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ABSTRACT

Fatigue is a protective mechanism of the body that prevents continuous injury and allows recovery
after rest. This study aimed to determine the correlation between the results of examining the level of
muscle fatigue in the hands of computer operators between the measurement of the blood plasma
lactic acid method and the hand dynamometer method. This study was conducted using an
observational, cross-sectional design. The study population consisted of male computer operators
aged 20-30 years. The sample was selected based on the following inclusion criteria: no history of
specific medical conditions such as diabetes mellitus, heart disease, or kidney disorders, and at least
one year of experience as a computer operator. Based on these criteria, the final sample included 127
subjects. The results of the paired t-test showed a significant decrease in handgrip strength measured
with a dynamometer, with values of 43.25+3.32 before work and 41.45+3.62 after work (p<0.05).
Similarly, blood plasma lactic acid levels showed a significant increase, from 2.93+0.29 before work
to 3.67+0.57 after 4 hours of typing (p<0.05). These results indicate a relationship between handgrip
strength and lactic acid levels, supporting their use as indicators of arm muscle fatigue in computer

operators.
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1. INTRODUCTION

Fatigue is a prevalent issue that affects many individuals' performance in various areas,
including work and daily life activities and body resistance (Hendrik et al., 2016). Fatigue in the
workplace is a growing concern that can have serious consequences for both employees and
employers, but until now the problem of fatigue has not been fully addressed by the world of work.
Burnout is a phenomenon that can affect anyone, in any job, at any level of an organization, which
can affect workers' health (Cotelez et al., 2026). Fatigue is a critical issue in many industries, and
accurate research into its causes and potential solutions is crucial for ensuring worker safety and
avoiding accidents (Vgllestad, 1997). Fatigue is a serious issue that can have significant safety,
health, and productivity implications. Muscle fatigue is a common problem in many physical
activities and can affect the performance of athletes or individuals engaged in strenuous work.
Various methods can be used in determining fatigue, ranging from the most complicated and
expensive methods to simple methods with relatively inexpensive. Muscle fatigue can also be seen
from the results of an analysis of measurements of oxygenation in the blood (Muramatsu &
Kobayashi, 2014). Local muscle fatigue can also be seen from the results of electromyographic signal
analysis (Jebelli & Lee, 2019). These efforts are different from the efforts offered by researchers,
namely how to assess the presence of muscle fatigue by using blood plasma lactic acid levels and the
ability to contract muscles with a hand dynamometer. Muscle fatigue is a phenomenon that occurs
when muscles are subjected to prolonged or intense exercise. A muscle fatigue study can help us
better understand the mechanisms underlying this phenomenon, and how we can optimize training
and recovery strategies to improve athletic performance. According to Hendrik & Notobroto (2016)
there is a relationship between changes in blood plasma lactic acid levels and the ability to contract

fingers and arms before and after working at the computer for 4 hours.

The two measurement methods mentioned above can be used as parameters for the
occurrence of forearm muscle fatigue of computer operators after carrying out activities. The
problem above can be used as a measurement method because it can be done quickly, easily, and at a
lower cost. Because of the importance of early diagnosing the presence of work-related muscle

fatigue as a triggering factor for worker injury, it is necessary to conduct this research.

This study aims to determine the relationship between the results of checking the level of
hand muscle fatigue of computer operators between blood plasma lactic acid measurement methods
and the hand dynamometer method as a parameter of computer operator muscle fatigue after working

for 4 hours.
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2. METHODS
2.1. Design and Participants

This research was an observational study with a cross-sectional design. The research was
conducted in the community, namely a computer rental place in Makassar city from April to
September 2022. The study participants consisted of 127 male subjects aged 20-30 years. All
participants were certified as healthy by a physician, with no history of medical conditions and no
musculoskeletal disorders. Additionally, participants were required to work at a computer for a
minimum of four hours per day. This research has received ethical review approval from the
Makassar Health Polytechnic Health Research Ethics Commission with Number 0023/M/KEPK-
PTKMS/111/2022.

2.2. Measurements and Procedure

The main sources needed in this study were 1) a hand dynamometer to measure muscle
contraction ability, 2) blood plasma lactic acid levels to measure total lactic acid levels in blood, 3)
environmental thermometer to measure room temperature, lux meter to measure indoor light intensity

room.

Measurement of blood plasma lactic acid was carried out using an accutrend measurement
tool that has been validated by comparing the results of laboratory measurements as a standard
measuring tool. Measuring blood lactic acid levels is done by cleaning the finger to be pricked using
alcohol, then the finger is pricked with a lancet so that blood comes out (0.5 ml) and dripped onto
strep paper and then inserted into a blood chemistry analysis tool, for a few moments then you can
see or read the results of the analysis of lactic acid content in the blood. Every time blood is taken
and measured, it is noted that the area to be punctured must be sterile using alcohol and lancets and
strep can only be used once. To measure the ability to contract muscles, a Yanmar hand
dynamometer is used where the examination is carried out with the elbow joint position at 90° and
the shoulder position in a neutral position, where measurements are made 3 times, then the best value
is taken as research data. All subjects work at the computer by typing the manuscript with the same

volume.

