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ABSTRACT  

Aim: Preterm birth poses concerns in daily functioning and behaviour in childhood, possibly 

connected to sensory processing disorder. This review aimed to systematically identify 

assessments, incidence and nature of sensory processing disorder in preterm-born infants and 

children. 

Methods: We searched literature through CINAHL-EBSCOhost, Cochrane, Ovid/PsychINFO, 

PubMed/Medline, Scopus and Google Scholar, published until November 2018. We included 

electronically available, peer-reviewed studies of preterm-born children that applied 

standardised sensory processing assessments. We excluded studies of preterm-born children 

with major neurodevelopmental impairments.  

Results: We identified 27 studies of premature children, aged from birth to nine years seven 

months. The assessments represented three versions of Sensory Profile questionnaires and 

three clinical tests, Test of Sensory Functions in Infants, the Miller Assessment for 

Preschoolers, and the Sensory Integration and Praxis Test. The studies revealed wide 

variation of atypical sensory processing: 28–87% in sensory modulation, 9–70% in 

somatosensory processing, and 20–70% in sensory-based motor processing. 

Conclusion: Preterm-born children exhibited elevated risk for sensory processing disorder 

from infancy into school age. Routine screening of sensory processing, intervention intervals 

and parental consultations should be considered in ameliorating sensory processing and 

neurocognitive development. Moreover, a larger body of intervention studies is needed.  
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Key notes  

• This systematic review explored assessments, incidence and nature of sensory processing 

disorders in preterm-born population. 

•  Preterm infants and children exhibited evidence for an elevated risk, compared to their term-

born peers, for atypical sensory modulation, somatosensory processing and sensory-based 

motor processing. 

• It is important to follow up and support the development of sensory integration and processing 

in preterm-born children at least until school age. 
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BACKGROUND  

Premature birth causes substantial risks for impairments in motor (1,2), neurocognitive (3) and 

behavioural (4) development. The neonatal intensive care, excessive sensory stimuli (5,6) and 

multiple painful procedures may distress the infant’s brain development. The stress may affect 

the infant’s multisensory integration processes, perception of self and environment and lead to 

adverse consequences in childhood development. (5,7) 

The development of adequate sensory integration and processing is an important precursor for 

learning and behaviour regulation. Sensory integration, as defined by Ayres (1989), is a 

neurological information process that organises sensations from the body and environment. 

Somatosensory, vestibular and visual sensations are seen foundational for this process. With 

somatosensory, the theory refers to body-related tactile and proprioceptive senses. Along with 

the organisation process, the brain constantly selects, inhibits or enhances sensory 

information and responses to it. It is through experiences and purposeful activities that the 

information is further compared, associated and integrated. The brain develops concepts, 

abilities to plan and to interact within the environment. (8) Dysfunctional sensory integration 

processing complicates performance and participation in daily activities. The difficulties are 

heterogenous and depend on the nature of the underlying dysfunctional domains. (8-11) 

The conceptual model of sensory processing by Dunn (10) hypothesises a connection 

between individual neurological threshold and behavioural response strategies. This is 

described in quadrants where the continua of the neurological threshold and the response 

strategy form axes. The neurological threshold mirrors the amount of sensory stimulus 

required for a neuronal excitation response. The brain sensitises to stimuli that require 

immediate attention and response and habituates to familiar stimuli that do not require 

constant attention. This is balanced through modulation, the brain’s regulation process that 

facilitates some responses and inhibits others. The behavioural response continuum varies 
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from passive to active regulation strategies that reflect one’s individual temperament or 

personal traits. A person within low registration quadrant has high neurological threshold and 

passive behavioural response strategy. Therefore, he or she is unaware of surroundings and 

remains disengaged. A person within sensory sensitive quadrant has low threshold and 

passive response strategy. Hence, he or she is easily distracted and has difficulties in busy 

situations offering sensations. A person within sensation seeking quadrant has high threshold 

and active response strategy, and therefore, thrives for opportunities with strong sensations. 

