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Abstract

Various research has investigated work risks and hazards using ergonomic analytical tools to prevent ergonomic
risks and musculoskeletal disorders (MSDs). This paper simulated a human digital model of sitting posture using
a rapid upper limb assessment tool for garment workers at Rivets East Africa Limited (REAL) factory, Eldoret,
Kenya, to achieve a better score with an acceptable level of ergonomic risk. Anthropometric databases were used
in the sewing workstation redesign, and digital human modeling aided the ergonomics simulation from the start
of the product and workstation redesign process. Using the anthropometric data, a redesigned sewing workstation
model was proposed. The proposed model was then simulated using computer-aided three-dimensional interactive
application (CATIA V5) software based on rapid upper limb assessment (RULA). The redesigned sewing
workstation had a final RULA score of 1, indicating that the ergonomic risk was negligible and the proposed
redesign was acceptable. The outcomes of this study could therefore play a notable role in the growth of garment
manufacturing by improving productivity and reducing worker fatigue.
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Introduction where work-related upper limb disorders are
reported.

Series & Science, (2019) researched work posture
analysis using RULA for rice milling in Malang,
Indonesia and found that lifting sacks scored 7,
indicating a high and dangerous ergonomic risk
level. This should be investigated and changes
implemented immediately when designing or

The most common assessment tools include RULA,
Rapid Entire Body Assessment (REBA), Ovako
Working Posture Analysis System (OWAS),
Occupational Repetitive Actions (OCRA) and
Posture, Activity, Tools and Handling (PATH). On
the other hand, these ergonomic risk assessment
tools primarily focus on analysis of the upper limbs

(Kong et al, 2018). Therefore, the present work
used RULA as one of the ergonomic risk assessment
tools to simulate the human digital modelling sitting
posture. An earlier study by Mcatamney & Corlett,
(1993) defined RULA as a survey method developed
for use in ergonomics investigations of workplaces

redesigning the workstation/workplace for milling
workers.  Series, (2020) studied workload
measurement of batik workers using EULA and
found the highest physical workload occurred at the
drying workstation with a score of 7, also indicating
a high and dangerous ergonomic risk level. This
should be investigated and changes implemented
immediately when designing or redesigning the
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workstation/workplace for batik workers. Wibowo
& Mawadati, (2021) researched working posture
using RULA methods and found workers’ postures
presented a high and dangerous ergonomic risk
level; therefore, workers need to improve their
working posture immediately.

Dockrell et al., (2012) researched the assessment of
children’s computer sitting posture using the RULA
ergonomic tool and found that RULA was more
consistent when used for assessing ergonomic risk
levels in children. They recommended that the
RULA method may prove useful as part of an
ergonomic assessment tool. Levanon et al., (2014)
studied the validity of a modified RULA for
computer workers and found the RULA valid for
assessing computer workers; one observation was
enough to assess the work-related ergonomic risk
factor. Namwongsa et al., (2018) researched
ergonomic risk assessment of smartphone users
using the RULA analytical tool and found most
smartphone users had a total RULA score of 6,
indicating the need for further investigation and
changes when designing or redesigning ergonomic
interventions for smartphone users.

Nayak, (2021) studied the development of a fully
automated RULA analytical assessment system
based on computer vision. The study found that the
system could reduce the time required for sitting
postural evaluation while producing highly reliable
RULA scores consistent with those generated by
manual approaches. Thus, the researchers expected
the study would aid ergonomic experts in
conducting RULA analyses based on surveys of
occupational sitting postures in workstation and
workplace conditions. Yadi et al., (2019) researched
an ergonomic intervention study using the RULA
and REBA method in chemical industries for risk
assessment to reduce the risk of MSDs for workers.
The research performed an ergonomic assessment
using CATIA software based on the RULA
analytical method. The outcomes showed that work
systems may be improved by adding specific tools,
and that a chemical worker’s sitting posture may be
improved through application of ergonomic
principles. Chidambaram et al., (2023) developed a
computer-based assessment model for novel
dynamic postural evaluation using RULA. The
results revealed the model achieved an accuracy of
94.12%, outperforming previously reported models.
Yazdanirad et al., (2018) compared three ergonomic
risk analysis tools—RULA, Loading on the Upper
Body Assessment (LUBA), and the New Ergonomic
Posture Assessment (NERPA)—to predict upper-
extremity musculoskeletal disorders. The study
concluded that NERPA indicated low ergonomic
risk levels, LUBA indicated medium risk levels, and
RULA indicated high risk levels; overall, RULA

