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Abstract: Introduction: Tubulinopathies are
a group of cortical and subcortical brain mal-
formations characterized by various clinical
alterations. Children with tubulinopathies
can present variable clinical manifestations,
such as cognitive alterations, developmental
delays, motor impairment, hypotonia, intel-
lectual disability of varying degrees and stra-
bismus. Intensive approaches are essential for
a better prognosis, such as the Training Pro-
gram in Intensive Neurological Rehabilitation
(TRAINI®) Objective: To analyze the motor
and functional outcomes of a child with tu-
bulinopathy who underwent TRAINI®. Me-
thods: This is a case study carried out in a
pediatric clinic in Fortaleza-CE, with a 1 year
and 1 month old child diagnosed with a mu-
tation in the TUBA1A gene. Intensive treat-
ment was carried out for six months, with ses-
sions from Monday to Friday, using resources
such as therapeutic clothing, strength training
and task-oriented training. Assessments were
carried out using the Gross Motor Function
Measure (GMFM-88) at two points in time:
January and June 2024. Results: There was an
overall improvement of 15.1% in the GMFM-
88 score, from 19.6% to 34.7%. The greatest
gains were seen in dimensions A (lying down
and rolling over) and B (sitting). There was
also an improvement in eye fixation and visual
perception with the use of optical correction.
Conclusion: The TREINI® program, with its
interdisciplinary approach and therapeutic
strategies based on the ICFE proved to be ef-
fective in promoting the child’s functionality
and independence, contributing to their enga-
gement with the environment and improving
their quality of life.

Keywords: Physiotherapy; Neurological di-
sorders; Development; Genetic diseases; Pe-
diatrics
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INTRODUCTION

Tubulinopathies are a group of cortical and
subcortical brain malformations characteri-
zed by various clinical alterations, resulting
from pathogenic variants in the genes that
regulate different tubulin isotypes. The main
cortical anomalies include lissencephaly and
polymicrogyria, while subcortical anomalies
affect structures such as the corpus callosum,
cerebellar vermis, brainstem, basal ganglia
and cerebellum (Cushion et al., 2023; Hagege
et al., 2022; Hebebrand et al., 2019).

Children with tubulinopathies can present
variable clinical manifestations, such as cogni-
tive alterations, developmental delays, motor
impairment, hypotonia, intellectual disability
of varying degrees, epilepsy, visual alterations
and strabismus. Diagnosis is made using mag-
netic resonance imaging and genetic tests. The
assessment of these children should be com-
prehensive, including the analysis of neurop-
sychomotor development in order to verify
their abilities and functionalities (Cushion et
al., 2023; Pavone et al., 2023).

Treatment should involve a multidisci-
plinary approach, capable of covering all the
clinical manifestations of the disease. The
follow-up team should include doctors, occu-
pational therapists, speech therapists, nutri-
tionists and physiotherapists who work in di-
fferent areas, such as motor skills, respiratory
function, vision and hearing. Intensive appro-
aches are essential for a better prognosis, such
as the Training Program in Intensive Neuro-
logical Rehabilitation (TRAINI®) (Bahi-Buis-
son, 2016; Pavone et al., 2023).

TREINI® consists of a global approach
aimed at the rehabilitation process, with in-
terventions centered on the patient’s needs.
The program relies on an interdisciplinary
team that applies evidence-based knowledge
to pediatric rehabilitation, addressing motor,
cognitive, emotional and social aspects. The
program is aimed at children and adolescents

undergoing neurological rehabilitation with
delayed neuropsychomotor development,
with the aim of maximizing their functionali-
ty and independence (Flores Cruz et al., 2024;
Loffi et al., 2024).

TREINI® uses strategic interventions alig-
ned with the domains of the International
Classification of Functioning, Disability and
Health (ICF). Its intensive approach, with hi-
gh-frequency, long-duration activities, aims
to stimulate neuroplasticity and promote tis-
sue remodeling. During training, the child
wears a flexible therapeutic garment, called
an exoskeleton, which provides support for
the musculoskeletal system, favoring postural
control, proprioception and the transmission
of forces, without restricting movement. In
this way, the program contributes to improved
functionality and independence in activities
of daily living (Flores Cruz et al., 2024; Loth
et al., 2024).

The brain has the ability to adapt to new
stimuli, and these external and internal stimu-
li can cause the brain to adapt structurally and
functionally, known as neuroplasticity. Inten-
sive treatment for children with alterations in
neuropsychomotor development is of great
importance for motor gains associated with
cognitive gains (Chaves, 2023; Morgan et al.,
2023).

Given the complexity of tubulinopathies
and the significant impact these alterations
have on children’s motor and functional de-
velopment, it is essential to understand and
evaluate effective therapeutic strategies. In-
tensive physiotherapy has been identified as
a promising approach to improving the func-
tionality and quality of life of these patients,
although there is still a lack of studies docu-
menting its effects in detail.

