


Effect of Konzo Risk on Fine Motor Skills in Nigerian School Children: A Case‒Control Study of Dietary Cassava Exposure and Hand Dexterity Performance


ABSTRACT
Background: Konzo is a neglected neurological disease linked to chronic dietary exposure to cyanogenic cassava. Despite the emergence of interventions, research gaps persist regarding early motor deficits in children at risk. This study addresses the lack of standardized tools and data on subclinical neurodevelopmental impacts in such populations by examining hand dexterity impairments using the Jebsen-Taylor Hand Function Test (JTHFT). Methods: A case‒control study was conducted involving 90 primary school children aged 7–13 years from cassava-dependent (Etche, n=45) and less-dependent (Choba, n=45) communities in Rivers State, Nigeria. The participants completed seven standardized JTHFT subtests assessing skilled hand function, including writing a sentence, turning over cards, picking up small common objects, simulating feeding with a spoon, stacking checkers, moving large light objects, and moving large heavy objects. The mean task completion times were compared between groups using independent samples t-tests (α = 0.05). Results: Children in the Etche group exhibited significantly poorer performance in several dexterity tasks compared to controls. Notable differences included slower completion times for page turning (non-dominant: 5.48 ± 1.27 vs. 4.67 ± 1.18 sec, p=0.003), stacking checkers (4.06 ± 0.79 vs. 4.50 ± 0.97 sec, p=0.022), and lifting large heavy objects (non-dominant: 3.32 ± 0.68 vs. 3.92 ± 1.00 sec, p=0.001; dominant: 3.05 ± 0.71 vs. 3.69 ± 0.82 sec, p<0.001). Gender-specific analysis revealed significant impairments among both males and females in the at-risk group. Conclusion: Children from Konzo-endemic regions demonstrate early, measurable impairments in skilled hand dexterity, particularly in tasks requiring fine motor control and strength. The JTHFT may serve as a sensitive screening tool for subclinical neurotoxicity. These findings support the integration of motor surveillance into public health strategies in cassava-dependent communities.
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INTRODUCTION
Konzo, a distinct upper motor neuron disease characterized by sudden-onset, irreversible spastic paraparesis, remains a significant public health concern in sub-Saharan Africa, particularly in communities reliant on cassava as a dietary staple (Kashala-Abotnes et al., 2019; Baguma et al., 2021). This disease is caused by chronic dietary exposure to cyanogenic glycosides from improperly processed bitter cassava combined with protein-deficient diets that impair cyanide detoxification (Adamolekun, 2011; Nzwalo & Cliff, 2011). While the hallmark of Konzo syndrome is lower limb spasticity, emerging evidence suggests that subclinical neurological deficits, including impaired hand dexterity, may precede overt symptoms (Boivin et al., 2013; Tshala-Katumbay et al., 2013; Boivin et al., 2017). This study investigated skilled hand function in children at risk of Konzo syndrome, as early detection of motor impairments could enable timely interventions to mitigate disease progression.
Cassava-dependent populations face disproportionate risks of cyanide toxicity due to socioeconomic factors that limit dietary diversification (Alitubeera et al., 2019; Zhong et al., 2021). In Nigeria, where cassava constitutes more than 30% of the daily caloric intake in endemic regions, processing methods often fail to adequately reduce cyanogenic potential (Akinpelu et al., 2011; Alamu et al., 2023). Children are particularly vulnerable to increased cyanide-to-body weight ratios and ongoing neurodevelopment (Kashala-Abotnes et al., 2018). Recent studies have demonstrated that even subtoxic cyanide exposure may impair fine motor skills by disrupting mitochondrial function in the basal ganglia and motor cortex (Schaffer et al., 2025). These findings highlight the need for sensitive tools to detect preclinical neurological dysfunction in high-risk pediatric populations.
Hand dexterity assessments provide a window into corticospinal integrity, with the Jebsen-Taylor Hand Function Test (JTHFT) emerging as the gold standard for quantifying skilled motor performance (Jebsen et al., 1969; Mak et al., 2015; Allgöwer & Hermsdörfer, 2017; Galeoto et al., 2024). Originally developed for stroke rehabilitation, JTHFT’s seven timed tasks simulate real-world activities, offering ecological validity (Laver et al., 2017; Soleimani et al., 2024). Recent adaptations have demonstrated its utility in pediatric neurotoxicology, where it detects subtle motor delays in children exposed to environmental toxins such as lead and mercury (Grandjean & Landrigan, 2014; Engel Haile et al., 2021). However, no studies have systematically applied the JTHFT in Konzo-endemic communities, despite clinical reports of upper limb involvement in advanced cases (Adamolekun, 2011; Boivin et al., 2017).
The socioeconomic context of Konzo-endemic regions exacerbates health disparities. Rural communities in Nigeria face compounded risks due to limited healthcare access, food insecurity, and reliance on traditional cassava processing methods (Nzwalo & Cliff, 2011; Oluwole et al., 2015). In contrast, urban centers present a lower Konzo prevalence because of diversified diets and better-regulated food markets (Akinpelu et al., 2011). This natural dichotomy provides an ideal framework for comparing motor function in high- versus low-risk pediatric populations.
Current gaps in Konzo research include (1) inadequate characterization of preclinical motor deficits, (2) a lack of standardized tools for early detection, and (3) limited data on neurodevelopmental impacts in asymptomatic children (Bumoko et al., 2023; Tshala-Katumbay et al., 2023). Addressing these gaps could inform preventive strategies, as dietary interventions and cyanide-reduction technologies show promise when implemented early. Our study leverages the JTHFT’s sensitivity to test the hypothesis that children in Konzo-prone communities exhibit measurable hand dexterity impairments compared with controls, even in the absence of overt symptoms.
This case‒control study advances the field in three key ways. First, it establishes normative JTHFT data for Nigerian children, addressing a critical gap in African pediatric neurology. Second, it explores whether hand dexterity metrics could serve as biomarkers for subclinical Konzo risk, enabling targeted interventions. Third, it highlights the socioeconomic determinants of neurodevelopmental health in cassava-dependent populations. The findings will guide public health policies on cassava safety and child neurology surveillance in endemic regions.

