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ABSTRACT

Small and medium-sized enterprises (SMEs) are pivotal in Malaysias food manufacturing sector. However, they
often lack robust ergonomic practices, leading to a high risk of work-related musculoskeletal disorders
(WRMSDs). This study aimed to evaluate ergonomic risk exposures using the Quick Exposure Checklist (QEC) in
selected SME food processing environments. A cross-sectional study involving 151 participants was conducted
through walkthrough observations, video recordings and QEC assessments. The results revealed substantial
ergonomic risk exposures particularly in the shoulders/arms (64.2% very high exposure), static back posture
(46.4%), and neck (38.4%). These results highlight the urgent need for engineering-based interventions, such as
adjustable workstations, ergonomic tool adoption, and job task redesign. The integration of ergonomic risk
assessment into SME practices is recommended as a practical and cost-effective strategy to enhance occupational
health, boost productivity and support sustainable industrial performance.

Keywords: Quick Exposure Checklist (QEC), small and medium enterprises (SMEs), workstation design,
ergonomic risk; food manufacturing, workstation redesign

INTRODUCTION Despite the widespread nature of these risks, many
SMEs lack structured ergonomic assessments or
engineering-based interventions to proactively identify and
mitigate such hazards. Existing literature and field evidence
suggest that the absence of ergonomic integration in work
system design exacerbates the physical burden on workers
and may lead to productivity losses, increased absenteeism,
and higher injury rates (Dominguez-Alfaro et al. 2023;
Hasanain 2024). This gap underscores the need for
accessible and cost-effective ergonomic assessment tools
tailored to the resource constraints of SMEs. The Quick
Exposure Checklist (QEC) is a semi-quantitative
assessment tool that provides a practical and systematic
approach for evaluating biomechanical stressors associated
with routine occupational tasks. Due to its simplicity, cost-
effectiveness, and ease of implementation, the QEC is
particularly well-suited for application within small and
medium-sized enterprises (SMEs), where resources for
comprehensive ergonomic assessments may be limited. Its
use facilitates evidence-based decision-making concerning

Work-related musculoskeletal disorders (WRMSDs)
represent one of the most prevalent occupational health
problems globally, especially in labor-intensive sectors
such as food manufacturing. In Malaysia, small and
medium-sized enterprises (SMEs) dominate this sector,
contributing significantly to national economic growth and
employment opportunities. However, these SMEs often
face systemic challenges in implementing effective
occupational safety and health (OSH) practices due to
limited financial resources, technical know-how, and weak
regulatory enforcement (Marzuki et al. 2023; Ismaila et al.
2020). These limitations result in workers being frequently
exposed to adverse ergonomic conditions—such as
repetitive movements, awkward postures, and prolonged
static work—which significantly heighten the risk of
WRMSDs (Bernard 1997; da Costa & Vieira 2010; Peter
2023).
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workstation redesign and task modifications without
imposing significant financial constraints (Cook etal. 2001;
Cunha et al. 2021; Hawari et al. 2023).

This study adopts an engineering-based ergonomic
risk assessment approach using the QEC across selected
food manufacturing SMEs in Malaysia. The primary
objectives are: (i) to identify the main ergonomic hazards
encountered by workers, (ii) to evaluate and classify the
level of risk across different body regions, and (iii) to
recommend feasible engineering and administrative
interventions aimed at optimizing workstation design and
improving worker safety. The results are expected to offer
practical insights into how ergonomic risks can be
effectively managed in resource-limited SME environments
supporting both occupational health and sustainable
productivity.

METHODS

This study employed a cross-sectional research design to
assess ergonomic risk factors among employees in selected
small and medium-sized enterprise (SME) food
manufacturing facilities located in Johor Darul Takzim,
Malaysia. A total of 151 employees were recruited from
various production roles, providing a heterogeneous sample
reflective of the diverse job functions and ergonomic
exposures common in labour-intensive food processing
environments. The selection of Johor state as the study site
was based on its strategic position as one of Malaysia’s
most active industrial zones for food manufacturing where
SMEs play a pivotal role in both domestic and export-
oriented production. Its accessibility and concentration of
SMEs allowed for efficient coordination of data collection
across multiple facilities while capturing representative
ergonomic challenges faced within the sector.

To minimize selection bias and ensure the
generalizability of findings, the participating SMEs were
chosen based on similar operational characteristics
including workforce size, type of food products handled,
production processes and layout configurations. This
approach allowed for valid cross-comparison of ergonomic
risk factors while controlling for potential confounders that
could arise from variability in company size or production
type. Moreover, the sample included companies of varying
ownership structures and management systems to reflect
the broader spectrum of SME operations in the region.
Ethical approval for the study was obtained from National
University of Malaysia Research Ethics Secretariat (JEP-
2024-864) and informed consent was secured from all
participants prior to data collection. Participation was
voluntary and anonymity and confidentiality were strictly
maintained to ensure ethical integrity.

