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Abstract

Background: The study of the sensory aspect alongside the motor aspect in children with spastic cerebral palsy is
critical. Knowledge may help improve intervention, children’s quality of life, activity, and participation.

The study aims to analyze the sensory systems processing in children with spastic cerebral palsy classified by Gross
Motor Function Classification System (GMFCS) as levels |, I, and Il using Child Sensory Profile 2 (CSP-2). Caregivers
of children with spastic cerebral palsy aged 6-9 years (n = 20) completed the CSP-2. Children with severe
comorbidities besides cerebral palsy (i.e., diabetes, myopathy, neuropathy, and uncontrolled epilepsy), autism, burn
injuries, hearing or vision loss were excluded.

Results: All twenty participating children showed sensory processing difficulties in at least one of the sensory sections.
With 14 out of 20 showing abnormalities in more than one section, the majority showed problems in the body
position section, followed by the movement section. There was a significant difference between raw scores means of

children with unilateral and bilateral SCP at the “body position” section, unlike the rest of the other sections.

Conclusions: Children with spastic cerebral palsy (GMFCS levels |, II, and Ill) show sensory systems processing
difficulties compared to normative data, especially at vestibular and proprioceptive processing.
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Background

Cerebral palsy (CP) is a neurodevelopmental disorder
that affects muscle tone, movement, and motor skills.
Clinical signs are persistent and non-progressive, resulting
from a lesion to the developing brain in the prenatal,
perinatal, or early postnatal period [1, 2].

Spastic cerebral palsy (SCP) is the most common type
of CP, composing up to 70% to 80% of cases [3]. SCP
may be bilateral or unilateral [4].

Motor abnormalities are frequently accompanied by
sensory, perceptual, cognitive, communication, and
behavior disturbances, as well as epilepsy and secondary
musculoskeletal problems [5]. Therefore, the management
of children with CP depends on a multidisciplinary, com-
prehensive, and coordinated approach and goals are
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the child’s independence and being engaged in the
community [3].

Sensory processing is the processing of sensory infor-
mation from the environment and the body itself by
neural systems, comprising the functions of receptor
organs and the peripheral and central nervous systems.
To understand experiences and organize responses, the
brain organizes, integrates, synthesizes, and uses this
information. Individuals can respond to sensory stimuli
in an automatic, efficient, and comfortable manner
thanks to information processing [6].

The term sensory processing disorder (SPD) is used by
the Sensory Processing Disorder Foundation to define a
condition in which a person’s daily activities are limited
by how he or she processes and responds to sensory
information [7]. SPD is characterized by hypo- or hyper-
sensitivities to sensory inputs that cause noteworthy ob-
struction to everyday activities. Essentially, SPD repre-
sents a failure to modulate the effects of incoming
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sensory inputs; this raises the issue of whether the inte-
gration of inputs across sensory systems is functioning
appropriately in this population. The principal function
of the multisensory integration system is to combine the
signals that enter the brain through the different sensory
epithelia so that the many forms of energy produced by
the same object or event will be treated as a single en-
tity. It helps to simplify the world and leads to significant
behavioral efficiency gains [8].

The literature shows a connection between processing
challenges and sensory integration and performance of
activities of daily living (ADLs) such as sleeping, dress-
ing, eating, playing, and taking part in leisure and
school-related activities [9]. According to Brown and
Dunn, “areas of concern emerge only when a person’s
sensory processing pattern seems incompatible with his
or her desired or necessary life activity choices” [7].
Motor system development and motor planning partially
rely on sensory input which offers feedback and guides
motor function so that potential motor errors can be
avoided [10].

Although sensory-based disorders as impaired tactile,
proprioceptive, kinesthetic, and pain perception are not
commonly thought of as a primary feature of CP, they
occur frequently in this population and remain an
under-studied and under-addressed area [10-12].
Further studies are recommended to evaluate sensory
processing in children with CP. This exploration remains
a vast and promising field of research to be pursued
[12]. Most studies addressing sensory processing in chil-
dren with CP use sophisticated neuroimaging equip-
ment, which is not widely available in clinical settings.
Using clinical measures to assess sensory processing in
children with CP is still not common [13].