Proof of the effectiveness of the method used is carried out in several steps: 1) the purpose of
the validation report of this measuring instrument is to assess the validity and reliability of certain
instruments used for data collection., 2) measure the computer skills of the operator's hand muscles

using a hand dynamometer before and after working in in front of the computer for 4 hours, 3)
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measuring blood lactic acid levels by taking blood + 0.5 ml, before and after working in front of the
computer for 4 hours, 4) comparing the results of the measurements of the two methods to determine

the increase in blood plasma lactic acid levels and decreased ability of muscles to contract.
2.3. Statistical Analyses

The Statistical Package for the Social Sciences (SPSS) was used for data analysis. A paired
sample t-test was used to compare muscle contraction ability and blood plasma lactic acid levels
before and after work, and Spearman's test to determine the correlation between changes in muscle
contraction ability with changes in blood plasma lactic acid levels after work. Statistical significance
was set at a p-value < 0.05.

3. RESULTS

Based on the analysis of the aims and benefits, the researchers chose the two methods to see if
there was a correlation between the two methods as a parameter to determine the presence or absence
of muscle fatigue, namely the hand dynamometer method, and blood plasma lactic acid levels. Both
methods show differences in the measurement of results before and after doing work on the computer
for four hours. More details can be seen in Table 1.

Table 1. Analysis of computer operator forearm muscle fatigue measurement results on hand
dynamometer and blood plasma lactic acid measurements

Before work  After work

Variable Mean SD Mean SD t P
Hand Dynamometer (kg) 43.25 332 4145 362 888 0,015
Blood plasma lactic acid levels 2.93 0.29 3.67 057 -1579 0.011

(mmol/L

Table 1 shows that the measurement using the hand dynamometer method for the ability of
the forearm muscle contraction of computer operators before work is 43.25 +3.32 kg and after
working for 4 hours on the computer has the ability of 41.45+ 3.62 kg, which means there is a change
in the form of a decrease in the ability to contract muscles. In the paired sample t-test statistical test,
it was found that there was a significant change in the decrease in the ability to contract muscles with
a value of p = 0.015 <0.05, which means that measurements with a hand dynamometer showed that
there was a decrease in the ability of the forearm muscle contraction of computer operators after

working 4 hours at the computer.
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In measurement using the blood plasma lactic acid method, blood lactic acid levels in
computer operators before work were 2.93+0.29 mmol/L and after working for 4 hours at the
computer, blood lactic acid levels were 3.67+0.57 mmol/L, which means there is a change in the
form of increased levels of lactic acid in the blood of computer operators. In the paired sample t-test
statistical test, it was found that there was a significant change in lactic acid levels in the computer
operator's blood with a p-value = 0.011 <0.05, which means that measurement of blood plasma lactic
acid levels showed a decrease in the ability of the computer operator's forearm muscle contractions
after working 4 hours on the computer as a parameter of muscle fatigue.
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Figure 1. Methods of measuring muscle fatigue

The value of hand muscle fatigue after working on a computer between groups is the
difference in the average value of computer operator muscle fatigue between hand dynamometer
measurements and measurements of blood plasma lactic acid levels. The average value of hand
muscle fatigue between measurement methods after working on the computer for 4 hours can be seen
in Table 2.

Table 2. Relationship between finger and forearm muscle fatigue, muscle contraction ability, and
blood plasma lactic acid levels

Variable Mean SD Min Max Is p

Changes in the ability to 180 012 -9.00 0.00
contract muscles (kg)
Changes in lactic acid levels
(mmol/L)

0.657 0.000
0.74 021 0.10 1.40
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Spearman's test results on the relationship between changes in the ability of computer
operators to contract muscles before and after working for four hours at the computer with changes in
blood plasma lactic acid levels before and after working for four hours at the computer show a
relationship with a significant value of 0.000 <0.05, where the change the ability of computer
operators to contract finger and forearm muscles was -1.80+0.12 kg with the lowest change being -
9.00 kg and the highest being 0.00 kg. The change in blood plasma lactic acid levels was 0.74+0.21
mmol/L with the lowest change being 0.10 mmol/L and the highest being 1.40 mmol/L. Thus there is
a relationship between changes in the ability to contract muscles with changes in blood plasma lactic
acid levels of computer operators, meaning that the higher the decrease in muscle contraction ability,
the higher the increase in blood plasma lactic acid levels in the forearm muscle fatigue of computer

operators.

4. DISCUSSION

Analysis of the characteristics of the sample in this study shows that the age factor of the
sample is homogeneous because of previously defined limits so that the age of the sample is
considered the same. The research was conducted in the community, namely computer rental places
in the city of Makassar from April to September 2022. Because the age of the samples is the same, it
can be said that the changes that occur in the sample are not due to the age factor. This is because
muscle mass, muscle morphology, energy metabolism, and neuromuscular activation are considered
to be relatively the same (Hendrik et al., 2016). Muscle fatigue is a complex symptom as a result of
the influence of neuromuscular factors, where age is a factor of resistance to fatigue (Ratel et al.,
2013).