WALKTHROUGH SURVEY

The first phase of the study involved structured walkthrough
surveys at each facility. This survey allowed for systematic,
on-site observation of workplace conditions focusing on
physical layout, workflow patterns, employee-task
interactions and existing ergonomic arrangements such as
workstation height, posture requirements, and equipment
use. Structured field notes and photographic documentation
were used to capture relevant data which guided the
identification of high-risk activities and informed the
subsequent in-depth assessments. This phase was essential
in ensuring that the ergonomic evaluations were grounded
in the real work context of each facility, thereby enhancing
the validity of the findings.

VIDEO-BASED TASK ANALYSIS

Following the walkthrough, video-based observations were
conducted to capture detailed information on employee
movements, body mechanics, and task execution in real-
time. This method provided an objective and dynamic
representation of postural and biomechanical loading
during routine work activities, which may not be adequately
detected through direct observation alone (Moen 2014;
Pehkonen et al. 2009). Video recordings were taken with
participant consent and were later reviewed by trained
assessors to ensure accurate ergonomic risk evaluation.

ERGONOMIC RISK ASSESSMENT USING QEC

The Quick Exposure Checklist (QEC) was employed as
the main instrument for the quantitative evaluation of
physical ergonomic risks (Davied et al.2008). The QEC is
a semi-quantitative observational technique intended to
assess exposure to various biomechanical stressors, such
as repetitive movements, uncomfortable postures, static
loads, and force exertion in critical body areas (Cook et al.
2001). The evaluated regions comprised the back
(focussing on static postures), shoulders/arms, wrists/
hands, and neck, as these areas are frequently linked to
work-related musculoskeletal diseases (WRMSDs) in
industrial environments (Colim et al. 2020).

All assessors participated in a rigorous training session
before data collection started to make the QEC evaluations
more objective. This included a two (2) hours theoretical
briefing that explained the QEC, made the scoring criteria
and indicator definitions clearer and pointed out common
scoring mistakes. After that, the assessors took part in
practical calibration sessions where they watched sample
films of food manufacturing jobs and gave QEC scores on
their own. After these sessions, there were agreement



discussions lead by an ergonomics specialist to make sure
that all the assessors understood posture angles, repetition
thresholds, force levels and worker—assessor inputs in the
same way. Only individuals who consistently and
accurately scored during these calibration activities moved
on to onsite assessments. This made sure that all study
locations had a high level of standardisation.

To ensure uniformity and strengthen the reliability of
the scoring method, two trained observers separately
assessed the identical video recordings and field notes for
each activity. To check inter-rater reliability, the scores for
each body part was compared. Using standardized QEC
scoring criteria, each task was categorized into one of four
risk levels: low, moderate, high, or very high. This
classification system enabled the identification of both
individual-level and task-specific ergonomic hazards. If
any discrepancies existed, the discussion conducted to
achieve agreement adhered to the QEC regulations for
solution. This systematic approach to reconciliation
increased trust in the reproducibility and validity of the
exposure classifications produced in the study.

In addition, all QEC observations were carried out
during typical work cycles representing normal production
hours rather than periods of peak demand or unusually high
workload. Conducting the assessments under routine
operating conditions allowed the study to capture
ergonomic exposures that most accurately reflect workers’
everyday tasks, ensuring that the findings are both
representative and applicable to standard industry practices.

To enhance the objectivity and reproducibility of
scoring, the study incorporated the Occupational Health
Clinics for Ontario Workers (OHCOW) QEC Calculator
(OHCOW 2024), a digital spreadsheet tool that computes
exposure scores and assigns risk levels automatically based
on observer input and worker feedback. This calculator
automatically converted raw input into risk level
classifications (low, moderate, high, and very high) for
each body region and overall task exposure. The use of
this calculator helped standardize scoring, minimize
subjectivity, and ensure consistent application across
multiple sites and observers.In addition, workers were
briefly interviewed post-observation to obtain self-reported
information on perceived force, task repetition, and rest
breaks. These responses were incorporated into the
calculator to reflect the QEC’s design as a joint-assessor-
and-worker tool, improving the robustness of exposure
classification (OHCOW, 2024).