was judged the best tool for assessing MSDs among
the three. Norhidayah et al., (2016) evaluated and
validated physical ergonomic risk factors associated
with work-related MSDs using RULA for mining
workers. The analysis yielded a final RULA score of
7, indicating high ergonomic risk and a need for
engineering changes to reduce risk. The study’s
outcomes were used to improve workstation
postures and enhance mining workers’ comfort.
Massaccesi et al., (2003) investigated work-related
MSDs in sitting and standing postures for truck
drivers using the RULA method. Results showed a
significant neck score in both postures, reflecting
high trunk and neck loading. Overall, RULA proved
a suitable tool for rapid evaluation of trunk and neck
loading in drivers.

Hussain, (2021) analyzed the HDM (manikin)
working postures of manual workers in industries
using the RULA ergonomic tool in CATIA V5
software. The study found that most working
postures had a high ergonomic risk score of 7,
indicating immediate changes were required.
Ergonomic principles were proposed, and the
improved working posture was re-evaluated using
RULA, yielding a score of 3, which indicates a low
ergonomic risk level and is acceptable. Overall, the
results indicate that uncooperative working posture
ergonomic risks should be minimized by effectively
applying ergonomic principles. Sharan & Ajeesh,
(2012) investigated the relationship between MSDs
and sitting posture scores at computer workstations
using RULA ergonomic analysis. The outcomes
revealed that 30% of participants’ sitting postures
needed to be modified soon and 15% needed
immediate modification. The results also showed a
significant association between regional body pain
and the final RULA score. Ergonomic
recommendations were given to modify the
computer workstation and sitting posture. Mohamad
et al, (2013) analyzed the sitting postures of
industrial workers in the packaging industry using
the RULA ergonomic assessment in CATIA P3 V5
software. The RULA analysis detected several
uncomfortable postures that were high ergonomic
risk factors. The study concluded that the RULA
tool effectively detected awkward postures and that
further improvements should be implemented to
prevent long-term discomfort for workers.

Kusuma, (2020) analyzed the work activities of
sandpaper machine finishing workers using the
RULA ergonomic tool and designed a work aid to
improve working postures and reduce long-term
ergonomic risk of lower back injuries. The data
analysis yielded a RULA score of 4, indicating an
ergonomic risk of MSDs. Eswaramoorthi et al,
(2010) analyzed an assembly line from a lean
perspective to identify human—system interaction
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areas that could generate waste, using RULA
ergonomic analysis with the CATIA V5 software
platform. Based on the results, the assembly line
process stations were redesigned to prevent waste
generation. Hambali et al., (2019) analyzed working
postures in the mechanical manufacturing industry
and the effect of workstation improvements using
RULA ergonomic simulation tools. The study
concluded that the method and software were
powerful analytical tools for designing and
redesigning virtual improvements, and it aimed to
create design guidelines incorporating ergonomic
principles to assist mechanical assembly
workstations.

Sohail, 2021) studied ergonomic risk factors leading
to work-related MSDs in the garment industry using
CATIA VS5 software based on the RULA ergonomic
tool. The study’s results indicate a 45% high
postural ergonomic risk among garment workers. It
also concluded that garment workers face various
occupational health and ergonomic deficiencies and
recommended several ergonomic interventions to
improve their occupational health and safety,
thereby enhancing performance. Ansari & Sheikh,
(2014) evaluated work posture in small-scale
industries in India using the RULA ergonomic tool.
The RULA analysis determined that the majority of
workers were at high ergonomic risk and required
immediate change, concluding a lack of ergonomics
awareness and understanding in small-scale
industries. Mahantesh ef al, (2023) designed a
computer user chair for Indians based on
anthropometric standard data and conducted a
RULA ergonomic assessment on the sitting postures
for the HDM manikin. The RULA results showed
the model was acceptable with a final RULA score
of 2, leading to the conclusion that the computer
chair model was ergonomic based on Indian
anthropometric data.

