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ABSTRACT

Background: Hand grip strength is an important indicator of hand and overall muscular function and is influenced by
factors such as age and sex. The transition from teenage to adulthood represents an important developmental period
during which changes in grip strength may occur. The objective was to examine and compare the differences in hand
grip strength between teenage and adult participants and to compare grip strength between males and females.
Methods: A cross-sectional comparative research design. was conducted among 220 healthy participants aged 17-25
years, including 97 males and 123 females. Participants were divided into teenage (17—19 years) and adult (20-25 years)
groups. Grip strength was assessed for both the hands using a Jamar hand dynamometer under standardized testing
conditions. The mean of three trials for each hand was used for analysis, and differences between group grip strength
were statistically evaluated.

Results: Males demonstrated greater mean grip strength than females in both age groups for both hands. Adult males
showed significantly greater grip strength than teenage males, with mean differences of 4.46 kg for the right hand and
3.0 kg for the left hand (p<0.001). In females, the differences between teenage and adult groups were not statistically
significant.

Conclusions: Grip strength differed according to sex and age. Males demonstrating greater strength and a significant
increase from teenage to adulthood. These findings highlight the importance of considering age- and sex-specific values
during hand-strength assessment and rehabilitation planning.
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INTRODUCTION

The human hand plays a central role in how we interact
with and adapt to our environment, much as it did in our
extinct ancestors. Its remarkable dexterity sets it apart from
the hands of other living primates and is thought to have
developed through a combination of evolutionary
changes.! These include adaptations associated with the
transition to bipedal locomotion, which reduced the
selective demands placed on the hands for movement, as
well as the increasing complexity of tool making and tool
use among hominins—our modern human lineage and
closely related extinct relatives.!? Effective tool use

involves more than simple motor control Hand dexterity is
particularly dependent on the coordinated movement of the
thumb and fingers. Precise thumb-finger coordination
allows individuals to grasp, stabilize, manipulate, and
release objects according to the demands of a task.
Appropriate regulation of grip force is equally important;
as excessive force may reduce efficiency. Thus, skilled
hand function reflects the complex interaction of
anatomical structure, neuromuscular control, sensory
feedback, cognitive processing, and learned motor
strategies The ability to generate and appropriately
regulate grip strength is therefore an important component
of functional hand performance. Understanding the
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development of grip strength with respect to age will
provide valuable insight about hand dexterity into changes
in upper-limb function across different stages of
development, particularly during the transition from
teenage to adulthood.

Hand size, shape, and skeletal dimensions vary
considerably among individuals and can influence how
effectively tools are held and manipulated. Hand size has
been consistently linked to grip strength in both males and
females, with individuals who have greater hand length
and breadth generally producing greater grip force. In
addition to reflecting muscular strength, grip strength is
increasingly considered a wuseful indicator of
neuromuscular function and motor control.> Human hands
also show considerable variation in size and shape, as well
as in underlying bone morphology, across different
populations.* These differences may contribute to
variations in functional performance and should be
considered when assessing hand strength and designing
hand-related tools or equipment. Hand size can have a
significant  influence on physical performance,
highlighting the importance of designing tools and
equipment based on up-to-date anthropometric
measurements.’ Similarly, individuals with relatively
longer fingers and larger joint surfaces may require less
force when producing stone tools compared with those
with shorter fingers.®

Grip strength is a key determinant of tool performance,
influencing the force required to hold and operate a tool as
well as the time needed to complete a task. Hand
dimensions may also affect performance, as individuals
with longer fingers and larger joint surfaces may achieve
more effective force distribution and mechanical leverage,
potentially reducing the force required during tool use.

Grip strength is commonly assessed in clinical and sports
settings as an indicator of hand and overall muscular
strength. It is influenced by several factors, including age,
sex, physical activity, hand dominance, and hand
dimensions. In both males and females, grip strength
differed between the two hands, with the dominant hand—
defined as the hand most commonly used for manipulating
objects—Dbeing approximately 10% stronger than the non-
dominant hand.” Furthermore, larger hand dimensions
have been consistently associated with greater grip
strength in both males and females.® However, most earlier
studies on grip strength have focused on specific
populations or age groups, leaving broader patterns across
different stages of development less explored.”!® These
methods not only enhance our understanding of health but
also offer insights into the evolutionary relationship
between form and function.

