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| Abstract |

1)

post-hoc comparison for any significant results.
RESULTS: The median of the total scores of trunk

PURPOSE: This study examined the differences in the

impairment was 13 (range, 9-17), which was 56% of the

trunk impairment scores according to the levels of the gross

maximum score. The total score of trunk impairment and

motor classification system by evaluating trunk control in

subscales differed significantly according to the disease

children with spastic cerebral palsy using the index of trunk

severity and type of motor disability. The scores for children

impairment. In addition, the characteristics of trunk control

with quadriplegia were the lowest compared to children with

disabilities were investigated according to the cerebral palsy

hemiplegia and diplegia.

type.

CONCLUSION: Trunk control function in children with

METHODS: The subjects were 49 children (mean age

spastic cerebral palsy was reduced, and varied according to

8.57±1.83 years, 11 with hemiplegia, 26 with diplegia, and 12

the disease severity and types of motor disabilities. The degree

with quadriplegia) with spastic cerebral palsy levels Ⅰ to Ⅳ

of trunk impairment differed from the trunk control ability

under the gross motor function classification system

according to the degree of motor disability of children with

(GMFCS). The coordination and balance of the children with

cerebral palsy.

cerebral palsy were evaluated using the index for trunk
impairment. Statistical analyses were performed using a

Key Words: Cerebral palsy, Trunk control, GMFCS

Kruskal-Wallis test, and Bonferroni analyses were used as a
Ⅰ. Introduction
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Cerebral palsy is defined as a permanent disability in
the development of movement and posture caused by
non-progressive brain impairment of infants after birth or
a developing fetus. According to the definition, postural
control impairment is one characteristic of children with
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cerebral palsy [1]. Postural control is the ability to adjust

of children with cerebral palsy, few studies have examined

the body and maintain stability when adapting to the

the trunk impairment scores related to the severity of motor

surrounding environment [2]. Postural control systems are

disability and cerebral palsy type [15,16]. The Gross Motor

developed to maintain a stable head and trunk posture by

Function Classification System (GMFCS) classifies the

resisting gravity to provide a foundation for sitting,

functional restriction level of children into five levels [17].

reaching, standing, and walking. In addition, it affects hand-

Children with cerebral palsy are classified as hemiplegia,

eye coordination, upper extremity functions, functional

diplegia, quadriplegia, ipsilateral, or bilateral cerebral palsy

skills, self-management, recognition, and social interactions

[18,19]. This study examined the characteristics of trunk

[3]. On the other hand, children with cerebral palsy lose

control from a sitting posture in children with cerebral palsy.

their postural control ability because of spasticity, decrease

The purpose of this study was to verify the differences in

in force production, unnatural timing, loss of senses, and

TIS according to the levels of the GMFCS by evaluating

secondary musculoskeletal impairment [4].

the trunk control of children with spastic cerebral palsy.

The trunk is a key body segment that plays an important
role in postural control [5]. The trunk muscles stabilize

In addition, the characteristics of trunk control disabilities
were examined according to the cerebral palsy type.

the spine and trunk to provide a foundation for the free
movement of the head and extremities [6]. Regardless of

Ⅱ. Methods

the severity of disability, children with mild and severe
cerebral palsy show problems in posture control, and while

1. Study subjects

performing daily tasks, many children with cerebral palsy

The subjects of this study were 49 children with cerebral

sit instead of stand. Ultimately, they spend longer periods

palsy of levels Ⅰ to Ⅳ according to the GMFCS. The

sitting compared to children without cerebral palsy [7,8].

purpose of the study and any risks that may arise during

Therefore, during an evaluation and treatment planning of

their participation was explained to the children’s guardians

children with cerebral palsy, it is important to check their

of the study, and written consent was obtained. The subjects

trunk control while they are seated [9].

were selected based on the following criteria: (1) children

Although the measurement scales, such as force plate,

who were diagnosed with spastic cerebral palsy and aged

kinematic analysis, and electromyography, are used to

between 6 and 12 years, (2) children who can follow the

evaluate trunk control, such scales are expensive and

therapist’s instructions, and (3) children who have not had

complex, which have limited their use during clinical

any procedures or surgery within the past six months.

