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Abstract To contribute to the validation of the sensory

and behavioral criteria for Regulation Disorders of Sensory

Processing (RDSP) (DC:0-3R, 2005), this study examined

a sample of toddlers in a clinical setting to analyze: (1) the

severity of sensory modulation deficits and the behavioral

symptoms of RDSP; (2) the associations between sensory

and behavioral symptoms; and (3) the specific role of

sensory modulation deficits in an RDSP diagnosis. Based

on clinical observations, 78 toddlers were classified into

two groups: toddlers with RDSP (N = 18) and those with

‘‘other diagnoses in Axis I/II of the DC:0-3R’’ (OD3R;

N = 60). The parents completed the Infant Toddler Sen-

sory Profile and the Achenbach Checklist. The results

revealed that the RDSP group had more severe sensory

modulation deficits and specific behavioral symptoms;

stronger, although not significant, associations between

most sensory and behavioral symptoms; and a significant

sensory modulation deficit effect. These findings support

the validity of RDSP.

Keywords Sensory modulation dysfunction � Regulation
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Introduction

Regulation Disorders of Sensory Processing (RDSP) is a

primary diagnosis in the Diagnostic Classification of

Mental Health and Development Disorders of Infancy and

Early Childhood revised version: DC:0-3R [1]. This clas-

sification and the previous version DC:0-3 [2] emerged as a

complement to the Diagnostic and Statistical Manual of

Mental Disorders (DSM) in early childhood diagnosis.

Their focus on the parent–child relationship taps into

important aspects of young children’s functioning that are

not captured in the DSM-IV-TR [3]. In addition, ‘‘this

classification emphasized RDSP more than the DSM does’’

[4].

In DC:0-3R, RDSP is characterized by: ‘‘difficulties in

regulating emotions and behaviors, as well as motor abil-

ities, in response to sensory stimulation that lead to

impairment in development and functioning. These

behaviors occur in multiple relationships and contexts’’ [1].

RDSP can be classified into three types and two subtypes

based on the child’s sensory threshold (high or low) and his

or her self-regulation response type (active or passive).

DC:0-3R describes the specific behavioral, sensory and

motor patterns that characterize each of these types and

subtypes:

Type I ‘‘Hypersensitive’’ describes children with a low

sensory threshold. Depending on their self-regulatory

strategies, Type I may be classified into the following

subtypes:
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Subtype A—‘‘Fearful/cautious’’: The sensory reac-

tivity patterns of these children are characterized by

over-reactivity to sensory stimuli; they appear

frightened by nearby sounds, movements, or visual

stimuli. The motor patterns are characterized by

limited sensory-motor play and less exploration than

expected according to age. The behavioral patterns

are characterized by excessive cautiousness, inhibi-

tion and fearfulness.

Subtype B—‘‘Negative-defiant’’: The sensory reac-

tivity patterns are identical to those of subtype A. The

motor patterns of these children are characterized by

avoiding behaviors or being slow to engage in new

experiences. Behavioral patterns include: negativistic

behavior; controlling behaviors; defiance; and, in

general, aggression only when provoked.

Type II ‘‘Hyposensitive/Under-responsive’’ has a high

sensory threshold. The sensory reactivity patterns are

characterized by under-reactivity to sounds, movement,

smell, taste, touch and/or propioception. The motor pat-

terns include: limited exploration; restricted play reper-

toire; lethargy; poor motor planning and/or searching for

specific sensory input. The behavioral patterns are char-

acterized by an apparent lack of interest in exploring

properties of objects, playing challenging games, or

engaging in social interactions; apathetic appearance;

fatigability and/or inattentiveness.

Type III ‘‘Sensory-Stimulation Seeking/Impulsive’’ also

has a high sensory threshold but these children use active

self-regulation strategies. The sensory reactivity patterns

are characterized by the child’s craving for high-intensity

sensory stimuli. The motor patterns are characterized by a

high need for motor discharge, diffuse impulsivity and/or

accident proneness without clumsiness. The behavioral

patterns can include seeking constant contact with people

and objects, recklessness, and disorganized behavior as a

consequence of sensory stimulation [1, 5, 6].

Longitudinal studies [7, 8] have shown that 95 % of

infants who exhibit moderate symptoms of Regulatory

Disorders (RD, as defined in DC:0–3, 1994) within their

first year of life were later diagnosed at the age of 3 with

delays in motor, language, and cognitive development or

relational disorders. Although few epidemiological studies

have been conducted in Europe, a study conducted in the

Danish population found that 7 % of 1.5-year-olds have

RDSP symptoms [9].

Although there is a broad consensus concerning the

clinical usefulness of this diagnosis, data supporting RDSP

as a distinct and valid disorder are scant [1]. The RDSP

diagnosis originated from clinical observations of toddlers,

and its diagnostic criteria were developed via a clinical

consensus. This approach is different from that of other

diagnoses listed in the DC: 0-3R that have adopted criteria

from adult diagnoses. The lack of empirical data led the

task force members to conclude that there was insufficient

evidence to support the inclusion of detailed symptom

criteria for each of the subtypes. Instead, descriptive

information was provided with the hope that future

research will lead to more specific criteria [1].

