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Abstract.

[Purpose] This study aimed to evaluate the mediating effect of gross motor function, measured using

the Gross Motor Function Measure (GMFM) and of general function, measured using the International Classifica-
tion of Functioning, Disability and Health-Child and Youth Check List (ICF-CY), on the ICF domains of activity
and participation in children with cerebral palsy (CP). [Subjects] Ninety-five children with CP, from Seoul, Korea,
participated in the study. [Methods] The GMFM was administered in its entirety to patients without orthoses or mo-
bility aids. The ICF-CY was used to evaluate the degree of disability and health of subjects. [Results] GMFM score
and ICF-CY function were negatively correlated to ICF-CY activity and participation. ICF-CY partially mediated
the effects of the GMFM on activity and participation. [Conclusion] When establishing a treatment plan for a child
with CP, limitations in activity and participation, as described by the ICF-CY, should be considered in addition to
the child’s physical abilities and development. In addition, the treatment plan should focus on increasing the child’s
activity and participation level, as well as his/her physical level.
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INTRODUCTION

Although school attendance provides a number of edu-
cational and social benefits to children with cerebral palsy
(CP), the majority of these children face significant obstacles
to participation in activities). Children with disabilities have
less physical abilities and fitness than their able-bodied peers
and, as a result, have less experience in participating in play
activities with their peers. Impairment in a child’s capacity
for physical movement, therefore, is an important factor,
which limits, not only activities and participation in society,
but also his/her level of quality of life?). Basic ability to
interact with people and to adapt to environments is another
factor that limits activity and participation. Motor disability
in children with CP causes limitation in physical activity
and in general experience. In the long term, this can result
in developmental delays in sensory function, cognition,
formation of movement pattern, as well as in the develop-
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ment of social stages). Impairment in postural control leads
to diminished ability to adapt to sensory-motor learning in
diverse environments?. Therefore, children have different
participation levels in daily activities depending on their
level of physical function> 9, which limits their activities in
the community to varying degrees’- ). Various factors influ-
ence the limitations of a child with CP in participating in
activities of daily living” such as extent of impairment, age,
and self-care abilities'?).

The purpose of treatment for a child with CP is to facilitate
motor and functional development. The aim of our study was
to investigate the association between scores on the Gross
Motor Function Measure (GMFM) and a measure of general
function, assessed using the International Classification of
Functioning, Disability and Health-Child and Youth Check
List (ICF-CY), on a child’s activities and participation. The
International Classification of Functioning, Disability and
Health (ICF) was developed by the World Health Organiza-
tion, and the ICF-CY is a modified version of the ICF which
addresses the health, education, and social participation of
children and young people. The ICF-CY defines activity as
a personal task or behavior, while participation is defined
by involvement in actual situations of daily living!!. Spe-
cifically, in this study, we evaluated the mediating effect of
gross motor function, measured by the GMFM, and of the
8 items of function on the ICF-CY, on the 9 sub-items of
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Table 1. The main difference of variables according to the general characteristics (N=95)

ICF sub-item ICF sub-item activity

Variables GMFM . S
function and participation
Gender Male (n=61) 64.7 (27.3) 279 (14.9) 51.7 (39.9)
Female (n=34) 74.4 (25.5) 22.3 (18.0) 42.6 (42.2)
Types of Spastic (n=86), a 71.1 (24.9)** 25.3 (16.0) 45.2 (39.7)*1
cp Hypotonic (n=4), b 34.5 (31.6) 29.3 (18.1) 93.0 (28.9)
Mixed (n=5), ¢ 45.0 (34.3) 32.4 (19.6) 68.4 (47.4)
Paralyzed  Quadriplegia (n=13), a 31.2 (21.9) 38.9 (16.5)** 1 88.2 (31.4)*** 1
types Dilplegia (n=71), b 70.9 (22.8) 24.83 (15.8) 45.5(39.9)
Hemiplegia (n=11), ¢ 94.0 (5.6)***§ 17.7 (9.2) 20.3 (17.2)

2 M (SD); *p<0.05, **p<0.01, ***p<0.001 means a significant difference between groups; § mean that ‘a’ is a
significant difference than ‘b’ and ‘b’ is a significant difference than ‘c’ (a<b<c); ¥ mean that ‘a’ is a signifi-
cant difference than ‘b’ (a>b); { mean that ‘a’ is a significant difference than ‘b’ and ‘c’ (a>b, ¢)

activities and participation on the ICF-CY. This information
would be important to establish realistic treatment goal and
intervention plan.

