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ABSTRACT

Muscle strength capacity and anthropometric characteristics vary across populations,
limiting the direct applicability of global ergonomic design standards to local user
groups. This study aimed to establish normative reference values for maximal
handgrip strength (HGS) and selected anthropometric measures inTurkish children and
adolescents aged 6-17 years. A pilot study involving 120 participants was conducted
to determine the required sample size for the main cross-sectional study, which
included 459 healthy volunteers (232 girls and 227 boys) residing in Istanbul. HGS was
measured for both dominant and non-dominant hands using a calibrated digital Jamar
dynamometer in accordance with the American Society of Hand Therapists protocol.
Height, body mass, hand length, and hand width were also recorded. Statistical analyses
(ANOVA, t-tests, and correlation analysis) showed that HGS increased with age in both
genders, with boys demonstrating higher strength values across all age groups, except
12-year age group. Grip strength was also strongly associated with height, body mass,
and hand dimensions. These findings provide population-specific reference values that
can support the ergonomic design of products and environments intended for children
and adolescents inTurkiye.
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INTRODUCTION

Hand grip strength is a widely accepted and critical parameter in ergonomics,
serving as a critical indicator for musculoskeletal development and a key
parameter for the safe and usable design of products intended for children
and adolescents. From school equipment to playground safety mechanisms,
accurate strength data is essential to ensure usability and prevent injuries.
Ideally, product design should be based on the anthropometric and
biomechanical characteristics of the target user population. However, muscle
strength capacity and anthropometric characteristics are known to vary
significantly across populations due to a complex interplay of geographical,
genetic, nutritional, and environmental factors. Consequently, relying solely
on the norms of other countries (such as those from the USA or Western
Europe) may not meet the specific ergonomic requirements of the local
population. Although numerous studies have established normative values
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for children in various countries (e.g., Alqahtani et al., 2023; Rostamzadeh
et al, 2021; Trajkovi¢ et al., 2020; Omar et al., 2015; McQuiddy et al., 2015;
Higer-Ross & Rosblad, 2002; Mathiowetz et al., 1986), there is a significant
gap in comprehensive, up-to-date, and methodologically standardized
normative data for the young population of Tiirkiye. Previous local studies
have often been limited by small sample sizes, narrow age ranges, or lack of
adherence to international measurement protocols (e.g., Dag and Erdogan,
2020; Cetin et al., 2013).

This study addresses this gap by establishing normative reference values for
HGS in children and adolescents of Tiurkiye aged 6-17 years. Furthermore,
this study aims to investigate the effects of age, gender, and somatic growth
parameters (height, body mass, hand length and hand width) on grip strength
to provide a reliable basis for ergonomic design and clinical assessment in
Turkiye.

METHODS
Sampling and Participants

Volunteer boys and girls aged 6-17 years were recruited from Istanbul and
its surrounding areas with parental consent and the necessary institutional
permissions. A pilot study was conducted with 60 boys and 60 girls to ensure
the statistical reliability of the normative data. The pilot sample included five
participants from each age group. The mean and standard deviation values
obtained from this group were used to determine the required sample size
for the main study.

Following the sample size calculation, in reference to ISO 15535 (2006),
the main study was carried out with 459 healthy volunteers (232 girls and
227 boys) aged between 6 and 17 years residing in Istanbul. To enhance
sample diversity, participants were recruited from families originating from
all seven geographical regions of Turkiye. Individuals with neuromuscular
disorders, upper extremity injuries, or a history of upper limb surgery were
excluded from the study.

Instrumentation and Measurement Protocol

HGS was measured using a calibrated digital Jamar Smart Hand
Dynamometer (JLW Instruments, Inc., Chicago, IL 60607), which is widely
recognized as a standard tool for assessing isometric grip strength (e.g.,
Eksioglu, 2016; Mathiowetz et al,1986). Anthropometric measurements
(height, body mass, hand length, and hand width) were taken using a wall-
mounted anthropometer, a digital scale, and a digital calliper, respectively.

The dynamometer handle position was set individually for each
participant’s preferred span width, determined after several trials: 6-year-
old participants used the first setting, some 17-year-old boys preferred the
third setting, and the rest preferred the second setting. This approach is
consistent with previous studies (e.g., Eksioglu, 2016; Firrell & Crain, 1996;
Mathiowetz et al., 1986).

HGS was measured using the Caldwell Protocol (Caldwell et al., 1974),
in accordance with the recommendations of the American Society of Hand
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Therapists (ASHT, 2015). Participants were tested in a standing position
with the elbow flexed at 90° and the forearm aligned with the wrist in a
neutral position. Both hands were tested using a 5-second maximal squeeze
without jerking. To minimize fatigue, a rest period of at least 2 minutes was
provided between trials. The highest value from at least two trials (with
<10% variation) was accepted as the participant’s HGS. Statistical analyses
were performed using Minitab (21.4.3.0) and IBM SPSS (29.0.2.0 (20)).

Statistical analysis

All statistical analyses were performed using SPSS. Descriptive statistics of the
collected HGS data were calculated by gender, age group, and hand (dominant
and non-dominant). Pearson product-moment correlation coefficients were
used to examine the linear relationships between HGS and selected variables,
including age, height, body mass, hand length, and hand width.

