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Abstract

Introduction: A high prevalence of motor deficits has been documented in individuals
with Autism Spectrum Disorder (ASD); these deficits negatively impact participation
and functional performance. Conventional interventions, which are often fragmented,
may limit skill acquisition and generalization. The Global Integration Method (MIG) pro-
poses an integrative approach that combines motor training, proprioceptive stimulation,
and cognitive-behavioral strategies mediated through narrative. This study evaluated
its effectiveness compared with conventional treatments. Methods: This study was de-
signed as a three-arm randomized controlled clinical trial with assessor blinding, including
66 children with ASD aged 612 years. Participants were allocated to MIG, conventional
physiotherapy, or conventional psychology groups. Interventions were delivered over five
weeks. Assessments were performed at baseline, post-intervention, and at a three-month
follow-up. Primary outcomes included motor skills (TGMD-2) and functional perfor-
mance (COPM). Secondary outcomes included balance (PBS) and socio-communicative
skills (PROC, ABFW). Analyses followed the intention-to-treat principle using repeated-
measures ANOVA. Results: The MIG group showed significant improvement compared
with control groups in the primary outcomes, with a significant group x time interaction for
fundamental motor skills and functional performance (p < 0.05), maintained at follow-up.
Improvements were also observed in balance and socio-communicative skills (p < 0.05).
No significant differences were found for adaptive behavior or self-reported motor coor-
dination. Adherence was high, and adverse events were mild. Conclusions: MIG was
associated with greater improvements in motor and functional outcomes compared with
conventional interventions. However, these findings should be interpreted as preliminary
evidence of an intensive, multicomponent intervention package, in which treatment dose
and combined therapeutic components may jointly contribute to the observed effects.
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1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized
by ongoing difficulties in social communication accompanied by restricted and repetitive
behaviors [1]. Although established diagnostic criteria have historically centered on so-
ciocommunicative domains, contemporary evidence indicates that motor skill deficits are
highly prevalent in ASD, affecting between 80% and 90% of individuals on the spectrum [2].
Motor difficulties, which range from impairments in postural control to limitations in object
coordination, are not isolated comorbidities but are directly related to the individual’s
ability to explore the environment and engage in social participation. Consequently, these
limitations directly influence the development of more complex cognitive and functional
skills [3,4].

Despite the clinical relevance of the motor component, the conventional care model
for ASD remains strongly centered on psychobehavioral interventions, such as Applied
Behavior Analysis (ABA) and classical neurofunctional physiotherapy [5]. Although effec-
tive within their respective domains, these approaches often operate in isolation, which
may limit the generalization of learned skills to daily life contexts. Furthermore, conven-
tional motor therapies frequently lack a narrative or play-based structure that promotes
engagement and emotional regulation, elements that are crucial for treatment adherence in
children and adolescents with ASD.

Given the limitations observed in traditional approaches, there is a growing need
for interventions that systematically integrate motor training with proprioceptive stimuli
and cognitive-behavioral strategies. In this context, the Global Integration Method (MIG)
proposes an interdisciplinary program that combines the use of compressive therapeutic
garments (MIG Flex) with motor activities organized through a narrative-based framework,
aiming to optimize postural support, motor organization, and child engagement [6-9].
This proposal is based on the hypothesis that proprioceptive stimulation associated with
contextualized tasks may promote not only gains in motor capacity, understood as the
potential for performance in a structured environment, but also improvements in functional
performance in daily life, facilitating the transfer and generalization of skills, in addition to
possible indirect effects on balance and social communication [7].

This approach is grounded in contemporary theoretical models, such as predictive cod-
ing theory, which postulates that the brain operates through the continuous generation and
updating of predictions based on sensory information [10,11]. In addition, it is supported
by the perspective of embodied cognition, which understands cognitive and sociocom-
municative processes as intrinsically dependent on bodily and motor experiences [12]. In
ASD, evidence indicates impairments in sensory integration and in the construction of
stable predictive models, compromising behavioral organization and adaptation to the
environment. Consequently, greater variability in motor responses and difficulties in action
anticipation are frequently observed. Therefore, interventions that promote consistency of
bodily signals, postural stability, and predictability of actions may contribute to reducing
prediction errors and improving neurofunctional organization [6]. In this sense, the use of
resources such as the MIG Flex garment, by promoting body alignment and continuous
proprioceptive feedback, may act as a facilitator of these processes [5].

From an operational perspective, MIG differs by structuring the intervention within
highly organized environments, such as the “City of Tomorrow,” which simulate real-life
daily contexts and promote situated learning as well as the immediate generalization
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of skills [6]. In addition, it systematically incorporates cognitive-behavioral strategies
and elements of narrative grammar, providing predictability, coherence, and support for
information processing, aspects that are particularly relevant for children with ASD [12].
The importance of narrative grammar for the organization of thought, action, and learning
is highlighted in the MIG protocol study [9]. Furthermore, family-centered therapeutic
planning guided by individualized functional goals reinforces the clinical applicability of
the method, aligning therapeutic objectives with the real-life demands of participation and
performance in everyday activities [13].

Although MIG presents a consistent theoretical foundation and preliminary evidence
of functional, communicative, and motor improvement in children and adolescents with
ASD [5,7,8], particularly in outcomes sensitive to change and in parental perceptions, these
findings are still incipient. Important gaps remain in the literature regarding the existence of
randomized clinical trials that rigorously evaluate its effectiveness in comparison with con-
ventional standard interventions, such as motor physiotherapy and cognitive-behavioral
psychological approaches. In this context, the production of robust evidence is essential
to support clinical decision-making, optimize the allocation of therapeutic time, expand
the achievement of functional goals, and strengthen family-centered practices. Therefore,
conducting experimental studies investigating the effects of MIG in direct comparison with
conventional treatments is justified. Because treatment intensity may influence rehabili-
tation outcomes independently of intervention content, the present study evaluates MIG
as an integrated intervention package rather than attempting to isolate the effects of its
individual components.

This randomized clinical trial aims to examine whether the MIG program contributes
to improvements in fundamental motor skills (capacity) and facilitates the accomplishment
of functional goals in children and adolescents with ASD, compared with conventional
interventions, including motor physiotherapy and psychological approaches developed
according to cognitive-behavioral approaches and Applied Behavior Analysis principles.
Secondary analyses will explore the effects of MIG on balance, sociocommunicative func-
tioning, and motor performance.