DATA ANALYSIS

Quantitative data generated from the OHCOW-adapted
Quick Exposure Checklist (QEC) were analyzed using
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IBM Statistical Package for the Social Sciences (SPSS)
Version 30.0. The QEC scores, derived from both observer
evaluations and worker-reported inputs were first compiled
using the official QEC Excel calculator which automatically
computes exposure scores for each body region and
classifies them into four standardized risk levels: Low,
Moderate, High, and Very High.Once exposure scores were
computed and verified, data were exported into SPSS for
statistical analysis. Descriptive statistics were reported as
means and standard deviations (mean = SD) for all QEC
scores. Risk exposure levels were reported by anatomical
regions (e.g., shoulders/arms, back, neck, wrists/hands),
enabling the identification of ergonomic hotspots within
the observed SME food manufacturing tasks. The analysis
also allowed for the profiling of ergonomic burden across
the sample and supported the prioritization of intervention
needs based on severity and frequency of exposure. Cross
tabulations were conducted to explore potential associations
between job roles and QEC risk levels, though no
inferential statistics were applied as the primary aim was
exposure profiling rather than hypothesis testing.

RESULTS & DISCUSSION

A total of 151 employees from SME food manufacturing
facilities in Johor participated in this study. Table 1 outlines
the demographic distribution of the participants, including
gender, age group, job position, work experience and body
mass index (BMI) classification.

Understanding the demographic profile of this
workforce is essential, as these attributes markedly affect
ergonomic exposure, workplace stress levels, and
vulnerability to musculoskeletal disorders (MSDs). The
population studied was primarily male (56.3%), suggestive
of a growing pattern in industrial environments where
physically strenuous positions are frequently occupied by
men. The gender distribution is significant, as men had
higher risk exposures for shoulders/arms and back,
especially in raw material handling and packing tasks that
aligned with their physical work assignments (Kim & Jeong
2024).

The age distribution indicated that most participants
were young to middle-aged, with 41.1% aged 30-39 years
and 31.8% aged 18-29 years. This group is generally
linked to greater physical labour capability, however may
exhibit poor knowledge of cumulative ergonomic risks and
safe postural practices. Workers aged 40 and above
(27.2%) may possess greater employment experience and
established coping mechanisms; still they are typically
more susceptible to biomechanical damage, increasing the
risk of chronic musculoskeletal disorders (Ariyanto et al.
2022; Darvishi et al. 2024).
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Anthropometric data indicated that 53.6% of
participants were within the normal BMI range, 34.4%
were categorised as overweight, and 11.9% were
categorised as obese. High body mass index (BMI) is a
recognised risk factor for musculoskeletal disorders due
to increased mechanical stress on joints and decreased
physical flexibility. Research has established a correlation
between high body mass index (BMI) and increased rates
of work-related injuries and absenteeism (Darvishi et al.
2024; Ibrahim & Gaafar 2024; Hultén et al. 023). Poor
physical health might worsen ergonomic stress when
coupled with occupational demands and psychosocial
elements, including perceived job pressure, diminished
control, and insufficient rest periods (Li et al. 2021;
Nestorova & Mircheva 2018).

The demographic and ergonomic risk factors present
in food manufacturing roles significantly influence the
health and well-being of employees. In this context, the
roles of packaging (35.8%) and raw material handling
(30.5%) represent the highest proportions among
participants, underscoring their fundamental importance
in small and medium-sized enterprise (SME) food
production. These functions are intrinsically linked to
distinct ergonomic demands characterized by a high
frequency of physical activities such as lifting, twisting,
and repetitive upper limb movements. Such biomechanical
tasks directly correlate with the highest risk scores reported
for shoulder, arm, and static back postures within
ergonomic assessments, highlighting a pressing need for
targeted ergonomic interventions (Ismaila et al. 2020;
Teixeira et al. 2022).

The constraint of postural variation and task rotation
due to the repetitive nature of jobs in packaging and
handling intensifies biomechanical stressors, potentially
leading to work-related musculoskeletal disorders
(WRMSDs) (Colim et al.,2020). Specifically, these job
categories inherently impose limitations on employees’
ability to modify their working postures, exacerbating the
risk of cumulative trauma in the shoulders and back over
time. The implications of static postures are well-
documented, showing that prolonged fixed positions can
result in fatigue and discomfort, thereby heightening the
likelihood of developing chronic conditions (Patil & Patil
2023; Harun et al. 2025).

In this study, packing roles represented the highest
percentage of workers at 35.8%, followed by raw material
handling at 30.5%, quality inspection and labelling at
19.2%, and machine operation at 14.6%. These functional
categories delineate the principal operational tasks in SME-
based food production, each characterised by unique
ergonomic exposure profiles. In terms of job experience,
around 47.0% of participants had been working for 1 to 5
years, 36.4% possessed over 5 years of experience, and

16.6% were newcomers to the industry with less than 1
year of service. This distribution reflects a balanced
workforce for exposure duration and task familiarity.
Quality inspection and labelling roles while less physically
intensive are associated with prolonged visual concentration,
sustained neck flexion, and constrained posture due to
close-up work surfaces. This explaining the high-risk
scores recorded for the neck region. These role-specific
exposures align with findings from previous research which
shows that repetitive and static tasks are common
contributors to WRMSDs in food processing jobs (Peter
2023; Dominguez-Alfaro et al. 2023). Therefore,
ergonomic solutions must be tailored not only by job
function but also by the specific anatomical demands
imposed by those functions.

