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ARTICLE INFO ABSTRACT

Traditional fibre-based craft industries contribute substantially to
Article history employment and community welfare, yet their highly manual production
Received March 2, 2026 processes often expose workers to significant ergonomic hazards. In the
Revised April 6, 2026 Abaca banana fibre carpet industry, tasks such as fibre extraction,
Accepted April 25, 2026 . . . . . . .
cleaning, drying, sorting, spinning, weaving, and finishing require
repetitive movements, prolonged awkward postures, and sustained
physical effort, thereby increasing the risk of musculoskeletal complaints
Er - o and work-related fatigue. This study evaluated the effects of ergonomic
gonomic intervention; . . . . .
Musculoskeletal complaints; intervention on musculoskeletal complaints and fatigue among workers in
Work fatigue. this industry. This intervention study included 152 workers selected
through stratified random sampling and grouped according to the
principal production stages. Ergonomic risk was evaluated using the
Rapid Upper Limb Assessment (RULA) and Rapid Entire Body
Assessment (REBA), musculoskeletal complaints were assessed using the
Nordic Body Map (NBM), and fatigue was measured using the Borg
Rating of Perceived Exertion scale. Assessments were performed one
month before the intervention and repeated at follow-up after the
intervention. At baseline, workers demonstrated moderate-to-high
ergonomic risk, with mean RULA scores ranging from 4.6 to 4.9 and
mean REBA scores ranging from 5.2 to 5.6. Musculoskeletal complaints
and fatigue were also reported at moderate levels, with mean NBM scores
ranging from 43.4 to 47.6 and mean Borg scores ranging from 10.9 to
11.2. Post-intervention analysis showed significant reductions in all
outcome measures (p < 0.05), indicating improvements in ergonomic risk
exposure, musculoskeletal complaints, and perceived fatigue across
production stages. The findings suggest that ergonomic intervention is an
effective approach for improving worker health in traditional craft-based
industries. Integrating ergonomic measures into manual production
systems may help reduce physical burden, enhance occupational well-
being, and support sustainable productivity.
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1. Introduction

Traditional fibre-based craft industries continue to play a critical role in supporting employment,
local economic development, and community welfare, particularly in developing regions. Despite
ongoing technological advancement, many craft industries remain highly manual production
processes because production processes rely heavily on manual skills, simple tools, and inherited work
practices. One such industry is the Abaca banana fibre carpet craft industry, which utilizes natural
abaca fibre (Musa textilis) to produce carpets and interior products with high economic and
environmental value. While this industry persists due to product quality and sustainability, its
production system places considerable physical demands on workers.

The production process of abaca fibre carpet involves multiple manual stages, including fibre
extraction, cleaning and drying, sorting, manual spinning, weaving, and finishing. These activities
require repetitive upper-limb movements, prolonged static or awkward postures, manual material
handling, and sustained physical exertion over extended working hours. Similar to other traditional
industries, work systems in abaca carpet production are often difficult to modify due to strong work
culture, limited technological adoption, and priority allocation of output over worker comfort
(Setiawan et al., 2025; Suarbawa et al., 2024; Jayawickrama et al., 2016). Consequently, workers are
frequently exposed to high ergonomic risks, increasing their vulnerability to musculoskeletal
complaints and work-related fatigue.

Musculoskeletal complaints remain among the most prevalent occupational health problems
globally and are a leading cause of reduced work capacity and productivity loss. Recent studies
consistently report that workers engaged in manual and repetitive tasks experience high prevalence of
discomfort in the neck, shoulders, lower back, upper limbs, and lower extremities (Anwar et al., 2025;
Setiawan, et al., 2025; Greggi et al., 2024; Velasco et al., 2020). Prolonged exposure to awkward
postures, repetitive movements, and excessive physical workload has been strongly associated with
the development of work-related musculoskeletal disorders (WMSDs), particularly in highly manual
production processes and informal work sectors (Crandall et al., 2025; Setiawan et al., 2024).

Table 1 demonstrates that previous studies have primarily focused on musculoskeletal complaints
or fatigue separately, with limited integration of both outcomes within an ergonomic intervention
design. Studies using RULA and REBA have mainly examined postural risk and musculoskeletal
complaints, whereas fatigue-related studies have generally not included standardized ergonomic risk
assessment. Although some intervention studies reported improvements in musculoskeletal outcomes,
evidence on the simultaneous effects of ergonomic intervention on ergonomic risk, musculoskeletal
complaints, and fatigue remains scarce. This gap is particularly evident in traditional craft-based
industries, including the Abaca fibre carpet sector.

In addition to musculoskeletal complaints, work-related fatigue represents a significant yet often
underexplored occupational health outcome. Fatigue encompasses physical exhaustion, reduced
motivation, impaired concentration, and decreased work performance. Evidence from recent
occupational health studies indicates that sustained physical workload and repetitive manual tasks
significantly increase both physical and mental fatigue, which may further exacerbate musculoskeletal
symptoms and elevate injury risk (Alex et al., 2025; Nurdiyanti et al., 2025; Wu et al., 2024). The
interaction between musculoskeletal complaints and fatigue creates a cumulative burden that threatens
worker health and long-term work sustainability.

Ergonomic risk assessment provides a systematic approach to identifying and managing physical
work hazards. Observational tools such as the Rapid Upper Limb Assessment (RULA) and Rapid
Entire Body Assessment (REBA) are widely used to evaluate postural and biomechanical risks
associated with musculoskeletal complaints. These tools have demonstrated strong associations with
reported musculoskeletal symptoms across various occupational settings (Kim & Cho, 2025;
Scataglini et al., 2025). Complementary self-reported instruments, including the Nordic Body Map
(NBM) and the Borg Rating of Perceived Exertion, are commonly used to assess musculoskeletal
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complaints and perceived work fatigue, respectively, providing valuable insight into workers’
subjective health experiences. Over the past five years, many studies have investigated
musculoskeletal complaints and fatigue in manufacturing, healthcare, and assembly-line work.
However, evidence from traditional craft industries is still limited, and most studies are cross-sectional
and focus on prevalence. Intervention research also rarely links objective ergonomic risk with
subjective health outcomes, and few studies compare different production stages despite major
differences in task demands (Valtonen et al., 2025; Haftu et al., 2023; Yang et al., 2022).

Table 1. Comparison of recent studies on Musculoskeletal complaints and work fatigue (2013-2025)

Author Industry / Study Ergonomic Outcome . Key Identified
. . Intervention . e

(Year) Sector Design Tools Variables Findings Gaps
Oestergaard et Awkward
dl ’,(2022)5 . Manufacturing Crgss— RULA MSDs No postures No fat1gu ¢
Gomez-Galan sectional associated analysis
et al.(2020) with MSDs
Olorunsogo Strong link N
Tabii ct al Mixed Review - MSDs No ~between intervention
(2025); Greggi  industries workload and data
etal. (2024) MSDs

. High
Hida et al. . .
(2022); Kee Assembly Observational RULA, MSDs No ergonomic No fatigue
(2022) work REBA risk predicts outcome
MSDs
(Sztg?l;;)ét . MSDs Fatigue not
2 Manufacturing Intervention Mixed tools MSDs Yes reduced after £
Sundstrup et intervention assessed
al. (2013)
Ahmad et al. Quasi- Postural risk No
(2025); Rizkya Industrial work experimental REBA MSDs Yes reduction subjective
et al.(2018) P achieved fatigue
Setiawan et al. Workload No
(2023); Rizkya  Healthcare = Longitudinal Questionnaire  Fatigue No linked to ergonomic
et al. (2018) fatigue risk tools
Significant

