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ABSTRACT 

 

Objective: Manual dexterity is crucial for daily activities and occupational tasks requiring 

fine motor control. Diabetes mellitus can negatively affect hand function owing to factors 

such as abnormal collagen cross-linking, muscle glycosylation, and peripheral neuropathy. 

While extensive research has focused on diabetes-related foot complications, few studies 

have examined their effects on hand dexterity, particularly in middle-aged individuals. This 

cross-sectional study aimed to investigate the impact of diabetes duration on manual dexterity 

and compare the functional differences between the dominant and non-dominant hands in 

middle-aged adults. 

Methodology: An observational analytical study was conducted on 90 diabetic individuals 

aged 40–60 years divided into three groups based on disease duration: <5 years, 5–10 years, 

and >10 years. Manual dexterity was assessed using the Nine-Hole Peg Test (9HPT). 

Statistical analysis was performed using the Shapiro-Wilk test for normality, followed by the 

Mann-Whitney U test. 

Results: Manual dexterity in diabetes between 40-60 years revealed a significant 

difference(p-0.001). According to chronicity, individuals with <5 years(p-0.002) and 5-

10years (p-0.001) of diabetes also revealed significant differences, except for individuals 

with >10years of age (p-0.057). The mean difference between dominant and non-dominant 

individuals with chronicity was also significant difference (p-0.001). 

Conclusion: Diabetes significantly impaired manual dexterity, with the non-dominant hand 

being more affected. The severity of impairment increases with disease duration, but after 10 

years, the difference between the hands diminishes. Early assessment and targeted 

interventions may help to preserve hand function in individuals with diabetes. 
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INTRODUCTION 

The hand is the most active and interactive 

part of the upper extremity. Hand dexterity 

is a term used to explain a range of different 

hand abilities and performances. The term 

"hand dexterity" encompasses a variety of 

hand skills and performances, such as 

reaction time, hand preference, wrist flexion 

speed, finger tapping speed, aiming, and the 

stability of both the hand and arm. Among 
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these, four primary factors are identified as 

the most defining and dependable for 

assessing hand dexterity1.  

Aging is associated with a decline in 

cognitive and sensorimotor function. For 

instance, age-related decline in manual 

dexterity is an important issue to address, 

because most daily activities require fine 

and gross motor activities of the hands. The 

definition of manual dexterity has been 

formulated by Poirier (1987), a manual skill 

that requires rapid coordination of gross and 

fine voluntary movements based on a 

certain number of capacities, which are 

developed through learning, training, and 

experience.” Manual Dexterity is the ability 

to coordinate hand and finger movements to 

grasp and manipulate objects that include 

muscular, skeletal, and neurological 

functions to produce small precise 

movements2,3. These skills are fundamental 

for individuals to experience and learn about 

their environment. A decline in manual 

dexterity is a common phenomenon in 

elderly individuals. Often, simple daily 

activities such as handling coins and 

preparing meals become challenging. A 

substantial decline in manual dexterity may 

impact one’s ability to live independently4.  

Diabetes mellitus (DM) is a chronic 

metabolic disease characterized by 

hyperglycemia and high glycated 

hemoglobin with or without glycosuria5. In 

diabetes mellitus, because of abnormal cross 

linking of collagen , it leads to skin 

thickening and formation of nodules which 

result in stiff hand 6 . According to 

International Diabetes Federation Diabetes 

Atlas, 9th edition 2020 it is projected that the 

number of people older than 65 years with 

diabetes will reach 276.2 million by 2045 

globally whereas as India ranks second after 

China in the global diabetes epidemic. With 

the increase in prevalence of T2DM 

worldwide and in India, the accompanying 

complication may disturb activities of daily 

living and quality of life . Unlike the 

diabetic foot , complication of hands with 

T2DM are easily neglected. 

The nine hole peg test is a brief, 

standardized, quantitative test with high 

inter- rater reliability and good test – retest 

reliability. It is widely used to assess finger 

dexterity in clinical settings because of its 

simplicity, low cost and short time to 

administer. It is one of the most frequently 

used upper limb outcome measures in 

studies7.   

