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Abstract

Original Research Article

Introduction: Sensory processing generally refers to the handling of sensory information by neural systems, including
the functions of receptor organs and the peripheral and central nervous systems. Sensory processing difficulties occur
in a host of neurodevelopmental problems like Autism Spectrum Disorder (ASD), and Attention Deficit Hyperactivity
Disorder (ADHD) among several others. These can also occur in children considered otherwise normal. Aim: To
assess prevalence and distribution of Sensory Processing Difficulties among children attending the Child Guidance
Clinic (excluding ASD) in a tertiary care hospital in Kolkata. Methodology: All new cases attending the child
Guidance Clinic during study period were included. Serious comorbid physical illness requiring admission, refusal to
give consent and cases diagnosed with Autism Spectrum Disorder, learning disorder, Intellectual Disabilities and
Psychiatric sequelae of serious physical illness were exclusion factors. All children who were referred to the Child
Guidance Clinic were routinely administered the Child symptom Inventory (CSI), followed by detail evaluation. Cases
were selected as per inclusion and exclusion criteria. Final diagnosis regarding psychopathology has been made on the
basis of DSM-V criteria. Following this, another researcher (Occupational therapist) who is blind to the diagnosis
screened the patient for Sensory Processing Difficulties using the validated tools Winnie Dunn Short Sensory Profile
(SSP). Results: Difference of mean SSP score between two groups, externalizing behavior problem i.e.
ADHD/ODD/CD (mean score –131.73) and others (mean score-149.69) is statistically significant. Conclusion:
Clinicians should be aware that children with externalizing behaviors may also have underlying sensory processing
difficulties which may be masked. Hence evaluation of sensory processing difficulties should form an integral part of
the assessment process in such conditions.
Key word: Externalizing Behavior, Autism Spectrum Disorder, Sensory Processing Difficulties, ADHD, Occupational
therapy.
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use, distribution, and reproduction in any medium for non-commercial use (NonCommercial, or CC-BY-NC) provided the original author and source
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INTRODUCTION
Sensory processing generally refers to the
handling of sensory information by neural systems,
including the functions of receptor organs and the
peripheral and central nervous systems. Problems with
sensory processing have been noted in the literature
since the 1960‟s and 70‟s [1]. The term sensory
integration dysfunction was coined by the occupational
therapist Jean Ayres to describe atypical social,
emotional, motor and functional patterns of behavior
related to poor processing of sensory stimuli [2].
Sensory integration (SI) is the ability to
organize sensory information to make an adaptive
response [3]. Some authors have suggested that SI
should be referred to as multisensory integration [4].
Behaviors associated with sensory processing are not

necessarily symptoms or abnormalities; these are
differences and often abilities, such as enhanced
perception [5]. Hence apparently normal individuals
may have such sensory processing differences too
which may or may not affect their daily functioning
skills. Sensory processing disorder (SPD) “affects the
way the brain interprets the information that comes in
and the response that follows, causing emotional,
motor, and other reactions that are inappropriate and
extreme[6]”.
Sensory processing problem are of three types
- sensory modulation disorder (SMD), sensory based
motor disorder and sensory discrimination disorder.
SMD is of 3 types namely Sensory hypersensitivity,
sensory hyposensitivity and sensory seeking. Sensory
hypersensitivity means that individuals respond to
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sensory stimuli in the way that is faster, longer, or more
intense than what is expected [9].
Individuals with under-responsivity are
unaware or they are slow to respond to sensory input.
The third type is sensory-seeking, where individuals
crave or display interest in sensory experiences
[11]. Sensory discrimination problems are another type
of sensory processing problem characterized by
difficulty interpreting the specific characteristics of
sensory stimuli [12].
The etiology of sensory processing is
unknown. Genetic and familial factors have been
suggested [12]. Others suggest other risk factors such as
pre-, peri- and post-natal birth factors such as maternal
stress during pregnancy, jaundice, and allergies [13].
Michael First [14], editor of the DSM-IV TR,
notes that three options for adding sensory processing
disorders to the DSM-V have been discussed: 1) adding
it as a new disorder; 2) adding it as a subtype that would
apply to disorders such as Autistic Disorder or
Attention-Deficit / Hyperactivity Disorder; or 3) adding
a dimensional definition to the DSM-V appendix for
“criteria sets and axes needing further study” in order to
stimulate additional research. He further notes that the
type of data that would be required include 1) evidence
that sensory processing disorder describes a condition
that is not adequately covered by an existing DSM-IV
disorder; 2) evidence supporting its diagnostic validity;
3) evidence supporting its clinical utility; and 4)
evidence supporting that there is a low risk of false
positive diagnoses that might result if sensory
processing disorder were to be added.
Sensory processing difficulties occur in a host
of neuro-developmental problems like Autism
Spectrum Disorder (ASD), Learning Disorders, and
Attention Deficit Hyperactivity Disorder (ADHD) and
among several others. These can also occur in children
considered otherwise normal. Sensory processing
problems seem to overlap numerous conditions, and
there is uncertainty about whether it constitutes a
distinct disorder or not. Estimated rates of sensory
processing dysfunction for children with various
disabilities have ranged as high as 40–88% [15, 16].
The prevalence and types of sensory processing
impairments in children with ASD and ADHD are well
documented in the literature [17-20].
Compared with children without disabilities,
children with ADHD exhibited greater difficulties in the
sensorimotor domain, including visual and tactile
processing [21, 22]. From a sensory processing
perspective, children with ADHD may not be receiving
and processing sensory information properly and
therefore may have difficulty producing appropriate
responses at both school and home and in the
community[17]. Neu reported that more activity, less

