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Objective To investigate the factors influencing the development of self-care activity, and the association between
mobility and self-care activity in children with cerebral palsy (CP).

Methods A total of 63 CP children aged >4 years, were studied retrospectively. Children with severe intellectual
disability or behavioral problems were excluded. The relationship between the Gross Motor Function
Classification System (GMFCS), the Manual Ability Classification System (MACS), and the Pediatric Evaluation
of Disability Inventory (PEDI) was analyzed. Simple and multiple linear regression analyses were conducted for
continuous variables, such as verbal intelligence quotient (IQ) and PEDI subscales.

Results Final evaluation was done for 25 children, ranging from 4 to 11 years of age. According to GMFCS levels,
the differences in PEDI-self-care scores, showed statistically borderline significance (p=0.051). Conversely,
differences in PEDI-self-care scores according to CP types and MACS levels were not statistically significant.
Simple linear regression analysis showed that PEDI mobility and PEDI social function significantly influence the
PEDI self-care. Multiple linear regression analysis showed that PEDI mobility was the only factor significantly

influencing PEDI self-care in children aged >7 years (R’=0.875, p=0.03).
Conclusion Mobility is important for the acquisition of self-care abilities in children with CP aged >7 years.

Keywords Cerebral palsy, Activities of daily living, Self care, Mobility limitation

INTRODUCTION

Tasks required for personal care, such as feeding,
personal hygiene, dressing, toileting, and functional
mobility, comprise the activities of daily living (ADL).
Instrumental activities of daily living (I-ADL) refer to the

more comprehensive activities required for independent
life, including social tasks (e.g., communication) and
community mobility (e.g., taking public transportation)
[1]. Methods for assessing daily activities encompassing
ADL and I-ADL in cerebral palsy (CP) children led to in-
vestigations of the age-associated development of gross
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motor capacity, mobility, and other factors influencing
this development [2-5]. For prompt evaluation and treat-
ment, the daily activities of disabled children have been
conceptualized using three domains: mobility, self-care,
and social function [6].

Children acquire independence in daily living by im-
proving their gross motor capacity, as well as manual,
intellectual, and communicative functioning. Ability to
perform gross motor function affects various types of
daily activities, and is considered to be a predictor of self-
care activities and mobility [7]. Gross motor capacity dif-
fers from mobility and refers to an underlying ability to
perform a task in a standardized environment. While the
gross motor capacity is related to a quantified ability and
functional limitations in a specific standardized environ-
ment, mobility correlates to the qualified ability of motor
performance that is actually performed in a daily life,
coinciding with the concepts of ‘capacity, ‘capability, and
‘performance’ [8].

Self-care activities for infants and small children are
performed by their caregivers/parents. Gradual indepen-
dence is achieved in these activities by children, based on
various intrinsic and extrinsic factors, including intellec-
tual, personal and hand function development. Despite
sufficient gross motor, intellectual and manual abilities,
some children are unable to achieve independence in
self-care activities. This is especially applicable in chil-
dren with CP, where a lack of independence in daily ac-
tivities may be due to their dependence on assistance for
mobility. We believe that children with CP who walk in-
dependently, with or without the aid of walking devices,
achieve greater independence in self-care than children
who are dependent on others for mobility. CP children
assisted by their caregivers/parents for walking, may be
given further assistance for other daily self-care activities
unrelated to mobility and trunk stability, including help
in washing hands, brushing their hair and teeth, and us-
ing utensils for feeding. Thus, independent mobility may
affect independence in self-care activities. Accordingly,
we investigated the factors associated with the develop-
ment of self-care activity, and the relationship between
mobility and self-care activities in children with CP.

MATERIALS AND METHODS

This retrospective study included children with CP who

visited Incheon St. Mary’s hospital from May 2015 to April
2016. The inclusion criteria were: (1) children diagnosed
with CP; (2) children between the ages of 4 and 18 years;
(3) children who had been evaluated by the Manual Abil-
ity Classification System (MACS), Gross Motor Function
Classification System (GMFCS), Korean-Wechsler Intel-
ligence Scale for Children (K-WISC) or Korean-Wechsler
Preschool and Primary Scale of Intelligence (K-WPPSI-
III), and Pediatric Evaluation of Disability Inventory
(PEDI). Exclusion criteria included: (1) severe intellectual
disability, according to verbal intelligence quotient (IQ)
<35; (2) behavioral problems; and (3) hearing or visual
impairment.