According to earlier research, hand 

complications in individuals with T2DM 

can impact daily activities and result in 

difficulties with self-care tasks. This can 

lead to diminished social interactions, a loss 

of autonomy, financial strain, and an overall 

decline in quality of life8. With increasing 

disease duration, patients experience 

peripheral neuropathy, glycosylation of 

skeletal muscle proteins, mitochondrial 

dysfunction, and elevated pro-inflammatory 

cytokines such as TNF-α and IL-6, all of 

which lead to reduced muscle strength and 

fine motor control9,10. The reporting of hand 

dysfunction in these patients lacks 

agreement among studies. Thus, considering 

the increasing rate in number of people 

living with T2DM and the increased life 

expectancy, a study of hand function may 

help improve care, independence in 

activities of daily living and quality of life. 

Hence, study aims to find out effect of 

diabetes in hand dexterity. 

 

METHODOLOGY 

This cross-sectional observational study will 

include a total sample size of 90 

participants, divided into three groups based 

on diabetes duration: less than 5 years, 5-10 

years, and more than 10 years (30 

participants in each group), selected through 

convenient sampling. The study will be 

conducted at a tertiary care center, with a 

one-time assessment lasting approximately 

10 minutes. Participants will include males 

and females aged 40-60 years, with a known 

diagnosis of diabetes, and no uncorrected 

auditory or visual impairments. Individuals 

with upper limb fractures, cervical 

spondylosis with radiating pain, 

neurological conditions such as stroke or 
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motor neuron disease, or wrist and hand 

deformities will be excluded from the study 

to ensure accurate assessment of manual 

dexterity. 

 

Study Procedure 

After obtaining institutional ethical 

approval, participants will be selected based 

on the inclusion and exclusion criteria. 

Informed consent will be taken from all 

participants, and they will receive a detailed 

explanation and demonstration of the study 

procedure. Manual dexterity will be 

assessed using the Nine-Hole Peg Test 

(NHPT), performed on both the dominant 

and non-dominant hands. Upon the start 

command, a stopwatch will be activated, 

and the participant will pick up and place 

nine pegs into the holes one at a time as 

quickly as possible, then remove them and 

return them to the container or table. The 

time taken to complete the task for each 

hand will be recorded separately for 

analysis. 

 

RESULTS 

The data analysis was performed using 

SPSS software. As data was not normally 

distributed hence Non parametric test 

(Mann Whitney U test) was performed.  

A total of 90 diabetic patients (31 females, 

59 males) with a mean age of 49.48 years 

were included in the study. 

 
Table 1 Manual Dexterity Between Dominant and Non-Dominant Hands in Diabetic Patients (Aged 40-60 

Years) 

 

 
Inference: Test revealed significant difference in manual dexterity between the dominant and non-dominant 

hands of diabetic patients. 

 
TABLE 2: Comparison of Manual Dexterity Between Dominant and Non-Dominant Hands Across 

Different Diabetes Duration Groups 

Diabetes 

Duration 

Dominant Hand (Mean 

± SD) 

Non-Dominant Hand 

(Mean ± SD) 

P-

Value Significance 

< 5 Years 28.11 ± 1.33 28.78 ± 1.30 0.002 Significant 

5 - 10 Years 27.78 ± 1.25 28.91 ± 1.34 0.001 Significant 

> 10 Years 29.80 ± 1.86 30.55 ± 1.96 0.057 Not Significant 

Inference - The analysis revealed a significant difference in manual dexterity between the dominant and non-

dominant hands in diabetic individuals, except in those with more than 10 years of diabetes, where the 

difference was not statistically significant. 

 

DISCUSSION 

Manual dexterity is a major factor that 

impair the ability to perform daily and 

functional activities. Progressive impaired 

hand dexterity has been shown as the person 

gets older4. This study included person with 

diabetes of 40 -60 years of age. 