Work experience ranged from less than 1 year (16.6%)
to over 5 years (36.4%). Notably, workers with less than
1 year of experience reported the highest rates of very high
exposure risk, particularly in the shoulders/arms and back.
This trend highlights a critical adaptation gap among new
employees who may lack the task familiarity, ergonomic
training, or conditioning to manage physical loads
effectively. It underscores the importance of ergonomic
onboarding programs that provide early education on safe
lifting, posture awareness, and micro-break strategies
(Ismaila et al. 2020). Conversely, workers with more than
five years of experience, while possibly more adapted to
repetitive tasks, may still be vulnerable due to cumulative
wear and tear. Long-term exposure to suboptimal
ergonomic conditions can lead to chronic musculoskeletal
degeneration (Teixeira et al. 2022). As such, both short- and
long-tenured employees require tailored ergonomic
support, including refresher training and periodic
workstation re-evaluations (Robertson et al. 2008).

TABLE 1. Demographic characteristics of study participants

N =151)
. Mean
Variables Cateogry n (%) - SD)
Gender Male 85 (56.3)
Female 66 (43.7)
Age Group 34.74
(years) +
13.13
18-29 48 (31.8)
30-39 62 (41.1)
>40 41 (27.2)
Job Position Packaging 54 (35.8)
Handling Raw 46 (30.5)
Materials
Quality Inspection/ 29 (19.2)
Labelling
Machine Operation 22 (14.6)




BMI 25.19
Category +5.64
(kg/m?)
Normal (18.5-24.9) 81 (53.6)
Overweight 52 (34.4)
(25.0-29.9)
Obese (=30.0) 18 (11.9)
Work <1 year 25 (16.6)
Experience
1-5 years 71(47)
> 5 years 55(36.4)

ERGONOMIC RISK DISTRIBUTION BY
BODY REGION

Ergonomic risk exposure among workers was assessed
using the OHCOW-adapted Quick Exposure Checklist
(QEC) calculator, which integrates observer-based and
worker-reported data to generate cumulative scores for
major body regions. Risk levels were computed using the
official QEC Excel calculator provided by the Occupational
Health Clinics for Ontario Workers (OHCOW) ensuring
standardised and reproducible scoring. The assessment
included exposure to awkward postures, repetitive
movements, force exertion, and vibration, and the risk was
categorised into four levels: Low (Level 1), Moderate
(Level 2), High (Level 3), and Very High (Level 4). The
data highlight a significant burden of biomechanical stress,
particularly affecting the upper limbs and spine, and reveal
the widespread presence of very high-risk exposures among
workers. Table 2 summarizes QEC Risk Levels by Body
Region Based on OHCOW Calculator (N = 151).

The shoulders and arms emerged as the most affected
anatomical regions, with 64.2% of workers falling into the
very high-risk category (Level 4). The mean cumulative
QEC score for this region was 33.23 + 7.4, indicating the
prevalence of tasks involving prolonged reaching, heavy
lifting, and repetitive upper limb movements. These high-
exertion activities were particularly common in packaging
and raw material handling roles. This finding is consistent
with Sardar and Lee (2024), who reported hazardous upper
limb postures during repetitive industrial tasks in smart
manufacturing settings, where frequent reaching and lifting
significantly increased ergonomic risk. The high score in
the present study underscores the considerable physical
demand placed on the upper limbs in these job functions,
often exacerbated by the absence of mechanical aids and
suboptimal workstation design.

In the static back posture category, 46.4% of
participants were classified as very high risk (27.77+7.4).
This reflected prolonged standing and forward bending,
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often without sufficient breaks or support tools. This
reflects chronic exposure to prolonged standing and
forward bending without adequate ergonomic interventions.
Similar postural stress patterns have been documented in
pharmaceutical manufacturing, where repetitive tasks led
to elevated REBA scores and high WRMSD risk for the
lower back and spine (Jose et al.2018).

Risk exposure for the neck also warranted concern
with 38.4% of workers experiencing very high risk (12.58+
4.1). Tasks that required constant visual attention to small
details, such as labeling or inspection, contributed
significantly to neck strain. his aligns with previous reports
in small-scale and manual-intensive industries, where fine
inspection tasks require sustained visual focus, leading to
chronic neck strain (Agre et al. 2022; Mohd Suadi nata et
al. 2025).