practice and studies [10-12]. In a systematic review of the

Children with the following conditions were excluded: (1)

tools to evaluate balance in children with cerebral palsy,

children with innate musculoskeletal diseases, developing

four clinical balance tools could evaluate trunk control,

central nervous system diseases, and a history of orthopedic

one of which is the Trunk Impairment Scale (TIS) [13].

surgery, and (2) children with genetic disorders or other

The TIS evaluates the trunk control of children with cerebral

severe diseases other than cerebral palsy.

palsy during static and dynamic sitting positions and
identifies the domain of the body structure and function

2. Measurement

from the International Classification of Functioning,
Disability, and Health (ICF) standards [14]. Although the

1) Trunk Impairment

TIS was validated as a scale to evaluate the trunk control

The Trunk Impairment Scale (TIS) was used to evaluate
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the balance and coordination of children with cerebral palsy.

restrictions using motor wheelchairs or other methods of

The TIS is an evaluation tool with verified reliability to

movement. Level Ⅴ is defined as restricted movement,

assess the trunk movement, coordination, and balance of

even with the use of assistance tools. The reliability among

stroke patients while sitting [20]. The TIS has three

the test subjects was .97 to .99 [22].

subscales (static sitting balance, dynamic balance, and
coordination), 17 items, with a total score range of zero

3. Statistical analyses

to 23. The static sitting balance consists of three items:

The trunk impairment scores were analyzed according

the ability to maintain a sitting posture with the support

to the general characteristics, type of cerebral palsy, and

of the feet, while passively crossing the legs, and while

motor impairment using descriptive statistics. After

actively crossing the legs. The static sitting balance can

conducting the Kolmogorov-Smirnov test, no normal

have a score of zero to seven with scores of zero to two

distribution was found for each item measured. The

or zero to three for each item. The dynamic sitting balance

Kruskal-Wallis test was conducted to identify the difference

consists of 10 items that evaluate the ability to bend the

in the trunk impairment scores according to the cerebral

trunk sideways or lift one side of the hip and can have

palsy type and the movement levels, and the post hoc test

a total score of zero to 10 with scores of zero to one for

was conducted using a Mann-Whitney U test with the

each item. Coordination consists of four items: an

Bonferroni correction method. All statistical data were

evaluation of the ability to start the movement of the

analyzed using Windows SPSS 18.0, and the significance

shoulder and the hip, and an evaluation of the ability to

level was set to p<.05.

spin the upper and lower part of the trunk six times.
Coordination can have a total score of zero to six with

Ⅲ. Results

scores of zero to one or zero to two for each item. This
study used the Korean version of the TIS edited by Ko

1. General characteristics of the subjects

and You [21]. The reliability among the evaluators of the

The subjects were 49 children aged between six and

Korean version of the TIS was ICC3, 1=.920-.983

12 with spastic cerebral palsy (21 boys and 28 girls) and

(r=.924-.984), and the test-retest reliability was ICC3,

an average age of 8.57±1.83 years. The distribution of

1=.805-.901 (r=.806-.903).

children with spastic cerebral palsy revealed 11 with
hemiplegia, 26 with diplegia, and 12 with quadriplegia.

2) Gross Motor Function Classification System (GMFCS)

The distribution of the GMFCS showed that 11, 14, 15,

This study classified the gross motor functions of

and nine were classified as level Ⅰ, Ⅱ, Ⅲ, and Ⅳ,

children with cerebral palsy using the GMFCS. The

respectively (Table 1). The total TIS scores had a median

GMFCS is divided into five levels according to the age

of 13 out of 23 (range, 9-17), and was 56% of the maximum

group and determines a child’s level based on their abilities

score. After analyzing the median of the subscales, the

and limitations in gross motor functions. Level Ⅰ is defined

static sitting balance was six out of seven (range, 4-7);

as the ability to walk without any restriction. Level Ⅱ

the dynamic sitting balance was five out of 10 (range,

is defined as the ability to walk with some restrictions.

2-7), and coordination was two out of six (range, 1-4).

Level Ⅲ is defined as the ability to walk without the support

The median of each subscale was 85%, 40%, and 33%

of the trunk but with canes, crutches, and walkers. Level

of the maximum score, respectively.