adaptability, and lower thresholds for sensory stimuli in
infancy are related to a higher rate of diagnosis of
ADHD in later stages [23]. Researchers have further
identified vestibular sensory differences in children
with attentional difficulties; moreover, these difficulties
interfere with the children‟s performance in movement
and skills development [2, 24]. The literature supports
the observations that children with ADHD have
behavioral and conduct difficulties and disruptive
behavior disorders, particularly oppositional deviant
disorder and conduct disorder, as well as others [17, 25,
26].
It is clear that there is an alteration in the
neural networks and a possible central role of dopamine
for sensory problems that cannot be linked to specific
cerebral lesions in children with ADHD [27]. One of
the prominent neuroanatomical markers for children
and adolescents with ADHD is widespread cortical
thickness reductions [28]. Activities in resting state in
sensory and sensory-related cortices in ADHD is
significantly more than those of the control group
[29]. Moreover, there is a connection between
perception and action that is impaired in ADHD [30].
There is also some evidence of an association
between
sensory
processing
difficulties
and
externalisingbehaviour disorders other than ADHD i.e
Oppositional Defiant Disorder (ODD) and Conduct
Disorder (CD) [31, 32]. However, there has been
minimal research into the specific association between
sensory processing difficulties and behavioural
problems, in the absence of a diagnosis of these
disorders. Children with conduct disturbances come to
the attention of service providers by virtue of their key
handicapping condition, i.e. externalisingbehaviours;
however, when more closely examined, they often have
other, co-morbid but undiagnosed disorders [33].
Knowledge of such co-morbidities may contribute not
only to improved theoretical models of developmental
disability, but also to the design of tailored inventions.
The identification of an association between
sensory processing difficulties and behavioural
problems may have significant implications for clinical
practice. Currently, sensory processing is not routinely
assessed in children with disruptive behavior [34].
However, the identification of sensory processing
difficulties may stand to strengthen the early
management of children with behaviour problems, by
highlighting everyday management approaches which
promote
optimal
development,
socially
and
academically.
Hence, this study aims to assess prevalence
and distribution of Sensory Processing Difficulties
among children attending the Child Guidance Clinic
(excluding ASD) in a tertiary care hospital in Kolkata
and to find out the association between perinatal factors
and Sensory Processing Difficulties.
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MATERIALS AND METHODS






Study design: Cross-sectional observational study
Study period: 3months from date of
commencement of the study
Study setting: Child Guidance Clinic (Department
of Psychiatry) and Occupational therapy unit
(Department of Physical Medicine, Regional
Artificial Limb Fitting Centre), NRS Medical
College, Kolkata
Selection criteria