Interestingly, wrists’hands showed the highest average
QEC score (33.99 £ 8.6), but only 17.2% were classified
as very high risk. This suggests that although hand activity
was intense, periodic variation or task cycling may have
reduced continuous strain, echoing findings by Chiasson
et al. (2015), who found that subjective pain perception
and rest intervals could modulate perceived risk levels in
repetitive hand tasks.

This suggests intense repetitive hand use, though some
variability or rest periods were present. Vibration and
driving-related scores were excluded from analysis due to
their low prevalence across the sample (<5%), consistent
with the absence of vibration-intensive machinery or
vehicle operation in the observed work environments.

TABLE 2. Exposure to ergonomic risk factors among
individuals (N = 151)

Body Mean Low Moderate  High I\-;Trill
Region +SD (%) (%) (%) i g
(%)
Shoulders/  33.23
Arms +74 4.6 13.9 17.2 64.0
Back 27.77
(Static) 174 30 25.2 23.8 46.4
Wrists/ 33.99
Hands +8.6 9.3 23.8 49.7 17.2
12.58
Neck w41 03 20.5 318 384

Note: Scoring and risk categories are based on the OHCOW
QEC calculator’s exposure algorithms, which integrate both
observational and self-reported data.

Among all participants, 42.4% were classified under
the “Very High” overall exposure risk based on total QEC
scores, 27.2% were in the “High” category, 22.5% fell into
the “Moderate” category, and only 7.9% were classified as
having “Low” overall ergonomic risk. These findings
indicate that nearly 70% of the workforce operates under
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high or very high ergonomic risk conditions, pointing to
widespread exposure to biomechanical stressors across
SME food manufacturing environments.

= 8%

= 42%

= 23%

27%

= Very High risk = High risk
= Moderate risk = Low risk

FIGURE 1. Overall QEC risk level distribution (N=151)

ERGONOMIC RISK PROFILE ACROSS GENDER,
JOB ROLES, AND WORK EXPERIENCE

As presented in Table 3 and Figure 2, packaging workers
exhibited the highest proportion of very high risk in the
shoulder/arm (70.4%) and wrist/hand (59.3%) regions.
These findings suggest that high-speed, repetitive tasks
such as folding, sealing, cutting, and taping are principal
contributors to upper limb strain. This aligns with prior
studies showing that forceful repetition and static upper
limb postures are central risk factors for musculoskeletal
injuries in packing operations (Onofrejovaet al. 2024;
Ismaila et al. 2020). Raw material handlers also
demonstrated substantial ergonomic risk, with 60.9%
reporting very high exposure in the shoulders/arms and
56.5% in static back positions. These high-risk ratings are
likely due to frequent lifting, carrying, and torso bending
associated with handling bulky or heavy materials (Teixeira
et al. 2022).

In contrast, inspection and labelling workers presented
a distinct risk pattern, with 58.6% experiencing very high
neck strain, likely due to sustained neck flexion during
close-up visual inspection. This is consistent with
ergonomic literature that identifies neck flexion and static
head postures as risk factors in quality control and labelling
tasks (Chaiklieng & Suggaravetsiri 2020).Although
machine operators had comparatively lower reported risks,
their rates of very high exposure in the shoulders (40.9%)
and back (40.9%) are still notable, suggesting biomechanical
stress related to seated or awkward standing postures near
fixed machinery.

TABLE 3. Cross-tabulated ergonomic risk classification by job
role (N=151)

Shoulders/ Back Wrists/ | Neck

Arms - (Static) Hands | - Very

JobRole | vory High | -Very | -High | High
(%) High (%) | (%) (%)

Packaging 70.4 51.9 59.3 31.5

Raw
Materials 60.9 56.5 45.7 26.1
Inspection 48.3 345 345 58.6
Machine 40.9 40.9 318 | 273
Operation

ery High / High Erganamic Risk by Job Role and Body Region

Shoulders/Arms Back (Static)

Packaging Raw Materials _ Inspection Machine Operation Packaging Raw Materials_ Inspection Machine Operation
Job Role Job Role

Wrists/Hands Neck

Packaging _Raw Materials_ Inspection Machine Operation Packaging _Raw Materials_ Inspection Machine Operation
Job Role Job Role

FIGURE 2. Distribution of high and very high ergonomic risks
across different job roles and anatomical regions

Figure 3 illustrates the distribution of participants
experiencing significant ergonomic risk differentiated by
work experience (left panel) and gender (right panel). The
evaluated body regions involve the shoulders and arms,
back (in static postures), and neck, all of which can
frequently be related to repetitive and static work
requirements in food manufacturing environments.

