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ARTICLE INFO ABSTRACT

Purpose: To analyze relationships among motor impairment, gross motor function, 
and ICF-CY in children with cerebral palsy using a structural equation modeling. 

Materials and Methods: The design was a cross-sectional study. Participants were 
103(54 males, 49 females; mean age 9y2mo). Motor impairment(spasticity, muscle 
strength, selective motor control), gross motor function (GMFM-66), and Common Brief 
ICF-core set of CP were assessed. 

Results: Confirmatory factor analysis for motor impairment showed that spasticity 
was more important than strength and selective motor control (β = 0.736, R2 = 54%). 
Motor impairment affected gross motor function (β = 0.869, p < 0.001) and explained 
75% of the variance in variable. Gross motor function affected the ICF-CY (β = -0.775, p 
< 0.001) and explained 60% of the variance in variable. Motor impairment affected the 
ICF-CY indirectly (β = -0.673, p < 0.001). 

Conclusions: Motor impairments and gross motor function can predict gross motor 
function and ICF-CY levels, respectively. 
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Introduction
Cerebral Palsy (CP), which refers to a group of permanent 

disorders in the development of movement and posture that limit 
activity, is attributed to non-progressive disturbances that occur 
in the developing fetal or infant brain. The motor disorders of CP 
are often accompanied by disturbances in sensation, cognition, 
communication, and behavior; by epilepsy; and by secondary 
musculoskeletal problems [1]. Manifestations of CP include 
spasticity, loss of selective motor control, muscle weakness, and 
limited range of motion, which further limit the performance of 
activities of daily living and participation in various activities [2]. 
In addition to disordered development of posture and movement,  

 
sufferers often have limitations in perception, cognition and 
communication and comorbidities that influence activity and 
participation. For example, preschool children with CP and poor 
motor function participated less in activities than those with 
better motor function [3]. When these impairments occur in the 
growing child, a reduced range of motion at a joint may also occur, 
creating abnormal biomechanical alignment that may further 
reduce function [4]. As a result of the increasing awareness of the 
importance of activities and participation arising from enablement 
models, such as the International Classification of Functioning, 
Disability and Health (ICF), functional outcomes have recently been 
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emphasized in rehabilitation [5]. The ICF assists in understanding 
the importance of the relationship between participation in valued 
activities and roles and good health and well-being [6].

Fundamental goals of physical therapy for young children 
with CP are to optimize motor function, including adaptive 
function, prevent the development of secondary conditions, such 
as musculoskeletal deformities that impact lifelong health, and 
promote participation in daily life. Optimization of the motor 
outcomes of children with CP is an important area of investigation 
because of the associations of motor ability with self-care and play 
[7]. The study is supported by research on the relationship between 
motor impairment and gross motor function [8,9]. Spasticity is 
a major motor impairment in children with CP and negatively 
affects their activities; it also has a significant negative correlation 
with motor function [10]. Also, muscle weakness, which affects 
the degree of motor impairment, may be a determinant of the 
level of functioning, and several studies have shown that muscle 
strengthening is an important part of improving functional activity 
[11,12]. A multivariate analysis showed that selective motor control 
was the factor most strongly associated with the musculoskeletal 
functions examined [9,10].

Previous results presented in terms of correlations have 
limitations for determining causal relationships between variables 
and explaining direct and indirect relationships [9,13,14]. 
Additionally, there is a lack of research that suggests a standardized 
structure with which to explain motor impairment. Thus, it is 
important to investigate the concept, definition, and validity of 
exercise injury through further studies. There have been some 
studies that used path analysis to show a relationship among 
exercise injuries, activities, and functional outcomes and further 
explored direct, indirect, and causal relationships among variables 
using Structural Equation Modeling (SEM) with factor analysis 
[5,15]. Research based on SEM is often used to identify complex 
causal relationships between factors and variables, as this approach 
reveals relationship between multiple dependent variables and 
independent variables simultaneously, enabling analyses from 
various perspectives. The World Health Organization (WHO) 
developed the ICF-core set to enhance the clinical use of this tool 
for specific diseases by including core items that fit a wide range 
of diseases [16]. The recently published ICF-core set can assess 
individual and environmental factors in children and adolescents 
with CP [17]. Thus, in this study, we examined the relationship 
between motor impairment and motor behavior through SEM 
and used these data as the basis to suggest the application of 
the ICF-CY (children and youths). The results of this study can 
provide a foundation for the development of therapeutic goals and 
intervention strategies. The purpose of this study was to use SEM 
to investigate direct and indirect relationships involving the ICF-CY, 
motor impairment, and gross motor function in children with CP. 
We provide data for establishing therapeutic priorities, goals, and 
long-term intervention strategies.