SUBJECTS AND METHODS

Ninety-five children with CP, in Seoul, participated in this
study. Children were excluded if they had undergone: ortho-
pedic surgery or nerve amputation (neurotmesis) surgery less
than 6 months prior to the start of the study, if they had re-
ceived botulinum-toxin or baclofen treatment 3 months prior
to the start, and if they suffered from epilepsy'?. The present
study was approved by Sahmyook University Institutional
Review Board (SYUIRB2015-28) and the objective of the
study and its requirements were explained to the subjects,
and all participants provided written parental consent; thus,
the rights of human subjects were protected.

The general characteristics of the subjects, including
scores on GMFM, ICF-CY function domain, and ICF-CY
activity, and participation domain, are listed in Table 1.
There were no gender-related effects on all study variables.

The GMFM was used to assess subjects’ gross motor
function. The GMFM consists of 5 dimensions: (A) lying and
rolling, (B) sitting, (C) crawling and kneeling, (D) standing,
and (E) walking, running, and jumping. It is recommended
that the GMFM first be administered in its entirety to pa-
tients without orthoses or mobility aids. To determine the
final GMFM score, percent scores were calculated for each
dimensions and averaged to obtain a total test percentage
score'®. The GMFM has demonstrated intra-rater (r=0.77,
r=0.88) and inter-rater (r=0.68) reliability!'3 14,

The ICF-CY Check List was used to evaluate the degree of
disability and health of the subjects. The ICF-CY Check List
is a summary version of the total ICF-CY, which includes
the main core sections evaluating the health and disability
of children and youth. Our study provides results for the
ICF-CY domains of body function, activities, and participa-
tion for children, 7 to 12 years old, with CP. The domain of
body function consists of 8 items: mental function; sensory
function and pain; voice and speech function; function of
the cardiovascular, hematological, immunological, and
respiratory systems; functions of the digestive, metabolic,

endocrine, genitourinary, and reproductive systems; neu-
romusculoskeletal and movement-related functions; and
functions of the skin and related structures. The domain of
activities and participation evaluates the following 9 items:
learning and application of knowledge; general tasks and
demands; communication, mobility, self-care; domestic life;
interpersonal interactions and relationships; major life areas,
and community (social and civic) life. Each section is scored
from‘0’ to ‘4.

All statistical analyzes were performed using SPSS sta-
tistical software, version 21.0. Means (SD) were calculated
for outcome variables. Measured outcomes were evaluated
relative to subjects’ characteristics using t-test, analysis of
variance (ANOVA), and post-hoc Scheffe test. The correla-
tion between measured variables was evaluated by Pearson’s
Product-Moment Correlation, and mediated effects were
verified through hierarchical regression analysis. A stepwise
regression analysis was performed to investigate the effect
of GMFM and sub-items of function, activities, and partici-
pation. Results were considered significant at p<0.05.

RESULTS

The correlation between the GMFM and ICF-CY func-
tion scores and the ICF-CY sub-items for activity and
participation are reported in Table 2. The GMFM score
negatively correlated to ICF-CY scores of function (r =
—0.71, p <0.001) and scores of activities and participation
(r=-0.78, p <0.001). ICF-CY function was strongly cor-
related to ICF-CY scores for activities and participation (r =
0.87, p <0.001).

