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Abstract 

Cerebral palsy is a leading cause of chronic motor disability in childhood and is characterized by persistent neurological 

impairments resulting from early brain injury. Despite the stability of the primary lesion, the neurological manifestations 

of cerebral palsy are highly heterogeneous and vary according to clinical form and dominant neurological syndrome [1, 

2]. This study examines neurological characteristics in children with different forms of cerebral palsy, focusing on 

pyramidal, extrapyramidal, and cerebellar dysfunctions and their association with functional limitations [3]. A cohort of 

150 children aged 6–16 years was analyzed, allowing identification of form-specific neurological patterns and their impact 

on motor performance and adaptive abilities [4]. The findings provide a neurological basis for differentiated 

neurorehabilitation and support the use of targeted therapeutic strategies to improve functional outcomes in children with 

cerebral palsy. 
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1. Introduction 

Cerebral palsy (CP) is a group of non-progressive 

neurological disorders resulting from early damage to the 

developing brain and remains one of the most common 

causes of persistent motor disability in childhood. 

According to epidemiological data, the prevalence of 

cerebral palsy ranges from 2 to 3 per 1,000 live births, 

with stable rates observed despite advances in perinatal 

medicine [1]. The disorder is traditionally defined by 

impairments of movement and posture; however, 

contemporary neurological research emphasizes its 

complex and multisystem nature [2]. 

The clinical heterogeneity of cerebral palsy reflects the 

diversity of underlying neuropathological mechanisms. 

Lesions affecting cortical, subcortical, pyramidal, 

extrapyramidal, and cerebellar structures lead to distinct 
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neurological syndromes that determine motor phenotype, 

severity of functional impairment, and rehabilitation 

potential [3]. Spastic, dyskinetic, and ataxic forms of 

cerebral palsy differ not only in motor presentation but 

also in dominant neurological dysfunctions, which are 

often insufficiently differentiated in routine clinical 

practice. 

In childhood, ongoing brain maturation and neuroplastic 

processes interact with fixed structural damage, resulting 

in dynamic changes in neurological manifestations. As a 

consequence, neurological characteristics in children 

with cerebral palsy may evolve over time and influence 

the development of motor skills, postural control, 

coordination, and adaptive behavior [4]. A detailed 

neurological assessment is therefore essential for 

accurate clinical characterization and prognosis. 

Despite the recognized importance of neurological 

profiling, rehabilitation programs for children with 

cerebral palsy frequently focus on generalized motor 

training without adequate consideration of dominant 

neurological syndromes. This approach may limit 

therapeutic effectiveness and fail to address specific 

neurofunctional deficits [5]. Identification of form-

specific neurological characteristics could provide a 

scientific basis for targeted neurorehabilitation and 

individualized therapeutic strategies. 

In this context, the present study aims to analyze 

neurological characteristics in children with different 

clinical forms of cerebral palsy and to evaluate their 

clinical significance for the development of 

differentiated neurorehabilitation approaches. 

Purpose of the Study 

To evaluate neurological characteristics in children with 

different forms of cerebral palsy and to determine their 

clinical significance for targeted neurorehabilitation. 

2. Methods 

Study Design and Participants 

A cross-sectional clinical study was conducted involving 

150 children aged 6–16 years with a confirmed diagnosis 

of cerebral palsy. Participants were recruited from 

specialized pediatric neurology and rehabilitation 

centers. The diagnosis of cerebral palsy was established 

based on clinical history, neurological examination, and 

neuroimaging data, in accordance with international 

diagnostic criteria. 

Children with progressive neurological diseases, severe 

uncontrolled epilepsy, genetic syndromes unrelated to 

cerebral palsy, or severe sensory impairments limiting 

neurological assessment were excluded from the study. 

Clinical Classification 

Patients were classified according to the dominant 

clinical form of cerebral palsy: Spastic diplegia (n = 62); 

Spastic hemiplegia (n = 41); Dyskinetic form (n=27); 

Ataxic form (n = 20). 

Classification was based on prevailing motor phenotype 

and neurological signs identified during clinical 

examination. 

Neurological Assessment 

All participants underwent a comprehensive 

neurological examination performed by pediatric 

neurologists. The assessment focused on identifying 

dominant neurological syndromes and included 

evaluation of: Muscle tone distribution and severity of 

spasticity; Tendon reflex activity and presence of 

pathological reflexes; Voluntary motor control and 

selective movement ability; Coordination, balance, and 

gait patterns; Presence and severity of involuntary 

movements; 

Postural stability and axial control. 

Neurological findings were grouped into pyramidal, 

extrapyramidal, and cerebellar dysfunctions based on 

dominant clinical features. 

Functional Assessment 

Motor and functional abilities were evaluated using 

standardized clinical scales appropriate for pediatric 

populations. Particular attention was given to the level of 

motor independence, postural control, and the ability to 

perform age-appropriate daily activities. 

Neurorehabilitation Intervention 

A subgroup of children participated in a targeted 

neurorehabilitation program designed according to the 

dominant neurological syndrome. The program included 

syndrome-oriented motor training, balance and 

coordination exercises, and task-specific functional 

activities. Rehabilitation was carried out over a period of 

six months with regular clinical supervision. 

Statistical Analysis 
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Statistical analysis was performed using descriptive and 

comparative methods. Quantitative data were presented 

as mean values with standard deviations. Group 

differences were analyzed using appropriate parametric 

and non-parametric tests. Statistical significance was 

defined as p<0.05. 

3. Results 

Neurological Characteristics of the Study Population 

Neurological examination revealed marked 

heterogeneity of clinical manifestations among children 

with cerebral palsy. The structure and severity of 

neurological deficits varied depending on the clinical 

form and dominant neurological syndrome. 

