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Abstract

Objectives: In the dental profession, hands play a fundamental role in
performing precise, fine movements and controlling specialized
instruments. Hand anthropometric dimensions, grip strength, and manual
dexterity are key factors in designing appropriate ergonomic tools. Given
the physiological and anatomical differences between the two sexes, this
study aimed to investigate sex differences in hand anthropometric
dimensions, grip strength, and manual dexterity among dental students.
Methods: A cross-sectional descriptive-analytical study was conducted
on 100 dental students (51 females and 49 males) at Urmia University
of Medical Sciences, Urmia, Iran. Hand anthropometric dimensions
were measured using a digital caliper, maximum grip strength was
assessed using a Jamar dynamometer, pinch grip strength was measured
using a SAEHAN pinch gauge, and manual dexterity was evaluated using
the Roeder test. Data were analyzed using SPSS software 24 and the
independent t-test.

Results: The mean height and weight of male participants were 177.6 + 4.52
cm and 77.8 = 10.92 kg, respectively, while those of female participants
were 162.5 £ 5.32 cm and 63.1 = 8.12 kg, respectively. Most hand
anthropometric dimensions (finger length, width, and circumference) were
significantly greater in males than in females (P < 0.001). The mean
maximum grip strength was 45.2 + 8.3 kg in males and 26.8 + 6.1 kg in
females (P < 0.001). Significant differences were also observed between
the two types of pinch grip strength (P < 0.01). Although the mean manual
dexterity score was slightly higher in females (23.4 + 3.2) than in males
(22.6 + 3.8), this difference was not significant (P > 0.05).

Conclusion: The findings demonstrated significant sex differences in hand
anthropometric dimensions and grip strength; however, no significant
difference was observed in manual dexterity between the two sexs. These
results emphasize the need to design dental instruments tailored to the
anthropometric characteristics of each sex to reduce the risk of
musculoskeletal disorders.
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Extended Abstract

Background and Objective

The dental profession is among those that require fine
motor movements, precise manual skills, and
continuous control of specialized instruments. The
repetitive nature of hand movements, prolonged static
postures, and sustained upper-limb muscle activity
increase the likelihood of musculoskeletal disorders
among dental professionals. Hand anthropometric
dimensions, grip strength, and manual dexterity are
among the most crucial biomechanical variables
influencing motor performance, muscle fatigue, and
ergonomic design of hand tools. Research evidence
indicates that these indices may be affected by
individual factors, such as sex, and that biological and
anatomical differences between men and women may
lead to wvariations in hand muscular and motor
performance. Given that most dental instruments are
designed based on general anthropometric data or data
from non-Iranian populations, the use of native, sex-
specific data can play a crucial role in improving the
dimensional fit of instruments and reducing adverse
ergonomic outcomes. Accordingly, the present study
aimed to investigate sex differences in hand
anthropometric dimensions, grip strength, and manual
dexterity among dental students, providing a basis for
the ergonomic design of tools tailored to Iranian users.

Materials and Methods

This descriptive—analytical cross-sectional study was
conducted on 100 dental students (51 females and 49
males) at Urmia University of Medical Sciences,
Urmia, Iran. Participants were selected using simple
random sampling. The inclusion criteria included
upper-limb health, no history of musculoskeletal
injury or disease within the past three months, and
informed consent to participate in the study.
Demographic data and right-hand anthropometric
indices were measured using a digital caliper and
measuring tape in accordance with ISO 7250-1
standards. Maximal grip strength was assessed using a
Jamar dynamometer, and pinch strength was measured
using a SAEHAN pinch gauge in two conditions (tip
pinch and key pinch) following the guidelines of the
American Society of Hand Therapists. Manual
dexterity was evaluated using the Roeder test, and task
completion time was recorded as the performance
index. Each measurement was performed three times,
and the mean value was used for statistical analysis.
Instrument reliability was evaluated through a pilot
study with 10 participants, yielding an intraclass
correlation coefficient of 0.70 or higher. Data
normality was examined using the Kolmogorov—
Smirnov test. Given the data's normal distribution,
independent t-tests were used to compare mean values
between sexes. In addition to statistical significance,
Cohen’s d effect size was calculated to facilitate
practical interpretation of the results. The significance
level was set at 0.05.reliability

Results

The results indicated that the mean height and weight of
male participants were significantly higher than those of
the female participants. For most hand anthropometric
indices, including total hand length, hand breadth, finger
circumference, and finger joint breadth, the mean values
were significantly greater in males than in females.
Moreover, effect sizes for most variables fell within "the
'large' to 'very large' range", highlighting the practical
importance of these differences beyond their statistical
significance. Similarly, the mean values of maximal grip
strength and both types of pinch strength were
significantly higher in male students compared to female
students, with the most significant difference observed
in maximal grip strength. In contrast, the manual
dexterity test results showed that although female's
mean performance was slightly better than males', the
difference was not statistically significant. Correlation
analysis also revealed a significant positive relationship
between height and weight with both maximal and pinch
grip strength. In contrast, the associations between
height/weight and manual dexterity were weak or
statistically insignificant.

Discussion

The findings of this study demonstrated notable sex
differences in hand anthropometric dimensions and grip
strength; however, no statistically significant difference
was observed in manual dexterity between males and
females. These results are consistent with previous
studies conducted in similar populations and may be
attributed to biological differences, such as muscle
mass, skeletal structure, and hormonal factors. The lack
of differences in manual dexterity suggests that fine
motor skills are more strongly associated with
neuromuscular coordination and learning processes than
with hand size or strength, and can be enhanced through
training and practice. From an applied perspective, the
findings emphasize the importance of designing dental
instruments based on sex-disaggregated native
anthropometric data. Instruments that are not tailored to
users' hand dimensions and muscular capacity may
increase biomechanical load, reduce functional
precision, and elevate the risk of musculoskeletal
disorders.  Therefore, incorporating sex-sensitive
ergonomic design principles in dental education and
work environments is essential.

Conclusion

Overall, males exhibited higher values for most hand
anthropometric indices and grip strength compared to
females, whereas no significant sex difference was
observed in manual dexterity. These findings can serve
as a foundation for the ergonomic design of dental
instruments tailored to Iranian users and for reducing the
risk of musculoskeletal disorders. Additionally, the
results underscore the importance of training fine motor
skills  and implementing performance-enhancing
interventions independent of physical characteristics.
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