2. Methodology
2.1. Study Design and Ethics

This was a three-arm randomized controlled clinical trial with assessor blinding whose
protocol had been previously published, including a detailed description of the method-
ological procedures [9]. The study was conducted in outpatient rehabilitation services in
the municipality of Ribeirao das Neves. Participants were randomly allocated into three
groups, with appropriate allocation concealment, and outcome assessors remained blinded
to group assignment. Assessments were performed at three time points: baseline, immedi-
ately following the intervention, and three months after the end of the intervention period.
The trial was reported in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) guidelines. Ethical approval was granted by the Research Ethics Committee
of Faculdade de Ciéncias Médicas de Minas Gerais (approval No. 7.456.658; 28 July 2025).
The study was prospectively registered in the Brazilian Registry of Clinical Trials (ReBEC;
RBR-7r6n8zd) and in the World Health Organization Universal Trial Number system (UTN:
U1111-1326-2272), with registration published on 9 December 2025. Participant recruitment
and data collection started only after completion of the registration process. Written in-
formed consent was provided by the participants’ legal guardians, and assent was obtained
from the children.
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2.2. Participants

A convenience sample was recruited from public institutions, philanthropic organi-
zations, and private physiotherapy clinics according to recruitment feasibility and access
to the target population. Children aged 6 to 12 years with a previous clinical diagnosis of
Autism Spectrum Disorder (ASD) and classified as support levels I or II were considered
eligible. ASD diagnoses had been established by qualified physicians according to the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-
5-TR), and medical reports confirming the diagnosis were reviewed during participant
screening before enrollment. Participants were permitted to continue any usual educational
or healthcare services throughout the study, and no restrictions were imposed regarding
concurrent therapies. However, at the time of enrollment, none was receiving regular
rehabilitation therapies because they were awaiting access to treatment, primarily through
public healthcare waiting lists. Consequently, no concurrent rehabilitation interventions
were provided during the study period. Children presenting cognitive, behavioral, or
clinical comorbidities that could compromise task comprehension or the safe performance
of the interventions were excluded.

2.3. Sample Size

The required sample size was estimated at 66 participants, with 22 allocated to each
group, based on data from a previous study evaluating the effects of the MIG program
in children with ASD [5]. The estimation assumed an effect size of 0.87 obtained from
the Canadian Occupational Performance Measure (COPM)), statistical power of 80%, a
significance threshold of 5%, and an anticipated dropout rate of 20%. Sample size estima-
tion was performed using the G*Power software version 3.1 (Heinrich Heine University
Diisseldorf, Diisseldorf, Germany). The COPM was considered the primary outcome for
sample size calculation.

2.4. Blinding and Randomization

Randomization was performed individually using a computer-generated sequence
prepared by an independent researcher who was not involved in the assessments or inter-
ventions. Allocation concealment was ensured through opaque, sealed, and sequentially
numbered envelopes, which were opened only immediately before the first session. All
baseline assessments were conducted prior to randomization. Outcome assessors remained
blinded to participant allocation throughout the study. Blinding of participants and inter-
vention providers was not feasible owing to the nature of the intervention. Outcome asses-
sors remained blinded throughout all assessment time points. Procedures were adopted to
minimize disclosure of treatment allocation during evaluations. Figure 1 presents the flow
of participants throughout the study.

2.5. Interventions

The comparison groups were selected to represent conventional rehabilitation models
routinely available in clinical practice. Accordingly, each intervention reflected its usual
discipline-specific approach. In contrast, MIG was evaluated as an integrated interdis-
ciplinary rehabilitation program. Therefore, the objective of this trial was to compare
different rehabilitation models as implemented in routine practice rather than to isolate the
contribution of individual therapeutic components.
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(n=1)
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(n=2)
¢ Withdrew (n=2)

Loss to follow-up (3 months)
(n=3)
* Withdrew (n=3)

! v !

Follow-up Analysis (3 months)
Assessment after 3 months

Figure 1. Study Flowchart.

2.5.1. MIG Program

Participants in the MIG group underwent a protocol directed toward the motor com-
ponent of the method, delivered by trained physiotherapists with support from an in-
terdisciplinary team to ensure standardization. The intervention lasted five weeks, with
three weekly sessions of 50 min each. The MIG intervention was delivered three times
per week according to the original program structure and was intended to represent an
intensive rehabilitation model. Accordingly, treatment frequency was considered part of
the intervention package rather than an isolated procedural feature. However, because
intervention intensity is recognized as an important determinant of rehabilitation outcomes,
the observed effects should be interpreted as reflecting the combined influence of treatment
dose and the multiple therapeutic components of MIG (including motor training, proprio-
ceptive stimulation, narrative structure, and cognitive-behavioral strategies). Details of
MIG program and conventional interventions can be found in the published protocol of
the study [9].

During the sessions, the MIG Flex therapeutic garment was used to provide postu-
ral support and proprioceptive stimulation. Activities were organized into four stages
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(movement preparation, core strengthening, motor skills circuit, and contextualized ac-
tivity). Motor activities were structured narratively, using a story in each session that not
only taught but also guided the progression of tasks and movements. The incorporation
of narratives enabled the integration of motor activities with psychoeducational aspects,
particularly regarding emotions.

The protocol addressed multiple physical capacities, with a gradual increase in com-
plexity, accompanied by positive feedback and strategies such as modeling, prompting,
task adaptation, and visual supports. To promote consolidation and generalization of the
acquired skills, home-based activities were suggested. The intervention combined cogni-
tive and behavioral strategies focused on motor organization and the functional transfer
of learning.

2.5.2. Conventional Physiotherapy

Participants allocated to this group underwent conventional neurofunctional phys-
iotherapy, corresponding to the usual motor rehabilitation approach offered in clinical
practice settings. The intervention was administered over a five-week period, compris-
ing two sessions per week lasting 50 min each. A semi-structured session format was
adopted, including a warm-up phase (5 min), motor training activities (20 min), balance ex-
ercises (10 min), ball-related activities (10 min), and a closing phase (5 min), while allowing
therapists to adapt procedures according to individual participant requirements.