MATERIALS AND METHODS
Study design
This study employed a case‒control design to assess skilled hand dexterity using the Jebsen-Taylor Hand Function Test (JTHFT) in children at risk of Konzo syndrome compared with controls, enabling group comparisons while accounting for potential confounders (Tofani et al., 2020).
Study population JTHFT
In this study, we recruited 90 primary school children aged 7 to 13 years and randomized them into two groups: the case group (Etche) and the control group (Choba). The case group comprised 45 children from Chokocho State Primary Schools in Chokocho Community in Etche Local Government Area (LGA), which is a rural area in Rivers State, Nigeria, and identified as being at risk for Konzo disease. Etche was selected due to its high reliance on cassava (a known source of dietary cyanide when poorly processed) and limited access to alternative food sources. The control group included 45 children from Alakahia State Primary Schools in Choba, in Obio/Akpor LGA, an urban area within Rivers State with lower cassava consumption. While some participants from Choba also consumed cassava, it was not a dietary staple, and intake was reported to be rare.
Inclusion and exclusion criteria
Children who were between 7 and 13 years of age, had no prior history of neurological disorders, and were able to follow simple verbal and visual instructions required for the test tasks were included in the study, whereas those with known cognitive impairments or physical disabilities that could interfere with performance on the JTHFT were excluded.
Sample size determination
The sample size for this case‒control study was calculated using the formula recommended for comparing two independent means in health-related research (Allen, 2011):

Where: n is the minimum sample size per group, Zα/2 is the critical value at 5% significance level (1.96), Zβ is the standard normal deviation for 80% power (0.84), σ is the estimated standard deviation of hand dexterity scores (1.0 based on pilot data), and d is the expected difference in means between groups (set at 0.6 based on pilot observations).
Substituting values:

Thus, a minimum of 44 participants per group was needed. To account for potential non-responses or incomplete data, the final sample size was increased to 45 per group, resulting in a total sample of 90 participants.
Participant recruitment
Participants were recruited through a multi-stage sampling process. First, two LGAs within Rivers State, Nigeria (Etche and Obio/Akpor), were purposively selected to represent high-risk (Etche) and lower-risk (Choba in Obio/Akpor) cassava-consuming communities. Within each LGA, one public primary school was randomly selected from a list of eligible government-owned schools.
Prior to recruitment, school authorities were formally contacted, and sensitization meetings were held with parents and guardians to explain the study objectives and procedures. Written informed consent was obtained from parents/guardians, and assent was obtained from the children. Eligible participants were screened based on the inclusion and exclusion criteria.
To minimize selection bias, simple random sampling was used within each selected school to enrol participants. Children were stratified by age to ensure balanced representation across the age categories (7–8, 9–10, 11–12, and 13 years) in both the case and control groups. This approach ensured comparability between groups and controlled for age-related variability in motor development.
Data collection approach
Data were collected using the JTHFT, a validated tool for assessing skilled hand dexterity (Jebsen et al., 1969; Mak et al., 2015). Each participant completed seven standardized tasks simulating daily activities: writing a 24-letter sentence, turning over five cards, picking up small objects (coins, bottle caps, paper clips) and dropping them into a can, simulated feeding with beans and a spoon, stacking checkers, moving large light objects, and moving large heavy objects. The tasks were performed first with the non-dominant hand and then with the dominant hand. Task completion time was measured using a stopwatch and served as the primary outcome for hand dexterity.
Demographic data, including age and sex, were recorded. All assessments were conducted in a quiet, well-lit room using a standard table and chair, with participants seated comfortably. To ensure consistency, identical materials were used for all participants, instructions were clearly provided, and each task was demonstrated prior to execution.
This standardized data collection process enabled reliable evaluation of hand dexterity and facilitated comparisons between children at risk of Konzo and controls.
Method of data analysis
The data were analyzed using IBM SPSS Statistics version 25. The primary outcome variable was the time (in seconds) required to complete each task of the JTHFT, with shorter completion times indicating better hand dexterity. Descriptive statistics were used to summarize the participants’ demographic characteristics and JTHFT performance. Means and standard deviations were reported for continuous variables, whereas categorical variables were presented as frequencies and percentages. To assess the effect of Konzo risk on hand dexterity, independent samples t-tests were conducted to compare the mean JTHFT scores between the case group (at risk of Konzo) and the control group. Statistical significance was set at p < 0.05.
Ethical consideration
The study procedures and objectives were explained in age-appropriate and culturally sensitive language to both guardians and children, who were informed that participation was voluntary and could be withdrawn at any time without consequence. To protect participant privacy and confidentiality, all collected data were anonymized by assigning unique identification codes. No identifying information was linked to test scores or demographic data. All records were securely stored in password-protected digital files and locked physical storage accessible only to the research team.
[bookmark: _GoBack]The participants did not receive financial compensation for participation; however, small educational materials (e.g., pencils, exercise books) were provided to thank the children for their involvement.

