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Introduction
 Cerebral Palsy (CP), a permanent, non-progressive, but not nec-
essarily unchanging neurological disorder of childhood [1], caused 
by brain injury during the immature period of brain development [2], 
which affects motor and postural development and causes sensory 
disorders and learning disabilities [1]. In particular, motor problems 
caused by CP affect functional mobility. The primary problem in CP 
is gross motor dysfunction [3]. Gross motor function refers to body 
alignment and postural control against gravity in a given context. Fine 
motor manipulation function is an index that assesses the harmony of 
hand and upper limb function when a child performs functional ac-
tivities in daily living [4]. Thus most rehabilitation programmers and 
interventions are focused on motor skills [5,6]. However according to 
previous studies, children with CP have sensory processing issues as 
well as motor problems, which lead to severe developmental disabili-
ty [7,8]. CP sufferers with sensory modulation problems, poor senso-
ry registration and sensory discrimination deficits show delay issues 
regarding level of arousal, attention, motivation, behavioral organiza-
tion and action planning, which also affects motor functions [9,10]. 
About 90 % of children with CP present with sensory dysfunction 
such as tactile and proprioceptive deficits [11]. The impaired central 
nervous system in CP produces not only abnormal muscle tone but 
also sensory disturbances [11].

 CP involves a deficit of the central nervous system that causes 
both sensory processing difficulties and motor problems [12,13]. CP 
limits the variety of experience that passes through sensory input as 
it causes asymmetrical posture, abnormal movement and loss of pos-
tural control. These restrictions build up an improper proprioceptive 
sense and further incorrect movement feedback. These outcomes 
limit the motor planning and learning of children with cerebral palsy 
[14].

 Thus, sensory processing skills and motor skills are relatively 
important for functional performance in daily tasks and participation 
[15], which requires functional mobility. Therefore, this study inves-
tigated the co-relation between sensory processing abilities and func-
tional mobility capabilities of children with cerebral palsy. 
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Purpose

 The purpose of this study was to investigate the relationship be-
tween sensory processing abilities and functional mobility and how 
sensory integration dysfunction affects mobility pattern in children 
with cerebral palsy.

Materials/Methods

 50 children with CP participated in the study. Sensory process-
ing abilities of the subject were measured by Short Sensory Profile 
(SSP). Functional Mobility were measured using Gross Motor Func-
tional Classification System-Expanded and Revised (GMFCS-ER). 
Then the data are analyzed to know the relationship between level 
of SID and functional mobility pattern of Children with CP.

Results

 There were significance co-relations between SSP score and 
GMFCS-ER level (R = 0.74, p ˂ 0.00). Significant differences were 
showed in functional mobility level (p = 0.01) among sensory pro-
cessing level of children. Also result was showed that as GMFCS-ER 
level were higher, the SSP total Score was higher (indicating less SI 
dysfunction) all of participant.

Conclusion/Significance

 Sensory processing abilities of children with cerebral palsy were 
related with functional mobility. More SID indicates lesser capabili-
ties on functional mobility.

Keywords: Cerebral palsy; Functional mobility; Gross Motor Func-
tional Classification System-Expanded and Revised (GMFCS-ER); 
Sensory processing/Integration dysfunction; Short Sensory Profile 
(SSP)
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Null Hypothesis (H0): There is no relationship between Sensory in-
tegration dysfunction to the functional mobility pattern of children 
with CP.

Alternative Hypothesis (H1): There exists a relationship between 
Sensory integration dysfunction to the functional mobility pattern of 
children with CP.

Aim

 To investigate the relationship of co-morbid dysfunction of senso-
ry integration on motor skills & functional mobility of children with 
cerebral palsy.

Sample size & sampling methods

 The study was conducted with 50 children having diagnosis of 
CP, who were attending the department of occupational therapy at 
SVNIRTAR. Informed consent was taken from all the participants. 
Consecutive sampling was used. This was a double blind observa-
tional study design. The study was conducted between August 2019 
to October 2019.

