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 ABSTRACT 

 Background: Hydrocephalus is a neurological condition characterized by abnormal 

accumulation of cerebrospinal fluid within the brain ventricles, leading to elevated 

intracranial pressure and potential motor and cognitive deficits. Although 

ventriculoperitoneal shunting remains the standard treatment, its effect on fine motor 

function especially in children with acquired hydrocephalus remains unclear. 

Understanding these outcomes is critical for guiding rehabilitation and long-term care. 

Objective: To evaluate fine motor skills in children with acquired hydrocephalus after 

shunting and to examine the association between impairment and demographic or 

clinical factors. Methods: This observational cross-sectional study was conducted from 

March 2023 to March 2024 at the Children’s Hospital and the Institute of Child Health, 

Lahore. Thirty-five children aged 4–14 years with acquired hydrocephalus post-shunting 

were assessed using the Bimanual Fine Motor Classification System (BMFCS), Manual 

Ability Classification System (MACS), and Nine-Hole Peg Test. Demographic and 

clinical variables were recorded. Associations between fine motor impairment and patient 

factors were analyzed using Chi-square tests, with p < 0.05 considered significant. 

Results: Fine motor impairment was identified in 6 children (17.1%), while 29 (82.9%) 

showed no impairment. Most participants scored at Level 1 or 2 on both BMFCS (85.8%) 

and MACS (82.9%), and 82.9% performed the pegboard test easily. No statistically 

significant associations were found between impairment and age (p = 0.724), etiology (p 

= 0.672), cause (p = 0.615), timing of first shunt (p = 0.925), shunt revision (p = 0.373), 

or adjuvant therapy (p = 0.578). Conclusion: The majority of children with acquired 

hydrocephalus maintain good fine motor function after shunting, independent of 

demographic or procedural factors. Routine fine motor assessment and targeted 

occupational therapy should be incorporated into post-shunt care to optimize functional 

outcomes. 
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INTRODUCTION 

Hydrocephalus is defined as the pathological accumulation of cerebrospinal fluid (CSF) within the cerebral ventricles, resulting from either 

obstruction of CSF flow, impaired absorption, or, less commonly, excessive production (1). It is a clinically significant condition that can lead to 

increased intracranial pressure, structural brain changes, and neurological deficits if untreated (2). Hydrocephalus can be broadly classified as 

congenital or acquired, and into communicating, non-communicating (obstructive), and hypersecretory forms based on pathophysiology (3). While 

congenital hydrocephalus is often associated with developmental anomalies such as aqueductal stenosis and Chiari malformation, acquired 

hydrocephalus typically results from post-infective sequelae, traumatic injury, tumors, or hemorrhage (4). 

The global prevalence of hydrocephalus is approximately 85 per 100,000 individuals, with the highest rates in infancy and in older adults due to 

normal pressure hydrocephalus (5). In pediatric populations, acquired hydrocephalus remains a major cause of long-term disability, frequently 

requiring surgical intervention via CSF diversion procedures such as ventriculoperitoneal (VP) shunting (6). Although shunting effectively reduces 

intracranial pressure and prevents further neurological deterioration, its impact on functional outcomes, particularly fine motor skills, is not yet 

fully understood (7). 

Fine motor skills defined as the coordinated use of small muscles in the hands and fingers for precise tasks are critical for self-care, academic 

performance, and social participation (8). In children with hydrocephalus, deficits in fine motor control have been attributed to cerebellar 

involvement, pyramidal system disruption, and corpus callosum stretching, in addition to associated visual-perceptual impairments (9,10). These 

deficits manifest in tasks such as handwriting, drawing, cutting, and object manipulation, often persisting despite shunt placement (11). While 

some studies suggest that shunting improves fine motor outcomes (12,13), others report variable or unclear results (14,15), underscoring the need 

for targeted investigation in specific patient subgroups. 

Most existing research has focused on congenital hydrocephalus or on gross motor development, with relatively little emphasis on fine motor 

function in children with acquired hydrocephalus post-shunting (16). Moreover, methodological heterogeneity, differences in timing of 

assessments, and limited use of standardized motor classification systems hinder direct comparison of results across studies (17). This lack of 

clarity poses challenges for designing optimal rehabilitation strategies, resource allocation, and caregiver counseling. 

https://linkjsla.com/index.php/jsla
https://lmi.education/
https://linkjsla.com/index.php/jsla/article/view/29
https://creativecommons.org/licenses/by/4.0/deed.en


Rana et al. 

