in the TAMA-only group.
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These findings suggest that neuropsychomotor therapy may represent a promising
component within a multidimensional rehabilitation framework.

These findings should be interpreted within the exploratory nature of the study and
the absence of randomized allocation; therefore, conclusions regarding causal superiority
of interventions remain preliminary.

Limitations and Future Directions. This study presents several limitations that
should be acknowledged. First, the observational and non-randomised design restricts
the ability to draw causal conclusions regarding the effects of the interventions, and the
relatively small sample size within each treatment group further limits statistical power.
Nonetheless, the consistency of outcomes across multiple independent centers (Palermo,
Perugia, Sarno, Messina) strengthens the external validity of the findings. Additional
limitations include the absence of a follow-up assessment, which prevents evaluation of
the long-term maintenance of therapeutic gains, and the lack of systematic monitoring of
dropout rates, which limits insight into treatment adherence and feasibility.

A further important limitation is the absence of a placebo, wait-list, or usual-care con-
trol group. Given the developmental age of the participants and the 18-month observation
period, part of the observed improvements may reflect natural maturation rather than
treatment-specific effects. Therefore, the findings should not be interpreted as demonstrat-
ing causal superiority of one intervention over another.

Effect sizes for some outcomes were large and should be interpreted cautiously given
the sample size and observational design.

Future research should incorporate randomized controlled designs with larger samples
to confirm these preliminary results and clarify causal relationships. Longitudinal follow-up
assessments are essential to determine whether improvements in core symptoms, adaptive
functioning, and sensory-behavioral domains persist over time. Moreover, studies should
examine moderators such as age, baseline severity, cognitive profile, and co-occurring
conditions to identify which children benefit most from each intervention.

5. Conclusions

In this 18-month multicenter longitudinal study, children receiving TNPEE, alone or
in combination with TAMA, showed broader improvements in ASD severity, adaptive
functioning, and sensory processing compared to children receiving TAMA alone.

Aquatic therapy may enhance engagement and aquatic competence, but in the present
cohort it was not associated with comparable improvements in core ASD outcomes when
delivered as a stand-alone intervention.

Given the non-randomized design and the absence of a control condition, these findings
should be interpreted with caution and require confirmation in future controlled studies.

These results may also be interpreted within a broader neurodevelopmental frame-
work, in which individual variability and biological heterogeneity influence treatment
response and functional outcomes across developmental conditions [35].
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