Employees with less than one year of employment
demonstrated the highest incidence of extremely high risk,
especially in the shoulders/arms (72%) and back (60%).
This is likely due to task unfamiliarity, insufficient
ergonomic training, and underdeveloped muscle
conditioning. Previous studies have confirmed that newer
employees often exhibit higher prevalence of postural
strain and WRMSDs due to improper technique and limited
exposure (Chaiklieng & Suggaravetsiri 2020; Guerreiro et
al. 2020). In contrast, employees with longer tenures (1-5
years and >5 years) reported progressively lower exposure,
potentially reflecting task adaptation, ergonomic
conditioning, or movement efficiency gained with
experience.



Gender differences in ergonomic exposure further
highlight occupational role-based segregation and its
impact on musculoskeletal health. Male workers were more
likely to be exposed to very high risk in the shoulder/arm
(67.1%) and back (51.8%) regions, likely due to
involvement in physically demanding roles such as material
handling. Female workers, on the other hand, reported
significantly higher neck strain (42.4%), likely because of

% Very High Ergonomic Risk by Work Experience

Body Region
m Shoulders/Arms - Very High (%)
W Back (Static) - Very High (%)
mm Neck - Very High (%)

60

Very High Risk (%)
~ w IS o
S = 3 S

—
oS

=)

< 1year 1-5 years

Experience Level

> 5 years

Very High Risk (%)
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frequent assignment to inspection and labelling tasks that
involve prolonged static visual work. This pattern supports
extensive ergonomic research indicating that men typically
engage in force-heavy roles, whereas women are frequently
assigned visually intensive or repetitive fine motor tasks,
each presenting unique musculoskeletal risks (Ercan et al.
2022; Laberge et al. 2019).

Very High Ergonomic Risk by Gender

Body Region
I Shoulders/Arms - Very High (%)
W Back (Static) - Very High (%)
mm Neck - Very High (%)

20

Gender

FIGURE 3. Distribution of very high ergonomic risk by work experience and gender
across body regions (shoulders/arms, back, and neck)

Crucially, as illustrated in Figure 4, 65% of participants
experienced very high ergonomic risk in two or more
anatomical regions, suggesting the presence of cumulative
biomechanical load. This overlap of stressors significantly
amplifies the risk of developing WRMSDs and indicates
that isolated interventions may be inadequate. These
findings are echoed in manufacturing studies emphasizing
the dangers of multi-region ergonomic strain (Bernard
1997; Sun et al. 2023).

1 region
35%

2 or more
anatomica
1 regions

65%

FIGURE 4. Proportion of participants with very high
ergonomic risk across multiple body regions

Recent ergonomic studies in other developing
countries report similar patterns of high physical workload
and limited intervention capacity, reinforcing the global
relevance of the present findings. For example,

manufacturing workers in Vietnam and Indonesia
demonstrated elevated shoulder and lower-back risks
linked to repetitive manual tasks, prompting low-cost
interventions such as adjustable platforms, job rotation
schedules, and participatory ergonomics programmes
(Nguyen 2009; Pramitasari et al. 2015). Likewise,
interventions implemented in India’s small-scale food
processing sector such as workstation height adjustments
and tool redesign resulted in measurable reductions in
WRMSD symptoms (Pawar & Anandh 2020). The
alignment between these international findings and our
Malaysian context underscores that ergonomic challenges
in SME environments are not isolated but part of a broader
regional trend affecting developing economies with labour-
intensive production systems.

WORKER AWARENESS, SELF-EFFICACY, AND
SAFETY CULTURE: IMPLICATIONS FOR
ERGONOMIC INTERVENTIONS

In addition to physical risk assessments, behavioral
observations revealed key gaps in ergonomic awareness
and safety practices among SME workers which may affect
intervention uptake. These insights are discussed below as
part of a broader interpretation of the findings.

Informal post-task interviews and observational data
during the QEC assessments reveal critical behavioural
gaps that likely exacerbate the already high ergonomic risk
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levels observed across job roles. A prominent theme
emerging from these interviews is the limited ergonomic
literacy among workers and low self-efficacy in recognizing
and mitigating biomechanical stressors. Many workers
demonstrated hesitation in articulating discomfort origins,
and few were able to suggest adjustments or preventive
actions. Additionally, supervisors were largely reactive,
rarely enacting ergonomic changes unless prompted,
indicating weak institutional enforcement of preventive
safety measures. These trends suggest a passive safety
culture, which is consistent with prior findings on SMEs,
where ergonomic risk is often underreported due to lack
of awareness, training, or empowerment (Fasanya &
Shofoluwe 2018).

Interestingly, a small subset of workers was proactive
in identifying cumulative fatigue, suggesting isolated
instances of ergonomic awareness. Nonetheless, this was
atypical and further indicates the lack of organised training
or early intervention systems. Similar deficiencies in self-
awareness and symptom disclosure have been observed in
other high-risk industrial environments, where insufficient
ergonomic training has been associated with an increased
prevalence of musculoskeletal disorders (MSDs)
(Mahboobi et al. 2020).