After verifying the assumptions of normality, homogeneity of variance, and
independence, a parametric analysis of variance (ANOVA) was conducted to
investigate the effect of age group on HGS. Age was categorized into four
groups: 6-8 years, 9-11 years, 12-14 years, and 15-17 years. Independent
samples t-tests were used to examine the effects of gender and hand dominance
on HGS. Post-hoc pairwise comparisons were conducted using the Games-
Howell test (Field, 2009).

RESULTS
Descriptive Statistics of Anthropometric Measures

Height, body mass, hand length and hand width of participants were measured
for the purpose of the study. All four measurements increase steadily with
age in both genders. The results are summarized below:

e From ages 6-10, boys and girls show relatively similar average values,
with only small differences in height, weight, and hand dimensions.

e Beginning around ages 11-13, males start to show noticeably greater
increases in height and body mass, reflecting adolescent growth.

e By age 17, the gap becomes substantial:
o Males average about 181 cm in height and 77.9 kg in body mass,
o  Females average roughly 166 cm and 55.1 kg.
o Males also have larger dominant hand dimensions (~18.9 cm length and

8.53 cm width) compared to females (~16.9 cm and 7.38 cm).

Looking at the overall totals across all ages:

e Males have higher mean values in every category:
o Height: ~158.2 cm (males) vs 151.1 cm (females)
o Body mass: ~53.9 kg vs 45.1 kg
o Hand length: ~16.8 cm vs 16.1 cm
o Hand width: ~7.56 cm vs 7.11 cm
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In summary, both genders grow progressively with age, but males exhibit
larger average body size and hand dimensions by mid-to-late adolescence,
with differences becoming most pronounced after puberty.

Descriptive Statistics of HGS by Gender and Age

The mean and standard deviation values of HGS for different age groups and
genders, along with the corresponding sample sizes, are presented in Table 1.

Average dominant hand grip strength in girls increased from 67 N at age 6
to 283 N at age 17, while boys exhibited a steeper increase from 82 N to 447
N over the same age range. For both genders, dominant hand grip strength
values were consistently higher than those of the non-dominant hand. Across
all age groups, except the 12-year group, boys demonstrated higher average
HGS values than girls.

Table 1: Descriptive statistics of HGS (N) by age and gender for dominant and
non-dominant hands.

Age  Females Males
(years) Dominant Non-Dominant Dominant Non-Dominant
" Mean + SD Mean + SD Mean + SD Mean + SD
All 232 212.23 + 81.56 195.55 + 75.28 227 292.55 + 140.03 271.15 + 129.44
13 66.63 +11.96 58.63 +12.09 15 82.14+13.98 72.14 +12.25
7 14 78.62+6.95 70.42 +9.14 14 120.59 £20.75 119.61+ 24.36
14 91.51+15.78 87.45+15.41 17 133.70 +33.88 124.47 +31.14
9 14 127.18 £18.20 126.27 +23.06 13  153.64 +28.97 142.62 +26.11
10 24 186.14 +42.41 175.60 +43.32 15 203.33 +33.78 187.89 + 36.38
11 26 203.75 +33.66 195.03 +39.44 18 206.99 + 38.30 192.28 + 32.64
12 18  253.97 +41.96 230.26 + 43.96 14 247.21 +43.10 228.15 + 43.82
13 18  275.44 +£35.57 254.62 + 35.36 19 302.20 + 46.77 289.19 + 60.54
14 20  260.55 +£33.41 238.04 +37.93 21 361.99 +68.07 348.07 + 67.65
15 21 273.09 £40.01 252.12 + 30.73 20 430.56 + 58.79 390.98 + 58.72
16 21 273.65 +38.78 250.20 +43.79 21 43538 +71.62 395.58 +67.96
17 29  283.48 +26.21 251.91 +32.51 40 447.12+56.29 410.50 + 55.20
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Figure 1: Dominant hand grip strength vs. age and gender.
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Figure 1 graphically shows the relative increase of HGS with respect to
age and gender. It seems there is a near-linear increase in handgrip strength
with age in both girls and boys during early childhood (ages 6-10). However,
a significant divergence in strength development between genders became
evident at the onset of puberty. While girls continued to show a steady
increase, boys showed a much steeper acceleration in strength acquisition
from ages 12-13. By age 17, the mean grip strength for boys was significantly
higher than that of girls.

Effects of Gender and Age on HGS

A two-sample t-test showed a statistically significant difference between
females and males (t = -7.50, p < 0.001). Males, on average, are significantly
stronger than females. ANOVA showed a statistically significant difference
among age groups (p < 0.001). The Games-Howell post-hoc analysis showed
clear age-based group differences in dominant hand grip strength for both
females and males. In females, three distinct groups were identified. The two
oldest age groups formed the highest strength groups with no significant
difference between them, followed by a middle group with significantly
lower values, while the youngest age group showed the lowest grip strength
and differed significantly from all others. In males, four distinct age groups
were observed, with grip strength decreasing significantly from the oldest to
the youngest group.