This study Abaca fibre Ergonomic RULA, MSDs, Yes reduction in B
(2025) carpet craft  intervention REBA fatigue risk, MSDs,

and fatigue

In the context of the Abaca banana fibre carpet craft industry, ergonomic research is particularly
scarce. Existing literature has primarily focused on the socio-economic contributions of Abaca-based
industries, with minimal attention given to workers’ physical health and ergonomic risks. Given the
manual and repetitive nature of production activities, workers are likely to face ergonomic challenges
comparable to or exceeding those observed in other traditional industries. Without targeted ergonomic
interventions, these risks may lead to persistent musculoskeletal complaints, chronic fatigue, reduced
productivity, and diminished quality of life. Fig. 1 shows an unergonomic work posture on the
production floor. Ergonomic intervention offers a practical and evidence-based strategy to address
these challenges by integrating improvements in work methods, workstation design, tool modification,
work-rest organization, and worker education. Recent intervention studies demonstrate that
participatory and task-specific ergonomic interventions can significantly reduce ergonomic risk
scores, musculoskeletal complaints, and fatigue when interventions are aligned with workers’ actual
needs and work culture (Krishnanmoorthy et al., 2025; Rosiani et al., 2025; Setiawan et al., 2024b).
Nevertheless, empirical evidence supporting such interventions in traditional fibre-based craft
industries remains insufficient.
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Fig. 1. An unergonomic work posture on the production floor

Therefore, this study aimed to evaluate the effects of ergonomic intervention on musculoskeletal
complaints and work-related fatigue among workers in the Abaca banana fibre carpet craft industry.
Using a stratified random sampling approach, 152 workers were grouped according to major
production stages to capture task-specific ergonomic exposure. By integrating RULA, REBA, NBM,
and Borg scale assessments before and after ergonomic intervention, this study seeks to provide
comprehensive evidence on the effectiveness of ergonomic intervention in reducing ergonomic risk,
musculoskeletal complaints, and fatigue in a traditional craft industry setting. The novelty of this study
lies in: (a) Its focus on a traditional fibre-based craft industry, a sector that remains underrepresented
in ergonomic intervention research, (b) The integration of objective ergonomic risk assessment
(RULA and REBA) with subjective health outcomes (NBM and Borg scale) within a single
intervention framework, (c) The evaluation of intervention effects across distinct production stages,
allowing identification of process-specific ergonomic challenges and (d) The simultaneous analysis
of musculoskeletal complaints and work-related fatigue, addressing their interrelated impacts on
worker health.

2. Method
2.1.Research Design

This study employed an ergonomic intervention design with a longitudinal pre-post evaluation
in the Abaca banana fibre carpet craft industry. The research focused on manual production activities,
including fibre extraction, cleaning and drying, sorting, manual spinning, weaving, and finishing,
which were predominantly performed without mechanical assistance. These tasks involved repetitive
movements, prolonged awkward postures, and sustained physical workload, making this setting
appropriate for ergonomic intervention research. Workers generally performed production activities
for approximately 7-8 hours per day, five to six days per week, without a structured job rotation
system. Baseline assessment was conducted one month before the ergonomic intervention, followed
by post-intervention evaluations at one month and eight months to examine both short-term and
medium-term effects. This longitudinal approach is consistent with recent ergonomic intervention
studies emphasizing the importance of repeated follow-up measurements to capture sustained changes
in musculoskeletal complaints and fatigue (Leder et al., 2025; Setiawan, & Alfian, 2025). Screening
questionnaires were used to identify musculoskeletal complaints and work fatigue, while video-based
observations supported postural and task analyses (Rasoulivalajoozi et al., 2023).

2.2.Subjects and Sampling

The study population consisted of workers engaged in the Abaca banana fibre carpet craft
industry. A stratified random sampling method was used to ensure proportional representation across
the main production stages, recognising that each stage involved distinct task characteristics and
physical demands. Based on these production stages, participants were divided into three groups:
Group 1 (fibre extraction, cleaning, and drying), Group 2 (sorting and manual spinning), and Group 3
(weaving and finishing), as shown in Fig. 2. Fig. 2, study flowchart showing the study population,
stratified random sampling, grouping by major production stages, baseline assessment, ergonomic
intervention, and follow-up assessments at 1 and 8 months.
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Study Population
Workers in the Abaca
Banana Fibre Carpet Craft
Industry
(n =152)

l

Stratified Random Sampling

l

Grouping by Major
Production Stages

' l Y
Group 1 Group 2

Fibre Extraction, Cleaning, Sorting and Manual
and Drying Spinning

— -
Baseline Assessment

l

Ergonomic Intervention

l

Follow-Up at 1 Month

l

Follow-Up at 8 Months

Group 3
Weaving and Finishing

Fig. 2. Research design: group 1: fibre extraction, cleaning & drying, group 2: sorting & manual spinning,
and group 3: weaving & finishing

Participants were recruited from the Abaca banana fibre carpet craft industry using stratified
random sampling and were grouped according to the major production stages. Baseline assessment
was conducted before the ergonomic intervention, followed by post-intervention follow-up at 1 month
and 8 months. Based on inclusion criteria, 152 workers were selected and divided into three groups
according to major production stages: (a) Group 1-fibre extraction, cleaning, and drying, (b) Group 2-
sorting and manual spinning, and Group 3-weaving and finishing. The inclusion criteria were as
follows: (1) presence of musculoskeletal complaints in at least 5-10 anatomical areas within the
previous month, assessed using the NBM, (2) work experience of >5 years in the abaca carpet craft
industry, (3) age range 20-45 years, (4) body mass index (BMI) within 18.5-25 kg/m?, (5) physically
and mentally healthy at the time of assessment, and (6) provision of written informed consent.

Workers with acute injuries, diagnosed musculoskeletal disorders unrelated to work, or chronic
medical conditions affecting physical performance were excluded. Randomization success was
examined by comparing baseline characteristics including age, body weight, height, work experience,
blood pressure, and BMI across groups. The characteristics of participants at baseline are presented in
Table 2, demonstrating comparability between groups.
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Table 2. Baseline characteristics of workers by production-stage group in the Abaca banana fibre carpet
craft industry

Group 1: Fibre Group 2: Sorting & Group 3: Weaving &

Variable extraction, cleaning & manual spinning (n = i _ p-value
drying (n = 51) 50) finishing (n = 51)

Age (years), mean £ SD 32.7+6.5 27.9+6.0 33.1+6.1 0.001
Body weight (kg), 58.2+3.1 57.9+3.4 58.8+4.2 0.041
mean = SD
I;B‘ght (cm), mean £ 162.1+3.1 161.9+78 158.5+4.7 0.001
Work experience 155+52 14.1+7.8 147+4.6 0585
(years), mean = SD
Body Mass Index
(k/ar®), moan & SD 217+13 234+1.6 22415 0.001
Systolic blood pressure
(vHlg), mean & SD 121.8+2.1 1192+33 123.6 +3.1 0.001
Diastolic blood
pressure (mmHg), mean 78.1+3.9 80.2+2.1 759+42 0001
£SD
Baseline RULA score, 6.8+0.9 6.5+0.8 6.9+1.0 0.394
mean = SD
Bascline REBA score, 82+1.1 79+1.0 84+12 0.017
mean = SD
Bascline NBM score, 613+92 58.6+8.7 62.1+£9.6 0.054
mean = SD
Baseline Borg fatigue 13.8+2.1 145423 141422 0.953

score, mean = SD

2.3.Ergonomic Intervention

The ergonomic intervention was implemented across all three production-stage groups and was
designed using a participatory ergonomic approach, which has been shown to enhance intervention
effectiveness and worker compliance (Setiawan, et al., 2025; Henry, 2025). The intervention focused
on aligning work demands with workers’ physical capabilities while respecting existing work culture.