This intervention did not involve therapeutic garments, narrative-based elements,
cognitive approaches, or intentionally integrated interdisciplinary strategies. All sessions
took place in standard therapy rooms at Clinica Reabilitar.

2.5.3. Conventional Psychology

Participants in this group received an intervention delivered by psychology profession-
als using cognitive and behavioral approaches and principles of Applied Behavior Analysis
(ABA), corresponding to standard psychological care. The program was implemented over
a five-week period, consisting of two 50 min sessions per week, for a total of 10 sessions.

The protocol emphasized the development of emotional regulation abilities, including
recognition of basic emotions (happiness, sadness, fear, disgust, anger, and anxiety) and
their associated expressions, identification of emotions in oneself and in others, and the use
of strategies to support appropriate emotional expression and regulation.

Sessions were conducted according to a structured therapeutic framework while
allowing clinical adaptation to participants’ individual needs. The intervention did not
include direct motor training or explicit goals related to motor function. Narrative elements
were not adopted as a central therapeutic resource. All sessions took place in standard
treatment rooms at Clinica Reabilitar.

2.6. Outcomes
2.6.1. Primary Outcomes

The Test of Gross Motor Development—Second Edition (TGMD-2) [14] was employed
to evaluate fundamental motor skills. This standardized assessment provides both quantita-
tive and qualitative measures across 12 motor tasks, categorized into locomotor and object
control domains [15]. Performance scores are calculated by converting raw scores into
motor quotients, enabling normative interpretation of results. Evidence of validity and relia-
bility for the Brazilian typically developing population was reported by Valentini et al. [16],
and the instrument has subsequently been applied in research involving children with
ASD [5].

The Canadian Occupational Performance Measure (COPM) [17] was applied to eval-
uate achievement of functional goals. This semi-structured interview enables parents to
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identify, describe, and prioritize therapeutic goals related to the child’s occupational perfor-
mance. Each selected goal is scored on a 10-point scale according to perceived importance,
performance, and satisfaction. The COPM has demonstrated adequate validity, reliability,
and responsiveness to clinical change [17,18].

2.6.2. Secondary Outcomes

Functional balance was assessed using the Pediatric Balance Scale (PBS). The PBS
includes 14 items designed to evaluate tasks of increasing complexity that simulate essential
activities of daily living and involve both static and dynamic balance demands [19]. Items
are scored on a scale from 0 to 4, generating a total score ranging from 0 to 56, with
higher values reflecting superior functional balance performance. The instrument has
demonstrated adequate psychometric properties for the Brazilian population [19].

Functional communicative abilities were evaluated using the ABFW Pragmatics
Test—Child Language Test. Based on systematic observation of spontaneous interactions,
this assessment enables both quantitative and qualitative examination of communicative
acts, communicative modalities, and communicative functions and has shown sensitivity
for assessing pragmatic language performance [20,21].

Communicative and cognitive abilities were assessed using the Behavioral Observation
Protocol (PROC) through a structured interaction based on play activities. This instrument
allows characterization of language development and symbolic play and has proven
particularly useful for identifying patterns of cognitive-communicative functioning in
children with developmental conditions [22,23].

Gross and fine motor abilities were evaluated using the motor domain of the Vineland
Adaptive Behavior Scales (VABS), administered through parent report [24]. The VABS-II
version demonstrates satisfactory psychometric performance, including concurrent validity
of 0.77 in comparison with the Peabody Developmental Motor Scales [25].

The Developmental Coordination Disorder Questionnaire (DCDQ) was employed as a
parent-reported screening measure to identify motor coordination difficulties in everyday
activities. The questionnaire comprises 15 items rated on a 5-point Likert scale and provides
age-specific cut-off values to identify children at risk for developmental coordination
disorder [26]. Evidence supports its validity and reliability, and the instrument has been
culturally adapted and validated for use in Brazil.

2.7. Procedures

Outcome assessments were performed by four independent evaluators who remained
blinded to group allocation (a physiotherapist, a psychologist, a speech-language patholo-
gist, and an occupational therapist), according to the professional expertise required for
each assessment instrument. The physiotherapist administered the PBS and TGMD-2; the
occupational therapist conducted the COPM and DCDQ through parent interviews; the psy-
chologist administered the VABS, also based on parent interviews; and the speech-language
pathologist conducted the PROC and ABFW assessments. Evaluations were scheduled at
three predefined time points: baseline, immediately following the intervention period, and
three months after intervention completion. Baseline measurements were obtained before
random allocation.

2.8. Data Analysis

Statistical analyses were performed using IBM SPSS Statistics Version 26 (IBM SPSS
Statistics, NY, USA). Initially, descriptive analyses were conducted to characterize the
sample in terms of demographic and clinical variables. Data normality was assessed using
the Shapiro-Wilk test. Baseline group comparisons were performed using one-way analysis
of variance (ANOVA) or the Kruskal-Wallis test, depending on data distribution.
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To evaluate intervention effects over time, repeated-measures analysis of variance
(ANOVA) was performed considering group (MIG, conventional physiotherapy, and con-
ventional psychology) as the between-subject factor and time (baseline, post-intervention,
and follow-up) as the within-subject factor. Interaction effects between group and time
were examined to identify differential changes across interventions.

When significant main effects or interactions were identified, post hoc pairwise com-
parisons with Bonferroni correction were performed. Effect sizes were expressed as partial
eta squared (n%p). For relevant between-group comparisons, mean differences and corre-
sponding 95% confidence intervals (95% CI) were reported to improve interpretation of
treatment effects.

Sphericity assumptions were assessed using Mauchly’s test, and Greenhouse-Geisser
correction was applied when assumptions were violated.

Missing follow-up data were handled according to the intention-to-treat principle
using the Last Observation Carried Forward (LOCF) method, whereby the last available
observation was carried forward to subsequent missing time points. The effectiveness of
assessor blinding was evaluated descriptively at study completion. Statistical significance
was set at p < 0.05 (two-tailed).

2.9. Ethical Aspects

Ethical approval was granted by the Research Ethics Committee of the Facul-
dade de Ciéncias Médicas de Minas Gerais (approval No. 7.456.658). The study was
prospectively registered in the Brazilian Clinical Trials Registry (RBR-7r6n8zd; identifier
U1111-1326-2272).

