).O.L,

o
SOSP
REVIEW ARTICLE http://dx.doiorg/101590/1984-0462/;2017:35;1,00008

SENSORY PROCESSING DURING
CHILDHOOD IN PRETERM INFANTS:

A SYSTEMATIC REVIEW

Processamento sensorial no periodo da infGncia
em criancas nascidas pre-termo: revisGo sistematica

Ana Carolina Cabral de Paula Machado®*, Suelen Rosa de Oliveira®, Livia de Castro
Magalhdes®, Débora Marques de Miranda®, Maria Candida Ferrarez Bouzada®

ABSTRACT

Objective:To conduct a systematic search for grounded and
quality evidence of sensory processing in preterm infants
during childhood.

Data source:The search of the available literature on the theme
was heldin the following electronic databases: Medical Literature
Analysis and Retrieval System Online (Medline)/PubMed, Latin
American and Caribbean Literature in Health Sciences (Lilacs)/
Virtual Library in Health (BVS), indice Bibliografico Espafiol de
Ciencias de la Salud (IBECS)/BVS, Scopus, and Web of Science.
We included only original indexed studies with a quantitative
approach, which were available in full text on digital media,
published in Portuguese, English, or Spanish between 2005 and
2015, involving children aged 0-9years.

Data synthesis: 581 articles were identified and eight were
included. Six studies (75%) found high frequency of dysfunction
in sensory processing in preterm infants. The association
of sensory processing with developmental outcomes was
observed in three studies (37.5%). The association of sensory
processing with neonatal characteristics was observed in five
studies (62.5%), and the sensory processing results are often
associated with gestational age, male gender, and white
matter lesions.

Conclusions: The current literature suggests that preterm birth
affects the sensory processing, negatively. Gestational age,
male gender, and white matter lesions appear as risk factors for
sensoryprocessing disorders in preterm infants. The impairment
in the ability to receivesensory inputs, to integrateand to adapt
to them seems to have a negative effect on motor, cognitive,
and language development of these children. We highlight the
feasibility of identifying sensory processing disorders early in
life, favoring early clinical interventions.

Keywords: Sensation disorders; Infant, premature; Review.

RESUMO

Objetivo: Buscar sistematicamente evidéncias fundamentadas
e de qualidade sobre o processamento sensorial em criancas
nascidas pré-termo no periodo da infancia.

Fontes de dados: A busca da literatura disponivel sobre o tema foi
realizada nas bases de dados eletrénicas Sistema Onlinede Busca e
Andlise de Literatura Médica (Medline)/PubMed, Literatura Latino-
Americana e do Caribe em Ciéncias da Satde (Lilacs)/Biblioteca
Virtual em Satde (BVS), indice Bibliografico Espafiol de Ciencias
de la Salud (IBECS)/BVS, Scopus e Web of Science. Foram incluidos
estudosindexados, originais, quantitativos e disponiveis na integra
em meio digital, publicados em portugués, inglés ou espanhol, entre
2005 e 2015, envolvendo criancas entre zero e 9 anos de idade.
Sintese dos dados: A busca identificou 581 artigos, e oito foram
incluidos conforme critérios de elegibilidade. Destes, seis estudos
(75%) encontraram alta frequéncia de processamento sensorial
alterado em criancas pré-termo. A associacao entre processamento
sensorial e desfechos de desenvolvimento foi observada em trés
estudos (37,5%). Verificou-se associacdo entre processamento sensorial
e caracteristicas neonatais em cinco estudos (62,5%). Os resultados
de processamento sensorial frequentemente se associam a idade
gestacional, sexo masculino e lesdes da substancia branca.
Conclusées: Andlise da literatura atual sugere que prematuridade
temimpacto negativo no processamento sensorial. Idade gestacional,
sexo masculino e lesdes de substancia branca aparecem como
fatores de risco para alteracbes de processamento sensorial em
criancas nascidas pré-termo. O prejuizo na capacidade de receber
informacoes sensoriais, de integrar e de adaptar-se a elas parece
interferir negativamente no desenvolvimento motor, cognitivo e de
linguagem dessas criangas. Destaca-se a viabilidade da identificacdo
das alteracoes de processamento sensorial nos primeiros anos de vida,
favorecendo o encaminhamento precoce para intervencoes clinicas.
Palavras-chave: Transtornos sensoriais; Prematuro; Revisdo sistematica.
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INTRODUCTION

Sensory processing concerns the way the central nervous sys-
tem manages the information received from sensory organs,
that is, the visual, auditory, tactile, gustatory, olfactory, pro-
prioceptive, and vestibular stimuli. The process includes recep-
tion, modulation, integration, discrimination, and organiza-
tion of sensory stimuli as well as adaptive behavioral responses
to these stimuli.!

