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The 1st International Conference on Health and Medicine (ICHM 2023): The Island Doctors-
Overcoming Challenges for Improved Health is organized by the Faculty of Medicine,
Pattimura University (FK UNPATTI) in Maluku Province, Indonesia. The conference is
scheduled to take place on July 26 & 27, 2023.

The conference's primary focus is on the unique program of "island doctors" offered by FK
UNPATTI. This program aims to prepare medical graduates to provide optimal health services
to community members living in the archipelago, particularly in areas with limited access to
medical facilities. Given Maluku Province's geographical characteristics, with more sea area
than land, developing marine and island health is crucial for the safety and well-being of people
residing on small islands, cruise ships, and participating in maritime activities.

As the only Faculty of Medicine in Maluku, FK UNPATTI plays a significant role in improving
health services and medical care available to island communities. Graduates from FK
UNPATTI are equipped with specialized knowledge, skills, and personality development
necessary to address the challenges of providing medical services in remote and island
regions. The competence of these island doctors is expected to contribute to the improvement
of healthcare in Maluku and Indonesia.

The conference aims to address the demand for high-quality health services by promoting and
showcasing scientific research in the field of island marine health. Given the rapid
development of science and technology in medicine and health, research plays a crucial role
in meeting the community's health needs. Therefore, the conference seeks to foster the
exchange of knowledge and research findings related to island marine health, enabling
attendees to learn from various studies conducted worldwide and adapt the findings to the
local context in Maluku.

The conference will provide a platform for researchers, medical professionals, scholars, and
students to share their latest research findings, innovative ideas, and experiences related to
island marine health. Various topics may be covered, such as advancements in medical
technology, public health strategies, preventive measures for island communities, and other
relevant areas aimed at improving healthcare services in remote and island regions.

Publication is considered one of the most effective methods to disseminate research findings,
and this conference may result in the publication of the presented research in scientific
journals and other academic platforms. Additionally, the conference could also lead to the
establishment of international collaborations and partnerships to further enhance research and
healthcare initiatives in the field of island marine health.

The 1st International Conference on Health and Medicine: The Island Doctors-Overcoming
Challenges for Improved Health is expected to be an important event that showcases the
efforts and progress made by FK UNPATTI in addressing the unique healthcare challenges
faced in the archipelagic province of Maluku, Indonesia.
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Ergonomic Hazards for Work-Related Musculoskeletal Disorders
among Workers of Traditional Manufacture Industries
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Abstract

Work-related musculoskeletal disorders (WMSDs) are most prevalent occupational health issues
that could affect employees physically and socially. Ponorogo regency has several traditional
manufacturing industries that support regional economic growth. The issues in this sector include
the low adoption of current technology and the predominance of manual handling techniques,
which raises the risk of WMSDs among employees.

Based on SNI no. 9011:2021, the National Standardization Agency (BSN) establishes standards
to evaluate possible ergonomic risks in the workplace. However, not every industry, particularly
small ones, has a procedure for auditing these risks. This study aims to develop a model to
evaluate WMSDs risks based on spesific work posture among traditional manufature industries.
Using cross-sectional data collecting method, 250 workers participated in this observational
study as respondents who were randomly selected using a stratified random sampling. Strata
were determined by company scale. The model were designed by WMSDs as dependent
variable and ergonomics hazard risks as determinants consisting of 10 indicators (arm
movement, hand effort, awkward posture, direct pressure, vibration, environment, control of work
rhythm, pushing/pulling, keyboard usage, and manual handling). Neural networks algorithm is
used to determine the relationships path among variables.

The result finds that arm motions (2.5), uncomfortable postures (2.4), and rhythm control (2.3)
had the largest risk weight for WMSDs. Neck (8.2), right shoulder (6.6) and calf (6.1) are the
body parts that most exposed to the WMSDs risk due to work factor. The data modelling show
that complaints on each body part are caused by specific work postures.

Keywords: Posture risk, Work-related musculoskeletal disorders, Manufacture industries
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1. INTRODUCTION

ABSTRACT

Ponorogo regency has several traditional manufacture industries that
support regional economic growth. The common issues are low adoption
of proper technology and most jobs are manually handled. The
manufacturing sector usually involves various heavy labor-intensive
activities which potentially causing strains on both the upper and lower
body region which led to work-related musculoskeletal disorders
(WMSDs) risk. This research aims to describe the ergonomic hazards and
WMSDs compliants most exposed and develop a model to evaluate risks
among traditional manufature industries.