 
  

 

 

LJSLA • Vol. 3(2) December 2025 • CC BY 4.0 • Open Access • lmi.education 

 
 

Given these gaps, the present study aims to evaluate fine motor skills in children with acquired hydrocephalus following shunting, using validated 

measures including the Bimanual Fine Motor Classification System (BMFCS), Manual Ability Classification System (MACS), and the Nine-Hole 

Peg Test. The hypothesis is that shunting has a measurable effect on fine motor performance in this population, and that functional outcomes may 

vary according to clinical and demographic factors. 

MATERIALS AND METHODS 
This observational cross-sectional study was conducted to assess fine motor skills in children with acquired hydrocephalus following 

ventriculoperitoneal (VP) shunting. The research was carried out in the Department of Neurology and Neurosurgery at the Children’s Hospital and 

the Institute of Child Health, Lahore, between March 2023 and March 2024. The study setting was selected due to its status as a tertiary pediatric 

neurosurgical centre, ensuring access to an adequate patient population for the defined inclusion criteria.  

Participants were recruited through purposive sampling from the outpatient and inpatient services of the department. Inclusion criteria were: (a) 

diagnosis of acquired hydrocephalus confirmed by clinical evaluation and neuroimaging, (b) history of VP shunting, (c) age between 4 and 14 

years, and (d) ability to follow simple verbal instructions. Both male and female participants were eligible. Exclusion criteria included: congenital 

hydrocephalus, pre-existing motor impairments unrelated to hydrocephalus, cognitive impairments precluding participation in fine motor 

assessments, complicated hydrocephalus with persistent intracranial hypertension, and other neurological disorders that could confound fine motor 

outcomes. 

All participants, or their legal guardians, provided informed consent prior to inclusion in the study. Ethical approval was obtained from the 

institutional ethics review board of the Children’s Hospital and the Institute of Child Health, Lahore, and the study adhered to the principles of the 

Declaration of Helsinki (18). Data were collected through standardized, validated assessment tools administered in a quiet, well-lit environment 

to minimize distraction. Fine motor performance was evaluated using three instruments: Bimanual Fine Motor Classification System (BMFCS) – 

a five-level ordinal scale grading the ability to use both hands in daily activities, with Level I representing the highest functional capacity and 

Level V the lowest (19). Manual Ability Classification System (MACS) – a five-level classification describing how children with neurological 

conditions handle objects in daily activities, with Level I indicating minimal limitation (20). 

Nine-Hole Peg Test (9HPT) – a timed test measuring finger dexterity, in which participants place and remove nine pegs into holes on a board as 

quickly as possible. The test was performed separately for each hand, and results were recorded in seconds to completion (21). 

Demographic and clinical variables recorded included age at assessment, sex, etiology of hydrocephalus, cause of onset (post-infective, injury, 

secondary), age at first shunt placement, and history of shunt revision. Adjuvant rehabilitation care (physical therapy, occupational therapy, or 

both) was also documented. Operational definitions were standardized before data collection to ensure measurement consistency across 

participants. To minimize bias, all assessments were performed by trained occupational therapists blinded to the study hypothesis. Potential 

confounders, such as age at shunting and presence of adjuvant therapy, were accounted for in the statistical analysis plan. Data entry and cleaning 

were performed using double-entry verification to ensure integrity. The sample size (n = 35) was calculated using the formula n = Z²P(1–P)/d², 

with Z = 1.96 for a 95% confidence interval, estimated prevalence (P) of 0.00090, and precision (d) of 0.01, yielding a minimum required sample 

size of 35 participants. Statistical analysis was performed using SPSS version 22. Descriptive statistics were calculated for all variables, including 

means and standard deviations for continuous data, and frequencies and percentages for categorical data. The Chi-square test was applied to 

evaluate associations between categorical variables and fine motor impairment status, with a significance threshold set at p < 0.05. Subgroup 

analyses were conducted to examine potential effects of age, etiology, timing of shunt placement, shunt revision, and adjuvant care. Missing data 

were minimal (<5%) and handled through complete case analysis. 

RESULTS 
A total of 35 children with acquired hydrocephalus post-shunting were assessed. The sample comprised 63.9% males and 33.3% females, with 

ages ranging from 4 to 13 years. The most common cause of hydrocephalus was bacterial meningitis (52.8%), followed by traumatic injury 

(27.8%). Post-infective etiology was observed in 66.7% of cases. 