Sensory processing disorder (SPD) is the term used to refer
to difficulties in processing and using sensory information for
the regulation of physiological, motor, affective, and/or atten-
tion responses that interfere in the organization of behavior
and in the participation in activities of daily living.*3SPD can
be observed in individuals without any apparent clinical con-
dition, but usually occurs associated with other diagnoses,
such as autism spectrum disorder, attention deficit disorder/
hyperactivity, developmental coordination disorder, and frag-
ile X syndrome.*’ Its prevalence is estimated from 5 to 16%
in apparently normal population and 30 to 80% among the
population with specific diagnoses.®

Although the etiology of SPD remains unknown, genetic,
family, and environmental factors have been reported in the
literature.®” In this context, preterm infants (born before
37 weeks of gestation) are considered at risk for SPD. This risk
is a consequence of both the interruption of neurobiolog-
ical intrauterine development and the sensory experiences
of the Neonatal Intensive Care Unit (NICU) environment,
which can alter the development and functioning of the sen-
sory systems.® Although there is evidence of sensory pro-
cessing disorders in children who were born preterm, there
are still relatively few studies on the association of sensory
processing with prematurity, hindering the general view of
the prevalence and persistence of the symptoms of SPD in

this population.

Theoretical framework

SPD is an alteration of development in the first childhood,
that has received increasing attention in the last decade.” !
Alterations in responses to sensory stimuli were first iden-
tified as a clinical condition by the American occupational
therapist Anna Jean Ayres in 1972, when she was studying
children with learning difficulties.* By associating knowl-
edge on neurobiology with detailed observation of children’s
behavior, Ayres theorized that the impairment of sensory
processing can lead to various functional problems, and she
named this condition as sensory integration dysfunction.”
Currently, the clinical characteristics described by Ayres is
called SPD.'¢ This change in nomenclature was proposed by

Miller et al.”® based on the argument that the use of the term

“sensory integration,” as adopted by Ayres, often refers to a
neurophysiological cellular process and not to the behavioral
responses to sensory stimuli. Therefore, the new terminology
becomes more suitable as it distinguishes the clinical condi-
tion, which characterizes subjects with atypical behavioral
responses to sensory stimulation, from the neurophysiolog-
ical cellular process involved.'

SPD is a heterogeneous condition that includes several
subtypes.” Miller et al.'® characterized three classic SPD sub-
types: sensory modulation disorder, sensory discrimination
disorder, and sensory-based motor disorder. The first involves
the difficulty to transform sensory information into behaviors
that are consistent with the intensity and nature of the sen-
sory experience. Its symptoms include over-responsivity (more
intense responses, faster or longer lasting than those normally
observed), under-responsivity (less intense responses or slower
than typically observed), and sensory craving (intense and insa-
tiable desire for sensory stimuli). Sensory discrimination dis-
order refers to the difficulty in discriminating sensory stimuli
qualities, resulting in reduced ability to detect similarities and
differences between stimuli, and to differentiate the tempo-
ral and spatial qualities of the perceived stimulus. Children
with this type of disorder perceive stimuli and regulate their
responses, but are not capable of identifying the exact nature
of the stimulus or its precise location. Finally, sensory-based
motor disorder is the difficulty in stabilizing the body (pos-
tural disorder) or plan and sequence coordinated movements
(dyspraxia) based on sensory information."

It is worth mentioning that none of these conditions is
in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-V) or in the International Statistical Classification of
Diseases and Related Health Problems (ICD-10), and there is
no consensus on howthey should be defined.!* However, some
are addressed, directly or indirectly, in two reference manuals for
diagnostic development classification: the Diagnostic Manual
for Infancy and Early Childhood from the Interdisciplinary
Council on Developmental and Learning Disorders (ICDL),
and the Diagnostic Classification of Mental health and
Developmental Disorders of Infancy and Early Childhood-
revised (DC 0-3R).%>

The clinical manifestations of SPD are varied and include
crying and excessive agitation, difficulty in self-consoling, sleep
problems and acceptance of food, exacerbation of parental sep-
aration anxiety, persistent and exaggerated shyness with strang-
ers, intolerance to change, lack of interest and indifference in
social interaction.'®"” Functional problems commonly asso-
ciated with SPD in early childhood include decreased social
skills and participation in games, reduced frequency, duration,

and complexity of adaptive responses; impaired self-confidence
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and/or self-esteem; and poor motor skills."® Problems in bal-
ance, gross and fine motor coordination, and motor planning,
as well as delayed language acquisition, tactile hypersensitivity,
or severe dispersion become evident in preschool. At school,
problems with writing and reading, attention deficit, emo-
tional difficulties, and poor interaction with colleagues arise."
These problems may persist in adulthood, resulting in social
and emotional difficulties.'®

The diagnosis of SPD is based on child behavior obser-
vation and/or the application of questionnaires to parents.?
Although they are not yet validated in Brazil, there are several
assessment tools to identify SPD such as Infant/Toddler Sensory
Profile,?' Sensory Integration and PraxisTest,?* Sensory Profile,”
DeGangi-Berk Test of Sensory Integration,* Observations Based
on Sensory IntegrationTheory,” Test of Sensory Functions in
Infants,? and Sensory Rating Scale.”

Sensory processing

disorders and prematurity

Recent studies show that children who were born prema-
turely have different responses to sensory stimuli and may
exhibit alterations in sensory processing.?®3° These differ-
ences may be explained by two factors that seem to interact:
the cumulative effect of medical complications associated
with premacture birth (periventricular leukomalacia, severe
intraventricular hemorrhage, sepsis, low growth, broncho-
pulmonary dysplasia, and use of postnatal steroids) and
sensory experiences in the NICU environment in the early
stages of development.’*?!