Using cross-sectional method, 250 workers participated in this
observational study and randomly selected through stratified random
sampling. The neural network model were formulated by predicting
WMSDs in the upper and lower body region based on its determinants.
As determinants, ergonomic hazards divided into upper (8 variables) and
lower (10 variables) body region.

The result shows that Manual handling (p-value=0.02) and neck bend or
rotation (p-value =0.03) are factors associated with WMSDs in the upper
body. While body bend or rotation (p-value =0.02) is the only determinat
for WMSDs in the lower body region. Workers are frequently exposed to
ergonomic risks to both the upper and lower body, but the upper body
risks are more frequently associated to WMSD symptoms.

Keywords: Ergonomic Hazards, Work-related musculoskeletal disorders,
Manufacture industries

Itis common in the developing countries that small-scale industries employ a large number of workers
as a replacement for automation. As a culture center region in Indonesia, Ponorogo regency has several
traditional manufacturing industries that support regional economic growth. In 2020, there were 3,807
traditional food and craft industries or 78% from total industries around Ponorogo. It has been absorb around
3,800 local workers or or 62% of the total workers in other formal industries [1].

Usually, small and traditional industries place less emphasis on the culture of health and safety for
employees [2]. Additionally, most workplace in the local manufacturing industry has lack ergonomic design,
which has led to ergonomic hazards among workers. Regardless of other work-related factors, ergonomic is
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one of the key elements that define the working environment in manufacturing industries [3]. There is less
consideration on monitoring programs to evaluate workers health and safety due to the small-scale and informal
most industries are.

The following studies prove that there is an issue that result in high levels of ergonomic problems
among workers. Observational study by Dwijayanti [4] reported that more than 50% workers in the traditional
food industries exposed to medium — high musculoskeletal com-plaints. Similar study among bakery industries
by Arifah [5] find that 92% bakers exposed to medium — high risk ergonomic hazard due to the manual handling
method.

The manufacturing sector usually involves heavy labor-intensive activities. In a traditional or small-
scale setting, the issues are low adoption of modern technology and most of production process is manually
handled [6]. In addition, repetitive movement, long-static or dinamic postures causing biomechanical overload,
which may contribute to work-related musculoskeletal disorders (WMSDs) [7].

WMSDs are one of the most common occupational health problems which affect workers physically
and socially [8] and result in financial losses for company due to decreased productivity [9]. According to
WHO[10], WMSDs are known to be multifactorial responses and are influenced by work attitudes and
positions. Use of machines or manual handling [6], [11], repetitive movements [12], monotonous work [13],
lifting weights[14], awkward postures [11], [14], [15] and continuous and excessive use of force [11], [16] is
a work factors that causes musculoskeletal system strain and increase the risk of WMSDs. Dominant work
postures are most related to the types and parts of the body exposed to ergonomic hazards [14]. Professional
computer users, for example, are more at risk of developing carpal tunnel syndrome because of their typing
position [17], [18]. Workers in a standing position are at greater risk of experiencing low back pain [19], work
with a lot of hand effort and manual handling has a greater risk of causing shoulder and neck complaints [20],
etc.

Ergonomic hazards, posture, and WMSDs are interconnected issues that play a crucial role in the
development and prevention of musculoskeletal injuries and discomfort among workers [21]. Ergonomic
hazards refer to factors in the workplace environment that can lead to physical strain, discomfort, and potential
injuries due to the incompability between the job demands and the capabilities of the workers [22]. These
hazards include repetitive motions, forceful exertions, awkward postures, vibration, contact stress, and other
un-ergonomic working postures that could led to WMSDs [23]. It increases as the physical requirements of a
task exceed the body's ability to perform it out comfortably and safely. If it continues for a long working
periods, workers will be forced to adopt unnatural body positions that led to musculoskeletal stress [24].

The most of study related to WMSD focuses on the particular working type associated to the
percentage of WMSDs in a certain body area. It is become a fundamental question regarding which areas are
more exposed based on the type of work or which part of the region that more exposed to WMSDs risk.