Materials and Methods 

Participants

This study used cross-sectional data collected from children 
with CP. Data were collected between August and October 2016. 
All children with diagnosed CP were eligible to participate in 
the study, conducted with children who were treated at general 
hospitals, welfare centers, and private institutions located in Seoul, 
Gyeong-gi, and Chung-nam provinces. One therapist assessed 
motor impairment, gross motor function, and the ICF-CY. The 
total time required was 20–30 min, including break time, and the 
ICF-CY was administered during a parent counseling session. In 
cases of interruption during the evaluation process or in cases of 
fatigue, the remaining items were measured within 1 week. The 
total number of participants was 103 (Table 1), which fulfilled the 
criterion of 15 per observation variable [18] or at least 100 samples 
for research [19]. To evaluate several items, we selected children 
who could follow simple instructions. Ethics were obtained through 
the relevant ethics committees including The University of Yongin 
Ethics Committee(1607-HSR-054). 

Table 1: General characteristics of participants (N=103).

Characteristics Number of Participants %

Sex (boy/girl)

Age (year)

Height (cm)

Weight (kg)

54 / 49

9.2 ± 3.9

127 ± 19.7

30.5 ± 14.1

52.4 / 47.6

Type of cerebral palsy

Tetraplegia

Diplegia

Rt. Hemiplegia

Lt. Hemiplegia

Athetoid / Ataxia

17

51

14

17

2/2

16.5

49.5

13.6

16.5

1.9 / 1.9

GMFCS level

I

II

III

IV

V

30

28

13

32

0

29.1

27.2

12.6

31.1

0

Note: Values are mean ± SD or n (%).

Outcome Measures

Motor Impairment: The Modified Tardieu Scale (MTS) was 
used to measure spasticity in the subjects. This instrument is 
effective for evaluating rigor and constriction and enables more 
accurate measurements than are possible with the Modified 
Ashworth Scale [20]. We measured the amount of muscle reaction 
that occurred at the highest speed in both shoulders, elbows, wrists, 
hips, knees, and ankles [21]. These scores are inversely related to 
the scores of other variables involved in motor impairment. Thus, 
we used inverse coding to transform all scores so that higher values 

Figure 1: COVID-19 genome contains about ten open reading frames (ORFs), of which,the first of ORFs are about 75% of RNA 
and translate into two large polyproteins 1a and 1ab (pp1a, pp1ab). The other 25% of COVID-19 ORFs genome have four 
structural proteins as spike (S), envelope (E), nucleocapsid (N), and membrane (M). In this figure a sequence identity between 
the consensus of 2019-nCoV and representative betacoronavirus genomes is also shown. As it is figured the similarity in pp1a 
between current coronavirus and previous forms have shown (2).
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indicate better function. The strength of each muscle was measured 
using a hand-held dynamometer (model 01163, Lafayette, IN, USA 
2003). The measured muscles and their positions were selected 
with reference to previous studies [22,23]. After inducing the 
subject’s movement, the evaluator performed the test, maintaining 
resistance at a specific location [24]. The maximum peak value was 
measured while holding for 3s and was calculated as the average 
of the combined values of both sides after two measurements. To 
prevent muscle fatigue during each measurement, a rest period 
of 45s was provided [25], and a pelvic belt was used for stability 
[26]. The reliability of the test for nervous system patients has been 
reported to be as high as 0.84 to 0.94 [27].