Environmental stimuli of the fetus and child after birth,
including sound, voice, touch, movement, smell, and vision
experiences are crucial for the proper development of the
sensory systems. Although not all these experiences have a
significant role in establishing the initial patterns of the sen-
sory systems connectivity, they contribute to the improve-
ment and maintenance of appropriate connections in the
developing brain.*?

According to Lickliter,® sensory abilities of the fetus and
the context of development in the uterus effectively limit
and regulate the amount, type, and duration of sensory stim-
ulation that occurs during the prenatal period. This pattern of
sensory stimulation is radically altered by preterm birth, with
significant changes in normal patterns of tactile, vestibular,
proprioceptive, olfactory, auditory, and visual stimulations.*®
For example, the newly born preterm in the NICU receives
smaller quantities of tactile-vestibular stimulation resulting
from maternal movement, but there are significant increase
in other types of stimulation that are not present in the intra-

uterine environment (bright lights, high noise levels, excessive

handling, and frequent painful interventions). This reality can
have lasting effects on the developing brain and interfere in the
natural development of sensory systems.?!

In this scenario, the objective of this review was to search
for grounded and quality evidence concerning the sensory pro-
cessing in preterm infants. This was conducted by means of a
systematic knowledge synthesis,based on the literature available
on the subject that was published between 2005 and 2015.

METHOD

A systematic literature review was carried out following the pro-
tocol adapted from the principles established by the Cochrane
Library.** Inclusion criteria for the selection of studies were
defined as well as data sources for the research, target audience,
time limit, descriptors and free terms, synthesis, and interpre-
tation of results.

Only studies that were indexed, original, quantitative, and
fully available in digital media were included in the review.
They were also published in Portuguese, English, or Spanish
between August 2005 and August 2015, and included chil-
dren in the age group of zero to nine years. This time limit
was established aiming at reviewing the most recent literature
on the subject, and the selection of the age range is due to the
particular interest in investigating how preterm birth can affect
sensory processing during childhood.

First, an electronic search was conducted in the data-
bases Medical Literature Analysis and Retrieval System
Online (Medline)/PubMed, Literatura Latino-Americana e
do Caribe em Ciéncias da Saiide (Lilacs)/ Biblioteca Virtual em
Satide (BVS), and Indice Bibliogrdfico Espasiol de Ciencias de
la Salud (IBECS)/BVS, based on the strategy of the combi-
nation of two sets of keywords using the boolean operators
AND and OR. The descriptors chosen were “sensation dis-
orders” and “infant, premature”(in consultation with Health
Sciences Descriptors — DeCS). Free terms were “prema-
turity,” “sensory processing disorders,” “sensory functions
in infants,” “sensory profile of infants,” and their counter-
parts in Portuguese and Spanish. We opted for the use of
descriptors and free terms in the strategy design to ensure
a more comprehensive search, reducing the risk of missing
relevant studies.

Reading of articles’ abstracts that were located in the search
was the main source of selection of the publications, which
intended to confirm that they were related to the theme and
met the established inclusion criteria. In addition to the elec-
tronic search, the citation search was carried out using the ref-
erence lists of the selected articles and their citation indexes in
Scopus and Web of Science databases. All the search process
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was conducted by the first and second authors. The two review-
ers read and selected the papers independently, and then they
did across-check. Finally, the matching articles were selected.
The retrieval of the selected papers in digital media in their full
version was performed in the Capes Portal.

Full reading of the articles enabled the extraction of the
relevant aspects of each article and its summarization in tables
to ensure that the same information was obtained from all
publications. This step was conducted by the first and second
authors, and the results were subsequently discussed and ana-
lyzed together with the other authors.

RESULTS

By the combination of descriptors and free terms mentioned
earlier, 581 articles were found in the electronic search. Six arti-
cles were selected after the application of the established inclu-
sion criteria. The significant difference between the number of
publications found and the number of publications selected is
due to the fact that most studies covered different populations
from the target defined for this investigation. Studies involving
individuals with autism spectrum disorder and attention deficit
disorder/hyperactivity, and those with children born at term
were excluded. Other studies on sensorineural impairments
(blindness and deafness), retinopathy of prematurity, asthma,
and drug effects, studies using animals, literature reviews and
others publications before the established cutoff date were
also excluded. Citation searching enabled the selection of two
additional articles.

The eight selected publications were included in the study.>
General characteristics of each study, such as author, year of
publication, country where the study was conducted, and study

design are presented in Table 1. The relevant information con-
cerning the characteristics of the samples, the age range, the
objectives, and assessment tools are summarized in Table 2, and
the main results of the papers reviewed are described in Table 3.

All the studies included in this review were published in the
last five years, and only one was carried out in Brazil(12.5%).%
‘The others were developed in foreign countries, more frequently
(37.7%)363%41 in the United States of America. Five studies
(62.5%)374042 gre cross-sectional and three studies (37.5%)3>38%
are prospective.

Of the studies, six (75%)>*34! investigated children who
were born with gestational age below 34 weeks. The sample
size of the studies ranged from 15 to 253 children who were
born preterm.