In addition to physical exposures, psychosocial and
organisational factors may further modulate the severity
of ergonomic risks in SME environments. Many food
manufacturing facilities operate under time-sensitive
production cycles, where work pressure, tight deadlines,
and minimal rest breaks can increase muscle fatigue and
reduce the likelihood of posture variation. Studies from
Thailand and Bangladesh have shown that shift work,
monotonous tasks, and production quotas significantly
elevate the risk of WRMSDs by reducing workers’ ability
to recover between cycles (Chuppawa et al. 2025; Hossain
et al. 2018; Sombatsawat et al. 2025). Similar dynamics
may be present in the current study, particularly among
packaging workers who often work at high speed to meet
daily output targets. These organisational stressors can
amplify biomechanical load, highlighting the importance
of integrating workload management, micro-break
scheduling, and psychosocial support into ergonomic
interventions.

These behavioral observations strongly support the
need for a structured intervention model specifically, the
Health Belief Model (HBM) to enhance worker engagement
with ergonomic principles. The HBM framework can guide
efforts to raise workers’ perceived susceptibility by
illustrating how ergonomic risks are directly linked to real
injury cases, and to enhance perceived severity by
emphasizing the long-term consequences of work-related
musculoskeletal disorders (WRMSDs). It also encourages
recognition of the benefits of early symptom reporting and

proactive workstation adjustments, while helping to reduce
barriers to action through the provision of simple,
actionable strategies. Additionally, the model can trigger
cues to action via visual reminders and peer-led safety
briefings. Although this study did not formally assess
knowledge, attitudes, and practices (KAP), the observed
gaps highlight the value of incorporating a structured KAP
assessment in future phases to ensure that interventions
are effectively aligned with workers’ existing beliefs and
behaviors.

IMPLICATIONS FOR WORKSTATION DESIGN AND
ERGONOMIC CONTROL STRATEGIES

This study’s findings indicate a high prevalence of
ergonomic risks among employees in small and medium-
sized enterprise food manufacturing, especially affecting
the shoulders/arms, back, neck, and wrists/hands. Over
70% of packaging workers and more than 56% of raw
material handlers were classified as experiencing very high
ergonomic risk across multiple anatomical regions. These
observations reinforce the urgent need for targeted and
cost-effective interventions to improve workstation layout
and task design based on ergonomic principles.

BEFORE AFTER

Adjustable-height

BEFORE

AFTER

Horizontal process flow adjustments—

FIGURE 5. Comparison of work posture before and after
implementing adjustable-height workbenches (top) and
horizontal process flow adjustments (bottom)

One of the most prominent risk areas identified was
the shoulder and arm region, especially among packaging



workers. This is largely attributed to repetitive arm lifting
above shoulder level and awkward reaching. A practical
and scalable solution for SMEs is the introduction of
adjustable-height workbenches, which allow employees
to perform tasks within optimal reach zones regardless of
their height or arm span. This reduces muscular effort and
promotes neutral shoulder postures. As shown in Figure 5,
ergonomic modifications such as adjustable-height
workbenches (top) and horizontal process flow adjustments
(bottom) can significantly reduce biomechanical strain and
improve posture without requiring major investment.
Studies have shown that proper working height adjustments
can lead to measurable reductions in musculoskeletal
complaints and fatigue (Kalkis et al. 2021).

Neck strain particularly common among inspection
and labelling personnel, is primarily caused by prolonged
forward neck flexion and sustained visual focus on flat or
low-lying work surfaces. Affordable solutions such as tilted
work surfaces, document holders or angled trays can help
align the line of sight with neutral cervical posture. These
aids minimize neck flexion and enhance visual ergonomics.
Figure 6 illustrates how a simple redesign of the workstation
angle supports upright posture and reduces cervical stress
during detailed inspection tasks. This approach is supported
by recent findings from Mohd Suadi Nata et al. (2025),
who suggest the improvements in neck posture and task
endurance through low-cost workstation redesign.

Neck strain

BEFORE

AFTER
Tilted workstation

Food product inspection

FIGURE 6. Comparison of neck posture before and after
implementing a tilted workstation for inspection tasks. The
angled surface supports neutral cervical alignment and
minimizes forward head posture during prolonged visual
activities.