The Sensory Integration and Praxis Test (SIPT) is
regarded as the “gold standard” test for detecting sensory
discrimination and sensorimotor abnormalities [6].
However, it does not measure sensory modulation [14].
Sensory modulation is typically measured by the Sensory
Profile (which has two versions) and the Sensory Pro-
cessing Measure [6, 14].

Sensory profile 2 (SP2) is a standardized test. The
advantages of SP2 are that it is simple to use, quick to
administer, is evidence, theory, and strength based. SP2 is
family and child centered and also contextually relevant. It
provides a comprehensive method to capture the child’s
responses to sensory experiences in natural settings. It
measures current performance and can be reused to
measure differences across time and intervention. Add-
itionally, it addresses familiar activities and behaviors to
caregivers and helps them be more engaged in assessment
and the discussion of the treatment plan [15].

The SP2 has some disadvantages. For starters, it relies
on a caregiver’'s ability to report on their child’s
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functioning, which may lead to responder bias. There
may also be inconsistencies between the responses of
the caregiver and the observations of the therapist.
Moreover, despite its ability to detect the presence of
modulation problems, it is unable to thoroughly deter-
mine the presence of sensory discrimination problems
[16]. Furthermore, the SP2 is yet to be validated in the
Egyptian population. Finally, it has not been translated
into Arabic.

Knowledge about a person’s patterns of sensory pro-
cessing may contribute to the design of more effective
interventions and the advancement of knowledge. When
people have a vision about the reasons behind challen-
ging situations, they can generalize the information to
other circumstances and make better judgments and
choices that make life easier [17].

This area of knowledge is also supposed to generate
more research questions aiming for a wider look at dis-
abled children’s needs and how to deal with them.

Therefore, this study aims to analyze sensory systems
processing in children with SCP (GMECS levels I, II, and
III), using Child Sensory Profile 2 (CSP-2).

Methods

Study design

A prospective cross-sectional study design has been per-
formed. The study agreed with the STROBE statement
[18]. The study was approved by the Ethical Committee
under the code (P.T.REC/012/003055).

Participants and procedures

Twenty SCP children were recruited from several re-
habilitation centers specialized in children’s care. In
order to recruit the sample, rehabilitation centers were
contacted about the purpose of the study and the tar-
geted criteria for children to participate. Meetings were
set with caregivers to explain the study rationale and ex-
plain how to fill the CSP-2 questionnaires. Those who
agreed to participate and met the inclusion criteria
signed informed consent before taking place in the
study. All questions by participating caregivers were an-
swered before, during, and after filling the question-
naires. Results were verbally conducted to caregivers,
and suggestions on how to deal with children accord-
ingly were provided. The recruitment and assessment
took place between February 2021 and June 2021.

This study was narrowed down to focus on SCP. Ac-
cording to previous studies [19, 20], the better the gross
motor capabilities are, the finer the sensory processing
capacities. Therefore, we concentrated on children with
higher gross motor abilities of Gross Motor Function
Classification System (GMFCS) levels I, II, and III so
that we may assume that their sensory experiences are
less limited by their motor abilities.
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We included children of both sexes, aged between 6
and 9 years, and whose caregivers are of a good com-
mand of the English language.

We excluded (1) children with severe comorbidities
besides CP (i.e., diabetes, myopathy, neuropathy, and un-
controlled epilepsy), burn injuries, hearing or vision loss;
to reduce factors that may compromise their sensory ex-
periences. (2) Children with autism; since autism has
been—supported by several studies—associated with
SPD.

Variables and data measurements

The primary variable in this study was the reported sen-
sory system section, measured by CSP-2. CSP-2 lies
under the umbrella of SP2. The Sensory Profile 2 is the
newest version of the Sensory Profile developed by Win-
nie Dunn; it is a set of standardized caregiver question-
naires consisting of the Infant SP2 (birth-to-6 months),
Toddler SP2 (7-to-35 months), Child SP2 (3-to-15 years
old), and Short SP2 (3-to-15 years old). In addition to
School companion SP2, which is a teacher questionnaire
for students aged from 3 to 14 years old [15].