With regard to the age in which sensory processing was
evaluated, six studies (75%)>¥3%4*4lencompassed the two
first years of life. The Infant/Toddler Sensory Profile?! was
used as the evaluation tool in five studies (50%),>>**> and
the Test of Sensory Function in Infants®® was applied in
three studies (37.5%);%%% in one study (12.5%),% these
two instruments were applied simultaneously. In one study,
authors (12.5%),% chose to evaluate the sensory processing
in the period between 3 and 5 years of age and to apply the
Short Sensory Profile.?* In another paper (12,5%),*' the eval-
uation was carried out in period from 1 to 8 years of age, and
the Infant/Toddler Sensory Profile*! was applied in the first
two years of life, and the Short Sensory Profile?® was used
from the third year on.

‘The comparison of children who were born prematurely with
their peers who were born at term was carried out in four stud-
ies(50%),%¢33%42 whose results confirm that the two groups of

children present differences in relation to the sensory processing,

Table 1 General characteristics of the studies included in the systematic reviewof the literature on sensorial
processing in preterm children, which were published between 2005 and 2015.

Author, year

Rahkonen et al.,>*2015

Country
Finland

Study design

Prospective

Adams et al.,>52015

United States of America

Cross-sectional

Cabral et al.,>2015 Brazil Cross-sectional
Chorna et al.,?®2014 United States of America Prospective
Eeles et al.,*°2013 Australia Prospective
Eeles et al.,*°2013 Australia Cross-sectional

Wickremasinghe et al.,*'2013

United States of America

Cross-sectional

Bart et al., 22011

Israel

Cross-sectional
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and that preterm infants have higher frequency of alterations
in sensory processing. The other four studies (50%)3>3%40!
presented a comparison with normative data established by
the instruments and also found high frequency of alterations
in sensory processing in preterm children.

To verify the association of sensory processing with
development outcomes,was the objective of six stud-
ies(75%).7°3%4%41 This association was observed in three of

them(37.5%).°%3%4 Six studies(75%)?>3¢:38:34142 analyzed

the association of sensory processing with neonatal charac-
teristics, which was not found in only one study(12.5%).*!
Gestational age and male gender appear to be risk fac-
tors, as they are often associated with sensory processing
results. The association with neuroanatomical data, which
was obtained by magnetic resonance imaging (MRI), was
investigated in two studies (25%),%>*° and in both of them
an association of poorer results of sensory processing with
white matter lesions was found.

Table 2 Relevant information on the samples studied, objectives, age, assessments, and instruments applied in
the studies included in the systematic review of literature on sensory processing in preterm infants, which were

published between 2005 and 2015.

Author Sample Objectives

- To investigate the SP and its
Rahkonen 44 preterminfants | association with neonatal risk
etal.® (GA <28 weeks) factors, neuroanatomical data and

neurodevelopment

Age,assessments, and instruments

- Age term: brain neuroanatomical
assessment (MRI)

- Two years of corrected age: evaluation
of SP (ITSP); neurological assessment
(Hempel); assessment of mental
development (GMDS); assessment of
cognition and language (BSID)

54 preterm infants
(GA <34 weeks) and

36
Adams etal. 73 full terminfants

- To compare the SPof preterm
and full term infants and to
check the association of SPwith

- Between 3 and 5 years old: evaluation of
SP (SSP); assessment of executive function
(BRIEF-P and performance in six interactive

(GA>37 weeks)

executive and adaptive functions
in preterm infants

tasks); evaluation of adaptive function
(Vineland-1I)

Cabral et al.>”

15 preterm infants
(GA <37 weeks) and
15 full term infants
(37> GA>42 weeks)

- To compare and investigate the
association between SP and motor
development in preterm and full
terms infants

- Between 4 and 6 months of corrected age:
evaluation of SP (TSFI); evaluation of motor
development by AIMS.

Chorna et al.®

40 preterm infants
(GA <30 weeks)

- To assess the outcome of
SP and its association with
neurodevelopment

- Corrected age of 4-12 months: evaluation
of SP (TSFI)

- Two years of corrected age: evaluation of
cognition, motor skills,and language (BSID).

253 preterm infants

- To examine the SP and its

- Age at full term: neuroanatomical

3 (GA <32 weeks) and . 3 - assessment (MRI)
Eeles et al. : environmental and biological ) )
65 full term infants influences - Two years of corrected age: evaluation of
(GA>36 weeks) SP (ITSP)
Eeles et 3% 241 preterm infants ;Ig (i?t);aarzslgiizcgiifith - At two years of corrected age: evaluation

with GA<30 weeks

neurodevelopment

of SP (ITSP) and neurodevelopment (BSID)

Wickremasinghe
etal.4

107 preterm infants
(GA<32 weeks)

- To check the outcome of
SP and its association with
neurodevelopment

- Between 1-8 years: evaluation of SP (ITSP
and SSP); evaluation of neurodevelopment
(BSID, WPPSI, and WISC)

Bart et al.*?

124 preterm infants
(34> GA<36 weeks
and 33 full term
infants (GA>37
weeks)

- To compare the SP and
participation in daily activities and
to verify the association of SP
with neonatal characteristics in
preterm infants

- One year of chronological age:
evaluation of SP (ITSP and TSFI) and of
the participation in daily activities (own
questionnaire).

