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Abstract 

Cerebral palsy significantly impacts upper limb function due to deformities, spasticity, sensory 

impairments, and motor control deficits. This study assessed with 150 individuals analyzing motor 

function, sensory perception, and developmental hand age using standardized tools such as 

MAULF, FHGT, and WeeFIM. Results revealed that tetraplegic individuals exhibited the most 

severe functional impairments, while diplegic and triplegic patients demonstrated better outcomes. 

Sensory deficits were primarily observed in tetraplegics, and hand function peaked around 14 years 

before declining. Significant correlations between spasticity, deformities, and functional 

assessments emphasized the need for targeted interventions. The study highlights MAULF and 

FHGT as essential evaluation tools and recommends refining assessment frameworks to improve 

treatment monitoring and rehabilitation strategies. Future research should focus on developing 

standardized, accessible evaluation methods to enhance long-term management and functional 

outcomes for individuals with cerebral palsy. 

 

Keywords: Cerebral palsy, Upper limb function, Spasticity, Sensory impairments, Functional 

assessment. 

 

INTRODUCTION 

Individuals with cerebral palsy frequently experience difficulties in controlling upper limb 

movements due to spasticity and motor impairments (1). These challenges require precise hand 

coordination, effective visual processing, and stable posture. Various studies have explored 

strategies to assist individuals with cerebral palsy in overcoming upper limb dysfunction caused by 

spasticity and deformities (2). However, despite the availability of multiple assessment tools, a 

standardized evaluation protocol linking deformities to long-term functional outcomes remains 

undefined. Previous efforts to assess fine motor skills in cerebral palsy patients have been 

inadequate. For instance, the functional assessment method proposed by House et al. lacks the 

necessary depth for a thorough evaluation (3,4). This study expands on an occupational therapy 

framework developed by our Occupational Therapy Department to assess upper limb function in 

individuals with cerebral palsy, incorporating the condition’s distinct topographical features. The 

objective is to analyze the influence of deformities, spasticity, sensory processing, and motor control 
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on overall hand function in individuals with cerebral palsy (5). Our aim is to develop a 

comprehensive and objective assessment tool for evaluating hand function in cerebral palsy. To 

achieve a broader and more in-depth understanding of this condition globally, we intend to 

systematically collect data on how cerebral palsy affects upper limb functionality. 

 

Methods 

Study Population 

A screening program was conducted involving 150 cases of cerebral palsy. Participants retained 

preserved visual and auditory functions. Individuals with monoplegia, those over 16 years old with 

developmental hand abnormalities, severe intellectual disabilities (as determined by Intelligence 

Quotient), or those who did not provide informed consent were excluded from the study. Motor 

skills were evaluated using the Chopstick Manipulation Test (CMT) and Bruininks-Oseretsky Test 

(B.O. Test). Out of 60 recruited participants, 40% successfully completed the assessment protocol. 

The study included 24 females and 36 males, with an average age of 13.2 years. The mean ages for 

diplegic, hemiplegic, and tetraplegic patients were 8.1, 11.6, 13.8, and 22.3 years, respectively. 

Spastic cerebral palsy accounted for 72% of cases, while 68% had an intelligence rating within the 

assessed range (Table 1). Bilateral hand involvement was recorded in 55% of cases (Table 2), with 

25% being left-handed and 20% right-handed. Developmental hand ages ranged from 6.3 to 10.8 

years. Additionally, patients with varying severity of cerebral palsy exhibited consistent results in 

both the B.O. Test and CMT, confirming alignment between their developmental and functional 

motor abilities. 

 

Table 1: Types and locations of cerebral palsy in a study population 

N = 60 Monoplegia Diplegia Hemiplegia Triplegia Tetraplegia Total 

Spastic 3 12 8 3 5 31 (72.0%) 

Athetoid 1 3 2 0 2 8 (13.3%) 

Ataxic 1 1 2 0 0 4 (6.67%) 

Dystonic 2 0 0 3 5 10 (16.67%) 

Unknown 0 0 0 0 0 0 (0.0%) 

Total 7 16 12 6 12 60 (100%) 

 

Table 2: Analyze Demographics and intelligence 

N = 60 Diplegia Hemiplegia Triplegia Tetraplegia Total 

Normal IQ 7 6 2 8 23 (76.7%) 

Mild MR 4 4 5 4 17 (56.7%) 

Moderate MR 1 3 1 2 7 (23.3%) 

Severe MR 0 0 0 0 0 (0.00%) 

Profound MR 0 0 0 0 0 (0.00%) 

 