The parent/caregiver complete the SP2 questionnaire
according to the frequency of the child’s responses to
various sensory experiences using a five-point scale (1 =
almost always, 2 = frequently, 3 = half of the time, 4 =
occasionally, 5 = almost never, or 0 = does not apply).
Does not apply should be used exceptionally when the
question is not relevant to the child, or when the parent/
caregiver has never observed the behavior. The advan-
tages of SP2 are that it is simple to use and quick to ad-
minister and interpret. Furthermore, there are no double
negatives in the SP2, which makes it easier to read than
the SP. CSP-2 is an 86-item caregiver questionnaire
that covers a wide age range from 3:00 to 14:11 years
old [15].
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Dunn developed a Normal Curve and SP2 Classifica-
tion System based on responses from a normative sam-
ple of children without disabilities. Based on a bell curve
normed distribution, the raw score total for each quad-
rant can be classified as “much less than others,” “less
than others,” “just like the majority of others,
than others,” and “much more than others” [21].

Figure 1 shows the normal curve and the SP2 classifi-
cation system provided by Dunn [15].

The items of CSP-2 come in three groups which are
sensory processing patterns (i.e., the quadrants), sensory
systems, and behavior associated with sensory process-
ing. Sensory System Scores (Sensory Sections) subsets
include Auditory Processing: which measures the per-
son’s response to things heard; Visual Processing: which
measures the person’s response to things seen; Touch
(Somatosensory) Processing: which measures the per-
son’s response to stimuli that touch the skin; Movement
(Vestibular) Processing: which measures the person’s re-
sponse to movement; Body Position (Proprioceptive)
Processing: which measures the person’s response to
changes in joint and muscle positions; and Oral Sensory
Processing: which measures the person’s response to
touch and taste in the mouth [15].

The test-retest reliability is good to excellent. Most of
the inter-rater reliability coefficients were acceptable to
good. The coefficients in the visual and touch processing
areas were lower. The validity correlations between the
SP and SP2 were moderate to high [15, 16]. Sensory Pro-
file 2 shows good construct validity [22].

” o«

more

Statistical methods

Descriptive results were generated by calculating the
means and standard deviation. The results were com-
pared to the normative data provided by the work of
Dunn in the SP2 user’s manual [15].
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Fig. 1 The normal curve and the sensory profile 2 classification system (Dunn 2014)
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Table 1 The distribution of the SCP children according to SCP subtypes, gender, and the GMFCS levels

Subtype Gender | ] 1] Total Percent %
Unilateral Male 3 0 0 3 60%
Female 1 1 0 2 40%
Bilateral Male 1 4 7 12 80%
Female 0 2 1 3 20%
Results participants faced sensory system difficulties in only one

Characteristics of the sample (demographic data)
A total of 20 children with a mean age of 7.25 (SD +
1.019545823) participated in this study.

The majority of the sample (65% of the sample) were
in the younger group (n = 13) and the minority (35% of
the sample) were in the older group (1 = 7).

75% of the participants were male (n =
were female (1 = 5)

15) and 25%

Classification of participants
Twenty-five percent of participants were classified as
unilateral SCP, and 75% were classified as bilateral.
Twenty-five percent of participants were classified ac-
cording to GMECS as level I, 35% were classified as level
I1, and 40% were classified as level 1.
Table 1 shows the distribution of the children with
SCP according to SCP subtypes, gender, and the GMFC
S levels.

Distribution of all children with SCP according to their
response to sensory systems

Table 2 shows the percentage distribution for the six
sensory system sections. The highest percentage of par-
ticipants scoring in the collective “More Group” was
found in the “Body Position” section (95%), with “much
more” representing the majority by 70%; followed by the
“Movement” section (65%) with “More than” represent-
ing the majority by 40%.

The participants mostly scored “just like” in the other
four sections as follows: “Oral sensory” and “Visual” by
80%, “Auditory” by 70%, and “Touch” by 60%. No partic-
ipants scored in any section as “Less than” or “Much
Less than.”

There was no single participant found to score out of
the norm in all six sections. Thirty percent of the

section, while 35% of them faced sensory system difficul-
ties in 2 to 3 sections, and 35% faced difficulties in 4 to
5 sections.

