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ABSTRACT 

 

BACKGROUND: Cerebral palsy (CP) is the most common motor disability in childhood. 

Spastic cerebral palsy, the predominant subtype, presents with either unilateral or bilateral 

involvement of the extremities. Efficient trunk control and upper limb function are essential for 

performing activities of daily living. Understanding differences in trunk stability and upper 

limb functional performance among children with spastic CP is crucial for effective 

rehabilitation planning. 

OBJECTIVE: To compare trunk control and upper limb function in children with spastic 

cerebral palsy. 

METHODOLOGY: This cross-sectional observational study included 44 children with 

spastic cerebral palsy aged 6–15 years. Written informed consent was obtained from parents or 

guardians prior to participation. Trunk control was assessed using the Trunk Control 

Measurement Scale (TCMS). Upper limb function was evaluated using the Melbourne 

Assessment 2 (MA2) and the Jebsen–Taylor Hand Function Test (JTHFT). 

RESULTS: Data were analyzed using IBM SPSS Statistics version 26 and Microsoft Excel 

2016. The Shapiro–Wilk test confirmed non-normal data distribution. The Mann–Whitney U 

test revealed a highly significant difference in total TCMS scores between the groups (p < 

0.001). Significant differences were observed across all JTHFT parameters (p < 0.001). 

Furthermore, MA2 subcomponents showed strong statistically significant differences, including 

range of motion (U = 7.975, p < 0.001), accuracy (U = 35.0, p < 0.001), dexterity (U = 22.5, p 

< 0.001), and fluency (U = 8.351, p < 0.001). 

CONCLUSION: The results supported the alternate hypothesis. Children with hemiplegic 

cerebral palsy demonstrated better trunk control and fine motor hand function, whereas 

children with diplegic cerebral palsy showed superior performance in gross motor components 

of upper limb function, including range of motion, accuracy, dexterity, and movement fluency. 

KEYWORDS: Trunk control, upper limb function, spastic cerebral palsy 

 

INTRODUCTION 

Cerebral palsy (CP) is described as “A 

Group of Permanent Disorders of 

Movement and Posture Development That 

Result in Activity Limitation and Are 

Caused by Non-Progressive Disturbances 

Occurring in the Developing Fetal or Infant 

Brain” (1). It is commonly associated with 

motor impairments such as reduced muscle 

strength, impaired coordination, and 
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abnormal postural control, which adversely 

affect purposeful movements and the 

execution of activities of daily living (2). 

Worldwide, the prevalence of cerebral palsy 

ranges from 1.5 to 4 per 1,000 live births. In 

the Indian population, the reported 

prevalence of cerebral palsy is 

approximately 2.95 per 1,000 live births (3). 

Cerebral palsy arises from multiple 

etiological factors, including congenital, 

genetic, inflammatory, infectious, anoxic, 

traumatic, and metabolic causes. Damage to 

the developing brain may occur during 

prenatal, natal, or postnatal stages, with the 

prenatal period accounting for the majority 

of cases (4). 

Preterm birth has been identified as the most 

prominent risk factor for cerebral palsy. 

Other recognized risk factors include 

congenital anomalies, fetal growth 

restriction, multiple pregnancies, 

intrauterine and neonatal infections, birth 

asphyxia, untreated maternal 

hypothyroidism, perinatal stroke, and 

thrombophilia (5). 

Cerebral palsy can be categorized using 

three main classification systems: based on 

the distribution of limb involvement, the 

type of movement disorder, and the degree 

of severity. Topographical classification 

describes limb involvement and includes 

hemiplegia, diplegia, quadriplegia, triplegia, 

and monoplegia. Classification by 

movement disorder encompasses spastic, 

dyskinetic (including dystonia and 

athetosis), ataxic, and hypotonic types. 

Functional severity is commonly classified 

using the Gross Motor Function 

Classification System (GMFCS), a five-

level scale that categorizes children 

according to their gross motor abilities (6). 

The clinical manifestations of cerebral palsy 

include various neuromuscular impairments 

such as diminished selective motor control, 

altered muscle tone, imbalance between 

agonist and antagonist muscle groups, 

coordination deficits, sensory disturbances, 

and generalized muscle weakness. Trunk 

weakness along with spasticity of the 

extremities is frequently observed in 

children with cerebral palsy (7). 

The trunk serves as the central component 

of the body and is essential for maintaining 

postural stability, balance reactions, and the 

execution of functional movements. 