The peak force value for each muscle was converted to 
Newtons, and the sum of the upper and lower limb groups was 
normalized [28]. Selective Motor Control (SMC) is the ability to 
move an individual joint independently from posture and other 
joint movements in the same limb [21]. To assess SMC, the children 
were asked to perform dorsiflexion of the ankle and extension of 
the knee of each leg in the sitting position on an examination table 
while the occurrence of synergistic movements in the other joints 
was observed. Test–retest reliability ranged from 0.88 to 1.00 [29].

Gross Motor Function: Gross motor function was measured 
using the GMFM-66 [30]. This is a standardized observational 
instrument designed to measure gross motor capacity in children 
and youth with CP who are aged 0 to 18 years. The GMFM-66 
includes five groups of items, with 66 items in total. Test–retest 
reliability has been reported to be as high as 0.99 [31]. Items were 
estimated using the Gross Motor Ability Estimator program [32]. 

ICF-CY(Children and Youth): The ICF-CY was based on the 
observation that derivative classes are needed to explain the health 
status of children and adolescents in particular [33]. However, it 
was difficult to use in clinical situations because many areas and 
items are included in the evaluation [17]. WHO developed ICF-CY 
core sets were developed for each age group. The recently published 
ICF-core set for children with CP is divided into Comprehensive, 
Common Brief, and three age-specific Core set areas [17]. Among 
them, the Common Brief ICF-core set consists of one body structure, 
eight body composition, eight activity, eight participation, and eight 
environment items for 0–18-year-olds. In this study, the 17 items 
that did not address the environmental factors were evaluated.

Data Analysis

This was a cross-sectional study of children with CP. The 
SPSS (ver. 18.0) and AMOS (ver. 18.0) software packages were 
used for the analysis of descriptive statistics and SEM. The most 
commonly used maximum likelihood method for model estimation 
was used; this is a method for obtaining the highest probability 
of occurrence through observed data. SEM was used to examine 
relationships among motor impairment, gross motor function, and 
the ICF-CY in children with CP and to investigate the roles played 

by motor impairment and gross motor function in mediating these 
relationships or in directly predicting functional outcomes.

Results
We examined the normality of the observation variables for 

skewness and kurtosis (Table 2). It has been shown that skewness 
regularity is not satisfied in spasticity, upper extremity muscle 
strength, or lower extremity muscle strength. Kurtosis regularity 
is not satisfied in upper extremity muscles or lower extremity 
muscles. On this basis, it may be necessary to confirm the adequacy 
of the model through other fitness indices. We also examined 
whether there was a problem with multicollinearity given the 
possible correlations between variables. Upper extremity muscle 
strength showed no significant correlation with SMC, spasticity, or 
gross motor function (Table 3). The significance of the relationships 
involving the remaining variables did not exceed 0.90. Confirmatory 
factor analysis was performed to generate a latent variable for 
motor impairment (Figure. 1). The lower extremity factor loading 
was slightly lower, at 0.48. The path coefficients of spasticity, lower 
extremity strength, and SMC, representing motor impairment, were 
all significant (Table 4). The highest factor was spasticity (β = 0.736, 
R2 = 54%). Additionally, the path coefficient and the coefficient of 
determination (R2) between motor impairment and gross motor 
function were high (β = 0.869, R2 = 75%). The strong correlation 
between the ICF-CY and gross motor function yielded a coefficient 
of determination greater that 50% (β = -0.775, R2 = 60%), and the 
critical ratio of most variables exceeded ±1.965. The indirect effect 
of the ICF-CY pathway on motor impairment was  0.673(p < 0.001). 
The proposed path model used for this study is shown in Figure. 
2. Model fit is expressed as absolute fit index and incremental fit 
index. In the absolute fit indices, χ2 and RMSEA were 4.293 (p > 
0.05) and < 0.001, respectively. The incremental fit indices NFI, CFI, 
and TLI were 0.981, 1.000, and 1.007, respectively.

Figure 1: Confirmatory factor analysis of study model.

http://dx.doi.org/10.26717/BJSTR.2020.30.005012
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Table 2: Descriptive statistics of the observed variables(N=103).