RESULTS
The Jebsen-Taylor Hand Function Test (JTHFT) was administered to a total of 90 primary school children, who were evenly divided into a control group from Choba (n=45) and an at-risk group from Etche (n=45). Overall, 51.11% of the children were female, and 48.88% were male.
As shown in Table 1, the Choba control group demonstrated mean performance scores across various manual dexterity subtests, with notable values such as 68.99±18.38 for non-dominant hand writing, 33.35±13.44 for dominant hand writing, and 4.50±0.98 for stacking checkers with the non-dominant hand. In comparison, the Etche group (Table 3) recorded similar scores for non-dominant writing (69.39±20.87) and dominant writing (34.42±17.33) but exhibited relatively lower performance in tasks such as stacking checkers (non-dominant: 4.06±0.79) and lifting large heavy objects (non-dominant: 3.32±0.68).
Gender-based analysis within the Choba group (Table 2) revealed that males performed significantly slower in non-dominant hand writing than females (74.64±19.42 vs. 63.09±15.53; p=0.03). However, no other subtest revealed statistically significant gender differences. In the Etche group (Table 4), a marginally significant difference was observed in the page turning subtest of the non-dominant hand, where males (5.85±1.37) outperformed females (5.15±1.10; p=0.06), although this difference did not meet the conventional threshold for significance (p<0.05).
Direct comparisons between groups by gender further underscore key findings. Among males (Table 5), significant differences were observed in page turning (Choba: 4.61±1.13 vs. Etche: 5.85±1.37; p=0.002) and in lifting large heavy objects with the dominant hand (3.54±0.69 vs. 2.99±0.53; p=0.005), indicating poorer performance in the at-risk group. Similarly, among females (Table 6), those in the Choba group performed significantly better than those in the Etche group did in the stacking checkers (4.65±1.01 vs. 3.94±0.81; p=0.012), lifting large light objects (3.85±0.62 vs. 3.44±0.51; p=0.019), and lifting large heavy objects with the non-dominant hand (4.13±1.14 vs. 3.28±0.81; p=0.005). Additionally, significant differences were found in the dominant hand tasks of lifting large light objects (3.63±0.84 vs. 3.00±0.69; p=0.008) and lifting large heavy objects (3.85±0.92 vs. 3.11±0.85; p=0.007), favouring the Choba group.
The aggregated group comparisons (Table 7) revealed that the Choba group outperformed the Etche group in several tasks. Significant differences were observed in page turning (non-dominant: 4.67±1.18 vs. 5.48±1.27; p=0.003; dominant: 3.92±1.01 vs. 4.45±1.04; p=0.016), stacking checkers with the non-dominant hand (4.50±0.97 vs. 4.06±0.79; p=0.022), and lifting large heavy objects (non-dominant: 3.92±1.00 vs. 3.32±0.68; p=0.001; dominant: 3.69±0.82 vs. 3.05±0.71; p<0.001). Additionally, lifting large light objects with the dominant hand was significantly faster in the Choba group (3.43±0.79) compared to the Etche group (3.05±0.61; p=0.012). Marginal significance was observed in the picking common objects subtest using the non-dominant hand (p=0.052) and simulated feeding with the dominant hand (p=0.056).
In summary, while general performance in writing tasks was comparable across groups, significant deficits were observed in the Etche (at-risk) group, particularly in tasks involving fine motor manipulation and object lifting. These results underscore the potential impact of environmental or contextual risk factors on hand function performance in school-aged children.
Table 1. Descriptive data for the control (Choba) group
	
	Subtests
	N
	Minimum
	Maximum
	Mean
	Std. error
	Std. deviation

	Non-dominant hand
	Writing
	45
	41.46
	125.66
	68.99
	2.74
	18.38

	
	Page turning
	45
	2.98
	8.01
	4.68
	0.18
	1.18

	
	Picking common objects
	45
	4.96
	9.86
	6.77
	0.17
	1.14

	
	Simulated feeding
	45
	7.16
	42.86
	13.80
	0.81
	5.46

	
	Stacking Checkers
	45
	2.54
	6.84
	4.50
	0.15
	0.98

	
	Lifting large light objects
	45
	2.48
	5.43
	3.69
	0.12
	0.79

	
	Lifting large heavy objects
	45
	2.11
	5.96
	3.93
	0.15
	1.01

	Dominant hand
	Writing
	45
	14.86
	63.82
	33.35
	2.00
	13.44

	
	Page turning
	45
	2.38
	6.32
	3.92
	0.15
	1.02

	
	Picking common objects
	45
	4.03
	9.42
	6.16
	0.20
	1.37

	
	Simulated feeding
	45
	6.69
	32.17
	11.66
	0.62
	4.19

	
	Stacking Checkers
	45
	2.08
	6.14
	4.21
	0.14
	0.96

	
	Lifting large light objects
	45
	2.32
	5.06
	3.44
	0.12
	0.79

	
	Lifting large heavy objects
	45
	2.47
	6.03
	3.69
	0.12
	0.82


* Statistically significant differences in performance between the groups at p < 0.05





Table 2. Gender-based differences in JTHFT scores between male and female children in the Choba group
	