Mahantesh et al., (2021) researched chair modeling
based on Indian anthropometric data. The RULA
ergonomic analysis was performed using CATIA-
V5 with the HDM (manikin). The final RULA
analysis score was 2 on both the right and left sides
of the HDM (manikin), indicating that the sitting
posture with respect to the computer-modeled chair
was acceptable and ergonomically fit for computer
users. Paul & Paul, (2019) studied ergonomic
motorized wheelchair analysis using the HDM
(manikin) based on Indian anthropometric data and
used the RULA ergonomic tool to measure user
comfort and discomfort. The study concluded that
the ergonomic wheelchair provides a better fit for
Indian users. Dianat & Salimi, (2014) researched
safe working practices for hand-sewing tasks in
small-scale industries to highlight potential
ergonomic interventions to reduce MSDs among

these workers. The research concluded that the
traditional method may require further development
based on anthropometric data to determine the
optimum workstation design.

The previous study by Esmaeel et al, (2024)
reviewed research on work-related risks and hazards
for garment workers at sewing workstations using
both the RULA and REBA methods. In that review,
it was explained that most studies show work-related
musculoskeletal disorders are a major problem
worldwide. Strategies to control this risk typically
focus on redesigning sewing workstations to reduce
the ergonomic hazards workers experience during
their tasks. The best way to achieve a safer
workstation and prevent injuries is to assess the risks
and hazards comprehensively. For ergonomic
assessment, RULA and REBA are commonly used
by different researchers; both observational methods
are significant, suitable, and accurate for assessing
ergonomic risks and hazards in the workplace. This
review therefore suggested both methods as the most
popular and widely used observational ergonomic
assessment tools across various industries and
services.

Hambali et al., (2021) studied an ergonomic design
of an industrial assembly workplace using CATIA
V5 based on the RULA ergonomic tool. The study
showed that the final RULA score of the proposed
workplace design was better than that of the existing
design. This indicates that the CATIA V5 software,
based on RULA, is a powerful predictive ergonomic
tool for measuring ergonomic risk and improving
workplace design. A previous study by Esmacel et
., (2025) reported that analysis of employee posture
in the existing sewing workplace at REAL Factory,
Eldest, Kenya produced a final REBA score of 5,
indicating a medium ergonomic risk of
musculoskeletal disorders and the need for changes.
Therefore, the goal of this paper was to simulate
human digital modeling of sitting posture using
CATIA VS5 based on the RULA ergonomic tool for
garment workers at REAL Factory, Eldest, Kenya,
to achieve a better score with an acceptable level of
ergonomic risk.

Materials and methods

Introduction

The RULA ergonomic analytical tool assesses the
biomechanical and postural load demands of job
tasks on the neck, trunk, and upper extremities
(Manzoor Hussain et al., 2019). Moreover,
ergonomic principles can be understood as the
science of adapting tools and environments to user
needs to reduce discomfort during use.
Additionally,ergonomics seeks to achieve the best
possible match between a product and its user within
the context of the intended application (Romli &
Aminian, 2018). The main steps for simulating an
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HDM (manikin) in a seated posture using CATIA
V5 ergonomic 3D CAD software based on RULA
analysis are shown in Figure 1.

Create 3D CAD models in SOLIDWORKS 2024

Import the models in CATIA V5 ergonomics design and analysis

Perform RULA analysis

Obtaining an ergonomic simulation results

Figure 1: Main steps of the ergonomic simulation of HDM using RULA analysis
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Figure 2: Ergonomics model in CATIA V5
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Figure 3: Manikin insertion for this present study
for the design/redesign of sewing workstation
furniture, they help improve comfort, reduce low

Create 3D CAD models with the 3D SolidWorks
2024 CAD software

The 3D models of the sewing workstation (selected
sewing chair and adjustable sewing machine table)
were created in the 3D engineering CAD software
for ergonomic simulation of the sitting posture of the
HDM.