Someone within sensation avoiding quadrant has low threshold and active response strategy, 

and tends to control sensations, perhaps, with compulsive behaviour. (10,12)  

The construct of sensory processing disorder, SPD, by Miller et al (9,13) proposed a nosology, 

when sensory integration dysfunction impairs daily activities, routines or roles. The construct 

hypothesised three main categories and six discreet subtypes of disorder that may be present 

in different combinations. The main categories are sensory modulation disorder, sensory 

discrimination disorder and sensory-based motor disorder. The first category, sensory 

modulation disorder, describes a difficulty to grade and regulate sensory stimuli. Three 

subtypes were proposed, sensory over-responsivity, sensory under-responsivity and sensory 

seeking/graving. Sensory over-responsive person responses to weak stimuli or reacts faster, 

longer and more intensively than what is typical. Someone sensory under-responsive, 

becomes aware of stimulus only when it is excessively strong, and gives an impression of 

inactivity, calmness, or numbness. Sensory seeking/graving person, instead, acts to gain 

intense sensations through many senses. The second category, sensory discrimination 

disorder, describes difficulty to interpret sensation, its locations, similarities or differences. It 

may occur in the visual, auditory, gustatory, olfactory, vestibular, tactile and proprioceptive 

systems. The third category, sensory-based motor disorder, includes subcategories of postural 

disorder and dyspraxia. Postural disorder may demonstrate in hypotonic or hypertonic muscle 

tone, inadequate movement and eye-movement control. It also may occur as difficulty in 
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automatically adjusting position during activities or in reaching and keeping resistance against 

gravity. Dyspraxia is defined as difficulty in generating ideas, planning, sequencing or 

executing novel actions. It typically coincides with tactile, proprioceptive or vestibular under-

responsiveness or discrimination deficits. (9,13).  

These reference frames highlight the importance of body-related senses, tactile, 

proprioceptive and vestibular systems, for normal development of body-perception, motor 

abilities, behaviour and learning. (8-13) In this study, we referred to sensory integration and 

processing as sensory processing.  

Little is known about the nature of sensory processing disorders among preterm population. 

An effective intervention builds on normative measures and evidence-based knowledge of 

underlying problems (14,15). We, therefore, conducted a systematic literature review aiming to 

detect all commercially available, standardised sensory processing assessments represented 

in preterm studies. We also sought to identify the incidence and nature of sensory processing 

disorders in preterm-born infants and children.   
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METHODS  

A comprehensive literature search was conducted to identify studies on preterm children with 

sensory processing assessments. We searched through international databases: CINAHL-

EBSCOhost, Cochrane, PubMed/Medline, Science Direct and Scopus. We screened citation 

indices in Scopus and Google Scholar and manually searched reference lists of identified 

studies. No grey literature was searched.  

The inclusion criteria comprised all electronically available, peer-reviewed observational 

studies that were published before 8 November 2018. The subjects were children born before 

37 weeks of gestation. The summary outcome measures reported on standardised and 

commercially available sensory processing assessments. The studies were either systematic 

reviews or original research papers. The sampling was randomised or non randomised, with or 

without a control group. Publication languages were English, Finnish, French, German, Italian 

or Swedish. 

The exclusion criteria comprised case reports, expert opinions, dissertations, or studies not 

reporting any summary outcome measures of the standardized sensory processing 

assessments on preterm-born children. Also excluded were studies of preterm participants 

with major neurosensory and developmental impairments such as deafness, blindness, 

cerebral palsy, mental retardation, or chromosomal abnormality and hereditary syndromes that 

significantly alter sensory processing.  

The search question followed the population-intervention-comparison-outcome, PICO, 

principle (16). The search terms were either medical subject headings, MeSH, or search words 

with Boolean operators such as OR and AND. The key terms were truncated with a symbol * 

or similar, to expand the search options to variations of the words. For example, prematur* 

expanded the search to premature, prematurely or prematurity. The key terms were preterm, 
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prematur*, sensor*, sensation, motor skill*, perceptual skill*, development* and the name of 

the standardized sensory processing assessment identified by Williams and Anzalone (17), 

Eeles et al (18) and Jorquera-Cabrera et al (19). Manual search of the reference lists of the 

papers included and of the citation indices supplemented the systematic search. Table S1 

illustrates an example of the systematic search retrieval protocol. The first author administered 

the search. Uncertainties of decisions were resolved through discussion and consensus with 

members of the research team.  

The review applied Equator network recommendations for methodological quality 

assessments of the studies included: Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses, PRISMA (20), Consolidated Standards of Reporting Trials, CONSORT for 

randomised controlled trials (21) and the Strengthening the Reporting of Observational Studies 

in Epidemiology, STROBE (22) for non-randomised, observational designs.  
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RESULTS  

The comprehensive literature search (Figure 1) yielded 27 studies, comprising three 

systematic reviews (Table 1) and 24 original studies (Table S2). All studies were published in 

English but originated from 11 countries and five continents. In case a study was presented in 

multiple publications, the review included the most recent paper (23). The review accepted a 

second publication if the sensory processing outcome measures were different (24-29). Table 

S3 lists the studies excluded and the reasons behind the rejections.  