Effective trunk control is required to enable 

controlled and coordinated movements of 

the head and limbs (8). In children with 

spastic cerebral palsy, trunk control is often 

compromised due to reduced trunk muscle 

strength, impaired neural control, and 

altered proprioceptive input. Trunk 

dysfunction is a common feature of spastic 

CP and negatively influences upper and 

lower limb motor performance. Inadequate 

trunk stability leads to compensatory muscle 

activity to maintain upright posture, 

highlighting the critical role of the trunk in 

postural control (9). 

Upper limb impairment is highly prevalent 

in children with cerebral palsy, with 

reported rates ranging from 57% to 83%. 

Limitations in upper limb function can 

restrict participation in activities of daily 

living, particularly in later stages of life. 

Most daily tasks require coordinated use of 

both hands, with the dominant and non-

dominant hands performing different 

functional roles. In children with CP, the 

more-affected hand is primarily used as an 

assisting hand during bimanual tasks, 

whereas the less-affected hand is used for 

tasks requiring unilateral hand use. 

Functional differences between the two 

hands therefore influence independence in 

daily activities (10). 

Previous research has examined the 

relationship between trunk control and 

upper extremity function. Ayse Yildiz et al. 

(2018) reported a significant positive 

association between trunk control and upper 

limb function in children with cerebral 

palsy; however, the study was limited by 

reliance on the Quality of Upper Extremity 

Skills Test (QUEST), which does not 

adequately assess movement speed, 

movement quality, fine motor performance, 

or functional skills (11). Lieve Heyrman et 

al. (2012) observed that children with 
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hemiplegic and diplegic cerebral palsy 

demonstrated minimal difficulty with static 

trunk control, whereas children with 

quadriplegic cerebral palsy showed 

impairments in both static and dynamic 

trunk control. Limitations of this study 

included the inclusion of children classified 

as GMFCS level IV and a wide age range of 

8–15 years (8). Additionally, Do Hyun Kim 

et al. (2018) emphasized the importance of 

assessing trunk control when evaluating 

upper limb function in children with 

cerebral palsy; however, the small sample 

size limited the generalizability of the 

findings and highlighted the need for further 

comparative studies between children with 

hemiplegic and diplegic cerebral palsy (2). 

Considering the limitations identified in 

previous studies, the present study aims to 

compare trunk control and upper limb 

function in children with spastic cerebral 

palsy. 

 

MATERIALS & METHODS 

This cross-sectional observational study was 

conducted among children diagnosed with 

spastic cerebral palsy to evaluate relevant 

clinical variables. The study was carried out 

over a six-month period, from June 2024 to 

November 2024, across multiple hospitals 

and physiotherapy clinics in Surat city. A 

total of 44 participants were included in the 

study. The sample size was determined 

using OpenEpi Version 3 software, based on 

a 95% confidence interval and a prevalence 

rate of cerebral palsy of 2.95 per 1,000 live 

births in India in 2019 (3). Participants were 

recruited using a convenience sampling 

method. 

The study population consisted of children 

aged 6–15 years of either gender who were 

diagnosed with spastic cerebral palsy by a 

neurophysician. Inclusion criteria required 

participants to be classified within Gross 

Motor Function Classification System 

(GMFCS) levels I to III, have the ability to 

understand and follow verbal instructions, 

and exhibit spasticity graded as ≤2 on the 

Modified Ashworth Scale (MAS). Children 

were excluded if they had visual or hearing 

impairments; a history of neurological, 

medical, musculoskeletal, or cardiac 

conditions; or were receiving medications 

such as antiepileptic or antiseizure drugs 

that could affect performance. Additional 

exclusion criteria included administration of 

neural blocking agents such as botulinum 

toxin or phenol within the previous six 

months, intrathecal baclofen pump 

implantation, or any musculoskeletal 

surgical intervention within the last six 

months. 

Outcome measures employed in this study 

included the Trunk Control Measurement 

Scale (TCMS) (12), the Melbourne 

Assessment 2 (MA2) (13–15), and the 

Jebsen–Taylor Hand Function Test (JTHFT) 

(16–18). 

The study procedure was conducted as 

follows.  

Ethical approval was obtained from the 

Human Research Ethics Committee of 

Government Physiotherapy College, Surat.  

Participants were screened and recruited 

from various hospitals and physiotherapy 

clinics in Surat based on the predefined 

inclusion and exclusion criteria.  

Spasticity assessment was performed using 

the Modified Ashworth Scale, and 

functional classification was determined 

using the GMFCS.  

Children with MAS scores greater than 2 or 

GMFCS levels above III were excluded 

from the study. 