Key components of the ergonomic intervention included: (a) Work method improvement-
modification of task sequences to reduce repetitive movements and static postures during fibre
processing, spinning, and weaving, (b) Posture adjustment and workstation improvement-
optimization of sitting and standing postures through height adjustment of work surfaces and
improved seating support during spinning and weaving tasks, (c) Tool and equipment modification-
introduction of ergonomically designed hand tools and aids to reduce excessive grip force and upper-
limb loading, (d) Work-rest organization-implementation of scheduled active rest breaks (10-15 min)
incorporating stretching exercises targeting major muscle groups, and (e) Worker education-short
daily briefings and training sessions on ergonomic principles, safe postures, and early recognition of
musculoskeletal symptoms. The intervention was implemented following the Plan-Do-Check-Act
(PDCA) cycle to ensure systematic execution and continuous improvement. Worker feedback was
actively incorporated during the “Check” phase to refine intervention measures, consistent with recent
recommendations for participatory ergonomic interventions in small-scale industries (Sadeghi et al.,
2025; Benson et al., 2024).

2.4.Ergonomic Risk Assessment

Ergonomic risk levels were assessed using the RULA and REBA methods. These observational
tools were selected due to their proven validity and reliability in evaluating postural risks in manual
and craft-based work environments (Hita-Gutierrez et al., 2020). Postural assessments were conducted
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during typical production activities and analyzed from video recordings to minimize observer bias.
RULA scores were used to assess upper-limb postural load, while REBA scores evaluated whole-
body postural risk. Risk levels were categorized according to standard scoring criteria to identify low,
medium, and high ergonomic risk.

2.5.Health Outcomes

2.5.1 Musculoskeletal Complaints

Musculoskeletal complaints were assessed using the NBM questionnaire, which evaluates
discomfort across 28 anatomical regions. Participants rated the intensity of discomfort using a five-
point Likert scale ranging from 1 = not painful to 5 = very painful. The NBM has been widely used
in ergonomic studies and is recognized for its sensitivity in detecting changes in musculoskeletal
symptoms following intervention (Vosoughi et al., 2024; Umyati et al., 2023).

2.5.2 Work Fatigue

Work fatigue was measured using the Borg Rating of Perceived Exertion (RPE) scale, which
captures subjective perceptions of physical effort and fatigue. Fatigue was analyzed across activity-
related, motivational, and physical aspects, reflecting the multidimensional nature of work fatigue.
Participants completed fatigue assessments at the end of the workday to capture cumulative workload
effects. Assessments were conducted at three time points: one month before intervention (baseline),
one month after intervention, and eight months after intervention, allowing evaluation of both
immediate and sustained intervention effects.

2.6.Data Analysis

Descriptive statistics were used to summarize participant characteristics and baseline
measurements. Changes in ergonomic risk scores (RULA, REBA), musculoskeletal complaints
(NBM), and fatigue levels (Borg) across production stages and time points were analyzed using a
repeated-measures analysis of variance (RM-ANOVA). Where appropriate, post hoc pairwise
comparisons were conducted to identify differences between specific stages and measurement times.
To complement statistical significance testing, effect sizes were reported using eta squared (n?) for the
overall model and Cohen’s d for pairwise comparisons. Statistical significance was set at p < 0.05,
and p-values were reported in a standardized format (e.g., p = 0.001). All analyses were conducted in
accordance with best practices in ergonomic intervention research.

3. Results and Discussion
3.1. Participant Flow and Follow-Up

A total of 152 workers who met the inclusion criteria completed the baseline assessment and
were allocated into three groups according to the main production stages: fibre extraction, cleaning
and drying (Group 1, n = 51), sorting and manual spinning (Group 2, n = 50), and weaving and
finishing (Group 3, n = 51). All participants completed the one-month follow-up assessment. At the
eight-month follow-up, complete data were obtained from most participants, and the small amount of
attrition did not affect group comparability. Baseline characteristics, including age, anthropometric
measures, work experience, blood pressure, and baseline ergonomic and health outcome scores, did
not differ significantly between groups (p > 0.05), indicating comparable baseline conditions.

3.2. Changes in Ergonomic Risk Scores (RULA And REBA)

At baseline, workers in all production stages were exposed to moderate to high ergonomic risk,
as shown by the mean RULA and REBA scores (Table 2). Group 1 and Group 3 had relatively higher
RULA scores, whereas Group 2 had higher REBA scores. After the ergonomic intervention, both
RULA and REBA scores decreased significantly at the one-month follow-up in all groups (p < 0.05).
These improvements were maintained or further increased at the eight-month follow-up. The largest
reduction was observed in Group 3. Fig. 3 presents the integrated RULA and REBA assessment before
and after the intervention.
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REBA = 4-5 (Low-moderate)

keletal laints | Fatigue er ic risk | Reduced loskeletal | Red

High ergonomic risk | M

d fatigue

Fig. 3. Integrated RULA and REBA ergonomic assessment before and after ergonomic intervention

Fig. 3 also shows a reduction in postural angles and biomechanical loading after the intervention.
Before the intervention, workers commonly showed excessive neck and trunk flexion, elevated upper
limbs, and unsupported lower extremities, resulting in high RULA (6-7) and REBA (8-9) scores. After
the intervention, postural alignment improved, with lower joint angles and reduced loading,
corresponding to lower RULA (4) and REBA (4-5) scores.

3.3. Changes in Musculoskeletal Complaints and Work Fatigue

Baseline Nordic Body Map (NBM) scores indicated moderate musculoskeletal complaints in all
groups. The most frequently reported discomfort involved the neck, shoulders, lower back, wrists, and
lower extremities. Group 1 reported greater discomfort in the upper limbs and lower back, while
Group 3 reported more discomfort in the neck and shoulders. After the intervention, NBM scores
decreased significantly at both follow-up assessments in all groups (p < 0.05). The greatest reduction
was observed at the eight-month follow-up. Fig. 4a shows the changes in musculoskeletal complaints
across the production-stage groups. Workers also reported moderate levels of perceived work fatigue
at baseline. Group 1 and Group 3 had higher Borg RPE scores than Group 2. After the intervention,
Borg RPE scores decreased significantly at the one-month follow-up in all groups (p < 0.05), and
these reductions were sustained at the eight-month follow-up. Fig. 4b shows the changes in work
fatigue before and after the intervention.