GA: gestational age; SP: sensory processing; MRI: magnetic resonance imaging; ITSP: Infant/Toddler Sensory Profile; GMDS: Griffiths Mental
Developmental Scales; BSID: Bayley Scales of Infant and Toddler Development; SSP: Short Sensory Profile; BRIEF-P: Behavior Rating Inventory
of Executive Function — Preschool Version; Vineland-II: Vineland Adaptive Behavior Scales, Second Edition, Parent/Caregiver Rating Form;
TSFI: Test of Sensory Function in Infants; AIMS: Alberta In fant Motor Scale; WPPSI: Wechsler Preschool and Primary Scale of Intelligence;

WISC: Wechsler Intelligence Scale for Children.
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Table 3 Main results of the studies included in the systematic review of the literature on sensory processing in
preterm infants, which were published between 2005 and 2015.

Author

Rahkonen et al.>®

| Main results

There was a high frequency of altered SP. SP outcome was associated with white matter
lesions and surgical closure of patent ductus arteriosus. No association was found between SP
and neurodevelopment.

Adams et al.*®

Preterm infants had significant lower scores on SSP compared to full term infants, with higher
frequency of altered sensory processing. GA was associated with SP. Association was found
between SP and executive function in preterm infants. There was no association between SP
and adaptive function in preterm infants.

Cabral et al.?”

Preterm infants are different from their full term peers in relation to the SP, especially
regarding the reactivity to deep tactile pressure. No difference was found between the groups
with regard to motor development. There was no statistically significant association of SP with
motor development in both groups.

Chornaetal.®®

There was a high frequency of abnormal SP, especially regarding reactivity to vestibular
stimulation and reactivity to deep tactile pressure. GA, male gender, white matter lesions, and

language development.

caregiver education were associated with SP outcomes. SP was associated with motor and

Eeles et al.®

Preterm infants showedhigher frequency of SPalterations when compared to peers at term.
Male gender, white matter lesions, and hospital stay were associated with SP outcomes.

Eeles et al.*°

An association of SP outcomes with motor, cognitive, and languagedevelopment was found.

Wickremasinghe et al.*!

There was a high frequency of altered SP, with similar prevalence at age ranges 1-4 years and
4-8 years. The most affected areas were the auditory, vestibular, and tactile processing. No
association was observed between SP, neonatal characteristics, and neurodevelopment.

Bart et al.*?

Preterm infants are different from the peers born at term in relation to the SP. There was

a significant difference between groups in the frequency of participation in all areas of
activities, except for leisure. The groups were also different with respect to the satisfaction
of parents, except for social participation. Association was found between SP, GA, and head
circumference. Days at hospital and multiple births were predictors of participation in daily
activities and parental satisfaction.

SP: sensory processing; SSP: Short Sensory Profile; GA: gestational age.

DISCUSSION

Analysis of the selected literature suggests that preterm infants
are different from their peers who were born at term with
respect to sensory processing. They present high frequency of
alterations in sensory processing during childhood. Therefore,
prematurity can be considered a risk factor for SPD. This fact
is not surprising, as preterm newborns, in addition to being
biologically vulnerable, are deprived of the natural sensations
of the intrauterine environment and need prolonged periods
of stay in the NICU, where the sensory experience conflicts
with their needs.

Most studies investigated the sensory processing of preterm
children who were born with gestational age below 34 weeks;
however, the study of Bart et al.** is important to highlight as
it investigated the effect of late prematurity (birth between 34
and 36 weeks of gestation) on sensory processing in children
in the first year of life. Its results showed that late preterm

infants are different from their peers who were born at term
with respect to the sensory processing, suggesting that the
late prematurity may also be associated with sensory process-
ing issues. Further studies with larger samples are needed to
investigate this issue.

From the six studies that were reviewed, the sensory pro-
cessing was evaluated in the first two years of life,?>37-40:42
thereby leading to the conclusion that SPD signals can be
identified early. Early identification of SPD is considered
crucial because children can benefit from clinical interven-
tions to improve their sensory capacities and reduce the
negative impact of sensory processing difficulties on their
development. 2434

With regard to the evaluation instruments, Infant/Toddler
Sensory Profile (ITSP)* was the most used in the investigation
of sensory processing during this period, followed by the Test
of Sensory Function in Infants (TSFI).* The two instruments
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are considered valid and reliable in the literature. The TSFI is
limited to the assessment of children between 4 and 18 months
of age, and I'TSP evaluates children from birth to 36 months;
however, the two instruments differ in the essence of the assess-
ment. ITSP is a questionnaire for parents, and TSFI is an obser-
vational instrument. Therefore, it is difficult to compare the
results of the two evaluations.

Six studies?>384041

investigated the association of sensory
processing with development outcomes, and it was observed
that there is no consensus in the literature on this issue.
Eeles et al.*’ found the association of altered sensory pro-
cessing with poorer outcomes in motor, cognitive, and lan-
guage domains in children at 2 years of age who were born
preterm. In a similar research, but with children assessed
in preschool, Adams et al.’*® found an association of sen-
sory processing with executive function in preterm children
who presented high frequency of altered sensory process-
ing. The findings are consistent with the results of DeGangi

1.,748 which showed consistent evidence of association of

eta
SPD, which was identified during the first and second years
of life, with deficits in motor, cognitive, and languagedevel-
opment in preschool age.