Written informed consent was provided by parents or legal guardians, and assent was
obtained from participants whenever appropriate according to their developmental stage
before initiation of any study-related procedures. All study procedures complied with na-
tional and international ethical guidelines governing research involving human participants.
Adverse events were systematically monitored and documented throughout the interven-
tion period, and participants received appropriate clinical referral whenever indicated.

3. Results

A total of 68 participants were initially recruited for the study. Of these, there was a
pre-intervention attrition: two participants were excluded at the request of their guardians
(one due to personal reasons and the other due to scheduling incompatibility), resulting in a
final sample of 66 children who completed the experimental protocol. After randomization,
no further losses were recorded during the intervention period in any group. However,
at follow-up, six participants (9.06%) were lost to follow-up: one from the MIG group,
two from the conventional physiotherapy group, and three from the conventional psychol-
ogy group. Missing data were handled using the LOCF method, ensuring inclusion of all
randomized participants in the analyses according to the intention-to-treat principle.

The groups were homogeneous regarding age (MIG: 8.05 % 1.79; conventional physio-
therapy: 7.86 &+ 1.36; conventional psychology: 8.64 &+ 2.46; ANOVA: F = 0.972; p = 0.384).
Sex distribution was similar across groups (male: MIG 18, physiotherapy 17, psychology 17),
with no significant association between sex and treatment group (x> = 0.181; p = 0.913). The
groups were also homogeneous regarding level of support (Level 1: MIG 11, physiother-
apy 13, psychology 9; Level 2: MIG 9, physiotherapy 7, psychology 13), with no significant
association between support level and treatment group (x> = 2.481; p = 0.289). Baseline
demographic and clinical characteristics demonstrated satisfactory comparability across
the three intervention groups. All participants had a previous medical diagnosis of Autism
Spectrum Disorder established according to the DSM-5-TR diagnostic criteria. Baseline
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cognitive functioning, language performance, motor performance, balance, adaptive behav-
ior, communication, and occupational performance were assessed using the standardized
outcome measures employed in this study. No statistically significant between-group dif-
ferences were observed for any baseline outcome measure, indicating that randomization
successfully produced comparable groups prior to the intervention. Medication use was
also similarly distributed across the groups (MIG: 86.4%, Motor Physiotherapy: 86.4%,
Psychology: 63.6%), with no statistically significant between-group differences (Pearson’s
x% =4.533, p = 0.104; Fisher—Freeman-Halton exact test, p = 0.135), further supporting the
baseline homogeneity of the sample.

Participants in the MIG group demonstrated high adherence, with 86.67% attendance
across the 15 planned sessions. Three participants reported mild adverse events, char-
acterized by transient discomfort associated with initial use of the MIG Flex garment.
This discomfort decreased progressively during the first session and did not reoccur in
subsequent sessions.

In the conventional physiotherapy group, attendance was 86.67%, while in the conven-
tional psychology group it was 93.33%. Throughout the intervention period, no adverse
events were documented in these groups.

3.1. Primary Outcomes

Table 1 presents the comparison of outcomes across groups, explicitly distinguishing
main effects, interaction effects, and within-group post hoc changes over time. For the
TGMD-2 Total score, a significant main effect of time was observed (F(2, 108) = 12.774,
p < 0.001;n%p = 0.191), together with a significant group x time interaction (F(4, 108) = 3.472,
p = 0.012; n%p = 0.114), indicating that the magnitude of change over time differed between
groups. Post hoc analyses of within-group trajectories showed significant improvements
in the MIG group from TO to T1 and T2 (T1-TO = 10.53; T2-T0 = 10.11), whereas no
significant change was detected in the Psychology group across time points. In contrast, the
Physiotherapy group also showed a significant within-group improvement at T2 compared
with baseline (T2-T0 = 6.79), indicating that improvements were not exclusive to MIG,
although they were larger and more consistent in this group.

For the TGMD-2 Object Control subscale, significant main effects of time
(F(2,108) =16.185,p < 0.00l;nzp =0.231) and a group X time interaction (F(4, 108) = 3.043,
p = 0.024; n?p = 0.101) were identified. Within-group post hoc comparisons indicated sig-
nificant gains in all groups, although with different patterns over time: the MIG group
showed improvements both at T1 and T2 relative to baseline, while the Physiotherapy
group demonstrated significant improvements both from baseline to follow-up and be-
tween intermediate time points, and the Psychology group showed improvements at later
time points compared with baseline. These findings indicate that all groups improved
over time, but the trajectories and magnitude of change differed, as reflected by the signifi-
cant interaction effect. For the TGMD-2 Locomotion subscale, a significant main effect of
time (F(2, 108) = 3.457, p = 0.039; nzp = 0.060) and a significant group X time interaction
(F(4,108) = 3.335, p = 0.016; nzp = 0.110) were observed. Post hoc analyses showed that
the MIG group improved significantly from TO to T1 and T2, whereas the Psychology and
Physiotherapy groups did not show statistically significant within-group changes across
time points. This pattern suggests that locomotor gains over time were primarily driven by
the MIG intervention, consistent with the interaction effect.
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Table 1. Comparison between the groups’ primary outcome measures.