Included studies 

The included three systematic reviews (Table 1) were published in years 2015 and 2017. 

Mitchell et al (30) synthesised in their review evidence of sensory processing disorder in 

multidisciplinary studies with preterm-born children from birth to three years of age. They 

analysed outcomes from 45 studies with physiological, behavioural, temperament or sensory 

processing research. Of those 45 studies, one was included in our review (31). The review of 

Bröring et al (32) reported on sensory modulation problems, their risk factors and associations 

with neurocognitive and behavioural problems in preterm children. Of the 18 included studies, 

three concerned general population with prematurity as a risk factor. Of the other 15 studies 

designed for preterm infants and children, we included 11 in the current review. The review of 

Machado et al (33) reported on evidence of sensory processing in preterm infants. The review 

comprised eight studies, which all met the inclusion criteria of the current review.  

The included 24 original studies were published between years 1994 and 2018. Of these, 20 

were explorative and four were descriptive studies. Among the descriptive studies, two 

reported on intervention effects of individualised sensory integration therapy (28,34). Another 

reported on a physiotherapy and parental guidance programme (35) and one on fatty acid 

supplement effects on sensory processing outcome (36). Table S2 presents a summary of the 

original studies and outcomes. 
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Methodological appraisal 

The methodological appraisal (20-22) of the studies included (Table S4) varied from low to 

high risk of bias. The risks of bias concerned missing descriptions such as participant 

demographic background, participant selection process, allocation and matching of controls, 

blinding groups and loss of follow-up participants in the cohort studies. Six papers included a 

flow-diagram of participants during the study process. The risk of bias on the outcome level 

consisted of a lack of adjustments for confounders and nonexistent demographic comparison 

between the participants and eventual drop-out groups. Small sample sizes decreased the 

strength of the studies and possibly led to type II errors.  

Participants 

The included original studies reported on 2,556 children, of which 1,875 were preterm (56% 

boys) and 681 term-born control participants (47% boys). In addition, the systematic review of 

Mitchell et al (30) covered 2,584 participants. The review of Bröring et al (32) covered in 

population-based studies 2,575 participants and in the preterm studies additional 625 

participants that were not included in our review. All studies together, reported on 8,340 

participants.  

The gestational age in the included original studies varied between 22 and 36 completed weeks 

for the preterm-born children. The term-born children were born between 37 and 42 weeks of 

gestation. Extremely low gestational age under 28 weeks or birth weight under 1,000g, were 

reported in four studies (26,27,37,38). Very low gestational age under 32 weeks or birth weight 

under 1,500g were reported in 15 studies (24,25,28,29,35,36,39-47). Other five studies reported 

gestational age under 37 weeks (23,31,34,48,49). The participant age ranged at the time of the 

studies from four months to nine years and seven months. We identified no studies of preterm-

born adolescents or adults. The sample sizes varied from 24 to 243 participants. (Table S2)  
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Sensory processing assessments  

The search identified two types of assessments, clinical measures and caregiver 

questionnaires. The clinical measures, present in 15 studies, were the Test of Sensory 

Functions in Infants, the Miller Assessment for Preschoolers and the Sensory Integration and 

Praxis Test. The caregiver questionnaires, present in 13 studies, were the Infant/Toddler 

Sensory Profile, the Sensory Profile and the Short Sensory Profile.  

Clinical measures 

The Test of Sensory Functions in Infants (TSFI). The TSFI is designed for infants between 

four and 18 months of age. The test screens regulatory disorders, developmental delays, risk 

of learning and sensory processing disorders. The TSFI contains 24 items that are divided in 

five subdomains: reactivity to deep pressure, adaptive motor functions, visual-tactile 

integration, ocular-motor control and reactivity to vestibular stimulation. The TSFI scores 

describe normal, at-risk (6th–25th percentile), or deficient (<5th percentile) sensory processing. 

The test is most accurate for categorizing sensory dysfunction from 10 to 18 months of age 

and normal function from four to 18 months of age. The test manual advises combining the 

results with other standardized comprehensive developmental assessments (50). The TSFI 

was applied in eight studies (23,28,29,31,34,42,48,49). 

The Miller Assessment for Preschoolers (MAP). The MAP contains 27 items. It is designed 

for screening delays in sensory and motor foundations, coordination, cognitive verbal, 

cognitive non-verbal and combined complex abilities. The test is designed for children 

between two years nine months and five years eight months of age. The MAP scores describe 

normal, moderate (6th–25th percentile) or severe (<5th percentile) delays of development (51). 

The MAP was applied in two studies (38,45). 