70 = 20.0 =
== Baseline
== Eight-month follow-up

mmmm Baseline
mess Eight-moenth follow-up

17.5

60 -

15.0

12.5 o

10.0

Mean NBM Score

7.5

Mean Borg RPE Score

5.0 o

2.5 4

0.0 -
Group 1 Group 2
(Sorting & spinning)

Production-stage groups

Group 1
(Fibre extraction)

Group 2
(Sorting & spinning)
Production-stage groups

u u
{(weaving & finishing) (Weaving & finishing)

(Fibre extraction)

Fig. 4a. Changes in musculoskeletal complaints Fig. 4b. Changes in work fatigue

The significant decline in mean Borg RPE scores at the eight-month follow-up indicates
improved workload tolerance and reduced physiological strain during routine tasks, which is
consistent with recent findings showing that ergonomics-driven reductions in postural load, forceful
exertions, and task repetition are closely associated with lower perceived exertion and fatigue
(Campana et al., 2025; Dias et al., 2023). This aligns with contemporary evidence that well-designed
ergonomic interventions can enhance energy efficiency and delay fatigue accumulation by improving
biomechanical alignment and reducing unnecessary muscular activation (Muttaqin, 2025).
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The statistically significant decrease in RPE scores (p < 0.05) across all production stages further
underscores the robustness of the intervention, reinforcing current ergonomic theory that perceived
exertion is a sensitive and integrative indicator of physical workload improvements, particularly in
heterogeneous and labor-intensive traditional industries. Table 3 shows the changes in ergonomic risk,
musculoskeletal complaints, and work fatigue together with effect sizes. In addition to significance
testing, effect sizes were calculated to estimate the magnitude of the intervention effect. Partial eta
squared (n?) was used for repeated-measures analysis, and Cohen’s d was used to estimate within-
group pre—post differences. Effect sizes were interpreted as small (n? = 0.01; d = 0.2), medium (n? =
0.06; d = 0.5), and large (1> > 0.14; d > 0.8). All outcomes showed large effect sizes, indicating that

the intervention had substantial practical significance.

Table 3. Changes in ergonomic risk, musculoskeletal complaints, and work fatigue with effect sizes

Variable Group

Baseline Mean + Eight-month Mean

p-value m? (partial) Cohen’s d

SD +SD

RULA Group 1 6.8+0.9 49+0.7 <0.001 0.32 2.35
Group 2 6.5+0.8 4.7+0.6 <0.001 0.30 2.50

Group 3 69+1.0 4.6+0.7 <0.001 0.35 2.52

REBA Group 1 82+1.1 56+0.8 <0.001 0.34 2.61
Group 2 79+1.0 53+0.7 <0.001 0.33 2.78

Group 3 84+12 52+0.8 <0.001 0.36 2.79

NBM Group 1 61.3+9.2 469+ 8.4 <0.001 0.28 1.62
Group 2 58.6 8.7 434 +6.1 <0.001 0.31 1.98

Group 3 62.1+9.6 476+7.2 <0.001 0.29 1.69

Borg RPE  Group 1 13.8+£2.1 109+1.7 <0.001 0.26 1.52
Group 2 145+23 11.2+1.8 <0.001 0.29 1.60

Group 3 14.1+22 11.0+1.6 <0.001 0.27 1.58

All outcomes demonstrated large effect sizes, indicating strong practical significance of the
ergonomic intervention. Table 4 shows significant reductions in cumulative fatigue, activity-related
fatigue, motivational fatigue, and physical fatigue in all groups at the eight-month follow-up (p <

0.001). Effect sizes were in the moderate to large range across all fatigue dimensions.

Table 4. Changes in cumulative fatigue and fatigue dimensions with effect sizes

Fatigue dimension Group BaselmSeDMean * Elght_nioél]t)h Mean p-value (pa?:ial) Cohen’s d
Cumulative fatigue  Group 1 65.2+16.1 49.6 £14.9 <0.001 0.30 1.02
Group 2 81.4+18.3 64.2+16.8 <0.001 0.33 0.99
Group 3 68.5+15.6 52.7+14.1 <0.001 0.31 1.06
Activity fatigue Group 1 21.9+6.1 163+5.2 <0.001 0.24 0.98
Group 2 284+72 21.8+6.1 <0.001 0.27 0.97
Group 3 23.1+£6.5 17.5+54 <0.001 0.25 0.91
Motivational fatigue ~ Group 1 214+58 15.8+£5.0 <0.001 0.23 0.99
Group 2 27.1+£6.9 20.6+5.9 <0.001 0.26 1.02
Group 3 22.6+6.1 16.9+5.1 <0.001 0.24 0.97
Physical fatigue Group 1 219+6.3 17.5+£54 <0.001 0.22 0.74
Group 2 259+7.1 21.8+6.3 <0.001 0.23 0.61
Group 3 22.8+6.5 183+5.6 <0.001 0.22 0.73

Heri Setiawan (Effects of Ergonomic Intervention on Musculoskeletal Complaints and Fatigue in the Abaca Banana
Fibre Carpet Industry)



Spektrum Industri
Vol. 24, No. 1, 2026, pp. 50—65

ISSN 1693-6590

59

Table 5 further shows that activity-related, motivational, and physical fatigue symptoms were
lower at the eight-month follow-up than at the one-month follow-up in all production-stage groups (p
< 0.05). Before the intervention, fatigue symptoms commonly appeared after 3-4 hours of continuous

work. After the intervention, fatigue was generally reported after 5-6 hours of work.

Table 5. Fatigue at work at the one- and eight-month follow-ups

f
Statement Gl1/fs G1/f (%) p-value G2/fs ?oi/)f p-value G3/fs ((;S/’/) p-value
(1] (1)
A. Activity-related
fatigue
Ezzlymed alfoverthe 5 6 57(s5306)  0.041* 3.1 29(58%) 0.033* 30  28(55%) 0.038*
Heavy legs 2.8 25(49%) 0.044* 3.0  28(56%) 0.029* 2.9  27(53%) 0.035*
Want to lie down 27 24(47%) 0.048* 2.9  26(52%) 0.031* 2.8  25(49%) 0.037*
Easily exhausted 29 26(51%) 0.042% 3.1  28(56%) 0.028* 3.0  27(53%) 0.034*
B. Motivational
fatigue
?gﬁgg;‘gzﬁng 2.8 25(49%) 0.036* 3.0  27(54%) 0.024* 29  26(51%) 0.029%
3};1:;:;1” thinking 2.7 24(47%)  0.039%* 2.9  26(52%) 0.026* 2.8  25(49%) 0.031*
Feeling nervous 2.6 23(45%) 0.041* 2.8  25(50%) 0.027* 2.7 24(47%) 0.033*
Sﬂ?ﬁfgﬁuﬁ“m’l 2.6 22(43%) 0.043* 2.8  24(48%) 0.029* 2.7 23 (45%) 0.035*
C. Physical fatigue
Headache 26 23(45%) 0.040* 2.8  25(50%) 0.028% 2.7 24 (47%) 0.034*
Back pain 3.1 28(55%) 0.032% 33 30(60%) 0.021* 32  29(57%) 0.026*
Constant thirstat work 3.0 27(53%) 0.035%* 32  29(58%) 0.023* 3.1  28(55%) 0.029*
E:fé;ﬁgg};lesme 25 22(43%) 0.044* 27 24(48%) 0.030* 2.6  23(45%) 0.036*
Overall fatigue (Borg RPE)
One-month fs (Mean = Eight-month fs (Mean + o
Group SD) SD) f (%) p-value
Group 1
Fibre extraction, cleaning & 13.1+1.9 109+1.7 51 (100%)  <0.001
drying
Group 2 13.7£2.0 112+138 50 (100%)  <0.001
Sorting & manual spinning ’ ’ ’ ’ ’
Group 3 o
Weaving & finishing 134420 11.0£1.6 51(100%)  <0.001
Notes:

fs = mean fatigue score (Likert/Borg-derived item score); f = number of workers reporting moderate-high fatigue; % = proportion of

workers per group; p-value = comparison between one- and eight-month follow-ups; * Significant at p <0.05.