According to White et al.,* manifestations of SPD hinder
child’s adapration to environmental demands, limiting their
participation in a child’s play and school and/or social activi-
ties. Whereas the participation of children in daily activities is
crucial to their perception and interaction with the environ-
ment,” it is believed that these limitations can negatively affect
the development of motor, cognitive, emotional, and language
functions in children with SPD.

Finally, the results of this review suggest that sensory pro-
cessing issues in preterm infants are caused by a combination
of biological and neonatal risks of prematurity. Gestational
age, male gender, and presence of white matter lesions were
the main factors associated with sensory processing outcome
in the studies reviewed.

Chorna et al.?® showed that preterm infants who were born
at 23 weeks of gestation are more likely to present sensory pro-
cessing alterations than those who were born at 33 weeks. This
result suggests that the risk found for SPD in preterm infants
increases according to the degree of neurobiological immatu-
rity at birth.

Rahkonen et al.* found that the atypical “sensation seek-
ing” pattern, identified by ITSP, was more frequent inpreterm
children, who presented,in the MRI, loss of periventricular
white matter, ventricular dilatation, white matter cystic abnor-
malities,and/or dilation of the subarachnoid space. This result
is consistent with the study of Owen et al.,” which examined

the impact of structural abnormalities in white matter on the

sensory processing, using magnetic resonance diffusion tensor,
known as diffusion tensor imaging (DTI). A significant differ-
ence was found between children with SPD and children with
typical development; those children with SPD presented more
frequent structural abnormalitiesin white matter. These obser-
vations show that the white matter structure may serve as bio-
logical substrate for SPD.

The association of poorer results of sensory processing
with male gender in the revised articles may be a disad-
vantage related to the phenomenon known as “male dis-
advantage.” Studies of neonatal mortality reveal that the
male gender presents lower overall development speed,
particularly of the lung. Pulmonary immaturity increases
the incidence of respiratory issues in newborn males,
increasing the risk of neonatal morbidity and mortality
in this population.’*>*

The results of this review should be interpreted with cau-
tion. It was observed that most of these studies described effi-
ciently the populations analyzed, including context delimi-
tation of the search (places and relevant dates), presentation
of eligibility criteria, sources and methods of selection of
participants, and description of their clinical, demographic,
and social characteristics. However, no study reported how
the sample size was determined, and this analysis is crucial
to ensure the consistency of the results found. Moreover,
the evaluation of sensory processing was carried out only by
means of questionnaires applied to parents in 62.5% of the
studies reviewed.>¢*-! Although the obtained information
provided important description of the child’s sensory pro-
cessing during activities of daily living, the responses may
vary according to parent’s reading skills and interpretation
of the questionnaire items, which reduces the degree of evi-
dence of the results.

It is also worth noting that only 50% of studies®® 342

reported comparisons of children born prematurely with peers
35,38,40,41 pre-

who were born at term. The remaining studies’

sented comparisons with normative data established by the
assessment tool applied; this may be an issue when partici-
pants differ from normative data, for example, in relation to
socioeconomic status.

A possible limitation of this review was the exclusion of
gray literature — term used to refer to any source of infor-
mation that is not indexed for publication databases, such
as conference abstracts or government reports.” The rea-
son for exclusion was mainly because these type of publi-
cation is not peer reviewed, which is an important process
that contributes to the study consistency. In addition, only
studies published in English, Spanish, and Portuguese were
reviewed in this study.
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CONCLUSIONS

Although few studies have currently investigated the sensory
processing of children born preterm, this review suggests that
prematurity has negative impact on sensory processing in chil-
dren during childhood. Gestational age, male gender, and white
matter lesions appear as risk factors for SPD in preterm infants.
‘The impairment in the ability to receive sensory information and
to integrate and adapt to them appears to interfere negatively in
motor, cognitive, and language development in this population;
however, there is no consensus in the literature on this issue.
The feasibility of the identification of sensory process-
ing issues in the early years of life should be highlighted, a s
it favors early referral for intervention. The lack of national
studies or of those published in local journals on the theme is

REFERENCES

1. LaiCY,ChungJC, Chan CC, Li-Tsang CW. Sensory processing
measure-HK Chinese version: psychometric properties and
pattern of response across environments. Res Dev Disabil.
2011;32:2636-43.

2. Robles RP, Ballabriga CJ, Diéguez ED, Silva PC. Validating
regulatory sensory processing disorders using the sensory
profile and child behavior checklist (CBCL 11/2-5). J Child
Fam Stud. 2012;21:906-16.

3. MillerLJ, Nielsen DM, Schoen SA, Brett-Green BA. Perspectives
on sensory processing disorder: a call for translational
research. Front Integr Neurosci. 2009;3:1-12.

4. Armstrong DC, Redman-Bentley D, Wardell M. Differences in
function among children with sensory processing disorders,
physical disabilities, and typical development. Pediatr
PhysTher. 2013;25:315-21.

5. Keuler MM, Schmidt NL, Van Hulle CA, Lemery-Chalfant
K, Goldsmith HH. Sensory over-responsivity: prenatal risk
factors and temperamental contributions. J Dev Behav
Pediatr. 2011;32:533-41.

6. Miller LJ, Nielsen DM, Schoen SA. Attention deficit
hyperactivity disorder and sensory modulation disorder:
a comparison of behavior and physiology. Res Dev Disabil.
2012;33:804-18.