The Sensory Integration and Praxis Test (SIPT). The SIPT contains 17 individual tests that 

distinguish performance irregularities in tactile, proprioceptive, vestibular and visual 
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processing, eye-hand coordination, bilateral motor coordination and praxis. The SIPT is 

designed for children between four years and eight years 11 months of age. Low scores in the 

individual tests indicate severe (-3.0 to -2.5), definite (-2.5 to -2.0), or mild (-2.0 to -1.0) 

dysfunction or difficulty. The non-dysfunctional scores are divided into typical (-1.0 to 1.0), 

above average (1.0 to 2.0) and advanced (2.0 to 3.0) performance. The SIPT offers a profile of 

test performance but no total scores. (8,52) The SIPT appeared partly in five studies that 

employed between one and six of the possible 17 individual tests (27,37,41,44,46). 

Questionnaires 

The Sensory Profile questionnaires identify problems of sensory modulation and self-

regulation behaviours. The questions are grouped in tactile, visual, oral, auditory, vestibular 

and multisensory sections. The responses of the sections are also categorised in four 

quadrants according to the neurological threshold and behaviour response strategy. High 

neurological threshold appears as low registration or sensation seeking. Low threshold 

appears as sensory sensitivity and sensation avoiding. The Infant/Toddler Sensory Profile 

(ITSP) contains two parts. The infant form is designed until six months of age with 36 items. 

The toddler form is designed for seven to 36 months of age with 48 items (12). Only the 

toddler form was identified in the included studies. The Sensory Profile (SP) questionnaire 

comprises 125 items and its shortened version, the Short Sensory Profile (SSP) covers 38 

items. These SP and SSP are designed for children between three and 12 years of age. (53) 

The questionnaire scores are divided into three categories, normal, possible atypical (>1SD) 

and atypical (>2SD). (12,53). The ITSP was applied in nine studies (24-26,28,29,31,36,40,47), 

the SP in three studies (35,41,47) and the SSP in two studies (39,43). 

General outcome in sensory processing 

The studies of preterm-born infants and children without major neurodevelopmental 

impairments showed strong elevated risk, compared to term-born children, for atypical sensory 

processing. The systematic review of Machado et al (33) argued that preterm birth negatively 
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impacts on sensory processing in childhood. TSFI test total scores indicated at-risk or deficient 

sensory processing in 37–82% of the preterm infants (23,31,42,48,49) and in 0–22% of the 

term-born infants (31,48,49). The MAP total scores indicated moderate delay for 34–70% of 

the preterm-born children and for 14% of the term-born children. Severe delays in the MAP 

occurred in 20–40% of the preterm-born children and 4% of the term-born children. The SIPT 

mean scores of the individual tests remained 0.4–1.5 SD lower for the preterm children than 

for those of the controls or the population norm (27,37,41,44,46).  

Outcomes in sensory modulation  

Sensory modulation disorder was evidenced in two systematic reviews (30,32) and in nine 

original studies (24-26,29,31,36,39,43,47). Children born preterm demonstrated significantly 

more sensory modulation deficits, compared to full-term children. The results were, however, 

reported in various, non-comparable ways. According to the Sensory Profile caregiver 

questionnaires, one or more sections or quadrants displayed definitely atypical response 

(>2SD) in 28–39% (43,47) and possible atypical (1SD) response in 37–87% of the preterm 

children (26,31,36,39,47). Atypical responses were non-existent among full-term children and 

possible atypical responses occurred in 12% of the full-term children (39). Among preterm 

children, the prevalence of possible atypical modulation was 7–65% in auditory, 16–46% in 

visual, 9–45% in tactile, 18–61% in vestibular, and 18–36% in oral section. Possible atypical 

quadrants appeared in low registration 23–71%, sensation seeking 14–33%, sensory 

sensitivity 7–62% and sensation avoiding 18–54%. TSFI outcome for reactivity to vestibular 

stimulation was deficient in 24–80% and at risk or deficient in 21–30% among preterm infants. 

TSFI tactile reactivity appeared deficient in 21–93% and at risk or deficient in 17–49% of the 

preterm infants. (23,29,31,42) The review of Mitchell et al (30) found 44% of positive evidence 

on sensory processing disorder, mostly sensory modulation disorder (43%) occurring in 

sensory over-responsivity. The systematic review of Bröring et al (32) found evidence of 

sensory modulation disorder in 16 of the included 18 studies. The variety and nature varied 
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widely. Most frequently affected was low registration quadrant and auditory modulation, both 

found problematic in six studies. Oral, tactile, vestibular and visual modulation was atypical in 

four studies. 