The DC:0-3 framework highlights that if both behavioral

and sensory symptoms were not present in the child, ‘‘the

clinician should consider alternative classifications in order

to distinguish this diagnosis from others that might have

phenotypic similarities in Axis I or II’’ [1, 2]. For example,

fearfulness, as described in Subtype A: Hypersensitive

Regulation Disorder may reflect an Anxiety Disorder (Axis

I: Primary Diagnosis); negative and ‘‘willful’’ behavior may

arise from coercive parenting (Axis II: Relationship Clas-

sification)’’ [1]. Symptoms like ‘‘withdrawn or apathetic

behavior’’; ‘‘avoiding behavior’’; ‘‘freezing’’; and ‘‘oppo-

sitionist behavior and defiance’’ in the child can also be

interpreted by the clinician as characteristics of a deregu-

lated parent–child relationship in Axis II. Consequently,

related to the discriminative validity of RDSP, it was very

important in the present study to analyze the similarities

with other diagnoses of Axis I and Axis II of DC:0-3R.

Although the work group that elaborated the criteria for

RDSP in DC: 0-3R also sought input from occupational

therapists [10], some overlaps in the classifications of this

diagnosis in the field of occupational therapy (OT) and

child psychiatry still remain. For example, in OT, Sensory

Modulation Disorder (SMD) is a very similar diagnosis to

RDSP. Nevertheless, if motor problems are also present, an

occupational therapist will typically make a diagnosis of

Sensory Based Motor Disorder (SBMD) [10]. The neces-

sity to build bridges between these two areas was men-

tioned by Miller et al. [10]. This terminology employed in

OT was also recently incorporated into the Diagnostic

Manual of the Interdisciplinary Council for Developmental

and Learning Disorders (ICDL-DMIC) [11].

Despite their clinical importance, the lack of studies

validating RDSP was the reason for its exclusion from the

Diagnostic and Statistical Manual of Mental Disorders

(DSM-IV-TR) [3] and The International Statistical Clas-

sification of Diseases and Related Health Problems

(ICD10) [12]. The need to study the validity of this diag-

nosis has been addressed by various authors [4], who noted

that the DC:0-3 diagnostic framework diagnoses were not

developed using the standard procedures for assessing

reliability and validity. These standard procedures use a

sample that includes ‘‘cases’’ with diverse problems as well

as ‘‘non-cases’’ to validate diagnoses with data not used in

the diagnostic process.
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Some of the most frequently-asked questions which

have arisen in several studies related to the validity of

RDSP diagnoses are presented below:

The first question involves the ability of RDSP sensory

and behavioral symptoms (like oppositional behavior;

inattention; withdrawn behavior; avoiding behavior; feed-

ing difficulties…) to distinguish between this and other

psychiatric diagnosis in early childhood in Axis I (like

Posttraumatic Stress Disorder, Affect Disorder, Sleep

Disorder and Feeding Disorder) or a diagnosis on Axis II of

DC:0-3R. Relatedly, several studies have noted the phe-

notypic similarities between RDSP and other diagnoses in

toddlers [7, 10, 13–16] such as anxiety [17] or other

emotional problems [18], Autism Spectrum Disorders

(ASD) [13] and other ‘‘relationship-based diagnoses’’ [19].

This similarity has led researchers to question whether

RDSP symptoms can help to distinguish RDSP from the

other psychiatric disorders that affect children [20, 21].

Although some studies have characterized RDSP

symptoms [8, 22] and defined its qualities with regard to

other diagnoses [13], they used small sample sizes. Fur-

thermore, although some of these studies have analyzed

both the sensory and behavioral symptoms of RDSP [23],

most have focused exclusively on one or the other. This

limitation was partially because there is a similar diagnosis

to RDSP known as SMD in OT which is diagnosed pri-

marily using sensory criteria.

This overlap has led to a second question that is also

related to the validation of the RDSP diagnosis: Are some

of the sensory symptoms of RDSP the same as certain

behavioral symptoms when analyzed from different per-

spectives (i.e., child psychiatry vs. OT)? This question

suggests that there is a need to analyze the relationship

between these symptoms [17, 24–26].

Relatedly, some studies which examined the co-occur-

rence of sensory regulation dysfunction and preschool

psychiatric disorders with standard measures (and mea-

sures in which experts had been used to deliberately sep-

arate behavioral and sensory symptoms) have concluded

that (depending upon the impairment criteria used)

33–63 % of children meeting the criteria for sensory

deregulation also had a psychiatric disorder; 37–67 % only

had a sensory deregulation disorder, which indicates that

sensory regulation dysfunction exists independently of

psychiatric disorder [25].

Nevertheless, some behavioral symptoms are associated

with certain sensory patterns to some extent. In this sense,

anxiety is often associated with sensory hyper-reactivity

[27, 28] and inhibition to novel stimuli [29] in both clinical

and non-clinical populations. Other studies have shown

that affective symptoms tend to persist in children after 2 or

3 years of age, with a higher incidence when accompanied

by sensory modulation deficits [18]. Therefore, studies

should analyze whether behavioral and sensory symptoms

reflect different concepts as well as whether the association

between these symptoms is higher in RDSP diagnoses

compared with other psychiatric disorders of the DC: 0-3R.