All new cases attending the child Guidance
Clinic during
study period were included. Patients
having serious comorbid physical illness requiring
admission, refusal to give consent for this study and
patients with Autism Spectrum Disorder, Intellectual
Disabilities, Learning Disorder and Psychiatric sequelae
of serious physical illness were excluded.
Study tools
 Short Sensory Profile by Winnie Dunn
The primary variable in this study was
reported behavioral sensory processing as measured by
the SSP [35]. The SSP is a 38-item caregiver report
measure comprising the items that demonstrated the
highest discriminative power of atypical sensory
processing among all the items from the long version,
the Sensory Profile [36]. The full SP, from which the
norms were established, was standardized on 1,200
children. Items are scored on a 1-point to 5-point scale.
One parent of each participant completed the SSP [35],
a reliable and valid parent-report measure of functional
behaviors associated with abnormal responses to
sensory stimuli. The seven SSP subtests are: (1) Tactile
Sensitivity,
(2)
Movement
Sensitivity,
(3)
Visual/Auditory Sensitivity, (4) Taste/Smell Sensitivity,
(5) Auditory Filtering, (6) Low Energy/ Weak, and (7)
Under-responsive/Seeks Sensation. The possible range
of raw scores on the total scale is 38 to 190, with higher
scores reflecting more normal performance. A score in
the „typical performance‟ range indicates that the child
does not have sensory processing difficulties, while
scores in the „probable difference‟ or „definite
difference‟ ranges indicate that the child might have or
does have sensory processing difficulties in that
subscale.
The Total Score is the most sensitive indicator
of sensory dysfunction. In this study, the SSP is most
appropriate because in the early phase of its
development the social–communication and motor
items in the SP were eliminated. Thus, the SSP isolates
sensory processing that is less confounded by items
overlapping with the diagnostic features of autism.
Initial studies of the validity of the SSP have
demonstrated discriminate validity of > 95%
inidentifying children with and without sensory

modulation difficulties [35]. Miller and colleagues also
correlated dysfunctional sensory processing scores with
abnormal psychophysiological responses to a series of
sensory challenges [37]. Together, these findings
provide initial support for use of the SSP as a valid
measure of sensory processing.


Child Symptom Inventory (CSI)- 4
The CSI-4 is a behavior rating scale whose
items correspond to the symptoms of disorders defined
by the Diagnostic and Statistical Manual of Mental
Disorders (4th ed. [DSM-IV]; American Psychiatric
Association [38].
The CSI–4 contains symptom categories for
the following DSM–IV disorders: ADHD, Inattentive
type (ADHD:I; 9 items); ADHD, Hyperactive–
Impulsive type (ADHD:HI; 9 items); ADHD,
Combined type (ADHD:C; 18 items); ODD (8 items);
CD (15 items); GAD (8 items); social phobia (3 items);
SAD (8 items); MDD (10 items); dysthymic disorder (8
items); schizophrenia (5 items); and two PDDs, autistic
disorder (12 items) and Asperger‟s disorder (8 items).
The CSI–4 also contains single items to screen for
simple phobias, obsessions, compulsions, motor tics,
vocal tics, enuresis, and encopresis. Administration
time is between 10 and 15 min.
There are two scoring procedures: Symptom
Count (categorical) scores, which use scores of 0
(never/sometimes) or 1 (often/very often), and
Symptom Severity (dimensional) scores, which use
scores of 0 (never), 1 (sometimes), 2 (often), or 3 (very
often). Symptom Severity scores are simply the sum of
the item scores for a particular symptom category. For
Symptom Count Scores, a specific symptom is
generally considered to be a clinically relevant problem
if it is rated as occurring “often” or “very often.” When
the Symptom Count score is equal to or greater than the
number of symptoms specified by DSM–IV as being
necessary for a diagnosis, the child receives a Screening
Cutoff score of “yes” for the disorder. Although the
CSI–4 contains the behavioral symptoms of disorders, it
does not include additional diagnostic criteria (e.g., age
of onset of symptoms, impairment of functioning). For
this and other reasons, Screening Cutoff scores do not
signify a clinical diagnosis.
DSM- 5
The Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) is the 2013
update to the Diagnostic and Statistical Manual of
Mental Disorders, the taxonomic and diagnostic tool
published
by
the American
Psychiatric
Association (APA).
Sampling method
Consecutive new patients have been taken
attending the clinic within the study period and who
met the inclusion criteria.
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Method of Data collection
Ethical clearance from the Institutional Ethics
Committee has been obtained. Informed consent has
been taken from the parents or guardian accompanying
the child. After initial height, weight measurements and
basic physical examination, all children were referred to
the Child Guidance Clinic and all of them have been
routinely administered the Child symptom Inventory(
CSI)-4, followed by detailed history, mental status
examination and psychological assessment. 72 cases,
whofulfilled the inclusion criteria have been selected.
Final diagnosis regarding psychopathology was made
on the basis of DSM-V criteria (10). Following this,
another researcher (Occupational therapist) who is blind
to the DSM-V diagnosis will screen the patient for SSP
using the validated tools Winnie Dunn Short Sensory
Profile.