7. Ghanizadeh A. Sensory processing problems in children
with ADHD, a systematic review. Psychiatry Investig.
2011;8:89-94.

8.  Mitchell AW, Moore EM, Roberts EJ, Hachtel KW, Brown
MS. Sensory processing disorder in children ages birth-3
years born prematurely: a systematic review. Am J Occup
Ther. 2015;69:1-11.

9. Jaegermann N, Klein PS. Enhancing mothers’ interactions
with toddlers who have sensory-processing disorders. Infant
Ment Health J. 2010;31:291-311.

clear. Furthermore, the need for longitudinal studies to investi-
gate the prevalence, persistence, and potential consequences of

SPD in preterm infants in the medium and long terms should

be highlighted.

Funding

This article is part of the research Espectroscopia no infraver-
melho proximo na predicio do neurodesenvolvimento de prema-
turos aos 4 e 8 meses de idade corrigida, which received financial

support from Fundagio de Amparo a Pesquisa de Minas Gerais
(FAPEMIG), under the project number 21,550.

Conflict of interests
The authors declare no conflict of interests.

10. CosbeyJ, Johnston SS, Dunn ML. Sensory processing disorders
and social participation. Am J Occup Ther. 2010;64:462-73.
11. Schaaf RC, Benevides T, Blanche El, Brett-Green BA, Burke

JP, Cohn ES, et al. Parasympathetic functions in children
with sensory processing disorder. Front Integr Neurosci.

2010;4:1-11.

12. Bar-Shalita T, Vatine J, Seltzer Z, Parush S. Psychophysical
correlates in children with sensory modulation disorder
(SMD). Physiol Behav. 2009;98:631-9.

13. May-Benson TA, Koomar JA, Teasdale A. Incidence of pre-,

peri-, and post-natal birth and developmental problems
of children with sensory processing disorder and children
with autism spectrum disorder. Front Integr Neurosci.
2009;3:31.

14. Dar R, Kahn DT, Carmeli R. The relationship between
sensory processing, childhood rituals and obsessive e
compulsive symptoms. J Behav Ther Exp Psychiatry.

2012;43:679-84.

Miller LJ, Anzalone ME, Lane SJ, Cermak SA, Osten ET.
Concept evolution in sensory integration: a proposed
nosology for diagnosis. Am J Occup Ther. 2007;61:135-40.

Postert C, Averbeck-Holocher M, Achtergarde S, Miller
JM, Furniss T. Regulatory disorders in early childhood:
correlates in child behavior, parent—child relationship,
and parental mental health. Infant Ment Health J.
2012;33:173-86.

DeGangi GA, DiPietro JA, Greenspan SI, Porges SW.
Psychophysiological characteristics of the regulatory
disordered infant. Infant Behav Dev. 1991;14:37-50.

Ahn RR, Miller LJ, Milberger S, Mcintosh DN. Prevalence
of parents’ perceptions of sensory processing disorders
among kindergarten children. Am J Occup Ther.
2004;58:287-93.

15.

16.

17.

18.

99

Rev Paul Pediatr. 2017;35(1):92-101



Sensory processing in preferm infants

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Habib ES, Magalhdes LC. Development of a questionnaire
to detect atypical behavior in infants. Rev Bras Fisioter.
2007;11:177-83.

Gomez CR, Baird S, Jung LA. Regulatory disorder
identification, diagnosis, and intervention planning:
untapped resources for facilitating development. Infants
Young Child. 2004;17:327-39.

Dunn W. Infant/Toddler Sensory Profile. User's Manual. San
Antonio: The Psychological Corporation; 2002.

Ayres AJ. Sensory integration and praxis tests. Los Angeles:
Western Psychological Services; 1989.

Dunn W. Sensory profile: user's manual. San Antonio: The
Psychological Corporation; 1999.

Berk R, DeGangi GA. DeGangi-Berk test of sensory
integration. 5% ed. Los Angeles: Western Psychological
Services; 2000.

Blanche E. Observations based on sensory integration
theory. Torrance: Pediatric Therapy Network; 2002.

DeGangi GA, Greenspan SI. Test of sensory functions
in infants. 2" ed. Los Angeles: Western Psychological
Services; 1993.

Provost B, Oetter P. The sensory rating scale forinfants and
young children: development and reliability. Phys Occup
Ther Pediatr. 1994;13:15-35.

Goyen TA, Lui K, Hummell J. Sensorimotor skills associated
with motor dysfunctionin children born extremely preterm.
Early Hum Dev. 2011;87:489-93.

Walker SM, Franck LS, Fitzgerald M, Myles J, Stocks J, Marlow
N. Long-term impact of neonatal intensive care and surgery
on somatosensory perception in children born extremely
preterm. Pain. 2009;141:79-87.

Nevalainen P, Pihko E, Metsdranta M, Andersson S, Autti T,
Lauronen L. Does very premature birth affect the functioning
of the somatosensory cortex? A magnetoencephalography
study. Int J Psychophysiol. 2008;68:85-93.

Als H, Duffy FH, McAnulty GB, Rivkin MJ, Vajapeyam S,
Mulkern RV, et al. Early experience alters brain function
and structure. Pediatrics. 2004;113:846-57.

Grubb MS, Thompson ID. The influence of early experience on
the development of sensory systems. Curr Opin Neurobiol.
2004;14:503-12.