Ⅳ is defined as the ability to move by oneself with
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Table 1. General Characteristics of the Subjects
Type of Cerebral Palsy
Total

Hemiplegic

Diplegic

Quadriplegic

Sample Size (n)

49

11

26

12

Age, Years (mean±SD)

8.57±1.83

8.27±1.84

8.50±1.86

9.00±1.85

Male (n)

21

8

9

4

Female (n)

28

3

17

8

GMFCS Level Ⅰ

11

3

8

-

Ⅱ

14

5

9

-

Ⅲ

15

3

9

3

Ⅳ

9

-

-

9

Gender

n: number, SD: Standard deviation, GMFCS: Gross motor function classification system

2. Comparison of the trunk impairment level
according to levels in the GMFCS

I and Ⅳ revealed level Ⅰ to have significantly higher
scores than level Ⅳ (Table 2).

The median for the total score was 20.0, 15.0, 10.3,
and 2.0 for level Ⅰ (range, 17-23), Ⅱ (range, 10.75-18),

3. Comparison of the trunk impairment level

Ⅲ (range, 9-13.5), and Ⅳ (range, 0-.75), respectively. The

according to the types of cerebral palsy

subscale and total TIS scores showed significant differences

The median of the total score for children with

according to levels (p<.05); the scores decreased from level

hemiplegia was 14 (range, 10-15), children with diplegia

Ⅰ to level Ⅳ. After posttest analysis, the total scores and

was 15 range, 10.75-20), and children with quadriplegia

the dynamic sitting balance showed significant differences

was 2 (range, 0-9.75 There was a significant difference

between levels Ⅰ and Ⅲ and between levels Ⅱ and Ⅳ.

when comparing the total score and subscale scores of

In the static sitting balance, significant differences were

children with hemiplegia, diplegia, and quadriplegia. After

observed between levels Ⅰ and Ⅳ, levels Ⅱ and Ⅳ, and

the posttest, the scores of children with quadriplegia were

levels Ⅲ and Ⅳ. In coordination, a significant difference

significantly low, and children with hemiplegia and diplegia

was noted between levels Ⅰ and Ⅲ. A comparison of

did not have significant differences (Table 3).

the 17 items revealed significant differences among all
levels. Posttest analysis revealed the following to have
significantly higher scores in level Ⅰ than level Ⅲ: static

Ⅳ. Discussion

sitting balance item 3; dynamic sitting balance items 3,
5, 6, 7, 8, and 10; and coordination items 3 and 4. In

This study examined the differences in trunk impairment

the static sitting balance, the following had significantly

scores according to the GMFCS levels by evaluating the

higher scores in level Ⅱ than level Ⅳ: items 1, 2, and

trunk control of children with spastic cerebral palsy using

3; dynamic sitting balance items 4 and 5; and coordination

the trunk impairment index. In addition, the characteristics

item 1. A comparison of the scores per item for levels

of the trunk control disabilities were investigated according
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Table 2. Differences in the Total TIS Score, Subscale Totals and Items Scores According to the GMFCS
TIS (Range)
Total TIS (0-23)
Static Sitting Balance (0-7)

GMFCS Ⅰ

GMFCS Ⅱ

c,d

GMFCS Ⅲ
d

GMFCS Ⅳ
a

15 (10.75-18)

10.5 (9-13.5)

7 (6-7)d

6 (6-7)d

6 (6-6)d

d

d

d

20 (17-23)

p

a,b

<.001*

2 (0-.75)

1.5 (0-3.75)a,b,c

<.001*

a,b,c

1 (0-2)

<.001*

Item 1 (0-2)

2 (2-2)

2 (2-2)

2 (2-2)

Item 2 (0-2)

2 (2-2)d

2 (2-2)d

2 (0.5-2)d

0 (0-0)a,b,c

<.001*

d

a,d

a,b,c

<.001*

Item 3 (0-3)

c,d

3 (2-3)

2 (2-3)

2 (2-2)

0 (0-1)

Dynamic Sitting Balance (0-10)

8 (6-10)c,d

6 (3.75-7)d

3.5 (2.25-4.75)a

0.5 (0-3.75)a,b

<.001*

Item 1 (0-1)

1 (1-1)d

1 (1-1)d

1 (1-1)d

0.5 (0-1)a,b,c

<.001*

Item 2 (0-1)

d

1 (1-1)

1 (0-1)

0 (0-1)

a

0 (0-0.75)

.011*

Item 3 (0-1)