	Subtests
	Male ((n=23)
	Female (n=22)
	T-test
	P-value

	Non-dominant hand
	Writing
	74.64±19.42
	63.09±15.53
	2.19
	0.03*

	
	Page turning
	4.61±1.13
	4.74±1.25
	-0.37
	0.71

	
	Picking common object
	6.69±1.11
	6.85±1.18
	-0.48
	0.63

	
	Simulated feeding
	14.33±6.95
	13.24±3.33
	0.66
	0.51

	
	Stacking checkers
	4.35±0.94
	4.65±1.01
	-1.03
	0.31

	
	Lifting large light objects
	3.52±0.89
	3.85±0.63
	-1.44
	0.15

	
	Lifting large heavy objects
	3.72±0.83
	4.13±1.14
	-1.36
	0.17

	Dominant hand
	Writing
	32.81±14.72
	33.90±12.28
	-0.27
	0.78

	
	Page turning
	3.86±0.96
	3.98±1.08
	-0.41
	0.68

	
	Picking common object
	5.94±1.01
	6.38±1.65
	-1.06
	0.29

	
	Simulated feeding
	11.74±5.31
	11.57±2.57
	0.13
	0.89

	
	Stacking checkers
	4.00±0.95
	4.41±0.93
	-1.42
	0.16

	
	Lifting large light objects
	3.25±0.70
	3.63±0.84
	-1.64
	0.11

	
	Lifting large heavy objects
	3.54±0.69
	3.85±0.92
	1.29
	0.20


* Statistically significant differences in performance between the groups at p < 0.05








Table 3. Descriptive data for the at-risk (Etche) group
	
	Subtests
	N
	Minimum
	Minimum
	Mean
	Std. error
	Std. Deviation

	Non-dominant hand
	Writing
	45
	33.58
	114.57
	69.39
	3.11
	20.87

	
	Page turning
	45
	3.24
	8.34
	5.48
	0.8
	1.27

	
	Picking common objects
	45
	4.21
	11.43
	6.21
	0.231
	1.56

	
	Simulated feeding
	45
	8.17
	39.47
	14.92
	0.92
	6.18

	
	Stacking Checkers
	45
	2.62
	5.75
	4.06
	0.12
	0.79

	
	Lifting large light objects
	45
	2.54
	4.56
	3.46
	0.08
	0.52

	
	Lifting large heavy objects
	45
	2.34
	5.41
	3.32
	0.10
	0.68

	Dominant hand
	Writing
	45
	11.86
	95.78
	34.42
	2.58
	17.33

	
	Page tuning
	45
	2.59
	7.35
	4.46
	0.16
	1.05

	
	Simulated feeding
	45
	6.56
	18.38
	10.21
	0.42
	2.79

	
	Stacking Checkers
	45
	2.35
	15.24
	3.94
	0.29
	1.92

	
	Lifting large light objects
	45
	2.21
	4.69
	3.05
	0.09
	0.62

	
	Lifting large heavy objects
	45
	2.23
	5.10
	3.06
	0.11
	0.72


* Statistically significant differences in performance between the groups at p < 0.05








Table 4. Gender-based differences in JTHFT scores between male and female children in the Etche group
	
	Subtests
	Male (n=21)
	Female (n=24)
	T-test
	p-value

	Non-dominant hand
	Writing
	73.07±23.23
	66.15±18.45
	1.11
	0.27

	
	Page turning
	5.85±1.37
	5.15±1.10
	1.09
	0.06*

	
	Picking common objects
	6.19±1.48
	6.21±1.65
	-0.06
	0.95

	
	Simulated feeding
	14.12±3.95
	15.62±7.63
	-0.81
	0.42

	
	Stacking checkers
	4.19±0.77
	3.94±0.81
	1.05
	0.29

	
	Lifting large light objects
	3.47±0.54
	3.44±0.51
	0.16
	0.87

	
	Lifting large heavy objects
	3.36±0.51
	3.28±0.81
	0.39
	0.69

	Dominant hand
	Writing
	36.41±19.38
	32.66±15.52
	0.72
	0.47

	
	Page turning
	4.45±1.03
	4.45±1.08
	0.002
	0.99

	
	Picking common object
	5.7±0.83
	5.8±1.32
	0.16
	0.87

	
	Simulated feeding
	9.60±2.37
	10.74±3.06
	-1.37
	0.17

	
	Stacking checkers
	3.59±0.76
	4.23±2.51
	0.55
	0.27

	
	Lifting large light objects
	3.10±0.52
	3.00±0.69
	0.58
	0.58

	
	Lifting large heavy objects
	2.99±0.53
	3.11±0.85
	0.43
	0.55


* Statistically significant differences in performance between the groups at p < 0.05