The mediating effects of ICF-CY function on the asso-
ciation between GMFM and ICF-CY activity and participa-
tion scores are reported in Table 3. In the first step of the
logistic regression, gross motor function was identified as
an independent predictor variable of ICF-CY function score
(B =—0.71, p <0.001). In the second step of the analysis,
ICF-CY function was found to be an independent predictor
variables of ICF-CY activity and participation scores (p =
—0.78, p <0.001). When scores for the GMFM and ICF-CY
function were combined in the third step of the analysis,
ICF-CY function was found to be a significant mediating
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Table 2. The correlation among GMFM, ICF function, and ICF activities and participations (N=95)

ICF activities and participations

Studying General

GMFM Total Knowl- Commu- Move- Self man- Family Personal Living Commu-
score edge task nication  ment  agement life relations territory nity
GMFM 1.0 —0.8FFF (. 7REE Q. THEE —(,GFFF —Q.FFF (. 8FFE QTR (. SFFE (. oFFF (. 8¥F*
ICF function —0.7%¥k Q.9¥¥k Q. 7FFE Q. 8¥FE QBFEX . 9¥FE QOFEx  (8¥FE QTFFE (8¥FFE (. TFF*
Mental —0.7%¥k Q.9¥Fk Q. 7¥FE Q. 8¥FE QRFFxX (.8FFE QFEX (.8¥FE Q. TFFE (.8¥FE (. TFF*
Sensory —0.4%%x Q. 5¥kE Q5FFF Q4R (5 Q4R (. 5Fxx (3 0.5%%*  Q.5%k* (. 4xx*
Speech —0.6%**  Q7FFx  Q7FRE Q.6%FF 0.8 04FEF (6% 0.4%F 0.5%%*  Q.5%k*  (.5¥x*
Cardiovascular —0.2 0.2* 0.3* 0.1 0.3* 0.1 0.2 0.1 0.1 0.2% 0.1
Digestive —0.5%%% Q. 5%kE Q5K 4Rk (5%xx (3HE 0.4%**  0.3* 0.4%**%  (.3*%* 0.4%**
Urinary —0.3%* 0.3%* 0.3%* 0.2* 0.3%* 0.2 0.2* 0.1 0.2 0.1 0.2*
Neuromuscle —0.5%%%  Q7RFF Q. 4%%k Q.6FFF Q. 4%%k Q.8%E . 7¥RE (.8%FE .5k (.6%FF 0.6%FF
Skin —0.1 0.2 0.2 0.1 0.2* 0.1 0.1 0.0 0.1 0.1 0.1

#p<0.05, **p<0.01, ***p<0.001

Table 3. Mediating effects of ICF sub-item Function in the relationship between GMFM and ICF sub-item activity

and participation (N=95)

Stages Route b B R? F
1 GMFM — ICF function -0.42 —0.71%** 0.497 92.047***
2 GMFM — ICF activity and participation -1.18 —0.78%** 0.612 146.802%**
3 GMFM — ICF activity and participation —-0.51 —0.34%** 0.812 265.019%**
ICF function— ICF activity and participation 1.59 0.63%%*
**%p<0.001

variable of activity and participation (f =0.63, p <0.001).
In this step, the GMFM score was also found to have a sig-
nificant mediating effect on activity and participation scores,
but to a lesser degree than in step 2 (f = —0.34, p <0.001).
Therefore, ICF-CY function is a partial mediator between
the GMFM and the ICF-CY domain of activity and partici-
pation. The Sobel test was performed to verify the strength
of this partial mediation (z-value of —6.893, p <0.001).
Taking into consideration the mediating effect of ICF-CY
function, the direct effect of gross motor function on activity
and participation was —0.34, its indirect effect, —0.44, and its
total effect, —0.78. The multi-collinearity between GMFM
score and ICF-CY function was analyzed, with results of
1.99 indicating absence of multi-collinearity between these
measures. With a 2.05 Durbin-Watson value calculated,
independence of the error terms for the two measures was
assumed. GMFM scores and the ICF-CY function predicted
scores on the ICF-CY activity and participation items (R?
=0.812, F = 198.596, p <0.001).

DISCUSSION

This study investigated the relationship of the score on the
GMFM and ICF-CY function of school-age children with
CP to that of the ICF-CY scores for activity and participa-
tion, with the aim of informing intervention goals, treatment
strategies, and contributing, in general, to improving the
rehabilitation for children with CP. The movement disorder

of CP leads to restriction in physical activity and experience
with exercise. In addition, CP causes delays to the develop-
ment of sensory or perceptual function, the formation of
movement concept, and social development. In the long run,
CP produces not only a disorder of movement development,
but also restriction in the participation in several activities”).
It is well recognized that restrictions in participation and
activities vary with the extent of disability>).

