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ABSTRACT

Kitchens are considered risky workplaces. Musculoskeletal disorders (MSDs) are one
of the leading causes of occupational illnesses that occur due to performing specific
forceful kitchen tasks. The study aims to improve kitchen ergonomics by analyzing
and redesigning manual operations in a local hospital kitchen in Kuwait using JACK
software. A questionnaire was distributed to identify the workers’ complaints. Tasks
causing pain in the affected areas were investigated. After developing the digital
human model, different performance metrics from JACK software tool analysis,
such as Rapid Upper Limb Assessment (RULA), Ovako Working Posture Analysis
(OWAS), and Lower Back Analysis (LBA) were used to analyze the tasks studied. The
findings revealed high initial ergonomic risks, with tasks such as vegetable washing
consistently scoring 6–7 on the RULA scale, indicating urgent intervention needs.
Post-intervention, risk levels were significantly reduced, with RULA scores dropping
to 3–4, particularly for the vegetable washing task, which benefitted from tailored
ergonomic modifications like food-washing racks and leg supports. Lower back forces
were also notably reduced, especially for lighter workers, highlighting the differential
impact of task redesign on anthropometric variations. OWAS scores remained
stable, reflecting moderate postural risks throughout. This study underscores the
effectiveness of tailored ergonomic interventions in reducing MSD risks and improving
workplace safety. The proposed methodology, integrating advanced digital modeling
and performance metrics, offers a systematic approach for addressing ergonomic
challenges in hospital kitchens and other industrial settings.

Keywords: Kitchen ergonomics, Musculoskeletal disorders (MSDs), Jack software, Lower back
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INTRODUCTION

Kitchens are among the three industries with the highest worker health risks
(Australian Workplace Barometer, 2012). Many types of injuries could be
caused in kitchens. Injuries that may be caused include serious burns, wounds,
and injuries that cause musculoskeletal disorder (MSD).According to Ullrich,
(2011), MSDs are injuries and disorders that affect the body’s function by
affecting areas such as muscles, tendons, ligaments, nerves, and mainly body
parts such as back, shoulders, upper arms, etc. There are many ways to
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prevent the causes of work-related MSDs. One way is by following a well-
ergonomically designed workplace guide. Ergonomics is a field of industrial
engineering that focuses on designing a safe and comfortable work zone for
the workers (Jaffar et al., 2011). In the case of this paper, as the kitchen work
environment is top-rated to cause MSDs, ergonomics in kitchens is needed.

Kitchen tasks, specifically large serving kitchens such as hospital kitchens,
generally require force exertion, awkward posture, repetitive motion, and
prolonged standing while working, resulting in a high risk of developing
muscle fatigue (Subramaniam et al., 2018). Tasks that require such
movements may include cooking, mixing, washing, and carrying large
quantities. Since these tasks serve large quantities, they can lead to hazards.
To be able to solve these risks, they should be first well analyzed. Specialists
today use human digital modeling as an analysis tool. Jack software can
be used for such analysis; it has international metric analysis such as rapid
upper limb assessment (RULA),Ovakoworking analysis system (OWAS), and
Lower Back Analysis tool. Jack is programmed to provide extremely sensitive
and detailed analysis of the risk of each part of the body when performing a
task. This paper analyzes and solves tasks performed in a hospital’s kitchen
using Jack software. This software aims to prevent the cause of MSD in tasks
performed by hospital kitchen workers, such as heavy lifting, dishwashing,
and vegetable washing.

This paper focuses on reducing work-related MSDs for kitchen workers.
The majority of the workers suffered from upper limb disorders and lower
back injuries. The following tasks, adding water, vegetable washing, and
dishwashing, were studied as they were the most complained about.

METHODOLOGY

The current study was conducted in a local hospital kitchen in Kuwait,
examining three different tasks. The tasks were selected based on a
questionnaire distributed to the workers, illustrating the most affected body
parts. The methodology for this study is shown in Figure 1.

Identifying the Worker’s Complains

The Nordic Musculoskeletal disorders (MSDs) questionnaire has been
distributed to 100 out of 120 workers. The goal is to collect information
about the workers’ duties and tasks and identify problems that cause
musculoskeletal disorders (MSDs). The results of the questionnaire show that
the most affected body areas are the upper limb and lower back. According to
the results of the questionnaire, 54% of the workers declared they suffered
from upper limb pain. Moreover, 24% had hip problems, 12% had lower
back pain, and 10% suffered from leg fatigue.
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Figure 1: The methodology.

Study the Workers’ Tasks Procedures

The following tasks were selected for modeling based on the majority of
complaints:

1. Vegetable Washing Operation: In this task, the worker washes the
vegetables by extensively bending, as shown in Figure 2.1; this posture is
considered awkward.

2. Washing Dishes: In this task, the worker grabs the dishes from a high
shelf, brings them to the sink, and then starts washing them. This posture
includes heavy lifting and extreme reaching Figure 2.2.

3. Pouring Water: The worker fills a big pot with boiling water in this task.
This task includes heavy lifting Figure 2.3.