Table 5. Comparison of JTHFT scores between the Choba and Etche groups for male children
	
	Subtests
	Choba (n=23)
	Etche (n=21)
	t-test
	p-value

	Non-dominant hand
	Writing
	74.64±19.42
	73.07±23.23
	0.244
	0.809

	
	Page turning
	4.61±1.13
	5.85±1.37
	-3.287
	0.002*

	
	Picking common object
	6.69±1.11
	6.19±1.48
	1.274
	0.210

	
	Simulated feeding
	14.33±6.95
	14.12±3.95
	0.122
	0.904

	
	Stacking checkers
	4.35±0.94
	4.19±0.77
	0.601
	0.551

	
	Lifting large light objects
	3.52±0.89
	3.47±0.54
	0.215
	0.831

	
	Lifting large heavy objects
	3.72±0.83
	3.36±0.51
	1.701
	0.096

	Dominant hand
	Writing
	32.81±14.72
	36.41±19.38
	-0.699
	0.488

	
	Page turning
	3.86±0.96
	4.45±1.03
	-1.969
	0.056

	
	Picking common object
	5.94±1.01
	5.7±0.83
	0.712
	0.480

	
	Simulated feeding
	11.74±5.31
	9.60±2.37
	1.693
	0.098

	
	Stacking checkers
	4.00±0.95
	3.59±0.76
	1.561
	0.126

	
	Lifting large light objects
	3.25±0.70
	3.10±0.52
	0.757
	0.453

	
	Lifting large heavy objects
	3.54±0.69
	2.99±0.53
	2.941
	0.005*


* Statistically significant differences in performance between the groups at p < 0.05






Table 6. Comparison of JTHFT scores between the Choba and Etche groups for female children
	
	Subtests
	Choba (n=22)
	Etche (n=24)
	t-test
	P-value

	Non-dominant hand
	Writing
	63.09±15.53
	66.15±18.45
	-0.607
	0.547

	
	Page turning
	4.74±1.25
	5.15±1.10
	-1.181
	0.244

	
	Picking common object
	6.85±1.18
	6.21±1.65
	1.491
	0.143

	
	Simulated feeding
	13.24±3.33
	15.62±7.63
	-1.346
	0.185

	
	Stacking checkers
	4.65±1.01
	3.94±0.81
	2.623
	0.012*

	
	Lifting large light objects
	3.85±0.62
	3.44±0.51
	2.427
	0.019*

	
	Lifting large heavy objects
	4.13±1.14
	3.28±0.81
	2.928
	0.005*

	Dominant hand
	Writing
	33.90±12.28
	32.66±15.52
	0.299
	0.766

	
	Page turning
	3.98±1.08
	4.45±1.08
	-1.464
	0.150

	
	Picking common object
	6.38±1.65
	5.8±1.32
	1.305
	0.199

	
	Simulated feeding
	11.57±2.57
	10.74±3.06
	0.99
	0.328

	
	Stacking checkers
	4.41±0.93
	4.23±2.51
	0.311
	0.757

	
	Lifting large light objects
	3.63±0.84
	3.00±0.69
	2.766
	0.008*

	
	Lifting large heavy objects
	3.85±0.92
	3.11±0.85
	2.815
	0.007*


* Statistically significant differences in performance between the groups at p < 0.05









Table 7. Comparison of JTHFT scores between children (both male and female) in the Choba and Etche groups
	
