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ARTICLE INFO ABSTRACT

CISSN: 2356-4067 One of the main occupations _ in fish .a}uction facili.ties was
_ _ transport worker. Manual handling activities are a leading cause

DOI:10.30597 /mkmi.v18i2.19739 of workplace injuries such as strains and back injuries. This

Published online Jun, 2022 study aims to analyze the association between ergonomic pos-

ture with muscle tension, lactic acid buildup, and work perfor-

mance. This study was carried out in November 2020. The in-

Keywords: struments in this study were portable electromyography, lactate
Ergonomy; analyzer, REBA Assessment sheet, and questionnaire. The anal-
muscle tension; ysis was performed with statistical test using Fisher Exact Test.
lactic acid; This study is analytical survey research with cross-sectional
work performance; study design with 51 respondents selected using convenience
posture; sampling method. Based on the data obtained, it was found that

36 respondents (70.59%) did not work ergonomically. The re-
sult of the analysis is that there is an association between ergo-
nomic posture and muscle tension (p=0.000) and lactic acid
buildup (p=0.002), but there is no association between ergo-
nomic posture and work performance (p=0.761). It is necessary
to improve the quality of fish auction facilities services by
providing ergonomic transportation aids such as lifting trolleys
and training related to the dangers of ergonomic risk factors at
fish auction facilities.
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INTRODUCTION

Indonesia is the biggest archipelago country
in the world. The total area of Indonesia is
around 7.81 million km2. The total area of the
ocean is 3.25 million kmz2. Meanwhile, 2.55 mil-
lion km? is the Exclusive Economic Zone, and
about 2.01 million km? is islands. With the vast
marine area, Indonesia has enormous marine
and fishery potentials. Fisheries are one of the
sectors that are relied upon for national devel-
opment.!

In operational activities, the process of trans-
porting fish from the pier to the fish auction fa-
cilities is assisted by transport workers operat-
ing around the port. After going to sea, fishermen
land their cargo of fish at the dock, and transport
workers help bring it to the fish auction facilities,
fish market, or fish processing place.2 Problems
in transport workers are closely related to ergo-
nomic problems. Ergonomics, according to the
Occupational Safety and Health Administration
(OSHA), is an association between humans and
work environment that does not cause a distur-
bance. In conclusion, ergonomics means the oc-
currence of a healthy, safe, and convenient work-
ing environment for humans.3 A combination of
men, machine, and the environment should take
into account the real capabilities of the person
who work in the system.4 Maintaining a physical
workplace environment as ergonomic as possi-
ble can help employees to achieve higher perfor-
mance.>

Transport workers do their work manually.
Manual material handling is an activity or work
in the handling or movement of materials car-
ried out in a job manually. Activities in manual
material handling include carrying, lifting, low-
ering, pushing, and pulling loads.6 The recom-
mended load for manual lifting from NIOSH Lift-
ing Equation is 51 pounds (23 kg), which repre-
sents the maximum recommended load weight
to be lifted under ideal conditions.” Loads that
are too heavy can cause injury to the spine, mus-
cle tissues, and joints due to excessive move-
ment.8 [t is recommended to lift weights to 10 kg
from knuckle to shoulder height at one lift per
minute within acceptable limits.

Lifting weights with excessive bending can re-
sult in a higher spinal load and result in Low
Back Pain (LBP).% Additionally, the study result
by Antwi-Afari et al. shows that the increase in

lifting load significantly increases electromyog-
raphy activity.19 Another abnormality is Muscle
and Bone Disorders (MSD) such as back pain,
tendonitis, herniated disc, and carpal tunnel syn-
drome. Gradual-onset injuries that usually occur
after repeated micro-trauma to a specific body
part can lead to cumulative trauma disorders.1!
Workers who are still growing and carry heavy
loads are at high risk for bone damage and im-
paired growth.12 However, the severity of the in-
jury depends on several factors, such as the de-
pendance on the duration, frequency, and/or
magnitude of exposure to each.13

