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BACKGROUND

The musculoskeletal system is one of the essential physiological systems in the human body,
responsible for facilitating movement and maintaining postural stability. It is composed of muscular
and skeletal structures that work synergistically to support various physical activities, such as body
motion, flexion and extension, and balance maintenance. Skeletal muscles, which constitute the primary
component of the musculoskeletal system, play a critical role in regulating body posture and movement.
Their function largely depends on neuromuscular coordination involving both the central and peripheral
nervous systems, which regulate muscle contraction and enable smooth and well-coordinated
movements. Throughout life, the musculoskeletal system develops with age, and this can be observed
in the size and strength of the muscles that accompany it. In infancy, toddlerhood, childhood, and into
adolescence, the development of the size of the extremities of the hands and feet can show significant
size development, and this will affect muscle strength (1). Therefore, muscle strength across age ranges
will differ and is influenced by anthropometry (2), as well as other factors, such as exercise intensity,
which also affect the musculoskeletal system, especially muscles (3). This is the basis for understanding
anthropometric development and its relationship to muscle strength. How muscle strength is influenced
by the number of fibers, thickness, and size of the smooth muscles that make up the skeleton (4).

In children, muscle development and musculoskeletal function are influenced by factors such as
age, nutritional status, and overall physical condition (2). During growth and development, assessment
of hand muscle strength serves not only to evaluate the child’s health status but also to monitor their
physiological development (5). Therefore, measuring hand muscle strength in children is essential for
identifying potential musculoskeletal disorders that may emerge as they grow older. Research on hand
strength assessment in pediatric populations remains limited, as most existing measurement tools are
designed primarily for adults. This underscores the urgent need to develop hand-strength measurement
instruments specifically tailored for children, accounting for anatomical differences and the distinct
patterns of muscle development in this age group (6).

Several previous studies have developed and evaluated various types of hand muscle strength
measurement tools, such as hand dynamometers and pinch gauges, across different age groups and
populations. Demonstrated that physical exercise, including fitness training, has a significant impact on
improving hand muscle strength (7,8). However, most of these studies have focused on adult or
adolescent populations, and there has been limited advancement in creating measurement tools that are
both effective and valid for use in children. Therefore, the present study aims to evaluate the extent to
which the developed tool can produce consistent measurements of left and right hands through bilateral
correlation of a simple hand muscle strength measurement tool that can be used effectively in the
pediatric population. The tool is designed using rubber balls with diameters tailored to the anatomical
hand size of children, and the study examines whether this instrument can produce valid and reliable
measurements of hand muscle strength in children.

The tool's development takes into account the media's size and the materials used. In children, in
addition to the hand's diameter, the hand's condition differs from that of adults, with a different skin
thickness. This is related to age and skin structure (9,10). Therefore, the use of media such as rubber is
a consideration when measuring muscle strength to reduce the risk of injury or pain. The development
of this tool used natural rubber (NR) as the main component (11). This was chosen because natural
rubber contains more rubber than latex, which only contains 25-40%. Therefore, latex is more likely to
cause allergies than NR. Therefore, NR is more comfortable on the skin than latex and is less likely to
cause injury when pressed during measurement.

The focus of this study is to develop and evaluate a hand muscle strength-measuring device
specifically designed for children, accounting for anatomical differences and variations in muscle
strength across age groups (12). This research is expected to contribute to the development of more
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practical, clinically useful assessment tools for healthcare professionals to evaluate children's physical
development and hand muscle function (10). Previous studies have developed similar devices for adult
populations (6,13). Accordingly, this study also aims to provide deeper insight into the influence of
factors such as age and body size on hand muscle strength, thereby laying the groundwork for the
creation of more refined and effective measurement instruments in the future.

METHODS
Study Design

This study employed a quasi-experimental design, in which the independent variables were not
manipulated randomly; however, the instrument was still tested by administering measurements or
interventions to a specific group of subjects. This design was selected to evaluate the extent to which
the developed tool can produce bilateral correlation measurements of the right and left hands and its
reliability when used with children as the first step. The study was conducted at Ad Dhuha Elementary
School in Pangkalpinang City and involved children who met the inclusion criteria of having normal
hand muscle strength with no indications of finger muscle impairment within the pediatric age group.

Sample/Participants

This study involved 70 child respondents aged 6 to 12 years, selected using a purposive sampling
method. The inclusion criteria required participants to have normal hand muscle strength and no
disorders or abnormalities affecting hand muscle function. The sample size was determined using the
formula for calculating differences in mean values as described by Charan & Biswas, which is
commonly applied in quantitative studies. Based on this calculation, a total of 70 participants was
obtained. The sample consisted of both boys and girls with a nearly equal distribution.