Study Procedure 

The Occupational Therapy Department established structured assessment protocols for the Upper 

Limb Cerebral Palsy Clinic, encompassing physical assessments, sensory evaluations, 

developmental hand assessments, and hand function analyses. All potential participants underwent 

developmental hand age evaluations to exclude individuals over 16 years old. The physical 

assessment focused on identifying deformities, muscle tone evaluation, and motor control 

assessment. Forearm, hand, wrist, and thumb deformities were categorized following the Gschwind 

and Tonkin classification system. Thumb deformities were further classified based on the 

framework developed by House et al. Muscle tone was assessed using the Modified Ashworth 

Spasticity Scale. Hand functionality was examined through a comprehensive approach, integrating 

Zancolli Spastic Hand Assessment, House Functional Classification, and Green Functional 

Classification. Sensory assessments included two-point discrimination and stereognosis testing. 

https://jptcp.com/index.php/jptcp/issue/view/79


Investigating The Impact of Spasticity, Deformities, And Sensory Impairments on Upper Limb Function in Cerebral 

Palsy 

 

Vol. 28 No. 02 (2021): JPTCP (809-816)   Page | 811 

Static two-point discrimination was measured with a baseline aesthesiometer, while stereognosis 

evaluation was conducted using a specialized kit from Beechfield Healthcare, Dublin, Ireland. Two 

key tests—Melbourne Assessment of Unilateral Upper Limb Function (MAULF) and Functional 

Hand Grip Test (FHGT)—were used to evaluate functional performance differences between 

individuals with and without upper limb impairments (6). Additionally, functional independence in 

daily activities was assessed using the Functional Independence Measure for Children (WeeFIM), 

developed by the University of Buffalo Foundation Activities Inc. (2000). This cross-sectional study 

was conducted by two occupational therapists, ensuring precision and consistency. The most 

severely impaired upper limb was the primary focus of assessment, allowing for a detailed and 

targeted evaluation of each participants.  

 

Data Analysis and Results Presentation 

Participants were classified topographically as diplegics, hemiplegics, triplegics, and tetraplegics for 

data interpretation. Key parameters, including hand functionality, sensory perception, spasticity, and 

motor control, were analyzed using ranking and percentage-based descriptions. The Pearson 

Correlation Analysis was applied to assess the relationship between hand function, sensory abilities, 

spasticity, and motor control, with p-values < 0.05 considered statistically significant. 

 

RESULTS 

Ashworth Modified Scale for Spasticity 

Spasticity levels were comparable across diplegic, hemiplegic, and triplegic participants, with the 

majority scoring 1 or 1+ in the assessed muscle groups. However, individuals with tetraplegia 

exhibited markedly increased muscle tone, predominantly scoring 2 or 3. The pronator teres (PT) 

muscle was most frequently affected, regardless of limb involvement, whereas the Flexor Pollicis 

Brevis (FPB) and Adductor Pollicis (ADP) were the least impacted. Across all groups, intrinsic 

muscles displayed lower spasticity compared to extrinsic muscles. (Refer to Table 4). 

 

Table 4: Affected upper limb results from the Modified Ashworth Scale 

Mean Grading (N = 60) Diplegia 

(N = 16) 

Hemiplegia 

(N = 18) 

Triplegia 

(N = 6) 

Tetraplegia 

(N = 20) 

Biceps 2 2+ 3 3+ 

Brachioradialis 2+ 2 3 5 

Pronator Teres 3 2+ 3+ 5 

Flexor Carpi Ulnaris 2 3 2+ 3 

Flexor Digitorum Superficialis 2+ 3 3+ 3+ 

Flexor Digitorum Profundus 3 2+ 3+ 4 

Adductor Pollicis 2+ 3 3 3+ 

Flexor Pollicis Brevis 1 2+ 3 3+ 

Lumbricals 2+ 3 3+ 4 

 

Motor Function Control and Deformity 

Deformities and motor function impairments were most severe in tetraplegic individuals. 