Detailed information regarding the study 

procedures was provided to participants and 

their parents or guardians, and written 

informed consent was obtained prior to data 

collection.  

All assessment procedures were explained 

thoroughly before commencement. 

Trunk control was assessed using the Trunk 

Control Measurement Scale (TCMS), which 

evaluates static and dynamic sitting balance. 

The total score ranges from 0 to 58, with 

higher scores indicating better trunk control 

performance.  

Upper limb function was assessed using two 

tools. The Melbourne Assessment 2 (MA2) 

was used to evaluate the quality of upper 
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limb movements, with scoring based on a 3-

, 4-, or 5-point scale, where higher scores 

represent better performance.  

Manual dexterity was assessed using the 

Jebsen–Taylor Hand Function Test 

(JTHFT), in which shorter task completion 

times indicate superior hand function. 

 

Statistical Analysis  

Following data collection, the dataset was 

reviewed and cleaned to remove errors and 

inconsistencies. The finalized data were 

entered into Microsoft Excel and 

subsequently analyzed using IBM SPSS 

Statistics version 26. Qualitative variables 

were summarized using frequencies and 

percentages and were analyzed using the 

chi-square test. Quantitative variables were 

expressed as mean and standard deviation 

and analyzed using the Mann–Whitney U 

test. A p-value of less than 0.05 was 

considered statistically significant. 

Data normality was assessed using the 

Shapiro–Wilk test, which indicated that 

while some variables followed a normal 

distribution, others did not. Accordingly, the 

non-parametric Mann–Whitney U test was 

applied to determine statistically significant 

differences between variables. 

 

RESULT  

This study set out to compare trunk control 

and upper limb function in children with 

spastic cerebral palsy. Table 1 represents 

among the study participants, 20 were 

female and 24 were male. According to 

table 2 total 44 participants were taken 

among which 22 were hemiplegic and 22 

were diplegic cerebral palsy. 

 
Table 1. Gender wise distribution of study participants 

SEX Frequency Percentage (%) 

FEMALE 20 45.5 

MALE 24 54.5 

Total 44 100.0 

 
Table 2. Distribution of Type of cerebral palsy among study participants 

Type of CP Frequency Percentage(%) 

DIPLEGIC 22 50.0 

HEMIPLEGIC 22 50.0 

Total 44 100.0 

 

Table 3. Comparing score of TCMS and component of TCMS 

Measure Type of CP Min Max Mean Std. Dev. 

Static Sitting Balance (20) Diplegic 11 20 17 2.41  
Hemiplegic 9 20 17.364 2.517 

Dynamic Sitting Balance (28) Diplegic 14 23 17.182 2.612  
Hemiplegic 14 22 18.818 2.538 

Dynamic Reaching (10) Diplegic 5 10 6.682 1.644  
Hemiplegic 5 10 7.455 1.711 

Total TCMS (58) Diplegic 30 47 39.32 4.79  
Hemiplegic 35 49 44.82 4.12 

 

The above table 3 compares the 

performance of participants with Diplegic 

and Hemiplegic types of cerebral palsy (CP) 

across various measures. In Static Sitting 

Balance, both groups perform similarly, 

with Hemiplegic individuals showing a 

marginally higher mean score (17.364) 

compared to Diplegic individuals (17.000). 

However, in Dynamic Sitting Balance and 

Dynamic Reaching, Hemiplegic individuals 

demonstrate better outcomes, with mean 

scores of 18.818 and 7.455, respectively, 

compared to 17.182 and 6.682 for Diplegic 

individuals. Additionally, the overall Total 

TCMS (Trunk Control Measurement Scale) 

scores indicate that Hemiplegic individuals 

achieve a higher average (44.82) compared 

to Diplegic individuals (39.32). These 
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findings suggest that Hemiplegic individuals 

may exhibit better trunk control and 

dynamic balance abilities than those with 

Diplegic CP, potentially influencing their 

functional mobility and stability. 

 

Table 4: Test-Statistics to compare both types of CP  
Mann-Whitney test p-values 

STATIC SITTING BALANCE (20) 264.5 0.588 

DYNAMIC SITTING BALANCE (28) 329.5 0.038 

DYNAMIC REACHING (10) 303.5 0.140 

TOTAL TCMS (58) 393.5 0.000* 

*Correlation is significant at 0.05 level (2-tailed); ** The result is significant at p<0.05. 

 

We can conclude using table 4 that there 

was no statistically significant difference 

between groups for Static Sitting Balance 

(p=0.588) or Dynamic Reaching (p=0.140). 