Our study group included children with different types of
movement disorders resulting from CP: spastic type, mixed
type, and hypotonic type. It is considered that each of these
different levels of movement disorder would have a major
impact on activities and participation in daily living!.

Post-hoc analysis of our results indicated that higher
scores on the GMFM and ICF-CY domains of activity and
participation for children with a spastic type of CP, compared
to children with hypotonia. This indicates that the move-
ment disorder of spasticity supports a higher participation
at school and society that the movement disorder of hypo-
tonia. GMFM scores varied by spastic CP types (F=27.682,
p<0.001), with higher scores for hemiplegia, followed by
diplegia and quadriplegia. In fact, scores on ICF-CY items
of activity (F=6.461, p<0.01) and participation (F=10.897,
p<0.001) were significantly lower for children with quad-
riplegia. ICF-CY function, used in this study, includes not
only motor function, but also a holistic view of function that
includes physical, mental, sensory, and digestive system
function. Again, on this holistic scale of function, outcomes
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were better for children with hemiplegia, compared to those
with hemiplegia and quadriplegia.

The limitations of children with CP to participation in
activities of daily living are multifactorial in nature®). This
is why we used both the GMFM and ICF-CY to investigate
factors that lead to limitation in community-based activity
and participation. In addition, we specifically investigated
the relationship between the sub-domains of the GMFM!'®
and the 8 sub-items of ICF-CY function: learning and apply-
ing knowledge, general tasks and demands, communication,
movement, self-care, home living, interpersonal relation-
ships, major life areas, community life, and social life to
explore the impact of disability on the child’s civic life. This
study investigated whether the ICF-CY function mediated
effects of gross motor function on activity and participation.
Mediating effects were evaluated through the hierarchical
regression analysis; in all three steps of the analysis, we
evaluated the effects of identified independent variables, as
well as evaluating mediating effects. In hierarchical regres-
sion analysis, in-putting parameters at the same time as the
independent variable in step 3 allows us to determine the
significance of the direct effect of the independent variable
on the dependent variables; if the effect of the independent
variable is not significant, then effects are considered to
be mediated. If its effect is less than step 2, but was still
significantly, the effect is determined to be partial mediated.
Using this approach in our study, we identified both gross
motor function and ICF-CY function to be predictive of ICF-
CY activity and participation. However, the effects of gross
motor function were partially mediated by ICF-CY function.
Therefore, GMFM scores will have both a direct and an
indirect relationship to activity and participation.

The results of this study show that ICF-CY function
partially mediates the effects of gross motor function on
activity and participation in children with CP. A child with
CP, depending on the extent of damage, will experience
varying levels of restrictions to participation in activities of
daily living®. All components of ICF-CY function will have
a significant impact on a child’s gross motor function, activ-
ity, and participation. Therefore, intervention should target
the affected components of ICF-CY function, rather than on
gross motor function alone. Therefore, when establishing a
treatment plan for a child with CP, it is important to identify,
not only the child’s physical ability and development, but
also factors restricting activity and participation, using the
ICF-CY function as a reference.

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

REFERENCES

Law M, King G, King S, et al.: Patterns of participation in recreational and
leisure activities among children with complex physical disabilities. Dev
Med Child Neurol, 2006, 48: 337-342. [Medline] [CrossRef]

Davis E, Waters E, Mackinnon A, et al.: Paediatric quality of life instru-
ments: a review of the impact of the conceptual framework on outcomes.
Dev Med Child Neurol, 2006, 48: 311-318. [Medline] [CrossRef]

Elder GC, Kirk J, Stewart G, et al.: Contributing factors to muscle weak-
ness in children with cerebral palsy. Dev Med Child Neurol, 2003, 45:
542-550. [Medline] [CrossRef]

Shumway-Cook A, Hutchinson S, Kartin D, et al.: Effect of balance train-
ing on recovery of stability in children with cerebral palsy. Dev Med Child
Neurol, 2003, 45: 591-602. [Medline] [CrossRef]