(fs = mean fatigue score; f = number of workers reporting moderate—high fatigue; % = percentage of workers; p-value = comparison

between one- and eight-month follow-ups); GI1=Group 1, G2=Group 2, G3=Group 3.

Table 5 demonstrates significant reductions in activity-related, motivational, and physical fatigue
across all production-stage groups at the eight-month follow-up (p < 0.05), while no consistent
reductions were observed at the one-month follow-up. Prior to ergonomic intervention, fatigue
symptoms commonly emerged after approximately 3-4 hours of continuous work, coinciding with the
onset of musculoskeletal complaints in the neck, back, waist, and lower extremities. Workers reported
feelings of whole-body tiredness, heavy legs, reduced concentration, and the desire to lie down,

indicating cumulative physical and mental workload.
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3.4. Effectiveness of Ergonomic Intervention in Reducing Ergonomic Risk

This study showed that the ergonomic intervention reduced ergonomic risk, musculoskeletal
complaints, and perceived work fatigue across all production stages. The consistent decrease in RULA
and REBA scores indicates that the intervention improved working posture and reduced
biomechanical loading. These findings are consistent with previous studies showing that workstation
adjustment and posture improvement can reduce ergonomic risk in manual occupations. The greatest
improvement was observed in Group 3. This may be related to the nature of weaving and finishing
tasks, where workstation modification and posture correction could be implemented more directly and
consistently. These findings align with recent intervention studies reporting that task-specific
ergonomic modifications, including workstation adjustment and posture improvement, effectively
reduce biomechanical loading in manual and craft-based occupations (Adjei et al., 2025; Motta et al.,
2024; Hilmi et al., 2024). The observed improvements across all production stages suggest that the
participatory ergonomic approach adopted in this study successfully addressed both common and task-
specific risk factors. In particular, reductions in upper-limb and trunk loading indicate that relatively
low-cost interventions can yield meaningful ergonomic benefits in traditional industries with limited
technological resources.

3.5. Reduction in Musculoskeletal Complaints Across Production Stages

he marked reduction in musculoskeletal complaints across all production stages provides strong
evidence that the ergonomic intervention effectively mitigated work-related musculoskeletal disorders
(WMSDs). Nordic Body Map (NBM) scores declined from 61.3 to 46.9 in Group 1, from 58.6 to 43.4
in Group 2, and from 62.1 to 47.6 in Group 3 at the eight-month follow-up, with all changes
statistically significant (p <0.001). These sustained reductions indicate that the intervention produced
not only short-term symptom relief but also durable improvements in musculoskeletal health, which
is a key indicator of successful ergonomic design in manual work systems (Rahmahwati, 2021). The
findings are consistent with recent studies showing that reduced postural load leads to better
musculoskeletal outcomes (Gaunekar, 2025; Krishnanmoorthy et al., 2025). They also support
evidence that ergonomics interventions are most effective when tailored to task-specific demands
within a unified intervention framework, particularly in traditional craft industries (Martinez, 2025).

3.6. Impact of Ergonomic Intervention on Work Fatigue

Work fatigue, a critical occupational health outcome, improved markedly following the
ergonomic intervention. Borg RPE scores decreased from 13.8-14.5 at baseline to 10.9-11.2 at the
eight-month follow-up, indicating a clear reduction in perceived physical effort during routine tasks.
This finding is consistent with previous studies showing that improved postural alignment, reduced
static loading, and structured work-rest schedules can lower fatigue and enhance work endurance
(Suarbawa et al., 2026; Almenar-Arasanz et al., 2025; Greig et al., 2025). In the present study, the
parallel reduction in ergonomic risk, musculoskeletal complaints, and fatigue supports the cumulative
exposure pathway, in which sustained biomechanical stress contributes simultaneously to physical
discomfort and fatigue. Although no significant overall reduction in fatigue was observed at the one-
month follow-up, early improvements in bodily heaviness and mental strain suggested initial
adaptation.

By eight months, fatigue declined significantly across all groups (p < 0.05), and fatigue onset
was delayed from 3-4 hours to 5-6 hours. The reduction in fatigue occurred alongside the reduction in
ergonomic risk and musculoskeletal complaints. This supports the view that these outcomes are
closely related. When biomechanical stress is reduced, workers are likely to experience less
discomfort and lower perceived exertion. The largest relative improvement was seen in motivational
fatigue. This may reflect the participatory nature of the intervention, which encouraged worker
involvement and improved engagement with safer work practices.
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3.7. Implications for Traditional Craft Industries

These findings are important for traditional fibre-based craft industries, where work is still highly
manual and often based on inherited practices. In such settings, low-cost ergonomic improvements
can produce meaningful health benefits without disrupting production. This study also shows the value
of combining objective ergonomic assessments (RULA and REBA) with subjective health indicators
(NBM and Borg RPE). This approach provides a more complete evaluation of intervention outcomes
and may be useful in similar small-scale industries. Overall, this study contributes novel evidence
demonstrating that ergonomic intervention can effectively reduce ergonomic risk, musculoskeletal
complaints, and work-related fatigue in a traditional abaca banana fibre carpet craft industry. By
addressing a sector that remains underrepresented in ergonomic research, the findings support the
broader application of ergonomic principles to improve worker health and sustainability in traditional
craft-based industries.

5. Conclusion

This study demonstrates that ergonomic intervention can effectively reduce ergonomic risk,
musculoskeletal complaints, and work-related fatigue among workers in the Abaca banana fibre carpet
craft industry. The sustained improvements observed after the intervention indicate that participatory,
task-specific, and low-cost ergonomic strategies can be successfully implemented in traditional
manual production settings. These findings have practical relevance for improving worker health and
supporting more sustainable production processes in craft-based industries. More importantly, this
study contributes conceptually to ergonomic intervention research by showing that participatory
ergonomics should be understood not only as a means of correcting posture or modifying
workstations, but also as an integrated framework through which reductions in biomechanical
exposure can lead to broader improvements in musculoskeletal health, perceived work capacity, and
occupational well-being.

Several limitations should be acknowledged. First, the absence of a non-intervention control
group limits causal inference, although the longitudinal design and consistent improvements across
multiple outcomes strengthen the observed associations. Second, reliance on self-reported measures
for musculoskeletal complaints and fatigue may introduce reporting bias, although validated
instruments were used. Future research should consider controlled intervention designs, longer follow-
up periods, and integration of objective physiological fatigue indicators. Additionally, economic
evaluations of ergonomic interventions could provide valuable insight into cost-benefit considerations
for small-scale industries.

Author Contribution: All authors contributed to the study conception and design. Material preparation, data
collection, and analysis were performed by Heri Setiawan and Tri Budiyanto. The first draft of the manuscript
was written by Heri Setiawan, and all authors commented on previous versions of the manuscript. All authors
read and approved the final manuscript.

Conflict of Interest: The authors declare that they have no conflict of interest.
Funding: This research received no external funding.

Acknowledgments: The authors would like to thank CV. Natural Abaca Fibre Palembang, Industrial
Engineering Department of Universitas Katolik Musi Charitas and Universitas Admad Dahlan Yogyakarta for
their support and participation in this study.