RESULTS AND DISCUSSION
We screened 123 new cases of age between 3
to 15 years attending the child guidance clinic of NRS
medical college during the study period and 51 cases
were excluded after taking detailed history, mental
status examination and psychological assessment. All
the cases were routinely administered CSI. 72 cases
were selected who fulfilled exclusion criteria. Among
them 53 cases were male child and 19 were female
child. 27 cases had history of perinatal complications
(ecclampsia, seizure, any infections, prolonged labour,
instrumental delivery, low birth weight, cord neck, birth
asphyxia, early onset sepsis, poor Apgar Score etc). 49
cases were diagnosed as ADHD, Oppositional Defiant
Disorder (ODD) or Conduct Disorder (CD) as per
DSM-5 criteria. 23 cases were diagnosed other disorder
like communication disorder, motor disorder, separation
anxiety disorder, disruptive mood dysregulation
disorder etc(Table 1).

ANALYSIS: Data has been entered in MS Excel Sheet
and subsequently analyzed using SPSS version 24.
 Descriptive analysis has been computed in terms of
mean and standard deviation with range for
continuous variables and frequency with
percentage for ordinal and nominal variables.

SEX
MALE
53

FEMALE
19

Association between variables has been assessed
by Independent Sample T test and Chi-square test.
Variables which has not fulfilled the cut-off level
(p>0.05) has not been considered to be reliable
predictors of the dependent variable in the
statistical model and has been hence not entered for
further analysis.

Table-1
PERINATAL
COMPLICATION
PRESENT ABSENT
27
45

PSYCHIATRIC
DIAGNOSIS
ADHD/ODD/CD
49

OTHERS
23

Table-2: Distribution of the severity of sensory dysfunction
Frequency
Percent Valid Percent Cumulative Percent
DEFINITE
38
52.8
52.8
52.8
PROBABLE

19

26.4

26.4

79.2

TYPICAL

15

20.8

20.8

100.0

Total

72

100.0

100.0

The mean SSP score is 137.472 with standard
deviation of 19.0129. The frequency distribution of the
severity of sensory dysfunction shows (table -3) 38
cases (52.8%) has definite problem of sensory

dysfunction. 19 cases are within probable difference
range and 15 cases are typical i.e. apparently normal
sensory function.

Table-3: Distribution of sex of the patient and mean SSP score
Std. Error Mean
sex
N Mean
Std. Deviation
1

53

137.679

18.3374

2

19

136.895

21.3070

SSP

2.5188
4.8882
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Independent sample t test
.153
T
70

Df
p-value

.879

TABLE 4 shows no overall gender difference
in the short sensory score profile. The result of
independent sample T test shows no significant
association (p-value .879) between sexes of the child

and mean SSP score. 53 male children cases has mean
SSP score 137.67(±18.33) and 19 female children has
mean SSP score 136.89 (±21.30).

Table-4: Distribution of perinatal complication and mean SSP score
Perinatal complication N Mean
Std. Deviation Std. Error Mean
1. present

27

121.926

16.2503

3.1274

2. absent

45

146.800

13.7834

2.0547

Independent sample t test
T
-6.928
Df

70

p-value

<0.001

Table 5 shows the association of perinatal
complication and sensory dysfunction. The result of
independent sample T test shows a significant
association (p-value <0.001) between perinatal

complication and mean SSP score. 27 cases with history
of perinatal complication has mean SSP score 121.926
(±16.25) and 49 cases with no history of any
complication has mean SSP score 146.8 (±13.78).

Table-5: Distribution of psychiatric diagnosis and sensory dysfunction
Mean
Std. Deviation Std. Error Mean
Diagnosis
1.ADHD/ODD/CD

131.735

16.9875

2.4268

2. OTHERS

149.696

17.5355

3.6564

Independent sample t test
T
-4.141
Df

70

p-value

<0.001

Table 6 shows the association of psychiatric
diagnosis and sensory dysfunction. The result of

independent sample T test shows a significant
association
(p-value
<0.001)
between
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psychiatricdiagnosis and mean SSP score. In this study
49 cases are diagnosed as ADHD/ODD/CD the mean
SSP score of this group is 131.73 (±16.98) and the
mean score of the group with other psychiatric

diagnosis is 149.69 (±17.53). Here the difference
between these two groups is 70 which are statistically
significant.