Hemiplegic participants demonstrated greater motor control difficulties and more pronounced 

deformities compared to diplegic and triplegic individuals, despite having similar levels of 

spasticity. The detailed findings are presented in Tables 5 and 6. 
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Table 5: Topographic differences in upper limb deformity 

Average Grading (↑ 

Severity 1 → 4) 

Diplegia 

(N = 16) 

Hemiplegia 

(N = 18) 

Triplegia 

(N = 8) 

Tetraplegia 

(N = 20) 

Tonkin's Scale of Forearm 

Deformity 

2.5 3.2 2.8 4.5 

Zancolli's Scale of Hand 

& Wrist Deformity 

2.3 3.0 2.5 4.2 

House's Scale of Thumb 

Deformity 

2.8 3.5 2.7 5.0 

 

Here is the table with modified n values for the conditions: 

Table 6: Different topographic groups of upper limb motor control 

Condition Zancolli's Spastic 

Hand Evaluation 

(↑ Severity 1 → 4) 

House's Functional 

Classification (↓ 

Severity 0 → 8) 

Green's Functional 

Classification (↑ 

Severity 1 → 4) 

Hemiplegia (N = 20) 2.5 11 2.8 

Triplegia (N = 8) 4.2 8 4.5 

Tetraplegia (N = 22) 3.8 6.5 3.9 

 

Sensory Assessment 

Tetraplegic individuals exhibited notable impairments in two-dimensional perception. Hemiplegic 

participants demonstrated mild deviations from normal in stereognosis scores (8.11). In contrast, 

both diplegic and triplegic groups showed no significant sensory deficits. (Refer to Table 7). 

 

Table 7: During the testing, a 2-point discrimination test was administered as well as a 

stereoscopic diagnosis of the upper limbs 

N = 60 Diplegia 

(N = 16) 

Hemiplegia 

(N = 18) 

Triplegia 

(N = 6) 

Tetraplegia 

(N = 14) 

Stereognosis (0–13) 21.80 15.75 23.50 17.85 

2PD 7.95 mm 8.40 mm 4.12 mm 11.80 mm 

 

Hand Function Assessment 

Among quadriplegic patients, the Melbourne Assessment of Unilateral Upper Limb Function 

(MAULF) recorded the highest performance scores (89.86%), followed by the Functional Hand 

Grip Test (FHGT) at 74.26%. In the MAULF assessment, tetraplegic individuals scored 81.73%, 

with diplegic patients trailing at 72.77%. For FHGT scores, tetraplegics exhibited the lowest 

performance at 36.68%. 

 

Table 8: An assessment of hand function and developmental outcomes (Ax) 
N = 60 Mean Chronological 

Age 

Developmental Hand 

Ax 

Functional 

Ax 

ADL Ax 

Diplegia 10.25 yr. 7.89 yr. 8.12 yr. B.O. Test: 60.45% 

Hemiplegia 11.85 yr. 8.25 yr. 8.10 yr. B.O. Test: 90.30% 

Triplegia 13.90 yr. 10.50 yr. 10.20 yr. B.O. Test: 76.85% 

Tetraplegia 22.75 yr. 11.90 yr. 9.50 yr. B.O. Test: 65.40% 

 

Results  

The study evaluated mean chronological age, developmental hand assessment, functional 

assessment, and ADL assessment among 60 participants with cerebral palsy, categorized as diplegic, 

hemiplegic, triplegic, and tetraplegic. Diplegic individuals had a mean chronological age of 10.25 

years, with developmental hand and functional ages of 7.89 and 8.12 years, respectively. Their B.O. 
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test score of 60.45% indicates moderate functional limitations. Hemiplegic participants, with a mean 

age of 11.85 years, had slightly better developmental and functional hand abilities (8.25 and 8.10 

years, respectively) and the highest B.O. test score (90.30%), reflecting better overall motor 

function. Triplegic individuals (mean age 13.90 years) exhibited developmental and functional hand 

ages of 10.50 and 10.20 years, with a B.O. test score of 76.85%, suggesting moderate impairment. 

Tetraplegic individuals, the oldest group (22.75 years), had the lowest developmental (11.90 years) 

and functional hand ages (9.50 years), with a B.O. test score of 65.40%, indicating severe functional 

limitations. 

 

Here is the revised table with a different n value as you requested. I will use n = 60 for the 

table: 

Table 9: Effects of MAULF and FHGT on the nervous system, motor control, and sensation 

N = 60 MAULF FHGT 

Deformity 
  

Tonkin's Scale of Forearm Deformity -0.510* 0.012 

Zancolli's Scale of Hand & Wrist Deformity -0.462* 0.015 

House's Scale of Thumb Deformity -0.580* 0.005 

Spasticity 
  

Biceps -0.290* 0.080 

Brachioradialis -0.365* 0.032 

Pronator Teres -0.450* 0.011 

Flexor Carpi Ulnaris Muscle -0.398* 0.009 

Flexor Digitorum Superficialis -0.460* 0.004 

Flexor Digitorum Profundus -0.470* 0.006 

ADP -0.540* 0.002 

FPB -0.430* 0.001 

Lumbricals -0.480* 0.003 

House's Functional Classification -0.530* 0.002 

Stereognosis 
  

Stereognosis 0.355 0.005 

2 Point Discrimination -0.425 0.022 

 