Pairwise Post Hoc

TO0 Mean T1 Mean T2 Mean Effect Time Group x Time . . "
Outcome Group Comparisons over Time
(SD) (SD) (SD) p %p) » %p) Mean Difference [95% CI]
MIG 65.68 (13.00) 76.21 (8.37) 75.79 (10.37) T1-T0:10.53 (523 t0 15.82);
TGMD-2 Total <0.001 (0.191) 0012(0.114)  127T0:1011(3.66t016.55)
Psychology 71.89 (11.28) 71.00 (9.55) 75.37(9.18) : : : : NS
Physiotherapy 61.53 (17.45) 63.05 (14.96) 68.32(17.51) T2-TO0: 6.79 (0.35 to 13.23)
T1-T0: 5.53 (2.13 t0 8.92);
MIG 31.68 (7.28) 37.21(5.75) 37.37 (6.04) <0.001 (0.231) 0.024 (0.101) T2T0: 5.68 (1.3 t0 9.99)
TGMD-2 Object T2-T0: 5.42 (1.12 t09.72);
Control Psychology 33.84 (6.69) 33.32(5.74) 39.26 (4.44) T2-T1: 595 (2.49 t0 9.40)
) T2-T1: 3.53 (0.07 to 6.98);
Physiotherapy 2958 (9.31) 29.63 (7.36) 33.16 (9.03) TLT0: 468 (161 to 7 76)
TCMD2 MIG 34.32 (7.40) 39.00 (3.93) 38.42 (5.31) 0.039 (0.060) 0.016 (0.110) T2-TO: 4.11 (0.13 to 8.08)
L ; Psychology 38.05 (6.20) 37.68 (6.06) 36.11(7.32) NS
ocomotion Physiotherapy 31.95 (9.14) 33.42 (8.36) 35.16 (9.14) NS
T1-TO: 3.43 (2.16 to 4.71);
CoPM MIG 3.05 (1.35) 6.49 (1.73) 6.49 (2.29) <0.001 (0.427) 0.002 (0.167) 210 3.43 (2,11 t0 4.75)
Performance Psychology 3.60 (1.70) 4.87 (1.42) 4.66 (1.51) NS
Physiotherapy 3.58 (1.70) 4.79 (1.84) 5.29 (1.85) T2-TO: 1.71 (0.35 t0 3.07)
MIG 2,91 (1.35) 6.60 (2.18) 6.49 (2.59) <0.001 (0.406) 0.007(0.145) %ﬁg{ ggg %% t05.17);
COPM —T0: 3.57 (2.13 t0 5.02)
Safisfacti Psychology 3.54 (1.86) 4.91 (1.80) 450 (2.06) NS
atisfaction T1-T0: 1.57 (0.05 to 3.09);
Physiotherapy 3.53 (1.59) 5.10 (2.43) 5.72 (2.29) Wi g

T2-T0: 2.19 (0.70 to 3.68)

* Pairwise comparisons correspond to within-group comparisons across assessment time points and were adjusted
using the Bonferroni correction. Legend: TGMD-2: Test of Gross Motor Development—Second Edition; COPM:
Canadian Occupational Performance Measure; MIG: Global Integration Method; TO = baseline; T1 = post-
intervention; T2 = 3-month follow-up; NS = non-significant; CI = 95% confidence interval.

For COPM outcomes, both Performance and Satisfaction showed significant main
effects of time (Performance: F(1.737, 79.906) = 34.30, p < 0.001; nzp = 0.427; Satisfaction:
F(2,92) = 31.43, p < 0.001; n?p = 0.406) and significant group x time interactions (Perfor-
mance: F(3.474, 79.906) = 4.608, p = 0.002; nzp = 0.167; Satisfaction: F(4, 92) = 3.92, p = 0.007;
n%p = 0.145). Within-group analyses indicated that the MIG group exhibited significant
improvements from baseline to all subsequent time points in both domains. The Physio-
therapy group also demonstrated significant within-group gains in COPM Performance
and Satisfaction at T2 compared with baseline, while the Psychology group showed no
statistically significant changes over time. Overall, these results indicate a general improve-
ment over time, with more robust and consistent within-group gains in the MIG group and
selective improvements in one control group depending on the outcome.

3.2. Secondary Outcomes

The analysis of the Pediatric Balance Scale (PBS) revealed a significant main effect of
time (F(1.726, 81.130) = 5.832, p = 0.006; n?p = 0.110), as well as a significant time x group
interaction (F(3.452, 81.130) = 2.531; p = 0.045; n?p = 0.097). Post hoc analyses indicated
that the MIG group showed significant improvements from baseline (T0) to both post-
intervention (T1) and follow-up (T2). In contrast, the control groups (Psychology and
Physiotherapy) did not exhibit statistically significant changes over time. These findings
suggest that, although temporal changes were present across the sample, only the MIG
group demonstrated a consistent and significant improvement in balance performance over
time (Table 2).

For the Vineland Adaptive Behavior Scales (VABS-II), no significant main effect of
time (F(2, 98) = 0.710; p = 0.533; nzp =0.007) or time X group interaction (F(4, 98) = 0.149;
p = 0.963; n?p = 0.006) was observed, indicating that adaptive behavior remained stable
over time and followed a similar trajectory across all groups, with no evidence of differential
intervention effects.
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Table 2. Comparison between groups on secondary outcome measures.

TO Mean T1 Mean T2 Mean Time Group x Time Pairwise Post Hoc
Outcome Group Comparisons over Time
(SD) (SD) (SD) p ?p) » ?p) Mean Difference [95% CI]
MIG 50.06(558)  52.88(346)  52.81(3.41) T1-T0: 2.81 (0.68-4.94);
PBS 0.006 0,015 0.097) T2-T0: 2.75 (0.68—4.82)
Psycholo 5256(345)  5222(278)  5289(391)  (0.110) 045 (0 NS
ychology
Physiotherapy 5044 (537) 5094 (448)  51.75(4.63) NS
MIG 76.75(1148)  78.6(11.37) 78 (5.78) 0710 NS
VABS-II Psychology 7365057)  7388¢A) 74290015 070 0.963 (0.006) NS
Physiotherapy 7527 (7.49)  75.2(6.84) 76.4 (5.80) : NS
MIG 3875(769)  4135(1414)  4355(1118) o NS
DCDq Psychology D5(1844)  321801977)  3B41@04d) (T 0.340 (0.039) NS
Physiotherapy ~ 38.56(1026)  39.5(1529) 345 (18.29) : NS
T1-T0: 9.95 (5.04-14.86);
MIG 5721(823)  6716(466)  6858(510) 4y 0,033 (0.114) T2-T0: 11.37 (6.01-16.72)
PROC—expressive language Psychology 58.11 (7.41) 61.26 (6.80) 61.26 (7.56) (0.368) . . NS
4 T1-TO0: 5.80 (0.27-11.33);
Physiotherapy 52 (15.54) 578(747)  60.67(8.72) ToNT0: 8.67.2 614 65)
TI-T0: 7.11 (1.33-12.88);
PROC—verbal MIG 5295(1081)  60.05(5.99)  59.53(1.5) 0.004 0306 (0.047) T2-T0: 6.58 (0.13-13.02)
comprehension Psychology 5747(692) 5937 (2.31) 58(5.2) (0.126) 306 (0 NS
Physiotherapy ~ 52.6(1617)  57.13(598)  57.67 (4.03) NS
TI-T0: 10.05 (3.24-16.87);
PROC_Cogniive MIG 5089(1406)  6095(851)  6516(648) o0 R T2T0, 14.96 (¢ 24-23.99)
development Psychology 5237(1071)  63.63(759)  6432(736) (032 T i (é"é;jg'gg));
Physiotherapy ~ 49.6(18.63)  49.73(13.19)  59.6(13.53) T2-T0: 10.00 (0.96-19.04)
MIG 3637(841)  49.63(462)  46.74(8.83) T1-T0:13.26 (7.67-18.85);
ABFW o <0.001 0,007 0.128) T2-T0: 10.37 (5.24-15.50)
—communicative acts Psychology 3453(13.35)  37.84(13.80)  37.79(11.81)  (0.278) : : NS
Physiotherapy ~ 31.63(11.28)  35.81(1270)  36.56 (14.46) NS