Table-6: Distribution of psychiatric diagnosis in each category of short sensory profile
1
2
3
Total
Definite Proba le Typical
Diagnosis 1. ADHD/ODD/CD 34
12
3
49
2. OTHERS
Total

4

7

12

23

38

19

15

72

Chi-Square Tests

Pearson Chi-Square

Table 7 shows the distribution of psychiatric
diagnosis in each category of short sensory profile. It
shows 35 cases diagnosed as ADHD/ODD/CD has
definite difficulties whether only 4 cases with other
diagnosis has definite difficulties. But only 3cases of
group 1 are typical i.e. apparently normal sensory
function and 12 cases with other psychiatric diagnosis
has normal sensory function. Chi-Square test shows
association between psychiatric diagnosis and severity
of sensory dysfunction is statistically significant. (ChiSquare Value 24.162 and p-Value <0.001).
DISCUSSION
This study aimed to find the association
between Sensory Processing Difficulties (SPD) among
children attending the Child Guidance Clinic (excluding
those diagnosed as Autism Spectrum Disorder) in a
tertiary care hospital in Kolkata. 72 new cases were
selected who fulfilled inclusion criteria. Within the field
of occupational therapy there is a prominent school of
thought that suggests that some children can be clearly
identified as having SPD either as part of or, in some
cases independently of any other diagnoses [9].
There is evidence to show that certain children
experience difficulties in the processing of sensory
information
compared
to
typical
children
[8,11,15,18,19,26,35,39,40,41,42]. In addition sensory
difficulties are so well recognized in relation to ASD [8,
19, 40, 41, 42] that sensory sensitivities were included
as a diagnostic feature of ASD in DSM V published in
May 2013.

Value

df

p-value

24.162a

2

<0.001

Other than ASD, sensory processing problems
seem to be present in numerous other conditions, and
there is uncertainty about whether it constitutes a
distinct disorder or not. Estimated rates of sensory
processing dysfunction for children with various
disabilities have ranged as high as 40–88% [15, 16].
In this study we excluded the children
diagnosed as ASD and divided the selected cases into
two groups. First group was the children with diagnosis
of ADHD, ODD and CD (i.e. Externalizing Disorder)
and Second group was of communication disorder,
motor disorder, separation anxiety disorder, Disruptive
Mood Dysregulation Disorder etc.
In this sample of children, a high proportion of
participants appeared to have sensory processing
difficulties. 52.8 % of them had definite difference than
typical consistent with previous study [43] done by Fox
.et.al (the proportion of children with sensory
processing disorders in the study was 55.2%). The only
study of the prevalence of sensory processing
difficulties in the community estimated a prevalence of
5.3–13.7%, using a deliberately conservative cut-off
[15].
One of possible explanations for a high
prevalence of sensory processing difficulties in this
sample is higher number of cases of externalizing
behavioral disorder who may be more likely to have
sensory processing difficulties. As in previous research
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[44], this study also finds no meaningful gender
differences on the Sensory Profile. Due to the
predominance of male children (only 19 female and 53
male) in our sample the findings cannot be generalized.
In the current study significant association (pvalue <0.001) was found between presence of perinatal
complications and sensory profile score. The mean SSP
score of 27 cases with history of perinatal complication
had definite difficulties in comparison with the other
group. This finding is consistent with previous studies
[13] done by May- Benson which conclude with the
first report on a large group of children with SPD
showing the consistent association of unfavorable
events in pregnancy, delivery, neonatal and infant
phases and SPD and it seems prudent to consider
watching for possible signs of SPD in a young child
when there is a history of major maternal stresses
during pregnancy, assisted delivery, fetal distress,
jaundice etc.
The current results suggest a significant
difference of sensory processing difficulties in the two
groups of study population aged 3–15 years. These
findings are consistent with the study that has explored
this relationship in children without identified
disabilities Gunn et al. [34] found a significant
correlation between scores on the SSP and the „ODD‟
(Oppositional defiant disorder) and „externalising‟
scales of the Child Behaviour Checklist CBCL;
Achenbach 1978 in Latino preschool children. The
study done by Fox et al also found a significant
association between sensory processing difficulties and
severity of behavioural problems in children aged 5–9
who have been identified as at risk of conduct disorder.
The current findings suggest that sensory
processing difficulties may coexist with and possibly
contribute to behavioural problems, although this would
need to be examined longitudinally in order for any
cause–effect relationships to be established. It may also
be that a common neurological factor underlies the
development of both externalizing behaviour and
sensory processing difficulties. Behaviour problems
have been linked with dysfunction of the prefrontal
cortex and the amygdala [45, 46] and EEGs in children
with sensory processing difficulties suggest impaired
sensory gating (the brain‟s ability to filter sensory
information). However, the neural mechanisms
underlying these phenomena remain unknown [39].