Sensory processing in the sensory systems in both types
of SCP

Figure 2 shows a box plot chart that was made using
raw scores to form a visual representation of all data col-
lected from all participants in all sensory systems sec-
tions; it shows that the data set has a symmetrical
distribution since the mean and the median are close to-
gether. Touch has the most variable data for it has the
highest range.

Means of auditory (20.25), visual (14.95), touch (20.3),
and oral sensory (20.8) are below the dashed line which
refers to the line between “just like” and “more than”
which means that they tend to be within normal range.
While means of movement (21.1) and body position
(24.6) lie above the dashed line, which means they fall
out of the normal range.

Sensory processing in each of the six sections of
sensory systems in both types of SCP (unilateral and
bilateral)

Figure 3 shows the box plots of the auditory pro-
cessing section. Bilateral SCP has a longer box
which means more dispersed data. The mean of
both types are very similar (20.2) and they both lie
under the dashed line which means they both tend
to fall within the normal range and score as “just
like.”

Figure 4 shows the box plots of the visual process-
ing section. The means of both types are very similar
(15) for unilateral and (14.93) for bilateral. They both
lie under the dashed line, which means they both

Table 2 Distribution of All children with SCP according to their response to sensory systems

Auditory Visual Touch Movement Body position Oral sensory
Much more 0% 5% 15% 25% 70% 5%
More than 30% 15% 25% 40% 25% 15%
More Group 30% 20% 40% 65% 95% 20%

Just like 70% 80% 60%

35% 5% 80%
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Fig. 2 Box plot showing sensory processing in the sensory systems in children with SCP

tend to fall within the normal range and score as
“just like.”

Figure 5 shows the box plots of the touch processing
section. The means of both types are similar (20.6) for
unilateral and (21.53) for bilateral. They both lie under
the dashed line which means they both tend to fall
within the normal range and score as “just like”; how-
ever, bilateral mean lies so close to the dashed line;
therefore, it lies on edge.

Figure 6 shows the box plots of movement pro-
cessing results. The means of both types are very
similar (21.2) for unilateral and (21.07) for bilateral.
They both lie above the dashed line, which means
they both tend to fall outside the normal range.

Figure 7 shows the box plots of the body position
processing section. The mean of unilateral is (19.2)
which is far from the median; the median of the uni-
lateral lies outside the bilateral box which indicates
the presence of a significant difference between the

two groups. As for the bilateral mean (26.4), it is
similar to the median. They both lie above the dashed
line, which means they both fall outside the normal
range.

Figure 8 shows the box plots of the oral sensory
processing section. The mean of both types is similar
(20.4) for unilateral and (20.93) for bilateral. They
both lie under the dashed line which means they
both tend to fall within the normal range and score
as “just like.”

Comparison between sensory sections mean scores in
children with unilateral and bilateral SCP

Table 3 represents a summary comparison between
mean scores of children with unilateral and bilateral
SCP. The means of all sections were very similar except
for the “body position” section, where unilateral was
nearer to the “just like” range, which is from 5 to 15 of
the raw score.
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Fig. 3 Box plots of the auditory processing section in children with unilateral and bilateral SCP
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Fig. 4 Box plots of the visual processing section in children with unilateral and bilateral SCP
A

Distribution of children of each group ( Unilateral and
Bilateral SCP) in the sensory systems

Table 4 shows the distribution of children of each group
(unilateral and bilateral SCP) in the sensory systems.

In children with unilateral SCP The majority scored
as “just like” in auditory by 60%, visual by 80%, touch
by 80%, and oral sensory by 80%; while in movement
and body position, they scored in the collective more
group by 60% and 80% respectively.

In children with bilateral SCP The majority scored
as “just like” in auditory by 73.33%, visual by 80%,
touch by 53.33%, and oral sensory by 80%; while in
movement, they scored in the collective more group
by 66.67%. All participants with bilateral SCP scored
in the collective more group.