The Indonesian National Standardization Agency (BSN) establishes standards to evaluate possible
ergonomic risks based on SNI 9011:2021 [23]. In these standard, ergonomic hazards are divided into upper
and lower body region. This division can be used to determine the body are more at risk based on the worker's
dominant working posture and identify the hazards that are common in particular working types.

It is typical that discomfort in a certain body parts is associated with an exposure to a single awkward
work posture. However, some studies suggest that single postures that becomes an ergonomic hazards do not
independently cause specific WMSDs. For example, carpal tunnel syndrome could caused by not only wrist
strain stress but also manual handling jobs [25]. MSDs of the shoulder and neck were significantly linked with
or brought on by occupational exposures to whole-body or hand-arm vibration[26]. Both upper and lower body
region has a particular ergonomic hazards related to movements or exposure in the region.

Workers in traditional manufacturing industries frequently engage in a variety of high-intensively
working activity, which run the risks of causing strains on both the upper and lower body regions. This research
aims to describe the ergonomic hazards and WMSDs compliants most exposed among workers in the
traditional manufacturing industries in Ponorogo Regency. Predictive modeling is designed to identify specific
hazards that most contribute to the WMSDs in the upper and lower body regions. The findings of this study
can be used as a guide for determining the appropriate work station design or program to control ergonomic
hazards among workers.

2. METHOD (10 PT)

2.1. Data collection and respondents

Using cross-sectional data collecting method, 250 workers in the traditional manufacturing industries in
Ponorogo Regency participated in this observational study as respondents. They were randomly selected using a
stratified random sampling. Strata is a scale or company levels were divided into small (workers<50), medium
(workers 50-100) and large (workers >100). To be included as respondents, workers should been working as full-
timer for at least 5 years of working period and had no injuries or chronic diseases in the last 10 years.
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This study involved all traditional manufacturing industry workers which estimated 3,800 people were
included as population. The minimum sample size following the sample size formula for finite population[27]
givenas:

_ NZ} 4, P(1-P) (1)
~ (N-1)d%+z%_,, P (1-P)

n

Where :

n = minimum sample size

Z 1-0/2 = 1,96 (with a = 0,05)

P = workers proportion with WMSDs (assumed 80% = 0,8)
d = tolerable error rate in this study =5 % = 0,05

So that the minimum sample size calculated as:

3.800x 1,962 0.8 (1-0.8)  _ 2335,69 _
n= = = 230,9 ~ 231 respondents.
(3.799)0.052+ 1,962 0.8 (1-0.8) 10,11

In this study, 250 workers were chosen as respondents due missing in data gathering. They signed an
informed consent after being informed of the study's goals and methods and voluntarily agreed to participate as
respondents.

2.2. Variables and instruments

The region exposed to WMSDs and Ergonomic hazards in this research divided into upper and lower
body regions. There are 17 ergonomic hazards determined by evaluate working posture as described in the
Figure 1. There are 8 (eight) determinats in the upper body region and 10 (ten) determinats in the lower body
region. Manual handling (Xc) were involved as WMSDs factor in both upper and lower body region.

—| Neck bend or rotation (Xal) |
-| Shoulder exposure (Xa2) |

-| Arm movement or Rotation (Xa3) |

—| Wrist Rotation (Xa4)

WMSDs in the upper
body region (Ya)

Repetitive hand movement (Xa5)

1

Vibration (Xa7)
Manual Handling (Xc)

|
|
Static Hand pressure (Xa6) |
|
|

Body bend or rotation (Xb1)
Knees bend or bow (Xb2)

WMSDs (Y)

Repetitive ankle movement (Xb3)

Sit without a backrest (Xb4)

Static long standing (Xb5)

Repetitive walk (Xb6)

L | WMSDs in the lower

R iti inth Xb7
body region (Yb) epetitive pressure in the body (Xb7)

Push or pull (Xb8)

Vibration (Xb9)

LT T r T -1 T T 1 [ T T

Manual handling (Xc)

Y Y
Dependent variable Determinants

Figure 1. Determinants of WMSDs in the upper and lower body region

Measurement guide in this study based on SNI1 9011:2021[23]. In the WMSDs complaints measurement,
respondent reported discomfort, pain or burning in the 12 body limbs according to the assessment form and
interpreted as binnary classification (Yes and No). Ergonomic hazards classified in the various rating scale
based on the exposure level (0-3) which determined by accumulating severity and duration exposure.
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2.3. Data analysis

Data modelling in this study build up by analyze WMSDs risks based on its determinats in the upper
and lower body regions. There are two modelling steps with the diferent algorithm. Binary logistic regression is
used to determine factor related to independent variable with significance level based on 95% confidence interval
(CI). while Neural networks algorithm is used to determine the path correlation among variables.