Table 1. Demographic and Clinical Characteristics of the Study Population (n=35) 

Variable Category n (%) 

Sex Male 23 (63.9) 
 Female 12 (33.3) 

Age Groups 4–6 years 17 (48.6) 
 7–9 years 10 (28.6) 
 10–13 years 8 (22.8) 

Cause of Hydrocephalus Bacterial meningitis 19 (52.8) 
 Fall 10 (27.8) 
 Tuberculous meningitis 2 (5.6) 
 Cerebral abscess 3 (8.3) 
 Colloid cyst 1 (2.8) 

Etiology Post-infective 24 (66.7) 
 Injury 10 (27.8) 
 Secondary cause 1 (2.8) 

Shunt Revision Yes 12 (34.3) 
 No 23 (65.7) 

Adjuvant Care None 22 (62.9) 
 Physical therapy only 10 (28.6) 
 Occupational therapy only 1 (2.9) 
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Variable Category n (%) 
 Both therapies 2 (5.7) 

Table 2. Fine Motor Impairment after Shunting and Association with Demographic and Clinical Variables 

Variable Fine Motor Impairment Yes (n=6) Fine Motor Impairment No (n=29) p-value 

Sex Male: 4 (66.7) Male: 19 (65.5) 0.942 
 Female: 2 (33.3) Female: 10 (34.5)  

Age Mean ± SD: 6.7 ± 2.5 Mean ± SD: 6.4 ± 2.4 0.724 

Cause of Hydrocephalus Meningitis: 3 (50.0) 16 (55.2) 0.615 
 Fall: 1 (16.7) 9 (31.0)  

 Others: 2 (33.3) 4 (13.8)  

Etiology Post-infective: 5 (83.3) 19 (65.5) 0.672 
 Injury: 1 (16.7) 9 (31.0)  

 Secondary: 0 (0.0) 1 (3.5)  

First Shunt Age Median: 1.0 years Median: 1.0 years 0.925 

Shunt Revision Yes: 3 (50.0) 9 (31.0) 0.373 
 No: 3 (50.0) 20 (69.0)  

Adjuvant Care Physical therapy: 2 (33.3) 8 (27.6) 0.578 
 Occupational therapy: 0 (0.0) 1 (3.4)  

 Both: 1 (16.7) 1 (3.4)  

 None: 3 (50.0) 19 (65.5)  

Table 3. Functional Classification Scores after Shunting 

Assessment Tool Level n (%) p-value vs. Clinical Factors* 

BMFCS Level 1 15 (42.9) 0.512 (age) 
 Level 2 15 (42.9) 0.302 (cause) 
 Level 3 2 (5.7) 0.328 (etiology) 
 Level 4 3 (8.6) 0.909 (shunt age) 

MACS Level 1 15 (42.9) 0.401 (age) 
 Level 2 14 (40.0) 0.442 (cause) 
 Level 3 2 (5.7) 0.359 (etiology) 
 Level 4 4 (11.4) 0.918 (shunt age) 

Nine-Hole Peg Test Performed easily 29 (82.9) 0.685 (age) 
 Performed with difficulty 6 (17.1) 0.573 (cause) 

*P-values shown correspond to the strongest association among tested clinical factors. Fine motor impairment post-shunting was observed in 

17.1% of participants. The majority (85.8%) scored at Level 1 or 2 on both BMFCS and MACS. Most participants (82.9%) performed the Nine-

Hole Peg Test with ease.  

 

Figure 1 Fine Motor Impairment and High BMFCS Function by Adjuvant Care 

No statistically significant associations were found between fine motor impairment and age (p = 0.724), cause (p = 0.615), etiology (p = 0.672), 

age at first shunt (p = 0.925), shunt revision (p = 0.373), or adjuvant care (p = 0.578). Out of the 35 children assessed, the majority were male 

(63.9%) and within the 4–6 year age range (48.6%), with a mean age of 6.5 years (SD ± 2.4). The most frequent cause of hydrocephalus was 

bacterial meningitis (52.8%), followed by traumatic injury from falls (27.8%). Etiologically, post-infective hydrocephalus accounted for 66.7% of 
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cases, with injury-related cases comprising 27.8%. Shunt revision was required in 34.3% of participants, while 62.9% received no adjuvant therapy 

post-surgery; physical therapy was the most common intervention (28.6%). 

Fine motor impairment following shunting was observed in 6 participants (17.1%), while 29 children (82.9%) exhibited no impairment. Bimanual 

Fine Motor Classification System (BMFCS) scores showed that 42.9% achieved Level 1 and another 42.9% Level 2, indicating high functional 

capacity; only 14.3% were classified at Levels 3 or 4. Manual Ability Classification System (MACS) results were similar, with 42.9% at Level 1 

and 40.0% at Level 2. 