In this study, the Nine-Hole Peg Test (9 

HPT) was administered to diabetic patients 

aged 40 to 60 years. The results indicated a 

Manual dexterity in diabetes between 40 to 60 

years 

  Dominant Non dominant 

Mean  28.5644 29.4178 

SD  1.73466 1.74836 

P value 0.001 significant 
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significant reduction in manual dexterity in 

both the dominant and non-dominant hands, 

with a slightly greater reduction observed in 

the non-dominant hand. Subsequently, the 

same test was conducted on diabetic 

individuals categorized by disease duration: 

less than 5 years, 5 to 10 years, and more 

than 10 years. It was found that individuals 

with diabetes for less than 5 years and those 

with 5 to 10 years exhibited significant 

differences in dexterity, whereas those with 

more than 10 years showed no significant 

difference between the hands. Furthermore, 

individuals with diabetes for more than 10 

years demonstrated a severe reduction in 

manual dexterity compared to the other two 

groups. 

This reduction of manual dexterity in 

individuals with diabetics have impaired 

dominant and non-dominant hand may be 

because of one of the reasons that the 

muscle tissues does not regenerate properly 

in people with diabetes is that it does not 

produce enough of a key protein. This aligns 

with previous research suggesting that 

diabetes-related stiffness in subcutaneous 

tissues and periarticular structures 

contributes to reduced hand function 

(Ayhan et al., 2014). The reduction in hand 

dexterity in diabetic individuals compared 

to age-matched healthy individuals can be 

attributed to increased insulin resistance and 

hyperglycemia, leading to mitochondrial 

dysfunction in muscle cells, decreased 

glycogen synthesis, and elevated levels of 

systemic inflammatory cytokines such as 

Tumor Necrosis Factor (TNF-α) and 

Interleukin-6. These metabolic disturbances 

contribute to muscle weakness, impaired 

neuromuscular control, and reduced 

dexterity in diabetic patients11. 

Furthermore, studies have shown that soft 

tissue glycosylation and abnormal collagen 

cross-linking lead to increased stiffness in 

the hands, impacting fine motor control 

(Ramirez et al., 2016) 10. Our findings also 

support that the chronicity of diabetes 

further influences hand function, as 

individuals with a longer disease duration 

showed greater impairment. However, in 

those with more than 10 years of diabetes, 

the difference between dominant and non-

dominant hand dexterity was not significant, 

possibly due to progressive bilateral 

involvement of neuropathy and 

musculoskeletal changes (Fain et al., 2017). 

We also found that the non-dominant hand 

dexterity is slightly more affected than the 

dominant hand dexterity may be due to poor 

compensatory mechanism of the non-

dominant hand 12. Studies suggest that even 

in healthy individuals, the non-dominant 

hand has lower precision and fine motor 

control compared to the dominant hand. 

When diabetes further impairs hand 

function, the non-dominant hand may 

experience a more noticeable decline due to 

its already lower baseline dexterity. The 

brain’s motor cortex has better neuroplastic 

adaptations for the dominant hand, which 

helps maintain function despite disease 

progression13. The non-dominant hand 

lacks this adaptive efficiency, making it 

more vulnerable to the degenerative effects 

of diabetes. 

 

CONCLUSION 

Our study concludes that manual dexterity is 

impaired in diabetic individuals aged 40-60 

years, affecting both the dominant and non-

dominant hands. However, the non-

dominant hand was significantly affected 

compared to the dominant hand. Manual 

dexterity with diabetes duration 

(chronicity), a significant difference was 

found in all groups except for individuals 

with more than 10 years of diabetes, where 

no significant difference was observed 

between hands. additionally, a significant 

difference was found in manual dexterity as 

dominant hand showed better dexterity than 

non-dominant hand across all three diabetes 

duration groups. These findings suggest that 

diabetes duration influences hand function, 

with longer disease chronicity leading to 

greater impairment in manual dexterity. 
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