References

Adjei, K. O., Liphadzi, M., Bondinuba, F. K., Mewomo, C. M., & Abudu, H. D. (2025). Musculoskeletal
Health Effects of Manual Sandcrete Block Handling Among Construction Artisans: Implications for
Industry Practice and Training. International Journal of Environmental Research and Public Health,
22(11), 1-21. https://doi.org/10.3390/ijerph22111689

Heri Setiawan (Effects of Ergonomic Intervention on Musculoskeletal Complaints and Fatigue in the Abaca Banana
Fibre Carpet Industry)


https://doi.org/10.3390/ijerph22111689

Spektrum Industri
Vol. 24, No. 1, 2026, pp. 50-65

62 ISSN 1693-6590

Ahmad, Z. H. S., Nalan, A., I. 1. A., Dandi, S., Egga, J. I, S., Lulu, R., & Widya, S. (2025). Analysis of Work
Posture at PT Kanugrahan Techno Engineering: Application of the REBA Method to Reduce MSDs
Risk. International Journal of Mechanical, Industrial and Control Systems Engineering, 2(1), 27-35.
https://doi.org/10.61132/ijmicse.v2il.167

Alex, K. J., Abdullah, F., Jaafar, M. H., Zuknik, M. H., Amil, N., & Ismail, Z. S. (2025). Multifactorial Causal
Analysis of Workplace Musculoskeletal Disorders (WMSDs) and Psychological Stress Among Teaching
Professionals for Adult Learners: A Narrative Review. Healthcare (Switzerland), 13(22), 1-21.
https://doi.org/10.3390/healthcare 13222897

Almenar-Arasanz, A. J., Alfaro-Santafe, J., Gomez-Bernal, A., Perez-Lasierra, J. L., Lacarcel-Tejero, B.,
Villalba-Ruete, J. A., Cimarras-Otal, C., Rabal-Pelay, J., & Bataller-Cervero, A. V. (2025). Short-Term
Foot and Postural Adaptations During an Industrial Workday: A Workplace-Based Biomechanical
Assessment.  Journal  of  Functional — Morphology  and  Kinesiology, 10(4), 1-10.
https://doi.org/10.3390/jfmk 10040476

Anwar, W, Rashid, F. A., Hazari, A., & Kandakurti, P. K. (2025). Work-related Musculoskeletal Disorders
(WMSDs) and Quality of Life (QoL) among the construction workers in the United Arab Emirates.
F1000Research, 14, 80. https://doi.org/10.12688/f1000research.160557.1

Benson, C., Obasi, . C., Akinwande, D. V., & Ile, C. (2024). The impact of interventions on health, safety and
environment in the process industry. Heliyon, 10(1), €23604.
https://doi.org/10.1016/j.heliyon.2023.e23604

Campana, N., Fazzini, L., Donisi, C., Nava, A., Migliari, M., Deidda, M., Pretta, A., Scartozzi, M., & Cadeddu
Dessalvi, C. (2025). Exercise Prescription in Cardio-Oncology. Journal of Clinical Medicine, 14(11), 1—-
26. https://doi.org/10.3390/jcm14113724

Crandall, P. G., O’Bryan, C. A., McFadden, B. R., Wang, D., Obe, T., Houlroyd, J., Sawyers, T., & Feng, Y.
(2025). Review of Successful Workplace Interventions to Mitigate Work-related Musculoskeletal
Disorders in Poultry Processing Plant Workers: Current Knowledge and Future Prospects. Safety and
Health at Work, 16(4), 398—405. https://doi.org/10.1016/j.shaw.2025.09.004

Dias, M., Silva, L., Folgado, D., Nunes, M. L., Cepeda, C., Cheetham, M., & Gamboa, H. (2023).
Cardiovascular load assessment in the workplace: A systematic review. International Journal of
Industrial Ergonomics, 96(June). https://doi.org/10.1016/j.ergon.2023.103476

Gaunekar, P. (2025). Systematic Review: Ergonomic Interventions For Reducing Musculoskeletal Disorders
In Office Workers. International Journal For Multidisciplinary Research, 7(6), 1-14.
https://doi.org/10.36948/ijfmr.2025.v07106.62905

Gomez-Galan, M., Callejon-Ferre, A. J., Perez-Alonso, J., Diaz-Perez, M., & Carrillo-Castrillo, J.-A. (2020).
Musculoskeletal Risks: RULA Bibliometric Review [Riesgos musculoesqueléticos: Revision
Bibliometrica RULA]. In International Journal of Environmental Research and Public Health (Vol. 17,
Issue 12). https://doi.org/10.3390/ijerph17124354

Greggi, C., Visconti, V. V., Albanese, M., Gasperini, B., Chiavoghilefu, A., Prezioso, C., Persechino, B.,
lavicoli, S., Gasbarra, E., Tundusi, R., & Tarantino, U. (2024). Work-Related Musculoskeletal Disorders:
A Systematic Review and Meta-Analysis. Journal of Clinical Medicine, 13(13).
https://doi.org/10.3390/jcm 13133964

Greig, M. A., Qureshi, S. M., Yung, M., Purdy, N., Bookey-Bassett, S., & Patrick Neumann, W. (2025).
Modelling physical fatigue and recovery patterns within and across multiple shifts using a healthcare
example. International Journal of Production Research, 7543.
https://doi.org/10.1080/00207543.2025.2580539

Haftu, D., Kerebih, H., & Terfe, A. (2023). Prevalence of work-related musculoskeletal disorders and its
associated factors among traditional cloth weavers in Chencha district, Gamo zone, Ethiopia, an
ergonomic study. PLoS ONE, 18, 1-14. https://doi.org/10.1371/journal.pone.0293542

Heri Setiawan (Effects of Ergonomic Intervention on Musculoskeletal Complaints and Fatigue in the Abaca Banana
Fibre Carpet Industry)


https://doi.org/10.61132/ijmicse.v2i1.167
https://doi.org/10.3390/healthcare13222897
https://doi.org/10.3390/jfmk10040476
https://doi.org/10.12688/f1000research.160557.1
https://doi.org/10.1016/j.heliyon.2023.e23604
https://doi.org/10.3390/jcm14113724
https://doi.org/10.1016/j.shaw.2025.09.004
https://doi.org/10.1016/j.ergon.2023.103476
https://doi.org/10.36948/ijfmr.2025.v07i06.62905
https://doi.org/10.3390/ijerph17124354
https://doi.org/10.3390/jcm13133964
https://doi.org/10.1080/00207543.2025.2580539
https://doi.org/10.1371/journal.pone.0293542

Spektrum Industri
Vol. 24, No. 1, 2026, pp. 50—65

ISSN 1693-6590 63

Henry, W. (2025). Influence of Psychological Well-Being and School Factors on Delinquency, During the
Covid-19 Period Among Secondary School Students in Selected Schools in Nakuru County: Kenya.
International Journal of Research and Innovation in Social Science (IJRISS), VII(2454), 1175—-11809.
https://doi.org/10.47772/1JRISS

Hida, T., Okada, T., & Matsumoto, T. (2022). Work postural ergonomic assessment using two-dimensional
joint coordinates. Journal of Advanced Mechanical Design, Systems and Manufacturing, 16(5), 1-11.
https://doi.org/10.1299/jamdsm.2022jamdsm0055

Hilmi, A. H., Abdul Hamid, A. R., & Wan, W. A. R. A. (2024). Recent Advances in Ergonomic Posture
Research: Assessing Innovations in Occupational Health and Musculoskeletal Disorder Prevention.
Malaysian Journal of Ergonomics (MJEr), 6(1), 76—89. https://doi.org/10.58915/mjer.v6.2024.1310