Selection Criteria

Inclusion criteria:

• Children diagnosed as cerebral palsy
• Children of age group 4-10 yrs

Exclusion criteria:

• Child having congenital anomaly
• Child having other associated chronic medical condition
• Child diagnoses with intellectual Disability
• Child with under medication of psychostimulants
• Child having epilepsy

Measurement tools

 The Short Sensory Profile (SSP) was used to measure children’s 
sensory processing ability [16]. The items measured were tactile sen-
sitivity, taste/smell sensitivity, movement sensitivity, under-respon-
sive/seeks sensations, auditory filtering, low energy/weak and visual/
auditory sensation [14]. These items include functional behavior in 
daily activities that are symptoms of sensory processing disorders. 
Each item is measured on a five-point Likert scale. A total score of 
155 to 190 points is normal, 142 to 154 points is a probable difference 
and 38 to 141 points is a definite difference in sensory processing 
[16,17]. The normal level corresponds to typical sensory processing 
abilities, while the probable difference and definite difference levels 
correspond to atypical sensory processing abilities. Higher scores in-
dicate better sensory processing abilities.

 The gross motor skills of children were measured using the Gross 
Motor Function Classification System-Expanded and Revised (GM-
FCS-ER). The GMFCS-ER classifies a child’s movement ability into 
five levels: Level I is walks without restrictions; level II is walks 
without restrictions, but with limitations walking outdoors and in the 
community; level III is walks with assistive mobility devices, but with 
limitations walking outdoors and in community; level IV is self-mo-
bility with limitation; and level V is self-mobility that is severely lim-
ited, even with the use of assistive technology [18,19]. Higher level 
indicates better capabilities. 

Data Analysis
 To find out the relationship between child’s sensory integration 
dysfunction (SSP scores) and their functional mobility pattern (GM-
FCS-ER Level), who has been diagnosed with CP, Spearman’s coeffi-
cient was done and a scatter plot was used to display the relationship.

 To analyze data on the difference between the GMFCS-ER levels 
on sensory processing total score, a one-way Analysis of Variance 
(ANOVA) was used and post-hoc test was applied by Scheffe’s meth-
od. The data was analyzed using Statistical Package for Social Sci-
ences (SPSS) version 20 and significant value was set at P < 0.05.

Results

 We found a strong correlation between SSP Scores and GM-
FCS-ER level as r = -0.74 (Spearman’s correlation coefficient) which 
is significant at P = 0.01. As the ‘r’ value is negative which indicate 
children having more sensory processing dysfunction have less func-
tional mobility?

Correlations

 In scatter plot (Diagram-1), higher SSP scores (Better sensory 
processing abilities) reflects better functional mobility (Higher GM-
FCS-ER level). This indicates there is a relationship exists between 
SSP Score and GMFCS-ER level.

 
 There were significant differences in total sensory processing 
score according to GMFCS-ER level for all participants (Table 1). 
Significant difference at p = 0.00. One-way ANOVA was used to iden-
tify mean difference.

 Descriptive statistics (Table 2) show difference of SSP total score 
among GMFCS-ER levels. Higher the mean difference in SSP score 
i.e. less SI dysfunction; higher the GMFCS-ER level i.e. better func-
tional mobility.

SSP GMFCS-ER

Spearman’s rho

SSP

correlation coefficient 1.000 -.742**

Sig. (1-tailed) . .000

N 50 50

GMFCS-ER

correlation coefficient -.742** 1.000

Sig. (1-tailed) .000 .

N 50 50

**Correlation is significant at the 0.01 level (1-tailed).
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 Following post hoc tests, significant mean differences of sensory 
processing ability among GMFCS-ER level were found as follows: 
GMFCS level 5~1 > 5~2 > 4 ~1 > 3~1 > 5~4 > 4~2 > 3~2 (Table 3). 
This indicates that GMFCS-ER level affects SSP total score of all 
children.

Discussion
 Children with CP have functional difficulties in performance 
during daily living not only because of abnormal postural tone and 
poor postural control, but also because of sensory processing prob-
lems [20,21]. In particular, sensory processing problems affect the 
child’s adaptability to daily activities, mood, emotion and motor func-
tion [9,22]. Children with CP have primary sensory disorders such as 
tactile or proprioceptive discrimination [23,24]. This problem mainly 
affects the fine motor manipulation skill in CP [25]. According to pre-
vious studies sensory processing problems in children induce devel-
opmental issues such as low or high postural tone, deficits of balance 
and motor coordination, unstable posture and/or clumsy movement. 
In CP, symptoms of sensory integration disorders are more prevalent 
[9,26].