Skewness CR Kurtosis CR

Spasticity

U/E

L/E

SMC

GMF

ICF-CY

-0.827

1.72

1.12

-0.055

0.012

0.315

-3.426

7.125

4.64

-0.229

0.049

1.305

0.558

6.826

2.28

-0.916

-1.257

-0.66

1.156

14.141

4.723

-1.898

-2.604

-1.367

Table 3: Correlations between the observed variables(N=103).

Spasticity U/E L/E SMC GMF

Spasticity

U/E

L/E

SMC

GMF

ICF-CY

0.022

.280**

.549**

.633**

-.539**

.745**

-0.038

0.061

-0.115

.271**

.444**

-.351**

.585**

-.465** -.775**

Note: *Significant at P<.05, **Significant at P<.01.

Table 4: Path coefficients of the study model. 

Path βａ Standard error Critical ratio p

Motor impairment → Spasticity

Motor impairment → L/E

Motor impairment → SMC

Motor impairment → GMF

GMF           → ICF-CY

0.736

0.461

0.688

0.869

-0.775

0.04

0.1

0.824

0.04

4.266

6.328

6.898

-12.383

***

***

***

***

Note: ａSignificant at Standard coefficients, *** Significant atP<.001.

Figure 2: Structural equation modeling of study model.

Discussion
The goal for children with CP is improvement in the damaged 

motor functions. Furthermore, final goal is improvement in 
function-related quality of life. Quality of life is affected by the degree 
of personal motor impairment, psychological state, and ability to 
perform the activities of daily living [34]. This is why many studies 
have provided evidence for the effects of impaired motor function, 
gross motor function, and functional performance in children with 
CP [5,10,13]. In this study, we also examined the roles of the ICF-
CY and gross motor function by measuring the various aspects of 
motor impairment and identifying particularly important factors 
through confirmatory factor analysis. The path coefficients and the 
coefficient of determination were as follows: spasticity (β = 0.736 
and R2 = 54%), SMC (β = 0.688 and R2 = 47%), lower extremity 
strength (β = 0.461 and R2 = 21%), gross motor function (β = 0.869 
and R2 = 75%), and the ICF-CY (β = -0.775 and R2 = 60%). In this 
study, spasticity, motor control, and lower extremity strength were 
the main factors affecting motor impairment. 

http://dx.doi.org/10.26717/BJSTR.2020.30.005012
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Spasticity and SMC were relatively important, whereas the 
coefficient of determination for the impact of lower extremity 
strength was low. The factor with the greatest importance for motor 
impairment was spasticity. Spasticity can cause problems in daily 
activities, such as walking, eating, and dressing; over time, pain, 
spasms, and limitations in movement (e.g., sitting, and standing) 
can develop, which, in turn, affect joint contracture and abnormal 
body alignment [35]. Spasticity may also have a positive role in the 
standing position, where it induces the activation of leg and trunk 
extensors and maintains the size of muscles and bone density 
[36]. In this study, spasticity was the main factor affecting motor 
impairment, and the same result was reported in another study [5]. 
In another study, SMC had a major impact on gross motor function 
[9]. In this study, the path coefficient of SMC was high, reflecting 
its importance for forecasting and determining the level of gross 
motor function. Clinically, we can set goals through the assessment 
of SMC. Muscle weakness is one clinical symptom of CP, and it is 
also observed in children walking without help. In particular, 
the lower extremity muscles of children with CP are weaker, by 
6–59%, compared with those of peers [37]. Also, weakness of the 
distal muscles and muscular strength differences in agonistic and 
antagonistic muscles may also be present [38]. 

This affects functional positioning, including sitting and 
standing, as well as locomotor function, including walking [39]. 
In this study, we also evaluated lower extremity muscle strength. 
The path coefficient and the coefficient of determination (R2) of 
lower extremity muscle strength were relatively low compared 
with those of the other factors tested. Another study reported 
that muscle strength did not affect the activity and participation 
of children with CP [40]. Children with CP showed a decrease in 
muscle strength over time, and a smaller decrease was seen in 
children with independent gait [38]. This is likely a result of the 
correlation between walking and strength; other factors beyond 
decreasing muscle strength may have effects as children age. It 
has also been reported that adaptive behavior, rather than muscle 
strength, increases self-motivation and participation opportunities, 
leading to improved motor function [13]. However, it can be seen 
that measuring the prognosis of children only by determining their 
physical characteristics is difficult. Further research in this area is 
needed. 