Johnson A: Prevalence and characteristics of children with cerebral palsy
in Europe. Dev Med Child Neurol, 2002, 44: 633—640. [Medline]

Ko IH, Kim JH, Lee BH: Relationship between lower limb muscle struc-
ture and function in cerebral palsy. J Phys Ther Sci, 2014, 26: 63—-66.
[Medline] [CrossRef]

Himmelmann K, Hagberg G, Beckung E, et al.: The changing panorama of
cerebral palsy in Sweden. IX. Prevalence and origin in the birth-year pe-
riod 1995-1998. Acta Paediatr, 2005, 94: 287-294. [Medline] [CrossRef]

Ko JY, Lee BH, Kim MY: Relationship between function and health-relat-
ed quality of life of school-aged children with cerebral palsy. J Phys Ther
Sci, 2011, 23: 189-195. [CrossRef]

Smits DW, Ketelaar M, Gorter JW, et al.: Development of daily activi-
ties in school-age children with cerebral palsy. Res Dev Disabil, 2011, 32:
222-234 [CrossRef]. [Medline]

Ostensjo S, Carlberg EB, Vellestad NK: Everyday functioning in young
children with cerebral palsy: functional skills, caregiver assistance, and
modifications of the environment. Dev Med Child Neurol, 2003, 45: 603—
612. [Medline] [CrossRef]

WHO: International classification of functioning, disability and health:
children & youth version: ICF-CY. 2007. http://www.who.int/classifica-
tions/icf/en/.

Moreau NG, Simpson KN, Teefey SA, et al.: Muscle architecture predicts
maximum strength and is related to activity levels in cerebral palsy. Phys
Ther, 2010, 90: 1619-1630. [Medline] [CrossRef]

Damiano DL, Abel MF: Relation of gait analysis to gross motor function
in cerebral palsy. Dev Med Child Neurol, 1996, 38: 389-396. [Medline]
[CrossRef]

Palisano R, Rosenbaum P, Walter S, et al.: Development and reliability of
a system to classify gross motor function in children with cerebral palsy.
Dev Med Child Neurol, 1997, 39: 214-223. [Medline] [CrossRef]

Pirpiris M, Gates PE, McCarthy JJ, et al.: Function and well-being in am-
bulatory children with cerebral palsy. J Pediatr Orthop, 2006, 26: 119-124.
[Medline] [CrossRef]

Russell GM, Kinirons MJ: A study of the barriers to dental care in a sample
of patients with cerebral palsy. Community Dent Health, 1993, 10: 57-64.
[Medline]


http://www.ncbi.nlm.nih.gov/pubmed/16608540?dopt=Abstract
http://dx.doi.org/10.1017/S0012162206000740
http://www.ncbi.nlm.nih.gov/pubmed/16542522?dopt=Abstract
http://dx.doi.org/10.1017/S0012162206000673
http://www.ncbi.nlm.nih.gov/pubmed/12882533?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2003.tb00954.x
http://www.ncbi.nlm.nih.gov/pubmed/12948326?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2003.tb00963.x
http://www.ncbi.nlm.nih.gov/pubmed/12227618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24567677?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.63
http://www.ncbi.nlm.nih.gov/pubmed/16028646?dopt=Abstract
http://dx.doi.org/10.1111/j.1651-2227.2005.tb03071.x
http://dx.doi.org/10.1589/jpts.23.189
http://dx.doi.org/10.1016/j.ridd.2010.09.025
http://www.ncbi.nlm.nih.gov/pubmed/21041062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12948327?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2003.tb00964.x
http://www.ncbi.nlm.nih.gov/pubmed/20847035?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20090377
http://www.ncbi.nlm.nih.gov/pubmed/8698147?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.1996.tb15097.x
http://www.ncbi.nlm.nih.gov/pubmed/9183258?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.1997.tb07414.x
http://www.ncbi.nlm.nih.gov/pubmed/16439915?dopt=Abstract
http://dx.doi.org/10.1097/01.bpo.0000191553.26574.27
http://www.ncbi.nlm.nih.gov/pubmed/8495394?dopt=Abstract