Though the present study has not emphasized
on different areas of sensory dysfunction (tactile, taste
and smell, movement, under-responsive/seek sensation,
auditory filtering, low energy/weak and visual/auditory
sensitivity) it was found in previous studies that
children with ADHD have more difficulties in tactile
processing [21]. Tactile dysfunction comprises three
types of tactile dysfunction including hypersensitivity to
touch (tactile defensiveness), hyposensitivity to touch
(under-responsive), and poor tactile perception and
discrimination [32]. "Might not be aware that his/her
face or hands are dirty or even his/her runny nose" and
"may not be aware that he/she has been touched, except
that when he/she has been touched forcefully" two
examples for hyposensitivity to touch. Two examples of
tactile defensiveness are "doesn't like to brush his/her
hair or is easily annoyed by it" and "react excessively to
small cuts, or bites".
Certain behavior of hyperactive children like
impulsivity, accident proneness could be explained on
the basis of sensation seeking behavior. The symptoms
of oppositional defiant disorder are predictors in
hypersensitivity scores of tactile sensory function in
ADHD. The subtypes of ADHD are not different
regarding auditory processing problems. However, the
co-morbidity of ODD in children with ADHD is a risk
factor for auditory processing problems [47].
ADHD children with sensory oversensitivity
usually suffer from other problems such as
anxiety[48].To manage the comorbidity present with
ADHD and also ODD and CD treatment plan should
include sensory integration therapy to correct the
sensory processing difficulties. Just as parents of
children are educated about ADHD symptoms [49],
considering the co-morbidity of ADHD and sensory
processing problems, they should also be educated
about the symptoms and behavioral management of
sensory processing problems [50].
The significant association between sensory
processing difficulties and behavioral problems has
important implications for clinical practice. Clinicians
should be aware that many children who present with
externalizing behaviors may have underlying sensory
processing difficulties. Evaluation of sensory
processing difficulties should form part of the
assessment process, and consultation with an
occupational therapist that has completed accredited
training in sensory integration practice should be
considered.
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6.
Limitations
 Sample size of this study was less.
 Most of the children scored in the high ranges
because of the higher number of study population
in measures of externalizing behaviour.
 The assessment of sensory processing could have
been strengthened by the addition of the teacherrated SSP.
 Prevalence of sensory processing difficulties
among apparently normal children could have been
assessed as a comparator arm.
 Different areas of sensory processing difficulties
have not been addressed in this study.
CONCLUSION
Very few Indian studies have explored the
association between sensory processing difficulties and
externalizing behaviours in children. It was
hypothesized that the prevalence of sensory processing
difficulties in this sample would be higher in the group
of externalizing disorder and the results bore this out.
Based on the SSP scores, the difference between two
groups are significant. The findings suggest that further
research into this association is warranted, as it may
illuminate important management approaches for such
children.
DECLARATION
This work is original, not plagiarized. The
manuscript has not been submitted elsewhere for review
before publication. I take full responsibility for the
work submitted here. There is no conflict of interest.
REFERENCES
1. Bogdashina O. What exactly is Sensory Integration
Dysfunction? Internet [On-line] 2003.
Available:www.suite101.com/article.cfm/autism_w
orld/97497.
2. Ayres J. Sensory Integration and the Child.
Western Psychological Services. 1979.
3. Eeles AL, Spittle AJ, Anderson PJ, Brown N, Lee
KJ, Boyd RN, Doyle LW. Assessments of sensory
processing in infants: a systematic review.
Developmental Medicine & Child Neurology. 2013
Apr;55(4):314-26.
4. Crozier SC, Goodson JZ, Mackay ML, Synnes AR,
Grunau RE, Miller SP, Zwicker JG. Sensory
processing patterns in children born very preterm.
American Journal of Occupational Therapy. 2016
Jan 1;70(1):7001220050p1-7.
5. Ayres J. Sensory Integration and Praxis Tests
(SPIT). Los Angeles: Western Psychological
Services. 1989.

7.

8.

9.