Outcomes in sensory discrimination  

Sensory discrimination problems of preterm children were identified in nine papers. According 

to the TSFI, the prevalence for visual-tactile integration was at-risk or deficient in18–33% in 

preterm infants (29,31,42). The MAP outcomes for tactile discrimination and stereognosis are 

included in the sensory and motor foundations index (51) and are, therefore, reported in the 

sensory-based motor processing section. The SIPT prevalence for mild to severe dysfunction 

in somatosensory processing tests was 9–71% in the preterm-born children and 0–30 % in the 

term-born controls (27,37,41,44,46). Poor performance in tactile processing was reported in 

five studies (27,37,41,44,46) and poor kinaesthetic discrimination in one study (41). The SIPT 

somatosensory processing scores among preterm children were significantly lower (p<0.001) 

compared to the population means: in kinaesthesia (-1.1 SD), finger identification (-0.9), 

manual form perception (-1.5), graphesthesia (-0.85) and localization of tactile stimuli (-0.99) 

(44).  

Outcomes in sensory-based motor processing  

Sensory-based motor problems of preterm children were confirmed in a total of 16 studies. 

The TSFI prevalence of at-risk or deficient outcome in preterm infants was 27–79% in adaptive 

motor functions (23,29,31,34,42,49) and 3–50% in ocular-motor control (29,31,42). The MAP 

prevalence of moderate delay was 10–45% in sensory and motor foundations and 44–70% in 

coordination in preterm children. Prevalence of severe delay was 0–11% in abilities of sensory 

and motor foundations and 0–11% in coordination. (45) In the SIPT sensory-motor processing, 

prevalence of mild to moderate dysfunction was 20–40% in preterm children and 3–12% in 

term-born controls. The prevalence of moderate to severe dysfunction was 8–12% in the 

preterm-born children. and 6–10%, respectively, in the term-born controls (27,46).  
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Visual-motor integration deficits were reported in four studies (27,37,46,48). The SIPT 

prevalence for mild to definite dysfunction in eye-hand motor accuracy was 31%, and definite 

to severe dysfunction was 10% in preterm children (27,46) and 3% and 0% in term-born 

controls, respectively (27). Preterm children, who performed in the SIPT motor accuracy and 

finger identification significantly worse than the controls, were also slower in handwriting (p = 

0.004) (46). 

Motor planning problems (27,38,45) and dyspraxia (37) were addressed in four studies. There 

were significantly lower scores in the SIPT tests of praxis, visual perception and processing 

among the preterm children, compared to the matched control children. The extremely preterm 

children with developmental coordination disorder scored lower in praxis tests than those 

without coordination disorder.(37) SIPT postural praxis test identified mild dysfunction in 33% 

and definite to severe dysfunction in 12% of the preterm children and 12% and 0%, 

respectively, in term-born children (27). MAP combined complex abilities, that also require 

praxis skills, showed moderate delay in 0–36% and severe delay 11–45% in preterm children. 

(45) 

Associations with other motor tests were reported. TSFI outcomes in visual-tactile integration 

(48), reactivity to tactile deep pressure (23) and reactivity to vestibular stimuli (23,48) were 

strongly associated with adverse (≤ 5th percentile) motor outcomes in the Alberta Infant Motor 

Scales. One study identified a strong association between low TSFI total score and Alberta 

Infant Motor Scales (48), but another study found no such evidence (23). One study found no 

association of Sensory Profile scores with motor outcome (47). 

Outcomes on sensory processing intervention studies 

Sensory integration intervention effects were reported in two studies. Pekçetin et al (34) 

adopted eight weekly sensory integration treatments for a group of preterm infants at the 

corrected age of seven to nine months. A control group of term-born children had no 
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treatment. The study applied TSFI before and after the treatment period and compared the 

outcome with the non-treated group. The intervention showed significant positive effect on 

sensory processing, more precisely in visual-tactile integration and adaptive motor functions. 

Lecuona et al (28) implied 10 individualised weekly sensory integration treatment sessions to a 

group of preterm infants from low socioeconomic level families. The control group of preterm 

children from low socioeconomic background had no treatment. The study found a significant 

positive treatment effect on the treatment group, compared to the control group. This was 

verified with pre- and post-tests by the Bayley Scales of Infant and Toddler Development –

third edition (BSID-III), TSFI and ITSP. The mean scores of the treatment group’s motor, 

cognitive and language development and sensory processing improved, whereas the control 

group had more modest improvement, or poorer performance in all the post-tests. Further two 

studies applied sensory profiles to obtain results from other interventions: a fatty acid 

supplementation trial (36) and a parent-guidance and physiotherapy program for preterm 

infants (35).  