ANOVA SSP

Sum of Squares Df Mean Square F Sig.

Between Groups 28699.143 4 7174.786 26.305 .000

Within Groups 12273.837 45 272.752

Total 40972.980 49

Descriptives SSP

N Mean Std. Deviation Std. Error
95 % Confidence 
Interval for Mean Minimum Maximum

Lower Bound Upper Bound

1.00 8 171.5000 10.29563 3.64005 162.8926 180.1074 157.00 188.00

2.00 19 152.5263 17.19938 3.94581 144.2365 160.8162 109.00 181.00

3.00 10 130.4000 15.86190 5.01597 119.0531 141.7469 103.00 153.00

4.00 8 114.7500 22.08911 7.80968 96.2830 133.2170 85.00 150.00

5.00 5 91.4000 11.48042 5.13420 77.1452 105.6548 82.00 110.00

Total 50 138.9800 28.91683 4.08946 130.7619 147.1981 82.00 188.00

Multiple Comparisons

(I) gmfcs (J) gmfcs Mean Difference (I-J) Std. Error Sig.
95 % Confidence Interval

Lower Bound Upper Bound

1.00

2.00 18.97368 6.96056 .135 -3.3815 41.3288

3.00 41.10000* 7.83385 .000 15.9401 66.2599

4.00 56.75000* 8.25760 .000 30.2291 83.2709

5.00 80.10000* 9.41511 .000 49.8616 110.3384

2.00

1.00 -18.97368 6.96056 .135 -41.3288 3.3815

3.00 22.12632* 6.45217 .030 1.4039 42.8487

4.00 37.77632* 6.96056 .000 15.4212 60.1315

5.00 61.12632* 8.30095 .000 34.4662 87.7864

3.00

1.00 -41.10000* 7.83385 .000 -66.2599 -15.9401

2.00 -22.12632* 6.45217 .030 -42.8487 -1.4039

4.00 15.65000 7.83385 .419 -9.5099 40.8099

5.00 39.00000* 9.04575 .003 9.9479 68.0521

4.00

1.00 -56.75000* 8.25760 .000 -83.2709 -30.2291

2.00 -37.77632* 6.96056 .000 -60.1315 -15.4212

3.00 -15.65000 7.83385 .419 -40.8099 9.5099

5.00 23.35000 9.41511 .207 -6.8884 53.5884

5.00

1.00 -80.10000* 9.41511 .000 -110.3384 -49.8616

2.00 -61.12632* 8.30095 .000 -87.7864 -34.4662

3.00 -39.00000* 9.04575 .003 -68.0521 -9.9479

4.00 -23.35000 9.41511 .207 -53.5884 6.8884

Table 1: One-way ANOVA showing significant difference at p = 0.00.

Table 2: Difference of SSP total score among GMFCS-ER.

Table 3: Post-hoc test results of GMFCS-ER at each level of SSP total score.
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 In this study, we found that there was a relationship exists between 
SSP Score and GMFCS-ER level and there were significant differ-
ences between functional performance levels and sensory processing 
levels in children. The results of post hoc testing showed that GMFCS 
levels 5 and 1showed the most significantly mean difference in SSP 
total score. This means that sensory processing abilities are different 
for children with severe limitations in self-mobility versus those ca-
pable of independent walking without restrictions.

Limitation and Future Recommendation
• Sample size was small, thus it is difficult to generalize the find-

ings. Future study should involve more number of children

• Effects of sensory processing abilities on fine motor skills, cogni-
tion, etc. were not taken into consideration in this study & this can 
be explored in future research

• Types of CP can be considered in future study

• Here short sensory profile is used & in future study long form of 
sensory profile can be used

Conclusion
 This study was performed to investigate the impact of sensory 
processing/integration dysfunction on functional mobility in children 
with cerebral palsy. The result showed that there exists a significant 
relationship between sensory processing abilities, functional perfor-
mance capabilities in children with cerebral palsy. Also, the result 
showed that higher the sensory processing abilities i.e. less SI dys-
function; higher the GMFCS-ER level i.e. better functional mobility 
pattern i.e. co-morbid sensory integration dysfunction affects nega-
tively to functional mobility. The result has clinical meaning. Thus if 
sensory integration dysfunction is managed through proper methods 
of sensory integration therapy, functional mobility can be enhanced.
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