The Nine-Hole Peg Test demonstrated that 82.9% of participants completed the task easily, whereas 17.1% experienced difficulty. Chi-square 

analysis revealed no statistically significant association between fine motor impairment and age (p = 0.724), cause of hydrocephalus (p = 0.615), 

etiology (p = 0.672), age at first shunt placement (p = 0.925), shunt revision (p = 0.373), or receipt of adjuvant therapy (p = 0.578). Similarly, 

functional classification levels (BMFCS, MACS) and pegboard performance showed no significant variation by these factors. These findings 

suggest that the majority of children maintained good fine motor function after shunting, regardless of demographic or clinical characteristics. 

The integrated dual-axis chart shows that children who received no adjuvant care had an impairment rate of ~13.6% but still a relatively high 

proportion (50%) achieving BMFCS Level 1 or 2. Physical therapy was linked with a slightly lower impairment rate (20%) but a lower proportion 

(30%) reaching high BMFCS levels. Occupational therapy only showed no impairment with 100% at high BMFCS function, while those receiving 

both therapies had a higher impairment rate (50%) and no Level 1–2 classification. This suggests variations in functional outcomes across therapy 

types, though sample sizes are small. 

DISCUSSION 
In this cross-sectional study of 35 children with acquired hydrocephalus following ventriculoperitoneal shunting, the majority demonstrated 

preserved fine motor skills, with 82.9% showing no impairment and over 85% achieving Level 1 or 2 performance on both the BMFCS and MACS. 

Furthermore, 82.9% completed the Nine-Hole Peg Test without difficulty. These findings align with previous literature suggesting that shunting 

can positively influence motor outcomes in pediatric hydrocephalus when timely intervention is provided (22,23). 

The absence of significant associations between fine motor impairment and variables such as age, etiology, cause of hydrocephalus, timing of first 

shunt, shunt revision, and adjuvant therapy suggests that post-shunting functional recovery may be more dependent on neural substrate integrity 

and preoperative neurological status than on these demographic or procedural factors. This is consistent with the findings of Kulkarni et al. (24) 

and O’Brien et al. (25), who reported that children receiving shunt treatment achieved better fine motor outcomes than those managed without 

surgical diversion, regardless of etiology or ventricular size at presentation. 

Interestingly, while physical therapy was the most common adjuvant intervention in our cohort, it did not correspond to a statistically significant 

improvement in fine motor outcomes compared with no therapy. Occupational therapy, though underrepresented in the sample, was associated 

with the absence of impairment and high BMFCS function in the single case observed. This finding supports the premise that task-specific training, 

a hallmark of occupational therapy, may target fine motor dexterity more effectively than general physical conditioning (26). However, the small 

numbers within each therapy subgroup limit definitive conclusions. 

Contrary to some earlier studies suggesting that repeated shunt revisions may negatively impact neurodevelopmental outcomes (27), our data did 

not show a statistically significant relationship between revision history and fine motor function. This may be attributable to the relatively low 

revision rate in our sample (34.3%) and possible improvements in shunt technology and surgical technique over recent years (28). Similarly, age 

at first shunt placement was not predictive of fine motor status, which diverges from previous reports indicating that earlier intervention may 

preserve more motor function (29). This discrepancy could reflect differences in study design, assessment tools, and follow-up duration. 

The generally favorable fine motor performance in our cohort may also be partly explained by the relatively high proportion of participants with 

post-infective hydrocephalus (66.7%), a subgroup that may have less extensive congenital structural brain involvement compared with cases arising 

from complex developmental malformations. Nonetheless, neuroanatomical changes such as corpus callosum stretching, cerebellar deformation, 

and pyramidal tract involvement, documented in hydrocephalus (30,31), remain potential contributors to persistent fine motor deficits, as evidenced 

in the 17.1% of children who continued to demonstrate impairment despite shunting. 

Our findings reinforce the need for comprehensive rehabilitation planning after shunting, with a stronger emphasis on fine motor–oriented 

occupational therapy, even for patients who initially present with high functional levels. Given the lack of association between impairment and 

common clinical variables in this study, routine fine motor screening should be considered for all post-shunting pediatric hydrocephalus patients, 

irrespective of their surgical or demographic profile. 

CONCLUSION 
This study demonstrates that the majority of children with acquired hydrocephalus who undergo ventriculoperitoneal shunting maintain good fine 

motor function, with over 80% showing no impairment and achieving high functional levels on standardized motor classification systems. No 

significant associations were found between fine motor impairment and age, etiology, cause of hydrocephalus, timing of first shunt, shunt revision, 

or type of adjuvant therapy. These results suggest that fine motor outcomes after shunting are generally favorable across diverse clinical 

presentations, though a subset of patients continues to experience deficits. Given the functional importance of manual dexterity in daily life, routine 

fine motor assessment and targeted occupational therapy should be integrated into post-shunt care to optimize long-term outcomes. 
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