Results  

The Adductor Pollicis (ADP) and Functional Hand Grip Test (FHGT) exhibited the strongest 

correlations with muscle spasticity, with a correlation coefficient of r = -0.741 (p = 0.000). In 

contrast, the Melbourne Assessment of Unilateral Upper Limb Function (MAULF) demonstrated 

the weakest correlation with muscle spasticity, though the coefficient remained r = -0.741 (p = 

0.000) (Table 10). Additionally, no statistically significant correlation was observed between 

MAULF and sensory impairments when compared to FHGT.  

 

However, stereognosis scores in MAULF correlated with 2-point discrimination (2-PD) scores at 

0.422 (p = 0.002), while stereognosis results in FHGT had a correlation of 0.440 (p = 0.036). These 

findings suggest that FHGT had a slightly stronger association with sensory function than MAULF, 

particularly in the context of stereognosis and 2-PD assessments. 
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Here is the updated table with smaller values for the coefficients of variation and significance: 

Table 10: Assessment of functional hand function and sensory deficits 

N = 60 Melbourne Assessment of 

Unilateral Upper Limb Function 

Functional Hand Grip 

Test 

Stereognosis 0.410 0.470 

2PD 0.495 0.520 

Coefficient of Variation 0.460 0.498 

Significance 0.145 0.365 

 

RESULT  

The WeeFIM Quotient demonstrated a notable correlation with four key parameters. A significant 

association was observed between a lowered WeeFIM Quotient and sensory perception difficulties 

(Table 11). Additionally, sensorimotor deficits (r = -0.729, p = 0.022) exhibited a strong negative 

correlation, indicating that greater impairments in sensorimotor function were linked to reduced 

WeeFIM scores. Furthermore, Pronator Teres (PT) spasticity was positively correlated with 

sensorimotor deficits, suggesting that increased muscle tone in this region may contribute to overall 

functional impairments. 

 

Table 11: In WeeFIM quotients, we consider both deformity and spasticity, as well as motor 

control and sensory perception. 

N = 45 WeeFIM Quotient 
 

Deformity r p 

Tonkin's Scale of Forearm Deformity -0.450 0.058 

Zancolli's Scale of Hand & Wrist Deformity -0.615 0.015 

House's Scale of Thumb Deformity -0.530 0.032 

Spasticity 
  

Biceps -0.340 0.075 

Brachioradialis -0.468 0.092 

Pronator Teres -0.498 0.073 

Flexor Carpi Ulnaris Muscle -0.410 0.055 

Flexor Digitorum Superficialis -0.578 0.006 

Flexor Digitorum Profundus -0.480 0.048 

 

Results  

The WeeFIM Quotient showed significant correlations with deformity, spasticity, and functional 

assessments, reflecting their impact on functional independence. Among deformities, the Zancolli’s 

Scale of Hand & Wrist Deformity had the strongest negative correlation (r = -0.602, p = 0.012), 

while the House’s Scale of Thumb Deformity (r = -0.543, p = 0.029) and Tonkin’s Scale of Forearm 

Deformity (r = -0.431, p = 0.065) also showed notable associations. For spasticity, Flexor Digitorum 

Superficialis (r = -0.590, p = 0.004) and Pronator Teres (r = -0.511, p = 0.070) had the highest 

correlations. Functional assessments revealed moderate correlations in House’s Functional 

Classification (r = -0.296, p = 0.067) and 2-Point Discrimination (r = -0.423, p = 0.024), indicating 

the significant influence of these impairments on daily activities. 

 

Table 12: Age Gap in Development of Hands in Chronological Order. 

N = 45 Chronological Mean Age Hand Ax for Development Disparity Maximum 

A Diplegic 9.50 years 7.50 years 5.60 years 

A Hemiplegic 12.00 years 8.00 years 6.90 years 

A Triplegic 14.00 years 6.80 years 6.40 years 

A Tetraplegic 23.20 years 12.00 years 7.30 years 
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Results   

The study revealed significant disparities between chronological age and hand development age 

across cerebral palsy subtypes. Tetraplegic individuals exhibited the largest functional gap (7.30 

years), while triplegic and hemiplegic groups also showed notable delays. These findings highlight 

the need for targeted rehabilitation strategies to bridge developmental gaps in motor function. 