Lickliter R. The integrated development of sensory
organization. Clin Perinatol. 2011;38:591-603.

Higgins JP, Green S. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 [homepage on the
Internet]. March 2011 [cited October 2015]. The Cochrane
Collaboration, 2011. Available from: http://handbook.
cochrane.org/

Rahkonen P, Lano A, Pesonen A, Heinonen K, Raikkonen K,
Vanhatalo S, et al. Atypical sensory processing is common
in extremely low gestational age children. Acta Paediatr.
2015;104:522-8.

Adams JN, Feldman HM, Huffman LC, Loe IM. Sensory
processing in preterm preschoolers and its association with
executive function. Early Hum Dev. 2015;91:227-33.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Cabral TI, Silva LG, Tudella E, Martinez CM. Motor
development and sensory processing: a comparative
study between preterm and term infants. Res Dev Disabil.
2015;36:102-7.

Chorna O, Solomon JE, Slaughter JC, Stark AR, Maitre NL.
Abnormal sensory reactivity in preterm infants during the
first year correlates with adverse neurodevelopmental
outcomes at 2 years of age. Arch Dis Child Fetal Neonatal
Ed. 2014;99:F475-9.

Eeles AL, Anderson PJ, Brown NC, Lee KJ, Boyd RN,
Spittle AJ, et al. Sensory profiles of children born
<30 weeks' gestation at 2 years of age and their
environmental and biological predictors. Early Hum
Dev. 2013;89:727-32.

Eeles AL, Anderson PJ, Brown NC, Lee KJ, Boyd RN, Spittle
AJ, et al. Sensory profiles obtained from parental reports
correlate with independent assessments of development
in very preterm children at 2 years of age. Early Hum Dev.
2013;89:1075-80.

Wickremasinghe AC, Rogers EE, Johnson BC, Shen A,
Barkovich AJ, Marco EJ. Children born prematurely have
atypical sensory profiles. J Perinatol. 2013;33:631-5.

Bart O, Shayevits S, Gabis LV, Morag |. Prediction of
participation and sensory modulation of late preterm
infants at 12 months: a prospective study. Res Dev Disabil.
2011;32:2732-8.

Barton EE, Reichow B, Schnitz A, Smith IC, Sherlock D. A
systematic review of sensory-based treatments for children
with disabilities. Res Dev Disabil. 2015;37:64-80.

Zimmer M, Desch L, Rosen LD, Bailey ML, Becker D, Culbert
TP, et al. Sensory integration therapies for children with
developmental and behavioral disorders. Pediatrics.
2012;129:1186-9.

May-Benson TA, Koomar JA. Systematic review of the research
evidence examining the effectiveness of interventions using
a sensory integrative approach for children. Am J Occup
Ther. 2010;64:403-14.

Eeles AL, Spittle AJ, Anderson PJ, Brown N, Lee KJ,
Boyd RN, et al. Assessments of sensory processing in
infants: a systematic review. Dev Med Child Neurol.
2013;55:314-26.

DeGangi GA, Breinbauer C, Roosevelt JD, Porges S, Greenspan
S. Prediction of childhood problems at three yearsin children
experiencing disorders of regulation during infancy. Infant
Ment Health J. 2000;21:156-75.

DeGangi GA, Porges SW, Sickel R, Greenspan SI. Four-year
follow-up of a sample of regulatory disordered infants.
Infant Ment Health J. 1993:14:330-43.

White BP, Mulligan S, Merrill K, Wright J. An examination
of the relationships between motor and process skills
and scores on the sensory profile. Am J Occup Ther.
2007;61:154-60.

SpitzerS, Roley SS. Sensory integration revisited: a philosophy
of practice. In: Roley SS, Blanche El, Schaaf RC, editors.
Understanding the nature of sensory integration with
diverse populations. San Antonio: Therapy Skill Builders;
2001. p. 3-27.

100

Rev Paul Pediatr. 2017;35(1):92-101



Machado ACCP et al.

51.

52.

53.

Owen JP, Marco EJ, Desai S, Fourie E, Harris J, Hill SS, et al.
Abnormal white matter microstructure in children with sensory
processing disorders. Neuroimage Clin. 2013;2:844-53.

Bacak SJ, Baptiste-Roberts K, Amon E, Ireland B, Leet T. Risk
factors for neonatal mortality among extremely-low-birth-
weight infants. Am J Obstet Gynecol. 2005;192:862-7.

Araljo BF, Bozzetti MC, Tanaka AC. Early neonatal mortality in
Caxias do Sul: a cohort study. J Pediatr (Rio J). 2000;76:200-6.

54.

55.

Duarte JL, Mendonca GA. Factors associated with neonatal
mortality among very low birthweight newborns in four
maternity hospitals in the city of Rio de Janeiro, Brazil. Cad
Saude Publica. 2005;21:181-91.

Denison HJ, Dodds RM, Ntani G, Cooper R, Cooper C, Sayer
AA, et al. How to get started with a systematic review
in epidemiology: an introductory guide for early career
researchers. Arch Public Health. 2013;71:1-8.

© 2017 Sociedade de Pediatria de Sdo Paulo. Published by Zeppelini Publishers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

101

Rev Paul Pediatr. 2017;35(1):92-101



