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Abstract - Introduction: the biopsychosocial (BPS) model from the perspective of the International Classification
of Functioning (ICF) agrees with the current theories regarding child development. They state the interdependence
between the individual's relations, environment and received stimuli. The early interventions, particularly in the aquatic
environment (AE), present gaps concerning their systematization, above all in their being in accordance with the ICF.
Objectives: to describe an ICF-based aquatic early intervention program, named KITE, for the neuropsychomotor
development (NPMD) of typical, at-risk and/or delayed babies 4 to 18 months old.Methods: the KITE is a program
systematized on the AE, centered on the family and the daycare environment; it takes place twice a week, lasting for 4
weeks, in 45- to 60-minute sessions. The assessments and interventions are systematized by following the ICF. For the
main outcome on the NPMD, the Alberta Infant Motor Scale (AIMS) and the Denver Developmental Screening Test II
(DDST-II) are used, and as the secondary outcome on the stimulation received, quality of life and aquatic skills, the
Affordances in the Home Environment for Motor Development - Infant Scale (AHEMD-IS), the Pediatric Quality of
Life Inventory (PedsQL™) and the Aquatic Functional Assessment Scale � Baby (AFAS Baby) are used, respectively.
Conclusion: This study has presented tools for the application of a clinical trial through the KITE for the NPMD of
babies, systematized and based on the BPS perspective of the ICF, and discussed according to the neuroplastic evidence
of the child development.

Keywords: physiotherapy, early intervention, hydrotherapy, day care centers, international classification of functioning,
disability and health.

Introduction
The biopsychosocial (BPS) perspective on health, based
on the International Classification of Functioning, Dis-
ability, and Health (ICF)1, enables the child development
to be understood as complex and multifactorial. This
agrees with the current theories, supported by the con-
textual/ecological theoretical model, in which such devel-
opment depends on the individual's relations with the
environment and with the task/stimuli received2.

Although the ICF is broadly used as an epidemiolo-
gic tool in health and follow-up of actions in the context of
community health, it is considered a classification instru-
ment, and studies are presently being undertaken for it to
be applied in health interventions. Regarding child health,
the study by Araujo et al.3 systematized this instrument
with contextual factors of the children's health, such as
family environment, stimuli received and motor develop-
ment.

When considering child health, Early Intervention
Programs (EIP) have been broadly used as an assessment
and intervention strategy on the early development stages
of children at risk, with established risk4 and/or with aty-
pical development5. Nonetheless, there are gaps concern-
ing the parameters as to the type of intervention, intensity
and time, besides limitations regarding the number of the
sample, statistical power, and selection of instruments,
which is due to the paucity of studies systematizing early
practices with approaches that consider the development
in its complexity of factors and structured based on the
broadened perception of health through the ICF6.

Despite the diversity of intervention parameters,
recent studies recommend family-centered and child-con-
textualized interventions7. It is necessary to consider the
context to which the child belongs, and thus involve the
families in child attention programs for better results and
effects to be achieved8. The study by Jhonson9 shows that
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interventions with family training have a significant role in
promoting development, in addition to improving the inte-
raction between parents and children with developmental
disorders, it is recommended by the World Health Organi-
zation (WHO) as the main intervention strategy for chil-
dren10. Early family-centered interventions are efficient to
improve motor, social, communicative, academic and self-
help skills of the participating children9.

The Sociedade Brasileira de Pediatria11 (Brazilian
Pediatrics Society) instructs that health professionals,
family and school must adhere to promoting physical
activities at an early age, when still two years old, regard-
ing babies, these activities should be of at least 180 min-
utes throughout the day. As a consequence of the condition
the families are found in and with the socioeconomic
transformations in the society, babies spend a long time at
the daycare centers, with periods extending up to 8 or
10 hours a day5. In the face of this situation, intervention
programs for this population must involve the environ-
ments the child belong to, the family and the daycare.

In this regard, the aquatic activities are considered
excellent intervention tools12 associating enriched envir-
onments with the family's active participation8. The aqua-
tic environment (AE) brings benefits for babies on the
social context, strengthens family ties and improves mobi-
lity, coordination and response speed, with repercussions
on neuropsychomotor development (NPMD)13. Never-
theless, despite the wide usage of water as a resource in
pediatric interventions, called aquatic physiotherapy (AP),
the lack of evidence-based research is consensual in the
literature, and the existing studies present low methodolo-
gical quality, which makes the proof and efficiency of this
therapeutic approach difficult14,15,13, thus justifying new
studies aimed at a better investigation of the theme pre-
sented.