Fish Auction Facilities where the research is
conducted is one of the biggest and most famous
facilities on Java Island. The process of loading
and unloading of fishing boats requires a lot of
transport workers to be involved. Based on the
pilot study, workers complained of dehydration,
muscle aches in their limbs, and excessive fa-
tigue. Muscle aches or pain are caused by meta-
bolic waste such as lactic acid in muscles and ex-
tracellular fluids, irritating the ends of the sen-
sory fibers.1# In addition, workers also com-
plained of muscle stiffness as a result of wrong
working positions. Workers do not understand
the correct working position for lifting and
transporting and how to reduce/control work
fatigue. A study showed a high-risk work posture
associated with MSDs complaints.15

The previous explanation shows that the im-
portance of the study is the possibility to identify
ergonomic factors among transport workers at
TPI. At the end of the article, there are efforts or
recommendations to reduce ergonomic hazards.
This study aimed to investigate the correlation
between ergonomic posture with muscle ten-
sion, lactic acid buildup, and work performance.

MATERIAL AND METHOD

This cross-sectional, quantitative study was
developed with transport workers in November
2020 at Fish Auction Facilities in Pati, Central
Java. This study sample is the total population (n
= 51). Samples of the population that are se-
lected non-randomly in this way are termed con-
venience samples as they are easy to recruit.
Transport workers who were present on site for
job opportunities were included in the study.
The independent variable is ergonomic posture.
The dependent variable includes muscle tension,
lactic acid buildup, and work performance.
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The instrument to measure ergonomic pos-
ture in this study was Rapid Entire Body Assess-
ment (REBA). REBA was used to assess and ana-
lyze posture. REBA is also extensively used to an-
alyze lifting assignments. The value of REBA in-
dicating low risk is 2-3, medium risk 4-7, and
high 8-10. Observations were made by recording
all worker activities to get their posture. Then,
the video was cut within the framework of each
job. The first step was the assessment of the
body part belonging to group A (trunk, neck,
legs) and group B (upper arm, lower arm, right
wrist, and left wrist) added by a force/load
score. Furthermore, the total score of group B
was summed with the coupling/grip score. The
total final value of groups A and B is score C. The
scores of static postures and/or repetitive ac-
tions (more than four times per minute) or the
change in posture faster in Table C were
summed with activity scores to obtain the final
value of REBA. Additionally, a lactate analyzer
was used to measure lactic acid levels. Lactate
levels were grouped into normal (< 2 mmol/L)
and not normal (> 2 mmol/L). Lactate testing
was performed directly after the respondents
finished their work to get blood lactate concen-
trations during higher work rates.

Another instrument used was portable Elec-
tromyography (EMG) to measure muscle ten-
sion. EMG was used to display real-time muscle
activity. EMG signal could be used to determine
the muscle-fatigue conditions.t¢ Surface EMG
was recognized as an effective and useful tool to
evaluate the appropriateness of therapy by
providing reliable and unique information on
biomechanical and musculoskeletal dysfunction.
Surface EMG w commonly used to study the
loading of the forearm. Muscle tension is classi-
fied as relaxed (< 3 microvolts) and not relaxed
(>3 microvolts).

Work performance was measured using ques-
tionnaire. Work performance data were ob-
tained from the results of self-assessment based
on how many workers can afford to transport in
a day. One aspect of work performance that can
be calculated is quantity. The estimation used to
judge quantity varies among industries. Quantity
is the achievement of workers who have far ex-
ceeded the target or expectation.l? In this study,
workers who were able to transport more than
500 kg of fish were included in the high work
performance category. Meanwhile, workers who

transport fish less than 500 kg are categorized as
having low work performance.