The third question required to validate the RDSP diag-

nosis refers to the need to study the role of sensory and

behavioral symptoms [21, 30]. Specifically, it is necessary

to analyze how the sensory symptoms contribute to the

RDSP diagnosis. Determining the important role played by

sensory symptoms (which differ from the behavioral

symptoms) in RDSP would corroborate their relevance

with regard to the diagnostic criteria.

Another question related to the validity of RDSP is its

stability over time. Namely, some symptoms of RDSP in

preschoolers can be similar to other DSM diagnoses [20, 31].

Although not discussed in the present paper, it is important to

consider this question in further follow-up studies.

Based on the aforementioned questions, this paper has

the following goals:

1. To compare the severity of the behavioral and sensory

symptoms present in children diagnosed with RDSP

using the DC:0-3R with a sample of children who have

‘‘other diagnoses in Axis I/II of the DC:0-3R’’

(OD3R). The initial hypothesis is that the severity of

the symptoms included in the diagnostic criteria of

RDSP (inhibition or defiance behaviors, inattention

and/or lack of responsivity depending on the RDSP

type) will be higher in children with this diagnosis than

in children with OD3R. Both of these sensory and

behavioral symptoms were the two common used

criteria to diagnose RDSP in all the classification

systems in child psychiatry (DC:0-3 [2], DC:0-3R [1]

and ICDL-DMIC [11]).

2. To analyze the association between sensory and

behavioral symptoms in two clinical groups (RDSP

vs. OD3R). It can be assumed that sensory and

behavioral symptoms reflect different conditions. It

can also be assumed that the associations among these

symptoms will be higher in children with RDSP than

in those with OD3R.

3. Analysis of the role played by sensory and behavioral

symptoms in the diagnosis of RDSP. The hypothesis is

that sensory symptoms are just as, if not more, necessary

than behavioral symptoms to make RDSP diagnoses.

Method

Participants

A sequential sample of 161 children between 18 and 36

months of age with diagnoses in Axis I/II of the DC:0-3R;
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was recruited; these children attended the Infancy and

Early Childhood Unit (UPI) of the Department of Child

and Adolescent Psychiatry at the Pediatric Hospital in

Lisbon between January 2008 and April 2009 as well as

between January 2010 and February 2011. Complete data

were collected for 148 of these children. Seventy children

were excluded due to one or more of the following

exclusion criteria: (1) premature birth; (2) previously

detected sensory loss (e.g., auditory, visual, among others);

(3) parents were not sufficiently proficient in Portuguese to

apply the instruments; (4) the presence of specific genetic

syndromes; and 5) the presence of Disorders of Relating

and Communicating (MSDD) (a similar diagnosis of ASD

in DC:0-3R). It is broadly assumed that children with ASD

have more severe deficits in general sensory processing

than typically developing children [32–35] and those with

RDSP [36]. Rates of sensory processing dysfunction may

be as high as 90 % in individuals with ASD [32, 37, 38].

They were excluded from this study because there were not

enough participants to create a separate group.

A final sample of 78 children (mean age = 29 months,

53.6 % boys) was obtained. This sample was distributed

unevenly among the five socioeconomic levels of the

Hollingshead Four Factor Index of Social Status, HFIS

[39]; specifically, 2.8 % were from the lower class, 31 %

were from the lower-middle class, 12 % were from the

middle class, 16.9 % were from the upper-middle class,

and 28.2 % were from the upper class. The participants

were classified into two groups based on the clinical

diagnosis: (described in the Procedure Section). Group 1

(n = 18, 9 boys) consisted of children with RDSP, and

Group 2 (OD3R) (n = 60, 32 boys) consisted of children

with a diagnosis in the remaining 5 categories of Axis I

(Posttraumatic Stress Disorder, Affect Disorder, Adapta-

tion Disorder, Sleep Disorder and Feeding Disorder) and/or

(a relationship-based diagnosis) in Axis II of DC:0-3R (see

Table 1).

Procedure

The UPI team members have on average 15 years of clinical

experience. This team was composed by three child psy-

chiatrists, a clinical psychologist, two mental health nurses,

and an occupational therapist. The UPI team diagnosed

children with either RDSP (any Type) or OD3R following

the ‘‘Decision Tree for diagnosis in Axis I and/or Axis II’’ of

DC:0-3R [1] based on the following information: (1) the data

gathered by one of the child psychiatrists during the clinical

interview with the parents, (2) the data collected by one of the

nurses during the intake interview with the parents, (3) the

written report of the parent–child interactions during the

clinical interviews and (4) the video recording of the children

in a clinical adaptation of the ‘‘strange situation’’ [40] when

children were less than 2 years old. The parents who agreed

to participate completed the Infant Toddler Sensory Profile,

ISTP [36] and Child Behavior Checklist, CBCL 1�–5 [41]

assessment scales, which were independent of the clinical

diagnoses. None of the clinicians involved in the diagnosis

had access to the results of these assessments. The hospital’s

ethics committee approved this procedure.

Measures

CBCL 1�–5 [41]

The Portuguese version of the CBCL 1�–5 [42] was

applied. This 100-item, multidimensional, standardized

scale assesses children between 18 and 71 months of age.