Therefore, this study aimed at describing an ICF-
based aquatic early intervention program (KITE) for the
NPMD of 4- to 18-month-old typical, at-risk and/or
delayed babies. The study hypothesizes that the interven-
tion program conducted in AE, centered on the family and
in the daycare environment, twice a week, throughout four
weeks is sufficient to reverse the risk/delay and keep the
baby in typical parameters.

Methods

Study design
The protocol for interventional clinical trials follows

the guidelines of the Standard Protocol Items: Recom-
mendations for Interventional Trials (SPIRIT) guide-
lines16.

The research was approved by the Research Ethics
Committee of the Universidade Federal do Paraná (Fede-
ral University of Paraná � UFPR), under evaluation report

no. 1.714.810, and Certificate of Presentation for Ethical
Consideration (CAAE): 57193516.6.0000.0102, and filed
at the Brazilian Registry of Clinical Trials (RBR) 2hd6sm.
It is an EIP with aquatic activities, called KITE, to be per-
formed with babies 4 to 18 months old who attend day
care centers.

Participants
The inclusion criteria for participating in the study

are: 4- to 18-month-old babies, of both genders, attending
public or associated daycare centers, having been adapted
to it for at least 15 days, having the parents' and/or guar-
dians' permission through the Informed Consent Form, not
participating in any EIP or aquatic stimulation, and that
both the baby and the parent/guardian have a medical cer-
tificate attesting they are fit for aquatic activities.

For the first assessment, babies 4 to 16 months old,
of both genders, will be screened through the Alberta
Infant Motor Scale (AIMS) and the Denver Develop-
mental Screening Test II (DDST-II) for neuropsychomotor
assessment and screening, in order to identify whether the
babies had typical development, or were at risk or delayed.
The age of 4 months was considered for its being the
minimum age for a baby to be accepted in a daycare cen-
ter, as well as a safe age for AE; as for the maximum age
of 16 months for the initial assessment, the two months
taken for intervention and follow-up are taken into
account, as up to 18 months it is possible to follow up with
specific validated scales. The preterm babies (< 37 weeks)
are assessed considering the recalculated age17.

Typical babies are considered the ones presenting
percentages > 25 on AIMS and one caution at the most on
DDST-II; at risk are the ones with percentages > 5 and <
25 on AIMS and up to one fail and one or two cautions on
DDST-II; and, delayed, the babies with percentages < 5 on
AIMS and more than one fail and/or two or more cautions
on DDST-II18,19.

The exclusion criteria consider the atypical babies,
with musculoskeletal, neurological or sensorial alterations
affecting the NPMD, as well as swimming pool-related
contraindications. Although being excluded from the data
analysis of the study, any baby in these conditions, as long
as meeting the inclusion criteria, could participate in the
interventions in an adapted way.

Intervention and control group
The assessments will be conducted at the daycare

itself, and the interventions in a swimming pool adapted
for babies. All the babies and their parents/guardians will
be invited to participate in the KITE and, according to the
interest and availability of the participants, the babies will
be divided into a control group (CG) and an intervention
group (IG). The IG participated in the KITE in the ther-
apeutic pool, in a group, and the CG received no specific
intervention.
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In order to favor the ecological validity of the
study20, the babies are assessed at the very daycare center
with the teachers present. The interviews with the families
will also be conducted in the daycare environment.

Kids Intervention Therapy - Aquatic environment (KITE)
The KITE has been developed for the target public

of typical babies and/or at NPMD risk or delay, 4 to 18
months old, attending daycare centers, as systematized in
Figure 1, according to the ICF-CY domains1. The triangle
in the figure and the highlights in red represent the inter-
vention program. The health condition is related to the
NPMD classification as typical, risk or delay. The peculia-
rities of each body are understood through bodily func-
tions and structures. The activities and participation
encompass the functional movement in the water and its
repercussions on the land; the activities are milestones
according to each child's age group, and the participation
is the baby's, family's or daycare center's involvement. The
transfer to the environment and the family's participation
make up the contextual factors; therefore, the environ-
mental factors comprise the intervention program, the
aquatic, home, and school environments; as for the baby's
adaptation, it is considered in the domain of personal fac-
tors.

The KITE lasts 45 to 60 minutes to avoid the baby's
fatigue21, twice a week, for four weeks22. The activities of
the KITE are directed by two physiotherapists (instruc-
tors) experienced in the field of in-water therapy, assisted
in the water by two physiotherapy students, and another
two outside the water for support, with the mother's,
father's or guardian's active participation in the pool (con-
ductors) in the process of stimulating their children. The
therapies are performed in small groups, with 10 partici-
pants at the most. All activities are carried out in a ludic
manner, with child songs and play related to their age
group.