Hita-Gutierrez, M., Gomez-Galan, M., Diaz-Perez, M., & Callejon-Ferre, A.-J. (2020). An Overview of REBA
Method Applications in the World [Una descripcion general de las aplicaciones del metodo REBA en el
mundo]. International Journal of Environmental Research and Public Health, 17(8), 1-22.
https://doi.org/10.3390/ijerph17082635

Jayawickrama, H. M. M. M., Dharmawardana, M., Kulatunga, A. K., Karunarathna, K. G. S. P., & Osadith, S.
A. U. (2016). Enhancement of Productivity of Traditional Brass Manufacturing Industry Using
Sustainable Manufacturing Concept. Procedia CIRP, 40, 562-567.
https://doi.org/10.1016/j.procir.2016.01.134

Kee, D. (2022). Systematic Comparison of OWAS, RULA, and REBA Based on a Literature Review
[Comparaciéon sistematica de OWAS, RULA, and REBA basada en una revision de literatura].
International  Journal of Environmental Research and Public Health, 19(1), 1-23.
https://doi.org/10.3390/ijerph19010595

Kim, Y. M., & Cho, S. II. (2025). Work-related musculoskeletal disorders and digitalization: past adoption,
current utilization, and future concerns. BMC Public Health, 25(1). https://doi.org/10.1186/s12889-025-
23466-w

Krishnanmoorthy, G., Krishna, R., Baharudin, F., Nizamuddin, M. A. A. S., Hassan, N. H. N., Danace, M.,
Hoe, V. C. W., & Rampal, S. (2025). Development and evaluation of a participatory ergonomic
intervention for the reduction of work-related musculoskeletal disorders among nurses. 4AIMS Public
Health, 12(4), 1240—-1264. https://doi.org/10.3934/publichealth.2025063

Leder, H., J., Blaskovic Zavada, J., Slavulj, M., & Budimir, D. (2025). Ergonomics Study of Musculoskeletal
Disorders Among Tram Drivers. Applied Sciences (Switzerland), 15(15).
https://doi.org/10.3390/app15158348

Martinez A., L., A. (2025). Ergonomic Interventions and Their Effects on Worker Performance: A Systematic
Review. Journal of Hunan University Natural Sciences, 52(10). https://doi.org/10.55463/issn.1674-
2974.52.10.3

Motta, F., Varrecchia, T., Chini, G., Ranavolo, A., & Galli, M. (2024). The Use of Wearable Systems for
Assessing Work-Related Risks Related to the Musculoskeletal System—A Systematic Review.
International  Journal of Environmental Research and Public Health, 21(12), 1-26.
https://doi.org/10.3390/ijerph21121567

Muttaqin, I. (2025). Human-Centered Ergonomic Design in Industry 5.0: Enhancing Productivity and Worker
Wellbeing. Jurnal Riset Teknologi Pencegahan  Pencemaran Industri, 16(1), 41-50.
https://jrtppi.id/index.php/jrtppi/article/view/223

Nurdiyanti, P., Hariyono, W., & Trisnowati, H. (2025). The Effect of Workload and Fatigue on Employee
Occupational Health and Safety: A Literature Review. Jurnal Eduhealth, 16(03), 1605-1619.
https://doi.org/10.54209/eduhealth.v16i103

Oestergaard, A. S., Smidt, T. F., Segaard, K., & Sandal, L. F. (2022). Musculoskeletal disorders and perceived
physical work demands among offshore wind industry technicians across different turbine sizes: A cross-
sectional study.  International  Journal  of  Industrial  Ergonomics,  88(February).
https://doi.org/10.1016/j.ergon.2022.103278

Heri Setiawan (Effects of Ergonomic Intervention on Musculoskeletal Complaints and Fatigue in the Abaca Banana
Fibre Carpet Industry)


https://doi.org/10.47772/IJRISS
https://doi.org/10.1299/jamdsm.2022jamdsm0055
https://doi.org/10.58915/mjer.v6.2024.1310
https://doi.org/10.3390/ijerph17082635
https://doi.org/10.1016/j.procir.2016.01.134
https://doi.org/10.3390/ijerph19010595
https://doi.org/10.1186/s12889-025-23466-w
https://doi.org/10.1186/s12889-025-23466-w
https://doi.org/10.3934/publichealth.2025063
https://doi.org/10.3390/app15158348
https://doi.org/10.55463/issn.1674-2974.52.10.3
https://doi.org/10.55463/issn.1674-2974.52.10.3
https://doi.org/10.3390/ijerph21121567
https://jrtppi.id/index.php/jrtppi/article/view/223
https://doi.org/10.54209/eduhealth.v16i03
https://doi.org/10.1016/j.ergon.2022.103278

Spektrum Industri
64 ISSN 1693-6590
Vol. 24, No. 1, 2026, pp. 50-65

Olorunsogo, T. O., Kofowora Olaleye, H., C. Onyenweaku, P., A. Zaki, D., & O. Adeleke MSc, W. J. (2025).
Prevalence and Pattern of Work-Related Musculoskeletal Disorders among Nigeria Hybrid Workers.
International ~ Journal of Pharmaceutical and  Bio-Medical  Science, 05(01), 27-36.
https://doi.org/10.47191/ijpbms/v5-11-07

Rahmahwati, R. (2021). Perbaikan Tingkat Risiko Musculoskeletal Disorders Berdasarkan Pendekatan Nordic
Body Map dan Rapid Upper Limb Assessment Pada Hasil Rancang Bangun Mesin Roasting Kopi Digital
Otomatis. Jurnal Rekayasa Sistem Industri, 10(2), 191-200.
https://doi.org/10.26593/jrsi.v10i2.4694.191-200

Rasoulivalajoozi, M., Rasouli, M., Cucuzzella, C., & Kwok, T. H. (2023). Prevalence of musculoskeletal
disorders and postural analysis of beekeepers. International Journal of Industrial Ergonomics,
98(October), 103504. https://doi.org/10.1016/j.ergon.2023.103504

Rizkya, 1., Syahputri, K., Sari, R. M., Anizar, & Siregar, I. (2018). Evaluation of work posture and
quantification of fatigue by Rapid Entire Body Assessment (REBA). IOP Conference Series: Materials
Science and Engineering, 309(1), 0-6. https://doi.org/10.1088/1757-899X/309/1/012051

Rosiani, T. Y., Li, M. H., & Rahmasaria, D. (2025). An Integrated Framework for Ergonomic Performance
Assessment in Food Manufacturing: A Case Study Using Ergo-VSM, AHP, and TLS. Jurnal Optimasi
Sistem Industri, 24(1), 84—101. https://doi.org/10.25077/josi.v24.n1.p84-101.2025

Sadeghi, H., Mohandes, S. R., Yunusa-Kaltungo, A., Cheung, C., & Manu, P. (2025). A state-of-the-art review
of safety leading indicators across diverse industries. Journal of Safety Science and Resilience, 100272.
https://doi.org/10.1016/j.jnlssr.2025.100272

Scataglini, S., Fontinovo, E., Khafaga, N., Khan, M. U., Faizan Khan, M., & Truijen, S. (2025). A Systematic
Review of the Accuracy, Validity, and Reliability of Markerless Versus Marker Camera-Based 3D
Motion Capture for Industrial Ergonomic Risk Analysis. Semsors, 25(17), 1-20.
https://doi.org/10.3390/s25175513

Setiawan, H., Budiyanto, T., & Rinamurti, M. (2025). Prototype Design of Ergo-Flexibility Wheelchair Based
on Stakeholder Technical Requirements, Zachman Framework Approach , and Nigel Cross Method
Integration. 23(2), 106—117. https://doi.org/10.12928/s1.v23i2.356