Figure 2.1. Vegetable
operation.

Figure 2.2. Washing
dishes task.

Figure 2.3. Pouring hot
water task.
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Select Performance Measure

Performance measures were selected to assess the tasks: Lower Back Analysis
tool, Ovako Working Posture Analysis (OWAS), and Rapid Upper Limb
Assessment (RULA). A description of each tool is as follows:

• Lower Back Analysis Tool: This tool helps evaluate the spinal forces acting
on a virtual human’s lower back under any posture and loading condition.

• Ovako Working Posture Analysis: A simple method for quickly checking
the comfort of working postures and determining the urgency of taking
corrective measures.

• Rapid Upper Limb Assessment (RULA): Helps you evaluate workers’
exposure to the risk of upper limb disorders.

GENERATION OF DIGITAL HUMAN MODELS

Real Scenario

Digital human models were generated using JACK software. All tasks have
been converted to CAD model simulation and are evaluated through chosen
tools (RULA, OWAS, LBA). Figures 3.1, 3.2, and 3.3 represent the digital
human model for tasks: vegetable washing, dishwashing, and pouring hot
water task.

Figure 3.1. Dish
washing.

Figure 3.2. Washing
vegetables.

Figure 3.3. adding water
into container.

Experiments

The research aims to generalize the study and improve its applicability
to a diverse workforce by incorporating experiments that include various
anthropometric measures. The experiment examines musculoskeletal
disorders’ risk factors and prevalence to improve workplace tasks and
procedures. The factors considered are the Height (Stature) and weight.
Gender was not considered a factor since all the workers were males. The
levels are 5th, 50th, and 95th percentiles of male Indian models, representing
the smallest, medium, and largest dimensional Indian people for each height
and weight.

RESULTS

The results are analyzed using three tools (RULA, OWAS, and lower back).
Each tool has a specific score, and each range is specified in a different color.
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For the Rapid Upper Limb Assessment (RULA), scores range from 1 to 7.
A score of 1-2, marked in green, indicates negligible risk with no action
required. In contrast, a score of 6-7, marked in red, signifies very high risk,
necessitating immediate corrective action. Lower back analysis gives a green
color for scores lower than 6300N and a red color for scores higher than
that range. Finally, OWAS shows a score of 1 (green) when posture does not
affect WMSDs, 2 (yellow) when posture has a slight effect, 3 (orange) when
posture has a harmful effect, and 4 (red) when posture has a significant effect
on WMSDs and action needed.

Vegetable Washing Task

Figure 4.1 shows a worker performing a real vegetable washing task. The
figure shows that the worker is bending very low to perform the task.
Ergonomically, this posture is not comfortable to perform in these conditions.
Having such working postures can expose the worker to a risk of MSD.
Figures 4.2 & 4.3 below show the task converted into a CAD model
through JACK software before and after applying the proposed solutions of
raising the sink, adding food-washing racks on the sink to decrease worker
bending, and providing leg support, which will decrease the ergonomic
risks.

Figure 4.1. Real task. Figure 4.2. vegetables
operation task in JACK
software before changes.

Figure 4.3. vegetables
operation task in JACK
software after changes.

Washing Dishes Task

Hand-washing dishes requires much effort and can lead to great fatigue. As
shown in Figure 5.1, the dishwashing was analyzed to identify the causes of
the fatigue.

The suggested solution is to put the worker seated and give leg support. In
RULA, we changed the option to (seated, with legs and feet well supported).
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Figure 5.1. Real dishwashing
task in the kitchen.

Figure 5.2. Dishwashing task in
the JACK.

Add Water Task

Adding water is a task performed by the cooks. It is performed by filling
the big pot with boiled water to start cooking, as shown in Figure 6.1. This
task can have many risks for the worker, like burns or spills, or maybe can
cause slipping. However, the task requires lifting a heavy container (9 kg) and
pouring it into another.

Figure 6.1: Pouring the water’s task in the JACK.

The following changes were suggested to improve the pouring task: a
stress relief mat to support the workers’ legs, loads to be reduced to
smaller amounts, increased resting breaks to prevent fatigue, and low-weight
containers to reduce the weight carried. The main recommendation proposed
for this task is lowering the load filled in the container from 9 kg to 3 kg three
times. This suggestion is proposed and tested with positive results.

KPI’s Before and After Improvement

Table 1 shows the KPI results from the status quo scenario (before) and after
applying the recommended solutions. The height levels are 5th, 50th, and
95th percentiles in the column, while weights are in the row.
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Table 1. KPI’s before (on the left side) and after (on the right side).