Grip strength does not remain constant throughout the
lifespan. It develops progressively during childhood and
adolescence, continues to increase during early adulthood,
reaches a peak during adulthood, and subsequently
declines with advancing age.!" Mathiowetz et al

established widely used normative values for adult grip
and pinch strength, with peak grip strength reported among
individuals aged 25-39 years.!”” Grip strength was
significantly influenced by sex and hand dominance, but
not by handedness. !

There is one age stage in the life when participants when
participants are at the end of teenage age i.e. end of the
teenage and enter into adult hood, have 4-5 years of adult
age. Here in this study concentration of the study is what
was the grip strength at the end of teenage and how good
the grip strength remained the next 4 to 5 years. Based on
findings from previous research, this study hypothesizes
that: males will demonstrate significantly greater hand grip
strength than females; and teenage will demonstrate
significantly greater grip strength than participants in the
adult age group with respect to gender.

METHODS

The study adopted was cross-sectional comparative
research design, and participants were selected using a
random sampling method. The study included participants
aged 17-25 years who were able to understand and only
right-handed dominant participants were selected,
participants who follow the testing instructions and
perform a maximal voluntary handgrip contraction.
Participants were also required to have no current upper-
limb injury affecting grip performance and to provide
informed consent or assent. Participants were excluded if
they had a history of upper-limb fracture, surgery, or major
trauma; neurological or musculoskeletal conditions
affecting hand function; current pain in the hand, wrist,
elbow, or shoulder; or any other condition that could
prevent them from safely performing maximal grip testing.
The materials used for data collection included a Jamar
handgrip dynamometer for measuring grip strength, a chair
for standardized seating, a table for positioning the
dynamometer at an appropriate height, and paper recording
sheets and pens for documenting the measurements
obtained during testing.

Procedure

Study was cleared from MGUMST Institutional ethical
committee Jaipur Rajasthan. Written informed consent
were taken from healthy subjects those were selected for
grip strength measurement of age 17 to 25 years. All 220
subjects who were selected for Ph.D. study from Mahatma
Gandhi college of occupational therapy, MGUMST Jaipur,
Rajasthan having 123 females and 97 males were also
selected for this project. Out of males and female subjects
having the age of 17 and 19 years were separated from the
total data. it was found, out of 123 female subjects 61 are
of age 17 to 19 years and out of 97 males, 56 subjects are
of 17-19 years of age, forms the teenage groups and rest
are of age group 20- 25 years form adult age groups. This
way two groups of each gender were made out of total
subjects (i.e. teenage group 17-19 years and adult group
20-25 years’ age.) Mean grip strength of teen age group
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was statically compared with adult age of same gender to
see the effect of the adult age stage.

Grip strength measurement

Grip strength was assessed using a Jamar dynamometer
with participants seated in a standardized position. The
grip span was adjusted to suit each participant’s instrument
was set for zero testing before start of measurement. The
examiner demonstrated the correct sitting posture and
instructed participants on how to hold and operate the
dynamometer, with the elbow maintained at 90°
flexion.'>!* A poster illustrating the recommended posture
and hand position was also provided for reference.
Participants were then asked to squeeze the dynamometer
with their maximum effort for approximately 2 seconds.
Grip strength was recorded in kgs for both the hands. After
a rest period of approximately one minute, the
measurement was repeated for each hand. The mean of the
three trials for each hand was calculated and used for
analysis.

Statistical analysis

Data analysis was done using statistical package for the
social sciences (SPSS) statistics version 22.0 including the
Z-test and comparison of mean grip strength between the
study groups.

RESULTS
Basic characteristics

Total of 220 subjects were selected as per inclusion and
exclusion criteria. Out of 220, 97 were males and
remaining were females. Two group were formulated i.e.
teenage and adults and accordingly gender-based
population were divided as reflected in Table 1.

Gender based analysis

The mean grip strength of the right and left hands was
calculated separately for males and females. Teenage
participants’ performance was compared with adults of the
same sex based on the mean difference in grip strength.
The corresponding standard error was calculated for
applying Z-test statistic and p value to determine the
statistical significance of the observed differences. The
results are presented in Table 1.