3. RESULTS AND DISCUSSION (10 PT)
3.1. Descriptive result

Data were obtained from 251 workers of traditional manufacture industries in Ponorogo. Every work
posture contributes to specific ergonomic hazards as described in Figure 2. Musculoskeletal disorders (MSDs)
complaint among workers were evaluated based on 12 body parts as described in Figure 3.

Wrist Rotation (Xa4) I 65.2%
Body bend or rotation (Xbl) NI 62.3%
Push or pull (Xb8) I 55.1%
Shoulder exposure (Xa2) I 53.6%
Static long standing (Xb5) I 52.2%
Manual handling (Xc) I 51.9%
Arm movement or Rotation (Xa3) NN 39.9%
Neck bend or rotation (Xal) NN 39.9%
Repetitive ankle movement (Xb3) NN 34.8%
Repetitive walk (Xb6) NN 33.3%
Knees bend or bow (Xb2) I 31.9%
Sit without a backrest (Xb4) NN 31.2%
Repetitive pressure in the body (Xb7) I 29.1%
Static Hand pressure (Xa6) NN 25.6%
Repetitive hand movement (Xa5) NI 22.7%
Vibration in the lower body part (Xb9)  0.0%
Vibration in the upper body part (Xa7)  0.0%

Ergonomic Hazards

m Exposure

Figure 2. Ergonomic hazards based on posture exposure

Based on the descriptive result, Wrist rotation is the most common activity experienced by workers
(65.2%), followed by body bend or rotetion (62.3%) and push or pull (55.1). There are no workers exposed to
vibration in the both upper and lower body region.
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Lower back (Y7)
Neck (v1) R 20,4 7%
Shoulders (v2) T 20.6%
Arms (v5) T 19.1%
Foot (Y12) TN 17.6%
Knees (Y10) S 16.2%
Hands (v6) T 132%
Uper back (Y4) TN 10.3%
Thighs (Yo) T 3.8%
Calf (v11) TN 4.4%
Hips (Yg) D 4.4%
Elbows (Y3) ¥ 0.0%

mWMSDs complaints

Figure 3. WMSDs complaints based on te body region exposed
The MSDs complaints were measured in 12 different body parts, as shown in Figure 3. The WMSDs
exposure measured by accumulate severity and frequency score in the MSDs matrix in the SNI 9011:2021.
Lower back (39.7%), neck (29.4%) and Shoulders (20.6%) are body segment most exposed to WMSDs. While
there are no complaint in the elbows.

38.2%

35.3%

15.47% 15.13%

Ergonomic hazard exposure WMSDs Complaints
u Upper body region Lower body region

Figure 4. Ergonomic hazards and WMSDs complaints in the upper and lower body region

As explained in the method, the region exposed to WMSDs and Ergonomic hazards determined by
work posture in this research divided into upper and lower body regions. The following figure shows a
descriptive comparison of the hazard exposure and complaints rate among workers in both the upper and lower
body regions.

Descriptively, workers are more likely to be exposed to ergonomic hazards in their lower body
(38.2%) than than their upper body (35.3%). Meanwhile, WMSDs complaints on the upper body (15.47%) are
higher compared to the lower part (15.13%). The difference, however tends to be insignificant.







3.2. Logistic regression model of WMSDs in the upper and lower body region

Upper body region including Neck, Shoulders, Upper back, Arms, and Hands. While lower body region including lower back, thighs, knees, calves and feet. WMSDs
is determined by the complaints at least in the one region of the upper or lower body region. There are 15 ergonomic hazards divided into upper and lower body region. Manual
handling (Xc) included as determinant in both the upper and lower body region.