Import the models in CATIA V5 ergonomics
design and analysis

After the 3D CAD modeling was completed in the
ergonomic simulation software, the sewing
workstation models were imported into CATIA V5
ergonomics design and analysis as 3D CAD
software to perform the RULA ergonomic
simulation. Furthermore, sewing workstation
comfort depends on aesthetics, maintainability,
material quality, ergonomics and safety, structure,
ease of manufacture, shape, utility and function,
handling, durability, and stability. Moreover, the
structure and shape in the design or redesign of a
sewing workstation depend on the available
anthropometric data of the users. Figure 2 shows the
method adopted for the redesign of a sewing
workstation using an HDM and CATIA V5
ergonomics design and analysis software.

Anthropometric data

An anthropometric measurement is the collection of
physical characteristics of the human body that are
relevant to ergonomic design/redesign, physical
anthropology, clothing sizing, consumer product
design, tool and equipment design, among other
fields. These characteristics therefore include size,
body shape, strength in static and dynamic
conditions, and the ability to perform tasks or work.
When anthropometric measurements are considered

back pain and MSDs, and increase user
performance. In addition, Table 1 lists the essential
anthropometric data inputs used in developing the
manikin in CATIA V5 ergonomics design and
analysis software.
Table 1: 50™ percentile of the workers'
anthropometric data for manikin

Variables 50t Units Input

(Sitting) percentile method
Sitting

e 800.5 mm Manual

Eye. h.e ight, 685.5 mm Manual
sitting

Hip b r.eadth, 355.4 mm Manual
sitting

Manikin

The focus of the manikin is creating an
anthropomorphically detailed digital human for
advanced ergonomics design/redesign, analysis, and
accommodation of the global target audience. For
this ergonomics analysis, the manikin was generated
to represent the 50" percentile of sewing workers'
(male and female) anthropometric data. This
research therefore applied a manikin. Furthermore,
the specific postural analysis in CATIA VS5
ergonomics design and analysis 3D CAD software
was based on the RULA ergonomics body posture
analysis. Besides, two steps needed to be addressed
before the final evaluation could be made: (1)
develop a manikin and (2) assess the recommended
redesign of the sewing workstation through
ergonomic body posture and design analysis.
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Figure 5: The RULA dialog box in CATIA V5

Table 2: RULA ergonomic and design analysis score description

RULA Score Risk Level Action
1-2 > Acceptable
1.4 L Further investigation and
changes may be needed
- e Investigation and changes
5-6 Medi ;
B required soon
2 Investigation and changes
required immediately

Table 3: The evaluation analysis results of the upper limb analysis

Place

Scores and colors Recommendation

Upper arm
Forearm
Wrist
Wrist twist

Posture A
Muscle

Force/load

Wrist and arm
Neck

Trunk

Legs

Posture B

Neck, trunk and leg
Final/total score

Based on the anthropometric data of the sewing
workers, the upper limp analysis results for the
manikin's sitting body posture fell within the
proper range. Consequently, the final RULA
score of 1 indicated a very low risk of MSDs.
After that, the proposed sewing workstation's
proportions were decided upon and the redesign
was approved.

U S NN G G W U e 1 i T S S G U U
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Development of a manikin

CATIA V5 was used to design a manikin. As shown
in Figure 3, the manikin creation, gender
specification, and percentile specification were
additional tools in the human builder. Additionally,
Figure 4 depicted the manikin in the sitting position,
which was created using the anthropometric data of
the sewing worker. Furthermore, Figure 4(a)
displayed the created manikin, and Figure 4(b)
displays a body posture editor. Additionally, Figure
4(c) shows how the manikin's variables were
assigned dimensions.