 

Associations of sensory processing with neurocognitive development 

A total of 11 original studies reported on associations of sensory processing with 

neurocognitive development (24-29,39,42,45,47,49). Poor performance in the TSFI total score, 

visual-tactile integration, adaptive motor function (49) and ocular-motor control (42) was 

associated with poor cognitive scores in BSID-III. ITSP adverse sensation seeking and low 

registration, auditory and touch processing were associated with low Mental Developmental 

Index in BSID second edition (24). Poor TSFI oculomotor control was associated with low 

motor scores in BSID-III (42). Atypical Short Sensory Profile overall scores were associated 

with poor executive functions, more specifically working memory and inhibition (39). No 

association with Sensory Profile and cognitive outcome was reported in one studies of two 

year-old and another study of one-to-eight-year-old children.(26,47).However, the group of the 
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two-year-old children were re-examined at six-to-seven years of age. The outcomes of SIPT 

design copying, postural praxis and manual form perception were significantly associated with 

their lower full-scale intelligence quotient. (26,27) The review of Bröring et al (32) reported of 

two studies indicating associations with sensory modulation problems and neurocognitive 

measures. In five studies, no association was found. 

Sensory processing deficits and risk factors 

Risk factors associated with sensory processing deficits were reported in 11 studies. The 

evidence of single factors was diverse and remained weak. Low gestational age correlated 

with low ITSP, SSP and TSFI scores (31,39,42,43). Low gestational age and length of hospital 

stay correlated with adverse behavioural and emotional responses in the SP (41) and with low 

scores in the SIPT finger identification and kinaesthesia (44). Low birth weight (39,43) and 

days of ventilation were associated with poor SSP scores (43). Low five-minute Apgar score 

predicted poor SSP and TSFI total scores (43,48). Male sex was associated with adverse 

reactivity to vestibular stimulation scores (42) and with dysfunctional vestibular, auditory and 

visual processing scores and low registration (25). Severe white matter injury in brain 

magnetic resonance imaging correlated with poor ocular-motor control (42). White and grey 

matter abnormality and surgical closure of the patent ductus arteriosus was associated with 

sensation seeking behaviour and mildly atypical oral processing (26). Some studies stated no 

relationship with risk factors such as perinatal conditions (47), gender, brain ultrasound and 

supplemental oxygen (43).  
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DISCUSSION 

The amount of research on sensory processing among preterm-born children has increased 

notably in recent years. Our literature search yielded three systematic reviews and 24 original 

studies from 11 countries and five continents. Over 50% of the papers were published during 

the last three years (2016–2018) and 81% during the last six years. The included papers 

reported on a total of 8,340 participants, age ranging from birth to nine years seven months. 

The systematic search identified three clinical assessments and three versions of caregiver 

questionnaires. The clinical assessments were the Test of Sensory Functions in Infants 

(TSFI), the Miller Assessment for Preschoolers (MAP) and the Sensory Integration and Praxis 

Test (SIPT). The caregiver questionnaires were Infant/Toddler Sensory Profile (ITSP), 

Sensory Profile (SP) and Short Sensory Profile (SSP).The studies of preterm children without 

major neurodevelopmental impairments showed strong evidence for an elevated risk, 

compared to their term-born peers, for atypical sensory modulation and sensory-motor 

processing, and moderate evidence for atypical somatosensory processing. These atypical 

symptoms persisted at minimum up to nine years of age (27,37,41,44,46,47). 

Our systematic review added to the knowledge of sensory processing in preterm children. By 

identifying two clinical tools, not included in earlier reviews, we gained new evidence of 

preterm children’s performance in somatosensory processing and sensory-based motor 

problems. The earlier studies have mainly reported on modulation responses of infants and 

toddlers, observed through the caregiver questionnaire ITSP and the clinical measure TSFI. In 

addition, the TSFI allowed to observe the ocular-motor control, visual-tactile integration and 

adaptive motor functions in infants. However, the earlier studies missed assessments that 

measure direct performance in sensory processing abilities. The identified MAP and SIPT 

corrected this shortcoming. The MAP that screens performance for the whole range of sensory 

processing abilities, is only applicable from the age of two years and nine months (51). The 
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identified SIPT, which is the most comprehensive tool in evaluating of sensory processing 

abilities (8,19) is applicable from four years of age. Accordingly, there is a need for an 

assessment of sensory processing performance abilities for infants and toddlers.  

Our findings that preterm children have sensory processing problems is in line with previous 

systematic reviews. Sensory modulation problems were evident in preterm children (30,32). 