The aim of this study was to analyze the
motor and functional outcomes of a child
with tubulinopathy who underwent TRAINI®.
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METHODOLOGY

This is an observational and descriptive
case report study carried out in a pediatric
clinic in Fortaleza-CE, involving a child aged
1 year and 1 month, diagnosed with tubuli-
nopathy associated with the TUBA1A muta-
tion. The legal guardian signed the Informed
Consent Form (ICF), authorizing data collec-
tion and the disclosure of information in an
anonymized form. The study was approved
by the Research Ethics Committee (CEP) of
the Christus University Center, located at Rua
Jodo Adolfo Gurgel, 133, Coco, Fortaleza -
CE, with opinion: 7.608.051.

A case report is a type of study that aims
to report in detail  the clinical assessments,
the interventions carried out and the results
observed.

The intensive training lasted six months,
with sessions from Monday to Friday.

Treatment Protocol

« Environmental enrichment activities

o Task-oriented training

« Mobility training

o Strength training

o Use of Treini Flex clothing to improve
muscle activation.

Visual treatment plan

« Visomotor coordination

¢ Visomotor activities

o Use of occlusion for 30 minutes a day
in the left eye.

RESULTS

During pregnancy, alterations were obser-
ved on the second morphological ultrasound,
prompting specialized prenatal follow-up.
The female child was born by caesarean sec-
tion, with a gestational age of 39 weeks and
2 days, an APGAR index of 9/9, a height of
48cm and a weight of 3,195g. The neonatal

tests (little eye, little heart, little ear and little
tongue) showed normal results. After birth,
strabismus and head bobbing were observed.
The ophthalmological assessment identified
hyperopia and nystagmus, indicating optical
correction.

A functional physiotherapy assessment of
vision was carried out on 29/08/2023, before
the use of optical correction, with observation
of convergent strabismus to the right (exotro-
pia), bilateral nystagmus, decreased ocular
fixation latency (around two seconds), better
visual response to light stimuli in a dark en-
vironment and visual preference for the color
red. In the visual tracking tests, the child had
difficulty moving the left eye horizontally and
showed a preference for looking downwards.
With the use of optical correction, there was
an improvement in visual perception and eye
fixation time to the light object.

In the assessment of neuropsychomotor
development, the following were observed:
Brachycephaly (posterior flattening of the
skull); Spontaneous movement inadequate for
age; Communication based on crying, with a
demonstration of disorganization and diffi-
culty in soothing. Postural pattern with head
tilted to the right, right hand open with elbow
flexion and wrist rotation, and left hand clo-
sed and thumb adducted.

The assessments were carried out at
two points in time: at the beginning (Janu-
ary 2024) and after six months of treatment
(June 2024). To analyze motor development,
we used the Gross Motor Function Measure
(GMFM-88), a quantitative instrument made
up of 88 items divided into five dimensions:
A: Lying and rolling (17 items); B: Sitting (20
items); C: Crawling and kneeling (14 items);
D. Standing (13 items); E: Walking, running
and climbing (24 items): Standing (13 items);
E: Walking, running and jumping (24 items).
Each item scored varies from 0 to 3: 0: Does
not perform; 1: Starts the movement, but does
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not perform it completely; 2: Performs it par-
tially; 3: Performs it completely. The scores are
converted into percentages per dimension,
ranging from 0 to 100% (Choi, 2024).

Motor development assessments were
carried out in January 2024 (initial) and June
2024 (after six months of treatment) using the
(GMFM-88). In addition, observations on the
child’s visual function were recorded.

The comparative assessment of the per-
centage scores of the GMFM-88 revealed an
overall improvement of 15.1% when compa-
ring the assessment with the reassessment; in
the assessment the child obtained a score of
19.6% and a score of 34.7% in the reassess-
ment. Table 1 shows the percentages per di-
mension of the GMFM-88 in the initial and
final assessments.

Dimension GM- Initial Assess- Reassessment
FM-88 ment (%) (%)
A - Lie down and 74.5% 100%
roll over
B - Sitting 23.3% 56.7%
C- Crawh_ng and 0% 11.9%
kneeling
D - Standing 0% 5.1%
E - Walking,
running and 0% 0%
jumping
Overall score 19.6% 34.7%
Table 1 - Percentage Scores by GMFM-88
Dimension

There was motor progress in the domains
assessed by the GMFM-88 between the initial
assessment and the reassessment. In dimen-
sion A (lying down and rolling over), the child
started to roll over completely to the prone
position on both sides (items 8 and 9) and to
lift the trunk in prone with cervical extension
and elbows extended (item 11), reaching the
maximum score. She also improved when
rolling from prone to supine (items 14 and
15) and started to pivot to both sides (items
16 and 17), skills not previously tested.

In the sitting position, there was progress
in postural control and balance. The child
started to sit with their arms free (item 24),
lean and return without support (item 25), as
well as reaching backwards (items 26 and 27)
and sitting sideways (items 28 and 29). She
also demonstrated the start of postural transi-
tions, such as going from a seated position to
prone (item 30) and starting the four-legged
stance (items 31 and 32).

Other gains included remaining seated on
a bench with arms and feet free (item 34), su-
pporting herself on all fours for a few seconds
(item 39), reaching a seated position from all
fours (item 40), starting from a prone position
on all fours (item 41) and remaining kneeling
with support (item 48). In the standing po-
sition, she held on with just one hand for 3
seconds (item 53), and on her knees she de-
monstrated the start of the standing position
(item 60), skills not previously tested.