Specifically, this tool measures the frequency with which

parents have observed certain behaviors in their children

Table 1 Diagnoses on the DC:0-3R (n = 78) according to category

Axis I Axis II

Primary diagnosis n % Parent-infant relationship global assessment scale n %

Disorders of affect 14 17.9 0–10 Documented maltreatment 1 1.3

Adjustment disorders 11 14.1 11–20 Grossly impaired 5 6.4

Regulatory disorders 18 23.1 21–30 Severely disordered 13 16.7

Sleep behavior disorder 9 11.5 31–40 Disordered 11 14.1

Eating behavior disorder 4 5.1 41–50 Disturbed 16 20.5

Postraumatic stress disorder 1 1.3 51–60 Distressed 12 15.4

Other disorders 2 2.6 [60 (not clinically significant) 17 21.8

Subtotal disorder in Axis I 59 75.6 Subtotal diagnosis in Axis II 58 74.4

Without disorder in Axis I 19 24.4 Without diagnosis in Axis II 17 21.8

Without data in Axis II 3 3.8

Total 78 100 78 100
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over the past 2 months. There are three possible responses

on the CBCL 1�–5: 0 = ‘‘not true’’, 1 = ‘‘sometimes

true’’, and 2 = ‘‘often true’’. These results are grouped by

the following seven syndromes: ‘‘emotional reactivity’’,

‘‘anxiety/depression’’, ‘‘somatic complaints’’, ‘‘with-

drawn’’, ‘‘sleep problems’’, ‘‘attention problems’’, and

‘‘aggressive behavior’’. The first four syndromes were

grouped as ‘‘internalizing problems’’ category, and the last

two symptoms were grouped as ‘‘externalizing problems’’.

These scores could also be grouped into five syndromes in

the ‘‘DSM-oriented scales’’. In the present study, children

with a T-score of 65 or greater on a CBCL 1�–5 were

considered to have displayed significant problematic

behaviors (DC:0-3R criteria).

ITSP [36]

The Portuguese version of the ITSP (Perfil sensorial para

bebés e crianças, 7–36 meses [43] was applied. This

questionnaire includes 48 items that assess behaviors

related to the sensory processing of children who are

between 0 and 36 months of age. These items are assessed

using a 5-point scale from 1 (almost always) to 5 (hardly

ever). This instrument produces results by sensory area and

sensory pattern. These results include ‘‘low registration’’,

‘‘sensation seeking’’, ‘‘sensory sensitivity’’, and ‘‘sensation

avoidance’’. The sum of the ‘‘sensory sensitivity’’ and

‘‘sensation avoidance’’ pattern scores compose the ‘‘low

sensory threshold’’ category. The cut-off scores were

determined in the following manner: ‘‘Typical perfor-

mance’’ corresponded to scores at or between ±1 standard

deviation (SD) from the mean of children without dis-

abilities, ‘‘probable difference’’ corresponded to scores

between ±1 SD and ±2 SD away from the mean, and

‘‘definite difference’’ corresponded to scores ±2 SD away

from the mean. In the current study, scores greater than 1

SD away from the mean denoted a deficit in sensory

modulation (DC:0-3R criteria).

DC:0-3R [1]

This classification is organized into five axes. Axis I con-

sists of the primary diagnosis and the following seven

broad diagnostic categories: (1) Traumatic Stress Disorder,

(2) Affective Disorders, (3) Adjustment Disorder, (4)

Regulation Disorder of Sensory Processing, (5) Sleep

Behavior Disorder, (6) Eating Behavior Disorder, (7)

MSDD. Each Axis II diagnosis highlights a relational

pattern (see Table 1). The severity of these disorders was

assessed using the Parent-Infant Relationship Global

Assessment Scale (PIR-GAS), the scores of which range

from well-adapted (91–100) to documented maltreatment

[1]. In the current study, ratings below 60 were considered

to be clinically relevant (see Table 1). In addition, Axis III

consists of medical and developmental problems. Other

supplemental information provided in Axis IV and Axis V

was not used in the present study.

HFSI [39]

This scale categorizes the socioeconomic status (SES) of a

family into five classes (lower, low-middle, middle, upper-

middle, and upper) based on each parent’s level of edu-

cation and type of employment.

Clinical Adaptation of ‘‘Strange Situation’’ (UPI

Paradigm)

The original purpose of exposing a child to a strange sit-

uation was to identify secure, insecure, or disorganized

attachment patterns from observations of the child’s

behavior during episodes of caregiver-child play, espe-

cially during their brief separations and subsequent

reunions [40].

Based on some studies [44] the ‘‘Strange Situation’’ [40]

was adapted to the clinical context. In the present study, the

UPI procedure is video recorded. The behavioral quality,

affective tone, and psychological involvement are used in

the present study to determine the existence of a relation-

ship diagnosis and its type in Axis II of the DC 0-3R

according to PIR-GAS ratings [1].

Data Analyses

Statistical analyses were performed using SPSS version 15.