Table 1. WMSDs model based on ergonomic hazards in the upper body region

Uper Body Region WMSDs in Lower Body Region WMSDs in
Erg};_ci)gzc;n:(;(; Neck Shoulders Uper back Arms Hands the;)gs{/)er Lower back Thighs Knees Calf Foot thigcav;//er
B | p-value B | p-value B | p-value B | p-value B | p-value B | p-value | B | p-value | B | p-value | B | p-value | B | p-value | B | p-value | B | p-value
Xal |0.55| 0.11 0.33| 018 ]0.33| 073 |-057] 021 |0.20| 0.62 [0.83| 0.03* - - - - - - - - - - - -
Xa2 |0.69| 0.05* |029| 014 [030| 0.22 025| 049 [003| 094 |033| 042 - - - - - - - - - - - -
Xa3 |0.18 | 0.95 141| 077 [-0.12| 054 0.14 | 0.04* |-0.30| 0.07 |-0.29| 0.32 - - - - - - - - - - - -
Xa4 |0.30| 060 |-0.26] 0.95 [006| 051 |-1.06| 038 |[-0.14| 0.79 |-0.08| 0.06 - - - - - - - - - - - -
Xab |-0.43| 025 |-0.27| 0.04* [0.07| 0.25 022| 075 [022| 085 |1.03| 0.32 - - - - - - - - - - - -
Xa6 |0.53 | 0.18 0.22 | 0.02* |-0.27| 0.12 |-0.12] 0.09 |[-0.09] 011 |[-0.30] 0.11 - - - - - - - - - - - -
Xc |045| 043 0.27| 0.09 |[-0.06] 0.62 0.09| 0.05* |[065| 055 |[045| 0.02* |-3.17| 019 |[-331| 022 |[-3.99| 044 |-6.92| 028 |036| 0.04* [-1.98| 0.26
Xbl | - - - - - - - - - - - - 137 | 0.01* |040| 089 |-045| 037 |142]| 020 |0.63| 0.16 [0.83| 0.03*
Xb2 | - - - - - - - - - - - - -0.01| 095 |-051] 0.63 [153| 0.08 |-057| 044 |-035| 037 [027| 0.11
Xb3 | - - - - - - - - - - - - 048| 014 |025| 066 |0.84| 009 |032| 064 |-063| 0.15 |-0.05| 0.87
Xb4 | - - - - - - - - - - - - 006 | 0.85 |-056|] 020 |049| 033 |0.05| 094 [001| 0.97 |-011] 0.31
Xb5 | - - - - - - - - - - - - 122 | 0.05* |-0.18| 006 |116| 0.17 [0.98| 048 |0.84| 025 |191]| 055
Xb6 | - - - - - - - - - - - - -0.76| 045 |0.10| 048 |-0.06| 0.89 |[-0.08] 091 |-042| 0.38 |-0.22| 0.74
Xb7 | - - - - - - - - - - - - 020 059 |026| 089 |-106/ 006 |0.38| 063 [010| 0.62 |0.11]| 0.68
Xb8 | - - - - - - - - - - - - -0.07| 058 |019| 033 [007| 066 |026| 046 [-3.23] 081 [0.09| 0.61

*) significant at p-value < 0.05

Based on the model in the table 1, WMSDs in the upper body region significantly related to Xal/“neck bend or rotation” (p-value =0.03; f=0.83) and Xc/“manual
handling” (p-value =0.02; p=0.45). Body limb affected by ergonomic hazards are neck that significantly affected by Xa2/’shoulder exposure” (p-value = 0.05; B = 0.69),
shoulders that significantly affected by Xa5/repetitive hand movement” (p-value = 0.04; B = -0.27) and Xa6/”static hand presure” (p-value = 0.05; B = 0.69), and arms that
significantly affected by Xa3/”arm movement or rotation” (p-value = 0.04; B = 0.14) and Xc¢/’manual handling” (p-value = 0.05; = 0.09) .

In the lower body, WMSDs are determined by the risk of ergonomic hazards consisting of 9 indicators, including: body bend or rotation (Xb1); knees bend or bow
(Xb2); Repetitive ankle movement (Xb3); sit without backrest (Xb4); static long standing (Xb5); repetitive walk (Xb6); repetitive pressure in the body (Xb7); push or pull
(Xb8); and manual handling (Xc). The logsitic regression model is presented in table 5. Based on the logistic regression model, WMSDs in the lower body were significantly
related to Xb1/“body bending or twisting” (p-value =0.02; p=0.43). The part of the lower body that is exposed to ergonomic hazards is the lower back which is significantly
related to Xc/"manual handling” (p-value = 0.04; = 0.36).