10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

Schaaf RC, Lane AE. Toward a best-practice
protocol for assessment of sensory features in
ASD. J Autism Dev Disord 2015; 45(5):1380–95.
Brown T, Morrison IC, Stagnitti K. The convergent
validity of two sensory processing scales used with
school-age children comparing the Sensory Profile
and the Sensory Processing Measure. New Zeal J
Occup Ther. 2010; 57(2):56–65.
Baranek G, Little LM, Parham D, Ausderau KK,
Sabatos-De Vito MG. Sensory features in autism
spectrum disorders. 4th ed In: Volkmar FR, Rogers
SJ, Paul R, Pelphrey KA, editors. Handbook of
Autism and Pervasive Developmental Disorders.
New Jersey: John Wiley & Sons, Inc; 2014: 378–
408.
Miller LJ, Anzalone ME, Lane SJ, Cermak SA,
Osten ET. Concept evolution in sensory
integration: a proposed nosology for diagnosis. Am
J OccupTher. 2007; 61:135-140.
Reynolds S, Lane SJ. Diagnostic validity of
sensory over-responsivity: A review of the
literature and case reports. Journal of autism and
developmental disorders. 2008 Mar 1;38(3):51629.
Ben‐ Sasson A, Cermak SA, Orsmond GI, Tager‐
Flusberg H, Kadlec MB, Carter AS. Sensory
clusters of toddlers with autism spectrum disorders:
Differences in affective symptoms. Journal of
Child Psychology and Psychiatry. 2008 Aug;
49(8):817-25.
Miller LJ, Nielsen DM, Schoen SA, Brett-Green
BA. Perspectives on sensory processing disorder: a
call for translational research. Frontiers in
integrative neuroscience. 2009 Sep 30; 3:22.
May-Benson TA, Koomar J, 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. Frontiers in integrative
neuroscience. 2009 Nov 11; 3:31.
First M. Sensory processing disorder: Possible
pathways to DSM-V. Internet [On-line] 2005.
Available:www.spdnetwork.org/research/swg.first.
html.
Ahn RR, Miller LJ, Milberger S, McIntosh DN.
Prevalence of parents‟ perceptions of sensory
processing disorders among kindergarten children.
The American Journal of Occupational Therapy.
2004 May 1;58(3):287-93.
Talay-Ongan A, Wood K. Unusual sensory
sensitivities in autism: A possible crossroads.
International Journal of Disability, Development
and Education. 2000 Jun 1;47(2):201-12.
Dunn W, Bennett D. Patterns of sensory processing
in children with attention deficit hyperactivity
disorder. OTJR: Occupation, Participation and
Health. 2002 Jan;22(1):4-15.
Rogers SJ, Hepburn S, Wehner E. Parent reports of
sensory symptoms in toddlers with autism and
those with other developmental disorders. Journal

© 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

1745

Piyali Ghosh et al., Sch J App Med Sci, May, 2019; 7(5): 1738-1747

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

of autism and developmental disorders. 2003 Dec
1;33(6):631-42.
Tomchek SD, Dunn W. Sensory processing in
children with and without autism: a comparative
study using the short sensory profile. The
American Journal of Occupational Therapy. 2007
Mar 1;61(2):190-200.
Yochman A, Parush S, Ornoy A. Responses of
preschool children with and without ADHD to
sensory events in daily life. The American journal
of occupational therapy. 2004 May 1;58(3):294302.
Hern KL, Hynd GW. Clinical differentiation of the
attention
deficit
disorder
subtypes:
Do
sensorimotor deficits characterize children with
ADD/WO?. Archives of clinical neuropsychology.
1992 Jan 1;7(1):77-83.
Schaughency EA. Neuropsychological functioning
of children diagnosed as attention deficitdisorder
with and without hyperactivity. 1987.
Neu, M. Irritable infants: Their childhood
characteristics.
Dissertation
Abstracts
International.1997; 58(4B): 1805
Fisher AG, Murray EA, Bundy AC, editors.
Sensory integration: Theory and practice. FA Davis
Company; 1991.
Downey KK, Stelson FW, Pomerleau OF, Giordani
B. Adult attention deficit hyperactivity disorder:
Psychological test profiles in a clinical population.
The Journal of nervous and mental disease. 1997
Jan 1;185(1):32-8.
Mangeot SD, Miller LJ, McIntosh DN, McGrathClarke J, Simon J, Hagerman RJ, Goldson E.
Sensory modulation dysfunction in children with
attention-deficit–hyperactivity
disorder.
Developmental medicine and child neurology.
2001 Jun;43(6):399-406.
Pasini A, D'agati E. Pathophysiology of NSS in
ADHD. The World Journal of Biological
Psychiatry. 2009 Jan 1;10(4-2):495-502.
Narr KL, Woods RP, Lin J, Kim J, Phillips OR,
Del'Homme M, Caplan R, Toga AW, McCracken
JT, Levitt JG. Widespread cortical thinning is a
robust
anatomical
marker
for
attentiondeficit/hyperactivity disorder. Journal of the
American Academy of Child & Adolescent
Psychiatry. 2009 Oct 1;48(10):1014-22.
Tian L, Jiang T, Liang M, Zang Y, He Y, Sui M,
Wang Y. Enhanced resting-state brain activities in
ADHD patients: an fMRI study. Brain and
Development. 2008 May 1;30(5):342-8.
Dockstader C, Gaetz W, Cheyne D, Tannock R.
Abnormal neural reactivity to unpredictable
sensory events in attention-deficit/hyperactivity
disorder. Biological Psychiatry. 2009 Aug
15;66(4):376-83.
Ashburner J, Ziviani J, Rodger S. Sensory
processing and classroom emotional, behavioural
and educational outcomes in children with autism

33.