Legend: PBS: Pediatric Balance Scale; VABS-II—Vineland Adaptive Behavior Scales—Second Edition; DCDg—
Developmental Coordination Disorder Questionnaire; PROC: Behavioral Observation Protocol; ABFW: Child
Language Test; MIG: Global Integration Method; T0 = baseline; T1 = post-intervention; T2 = 3-month follow-up;
NS = non-significant; CI = 95% confidence interval. Vineland and DCDQ did not show evidence of differential
effects between interventions. For cognitive development (PROC), a significant main effect of time was also
identified (F(1.564, 78.221) = 24.828; p = 0.001; n?p = 0.332), with no significant time x group interaction. These
findings indicate overall improvement across time points in all groups, with no statistically significant differences
in trajectories between interventions.

Similarly, for the DCDQ), there was no significant main effect of time (F(2, 114) = 0.632;
p = 0.533; n?p = 0.011) and no significant time x group interaction (F(4, 114) = 1.142;
p = 0.340; n?p = 0.039), indicating that changes in motor coordination-related outcomes
were not statistically significant and did not differ between groups over time.

For expressive language (PROC), a significant main effect of time was observed
(F(1.346, 67.305) = 29.077; p < 0.001; n?p = 0.368), along with a significant time x group
interaction (F(2.692, 67.305) = 3.214; p = 0.033; nzp = 0.114), indicating differential changes
across groups over time. Post hoc comparisons showed that the MIG group demonstrated
significant improvements from T0 to T1, which were maintained at T2. The Physiotherapy
group also showed significant improvements over time, with increases from baseline
to both post-intervention and follow-up assessments. The Psychology group did not
show statistically significant changes over time. These results indicate that improvements
in expressive language were not exclusive to the MIG group but varied according to
intervention type. For verbal comprehension (PROC), a significant main effect of time was
found (F(1.470, 73.510) = 7.184; p = 0.004; nzp =0.126), whereas no significant time x group
interaction was observed (F(2.940, 73.510) = 1.225; p = 0.306; nzp = 0.047). This pattern
indicates that all groups, on average, improved over time in a similar.

Finally, analysis of total communicative acts (ABFW) showed a significant main effect
of time (F(2, 102) = 19.634; p = 0.001; n2p =0.278) and a significant time X group interaction
(F(4, 102) = 3.757; p = 0.007; n?p = 0.128). Post hoc analyses indicated that the MIG group
exhibited significant increases from TO to T1, which were maintained at T2. The control
groups did not demonstrate statistically significant changes over time. These results suggest
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that improvements in communicative behavior were more pronounced and consistent in
the MIG group compared to the control interventions.

4. Discussion

In this randomized clinical trial involving 66 children with ASD, the effectiveness of
the MIG program was investigated with respect to improvements in fundamental motor
skills and functional goal achievement, compared with conventional motor physiotherapy
and psychological interventions grounded in cognitive-behavioral techniques and Applied
Behavior Analysis. The study also investigated effects on balance, sociocommunicative
skills, and motor performance.

The results demonstrated that the MIG program was associated with greater improve-
ments within the context of the evaluated intervention package in both motor capacity, as
measured by the TGMD-2, and functional performance and parental satisfaction, assessed
by the COPM, with maintenance of effects over a three-month follow-up period. Addition-
ally, relevant improvements were observed in functional balance and in specific domains
of expressive language and communicative acts, which raise the hypothesis that motor
organization and postural control may be associated with changes in sociocommunicative
engagement. However, these interpretations remain speculative, as no mediation analyses
were conducted. In contrast, no significant between-group differences were found for
adaptive behavior and parent-reported motor coordination, which may indicate the need
for longer intervention periods to modify these constructs. The main findings are discussed
below in light of the current literature.

An important consideration when interpreting these findings is that the MIG group
received a higher treatment frequency than the comparison groups. Because treatment
intensity is an integral component of the original MIG program, this trial was designed to
evaluate the effectiveness of the intervention as a multicomponent rehabilitation package
rather than the isolated contribution of its individual therapeutic components. In addition
to motor training, MIG incorporates proprioceptive stimulation through the MIG Flex
garment, cognitive-behavioral strategies, narrative grammar, and an intensive treatment
schedule. Consequently, it is not possible to determine the relative contribution of the
additional weekly session to the observed outcomes or to disentangle its effects from those
of the other intervention components. Therefore, the findings should be interpreted as
reflecting the combined effects of treatment intensity and the integrated multicomponent
nature of the MIG program, rather than any single therapeutic element. This perspective
is consistent with rehabilitation research in which complex interventions are evaluated as
integrated therapeutic programs, although dismantling studies are required to determine
the contribution of each component.

The findings of this study indicate that the MIG-based intervention promoted signifi-
cant improvements in global motor performance and its specific domains (object control
and locomotion) when compared with control groups. These results are consistent with
existing literature on task-oriented and intensive practice approaches [27,28]. The observed
improvements may be related to features such as task-oriented practice, variability of
motor experiences, and structured functional activities, which enhance active child en-
gagement. These elements are widely recognized in the literature as important for motor
learning, as they may support mechanisms such as experience-dependent neuroplasticity
and refinement of motor patterns [27,28].