Data were entered twice. The sociodemographic and clin-

ical characteristics of both diagnostic groups were sum-

marized using descriptive statistics. We compared the

symptom severity of both groups to complete the first study

objective. Because the RDSP group had only 18 patients

and some variables did not meet the criteria of normality,

we used the non-parametric Mann–Whitney U test. To

avoid the Type I error inflation associated with multiple

comparisons, Bonferroni corrections were applied to

compare behavioral and sensory symptoms [45]. In a later

analysis, the behavioral and sensory symptoms were

accounted for, and the discriminative capacity between the

two groups was statistically significant. We calculated

Spearman’s correlations to analyze the associations

between sensory and behavioral symptoms to complete the

second study objective. We used Fisher’s Z test to compare

the observed correlations across diagnostic groups.

Logistic regressions were applied to determine the

combined effect of behavioral and sensory symptoms on a

diagnosis of RDSP to complete the third study objective.

The clinical diagnosis was the dependent variable
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(RDSP = 1, OD3R = 0). Sensory and behavioral symp-

toms were independent variables. In accordance with

Peduzzi et al.’s guidelines [46], this logistic regression only

included two independent variables given the sample sizes.

Thus, 12 analyses were performed in which each model

included a sensory symptom and a behavioral symptom.

The variable selection was based on the full model that

initially included all variables. Due to its ease of applica-

tion and given that multiple hypothesis testing was needed

to complete the proposed objectives we used the Bonfer-

roni correction test to control for Type I errors [45].

Results

There were no significant between-group differences with

regard to sex, age, SES, the developmental problems in Axis III

of the DC:0-3R: language delay (LD), or development delays

symptoms (DDS), or the presence of diagnosis in Axis II.

Objective 1

The behavioral characteristics that better distinguished the

RDSP group from the OD3R group were the Pervasive

Developmental Problems (PDP) (DSM-oriented scale in

CBCL 1�–5) and the Withdrawn syndrome (CBCL 1�–

5); the scores for these behavioral characteristics were

higher in the RDSP group (see Table 2). When comparing

both groups, a tendency towards significance was observed

for the symptoms of attention problems and other exter-

nalizing problems in CBCL 1�–5.

Almost all sensory symptoms showed a strong capacity

to distinguish between groups, and revealed a greater

severity in RSDP. These sensory modulation alterations

occurred in visual, sensory-oral, and auditory areas as well

as in the low registration pattern, sensory avoidance, and

low sensory threshold. There was a tendency towards sig-

nificance in the sensation seeking (p = 0.021) and sensory

sensitivity patterns (p = 0.026; see Table 3).

Objective 2

The PDP and the Withdrawn syndrome in CBCL, correlated

higher with most of the sensory symptoms in the RDSP

group than in the OD3R group (see Table 4); however,

between-group differences in these correlations did not

reach significance after applying a Bonferroni correction.

The between-group differences whose correlations reached

a tendency towards significance (p values B0.05) included

the Withdrawn syndrome with the sensory avoidance pat-

tern (RDSP = 0.67; OD3R = 0.15; Z = 2.27, p = 0.02).

The same trend occurred between PDP and deficits in

auditory processing (RDSP = 0.44; OD3R = -0.09;

Z = 1.94, p = 0.05). There was also a tendency towards

significance between the Attention Deficit/Hyperactivity

syndrome and Externalizing problems with regard to

alterations in the sensory modulation of the visual area. This

correlation occurred in both diagnostic groups but was

higher in children with OD3R (0.42) than in those with

RDSP (r = -0.16; Z = -2.10, p = 0.04).

Objective 3

Regarding the effect of sensory and behavioral symptoms on

the diagnosis of RDSP, the results showed that three of the

analyzed sensory areas (auditory, visual, and oral) had a

significant effect (p B 0.008) in the model. Specifically,

these areas increased the likelihood of an RDSP diagnosis

versus an OD3R diagnosis (see Table 5). The greatest effect

was with regard to the visual area (OR = 4.29, CI =

1.66–11.04), both in the model that included PDP and in the

model that included the Withdrawn syndrome (OR = 4.12,

CI = 1.59–10.65). The effect of the auditory area was sim-

ilar when the model included either PDP (OR = 3.10,

CI = 1.40–6.85) or Withdrawn syndrome (OR = 3.00,

CI = 1.37–6.56). These results are similar to those for the

oral area with regard to either the model with PDP

(OR = 3.04, CI = 1.41–6.53) or Withdrawn syndrome

(OR = 2.96, CI = 1.38–6.35).

The sensory patterns showed a tendency towards sig-

nificance (p B 0.05) and a clinically significant association

with regard to the differential diagnoses of RDSP and

OD3R. The effect of the sensory avoidance pattern and the

low sensory threshold category on the model was positive,

indicating a greater likelihood of a diagnosis of RDSP than

of OD3R. Moreover, the models with PDP and Withdrawn

syndrome reduced the likelihood of an RDSP diagnosis

versus an OD3R diagnosis in the case of a low registration

behavior pattern (see Table 5). After applying the Bon-

ferroni corrections, it was not found a significant effect of

the Withdrawn syndrome and PDP on the diagnosis of

RDSP (although several models had p values B0.05).