According to review of Mitchell et al (30), modulation problems in multidisciplinary 

assessments mostly appeared in over-responsivity (30). The review of Bröring et al indicated 

most problems in low registration (32). Our review identified sensory sensitivity in 7–62% and 

low registration in 23–71% of the preterm participants. The differences may be explained by 

the fact that multidisciplinary assessments are not designed to detect sensory processing 

disorders, especially low registration. Over-responsivity and distractible behaviour may be 

more easily recognised than non-normal calm appearing behaviour in such studies. Instead, 

Bröring et al searched modulation problems in studies especially designed for evaluating 

sensory modulation and, therefore, were able to detect low registration behaviour. Other 

explanations to the differences may be that individual infants and children naturally differ in 

sensory processing characteristics and temperament. Moreover, neonatal intensive care 

procedures, sensory experiences and complications may affect these individuals differently. A 

suggestion for future research is to study how differences in geographical and cultural 

influences and impacts of different neonatal intensive care protocols are associated with 

sensory modulation outcomes. 

The research on sensory discrimination in preterm children is scarce. The evidence mainly 

arose from abnormal visual-tactile integration in infancy (29,31,42) and somatosensory 

processing at school age, between six and nine years of age (27,37,41,44,46).According to 

Ayres and Miller et al ( (8,9,11,13) accurate somatosensory processing is pivotal for 
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development of motor planning and coordination. Accordingly, behaviours measured by 

Dunn’s Sensory Profile may be related to motor and process skills (54). 

Sensory-based motor problems in preterm children appear understudied. Global motor 

development of preterm children has been widely studied using other measures than those 

based on sensory processing (1). Studies with the MAP indicated moderate to severe delays 

in sensory and motor foundations, coordination and combined complex abilities. The study of 

Leosdottir (38) revealed that the patterns of the MAP scores significantly differed between 

preterm and term groups. Lane et al (45) compared two groups of preterm children that were 

allocated according to neurological examination at 18 months of age. At four years of age, the 

group with neurologically normal scores performed better than the group with lower scores in 

the neurological examination. However, 25% of children previously allocated as neurologically 

normal, had severe delays in sensory and motor foundations, coordination and combined 

complex abilities, using MAP assessment. The risk of delayed abilities was not recognized in 

the neurological screening at 18 months of age.  

Studies with the SIPT revealed visual-motor integration deficits (27,37,46), motor planning 

deficits (27) and dyspraxia (37). The SIPT, being the most comprehensive tool for detecting 

sensory integration and praxis difficulties, was only partially applied in the studies. The reason 

for the sparse use of the SIPT might be its requirement for clinical therapist training in the 

sensory integration treatment and the SIPT administration. In addition, the scoring of the SIPT 

is laborious and costly, compared to the other assessments in our review. (8,19) 

Regulatory, perceptual, sensory and motor abilities, all crucial aspects of sensory processing, 

contribute to the development of adequate body schema, motor coordination and motor 

planning. They further promote adaptive responses in behaviour, facilitate learning and 

participation. (8,9) Preterm birth, however, may compromise this developmental process. Bart 

et al (31) investigated differences in participation and sensory modulation between one-year-
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old late preterm infants and their term-born controls. The preterm-born toddlers scored worse 

than the controls on sensory modulation. They indicated significantly more dysfunction in two 

domains of the ITSP, in auditory and oral processing, and in all subdomains of the TSFI. They 

showed significantly less involvement in daily activities, play and social participation, 

compared to term-born children. Moreover, the decreased participation significantly reduced 

parent satisfaction. Leisure activities and playfulness are positive way to help children with 

sensory processing deficits to gain perceptual, motor and process skills, and nonetheless, self-

confidence. (11,31,55). 

Only two studies reported on sensory integration intervention effects. They resulted in 

significant positive effects on sensory processing. The studies controlled the treatment design 

with Ayres Sensory Integration Fidelity measure (28,34). It is a recommended tool to 

conceptualise sensory integration treatments and to strengthen the reliability of the intended 

outcomes for research (56,57). However, both studies omitted adjustments for possible 

confounders, which decreases their generalizability (28,34).  

The studies indicate that screening and follow-up for sensory processing disorders in preterm-

born children should continue after infancy at least up to school age. Early revealing of 

sensory-based motor performance problems might guide intervention strategies to improve the 

development of postural control, coordination, motor planning and execution. No longitudinal 

studies exist in efficiency of sensory integration-based therapy or guidance intervals along 

childhood years. It is assumable that during years of growing, these children at risk and their 

families require and benefit from some additional support at some points of challenges in 

development. 