The KITE is described in detail in Table S1, which is
organized according to Israel's five phases23, the move-
ment axes, the functional goal, and expected motor beha-
vior, the main effects of the immersed body, exercise
progression parameter, transferring skills to the land, and
mobility classification in the activity and participation
domains of the ICF-CY. In Figure 2, the order of the activ-
ities is described by day of the intervention, their goals and
the guidelines given for home.

The KITE is performed in a heated pool at 32 °C,
following Israel and Pardo's23 five phases adapted to the
babies: (1) adaptation: going in and out of the pool,
experiencing the physical properties of the water, warming
up and moving around; (2) familiarization with the liquid

Figure 1 - Systematization of the kite according to the domains of the ICF. Source: Adapted from WHO1. Legend: NPMD - neuropsychomotor develop-
ment.

Araujo et al. 3



environment: rotation, straightening and balance stimuli;
(3) relaxation: return to quietness; (4) specialized ther-
apeutic exercises: NPMD milestones stimuli; (5) global
organic conditioning: active and free moving.

To standardize and systematize the KITE, the activ-
ities are developed according to specific functional goals
and motor behaviors expected for each age group in three
main axes: locomotor, stabilizer and manipulative24,25.

The locomotor activities involve displacement in
accordance with the NPMD stage, growing more and more
difficult as the physical properties of the water and the
variance of movement and amplitude, weight/strength,
speed, space and time parameters are incremented. The
stabilizer ones involve activities in stable positions sup-
ported by the water, as in the progression of the movement
parameters develop to unstable positions, using the turbu-
lence of the water to aggravate stability. The manipulative
activities have the objective of catching, manipulating,
releasing, fitting, playing with and pushing various objects
of contrasting sizes, shapes, weights, textures, dimensions
and densities. These are also used as the phase of returning
to quietness and concentration. All the activities approach
the combined use of language stimulation through child
songs.

Throughout the four weeks of the KITE, the activ-
ities follow weekly progression criteria, as the execution
of the exercises grows more difficult according to the phy-
sical properties of the water: in the first week, the water is
used to facilitate the movements; in the second week, it is
used as a stabilizer; in the third week, as resistance to the
movements; and in the fourth week, resistance is increased
by the speed of the movements. Furthermore, the contact
surface is changed in the following order: firm surface,
soft/unstable surface, surfaces of different textures, and

inclined surface25. The KITE uses low-cost material, pre-
viously selected by the researchers to standardize the
intervention.

Individual evolution records are made daily for each
family participating in the KITE on a field journal. These
entries include the execution and quality of the movement
in each activity proposed, evolution parameters for each
child, family involvement, daily reports of the participants
regarding the baby's performance and daily changes
observed outside the AE.

In addition to participating in the KITE, the parents/
guardians of the IG babies received a weekly folder with
ludic stimulation tips, totaling four guidance blocks. This
guidance is in line with the KITE's weekly goals, descri-
bed in Figure 2. To control this home stimulation and the
stimulation tips, the Affordances in the Home Environ-
ment for Motor Development - Infant Scale (AHEMD-IS)
was used in the three assessment moments.

Blinding
For the blinding of the study, the assessor does not

know which baby will participate in the KITE's IG and
which in the CG, and assesses all the 4- to 18-month-old
babies and interviews all the parents/guardians without
knowing which group they belong to. For this purpose, a
second assessor (the KITE instructor) will schedule all the
assessments and instruct the family not to report to the
assessor about the group they belong to.

Adverse outcomes
All the activities will be performed by professionals

experienced with babies, to avoid incidents, besides fol-
lowing the ethical guidelines regarding research with

Figure 2 - Organization of the objectives of the kite and guidelines for home.
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humans, water safety, and the use of safe and KITE-adap-
ted settings and material.

In the case the need for diagnostic investigation or
specific interventions are observed, both in the CG and in
the IG, the parents/guardians will be instructed and refer-
red to the closest healthcare unit.

Recruiting
Recruiting is initially conducted via the Municipality

Department of Education (MDE), which indicates daycare
centers for participation. Then, contact is made with the
school's principal for the project to be approved. Follow-
ing approval, the daycare's nursery teachers are instructed
regarding the research, and in the sequence, an appoint-
ment with the parents/teachers in the daycare center will
be scheduled for orientation as well as an invitation for
them to participate, which is sent in the child's diary. After
the parents'/guardians' reply, an initial interview is sched-
uled, and only then the babies begin to be assessed. In this
interview, the objectives of the study are explained, as
well as its stages, and the rights of the participants in the
research. A written Informed Consent Form is required,
and, depending on interest and availability, the child is
allocated in the groups of the study.