The results of this study confirmed most of our

hypotheses. Each hypothesis is discussed below

Discussion

Discriminative Sensory Symptoms of RDSP Versus

Those of OD3R

In the present study, the finding that sensory modulation

deficits, which were more severe in the RDSP group, were

able to make distinctions between the two diagnostic

groups was important in terms of the validation of the

RDSP diagnosis; therefore, sensory modulation deficits are
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a differential characteristic of RDSP. These between-group

differences were highly distinguishable with regard to three

sensory areas: auditory, visual, and oral.

There were two sensory patterns with between-group

differences, a high sensory threshold in children charac-

terized one difference, and a low sensory threshold

characterized the other. This finding suggests that oscilla-

tions in the sensory thresholds of these children are higher

compared with other child psychiatric diagnoses. This

result is consistent with the first psychophysiological

studies conducted using infants and young children with

RD symptoms, in which different patterns of physiological

Table 2 Behavioral and emotional symptomatology scores by diagnostic group

CBCL 1�–5 RDSP OD3R pa

Mean SD Me (P25–P75) Mean SD Me (P25–P75)

Syndromes

Emotionally Reactive 60.89 6.69 63.5 (50–69) 61.83 9.09 62.0 (50–90) 0.867

Anxious/Depressed 56.72 7.38 56.0 (50–74) 60.30 8.73 59.0 (50–83) 0.102

Somatic Complaints 58.39 7.17 58.0 (50–74) 57.18 7.80 53.0 (50–80) 0.401

Withdrawn 64.67 11.35 63.0 (50–85) 56.73 7.81 56.0 (50–79) 0.003b

Sleep Problems 61.17 12.11 59.0 (50–94) 64.92 13.31 63.0 (50–100) 0.250

Attention Problems 61.06 6.51 62.0 (50–73) 56.98 7.49 53.0 (50–77) 0.017

Aggressive Behavior 63.61 9.42 63.0 (50–88) 60.87 10.22 58.0 (50–86) 0.149

(DSM-Oriented Scales)

Affective Problems 59.72 7.71 60.0 (51–75) 60.88 7.39 60.0 (50–82) 0.538

Anxiety Problems 60.17 9.80 60.0 (50–84) 63.17 9.58 63.0 (50–84) 0.250

Pervasive Developmental P. 67.33 10.43 69.0 (51–86) 59.17 8.83 56.0 (50–81) 0.003b

Attención Deficit/Hyperactivity P. 60.78 7.72 60.0 (50–71) 59.00 8.36 57.0 (50–76) 0.390

Oppositional Defiant P. 62.72 8.72 64.0 (50–80) 59.83 9.03 57.0 (50–80) 0.208

Problems

Internalizing 61.56 7.46 62.0 (49–73) 59.28 10.15 61.0 (37–81) 0.521

Externalizing 63.00 8.69 63.5 (44–83) 59.27 10.26 56.5 (35–85) 0.058

Total 63.17 7.54 63.0 (45–76) 61.20 9.34 60.0 (43–88) 0.267

a Mann–Whitney U p value
b Significant p values after applying Bonferroni correction test

Table 3 Sensory symptomatology scores by diagnostic group

RDSP (n = 18) OD3R (n = 60) pa

Mean Ranks Me (P25–P75) Mean ranks Me (P25–P75)

ITSP (sensory areas)

Auditory area 52.36 1.63 (0.08–4.19) 35.64 0.67 (0.02–3.04) 0.006b

Visual area 56.78 1.02 (0.18–3.14) 34.32 0.58 (0.01–2.20) [0.001b

Tactile area 47.42 1.17 (0.03–2.86) 37.13 0.64 (0.03–3.82) 0.091

Vestibular area 47.00 1.09 (0.10–3.57) 37.25 0.71 (0.10–3.57) 0.109

Oral area 55.47 2.39 (0.78–3.99) 34.71 1.33 (0.32–3.49) 0.0012

ITSP (sensory patterns)

Low registration 23.14 0.53 (0.00–1.86) 44.41 1.17 (0.14–2.25) [0.001b

Sensation seeking 50.31 2.91 (0.82–0.40) 36.26 1.86 (0.16–5.22) 0.021

Sensory sensitivity 49.94 3.02 (0.12–5.84) 36.37 1.62 (0.11–5.79) 0.026

Sensation avoidance 54.17 1.30 (0.4–3.41) 35.10 0.62 (0.00–2.21) 0.002b

Low sensory threshold 54.67 1.22 (0.12–3.67) 34.95 0.62 (0.00–3.14) 0.001b

a Mann–Whitney U p value
b Significant p values after applying Bonferroni correction test

406 Child Psychiatry Hum Dev (2013) 44:400–411

123



Table 4 Difference between the RDSP and OD3R groups with regard to correlations between sensory symptoms (with absolute standardized

values) and behavioral symptoms in CBCL 1�–5

n Auditory area Visual area Oral area Low registration Sensation avoidance Low sensory threshold