SPSS software was used to perform the statis-
tical analyses. The data obtained were then ana-
lyzed using Fisher’s Exact Test with a signifi-
cance level of p < 0.05. The protocol of this study
was approved by the Research Ethics Committee
of the Faculty of Public Health, Diponegoro Uni-
versity, Number 16/EA/KEPK-FKM/2020. Writ-
ten informed consent was obtained from all re-
spondents.

RESULTS

The characteristics of all respondents in this
study are shown in Table 1. A total of 51
transport workers were included in this study,
and all of them were males. Based on the data
obtained, it was found that 15 respondents
worked with medium-risk of posture while 36
respondents (70.59%) worked in high-risk pos-
ture. Based on the level of lactic acid, 52.94% of
the respondents had normal lactic acid levels.

Based on Table 2, it is known that 7 workers
have ergonomic postures or 46.67% have re-
laxed muscle tension. Meanwhile, 8 workers
have a medium risk of ergonomic postures or
53.33% have non-relaxed muscle tension.
Online one worker has a high-risk ergonomic
posture or 2.78% have relaxed muscle tension
while 35 workers have high-risk postures or
97.22% have non-relaxed muscle tension. The
results of the statistical test using the Fisher's
Exact Test showed a significance value of 0.000
(< 0.05) which indicates that there is an associa-
tion between ergonomic posture and muscle
tension.

Table 1. Frequency Distribution of Ergonomics

Posture, Muscle Tension, Lactic Acid Buildup,
and Work Performance

Characteristics n=51 %

Ergonomic Posture

Low Risk 0 0.00

Medium Risk 15 29.41

High Risk 36 70.59
Muscle Tension

Relax 8 15.69

Not Relax 43 84.31
Lactic Acid Buildup

Normal 27 52.94

Not Normal 24 47.06
Work Performance

Low 19 37.25

High 32 62.75

Source: Primary Data, 2020
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The result of statistical tests using Fisher's Ex-
act showing a significance value of 0.002 (< 0.05)
which indicates that there is an association be-
tween ergonomic posture and lactic acid build-
up. Table 2 shows that more workers have ergo-
nomic postures, namely 13 people, or 86.67%
have normal lactic acid buildup, compared to 2
workers (13.33%) with ergonomic postures
who have normal lactic acid buildup. Less than
half of the workers have non-ergonomic pos-
tures, namely 14 (38.89%) with normal lactic
acid buildup while 22 (61.11%) workers with
non-ergonomic postures do not have normal lac-
tic acid buildup.

Based on Table 2, it is known that most work-
ers with good ergonomic postures have high
work performance as many as 10 people
(66.67%). Likewise, most workers with non-er-
gonomic work postures still have high work per-
formance as many as 22 people (61.11%). The
results of the statistical test obtained a signifi-
cance value of 0.761 (> 0.05) which indicates
that there is no association between ergonomic
posture and work performance.

DISCUSSION

The current study findings showed an associ-
ation between ergonomic posture and muscle
tension (Table 2). In general, ergonomics can be
defined as fitting a job to a person by adjusting
work elements to the human body which is ex-
pected to make them work more efficiently and
productively. In addition to the lack of tools in
lifting and carrying activities for transport work-
ers at fish auction facilities, inappropriate and
repeated work positions contribute to muscle fa-
tigue which in turn can result in musculoskeletal
disorders including muscle injury and low back

pain.18 Heavy physical work, climatic factors,
awkward postures, whole-body vibrations, slips,
and falls, and working in a cold environment
contribute to multifactorial back pain.19
Transport workers at fish auction facilities work
at night when cold temperatures can cause com-
plaints of stiffness & lack of muscle coordina-
tion.20 Work-related MSDs can be prevented us-
ing the ergonomic principle because it helps re-
duce muscle fatigue by reducing the workload
on the muscles or improving the working pos-
tures to minimize awkward positions.2!