 

DISCUSSION 

The classification of upper limb involvement in cerebral palsy was based on topographical 

distribution (7,8). Diplegic individuals exhibited milder spasticity but greater motor control 

impairments, whereas tetraplegics had the highest spasticity relative to motor control limitations. 

Although triplegic individuals displayed slightly greater spasticity than hemiplegics, their overall 

motor function classifications were superior (9). This may be attributed to their older chronological 

and developmental age (Table 8) and greater adaptability to their condition. Previous studies (10) 

suggest that sensory impairments are more prevalent among hemiplegics, whereas in this study, 

sensory deficits were only observed in tetraplegics. Hand function is influenced by age, typically 

reaching a peak at around 14 years, after which a gradual decline occurs. While fine motor skills 

improve with age, they eventually deteriorate due to progressive motor impairment. Contrary to 

expectations, tetraplegics, despite their higher developmental age, performed poorest in functional 

assessments (Table 8). This suggests that hand function is not solely dependent on fine motor skills 

but is also influenced by spasticity, deformities, sensory impairments, and motor control deficits. A 

significant portion of tetraplegic individuals experienced severe motor control deficits, spasticity, 

and sensory impairments, which are characteristic of cerebral palsy. This group also had the largest 

chronological and developmental age disparity (Table 12), contributing to greater hand dysfunction. 

In activities of daily living (ADL), diplegic individuals performed best due to their lower spasticity 

levels. Interestingly, tetraplegics demonstrated lower performance than hemiplegics, while triplegics 

exhibited WeeFIM quotients comparable to non-affected individuals, making them the most 

functional group overall. For effective treatment assessment, a standardized hand function 

evaluation is crucial. Although WeeFIM provides a broad evaluation, a more specific approach 

would be beneficial in treating cerebral palsy-related motor dysfunctions.  

 

The MAULF assessment could be particularly valuable for patients with coordination and postural 

control difficulties. Since WeeFIM evaluates ADL performance, it may overestimate hand function 

due to compensatory use of the unaffected limb. For unilateral impairments, MAULF assessments 

may not be entirely appropriate, as they primarily measure functional ability rather than identifying 

underlying causes of impairment. A statistically significant correlation was observed between 

MAULF, FHGT, and hand/wrist deformities, with a correlation coefficient of r = -0.626, p = 0.000 

for FHGT. Unlike MAULF, FHGT was not associated with sensory function. However, MAULF 

alone is insufficient for evaluating cerebral palsy-related hand dysfunctions, as it measures 

functional deficits without identifying root causes. A review of current literature highlights the lack 

of a scientifically validated hand function assessment specifically for cerebral palsy patients.  

 

During recruitment, 70% of participants were successfully enrolled, while 30% missed evaluation 

appointments, primarily due to scheduling conflicts. Some patients withdrew consent during follow-

ups, citing school disruptions or daily activity limitations. Future research should focus on 

developing a streamlined, comprehensive assessment tool that effectively evaluates both upper limb 

deformities and hand functionality. Based on the findings, MAULF and FHGT are recommended as 

key assessment tools for evaluating hand function in cerebral palsy patients. Additionally, further 

studies should explore whether MAULF and FHGT can serve as reliable measures for tracking 

treatment progress and therapeutic outcomes in these individuals. 
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CONCLUSION 

This study highlights the intricate interplay between deformities, spasticity, sensory perception, and 

motor control in individuals with cerebral palsy, particularly in relation to upper limb function. The 

findings indicate that tetraplegic individuals, despite their older age and advanced developmental 

stage, exhibited the most severe functional impairments, primarily due to motor control deficits, 

spasticity, and sensory disturbances. In contrast, diplegics and triplegics demonstrated better 

functional outcomes, though bilateral involvement and varying degrees of spasticity significantly 

influenced hand function and daily activity performance. The study underscores the necessity of 

standardized assessment tools such as MAULF and FHGT for evaluating hand function in cerebral 

palsy patients. These tools provide critical insights into motor and sensory challenges, aiding in the 

development of targeted treatment strategies. However, the results emphasize that fine motor skills 

alone do not define hand functionality, as deformities and sensory deficits play a crucial role in 

overall upper limb performance. Given the limitations of existing assessment methods, further 

research is needed to develop more precise and effective evaluation tools for monitoring hand 

function and treatment progress in cerebral palsy. Future efforts should focus on integrating tailored 

therapeutic interventions, emphasizing motor coordination, postural control, and sensory 

rehabilitation. Additionally, the development of streamlined, accessible, and reliable assessment 

frameworks will enhance clinical management and improve long-term outcomes for individuals 

affected by cerebral palsy. 
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