The PEDI, which assesses the functional skills for self-
care, mobility, and social function, examines the tasks
that children are able to perform in the context of their
daily lives (activity). Scaled scores on the PEDI reflect the
functional skills of a child, scored from 0 to 100, where 0
represents no ability and 100 represents full capability to
perform the functional skill items in each domain [6].

The MACS evaluates the self-initiated manual ability
of a child and the need for assistance or adaptation in
handling objects in daily life. The validity and reliability
of MACS classification has been well-established, and
ranges from level I (the child handles most objects), to
level V (the child cannot handle any object) for children
aged 4 to 18 years [9]. Korean versions of PEDI and MACS
are widely used, both of which have also been shown to
be valid and reliable [10,11].

The GMEFECS classifies the gross motor function of a
child onto one of five levels: from level I, where the child
walks without limitations, to level V, where self-mobility
is severely limited, even requiring assistance [12].

Intelligence was evaluated in children aged <6 years
using the K-WPPSI-III, and in children aged >6 years us-
ing the Wechsler Intelligence Scale for Children-Revised
(WISC-R, Korean version). As impairment in motor and
coordination in children with CP attributes to a low per-
formance IQ, we determined the severity of intellectual
disability by verbal IQ, which more specifically represents
the cognitive function in children with CP. As severe in-
tellectual disability can lead to an inability to perform
self-care activities, children with verbal IQ <35 were ex-
cluded from this study.

This study was approved by Institutional Review Board
of Incheon St. Mary’s hospital.
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Statistical analysis

All statistical analyses were performed using SPSS ver.
18.0 (SPSS Inc., Chicago, IL, USA), with p-values <0.05
considered to be statistically significant. The relationship
between the distribution of MACS and GMFCS scores
were analyzed using Spearman rank correlation coef-
ficient. The relationship between MACS, GMFCS scores
and CP type with PEDI self-care scores were analyzed
using the Kruskal-Wallis test. To investigate the factors
influencing PEDI self-care scores, continuous variables
such as verbal 1Q, PEDI mobility and PEDI social func-
tion scores were analyzed using simple and multiple lin-
ear regression tests. The PEDI self-care scores were first
analyzed by simple linear regression tests, after which the
significant factors from the simple linear regression anal-
ysis were entered into multiple linear regression analysis.

Table 1. Demographic and clinical characteristics of the
25 subjects enrolled in this study

Characteristic Value

Sex

Male 11

Female 14
Age (yr;mo) 6;0%2;0 (4;2-11;4)
IQ

Verbal IQ 83.0+£16.5

Performance 1Q 78.0£12.7

Full scale IQ 78.9+15.2
Type of cerebral palsy

Spastic unilateral 8

Spastic bilateral 16

Ataxic 1
GMECS

I/11/111/1V/V 13/5/3/2/2
MACS

I/11/110/1IV/V 5/9/8/2/1
PEDI

Self-care 66.0+£14.3

Mobility 76.8+13.8

Social function 71.7£16.1

Values are presented as number or meanztstandard de-
viation (range).

1Q, intellectual quotient; GMFCS, Gross Motor Function
Classification System; MACS, Manual Ability Classifica-
tion System; PEDI, Pediatric Evaluation of Disability In-
ventory.
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RESULTS

From the 63 CP children screened for this study, 38
were excluded because of incomplete data or meeting ex-
clusion criteria described earlier. Finally, 25 children (11
boys, 14 girls) with mean age of 6 years, were enrolled in
our study. There were 8 cases (32%) of spastic unilateral
type CP, 16 cases (64%) of spastic bilateral type CP, and 1
case (4%) of ataxic type CP (Table 1). The distribution of
MACS scores was significantly associated with the sever-
ity of gross motor deficits (p=0.437, p=0.029) (Fig. 1).

Mean PEDI self-care was higher in children with spastic
unilateral type than in other types of CP, in children with
a GMECS level of I compared to GMFCS levels of II-V, and
in children with a MACS level of I compared to MACS
levels of II-V. The differences in the PEDI-self-care scores
according to GMFCS levels were shown to be of statisti-
cally borderline significance (p=0.051). Conversely, dif-
ferences in PEDI-self-care scores according to CP types
and MACS levels were not statistically significant (Table 2).