However, a significant difference was 

observed for Dynamic Sitting Balance 

(p=0.038), and a highly significant 

difference was found for Total TCMS 

(p=0.000). These findings suggest notable 

group differences in trunk control. 

So, the null hypothesis is rejected and 

alternate hypothesis is accepted because 

there was significant difference in trunk 

control in children with hemiplegic and 

diplegic cerebral palsy. 

 

Table-5: Comparing score of JTHFT and MA2 SCORE in both groups. 

Parameter Group Min Max Mean Std. Dev. 

JTHFT Score (Dominant) Diplegic 70.9 82.9 76.2 3.27  
Hemiplegic 102.57 117.05 110 4.8 

JTHFT Score (Non-Dominant) Diplegic 39.25 56.4 50.1 3.54  
Hemiplegic 71.05 96.1 86.91 6.43 

Range of Motion (ROM) Diplegic 77.77 100 90.7 6.1  
Hemiplegic 55.55 96.29 73.56 8.02 

Accuracy Diplegic 72 100 91.45 7.12  
Hemiplegic 68 88 77.64 5.88 

Dexterity Diplegic 63.15 100 84.92 13.81  
Hemiplegic 36.84 68.42 58.37 6.48 

Fluency Diplegic 66.66 100 85.06 9.44  
Hemiplegic 42.85 76.19 62.98 8.04 

 

The above table 5 compares motor function 

measures between individuals with diplegic 

and hemiplegic cerebral palsy (CP) across 

several parameters. For the JTHFT (Jebsen-

Taylor Hand Function Test) scores, the 

dominant hand showed higher performance 

in the hemiplegic group compared to the 

diplegic group. Similarly, for the non-

dominant hand, the hemiplegic group scored 

higher than the diplegic group. Regarding 

Range of Motion (ROM), Accuracy, 

Dexterity and Fluency the diplegic group 

had a higher mean than the hemiplegic 

group. Overall, the diplegic group 

performed better in ROM, accuracy, 

dexterity, and fluency, while the hemiplegic 

group demonstrated superior hand function 

in both dominant and non-dominant hands. 

 
Table-6: Test-Statistics to compare both types of CP  

Mann-Whitney test p-values 

JTHFT SCORE Dominant 484 0.000* 

JTHFT SCORE Non-Dominant 484 0.000* 

ROM 7.975 0.000* 

ACCURACY 35 0.000* 

DEXTERITY 22.5 0.000* 

FLUENCY 8.351 0.000* 

*Correlation is significant at 0.05 level (2-tailed); ** The result is significant at p<0.05. 
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We can conclude using table 6 that there are 

statistically significant differences between 

the groups across all measured parameters 

(p=0.000). For the JTHFT scores, both the 

dominant and non-dominant hands showed 

highly significant differences, with U-values 

of 484 for each. Range of Motion (ROM) 

also exhibited a strong significant difference 

(U = 7.975, p=0.000). Similarly, significant 

differences were observed for Accuracy (U 

= 35, p=0.000), Dexterity (U = 22.5, 

p=0.000), and Fluency (U = 8.351, 

p=0.000). These findings highlight 

consistent and substantial disparities in 

motor function and coordination between 

the groups. 

 

DISCUSSION 

The present study aimed to compare trunk 

control and upper limb function in children 

with spastic cerebral palsy. The findings 

demonstrated that total TCMS scores, 

JTHFT scores for both dominant and non-

dominant hands were significantly lower in 

children with diplegic cerebral palsy 

compared to those with hemiplegic cerebral 

palsy. In contrast, parameters of movement 

quality assessed using MA2, including 

range of motion, accuracy, dexterity, and 

fluency, were significantly higher in the 

diplegic group than in the hemiplegic group. 

Lieve Heyrman et al. (2012) assessed trunk 

control in children with cerebral palsy using 

the Trunk Control Measurement Scale and 

reported that trunk control was least 

impaired in children with hemiplegia, 

followed by diplegia, and most impaired in 

quadriplegia. Children with hemiplegia and 

diplegia showed minimal difficulties in 

static sitting balance, whereas children with 

quadriplegia demonstrated significant 

deficits in both static and dynamic trunk 

control. The authors concluded that trunk 

control impairments vary according to 

topographical involvement (8). These 

findings align with the present study, as no 

significant difference was observed between 

hemiplegic and diplegic groups for static 

sitting balance. However, children with 

hemiplegic cerebral palsy demonstrated 

superior dynamic sitting balance and 

dynamic reaching compared to diplegic 

children, resulting in significantly higher 

total TCMS scores. 