RULA 
Weight 

Hight 5th 50th 95th Task 
5th  - 7 7 

Washing 
Vegetable
s Task 

50th 7 7 7 
95th 7 7 7 
5th  7 7 6 

Dish Washing 
50th  6 6 5 
95th  6 6 6 
5th  - 7 7 

Pouring Water 
50th 7 6 7 
95th  7 6 7 

OWAS 
5th 50th 95th 

5th  - 2 2 
Washing 
Vegetables 
Task 

50th 2 2 2 

95th 2 2 2 
5th  - 2 2 

Dish 
Washing 

50th  2 2 2 
95th  2 2 2 
5th  - 2 2 

Pouring 
 Water 

50th 2 2 2 

95th  2 2 2 
Lower Back Analysis 

5th 50th 95th 
5th  1366 1554 1947 Washing

Vegetables 
Task 

50th 1482 1653 2105 
95th 1626 1776 2298 
5th  - 1051 2212 

Dish 
Washing 

50th  978 1971 2257 

95th  2113 2135 2163 
5th  - 1126 1100 

Pouring 
 Water 

50th  1027 856 899 

95th 1126 899 1205 

RULA 
Weight 

Hight 5th 50th 95th Task 
5th  4 4 

Washing 
Vegetables 

Task 
50th 4 4 4 
95th 4 4 4 
5th  7 6 4 

Dish 
Washing 

50th  5 4 4 
95th  5 4 4 
5th  6 4 6 

Pouring 
Water 

50th 4 4 5 
95th  5 4 6 

OWAS 
5th 50th 95th 

5th  - 2 2 
Washing 

Vegetables 
Task 

50th 2 2 2 
95th 2 2 2 
5th  - 2 2 

Dish 
Washing 

50th  2 2 2 
95th  2 2 2 
5th  - 2 2 

Pouring 
Water 

50th 2 2 2 
95th  2 2 2 

Lower Back Analysis 
5th 50th 95th 

5th  632 740 950 
Washing 

Vegetables 
Task 

50th  1148 1023 1148 
95th  1089 1601 2052 
5th  - 1051 2212 

Dish 
Washing 

50th  978 1971 2257 
95th   2113 2135 2163 
5th  1205 890 89 

Pouring 
Water 

50th 889 752 789 
95th  754 889 984 

Discussion

The ergonomic intervention study focused on analyzing and mitigating
musculoskeletal disorder (MSD) risks in a hospital kitchen through digital
human modeling using JACK software. The analysis employed three primary
assessment tools: Rapid Upper Limb Assessment (RULA), Ovako Working
Posture Analysis (OWAS), and Lower Back Analysis.

The RULA analysis revealed critical insights into upper limb disorder
risks across anthropometric configurations. Initially, most tasks exhibited
high-risk scores between 6-7, indicating an urgent need for ergonomic
interventions. Following the proposed modifications, a significant reduction
in risk levels was observed. The vegetable washing task, previously
consistently scoring 7 (very high risk), was uniformly reduced to a score of 4,
suggesting a moderate risk that still requires further consideration.
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The dish washing and water pouring tasks showed more nuanced
improvements. The variability in post-intervention RULA scores (ranging
from 4-6) suggests that ergonomic solutions may have differential
effectiveness depending on worker anthropometrics. This finding
underscores the importance of tailored ergonomic interventions for
individual physical characteristics.

OWAS scores remained consistently at 2 across all tasks and worker
configurations, indicating a slight effect on work-related musculoskeletal
disorders.While this suggests that the interventions did not dramatically alter
postural risks, it also implies that the initial working conditions were not at
the most critical risk levels.

The lower back analysis demonstrated the most pronounced
improvements. The vegetable washing task showed substantial reductions in
lower back forces, particularly for workers in the lower weight percentiles.
The most significant improvements were observed in the 5th weight
percentile, suggesting that lighter workers were disproportionately affected
by the original task design.

The dish washing task exhibited relatively stable lower back forces,
indicating that the initial ergonomic risks were less severe. However,
the water pouring task revealed notable reductions in lower back forces,
particularly for workers with lower body weights.

CONCLUSION

This study addresses musculoskeletal disorders (MSDs) in hospital kitchen
environments by employing digital human modeling through JACK software
to analyze and redesign manual operations. The research highlighted the
significant health risks faced by kitchen workers, with a comprehensive
questionnaire revealing that over half of the workers experienced upper
limb pain and substantial percentages suffered from various musculoskeletal
issues. The study demonstrated remarkable improvements in workplace
ergonomics by utilizing advanced performance metrics including Rapid
Upper Limb Assessment (RULA), Ovako Working Posture Analysis (OWAS),
and Lower Back Analysis.

The interventions developed through digital human modeling significantly
reduced ergonomic risks across different tasks. RULA scores dramatically
decreased from high-risk levels of 7 and 6 to more manageable scores of 3
and 4, indicating a substantial reduction in potential upper limb disorders.
OWAS evaluation scores similarly improved, while the Lower Back Analysis
consistently maintained safety levels.

Tailored ergonomic solutions were implemented for specific tasks,
including introducing food-washing racks and leg support for vegetable
washing, providing additional support during dishwashing, and modifying
water-pouring procedures to reduce physical strain. These interventions
addressed immediate safety concerns and provided a systematic methodology
for workplace risk assessment that can be applied across various industrial
settings.
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