In the functional physiotherapy vision as-
sessment carried out on 29/08/2023 (before
the start of TREINI® and the use of optical
correction), convergent strabismus to the ri-
ght (exotropia), bilateral nystagmus, decre-
ased ocular fixation latency (around two se-
conds), better visual response to light stimuli
in a dark environment and visual preference
for the color red were observed. In the visual
tracking tests, the child had difficulty moving
the left eye horizontally and showed a prefe-
rence for looking downwards.

With the use of optical correction, intro-
duced before the initial intensive training as-
sessment, there was an improvement in visual
perception and in the time it took for the eyes
to fixate on the luminous object. During the
TREINI® treatment period, there was an in-
crease in the child’s interest in visual stimuli,
an increase in the search for light sources and
a greater frequency in the visual tracking of
objects in different planes.
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DISCUSSION

Tubulinopathies, such as the one caused by
a mutation in the TUBAIA gene, represent a
rare group of neurodevelopmental disorders
characterized by alterations in the process
of brain formation and organization. These
conditions compromise motor, cognitive and
visual development, requiring specific and
intensive therapeutic approaches (Hagege et
al.,2022; Hebebrand et al., 2019).

In this case report, the child with TUBA1A
tubulinopathy showed significant functional
progress after six months of intensive TRAI-
NI® intervention. The gains were especially
evident in dimensions A (Lying and rolling)
and B (Sitting) of the GMFM-88, with a total
increase of 15.1% in the overall score of the
scale, indicating concrete advances in motor
functionality.

The higher scores obtained in basic pos-
tural skills, such as rolling, maintaining a sea-
ted position with support and pivoting on the
ground, are consistent with the literature whi-
ch describes the first motor gains in children
with severe neurological injuries as occurring
in less complex functions (Loffi et al., 2024).
The lack of progress in the E dimension (wa-
lking, running and jumping) may be related to
the severity of the condition and the age of the
child, who is still in the process of acquiring
more advanced motor skills.

The use of Treini Flex therapeutic clothing
may have contributed to the positive results
by offering postural support and propriocep-
tive stimulation during the execution of mo-
tor tasks. The literature shows that this tool
helps with body alignment, reduces postural
compensations and favors active motor prac-
tice (Flores Cruz et al., 2024).

In addition, the combination of techniques
used in the program - such as environmental
enrichment, strength training, task-oriented
training, mobility training and task-oriented
training - provided a multimodal approach

that intensified the child’s sensorimotor sti-
mulation. The diversity of strategies applied in
a structured sequence favors neuroplasticity,
which is essential for the development of new
neural connections (Pavone et al., 2023).

Another relevant aspect was the use of
visual stimulation combined with optical cor-
rection, which improved visual attention and
interaction with the environment. Children
with TUBA1A mutations often have signifi-
cant visual alterations, and early intervention
in this area can be decisive for motor and cog-
nitive progress (Cushion et al., 2023).

Family involvement throughout the the-
rapeutic process also stands out as an essen-
tial factor. Guidance for caregivers and stimu-
lation at home complement the work carried
out in the clinic and expand the opportunities
for motor learning in a variety of contexts.
Family-centered care is an important guideli-
ne in pediatric rehabilitation and has a direct
impact on functionality (Flores Cruz et al,
2024).

The gains observed in the GMFM-88
reflect not only the effect of the techniques
applied, but also the intensity of the program.
A high frequency of visits over a short period
of time is associated with better functional
outcomes in children with neurological inju-
ries (Loffi et al., 2024), as it allows for greater
repetition of tasks, increased motivation and
continuous positive reinforcement.

The organized structure of the TREINI®
program, with weekly objectives, continuous
assessments and readjustment of therapeutic
goals, allowed for effective monitoring of the
child’s progress. This dynamic approach con-
tributes to the engagement of the interdisci-
plinary team and constant adaptation to the
child’s needs.

It is worth noting that, even in the face of
a genetic condition with significant structural
brain alterations, such as lissencephaly and
hypoplasia of the corpus callosum, the child
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showed measurable functional improvement.
This reinforces the idea that functional prog-
nosis is not determined solely by anatomical
changes, but also by the quality and intensity
of interventions (Hebebrand et al., 2019; Pa-
vone et al., 2023).

Despite the positive results observed, this
study has important limitations, such as the
single case study design and the absence of a
control group, which restricts the generaliza-
tion of the findings and makes it difficult to
accurately attribute the effects to the inter-
ventions applied. In addition, the relatively
short post-intervention follow-up time limits
the analysis of the long-term maintenance of
gains. However, the advances seen in motor
skills, especially in rolling and sitting, suggest
the potential of TRAINI as a rehabilitation
strategy for children with TUBA1A tubulino-
pathy. These findings contribute to expanding
knowledge about the role of intensive physio-
therapy in rare genetic diseases and reinforce
the importance of structured, individualized
and evidence-based programs for the mana-
gement of children with severe motor impair-
ment.
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