Pyramidal dysfunction was identified as the leading 

neurological syndrome in children with spastic forms of 

cerebral palsy. These patients demonstrated increased 

muscle tone with a characteristic distribution pattern, 

hyperreflexia, and the presence of pathological reflexes. 

Impaired selective motor control and reduced 

dissociation of movements were consistently observed, 

particularly during complex motor tasks. 

In children with spastic diplegia, neurological deficits 

were predominantly symmetrical and mainly involved 

the lower extremities. Spastic hemiplegia was 

characterized by unilateral pyramidal insufficiency with 

asymmetry of posture, muscle tone, and voluntary motor 

activity. Upper limb involvement in this group was 

associated with limitations in fine motor skills and 

functional hand use. 

Extrapyramidal and Cerebellar Syndromes 

Children with the dyskinetic form of cerebral palsy 

exhibited dominant extrapyramidal dysfunction. 

Neurological examination revealed involuntary 

movements of varying intensity, fluctuating muscle tone, 

and impaired motor stability. Voluntary movements were 

often disrupted by dystonic or choreoathetoid activity, 

resulting in reduced movement precision and postural 

control. 

In the ataxic form of cerebral palsy, cerebellar 

insufficiency was the leading neurological feature. These 

children demonstrated impaired coordination, postural 

instability, and disturbances of balance and gait. 

Hypotonia and delayed motor responses were frequently 

observed, contributing to difficulties in maintaining 

stable posture and performing coordinated movements. 

 

Figure 1 
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Figure 1 illustrates the distribution of clinical forms of 

cerebral palsy in the examined cohort. Spastic forms 

predominate, accounting for the majority of cases, which 

indicates a high prevalence of pyramidal dysfunction in 

the studied population. Dyskinetic forms are observed 

less frequently and reflect the contribution of 

extrapyramidal involvement, whereas ataxic forms 

represent the smallest proportion and are associated with 

cerebellar dysfunction. This distribution highlights the 

neurological heterogeneity of cerebral palsy and supports 

the need for differentiated diagnostic and 

neurorehabilitation approaches. 

Functional Correlates of Neurological Syndromes 

Analysis of functional outcomes demonstrated a close 

association between the dominant neurological 

syndrome and the level of motor independence. Children 

with isolated pyramidal dysfunction showed relatively 

preserved gross motor abilities but had limitations in fine 

motor coordination and endurance. In contrast, combined 

neurological syndromes were associated with more 

pronounced functional restrictions. 

Extrapyramidal and cerebellar dysfunctions were linked 

to reduced postural stability, impaired gait control, and 

decreased adaptability to daily motor activities. Children 

with mixed neurological features demonstrated the 

lowest levels of functional independence. 

Effect of Targeted Neurorehabilitation 

Following six months of targeted neurorehabilitation, 

children receiving syndrome-oriented interventions 

demonstrated significant clinical improvement. 

Improvements included enhanced postural control, better 

coordination of voluntary movements, and partial 

reduction of pathological motor patterns. 

The most pronounced positive changes were observed in 

children whose rehabilitation programs were specifically 

adapted to the dominant neurological syndrome. These 

children showed improved motor performance and 

increased ability to perform age-appropriate functional 

tasks. 

4. Discussion 

The present study demonstrates that neurological 

characteristics in children with cerebral palsy are 

strongly dependent on the clinical form of the disorder 

and reflect the involvement of distinct neural systems. 

The predominance of spastic forms observed in the 

examined cohort is consistent with previous reports 

indicating that pyramidal tract damage represents the 

most common neuropathological substrate of cerebral 

palsy [1, 2]. 

The high prevalence of pyramidal dysfunction explains 

the dominance of increased muscle tone, hyperreflexia, 

and impaired selective motor control identified during 

neurological examination. These features significantly 

affect motor performance and limit the development of 

coordinated voluntary movements, particularly during 

complex motor tasks. Similar findings have been 

described in neuroimaging and clinical studies 

emphasizing the role of corticospinal pathway injury in 

spastic cerebral palsy [3]. 

In contrast, dyskinetic forms were characterized by 

extrapyramidal dysfunction, manifested by involuntary 

movements and fluctuating muscle tone. These 

neurological features are typically associated with 

lesions of the basal ganglia and related subcortical 

structures, leading to impaired motor stability and 

reduced functional adaptability [4]. Although less 

frequent, dyskinetic forms pose substantial challenges 

for rehabilitation due to the variability and 

unpredictability of motor output. 

Ataxic forms represented the smallest proportion of cases 

and were associated with cerebellar insufficiency, 

impaired coordination, and postural instability. Previous 

studies have highlighted that cerebellar involvement in 

cerebral palsy, although relatively rare, has a pronounced 

impact on balance control and motor timing, which 

significantly limits functional independence [5]. 

The distribution of clinical forms illustrated in Figure 1 

underscores the neurological heterogeneity of cerebral 

palsy and confirms that a uniform rehabilitation approach 

may be insufficient. The observed improvements 

following targeted neurorehabilitation support the 

concept that rehabilitation strategies should be based on 

dominant neurological syndromes rather than solely on 

motor severity. This syndrome-oriented approach allows 

for more precise therapeutic interventions and improved 

functional outcomes [6]. 

5. Conclusion 

Neurological characteristics in children with cerebral 

palsy are heterogeneous and closely related to the clinical 

form and dominant neurological syndrome. Spastic 

forms are primarily associated with pyramidal 
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dysfunction, dyskinetic forms with extrapyramidal 

disturbances, and ataxic forms with cerebellar 

impairment. The distribution of these forms reflects 

underlying neuropathological mechanisms and 

determines functional limitations. Comprehensive 

neurological profiling provides a rational basis for 

targeted neurorehabilitation and contributes to improved 

motor performance and adaptive functioning in children 

with cerebral palsy. 
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