One of the strategies to prevent complaints is
to work using an assistive device. Improvements
can be made by designing a tool such as trolleys
to move materials easily and safely, thereby min-
imizing the number of material damage. In addi-
tion, trolleys can transport materials more effec-
tively and efficiently. This strategy can also re-
duce musculoskeletal complaints, slow down the
rate of fatigue, decrease cycle times, and ulti-
mately increase overall productivity.22.23

Regarding the association between ergonomic
posture and lactic acid buildup (Table 2), the
finding of this study suggested an association.
This is in line with the research by Yudisianto
that there was a weak positive correlation be-
tween the work position and physical fatigue in
the circular loom and jumbo bag sub units at PT
X with a coefficient value of 0.354.24 Complaints
in the musculoskeletal system are influenced by
the abnormal work of muscles as a result of an
unnatural work attitude, the impact of which can
cause muscle fatigue and pain or discomfort.
Pressure on the soft tissue can block blood flow
and result in reduced oxygen and carbon dioxide
build-up and produce lactic acid waste. This sit-
uation leads to discomfort or pain sensation.25

Table 2. The Association Between Ergonomic Factors and Muscle Tension, Lactic Acid Buildup, Work Perfor-

mance
Ergonomic Posture Total
Variable Medium Risk High Risk p-value
n=15 % n =36 % n=51 %

Muscle Tension
Relaxed 7 46.67 1 2.78 8 15.69 0.000
Not Relaxed 8 53.33 35 97.22 43 84.31

Lactic Acid Buildup
Normal 13 86.67 14 38.89 27 52.94 0.002
Not Normal 2 13.33 22 61.11 24 47.06

Work Performance
Low 5 33.33 14 38.89 19 37.25 0.761
High 10 66.67 22 61.11 32 62.75

Source: Primary Data, 2020
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The longer a job is, the less energy is pro-
duced, so there will be residual combustion in
the form of lactic acid. Accumulation of lactic
acid itself can be a biomarker of muscle fatigue.
Glycolysis makes pyruvate production where,
when pyruvate production exceeds the oxida-
tion process, the pyruvate will turn into lactic
acid which in turn reduces muscle power.26 One
of the ways to recover lactic acid levels is by
stretching muscles or sitting for a while between
working and recovering. Resting plays a key role
to overcome fatigue. With resting, the body can
get a supply of oxygen to oxidize lactic acid to py-
ruvic acid again.2?

The results of this study revealed an associa-
tion between ergonomic posture and work per-
formance (Table 2). Findings from another study
show that an increase in REBA scores will cause
a decrease in the productivity of traditional co-
conut fiber peeler workers because of increased
work fatigue due to a bad (non-ergonomic)
working position.28 Work performance can be a
factor to determine work productivity. Ergo-
nomically designed work positions, work equip-
ment, and work areas aim to create a safe, com-
fortable work environment and are expected to
improve work performance which leads to in-
creased productivity.2? An experimental study
with an ergonomic factor intervention has
shown a significant increase in productivity in
the intervention group.3° In this study, other fac-
tors that were not investigated could contribute
to the work performance of the transport work-
ers.

Ergonomic work position and work design as
well as adequate rest time are also a form of pre-
vention of Cumulative Trauma Disorders (CTDs)
which is a common occupational disease in vari-
ous fields of work. CTDs are MSDs that are
formed due to repetitive physical movements,
exceeding capacity with awkward postures from
work activities, causing fatigue and getting
worse due to lack of recovery time for the body,
causing permanent injuries such as disorders of
tendons and nerves.3! Intervention with an im-
provement of working conditions and the com-
bination of giving static stretching and McKenzie
exercise can reduce physiological responses and
increase work productivity in workers in the in-
cense printing section.32

CONCLUSION AND RECOMMENDATION

This study contributes to the importance of
controlling ergonomic risk factors in informal
sectors. There is an association between ergo-
nomic posture with muscle tension and lactic
acid buildup in transport workers. It is recom-
mended that management of TPI together with
higher education propose potential strategies,
education and training options, workplace de-
sign models, and specific manual handling
equipment.
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