Instruments

The hand muscle strength measurement process in this study used a simple instrument
specifically developed to assess hand strength in children. The device consisted of rubber balls with
diameters of 7 cm and 8 cm, each filled with air at a controlled pressure. Measurements were performed
by instructing participants to grasp the rubber balls alternately with their right and left hands. When the
ball was squeezed, the movement of the fingers compressed the rubber, changing the internal air
pressure. This pressure alteration was transmitted to a connected manometer, and the deflection of the
manometer needle indicated the force exerted. The displayed pressure values were then used to assess
each respondent's hand muscle strength. Measurements were conducted on both the right and left hands
using the two different ball sizes to determine whether differences existed between hands or between
ball diameters. Throughout the measurement process, trained survey personnel or enumerators
supervised the procedure to ensure that all assessments were performed correctly and in accordance
with the established protocol.

Data Analysis

Data analysis in this study was conducted using SPSS version 22 to process the measurements
obtained during hand muscle strength assessment. The analytical approach consisted of descriptive and
inferential statistics. Descriptive statistics were used to provide an overview of respondent
characteristics, including age and gender distributions, as well as the mean hand muscle strength values
obtained from measurements with the two instrument sizes (7 cm and 8 cm in diameter). This allowed
the researchers to visualize the overall distribution and the data's central tendencies. To examine the
relationships among the variables, reliability tests were performed using the Intraclass Correlation
Coefficient (ICC) (14,15). Previous diagnostic tool assessments for muscle strength have often been
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conducted by comparing two different measuring instruments (16,17). However, in this study, internal
comparison was performed by examining the mean values obtained from the left and right hands. This
approach was used because the instrument is still in the developmental stage and measures strength
values based on units of Psi or Bar.

Univariate analysis was conducted to describe individual variables, including age distribution,
sex, and hand muscle strength values measured with both rubber ball sizes in the right and left hands.
Although anthropometric factors are known to be associated with hand muscle strength, this study
primarily assessed the instrument's reliability (12,18). Inferential statistical tests were used to examine
hypotheses about differences in mean muscle strength values obtained from measurements with
different ball diameters. All of these analyses were performed to ensure that the measurement tool used
in this study is valid, reliable, and appropriate for assessing hand muscle strength in children (19,20).

Further validation of this instrument will require additional testing stages, including comparative
analyses using standardized measurement tools. However, such comparisons must take into account the
instrument's functional suitability for use in children. In the future, this tool may also be applied to
assess hand muscle strength in children with specific clinical conditions, such as cerebral palsy, and
others (11).

Ethical Consederation

Ethical approval for the study titled “Development of a Hand Muscle Strength Measurement Tool
for Children” was obtained from the Health Research Ethics Committee of Poltekkes Kemenkes
Pangkalpinang. After thoroughly reviewing the proposed research protocol, the committee concluded
that the study was ethically appropriate to proceed. The review indicated that the protocol prepared by
the researcher, Ns. Eny Erlinda Widyaastuti, M.Kep, Sp.Kep.MB complied with all applicable ethical
standards. Therefore, the study was declared “ethically feasible” and approved for implementation in
accordance with established research ethics guidelines. The ethical clearance was issued under
certificate number 119/EC/KEPK-PKP/V/2022, confirming that no revisions were required regarding
ethical aspects of the study procedures.

RESULT AND DISCUSSION
Characteristics of Respondents

The sample consisted of 37 boys (52.9%) and 33 girls (47.1%). Participants ranged in age from
6 to 12 years, with a mean age of 9.2 years and a standard deviation of 1.32. Table 1 displays the age
distribution of the participants.

Table 1. Characteristics of Respondents (n=70)

Characteristics Category n % Mean SD Min-Max
Gender Male 37 52,9
Female 33 47,1
Aged 9,2 1,32 6-12

Note: SD = Standard Deviation; n = frequency;

Each hand muscle strength measurement tool demonstrated different mean values, which are
presented in the following table.

Table 2. Mean Measurement Result by Instrument Type in Psi Units

No Category Mean SD Minimum Maximum
1 Diameter (7 cm) Right 2,65 1,35 0,0 6
2 Diameter (7 cm) Left 2,91 33 0,0 25
3 Diameter (8 cm) Right 2,69 0,87 1,0 5
4 Diameter (8 cm) Left 2,57 0,94 0,5 5

Note: SD = Standard Deviation
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The mean hand muscle strength measurements in children were obtained using instruments with
two rubber ball diameters (7 cm and 8 cm) for both the right and left hands. According to the data, the
mean hand muscle strength for the left hand using the 7 cm ball (2.91 Psi) exceeded that of the right
hand (2.65 Psi). In contrast, with the 8 cm ball, the mean muscle strength for the left hand (2.57 Psi)
was lower than that of the right hand (2.69 Psi).

The data also demonstrate considerable variability, as indicated by the relatively large standard
deviation (SD) for the left-hand measurement with the 7 cm ball (SD = 3.30). This variability suggests
substantial differences in muscle strength among participants. Potential contributing factors include
variations in hand size, individual muscle strength, age, gender, and overall physical condition.

Reliability test results for the hand muscle strength measurement tool, using two rubber ball
diameters (7 cm and 8 cm) for both hands and measured in Psi units, are presented. The instrument's
validity was assessed using the Intraclass Correlation Coefficient (ICC) to determine its accuracy in
measuring hand muscle strength.