In addition, MIG appears to incorporate principles of intensity and structured rep-
etition, combined with appropriate feedback, which are considered in the literature as
important factors associated with the consolidation of new motor skills, in contrast to
less structured approaches or those with reduced emphasis on active practice, as possibly
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observed in the Psychology and Physiotherapy groups. Another relevant aspect involves
the integration between sensorimotor systems and cognitive and motivational components,
which may support not only execution but also planning and motor adaptation in dynamic
tasks. These results are consistent with evidence showing that task-oriented, high-intensity,
and ecologically relevant interventions tend to produce greater gains in fundamental motor
skills in children [29,30], reinforcing the importance of carefully designing interventions
that align components and mechanisms to maximize clinical outcomes.

The improvements observed in COPM Performance and Satisfaction suggest that the
benefits of the MIG intervention extended beyond motor skill acquisition to outcomes
related to functional goal attainment and caregiver-perceived performance in everyday
activities. The higher satisfaction reported by caregivers in the MIG group should be
interpreted with caution, as it may reflect not only perceived improvements in the child’s
functional abilities but also the greater therapeutic exposure and increased opportunities
for therapist—family interaction resulting from the intensive intervention schedule. Nev-
ertheless, caregiver satisfaction represents a clinically meaningful outcome in pediatric
rehabilitation, particularly in autism, where family engagement is a central component of
intervention and families often face substantial emotional and practical demands. Com-
pared with the conventional interventions evaluated in this study, the MIG program
integrates individualized goal setting, meaningful task practice, and active child partici-
pation within a structured therapeutic framework that is consistent with the principles of
family- and client-centered care. These characteristics may contribute to improvements in
occupational performance through factors such as enhanced motivation, engagement, and
self-efficacy, which have been associated with positive rehabilitation outcomes in previous
studies [31,32]. However, because neither mediation analyses nor dismantling designs
were conducted, these explanations should be regarded as plausible hypotheses rather than
evidence of the specific mechanisms responsible for the observed effects.

In addition, the use of ecologically valid and contextually meaningful tasks may
have contributed to greater transfer of gains into daily life, reflected in both improved
performance and perceived satisfaction. The magnitude of the observed effects (high np
values) suggests that the intervention may influence not only the ability to execute tasks
but also how these tasks are experienced by the child or adolescent, which is consistent
with evidence highlighting that goal-oriented and participation-centered interventions are
more effective in promoting clinically meaningful changes in self-reported outcomes [33,34].
Thus, the findings may indicate that the combination of meaning, engagement, and task-
oriented practice is relevant to broader dimensions of functionality.

The results of the Pediatric Balance Scale suggest that the gains observed in the MIG
group may be partially associated with specific components of the intervention, such as
the use of the MIG Flex garment, which may act as a sensory modulator during motor
practice. More specifically, this resource may provide increased proprioceptive input
and support postural organization, thereby potentially facilitating control of the center
of mass during dynamic tasks. This type of stimulus is associated in the literature with
improved sensory integration and anticipatory muscle activation, both considered relevant
for functional balance.

Evidence indicates that interventions using proprioceptive enrichment strategies and
postural challenges promote more efficient adjustments and better stability in pediatric
populations with motor impairments [35,36]. Furthermore, studies involving therapeutic
garments, such as dynamic orthoses and elastic suits, have demonstrated positive effects
on postural alignment and trunk control, which may be related to improvements in balance
performance [37,38]. Thus, it is plausible that the combination of functional practice and
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use of the MIG Flex garment may have contributed to postural control processes, which
could be associated with the gains observed exclusively in the MIG group.

The absence of significant differences in the Vineland and DCDQ suggests that the
gains observed in more specific outcomes did not translate into detectable changes in
adaptive behavior and parent-reported motor coordination in daily life. This finding may
be explained by the more distal nature of these outcomes, which depend heavily on the
application of skills in real-world contexts and on environmental factors.

In this sense, although MIG included components effective in improving performance
in clinical tasks, it is possible that ingredients specifically aimed at generalization were
not incorporated with sufficient intensity, such as systematic practice in home and school
environments, active caregiver involvement, and adaptation of daily life activities. From a
conceptual perspective, transfer of gains to adaptive behavior likely involves not only skill
acquisition but also repeated use in ecologically valid and meaningful situations, which
may support consolidation and functional use of these competencies.

Evidence indicates that purely clinic-based interventions tend to have limited im-
pact on participation outcomes when not combined with contextual strategies such as
parent coaching and environmental modification [34,39]. Thus, these findings highlight
the potential importance of integrating real-world environmental actions into therapeutic
interventions in order to enhance generalization of gains and promote broader changes in
child functioning.

The results related to sociocommunicative skills indicate an interesting pattern of
differentiated effects across outcomes. The improvement observed in expressive language
in both the MIG group and the physiotherapy group suggests that shared components
between interventions, such as structured motor practice and therapeutic interaction in
both groups, as well as communicative stimulation through narratives during MIG sessions,
may have contributed to verbal production. More specifically, the intervention structure
itself, with increased child engagement in guided activities and greater opportunities for
communication, may facilitate language development.

On the other hand, the absence of changes in verbal comprehension and cognitive
development suggests that these domains, being more complex and less directly trained,
may require more specific and prolonged interventions. Language comprehension involves
receptive processing, auditory integration, and meaning construction, aspects that were
not directly targeted by the interventions. Similarly, cognitive development, as a broader
construct, tends to be less sensitive to short-term interventions. For changes in this domain,
greater intensity, variability of experiences, and often targeted interdisciplinary approaches
are necessary [40].

In contrast, the significant increase in communicative acts observed exclusively in the
MIG group suggests a possible association between components of this intervention and
nonverbal communicative behaviors, rather than indicating specific underlying mecha-
nisms. The deficit in the ability to plan complex motor sequences (such as those required
for speech or symbolic gestures), frequently observed in individuals with autism, is associ-
ated with delays in language development and socioemotional reciprocity [41,42]. Since
many social and pre-linguistic acts have a motor basis, difficulties in imitation related
to dyspraxia may act as a barrier to nonverbal communication [42]. Within this context,
a plausible hypothesis is that MIG, by emphasizing motor organization and embodied
engagement, may have supported the emergence of nonverbal communicative behaviors,
such as gestures, pointing, and intentional bodily expressions.