Similarly, Hye-Rim Jung et al. (2019) 

reported that children with spastic diplegic 

and quadriplegic cerebral palsy exhibited 

reduced sitting balance and coordination, 

particularly during dynamic tasks involving 

trunk rotation, as measured using the Trunk 

Impairment Scale (19). These findings are 

consistent with the present study, which also 

observed greater difficulty in dynamic 

sitting balance and reaching tasks among 

children with diplegic cerebral palsy, 

despite the use of a different assessment 

tool. 

Su-Fen Liao et al. (2003) found that 

children with diplegic cerebral palsy 

exhibited better static balance than dynamic 

balance during sitting tasks (20). This 

observation is consistent with the present 

study, where children with diplegic cerebral 

palsy performed better in static sitting 

balance compared to dynamic balance 

components. 

Andrzej Szopa et al. (2024) reported poorer 

postural stability in children with diplegic 

cerebral palsy compared to those with 

hemiplegia, as indicated by greater center of 

pressure displacement during static postural 

assessment (21). These findings further 

support the present results, indicating 

superior trunk control in children with 

hemiplegic cerebral palsy. 

Regarding upper limb function, Carlyne 

Arnould et al. (2007) reported that children 

with diplegic cerebral palsy exhibited 

bilateral impairments in fine finger 

dexterity, while hemiplegic children also 

demonstrated impairments in the non-

paretic hand. However, no significant 

difference in overall manual ability was 

found between diplegic and hemiplegic 

groups (22). In contrast, the present study 

demonstrated that children with diplegic 

cerebral palsy showed better movement 

quality in terms of range of motion, 

accuracy, dexterity, and fluency, whereas 

children with hemiplegic cerebral palsy 
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performed better on functional hand tasks 

assessed using JTHFT. 

Carlyne Arnould et al. (2014) further 

reported greater impairment in the non-

dominant hand compared to the dominant 

hand in children with cerebral palsy (23). 

These findings are consistent with the 

present study, where higher JTHFT scores 

were observed in the hemiplegic group for 

both dominant and non-dominant hands. 

Van Zelst et al. (2006) highlighted 

significant motor and process skill deficits 

in children with hemiplegic cerebral palsy, 

despite their ability to function alongside 

typically developing peers (24). Similarly, 

the present study demonstrated superior 

JTHFT performance in children with 

hemiplegic cerebral palsy, although 

movement quality parameters such as ROM, 

accuracy, dexterity, and fluency were 

reduced. 

Yun-Huei Ju et al. (2010) reported 

fragmented and less coordinated reaching 

movements in children with cerebral palsy 

compared to typically developing children 

(25). These findings support the present 

results, which revealed significant 

differences in movement quality parameters 

between diplegic and hemiplegic cerebral 

palsy groups. 

Asmaa Ahmed Abd El-samad et al. (2021) 

reported impairments in fine motor control 

and pinch strength in children with diplegic 

cerebral palsy (26). Despite these 

impairments, the present study 

demonstrated better performance in 

movement quality parameters among the 

diplegic group. 

Andrea Burgess et al. (2020) observed that 

children with bilateral cerebral palsy 

experienced greater motor challenges 

compared to those with unilateral 

involvement (27). These findings are 

consistent with the present study, which 

identified distinct differences in trunk 

control and upper limb function between 

diplegic and hemiplegic cerebral palsy. 

Hanaa Mohsen Abd-Elfattah et al. (2021) 

reported significant upper limb motor 

impairments in children with hemiplegic 

cerebral palsy, affecting participation in 

daily activities (28). In agreement with these 

findings, the present study demonstrated 

reduced movement quality in the hemiplegic 

group, despite higher functional hand 

performance. 

The present study contributes valuable 

insights into differences in trunk control and 

upper limb function between hemiplegic 

and diplegic cerebral palsy, emphasizing the 

need to target movement quality parameters 

such as accuracy, dexterity, and fluency 

during rehabilitation. However, the study 

has limitations, including a wide age range 

(6–15 years), a relatively small sample size 

(n = 44), and inclusion of only two spastic 

cerebral palsy subtypes. 

 

CONCLUSION 

The study confirmed significant differences 

in trunk control and upper limb function 

between children with spastic hemiplegic 

and diplegic cerebral palsy, thereby 

supporting the alternate hypothesis. Trunk 

control and fine motor hand function in both 

dominant and non-dominant hands were 

better in the hemiplegic group, while the 

diplegic group demonstrated superior gross 

motor performance in terms of range of 

motion, accuracy, dexterity, and fluency. 
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