RDSP Withdrawn 18 0.39 0.47 0.36 -0.44 0.67 0.57

OD3R Withdrawn 60 -0.02 0.23 0.06 -0.34 0.15 0.21

p 0.14 0.34 0.27 0.68 0.02 0.13

RDSP PDP 18 0.44 0.42 0.4 -0.27 0.46 0.46

OD3R PDP 60 -0.09 0.21 0.01 -0.32 0.13 0.35

p 0.05 0.42 0.15 0.85 0.21 0.65

RDSP Attention Problems 18 0.35 -0.01 0.27 -0.18 -0.04 -0.06

OD3R Attention Problems 60 0.04 0.43 0.05 -0.44 0.1 0.09

p 0.26 0.11 0.43 0.32 0.63 0.60

RDSP Externalizing P. 18 0.22 -0.16 0.11 -0.05 0.21 0.13

OD3R Externalizing P. 60 -0.18 0.42 0.09 0.23 0.19 0.21

p 0.16 0.04 0.94 0.33 0.94 0.78

Table 5 Models with the sensory and behavioral symptom effects on RDSP diagnosis

Model Symptoms OR OR I.C. 95 % p

L. Inf. L. Sup.

1 Withdrawn syndromea 1.07 1.01 1.14 0.032

Auditive area 3.00 1.37 6.56 0.006c

2 Withdrawn syndrome 1.05 0.99 1.12 0.118

Visual area 4.12 1.59 10.65 0.003c

3 Withdrawn syndrome 1.06 1.00 1.13 0.056

Oral area 2.96 1.38 6.35 0.005c

4 Withdrawn syndrome 1.06 1.00 1.13 0.057

Low registration pattern 0.20 0.06 0.73 0.015

5 Withdrawn syndrome 1.05 0.98 1.12 0.145

Sensation avoidance pattern 2.86 1.22 6.68 0.015

6 Withdrawn syndrome 1.06 1.00 1.13 0.054

Low sensory threshold 2.36 1.10 5.05 0.027

7 PDP b 1.07 1.01 1.14 0.026

Auditive area 3.10 1.40 6.85 0.005c

8 PDP 1.06 1.00 1.13 0.066

Visual area 4.29 1.66 11.04 0.003c

9 PDP 1.07 1.00 1.13 0.044

Oral area 3.04 1.41 6.53 0.004c

10 PDP 1.07 1.00 1.14 0.043

Low registration pattern 0.19 0.05 0.70 0.012

11 PDP 1.05 0.99 1.13 0.111

Sensation avoidance pattern 2.87 1.25 6.60 0.013

12 PDP 1.06 0.99 1.13 0.076

Low sensory threshold 2.31 1.05 5.07 0.037

a Withdrawn syndrome in CBCL 1�–5
b DSM-oriented scale Pervasive Developmental Problems in CBCL 1�–5
c Significant p values after applying Bonferroni correction test
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reactivity were observed in relation to normally developing

children [22, 47]. The results of this study also agree with

those of psychophysiological studies that have compared

children who have sensory modulation dysfunction (SMD)

with normally developing children, with findings such as a

higher frequency and amplitude in skin conductance [15],

different event-related potential patterns [14], and

increased parasympathetic responses [16] with regard to

task performance in children with SMD.

Distinct Behavioral RDSP Symptoms

The most discriminative behavioral symptoms of the RDSP

diagnosis with regard to OD3R were Withdrawn syndrome

and PDP (DSM-oriented scale in CBCL 1�–5). These two

scales in CBCL 1�–5 were also the more distinctive in

another study between children with ASD and children

with a typical development [48]. This result brings to mind

studies that have reported phenotypic similarities between

RDSP and ASD in early childhood [8, 13].

Even though children with ASD were excluded from

this study, an explanation for these results can be that some

of the symptoms assessed by CBCL like: ‘‘Afraid to try

new things, disturbed by change, strange behavior, upset by

new situations, withdrawn, the children doesn’t get along

with peers’’ which are included in the Pervasive Devel-

opmental Problems category, are also characteristics of an

RDSP diagnostic. Because some similar symptoms exist

between RDSP and ASD a careful assessment is funda-

mental in order to make a differential diagnosis and prevent

misdiagnosis of these children.

However, it is important to note that the severity of PDP

and Withdrawn syndrome scores in CBCL 1�–5 were sub-

clinical for both groups in the present study. Other studies

that have addressed the differential diagnoses of RDSP and

MSDD have shown significant higher scores in CBCL in

Withdrawn syndrome and Somatic problems sub-scales in

MSDD. In those studies, only the MSDD group reached the

clinical cutoff score in Total problems, Internalizing prob-

lems and Withdrawn syndrome. Those studies concluded

that these diagnoses were separate clinical entities and it

supported the idea that these dimensions may facilitate the

differential diagnosis of these disorders [13, 49].

In the present study, other symptoms included in the

RDSP diagnostic criteria in DC: 0-3R show a tendency

towards significance only in their discriminative ability

(e.g., Attention Deficit/Hyperactivity syndrome and other

externalizing problems), which suggest that these symp-

toms are present at similar severities in other early child-

hood psychiatric diagnoses. This supposition would

explain the phenotypic similarities to other conditions

reported by previous studies, such as Attention Deficit/

Hyperactivity Disorder [20] and Conduct Disorder [19].

The Relationship Between Sensory and Behavioral

Symptoms

The absence of a high correlation between sensory and

behavioral symptoms in both groups suggests that these

symptoms reflect different conditions, which confirms our

hypothesis and is supported by other studies [25, 26, 50]. It

is important to note that the correlation between With-

drawn syndrome (on CBCL) and avoidance sensory

symptoms (assessed with the ITSP) in children with RDSP

was only moderate.