3.3. WMSDs Model in the upper body region

An importance analysis of the independent variables (ergonomic hazards) is performed in order to
evaluate the degree of predictor’s suitability (fitness) to dependent variable (WMSDs in the upper body). The

analyses' findings are shown in figure 5.
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Figure 5. Factor’s Importance of the WMSDs in the upper body region (a) and percent of incorrect
prediction based on the independent variables included in the model (b)

As in logistic regression, the neural networks model shows that among the 7 ergonomic hazards,
“manual handling (Xc) (NI:100%) and neck bending or twisting (Xal) (N1:66.33%) are the 2 most important
determinants in the model of WMSDs in the upper body. Based on the model summary and entrophy error test,
the model with two predictors (Xc and Xal) has the lowest rate of percent incorrect prediction and sum of
entrophy error (SEE) both in the data training and data testing compared to the other models.

So that neural networks model of WMSDs in the upper body build up based on the "neck bending and
twisting™ (Xal) and "manual handling" (Xc). In the modeling process, there are 100 data trainings and 100 data
testings (present in the table 3 and figure 6) that carry out the learning process by calculating weights and
reducing errors continuously.

Table 3. WMSDs parameter estimation based on synapsys

(H)
Predicted
. Hidden Layer 1 Output Layer
Predictor HAD) | H2) | WMSDs [ WMSDs
:No 2 Yes
Input (Bias) -0.207 | -0.382
Layer | [Xal=,00] 0.777 0.045
[Xal=1,00] | -0.546 | -0.214
[Xal=2,00] | 0.018 | -0.411
[Xal=3,00] | -0.180 | -0.291
[Xc=,00] 0.508 0.052
[Xc=1,00] 1.067 0.670
[Xc=3,00] -0.384 | -0.194
[Xc=6,00] -0.730 0.125
Hidden | (Bias) 0.131 0.443
Layer H(1:1) 0.884 -1.643
1 H(1:2) 0.700 0.146

Synaptic Weight > 0
—— Synaptic Weight < 0

Hidden layer activation function: Hyperbolic tangent

Cutput layer activation function: Softmax

Figure 6. Network estimation of WMSDs Model
in the upper body

The network model provides predictive information for the WMSDs possibility (Yes and No) based
on all possible parameters in the predictors (Xal and Xc). Xal is a “neck bend or rotation” consisting of 3
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levels, including : 0 = exposure level 0-25%; 1 = exposure level > 25-50%; 2 = exposure level > 50-75%; and
3 = exposure level > 75-100%. While exposure levels is the accumulation of position and duration of neck
activity at work. Xc is “manual handling” activity consists of 4 risk levels (0,1,3 and 6). The risk level is
determined based on the manual handling risk matrix which is an accumulation of the weight of the object
being lifted, distance and duration or frequency of activity. Table 3 shows the synapse weights in each pathway
that can be used as a prediction function.

There are 1 hiden layer formed in the model. Bias weight in the model defined as the constant which
is added to the product of features and weights. The activation function can be shifted in the model to the
positive or negative side. The pathway estimation ilustrated in the Figure 5. Based on this function, the WMSDs
predictions based on the Xal and Xc possibility is presented in table 4. The WMSDs in the upper body region
predicted to be occurred in the grey marked cell in the matrix.

Table 4. Prediction model of WMSDs in the upper body region based on manual handling and
neck or bend rotation

Neck or Bend Rotation Manual Handling (Xc)
(Xal) 0 1 3 6
0 WMSDs : No | WMSDs : No WMSD:s : yes WMSDs : yes
1 WMSDs: No | WMSDs : No WMSDs : yes WMSD:s : yes
2 WMSDs : No | WMSDs : No WMSD:s : yes WMSDs : yes
3 WMSDs : No | WMSDs : yes WMSDs : yes WMSDs : yes

3.4. WMSDs Model in the lower body region

As in the upper body, an Importance test of independent variables to WMSDs in the lower body region
carried out as presented in Figure 7. It is shown that the "body bend or rotation" (Xbl) and "Static long
standing" (Xb5) are predictors with ideal normalized importance values (NI > 85) to be used as WMSDs
predictors in the lower body region. Based on the model summary in the section b, it is also known that model
with two predictors (Xb1 and Xb5) have the smallest SSE (20.4) and sum of percent incorrect prediction.
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Figure 7. Factor’s Importance of the WMSDs in the lower body region (a) and percent of incorrect
prediction based on the independent variables included in the model (b)