Measurements with a hand dynamometer show that there is a decrease in the ability of
computer operators to contract the forearm muscles after working 4 hours at the computer. This can
happen because by working, the muscles experience continuous contractions, causing a decrease in
their ability to contract. The decrease in muscle contraction after working 4 hours at the computer
causes a decrease in blood supply along with ions or molecules that play a role in the process of
muscle contraction, such as H+, 02, K+, and Na, causing fatigue in the muscles (Russ et al., 2008).
Fatigue can also occur due to changes that are localized at the neuromuscular junction, causing a
decrease in the efficiency of muscle contractions (Lindinger & Cairns, 2021). A decrease in the
ability to contract the arm muscles can be seen when pulling the grip on the hand dynamometer as a

result of the reduced ability of the muscles to contract, so it can be concluded that the decreased
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ability of the arm muscles to hold the hand dynamometer after working 4 hours in front of the
computer is due to fatigue.

Likewise with the examination of blood plasma lactic acid levels as a parameter of muscle
fatigue. This happens because there are differences in blood plasma lactic acid levels before work
and after working 4 hours at the computer. An increase in blood plasma lactic acid levels as a result
of muscle contractions indicates fatigue. The method of blood plasma lactic acid levels can be used
as a parameter of muscle fatigue, muscle fatigue can occur because repeated muscle contractions for
a long time cause glycogenolysis and glycolysis which in turn causes lactic acidosis and disturbances
in muscle and plasma pH as well as disturbances in energy charge and ion balance (Fernandes et al.,
2014; Brooks, 2001). This method can be used as a parameter of muscle fatigue as the basis for
research results which state that there is a correlation between intra-muscle lactate or H+
accumulation and a decrease in strength during muscle fatigue. In addition, induced acidosis can
impair muscle contractility, causing higher fatigue (Brooks, 2001). Lactic acid also increases when
muscles contract because mitochondria cannot oxidize all the pyruvate produced, so pyruvate
becomes lactate in the myoplasm. Increased lactate is directly related to H+ production which causes
a decrease in intramuscular pH which has an impact on fatigue (Westerblad et al., 2002; Cairns,
2006; Jakel et al., 2021). Thus, it can be concluded that the measurement of muscle fatigue can be
known by measuring the levels of lactic acid in blood plasma. Because the two methods mentioned
above can be used in measuring muscle fatigue, and the results of the analysis obtained that there is a
significant relationship between changes in the ability of computer operators to contract muscles with
changes in blood plasma lactic acid levels before and after working for four hours at the computer,
meaning that the higher the reduction muscle contraction ability, the higher the increase in blood

plasma lactic acid levels in the arm muscle fatigue of computer operators.

A decrease in the ability to contract muscles after work occurs due to static muscle
contractions for a long time so the ability to contract muscles is weakened because the muscle fibers
lack adenosine triphosphate (ATP) as a result of pressure on the blood vessels so that blood flow to
the muscles that are contracting is obstructed (Cheng et al., 2019; Sundberg & Fitts, 2019). Fatigue
can also occur due to physiological factors, when the muscles contract, the blood that is between the
muscle fibers or outside the blood vessels of the muscles is pinched so that blood flow is obstructed
which causes the exchange of substances to be obstructed resulting in muscle fatigue (Sucharit et al.,
2019; Yu, 2020). Fatigue can also occur due to the depletion of ATP and CP (creatine phosphate)

stores. When ATP and PC are used for continuous contraction, fatigue will arise. This is due to the
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depletion of intracellular phosphagen. In other circumstances, the accumulation of lactic acid in the
bones causes the intracellular H+ concentration to increase. An increase in H+ ions in muscles can
suppress muscle function so that the muscles experience fatigue. Thus, the presence of continuous
static muscle work without a rest phase causes high energy consumption so that ATP energy is
produced anaerobically, causing the accumulation of lactic acid to increase (Fiorenza et al., 2019;
Theofilidis et al., 2018). Thus, continuous muscle work can cause a decrease in the ability of muscle
contractions and increase blood plasma lactic acid. This means that there is a relationship between
changes in the strength of muscle contractions with changes in blood plasma lactic acid levels in
computer operators after working for 4 hours at the computer.

5. LIMITATIONS

This cross-sectional study has several drawbacks, including the sample size which is
considered insufficient for observational studies, besides the two methods of measuring a variety of
muscle fatigue parameters, they cannot identify the type of fatigue being measured, both local fatigue
and general fatigue.

6. CONCLUSIONS

There is a relationship between the measurement results of changes in the ability of muscle
contraction with changes in blood plasma lactic acid levels in forearm muscle fatigue of computer
operators after working 4 hours at the computer. Because the two measurement methods have a

relationship, it is better if one of them can be used as a parameter for muscle fatigue.
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