Simple linear regression analysis revealed that PEDI
mobility and PEDI social function significantly influence
PEDI self-care (Table 3). Previous studies have reported
that gross motor skills plateau at age 7 in children with
CP [5,13,14]. We therefore performed linear regression
analysis in children aged <7 and children aged >7 years.
Simple regression analysis showed that PEDI mobility
and PEDI social function significantly influence PEDI
self-care in both groups, aged <7 and aged =7 years. Mul-
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Fig. 1. The distribution of hand function is significantly
associated with the severity of gross motor function. GM-
FCS, Gross Motor Function Classification System; MACS,
Manual Ability Classification System.
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Table 2. PEDI self-care scores according to the type of CP,
GMFCS and MACS classifications

PEDI self-care p-value
Type of CP 0.13
Spastic unilateral 73.949.4
Bilateral 62.4%£15.4
Ataxic 59.9+0.0
GMECS 0.05
I 72.7+£10.0
II 67.7+6.6
III 59.7+19.3
v 59.1+1.2
\Y 34.716.0
MACS 0.07
I 76.5+6.4
II 68.4+10.7
111 64.9+12.9
v 47.2+23.7
A% 37.4+0.0

Values are presented as mean+tstandard deviation.

CP, cerebral palsy; GMFCS, Gross Motor Function Classi-
fication System; MACS, Manual Ability Classification Sys-
tem; PEDI, Pediatric Evaluation of Disability Inventory.

tiple regression analysis was performed using PEDI mo-
bility and PEDI social function as independent variables
in both groups (Table 4). In children aged >7 years, PEDI
mobility was the only significant factor explaining PEDI
self-care. In children aged <7 years, no significant factor
was identified.

DISCUSSION

This study investigated factors that were associated with
self-care activities and found that mobility is a significant
factor in self-care activities of CP children aged =7 years.

As low distinguishability of self-care ability in children
with severe intellectual disability was presumed by the
‘floor effect, the CP children with verbal IQ <35 were
excluded. Consequently, a majority of children with GM-
FCS V and MACS V were excluded. The levels of GMFCS
and MACS in children included the study were mainly
distributed in the levels of I-III.

In our study, the influence of gross motor ability on
self-care activity was not strongly significant but only
shown to be borderline. The influence of hand function
on self-care activities was also not significant. To date,
few studies that have previously sought to assess the re-

Table 3. Simple linear regression analysis of factors influencing PEDI self-care

Simple linear regression test

B SE (B) R’ p-value
Verbal IQ 0.19 0.18 0.048 0.29
PEDI mobility 0.64 0.17 0.376 0.001*
PEDI social function 0.56 0.15 0.392 0.001*

1Q, intellectual quotient; PEDI, Pediatric Evaluation of Disability Inventory.

*p<0.05.

Table 4. Simple and multiple linear regression tests of factors influencing PEDI self-care in children aged <7 and >7 years

Simple linear regression test

Multiple linear regression test

B SE (B) R’ p-value B SE (B) p-value R’
Age <7 yr (n=16) 0.453
PEDI mobility 0.57 0.17 0.441 0.005* 0.48 0.25 0.07
PEDI social function 0.43 0.18 0.291 0.03* 0.12 0.23 0.61
Age 27 yr (n=9) 0.875
PEDI mobility 0.71 0.17 0.723 0.004* 0.68 0.22 0.03*
PEDI social function 0.49 0.14 0.578 0.01* 0.12 0.16 0.49

PEDI, Pediatric Evaluation of Disability Inventory.
*p<0.05.
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lationship between gross motor abilities and daily life
activities in children with CP, have all reported that gross
motor capacity is strongly associated with everyday func-
tioning [3,7,15,16]. Previous researches also state that the
relationships between hand function and self-care activi-
ties are significant [4,17,18]. The differing results of our
study, in contrast to the previous studies, could be due to
the difference of inclusion criteria. Since our research in-
cluded CP children with IQ =35 with majority of children
in levels I-III by GMFCS and MACS, hence the difference
in results deduced. The results of our study implies that
self-care activity may not be critically limited by gross
motor function and hand function in children with mild
to moderate cerebral palsy.

Simple linear regression analysis of our study showed
that independence in self-care is not influenced by verbal
IQ. Although it had been posited that self-care activities
require appropriate cognitive functions, we found that
PEDI self-care did not correlate with verbal IQ in children
with CP, after excluding children with the most severe
disabilities in intellectual capacity (verbal IQ <35) [3,19].
This result implies that performing self-care activities
does not require high intellectual ability, and children
with mild to moderate intellectual disability have suffi-
cient potential for performing self-care activities.