There were some limitations in this systematic review. It mainly reported on positive findings of 

sensory processing deficits and only some negative findings, which gives rise to a risk of 

publication bias. No grey literature was searched due to the aim of searching all current, peer-
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reviewed and electronically available publications. The included twenty-seven studies might 

have permitted a meta-analysis, but the variety of study methods and reporting styles made 

further analyses difficult. The main findings came from the Sensory Profile questionnaires that 

reflect parent’s observations on the child's behaviour, not direct participation of the child. The 

strength of our review was its discovery of new aspects of sensory processing in studies of 

preterm children. The MAP and SIPT tests revealed aspects of body-related somatosensory 

and sensory-based motor processing in preterm children, especially at school age, which have 

remained unreported in earlier reviews.  

The future systematic reviews on the topic are recommended to compare the possible 

geographical differences of sensory processing disorders and the relationships in the 

procedures of the neonatal intensive care. However, this would require a growing body of 

research on sensory processing in preterm infants and children.  

 

CONCLUSION  

This systematic review led to strong evidence of preterm infants’ elevated risk for dysfunction 

in sensory modulation and sensory-motor processing. Additionally, the review found moderate 

evidence for dysfunction in somatosensory processing. The evidence and causality are yet to 

be specified. A larger body of evidence is needed on the effects of sensory integration 

treatment for preterm children. Sensory processing deficits negatively affect daily participation 

and interaction of preterm children and their families, causing disadvantage in mental, social 

and neurocognitive development. (6,29,31,37,49,58,59). Therefore, routine screening and 

following of sensory processing development are needed. Treatment intervals and 

consultations for parents in sensory processing are pivotal in supporting preterm children in 

their neurocognitive development from infancy through to school age (28,34,38,41-48).  
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Tables 

 

Table 1. The systematic reviews that were included 

Author,  

Year.  

Country. 

Study design,  

Level of 

Evidence.  

N (Study population)  

n (studies included); 

GA weeks (wk),  

birth weight (g)  

age at study, years 

(a), months (mo). 

Aim/Objectives Assess

ments  

Main results. 

 Studies in common with the current review. 

Mitchell et al 

2015. USA.  

 

Systematic 

review,  

Level I.  

N=2584,  

n=45 studies;  

 

GA  

22–37 or 450– 2865g;  

 

Age  

birth–3a.  

Sensory processing 

disorder patterns in 

multiprofessional studies of 

preterm children.  

ITSP, 

TSFI  

295 findings related to SPD:130 (44%) positive; 165 (56%) negative; 

majority related to sensory modulation disorder, most prevalently to 

sensory over-responsivity. 

One study was in common with the current review.  

Bröring et al 

2017 (52). 

Netherlands. 

PT N=1259,  

T N=542,  

n=18 studies;  

Sensory modulation 

problems in preterm 

children, associations to 

ITSP, 

SSP, 

SP, 

Sensory modulation problems reported in 15 studies in the preterm 

population and in three studies of general population samples 

analysing gestational age. Some relationship evidenced between 
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Systematic 

review,  

Level I.  

 

GA (PT)  

5x (22–37w),  

7x (<1500g),  

1x ≤ 28w;  

risk factors, behavioural 

and neurocognitive 

problems. 

TSFI, 

Sensory 

Rating 

Scale.  

sensory modulation disorder and white matter injury and length of stay 

in neonatal intensive care unit. Nature and severity of SMP differed 

widely and may affect neurocognitive and behavioural sequalae.  

11 studies in common with the current review. 

Machado et 

al 2017 (33). 

Brazil.  

 

Systematic 

Review,  

Level I.  

N=N/A, 

n=8 studies 

 

GA  

75% <34;  

 

Age  

<2a in six studies.  

Evidence of grounded and 

quality evidence 

concerning the sensory 

processing in preterm 

infants during childhood 

ITSP, 

SSP, 

TSFI, 

Preterm birth was considered a risk factor for SPD. Gestational age, 

male gender and white matter lesions were associated with SPD; 

negative effects on motor, cognitive and language development. The 

signals for SPD can be identified early, which is crucial for early 

treatment and improvement of SPD for the benefit of development. 

All eight studies in common with the current review. 

Table 1 abbreviations: GA = Gestational age, ITSP = Infant/Toddler Sensory Profile, PT = Preterm-born, SPD = Sensory processing disorder, SRS = 

Sensory Rating Scale, T = Term-born, TSFI = Test of Sensory Functions in Infant. 
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Figure 1. Systematic literature search flow diagram. Reproduced and adapted from PRISMA-IPD 

Flow Diagram (17). Abbreviation SPD = Sensory Processing Disorder. 
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