0 (0-1)b,c,d

0 (0-0)a

0 (0-0)a

0 (0-0)a

<.00*

d

d

a,b

Item 4 (0-1)

1 (1-1)

1 (1-1)

1 (1-1)

Item 5 (0-1)

1 (1-1)c,d

1 (0.75-1)c,d

0 (0-0.75)a,b

Item 6 (0-1)

c,d

1 (1-1)

Item 7 (0-1)
Item 8 (0-1)

0 (0-0.75)a,b

0 (0-0)

0 (0-0)

<.001*

1 (1-1)c,d

0.5 (0-1)

0 (0-0.75)a

0 (0-0)a

.001*

0 (0-1)b,c,d

0 (0-0)a

0 (0-0)a

0 (0-0)a

1 (1-1)

1 (0-1)

1 (0-1)

Item 10 (0-1)

1 (0-1)c,d

0 (0-1)

0 (0-0)a

c,d

5 (3-6)

a

<.001*

0 (0-1)

d

a

Item 9 (0-1)
Coordination (0-6)

.002*

0 (0-1)

.002*
a

0 (0-.75)
0 (0-0)a
a

.003*
.001*

a

3 (1.75-4)

1.5 (1-2)

0 (0-2.75)

<.001*

2 (1-2)d

1 (1-1.75)

0 (0-1.75)a,b

.005*

Item 1 (0-2)

2 (1-2)d

Item 2 (0-1)

d

1 (0-1)

0 (0-1)

0 (0-0)

0 (0-0)

.023*

Item 3 (0-2)

2 (1-2)b,c,d

1 (0-1)a

0 (0-0.75)a

0 (0-1)a

<.001*

Item 4 (0-1)

1 (0-1)c,d

0 (0-0)

0 (0-0)a

(0-0)a

.005*

TIS: Trunk impairment
The data are presented
a
Significance difference
b
Significance difference
c
Significance difference
d
Significance difference

a

scale, GMFCS: Gross motor function classification system
by median (interquartile range), *p<.05
compared to the GMFCS level Ⅰ
compared to the GMFCS level Ⅱ
compared to the GMFCS level Ⅲ
compared to the GMFCS level Ⅳ

Table 3. Differences in the Total TIS Score, Subscale Totals According to Type of Cerebral Palsy
TIS (Range)

Hemiplegia
c

Diplegia

Quadriplegia
c

a,b

All Types
<.001*

Total TIS (0-23)

14 (10-15)

15 (10.75-20)

Static Sitting Balance (0-7)

6 (6-6)c

6.5 (6-7)c

1.5 (0-3.75)a,b

<.001*

Dynamic Sitting Balance (0-10)

6 (3-6)c

6 (3.75-8)c

0.5 (0-3.75)a,b

<.001*

Coordination (0-6)
TIS: Trunk impairment
The data are presented
a
Significance difference
b
Significance difference
c
Significance difference

2 (1-3)

scale
by median (interquartile range), *p<.05
compared to hemiplegia
compared to diplegia
compared to quadriplegia

c

3 (2-5)

2 (0-9.75)

b

0 (0-2.75)

.005*
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to cerebral palsy type. In this study, the total TIS of children

the total scores for the TIS increased after conducting

with cerebral palsy was 13, or 56% of the maximum score,

interventions to enhance the trunk control abilities for frail,

which is significantly lower than that of normally developed

elderly patients who had suffered from strokes. This is

children [23]. The GMFCS was developed to evaluate the

consistent with the results of this study, which showed

degree of nervous motor disability in children with cerebral

that it is possible to detect a change in subjects exhibiting

palsy by classifying the gross motor movement function

motor abilities with low trunk impairment scores. Children

without considering the quality of movement based on the

with cerebral palsy have difficulties in selective

sitting and walking movements. Levels Ⅰ and Ⅱ indicate

movements, such as sagittal plane, bending, reaching

mild movement impairment, whereas level Ⅲ denotes

flexion, extension, frontal plane, lateral flexion, transverse

medium impairment, and levels Ⅳ and Ⅴ show severe

plane, and rotation, due to a lack of experience and physical

impairment [24]. In using this classification system with

recognition of controlled movement of the upper and lower

other evaluation tools, it is possible to interpret the

parts of the trunk [9].

movement skills of children easily to confirm their levels

Previous studies also reported that the severity of trunk

of function comprehensively. This study revealed

impairment of children with cerebral palsy is dependent

differences in the total score of the TIS and the dynamic

on the disease severity and types of motor impairment.

sitting balance between levels Ⅰ and Ⅲ and levels Ⅱ

Bousquet et al. [29] reported that children with spastic

and Ⅳ in the GMFCS, coordination between levels Ⅰ

ipsilateral cerebral palsy would have better sitting balance

and Ⅲ, and static sitting balance between levels Ⅱ and

abilities than those with spastic bilateral cerebral palsy.