None of the previous studies assessed the relationship
between mobility and self-care activity. Although gross
motor capacity is considered an important factor for
mobility in daily life, the correlation between gross mo-
tor capacity and mobility is difficult to assess. Both the
concept of gross motor capacity and the concept of daily-
life mobility are found within the ‘activities’ domain of
the International Classification of Functioning, Disability
and Health [20]. Gross motor capacity is unrelated to
daily-life mobility in children with unilateral spastic CP
[2]. Therefore, we defined mobility as performance, i.e.,
what an individual actually does in a daily environment,
and not as a gross motor capacity [8]. Accordingly, we
used the PEDI mobility score to reflect the specific envi-
ronment. The PEDI mobility domain includes getting in
and out of a chair/wheelchair, car, bed, bathtub, and toi-
let seat, in addition to the method and quality of indoor/
outdoor locomotion, and going upstairs and downstairs.
The PEDI self-care domain includes factors such as food
texture, nose care, hair brushing, teeth cleaning, washing
the body and face, dressing, use of the toilet, bowel and
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bladder management, and use of utensils and drinking
containers. As shown by these sub-questions, PEDI mo-
bility and PEDI self-care domains individually assess dif-
ferent aspects of everyday functionality in children with
cerebral palsy [15]. Thus, PEDI self-care domain itself is
not directly related to the mobility domain.

Although mobility and social function are significant
factors influencing self-care activity by simple linear
regression analysis, multiple linear regression analysis
revealed that mobility was the only factor influencing
self-care activity in children aged =7 years. A longitudi-
nal study of children with disabilities found that mother-
child interactions and child self-regulatory processes
(mastery of motivation and behavior) were key predic-
tors of changes in developmental outcomes [21]. Under
certain specific conditions, the parents of children with
restricted mobility help their children perform self-care
activities unrelated to mobility irrespective whether the
child has sufficient fine motor skills, thus altering the
child’s mastery of motivation or family ecology. Hence,
dependence on others for mobility leads to dependence
on others for self-care activity. On the other hand, Her-
bert et al. [22] reported that independent locomotion was
associated with the ability of infants to retrieve memo-
ries. Crawling infants exhibited better memory retrieval
when given different stimuli under different contexts, as
compared to non-crawling infants. It has been suggested
that independent locomotion provides varied experience,
which in turn leads to greater flexible memory retrieval in
infants. As flexible memory retrieval is a key component
of highly sophisticated cognitive skills crucial for daily
life, improving the flexible memory retrieval can lead to
better self-care abilities in adults as well as in children. In
visuospatial processing, the dorsal visuospatial pathway,
including networks of the dorsal parietal lobe and the
superior frontal cortex, play a key role in controlling re-
active body movement based on visual information [23].
When given visual stimuli, the prefrontal cortex begins
to plan and prepare a specific movement and the dorsal
parietal lobe relays this signal to the premotor and motor
cortex to initiate body movement. Various visual stimuli
provided by independent mobility activate areas of the
brain, including the frontal and superior parietal cortex,
thereby improving the key elements of self-care activi-
ties—the cognitive skills and spatial perception.

Previous studies have reported that gross motor func-
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tion curves plateau at 7 years of age [5,13,14]. These
findings, along with our results, suggest that mobility
development rather than gross motor development is im-
portant in developing self-care activity in children aged
>7 years old. Hence, a rehabilitation program aimed at
improving mobility is crucial in children with CP aged =7
years, since it forms the basis for further improvements
in self-care activity, leading to significant improvements
in the quality of life.

This study had several limitations, including its ret-
rospective design and small sample size. In this single
center study, we were unable to recruit more patients
meeting the inclusion criteria (aged >4 years, evaluated
by PEDI, GMFCS, MACS and K-WPPSI-III or K-WISC,
excluding severe intellectual disability and incomplete
data). Further researches conducted in multi-centers
with larger number of subjects are needed to reliably in-
vestigate the influence of mobility and gross motor abili-
ties on self-care activities. Additionally, we believe that
for future studies, a registration system for children with
CP would enable a multi-center study enrolling greater
number of subjects. Another limitation was that the ma-
jority of children enrolled in this study had mild gross
motor impairment with GMFCS level I or II, which could
influence our results, and therefore should be consid-
ered in interpretation. Moreover, the effects of adaptive
behavior and the environment, including factors such as
culture, were not assessed.

In conclusion, in CP children aged >7 years, mobility
was the only significant factor influencing independence
of self-care activities. These results may be clinically ap-
plicable in setting realistic treatment plans for improving
their development.
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