On the other hand, the lack of significant between-group

differences does not support the hypothesis that there is a

stronger relationship between behavioral and sensory

symptoms in children with RDSP versus those with OD3R.

However, some correlations showed a tendency towards

significance such as that between PDP symptoms and

auditory modulation alterations in the RDSP group as well

as between the Withdrawn syndrome and sensory avoid-

ance symptoms, which were moderately correlated in the

RDSP group (0.67) but weakly correlated in the OD3R

group (0.15). The small sample size might explain why this

difference was not significant. The only correlation that

was stronger in the OD3R group than in the RDSP group

was externalizing disorders with alterations in visual pro-

cessing. As other studies have already suggested [19],

deficits in sensory modulation might also be present in

children with diagnoses other than RDSP, but to a lesser

extent.

The Effect of Sensory and Behavioral Symptoms

on an RDSP Diagnosis

The effect of the sensory variables on the RDSP diagnosis

was much more significant than that of the behavioral

variables. Specifically, the effect of sensory symptoms was

significant in the model with the Withdrawn syndrome and

in the model with PDP. Conversely, we did not find a

significant effect of the behavioral symptoms on RDSP

diagnoses. Nevertheless, it is important to note that the

present study is not an epidemiological study [25] or a

comparison group with children from the general popula-

tion but a clinical comparison group. Children without

behavioral symptoms are not brought to clinical units for

treatment.

For that reason, the lack of a behavioral symptoms effect

in the model does not mean that these behavioral symptoms

are not relevant for making a diagnosis; however, differ-

ences in sensory modulation levels primarily allow differ-

ential diagnoses in clinical samples. This result found

support in the OT classification system which primarily

makes the diagnosis of SMD based on sensory criteria [50,

51]. It could be important to consider this preliminary
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result, in the actual classification in OT field and Child

Psychiatry field in order to analyze the discriminative

ability of behavioral symptoms in other clinical samples.

Limitations

The instruments used to collect the child information by the

researcher were based in the parental perceptions of the

behavioral and sensory processing of their children. To a

large extent, the adequacy of these perceptions influenced

the results found.

The DC:0-3 system needs to be more directly reviewed,

particularly with regard to its reliability and validity.

There are also limitations regarding the sample size of

the study and the inclusion of children without diagnosis in

Axis I but only in Axis II in the sample; therefore, the

results must be considered with caution. We interpreted the

results conservatively: in all cases, the Bonferroni correc-

tion was applied to correct for inflated statistical signifi-

cance. We cannot state that some of the variables in

Objectives 1 and 3 that only showed a tendency towards

significance would become statistically significant and

result in more definitive differential diagnoses between

RDSP and OD3R in a study with a larger sample. The same

is true for the correlations between the sensory and

behavioral symptoms in Objective 2, in which the small

sample size of children with RDSP might have prevented

identifying significant between-group differences.

Future studies with a larger sample size would allow

researchers to analyze the full logistic regression model to

study the predictive and discriminative ability of the

respective model with regard to differential RDSP

diagnoses.

It would be interesting if future studies were conducted

to analyze the stability of RDSP over time and with phe-

notypic similarities as diagnosed through DSM in pre-

schoolers (i.e. The RDSP Type C—Sensory Stimulation-

Seeking/Impulsive, may be associated with Attention-

Deficit Hyperactivity Disorder (DSM-IV-TR), particularly

the hyperactive/impulsive type or combined type).

It would also be interesting to study whether it would be

possible to unify diagnostic criteria for SMD and RDSP

(including both sensory modulation deficits and behavioral

criteria) when motor symptoms were present (such as

dyspraxia or postural disorders) establishing the possibility

to diagnose SBMD like in OT and ICDL-DMIC systems.

Summary

Regarding the first objective, the results showed a greater

severity of sensory modulation deficits in various sensory

categories and an increased severity of certain behavioral

symptoms in the RDSP group. These findings indicate the

presence of the differential characteristics of other early

childhood psychiatric disorders. The associations between

sensory and behavioral symptoms were low to moderate in

children with RDSP and in those with OD3R. In addition,

there were no significant between-group differences, sug-

gesting that the RDSP diagnostic criteria are independent.

Regarding the third objective, the results showed that

sensory modulation deficits had a greater effect on the

RDSP group than on the OD3R group. The results also

showed that the sensory variables had a greater effect on

the RDSP diagnosis than did the behavioral variables in

both child psychiatric samples. The results of this study

revealed convergent validity between the instruments and

the RDSP diagnostic criteria. Furthermore, they support the

validity of RDSP as a single diagnosis in early childhood.

Moreover, these results confirm that there are specific

symptoms that should alert practitioners to a possible

diagnosis of RDSP. At a clinical level, they support the

importance of applying specific instruments for diagnosing

RDSP. Obtaining the sensory profile of young children

might be especially helpful when it is necessary to confirm

a diagnosis if RDSP is suspected in early childhood or to

make a differential diagnosis regarding another psychiatric

condition. Through early diagnosis, this procedure would

benefit young children in need of specific sensory inte-

gration techniques and would prevent future psychiatric

conditions.
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