Table 3. Reliability Test Results for Hand Muscle Strength Using the 7 cm Diameter Ball
for Left and Right Hands in Psi Units

Parameter Value 95% CI p-value Interpretasi
Cronbach’s Alpha 0,879 - - Good reliability
ICC (Single 0,774 0,654 — 0,855 0,000 Good reliability
Measures)
ICC (Average 3 Very good
Measures) 0.872 0,791-0,922 0,000 reliability

Note: p-value =0,000; Cronbach’s Alpha = 0,8

The results of the reliability test using the ICC with a two-way mixed model and absolute
agreement type showed a single measure ICC value of 0.774 (95% CI: 0.654—-0.855), which is included
in the good reliability category. Meanwhile, the average ICC value of 0.872 (95% CI: 0.791-0.922)
indicates higher reliability.

Table 4. Reliability Test Results for Hand Muscle Strength Using the 8 cm Diameter Ball
for Left and Right Hands in Psi Units

Parameter Value 95% CI p-value Interpretasi
, Very good
Cronbach’s Alpha 0,933 - - reliability
ICC (Single 0,870 0,797 — 0,918 0,000 Good reliability
Measures)
ICC (Average 0,931 0,887 — 0,957 0,000 Very good
Measures) reliability

Note: 98%CI; p-value= 0,000

The results of the reliability test using the Intraclass Correlation Coefficient (ICC) with a two-
way mixed model and absolute agreement type showed a single-measure ICC of 0.870 (95% CI: 0.797—
0.918), which falls within the good reliability category. Meanwhile, the average ICC value of 0.931
(95% CI: 0.887-0.957) indicates very good reliability. The Cronbach's Alpha value of 0.933 also
indicates very high internal consistency.

DISCUSSION

Muscle strength in children differs from that of adults and older individuals due to developmental
differences in hand anatomy and physiology (20). The muscle strength measurement tool developed for
this study accounted for variations in hand dimensions between children and adults. Accordingly, the
rubber balls used for measurement in this age group were designed with diameters of 7 cm and 8 cm.

Widyaastuti EE, Yasin DDF, Aceh AR,& Gustina NZ. (2026).



Measurements obtained with these instruments produced different mean values depending on ball size
and body side (12). These results illustrate the influence of anatomical size on muscle performance.

Participants in this study ranged in age from 6 to 11 years, as children within this range are
generally able to coordinate movements and follow instructions. At this developmental stage, children
can also make informed decisions regarding participation. Therefore, research procedures were
designed to prioritize beneficence, safety, and voluntary participation.

The proportion of male and female participants was not a primary focus of this study. However,
gender is recognized as a factor associated with muscle strength, as muscle mass, habitual activities,
physical activity levels, and nutritional status can influence muscle strength (21). Therefore, the study
maintained a balanced number of male and female participants to prevent any imbalance from affecting
the research objectives. This investigation serves as an initial step in establishing reference values for
hand muscle strength using the newly developed measurement tool. The instrument utilized a rubber
ball connected to a manometer to assess hand muscle strength. In addition to generating mean strength
values for the pediatric age group, the study compared measurement consistency between the left and
right hands.

Several previous studies have examined the validity of hPrevious studies have examined the
validity of hand muscle strength measurement instruments, but these investigations have primarily
focused on adults and adolescents (22). Validation in pediatric populations requires instruments tailored
to children's anthropometric characteristics. The instrument in this study used 7 cm and 8 cm rubber
balls to accommodate typical pediatric hand sizes, particularly palm dimensions. Future research will
include further validity testing using standard comparison instruments and measurements on the device.
Therefore, the study's limitation is the number of participants being less than 100. Therefore, further
research involving more than 100 participants is needed. Furthermore, this study is an initial phase of
testing a newly developed device, requiring validity testing by comparing measurements with other
devices such as a hand dynamometer, pinc gauge, or Martin Vigorimeter.

CONCLUSION

Reliability testing using the ICC with a two-way mixed absolute agreement model indicated that
the hand muscle strength measurement tool demonstrates good to excellent reliability. At the 7 cm
position, the tool exhibited good reliability, with a single-measure ICC of 0.774 and an average-measure
ICC of 0.872.

At the 8 cm position, reliability was higher, with a single-measure ICC of 0.870 (95% CI: 0.797—
0.918), classified as good, and an average-measure ICC of 0.931 (95% CI: 0.887-0.957), classified as
very good. The Cronbach's Alpha for the 8 cm measurement (0.933) surpassed that of the 7 cm
measurement (0.879), indicating very high internal consistency. Measurement of hand muscle strength
at the 8 cm position is more consistent and reliable than at the 7 cm position, supporting its use as the
preferred method in research and clinical settings.

The study identified differences in mean hand muscle strength between the right and left hands,
as well as between the two ball diameters, suggesting that individual factors such as hand size and
muscle capacity may influence measurements (23,24). Therefore, this tool can effectively assess muscle
strength in children and may facilitate monitoring of musculoskeletal development and early detection
of muscle strength impairments (25).
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