Despite wrist and hand risks being mostly classified
as high rather than very high, these areas require attention
due to their involvement in manual, repetitive activities
such as folding, cutting, and sealing. SMEs may minimise
strain in these regions by utilising ergonomically designed
equipment featuring appropriate grip dimensions, non-slip
materials, and minimal activation force. These tools are
economical, high-impact investments that markedly
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improve comfort and diminish the risk of tendinitis and
carpal tunnel syndrome (Fasanya & Shofoluwe 2018).
Where possible, simple mechanical jigs or fixtures can
partially automate repetitive manual activities without
requiring complete automation.

The cumulative load of multi-region ergonomic
exposure, with over 65% of participants categorised as
very high risk in two or more body regions, highlights the
necessity for an extensive ergonomic strategy. Solutions
should encompass not just equipment enhancements but
also job rotation, work reconfiguration, and fundamental
ergonomic training initiatives. These tactics are both
economical and sustainable, especially when applied along
with behavioural interventions.

FUTURE DIRECTION

Building upon these observational insights, future work
will focus on the development of a structured intervention
module to address the evident gaps in ergonomic
knowledge, attitude, and practice (KAP) among SME
workers and supervisors. The observed deficiencies in
ergonomic awareness, symptom reporting, and risk
mitigation behaviors underscore the need for a behavioral
change framework tailored to the SME context. The Health
Belief Model (HBM) offers an appropriate theoretical
foundation for this intervention, as it addresses core
psychosocial drivers such as perceived susceptibility to
WRMSDs, perceived severity of ergonomic risks, and
perceived benefits of adopting safe practices. The
intervention will be designed to strengthen ergonomic
self-efficacy, overcome perceived barriers like cost and
time, and foster positive safety attitudes.

The integration of findings from the OHCOW-adapted
Quick Exposure Checklist (QEC) reinforces the evidence-
based nature of this intervention. The tool’s simplicity,
cost-effectiveness, and adaptability make it an ideal
component for identifying ergonomic priorities and guiding
worker education. Embedding QEC into the intervention
will support regular ergonomic self-assessments and
empower frontline personnel to recognize, report, and act
on risk factors proactively. Ultimately, this future
intervention aims to foster a culture of safety, where
ergonomic risks are not only identified but actively
managed through improved knowledge, more positive
attitudes, and the consistent application of safe practices.
This approach holds promise as a scalable, low-cost
solution to improve occupational health outcomes and
operational sustainability in resource-constrained SME
environments.
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STUDY LIMITATION

Despite offering practical insights, this study has several
limitations that should be acknowledged. First, the cross-
sectional design precludes any causal inference between
ergonomic exposures and musculoskeletal health outcomes.
Second, data collection was limited to a single work shift
per facility which may not capture daily or weekly
variations in workload and task diversity. Third, while the
Quick Exposure Checklist (QEC) is a validated and user-
friendly assessment tool, it does not account for psychosocial
stressors, environmental influences (e.g., lighting, noise,
temperature) or organizational dynamics that may also
contribute to ergonomic risk. Furthermore, the integration
of observational data with self-reported inputs, although
methodologically beneficial may still be susceptible to
response bias, especially with thought strain and fatigue.
These factors may influence the accuracy of exposure
assessment. Future research should utilise longitudinal
research designs, multi-day task sampling, and additional
ergonomic assessment techniques, including wearable
biomechanical sensors or motion capture devices, to
enhance the accuracy and comprehensiveness of ergonomic
risk profiles.

CONCLUSION

This study provides strong empirical evidence of
widespread ergonomic risk exposure among workers in
Malaysian small and medium-sized enterprise (SME) food
manufacturing settings. The Quick Exposure Checklist
(QEC) assessment revealed particularly high risk
classifications in the shoulders/arms (64.2%), static back
postures (46.4%) and neck (38.4%), highlighting the
biomechanical strain associated with repetitive tasks,
awkward postures and static loading. Among job roles,
packaging and raw material handling emerged as the most
ergonomically demanding, with risk levels further
influenced by gender and work experience, suggesting that
both task design and individual factors contribute to risk
distribution. These findings support the urgent need for
engineering-based ergonomic interventions such as
adjustable-height workstations, process layout redesign
and the adoption of ergonomically appropriate tools.
Addressing these physical risks must also be accompanied
by a systemic approach that includes worker training, job
rotation and routine ergonomic evaluations to foster
sustainable risk reduction.The use of the OHCOW-adapted
QEC tool demonstrated that ergonomic risks can be
effectively assessed and prioritized even in resource-
constrained environments, making it a practical solution

for SMEs with limited access to specialized expertise. By
embedding such tools within SME operations, organizations
can promote safer work practices, reduce the incidence of
work-related musculoskeletal disorders (WRMSDs), and
enhance productivity. As SMEs continue to play a pivotal
role in economic development, integrating ergonomics into
daily operations, equipment design, and organizational
policy is not only beneficial for worker health but also
essential for maintaining a resilient and efficient industrial
workforce.
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