34.

35.

36.

37.
38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

spectrum disorder. University of Queensland; 2006
Jan 1.
Ghanizadeh A. “Tactile Sensory Dysfunction in
Children
with
ADHD.”
Behavioural
Neurology.2008; 20(3–4): 107–112.
Cohen
NJ.
Language
impairment
and
psychopathology in infants, children, and
adolescents. Sage Publications; 2001 Jun 21.
Gunn TE, Tavegia BD, Houskamp BM, McDonald
LB, Bustrum JM, Welsh RK, Mok DS.
Relationship between sensory deficits and
externalizing behaviors in an urban, Latino
preschool population. Journal of Child and Family
Studies. 2009 Dec 1;18(6):653-61.
McIntosh DN, Miller LJ, Shyu V, Dunn W.
Overview of the short sensory profile (SSP). The
sensory profile: Examiner‟s manual. 1999:59-73.
Dunn W. Sensory Profile User‟s Manual. San
Antonio, TX: Psychological Corporation. 1999.
Miller LJ, Reisman J, McIntosh DN, Simon J. The
ecological model of sensory modulation:
Performance of children with fragile X syndrome,
autism, ADHD and SMD. Sensory integration and
developmental disabilities. San Antonio, TX:
Therapy Skill Builders. 2001.
Gadow KD. sprafkin, J. child symptom Inventories
Manual. Stony Brook: checkmate plus. LTD. 1994.
Davies PL, Gavin WJ. Validating the diagnosis of
sensory processing disorders using EEG
technology. The American Journal of Occupational
Therapy. 2007 Mar 1;61(2):176.
Dawson G, Watling R. Interventions to facilitate
auditory, visual, and motor integration in autism: A
review of the evidence. Journal of autism and
developmental disorders. 2000 Oct 1;30(5):415-21.
Ermer J, Dunn W. The Sensory Profile: A
discriminant analysis of children with and without
disabilities. The American Journal of Occupational
Therapy. 1998 Apr 1;52(4):283-90.
Watling RL, Deitz J, White O. Comparison of
Sensory Profile scores of young children with and
without autism spectrum disorders. The American
Journal of Occupational Therapy. 2001 Jul
1;55(4):416-23.
Fox C, Snow PC, Holland K. The relationship
between sensory processing difficulties and
behaviour in children aged 5–9 who are at risk of
developing conduct disorder. Emotional and
Behavioural Difficulties. 2014 Jan 2;19(1):71-88.
Dunn W, Westman K. The sensory profile: the
performance of a national sample of children
without disabilities. The American Journal of
Occupational Therapy. 1997 Jan 1;51(1):25-34.
Kim MS, Kim JJ, Kwon JS. Frontal P300
decrement and executive dysfunction in
adolescents with conduct problems. Child
Psychiatry and Human Development. 2001 Dec
1;32(2):93-106.
Passamonti L, Fairchild G, Goodyer IM, Hurford
G, Hagan CC, Rowe JB, Calder AJ. Neural

© 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

1746

Piyali Ghosh et al., Sch J App Med Sci, May, 2019; 7(5): 1738-1747

abnormalities in early-onset and adolescence-onset
conduct disorder. Archives of general psychiatry.
2010 Jul 1;67(7):729-38.
48. Ghanizadeh A. Screening signs of auditory
processing problem: does it distinguish attention
deficit hyperactivity disorder subtypes in a clinical
sample of children?. International journal of
pediatric
otorhinolaryngology.
2009
Jan
1;73(1):81-7.
49. Reynolds S, Lane SJ. Sensory overresponsivity and
anxiety in children with ADHD. The American

Journal of Occupational Therapy. 2009 Jul
1;63(4):433-40.
50. Ghanizadeh A. Educating and counseling of
parents of children with attention-deficit
hyperactivity disorder. Patient Education and
Counseling. 2007 Sep 1;68(1):23-8.
51. Cheng M, Boggett-Carsjens J. Consider sensory
processing disorders in the explosive child: Case
report and review. The Canadian child and
adolescent psychiatry review. 2005 May;14(2):44.

© 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

1747