Assessments
The assessments are systematized according to the

BPS model of the ICF26 and aim at characterizing the
sample {anamnesis, health booklet and socioeconomic
questionnaire of the Associação Brasileira de Empresas
de Pesquisa para o Brasil � ABEP (Brazilian Association
of Research Companies for Brazil)} and answering the
primary and secondary outcomes. Their systematization is
described in the study by Mélo et al.26. For this study,
three assessment measurements are conducted: assessment
1 (pre-intervention), assessment 2 (post-intervention), and
assessment 3 (retention/follow-up).

Primary outcomes
The primary outcome is the verification of the effect

of the KITE on the NPMD of 4- to 18-month-old babies.
For such, the babies will be assessed at three moments,
using AIMS and the DDST-II.

AIMS27,18 assesses the NPMD through observation
of the baby's spontaneous movements, alignment and con-
tact surface in four postures (prone, supine, sitting and
standing). In the end, the scores in each posture observed
are added up in a total score of the items observed, being
related to age and to the baby's score for their percentage
to be defined18.

The DDST-II is a NPMD screening instrument that
assesses the gross motor, adaptive fine motor, personal-
social, and language domains through the observation of
items specific to the age assessed, in each area/domain of

the scale, and enables the child's development to be char-
acterized as typical, at-risk or delayed28,29.

Secondary outcomes
The secondary outcomes are the verifications of the

effect of the KITE on the quality of life (QoL), stimulation
received and aquatic skill. These assessments are con-
ducted at three moments through the Pediatric Inventory
on the babies' QoL (PedsQL™), Affordances in the Home
Environment for Motor Development � Infant Scale
(AHEMD-IS), and Aquatic Functional Assessment Scale
� Baby (AFAS Baby), respectively.

For QoL outcome, the babies' PedsQL™, 1-12
months and 13-24 versions are used, through interviews
with parents and/or caregivers30. The AHEMD-IS is used
to investigate the stimulation received in the home envir-
onment31, for both quali- and quantitative verification of
the motor enrichment opportunities, in the home environ-
ment, related to the variety of stimulation, physical space,
global motricity toys, and fine motricity toys. The aquatic
motor skills are assessed through the AFAS Baby, an
adaptation for infants of the AFAS scale32, which is in the
validation process.

Sample calculation
For the sample calculation, the number of children 0

to 4 years old was considered to be approximately
107,00033, with an estimated total of 50,000 children in
day care/school (Curitiba, Paraná - MDE). Despite there
being great variation in the estimates on NPMD delay, an
average was considered according to its situation in Brazil
and in municipal daycare centers, as well as to the pilot
study conducted in the context of this study4, resulting in
approximately 30%34 of babies being at-risk/delayed in
NPMD.

Once set the effect size of 0.25, type I error 0.05,
analysis power of 0.95 in a proportion of 3:1 of typical
children in relation to those at-risk, according to calcula-
tions performed on the G*Power 3.1.9.2 program, as well
as the three assessment measurements to be conducted, 44
babies are necessary for the study. It is important to high-
light that the sample calculation must be adapted accord-
ing to the situation in the place where the study is made.

Statistical analysis
In the phase of describing the data collected,

descriptive measurements will be calculated for the quan-
titative variables: averages, sample size, standard devia-
tion, minimum and maximum. For the qualitative
variables, tables will be created, in which the frequency of
answers will be summarized.

For the analyses, the software will be the Statistica
version 7 and the SPSS version 20. For the comparison
between groups, the chi-squared test (or Fisher's test) is
applied to categorical variables, and Student's t-test, to the
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quantitative variables with a normal distribution. As for
the quantitative variables without normal distribution, the
Mann-Whitney nonparametric test is applied. For the
comparison between the pre-intervention, post-interven-
tion and retention moments, the McNemar test is applied
to the categorical variables, and the Friedman test, to the
quantitative variables. To assess the effect size, the η2 (eta-
squared) coefficient and Cohen's d coefficient are calcu-
lated. Attention is called to the need of adapting the statis-
tical tests according to the distribution of collected data.
Another test option is the generalized estimating equation
(GEE), although it requires sufficiently large samples to be
used.

Discussion
This clinical trial description enables an aquatic

intervention program, called KITE, to be applied in a sys-
tematic and controlled fashion. It fills in the gaps in the lit-
erature regarding parameters of type, intensity and time, in
addition to being based on the current development the-
ories and structured in accordance with the broadened per-
spective of health through the ICF.