Discussion

This study aims to investigate the processing of sensory
systems in children with SCP (GMFCS levels I, II, and
I1I) using CSP-2.
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Fig. 5 Box plots of the touch processing section in children with unilateral and bilateral SCP
.
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Fig. 6 Box plots of the movement processing section in children with unilateral and bilateral SCP
A

Sensory-based disorders were found to frequently
occur in those children [23, 24]. However, the study of
sensory processing and integration in this population is
promising [12, 25].

Our results showed that children with SCP face
processing difficulties regarding sensory systems. The
majority of SCP children present greater problems
with body position (proprioceptive) and movement
(vestibular) processing than other sensory systems
compared to the normative data provided by Dunn;

which matches the results of previous studies done
on more types of CP [16, 26] or a wider range of
GMECS levels [25].

Vestibular processing and proprioceptive processing
deficits may be a reason for balance impairment in
addition to poor muscle control, which magnifies the
problem [16, 27]. The reason might be due to dimin-
ished thalamo-cortical projections from the thalamus to
S1, which causes defects to somatosensory processing in
CP patients [10].
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Fig. 7 Box plots of body position processing in children with unilateral and bilateral SCP
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Fig. 8 Box plots of the oral sensory processing section in children with unilateral and bilateral SCP

Touch processing came in third place for 40% of chil-
dren presented with difficulties in touch processing.
Tactile processing issues vary dramatically among cere-
bral palsy subtypes, according to research [26]. Accord-
ing to Pavaod [25], tactile processing may also be due to
structural deficits.

Thirty percent of the children showed auditory pro-
cessing difficulties. There was no difference between
children with unilateral and bilateral SCP groups in the
mean scores, and both fell in the “just like” zone. These
results partially confirm some previous studies [16, 20,
25] while not confirming at all to others [26], but we
must put into consideration that there are noticeable dif-
ferences in the inclusion criteria.

It was also revealed that they struggle the least with
oral sensory and visual information, although some diffi-
culties were present.

By comparing raw scores of children with unilateral
and bilateral SCP, it was found that the only section
that showed a significant difference between the two
categories is “body position” (proprioceptive). This

Table 3 Comparison between mean scores of sensory sections
in children with unilateral and bilateral SCP

Unilateral Bilateral
Auditory 202 20.27
Visual 15 1493
Touch 206 21.33
Movement 212 21.07
Body position 19.2 264
Oral sensory 204 2093

shows that children with bilateral SCP convey pro-
prioceptive processing problems more than children
with unilateral SCP. Proprioceptive problems in the
unilateral population may be due to uneven experi-
ences they are exposed to from crawling through to
walking [16].

Unlike what we have found, previous research found
that oral sensory processing was significant in chil-
dren with unilateral SCP [20]. The difference may be
due to the small sample size of the current prelimin-
ary study or the difference in population culturally or
geographically.

The presence of more visual processing difficulties in
children with unilateral SCP has been reported in a
previous study [16], while another study reported similar
results to this study [20].

This study was limited by:

1- Small sample size

2- Being confined to caregivers who are of a good
command of the English language, which was hard
and time-consuming to recruit in a population
where Arabic is the mother tongue.

Conclusions

According to our findings, children with SCP levels I,
II, and III on GMFCS show processing difficulties
concerning sensory systems compared to normative
data. The main difficulties manifested are concerning
body position (proprioceptive) and movement (ves-
tibular). Knowing this valuable information allows us
a better understanding of their sensory experiences
and their processing struggles that might affect the
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Table 4 Distribution of children of each group (unilateral and bilateral SCP) in the sensory systems

Unilateral Bilateral

Much more More Just like Much more More Just like
Auditory 0% 40% 60% 0.00% 26.67% 73.33%
Visual 0% 20% 80% 6.67% 13.33% 80.00%
Touch 20% 0% 80% 13.33% 33.33% 53.33%
Movement 20% 40% 40% 26.67% 40.00% 33.33%
Body position 40% 40% 20% 80.00% 20.00% 0.00%
Oral sensory 0% 20% 80% 6.67% 13.33% 80.00%

way they deal with their environment, and conse-
quently enables therapists and caregivers to actively
participate in improving their treatment plans and
how to deal with them more efficiently.
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