Another hypothesis is that the use of narratives may have played a crucial role in the
increase in communicative acts observed in the MIG group. Narratives offer an organized
context that facilitates the understanding and expression of actions and intentions, pro-
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moting the structuring of motor and cognitive sequences [43,44]. By engaging participants
in stories that involve the representation of actions, emotions, and relationships between
characters, MIG may have offered a structured and meaningful context for communicative
engagement, potentially favoring communicative initiative, turn-taking, and participation.

The absence of changes in broader outcomes, such as comprehension and cognition,
should be interpreted with caution. Preserved oral comprehension was an inclusion
criterion for the study, as it was necessary for the motor training, meaning that the children
already showed high performance in this domain at baseline. Thus, a ceiling effect may
have limited the detection of subtle gains in these measures. Furthermore, although
narrative grammar-based interventions may influence receptive skills, the instruments
used may not have been sensitive enough to capture small changes in this domain. Overall,
these findings suggest that the MIG protocol, primarily focused on motor components, may
be more directly related to the emergence of communicative acts and expressive language,
whereas broader changes in the sociocommunicative profile may require complementary
interventions and more sensitive assessment strategies.

This study presents several important strengths that reinforce the robustness of its find-
ings. First, the experimental design as a three-arm randomized controlled trial with blinded
assessors reduces selection and measurement bias, increasing internal validity. Addition-
ally, the prior publication of the study protocol contributes to methodological transparency,
reduces reporting bias, and strengthens reproducibility. The use of multiple outcomes
encompassing capacity, functional performance, and participation allows for a comprehen-
sive analysis aligned with contemporary models of functioning. Furthermore, the detailed
description of MIG components, including motor training, cognitive-behavioral strategies,
narrative grammar, and the use of the MIG Flex garment, facilitates replication of the
intervention and provides a framework for future studies to investigate the contribution
of its individual components and their potential mechanisms of action. The inclusion of
follow-up assessment and high participant adherence further reinforce the consistency of
the results.

On the other hand, some limitations should be considered. The relatively short
intervention period may not have been sufficient to impact more distal outcomes such as
adaptive behavior. Additionally, participants allocated to the MIG group received three
sessions per week, whereas participants in the conventional physiotherapy and psychology
groups received two weekly sessions. This difference reflects the original structure of the
MIG program, which was conceived as an intensive intervention model in which treatment
frequency constitutes one of its therapeutic components. Consequently, the observed effects
should be interpreted as resulting from the intervention package as a whole, including its
intensity, rather than being attributed exclusively to specific elements such as narrative
grammar, cognitive-behavioral strategies, or the MIG Flex suit. Accordingly, the present
study does not allow conclusions regarding the individual contribution of these components
or the mechanisms through which they may have influenced the observed outcomes. Future
studies comparing interventions with equivalent treatment doses will be important to
clarify the relative contribution of treatment intensity and the specific components of the
intervention. The lack of blinding of participants and therapists, inherent to the nature of
the intervention, may introduce performance bias. In addition, the use of parent-reported
measures may limit sensitivity to subtle changes. Finally, although home-based activities
were suggested, there was no systematic monitoring of their implementation, which may
have limited the generalization of gains to real-life contexts.

The findings of the present study should be interpreted within the context of the cur-
rent stage of evidence development regarding MIG. Although prior studies have provided
preliminary support for the theoretical rationale and potential clinical applicability of this
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intervention, a considerable proportion of the available literature is still based on early-
phase investigations. Accordingly, the existing evidence should be regarded as emerging
and requiring confirmation through independent studies conducted in diverse clinical
settings and populations.

A relevant limitation of this study concerns the difference in treatment dosage between
groups, with participants allocated to the MIG group receiving three sessions per week,
whereas the comparison groups received two weekly sessions. This difference reflects the
original design of the MIG program, in which treatment intensity constitutes an integral
component of a multicomponent rehabilitation package. Consequently, the present study
was designed to evaluate the effectiveness of the intervention as implemented in clinical
practice rather than to determine the independent contribution of treatment intensity or
any other individual therapeutic component. Therefore, the findings should be interpreted
as reflecting the combined effects of treatment intensity and the integrated nature of the
MIG program, rather than being attributed to specific components in isolation. Future
randomized trials employing equivalent treatment frequencies and dismantling or factorial
designs will be necessary to distinguish the relative contribution of treatment intensity
from that of the individual components of the intervention.

An additional methodological limitation relates to the statistical approach used for
handling repeated measurements and missing data. The analysis was performed using
repeated-measures ANOVA combined with the Last Observation Carried Forward (LOCF)
method. Missing data were limited (9.1%), and follow-up losses were distributed across
the three intervention groups, reducing the likelihood that missing data substantially influ-
enced the study conclusions. Although this strategy was pre-specified and is commonly
applied in randomized clinical trials with low attrition rates, no additional sensitivity
analyses were performed to evaluate the robustness of the findings under alternative
missing-data assumptions. Furthermore, repeated-measures ANOVA does not capture
individual variability in longitudinal trajectories as flexibly as linear mixed-effects mod-
els. Future research should consider the use of mixed-effects modeling together with
complementary sensitivity analyses to further strengthen the robustness and precision of
longitudinal inferences.

5. Conclusions

In summary, this randomized clinical trial demonstrates that the MIG program was
associated with greater improvements in fundamental motor skills and functional goal
attainment compared with conventional interventions. The findings also point to additional
benefits in balance and specific aspects of communication, suggesting that integrative
approaches that combine motor, sensory, cognitive, and behavioral components may yield
broader and more consistent effects than more fragmented intervention models. Although
no significant changes were observed in more distal outcomes, such as adaptive behavior
and perceived motor coordination in daily life, this pattern may reflect the complexity and
time required for functional generalization beyond the training context, particularly in
short-term interventions. Overall, these results support the MIG program as a promising
intensive, multicomponent rehabilitation approach, in which the combination of higher
treatment dose and integrated therapeutic strategies appears to play a meaningful role in
enhancing motor and functional outcomes.
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