Upper extremity muscle strength is an important contributor 
to limitations in daily life. Grip strength is a good predictor of 
hand manipulation activities in the context of damaged upper 
extremities [41]. However, confirmatory factor analysis of motor 
impairment yielded a low path coefficient (Figure 1). There was 
also no significant correlation with other variables tested, and it 
was hard to conceptualize upper extremity muscle strength as an 
appropriate factor to explain motor impairment [42]. This may 
be attributable to the number of diplegia and hemiplegia cases 
included in our sample, as these individuals seemed a little slower 

at manipulating things but were still able to perform. Additionally, 
other studies have reported a significant difference between lower 
limb strength and gross motor function versus upper extremity 
strength [14,43]. It has been reported that the effects on the sitting 
and standing functions are not due to upper extremity strength but 
to the strength of the extensors of the knee and trunk [14]. 

This study found that motor impairment had a major effect on 
gross motor function, and the coefficient of determination in this 
regard was high. Gross motor function-related motor impairment 
is goal of interventions for CP children with associated motor 
impairment. It is also a factor influencing social participation and 
activities [14]. A recent study showed that motor impairment 
had major effects on gross motor function and on functional 
outcomes [5]. Children with higher levels of gross motor function 
will have more opportunities for activity and participation [3]. 
The ICF-CY used here includes the ability to perform activities in 
everyday life, communicate with others, and participate in school 
and the community. The recently published ICF-core set can be 
applied to children with CP, which is specifically included, and 
can be administered in short interviews [17]. In this study, the 
effect of gross motor function on the ICF-CY and the coefficient 
of determination were high. This is similar to the high path 
coefficients for gross motor function and functional outcome [5]. 
Although based on different evaluation methods, these results 
are consistent with those related to aspects of self-management, 
mobility, and social function. Additionally, this study found 
indirect effects of motor impairment and the ICF-CY(-.673). The 
degree of the physical activity of children with CP is an important 
factor influencing their quality of life and level of participation in 
everyday life; it also changes according to the severity of the disease 
[38]. This study found that motor impairment affected gross motor 
function and indirectly affected the ICF CY. Based on the results of 
this study, it is important to maximize current capabilities and seek 
future directions for interventions.

The limitations of this study include our inability evaluate 
the children with CP in a way that was more appropriate for the 
research method, which would have entailed increasing the number 
of subjects to increase the normality and fitness of the data and to 
enable the model to more closely represent the actual population. 
Additionally, as ~50% of the subjects were diplegia, the application 
of our results to children with other categories of CP will be limited. 
Another limitation was the difficulty of assessing the muscle 
strength in the selected joint or to evaluate the muscle tension as 
it increased. In this context, it has been proposed that the level of 
activity be assessed using muscle forces rather than the strength 
of each muscle when measuring the effects of interventions [44]. 
Additionally, the ICF-core set was used as an evaluation tool; to 
date, however, no other reported study in Korea has used this set, 
rendering it difficult to compare this with other studies. Finally, the 
path analysis of muscular strength and gross motor function in each 
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muscle group did not confirm a more specific causal relationship. 
Further studies are needed to determine which muscle group is 
most important for posture and function in clinical practice.

Conclusion
We examined direct and indirect relationships among 

motor impairment, gross motor function, and the ICF-CY. Motor 
impairment affected gross motor function and indirectly affected 
the ICF-CY. It was also confirmed that the ICF-CY had a direct effect. 
Based on these results, we can prioritize goals and long-term 
intervention strategies for the early treatment of children with 
CP. Additionally, understanding and studying the lives of children 
with cerebral palsy will increase our ability to support pediatric 
therapists to assist children in finding and fulfilling roles in the 
community.
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