In table 5, the WMSDs model in the lower body region is constructed based on all possible rates in
the "body bend or rotation™ (Xb1) and "static long standing" (Xb5). There are 3 level of body bend or rotation
exposure determined by awkward position and body angular degree, including: 0 = exposure level <25%; 1=
exposure level 25 — 50%; and 2 = exposure level >50-100%. While in the static long standing exposure level
determined by the static duration consist of level 0 = exposure level <50%; and 1= exposure level 50-100%.
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Table 5. WMSDs parameter estimation based on synapsys

Synaptic Weight > 0

weights in the input layer (Xbl and Xb5) and the hidden — Synaptc e <0
layer (H)
Predicted
Predictor Hidden Layer 1 Output Layer e
. . [WMSDs :|[WMSDs :
H(LT) | H(12) No] Yes]
Input (Bias) -0.43 0.26 S
Layer | [Xb1=,00] 0.47 0.86 — @
[Xb1=1,00]] 067 | -0.15 <

[Xb1=2,00]] -0.54 | 0.32 pd

[Xb5=,00] 0.09 0.12 Kos- 00
[Xb5=1,00]| -0.63 | 0.7 /

Hidden | (Bias) 0.12 0.33
Layer 1 H(l]_) 0.79 2029 XbS=1,00
H(1:2) 0.24 0.05

Hidden layer activation function: Hyperholic tangent

Output layer activation function: Softmax

Figure 8. Estimasi jaringan neural pada
pemodelan WMSDs pada tubuh bagian bawah

The model estimation consist of Xb1 and Xb5 as input layer with 1 hidden layer. Output layer is
WMSDs in the lower body region which pedict as Yes or No. Neural network model ilustrated in the figure 6
simply described as WMSDs risk if all possible predictor variables are included. In the table 6, it is estimated
a prediction results of WMSDs in the lower body based on the main predictors.

Table 6. Prediction model of WMSDs in the lower body region based on manual handling and neck or
bend rotation

Static long standing
Body bend or rotation 0 1
WMSDs : No WMSDs : No
WMSDs : No WMSDs : yes
WMSDs : yes WMSDs : yes

3.4. Discussion

Since MSDs are known to be multifactorial [10], observing WMSDs requires an accurate and specific
diagnosis. This study minimizes all biases that result in the incorrect determination of WMDs. Our main
method is to establish the criteria for respondents by excluding those who have an illness history or other health
issues. Individual characteristics such as working period and work duration are controlled by set a specific
requirements, so that every potential work posture can be observed as an ergonomic risks contribute to WMSDs
in the upper and lower body areas, respectively.

First, the findings of this study led to a description of ergonomic hazards and WMSDs complaints
among workers in the traditional manufacturing industries. In the figure 2, described work activities and
ergonomic risks that traditional manufacturing industry workers most frequently experience, including wrist
rotation, body bend or rotation, and push and pull activity. These activities raise ergonomic hazard score, which
are reinforced by the substantial manual handling in work posture. Based on the descriptive result that 51.9%
of workers were exposed to manual handling. It is common due to the fact that traditional manufacture
industries tend to use less-contemporary technology and highly labour intensive that most of the tasks were
performed manually with hand tools.

The manual handling determinant becomes an important aspect of this study because it is one of the
key elements that has a significant impact on the risk of WMSDs theoritically. Based on Forwarda[28] manual
handling plays a significant role in raising the risk of lower back pain and other occupational musculoskeletal
illnesses among western australians. Rahman [29] also acquired that manual handling tasks involve with work-
related lower back disorders. The most common cumulative trauma disorders (CTD) or WMSDs are injuries
brought on by repetitive and load-handling activity manually [30]. However, the rate gives the study an
advantage because it demonstrates a comparable distribution within work activites.

There is also an equal distribution in the upper and lower body activities. Although the results of the
description indicate that ergonomic hazards in the lower body is higher compred to upper body exposure, the
difference is unsignificant. It is indicates that working activities in the traditional manufacturing industries
equally involve the upper and lower body, balancing the risk of WMSDs in both regions. Workers in traditional
manufacturing industries tend to do physical activities that involve the whole body, especially during the
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production process. An active working position puts extra strain on the muscles, increasing the risk of
musculoskeletal problems.