Effect of Hand Dominance on HGS

For both male and female participants, the grip strength in the dominant
hand was consistently higher than in the non-dominant hand. However, the
magnitude of this difference varied. The difference was negligible in the 6
to 8-year group, which may be associated with the ongoing development
of motor skills. The dominance effect was statistically significant and more
consistent in adolescents. A paired t-test was conducted to compare grip
strength between the dominant and non-dominant hands. The results showed
statistically significant differences between the two hands in all groups (p <
0.001). The dominant hand was stronger than the non-dominant hand in all
groups, with mean differences of 16.67 N in females, 21.40 N in males, and
19.01 N in the overall sample. These findings imply that males have a larger
disparity, possibly due to differences in muscle growth or usage habits.

Correlation Analysis

A correlation analysis (Pearson product-moment correlations) was performed
to determine the strength of linear relationships for HGS, age, height, body
mass and hand (dominant and nondominant), hand length and hand width
(Figure 2).

Height, body mass, hand length, and hand width were all positively
correlated with both dominant and non-dominant HGS, indicating that
grip strength increased with these anthropometric variables. Dominant HGS
showed strong correlations with height (females: » = 0.917; males: » = 0.911)
and body mass (females: » = 0.832; males: » = 0.880). Hand length was
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also strongly associated with dominant HGS (females: » = 0.814; males: r =
0.880), whereas hand width demonstrated moderate to strong correlations
(females: » = 0.729; males: r = 0.869).

These associations suggest that anthropometric characteristics substantially
influence strength capacity in developing children. In particular, the positive
relationships between hand dimensions (length and width) and grip strength
indicate that children with larger hand spans may be biomechanically
advantaged in generating higher grip forces.
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Figure 2: Correlation matrix of HGS and anthropometric measures for both genders.

DISCUSSION

This study provides normative static handgrip strength values for Turkish
children and adolescents and shows that strength development cannot be
explained by age alone. Although grip strength increased steadily with
age in both girls and boys, the pattern changed noticeably during early
adolescence. From this point onward, boys showed a much steeper increase
in strength, while girls continued to develop more gradually. This divergence
is consistent with known differences in biological maturation and highlights
why chronological age becomes a less reliable indicator of strength during
adolescence. Notably, the 12-year age group represents a transitional period
in which maturation timing differs markedly between genders. In 12 year age
group girls’ biological age (maturation status) is temporarily ahead of boys,
allowing strength measures such as HGS to equalize or even overlap (Melina
et al., 2004)).

Hand dominance played a limited role in younger children but became
more evident with increasing age. The growing strength difference between
dominant and non-dominant hands in adolescents likely reflects greater
motor specialization and habitual hand use. For ergonomic applications, this
suggests that assuming symmetrical strength in older children and adolescents
may overlook meaningful functional differences.

Anthropometric characteristics were strongly related to grip strength
across all ages. Measures reflecting overall body size and hand dimensions
showed particularly strong associations, indicating that physical growth
provides a clearer picture of strength capacity than age alone. Children with
larger hands and greater body size were able to generate higher grip forces,
reinforcing the importance of considering hand-specific dimensions when
designing products that require gripping or force application.
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While the overall trends observed in this study are in line with findings
from other populations, the results also underline the value of population-
specific reference data. One limitation of the study is that participants were
recruited from Istanbul, which may limit national representativeness. Future
research, including geographically diverse samples and longitudinal designs,
would help establish more comprehensive national reference values.

Ergonomic Implications for Design

The normative data presented in this study provide a practical basis for
designing products and environments intended for children and adolescents
in Turkiye.

For everyday items used in educational and household settings such as
door handles, scissors, staplers, water bottle caps, and toys, the required
actuation force should not exceed the capabilities of the weakest users. In
general, the maximum force requirement should be set at or below the Sth
percentile grip strength of the youngest target age group (e.g., 6-year-olds) to
avoid exclusion or excessive strain.

Conversely, for safety-critical devices designed to restrict children’s access
(such as child-resistant packaging), the required force should exceed the 95th
percentile grip strength of the oldest children within the at-risk age group.

The results also show a noticeable strength difference between boys and
girls beginning around age 12. This suggests that a single “unisex” design
approach may not be appropriate for adolescents. For the 12-17 age group,
adjustable or size-specific designs are preferable to one-size-fits-all solutions.

CONCLUSION

This study provides normative reference data for static grip strength in
Turkish children and adolescents, filling a critical void in the national
ergonomic literature. The findings show that grip strength development is
shaped by gender-related maturation, hand dominance, and anthropometric
growth, particularly hand dimensions, rather than age alone.

For designers, engineers, and healthcare professionals in Tirkiye, these
results provide practical, population-specific benchmarks that can support
safer and more effective ergonomic design and assessment. Utilizing this
population-specific data, rather than relying on international standards, is
essential for designing safer educational environments and consumer products
tailored specifically to the physical attributes of children and adolescents in
Turkiye.

The established dataset is more suitable for the urban population since
the participants were from Istanbul. Future research should extend this
work through geographically stratified sampling to develop nationally
representative reference values.
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