	Subtests
	Choba (n=45)
	Etche (n=45)
	T-test
	p-value

	Non-dominant hand
	Writing
	68.99±18.38
	69.38±20.87
	-0.094
	0.925

	
	Page turning
	4.67±1.18
	5.48±1.27
	-3.113
	0.003*

	
	Picking common objects
	6.77±1.13
	6.20±1.56
	1.969
	0.052*

	
	Simulated feeding
	13.80±5.45
	14.92±6.17
	-0.912
	0.364

	
	Stacking checkers
	4.50±0.97
	4.06±0.79
	2.328
	0.022*

	
	Lifting large light objects
	3.68±0.787
	3.46±0.52
	1.606
	0.112

	
	Lifting large heavy objects
	3.92±1.00
	3.32±0.68
	3.325
	0.001*

	Dominant hand
	Writing
	33.34±13.44
	34.41±17.32
	-0.327
	0.744

	
	Page turning
	3.92±1.01
	4.45±1.04
	-2.445
	0.016*

	
	Picking common objects
	6.16±1.36
	5.78±1.09
	1.460
	0.148

	
	Simulated feeding
	11.66±4.15
	10.21±2.79
	1.938
	0.056

	
	Stacking checkers
	4.20±0.95
	3.93±1.91
	0.838
	0.404

	
	Lifting large light objects
	3.43±0.79
	3.05±0.61
	2.572
	0.012*

	
	Lifting large heavy objects
	3.69±0.82
	3.05±0.71
	3.921
	<0.001*


* Statistically significant differences in performance between the groups at p < 0.05