This study found that low back pain is the most prevalent issue, affecting 39.7% of workers. According
to Fatoye [31], symptoms on the lower back are frequent as a result of physical exercise that involves a lot of
movement, repetition, and body bending. Due to the lack of technology used, production operations in the
manufacturing sector tend to be physically taxing, repetitive, and high force manual procedures. According to
the result, long periods of static body standing and/or bending are signifficantly associated with low back
discomfort. At a body bend position, the joints, muscles, and skeleton at the waist extends, putting more strain
on the spinal muscles [32]. Due to its location around the waist, the lower back is susceptible to significant
pressure. Meanwhile, static long standing should theoretically put strain on the feet and lower body due to the
center of the weights in human body builds on the feet [33]. In this study, the static long standing position may
be followed by certain awkward postures such as bending over, causing low back pain.

The neck is the second part of the body which most exposed to WMSDs, reported by 29.4% of
respondents. Based on Arvidsson[34], neck complaints in workers occur due to repetitive head movement or
static long neck bend or rotation in the neck joint. But in this study, neck complaints were significantly caused
by exposure to ergonomic hazards on the shoulders. Shoulder exposure indicates by the position of lifting
objects without support on the elbow position [23]. It increases by arms strain due to the heavier object or the
effort made [11]. Since the shoulder joints are close to the cervical vertebrae joints, it might causing discomfort
area spread to the neck.

In the result we know that there are diference ergonomic hazards that significantly associated with
WMSDs in the particular body region. Most of ergonomic hazards in the upper body contribute in MSD
complaints in particular part of the body. The only hazard that not significantly related to any MSD symptoms
is wrist rotation. In the lower body, only body bend or rotation and static long standing significantly caused
WMSDs in the lower body. These results may indicate that the proportion of ergonomic hazards in the upper
body causes more risk of WMSDs than in the lower body, which may also be related to the dominant working
position in the manufacturing industry. Workers are frequently exposed to ergonomic risks to both the upper
and lower bodies, but the upper body risks are more frequently linked to WMSD symptoms.

According to Huysamen [35], work activities in the upper body are mostly related to hand and arm
effort and lifting objects with using non-foot-centered supports. If this activity is carried out continuously, it
will raising load in the upper body which physiologically are not designed to be weight fulcrum. The upper
body is more likely less intense as a center of support compared to the lower body such as the hips, calves and
feet [36]. This may explain how work activities in the upper body parts are more likely to be at higher risk for
WMSDs.

Indeed, all of ergonomic hazards in the SNI 9011:2021 are defined as measurement standard and
confirmed to be WMSDs risks. However, it is hard to do an overall assesment by measuring 43 indicators,
epecially for a small-scaled or traditional industries. The main objectives in this study is to determine which
WMSDs caused by particular ergonomic hazars based on the upper and lower body region assesment. The
findings in this study could be used as a fundamental reference in evaluating certain work posutre and the risk
in the manufacture occupation.

In the end, The methods and instruments used in this research have not been compared with other
measuring tools, such as RULA, ROSA, etc. However, it is defined as national standard tool which has been
validated. Although it is generally acknowledged that a balanced body posture is crucial for the appropriate
operation of musculoskeletal structures, postural assessment is a complicated and challenging measurement.
There have been only few studies that show how various musculoskeletal ailments or dysfunction can alter
body posture. In order to further the development of control proram that is based on evidence, it is crucial to
construct trustworthy and reliable procedures that are intended to quantify variables that aid in postural
assessment.

4. CONCLUSION

Based on the result of the study, it can be concluded that most workers in the traditional manuacturing
industries in Ponorogo Regency exposed to ergonomic hazards caused by wrist rotation, followed by body
bend or rotation and push or pull activity. While the body parts most vulnerable to WMSDs include the lower
back, neck, and shoulders.

Workers are frequently exposed to ergonomic risks to both the upper and lower body region, but the
upper body risks are more frequently associated to WMSD symptoms. WMSDs in the upper body region
determined by the neck bend or rotation and manual handling, while in the lower body region, body bend or
rotation is the only ergonomic hazard that has a significant correlation.
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