Ⅳ and levels Ⅲ and Ⅳ. In other words, children with

This is similar to the results reported by Mendoza et al.

cerebral palsy with medium to severe motor impairment

[30]. This study examined the differences in trunk

had lower TIS scores than children with cerebral palsy

impairment according to the severity of the motor

with mild motor impairment.

involvement based on the GMFCS level. Marked

Pavão et al. [25] compared comparing children with

differences were found between level Ⅰ and Ⅲ, level Ⅱ

cerebral palsy with mild motor impairment with children

and Ⅳ for total TIS and subscale totals and items score.

with medium-to-severe motor impairment and reported that

Pavão et al. [25] evaluated the discriminant ability of the

the total TIS score for medium motor impairment was lower

TIS, GMFM in children with cerebral palsy. These

than that of children with mild motor impairment. Children

instruments can be used as predictors of the motor function

with medium to severe impairments in movement have

in children with cerebral palsy that are mildly or moderate

weaknesses in the trunk muscles, an excessive increase

to severely impaired.

in the simultaneous contraction of the trunk muscles to

In this study, children with quadriplegia had the lowest

maintain stability, and poor coordination among the joints

scores in the total TIS scores and the subscale scores of

when reacting to unexpected posture instability [26,27].

the static sitting balance and dynamic sitting balance

This causes impairments in trunk control. All items in the

according to the types of cerebral palsy, which showed

static sitting balance showed differences in levels Ⅲ and

the largest impairment in trunk control. Children with

Ⅳ of the GMFCS. The static sitting balance items include

hemiplegia and diplegia had less impairment in trunk

maintaining a sitting posture (item 1), maintaining balance

control than children with quadriplegia. This is consistent

with crossed legs (item 2), and maintaining balance while

with Heyrman et al. [9], who compared the trunk control

crossing the legs (item 3). Jung et al. [28] reported that

of children with hemiplegia, diplegia, and quadriplegia.
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They reported that children with quadriplegia have more

A more systematic and specific posture control and balance

limitations in spinning in various directions and performing

abilities for the various spastic cerebral palsy types will

selective movements, as well as reduced support of the

be needed in future studies. Measuring the balance and

lower part of the body and a decrease in the activation

coordination using the Korean version of the TIS within

of the abdomen and back muscles compared to those of

the clinical area will provide basic data to physiotherapists

children with diplegia or hemiplegia [31,32]. In particular,

for the treatment of children who aim to improve their

the static sitting balance requires a predictable and

trunk control.

compensatory postural adjustment to maintain a stable
Ⅴ. Conclusion

posture during movements of the upper or lower parts of
the body [11,33]. This study showed that children with
quadriplegia have a more severe impairment in the static

The results of the study showed that the trunk control

sitting balance. Within the static sitting balance area, which

of children with spastic cerebral palsy was impaired and

includes the items to cross the legs, either passively or

differed according to the severity of motor impairment and

actively, the static sitting balance scores appear to reflect

type. The trunk control ability could be differentiated

the ability to control the upper part of the body and the

according to the severity of motor impairment of children

trunk while attempting movements of the lower body part.

with cerebral palsy with the TIS. Furthermore, this study

This means that children with quadriplegia cannot use the

found that children with spastic quadriplegia have severe

upper part of the body or the trunk to maintain a static

restrictions in dynamic and static trunk movement

sitting balance.

compared to children with spastic hemiplegia and diplegia.

The coordination subscale challenge dynamic trunk

Therefore, information on trunk control impairment can

control to actively move the trunk over the stability limits

be used to evaluate the trunk control abilities using the

of the base of support, demanding trunk rotation. Previous

TIS.

study has evaluated the normal and abnormal components
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