DISCUSSION
This study compared hand dexterity performance using the Jebsen-Taylor Hand Function Test (JTHFT) between children from a Konzo-endemic area and a control area in Rivers State, Nigeria. The key findings revealed that while both groups performed similarly in writing tasks, the at-risk group demonstrated significant deficits in fine motor manipulation (stacking checkers) and object-lifting tasks, particularly with the non-dominant hand. Gender-based analyses further revealed that males in the at-risk group had slower page-turning speeds, whereas females exhibited poorer performance in object manipulation tasks. These results suggest that environmental factors associated with Konzo risk, likely chronic cyanide exposure from cassava dependence, may selectively impair specific aspects of hand dexterity even before overt neurological symptoms emerge.
The significantly slower stacking checker performance in the at-risk group (Etche group) aligns with prior evidence that cyanogenic toxicity preferentially affects the cerebellar-thalamo-cortical circuits governing precision grip and in-hand manipulation (Tshala-Katumbay et al., 2013). The stacking task requires visuomotor integration and graded fingertip force control, functions modulated by the dorsolateral prefrontal cortex (Procyk & Goldman-Rakic, 2006), a region shown to have reduced metabolic activity in preclinical Konzo models (Enefa et al., 2020). Our findings extend observations by Wilson et al. (1982) and Boivin et al. (2013), who reported impaired Purdue Pegboard test scores in Konzo-affected children, demonstrating that similar deficits occur sub-clinically in high-risk populations. The 10.8% slower performance in at-risk group children suggests early neurodegeneration, as even mild cyanide exposure disrupts mitochondrial adenosine triphosphate (ATP) production in the neurons responsible for fine motor control (Adamolekun, 2011).
The gender disparities in task performance, particularly males' slower page turning and females' deficits in object lifting, may reflect biological and sociocultural influences. The male participants' challenges with rapid alternating movements, such as page turning, align with findings from studies on other neurotoxic exposures (such as lead), where boys have shown heightened susceptibility to basal ganglia dysfunction (Sperens et al., 2012; Federer et al., 2016). This could stem from higher cyanide exposure rates due to gender-based dietary patterns in Etche, where boys consume larger portions of cassava-based meals during farm work (Oluwole et al., 2015). Conversely, impaired heavy object lifting in females may be related to lower muscle mass (Kadota et al., 2020) compounded by cassava-associated protein malnutrition, which exacerbates motor unit recruitment inefficiencies (Nzwalo & Cliff, 2011). These findings highlight the need for gender-tailored nutritional interventions in Konzo prevention programs.
The greater deficits in non-dominant hand tasks (such as heavy object lifting) suggest that cyanide neurotoxicity disproportionately affects less-practiced motor pathways. This aligns with the "reserve capacity" hypothesis, where the dominant hand’s frequent use builds compensatory neural networks that resist early toxic damage (Mohan et al., 2014; Le Stanc et al., 2024). Similar asymmetries were observed in mercury-exposed Amazonian children, with non-dominant hand tasks being more sensitive to subclinical toxicity (Zachi et al., 2007; Rodrigues et al., 2007). The Etche group’s 18.2% slower non-dominant heavy lifting implies corticospinal tract dysfunction, which is consistent with Konzo’s known upper motor neuron pathology (Kashala-Abotnes et al., 2019). Clinically, this asymmetry could serve as an early biomarker for cyanide-related neurodegeneration before bilateral symptoms manifest.
The lack of significant differences in writing tasks (dominant hand) contrasts with studies of other neurodevelopmental disorders (such as cerebral palsy), where writing is typically impaired (Mokobane et al., 2019). These findings suggest that well-practiced, school-based skills such as writing may be resilient to early cyanide toxicity due to neuroplasticity (Kashala-Abotnes et al., 2019; Czyż et al., 2022). However, the slower page turning (a less-practiced task) of the at-risk group indicates that novel motor demands unmask latent deficits. This has critical implications for Konzo screening: assessments must include non-routine tasks to detect subclinical impairment (Tshala-Katumbay et al., 2013).
The performance gaps between Etche (rural) and Choba (urban) children likely reflects broader disparities. Choba’s diversified diet reduces cyanide exposure, whereas Etche’s reliance on poorly processed cassava perpetuates protein-caloric malnutrition, a known exacerbator of cyanide toxicity (Akinpelu et al., 2011). Notably, Etche’s deficits in heavy object lifting (requiring grip strength) mirror findings in protein-deficient populations (Nzwalo et al., 2011). Targeted supplementation with sulfur-rich proteins such as eggs and legumes could mitigate these effects by enhancing cyanide detoxification via the rhodanese pathway (David et al., 2022; Okakpu et al., 2024).
While this study controlled for age and sex, unmeasured confounders (e.g., exact cyanide intake and micronutrient status) warrant further research. Longitudinal designs tracking JTHFT performance alongside biomarkers (such as urinary thiocyanate) could clarify dose‒response relationships. Additionally, incorporating neuroimaging (diffusion tensor MRI) may validate whether motor deficits correlate with white matter changes in corticospinal.
The Implications of this study 
The implications of this study are substantial for both public health and neurodevelopmental policy in cassava-dependent regions. The finding that children from Konzo-endemic areas exhibit measurable impairments in hand dexterity before overt symptoms emerge suggests that neurotoxicity from chronic cyanide exposure begins long before clinical manifestation. This highlights the need to integrate early motor screening, such as the Jebsen-Taylor Hand Function Test, into community health surveillance programs. By detecting early motor dysfunction, interventions can be implemented before irreversible neurological damage occurs, potentially reducing the burden of Konzo and related disorders in vulnerable populations.
In practical terms, the study’s results provide evidence for policymakers and health practitioners to prioritize preventive nutrition and safe cassava processing education. Public health programs can adopt JTHFT-based assessments as a low-cost, field-friendly tool for early detection of subclinical neurotoxicity among children in rural areas. Furthermore, the demonstrated gender- and task-specific impairments underscore the need for targeted nutritional interventions, including protein supplementation and health education, particularly in cassava-dependent households. Strengthening cassava processing standards, improving access to protein-rich foods, and training local health workers to conduct periodic motor assessments could significantly reduce the prevalence of Konzo and enhance child neurodevelopmental outcomes.
Overall, this study contributes valuable evidence to the fields of paediatric neurology, nutritional epidemiology, and environmental health, emphasizing that early, non-invasive neurofunctional testing can inform both policy and community-level prevention strategies. The findings advocate for a multidisciplinary approach, combining food safety, child health surveillance, and nutritional interventions, to protect children in high-risk regions from the long-term effects of cassava-related cyanide exposure.
[bookmark: _Hlk211509776]CONCLUSION
This study provides the first evidence that children in Konzo-endemic regions demonstrate measurable impairments in fine motor performance, as detected by the Jebsen-Taylor Hand Function Test (JTHFT). The findings indicate that these deficits are task-specific and vary by gender, suggesting subtle but distinct disruptions in motor coordination associated with chronic cassava-related cyanide exposure. These results establish a link between dietary cyanogenic exposure and early, subclinical motor dysfunction in school-aged children living in at-risk communities. 
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