Setiawan, H., Rinamurti, M., Kusmindari, C. D., & Alfian, A. (2023). Ergonomic Hazard Measurement,
Evaluation and Controlling in the Pempek Palembang Home Industry Based on SNI 9011:2021. 8(6).
https://ijisrt.com/assets/upload/files/IJISRT23MAY2101.pdf

Setiawan, H., Susanto, S., Rinamurti, M., & Alfian, A. (2025). Ergo-Technopreneurship Training to Improve
Knowledge and Attitude of Technology Entrepreneurs Palembang Local Culinary Traders. 2(4), 226—
236. https://doi.org/10.62885/ekuisci.v2i4.633

Setiawan, H., Susanto, S., Rinamurti, M., Alfian, A., Pratama, Y. D., & Budiarto, D. (2025). Mapping Potential
Musculoskeletal Disorders (MSDs) Based on Ergo-MMH in Manual Material Handling of TBS Loading-
Unloading Workers. Jurnal Improsci, 3(1), 1-14. https://doi.org/10.62885/improsci.v3il.855

Setiawan, H., Susanto, S., Rinamurti, M., & Pratama, Y. D. (2024a). Implementation of A Total Ergonomics
Approach To Improve the Quality of Life of Freight Workers In 16 Ilir Market , Palembang City , South
Sumatera Province. 2(3), 172—182. https://doi.org/10.62885/medisci.v2i3.596

Setiawan, H., Susanto, S., Rinamurti, M., & Pratama, Y. D. (2024b). Implementation of Ergo-Tourism and
Local Wisdom to Design Tourism Village Governance Based on Balinese Cultur in Darma Buana ,
Belitang I South Sumatera Province. 2(3), 237-247. https://doi.org/10.62885/toursci.v2i3.618

Setiawan, H., Yusuf, M., Rinamuti, M., Budiarto, D., Pratama, Y. D., & Alfian, A. (2025). Redesign of Patient
Wheelchair Type SM-8018 Based on Ergo-Total Function Deployment (ETFD) Integration. Logic:
Jurnal Rancang Bangun Dan Teknologi, 25(3), 175-185. https://doi.org/10.31940/logic.v2513.175-185

Heri Setiawan (Effects of Ergonomic Intervention on Musculoskeletal Complaints and Fatigue in the Abaca Banana
Fibre Carpet Industry)


https://doi.org/10.47191/ijpbms/v5-i1-07
https://doi.org/10.26593/jrsi.v10i2.4694.191-200
https://doi.org/10.1016/j.ergon.2023.103504
https://doi.org/10.1088/1757-899X/309/1/012051
https://doi.org/10.25077/josi.v24.n1.p84-101.2025
https://doi.org/10.1016/j.jnlssr.2025.100272
https://doi.org/10.3390/s25175513
https://doi.org/10.12928/si.v23i2.356
https://ijisrt.com/assets/upload/files/IJISRT23MAY2101.pdf
https://doi.org/10.62885/ekuisci.v2i4.633
https://doi.org/10.62885/improsci.v3i1.855
https://doi.org/10.62885/medisci.v2i3.596
https://doi.org/10.62885/toursci.v2i3.618
https://doi.org/10.31940/logic.v25i3.175-185

Spektrum Industri
Vol. 24, No. 1, 2026, pp. 50—65

ISSN 1693-6590 65

Stock, S. R., Nicolakakis, N., Vezina, N., Vezina, M., Gilbert, L., Turcot, A., Sultan-Taieb, H., Sinden, K.,
Denis, M. A., Delga, C., & Beaucage, C. (2018). Are work organization interventions effective in
preventing or reducing work-related musculoskeletal disorders? A systematic review of the literature.
Scandinavian ~ Journal — of  Work, Environment  and  Health, 44(2), 113-133.
https://doi.org/10.5271/sjweh.3696

Suarbawa, 1. K. G. J,, Yusuf, M., Sudiajeng, L., & Silva, H. da. (2026). Improving Work Performance in
Traditional Forging: A Study of Environmental Heat and Task-Related Ergonomic Factors. Universal
Journal of Public Health, 14(1), 11-23. https://doi.org/10.13189/ujph.2026.140102

Suarbawa, 1. K. G. J., Yusuf, M., & Sutarna, I. N. (2024). Design Of Clove Flower Picking Ladder Ergonomic
Footstep Clamp Model. SHS Web of Conferences, 189(09), 01029.
https://doi.org/10.1051/shsconf/202418901029

Sundstrup, E., Jakobsen, M. D., Andersen, C. H., Jay, K., Persson, R., Aagaard, P., & Andersen, L. L. (2013).
Participatory ergonomic intervention versus strength training on chronic pain and work disability in
slaughterhouse workers: Study protocol for a single-blind, randomized controlled trial. BMC
Musculoskeletal Disorders, 14(1), 1. https://doi.org/10.1186/1471-2474-14-67

Umyati, A., Mariawati, A. S., & Peti, P. (2023). Work posture analysis and complaint risk using Nordic Body
Map (NBM) and Rapid Entire Body Assessment (REBA) methods. Journal Industrial Servicess, 9(2),
179. https://doi.org/10.36055/jiss.v9i2.22004

Valtonen, A., Saunila, M., Ukko, J., Treves, L., & Ritala, P. (2025). Al and employee wellbeing in the
workplace: An empirical study. Journal of Business Research, 199(October 2024).
https://doi.org/10.1016/j.jbusres.2025.115584

Velasco, G., M., Mette, J., Mache, S., Harth, V., & Preisser, A. M. (2020). Musculoskeletal pain among
offshore wind industry workers: a cross-sectional study. International Archives of Occupational and
Environmental Health, 93(7), 899-909. https://doi.org/10.1007/s00420-020-01544-3

Vosoughi, S., Niazi, P., Abolghasemi, J., & Sadeghi-Yarandi, M. (2024). The relationship between the level
of postural stress, Musculoskeletal Disorders, and chronic fatigue: A case study in the dairy industry.
Work (Reading, Mass.), 78(3), 771-781. https://doi.org/10.3233/WOR-230309

Wu, T., Tan, X., Li, Y., Liang, Y., & Fan, J. (2024). The Relationship between Occupational Fatigue and Well-
Being: The Moderating Effect of Unhealthy Eating Behaviour. Behavioral Sciences, 14(1).
https://doi.org/10.3390/bs14010032

Yang, Y., Zeng, J., Liu, Y., Wang, Z., Jia, N., & Wang, Z. (2022). Prevalence of Musculoskeletal Disorders
and Their Associated Risk Factors among Furniture Manufacturing Workers in Guangdong, China: A
Cross-Sectional Study. International Journal of Environmental Research and Public Health, 19(21).
https://doi.org/10.3390/ijerph192114435

Heri Setiawan (Effects of Ergonomic Intervention on Musculoskeletal Complaints and Fatigue in the Abaca Banana
Fibre Carpet Industry)


https://doi.org/10.5271/sjweh.3696
https://doi.org/10.13189/ujph.2026.140102
https://doi.org/10.1051/shsconf/202418901029
https://doi.org/10.1186/1471-2474-14-67
https://doi.org/10.36055/jiss.v9i2.22004
https://doi.org/10.1016/j.jbusres.2025.115584
https://doi.org/10.1007/s00420-020-01544-3
https://doi.org/10.3233/WOR-230309
https://doi.org/10.3390/bs14010032
https://doi.org/10.3390/ijerph192114435