For many years, the early intervention had been
focused on bodily functions and structures, without reper-
cussions on the child's activity and participation. With the
BPS look proposed by the ICF model, these interventions
are seeking strategies to improve activity with repercus-
sions on the child's participation through the involvement
of personal, family, contextual and environmental fac-
tors35.

The discussion in this study is structured on the 10
principles of experience-debate neuroplasticity, described
in the study by Kleim and Jones36 and adapted to pediatric
interventions by Spittle and Morgan35.

The principles are, use it or lose it, use it and im-
prove it, specificity, repetition matters, intensity matters,
time matters, salience matters, age matters, transference
and interference. Despite these concepts being widely
explained in the literature, there are gaps related to time,
duration, frequency and intensity of these stimuli to the
small child6,4 when referring to the EIP.

Use it or lose it. The first years of life, from the per-
spective of brain circuitry, are extremely relevant since the
neural connection process is intense. However, it is impor-
tant to emphasize that it is around the first year of life that
a great pruning of unused neurons takes place37, which
justifies the need for diversified stimuli in the baby's rou-
tine.

Use it and improve it. The practice with variability
and repetition makes motor skills and learning happen38,
so the child needs to observe and practice. This is due to
the adequate quality intervention, favoring the reorganiza-
tion of the nervous system, which is dynamic and adap-
table to the environment and the stimulation39. As for

group activities, they can activate mirror neuron circuits
and favor motor learning40.

Specificity. Training must be specific to the motor
gesture whose improvement is desired42. The baby needs
the opportunities to have experiences, as their nervous
system is sensitive to the stimuli and dependent on experi-
ences. These, when offered with quality, form the basis for
the brain structures and create new and fast neuron con-
nections40,42.

Repetition matters. Learning depends on repetition
to be retained; the same movement needs to be repeated in
different ways, through the performance of specific tasks
or abilities since neuroplasticity is learning-dependent or
activity-dependent41. The continuous repetition in the
baby's routine must be planned through home programs
and family-centered guidelines8.

Intensity matters. Neuroplasticity depends on ade-
quate intensity; the child must move even if for short peri-
ods, many times a day, totaling 180 minutes of activities
fractioned throughout the day11. It is worth considering
that interventions guided by professionals have repercus-
sions on the NPMD when performed twice a week4.

Time matters. Intervention must take place early, as
a means of optimizing the neural networks that take place
intensely in the first years of life. Therefore, the use of dif-
ferent moments for stimulation is recommended, asso-
ciated with the baby's routine, with enriched environments
and experience opportunities40.

Salience matters. The ludic, pleasant interventions,
based on the child's preferences and adequate to the age
group and its peculiarities, are factors that must be taken
into consideration in pediatric interventions43.

The AE is a therapeutic modality that, in addition to
the widely known benefits to functioning and NPMD
caused by the effects on the immersed body, stands out for
being ludic and pleasant, which justifies EIP in this envir-
onment13.

Age matters. It is valuable to make good use of the
first years of the baby's development since it is in this
phase that most of the synapses take place; this makes this
period more malleable for interventions37.

Transference. Through play, the child transfers what
they have learned to life, accompanied by the sensorial
information, be it tactile, visual, auditory, and/or percep-
tive. They function as feedback to mold the movement and
plan its performance, with benefits for the quality of the
movement, and repercussions on motor, cognitive, affec-
tive, sensorial and social development44.

The aquatic activity is peculiar due to its hydro-
dynamic and thermal properties, and in babies, it has
repercussions on the cognitive, sensorial and motor areas.
In addition, they bring a sense of freedom, memories of
the mother's womb and motor memory of an aquatic
experience, which enables the collection to be transferred
to lifelong development45,13.
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Interference. The pleasant experience with adequate
stimuli, love and care act as a neuroprotective factor, and
will have positive repercussions on the NPMD. Moreover,
in the long term, it will have an impact on their school and
adult life, the same way that the lack of opportunities can
limit the development of brain structures and these con-
nections fundamental to the full development42,46.

When considering the systemic and multifactorial
nature of the NPMD34, the use of adequate instruments
systematized by the ICF3 enables intervention programs to
be planned. Thus, the sensitive periods are optimized with
theoretical bases4 in accordance with the local situation,
different contexts and the BPS factors that influence the
development process25,47.

Conclusion
This study has presented tools to apply a clinical trial

through an early intervention program with aquatic activ-
ities (KITE) on the NPMD of 4- to 18-month-old, typical,
at-risk and/or delayed babies. It was systematized accord-
ing to the intervention parameters, based on the ICF's BPS
perspective applied to intervention, and discussed accord-
ing to the neuroplastic evidence of child development.
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