The analysis showed that adult males had greater grip
strength than teenage males, with a mean difference of 4.46
kg for the right hand and 3.0 kg for the left hand (Figure
1). These differences were statistically significant
(p<0.001). In contrast, among females, the mean difference
was —0.11 kg for the right hand and 0.15 kg for the left
hand (Figure 2), with neither difference reaching statistical
significance (p>0.05). These findings suggest that the
transition from teenage to adulthood was associated with a

significant increase in grip strength among males, whereas
no statistically meaningful difference was observed among
females. The small differences observed in females may
therefore be attributable to chance error.

Mean value of left and right hand of Males
in teenage and Adults

TEENAGE
MALE

ADULTS

Left hand mean

Right hand Mean

Figure 1: Mean value of males: right and left hand for
both the groups.

Mean value of left and right hand of
Females in Teenage and adults

TEENAGE ADULTS
FEMALE
Right hand Mean Left hand mean

Figure 2: Mean value of females: right and left hand
for both the groups.

The results further demonstrated that males had greater
mean grip strength than females in both age groups, for
both the right and left hands. These findings are presented
in Table 1 and illustrated in Figures 3 and 4.

Right hand Mean grip strength (kg)as per
Gender

43.81
39.35

22.78 22.67

Teenage Adults Teenage Adults

Male Female

Figure 3: Right hand: mean grip strength as per
gender for both groups.
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Table 1: Mean of grip strength; level of significance for each group as per gender.

Right hand Left hand

Mean . P value . P value
grip strength :‘)ellffce; SE sZtatistic (two Mean :‘)ellffcee- SE sZtatistic (two
_ - (kg) tailed) tailed)
Male
Teenage 56 39.35 37.5
B * —_— *
Adults 41 4381 446 093 4.32 0.000 40.5 3.0 0.88 341 0.000
Female
I\Zir;?sge 2; ;;Z? 011 054 -02 0.8 %m.ls 052 03 0.7

*P<0.001: highly statistically significant

Left hand Mean grip strength (kg)
as per gender

TEENAGE ADULTS |[TEENAGE ADULTS
MALE FEMALE

Figure 4: Left hand: mean grip strength as per gender
for both groups.

DISCUSSION

Grip strength varies considerably with gender and age,
with males generally demonstrating greater grip strength
than females. In Indian children and adolescents aged 5—
18 years, grip strength increased progressively with age,
and boys consistently demonstrated higher values than
girls. The difference between age groups was statistically
significant, indicating that grip strength increases during
growth and maturation.!” In adults, grip strength generally
reaches its highest levels in young adulthood and
subsequently declines with advancing age. Wang et al.
reported significantly greater grip strength in men than
women and higher values among younger adults compared
with older adults."* More recent Indian normative data
have similarly demonstrated higher grip strength in males
than females, with age-related variation across
adulthood.'® All the above supports study results as males
were stronger than females in both the groups i.e.
adolescence and adulthood were as the above studies also
supported that adult males were stronger than teenage boys
for both right and left hand, which were statistically
significant at p value <0.01 whereas females does not
demonstrated difference in mean grip strength for teen age
and adulthood.

The present study is relevant to rehabilitation because grip
strength is influenced by age-related physical development
and sex-related differences in muscle strength.

Establishing these differences can help rehabilitation
professionals to interpret grip-strength measurements
more accurately and avoid comparing individuals solely
with general population values. Understanding age- and
gender related differences can support individualized
assessment, goal setting, exercise prescription, and
monitoring of rehabilitation outcomes. For teenage group,
grip-strength values can provide a reference for normal
physical development and identify potential weakness that
may affect functional activities. In adults, particularly
older individuals, grip-strength assessment can help
identify age-related reductions in strength and guide
appropriate strengthening and functional interventions.
Thus, recognizing the influence of gender on grip strength
can contribute to more accurate clinical decision-making
and personalized rehabilitation planning.

CONCLUSION

The present study highlights the influence of gender on
hand grip strength across the transition from teenage to
adulthood. Males demonstrated greater grip strength than
females in both age groups and for both hands. Adult males
also showed significantly higher grip strength than teenage
males, whereas no significant age-related difference was
observed among females. These findings suggest that grip
strength develops differently according to sex and age.
From a rehabilitation perspective, the findings emphasize
the importance of considering sex-specific reference
values when assessing hand strength, setting
individualized  goals,  prescribing strengthening
interventions, and monitoring functional recovery. Further
studies with larger and more diverse samples are
recommended to establish robust normative values and
better understand the factors contributing to changes in
grip strength across different stages of life.
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