Assessment of the recommended sewing
workstation

The assembly of the sewing workstation for making
workers at the garment manufacturing facility was
developed by integrating the measurements of the
manikin and the chosen sewing chair and adjustable
sewing machine table.

Perform RULA analysis

The rapid upper limb assessment, or RULA
ergonomics and design analysis, examines the
ergonomic risk associated with the upper limb
extremity. As a result, it is a technique used to
examine upper limb disorders in work settings.
Additionally, the primary goal of the RULA
ergonomic analysis is to investigate the postural load
needs for the manikin's body parts. Additionally, it
produces a scorecard with numbers ranging from 1
to 7 and a color code from green to red. Thus, the
upper limb problem should be examined using this
scoring. Furthermore, if the score is 1 or 2, the work
body posture is appropriate; if not, more research
into the body posture will be necessary. In addition,
to perform RULA ergonomic analysis the following
section can be discussed:

RULA method and RULA score

Ergonomics and design/redesign analysis are
features offered by the CATIA V5 software.
Additionally,  SolidWorks, an  engineering
design/modify program, was used to redesign the
sewing workstation models. The models were then
accessed in CATIA VS5 software for the ergonomic
study after being converted into a STEP file.
Additionally, the sewing worker's anthropometric
data was used to digitally build manikins of the 50th
percentile of men and women. Therefore, the
manikin has been created for the 50th percentile of
the anthropometric data of the male and female
sewing workers for this ergonomics design and
study. As a result, this configuration was selected to
redesign or design for average, which is suitable for
all sewing workers.

To choose a manikin, the RULA analysis tool is also
deployed. Additionally, the RULA dialog box opens
when you click on the matching symbol in the
toolbar. Furthermore, the CATIA V5 software's

RULA dialog box was displayed in Figure 5. The
manikin's side was chosen for the analysis and the
body posture that was found to be most appropriate.
Additionally, there are three different kinds of
posture: repetitive, intermittent, and static.
Additionally, the activities are repeated fewer than
or equal to four times in a minute by the intermittent.
Therefore, the body posture performs the work more
than four times in a minute for the static and
repeating choice. The load of the object that the
person is manipulating is specified by filling out the
parameters in the same body posture choice. As a
result, the intermittent position was chosen for this
predetermined study.

Additionally, the score and colors are the foundation
of the RULA ergonomic and design analysis
technique. Consequently, there is a relationship
between the colors and the score. In addition, the
hues are orange, red, yellow, and green.
Additionally, the color green denotes a healthy and
appropriate sitting body posture, whereas the color
red denotes a poor sitting body posture that requires
quick correction. Additionally, the scores are
separated into four (4) scales, each of which has a
description. Furthermore, the RULA ergonomic and
design analysis score description was shown in
Table 2.

Obtaining an Ergonomic Simulation Results

The sewing workstation redesign based on
anthropometric data was completed once the RULA
ergonomic simulation findings were acquired.
Results and discussions

Introduction

The following specifics were covered in the
ergonomic analysis of the manikin's sitting body
posture utilizing the RULA ergonomic analytical
tool:

The Evaluation Results of the Upper Limb
Analysis

A manikin representing the 50th percentile of the
male and female sewing workers was used to assess
the sewing workstation assembly. Additionally, the
RULA ergonomic analytical tool was used when a
sewing worker was seated and carrying out a task in
the sewing workstation. Furthermore, the RULA
analysis approach analyzes using a linked score and
color. The hues are also orange, red, yellow, and
green. Additionally, the color green denotes healthy
and appropriate body posture, but the color red
denotes poor body posture that needs to be corrected
right away. Additionally, the RULA analysis
combines postural analysis of the various muscle
groups, which are classified as: muscle group B
(which includes the neck, trunk, and leg) and muscle
group A (which includes the upper arm, lower arm,
and wrist).
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Figure 6: Simulation results of the RULA ergonomic analysis for manikin sitting posture

Additionally, the overall score was determined by
combining the two muscle groups. Additionally, the
upper limp analysis results for the manikin's sitting
body position based on the anthropometric data of
the sewing workers fell within the proper range. As
a result, the suggested redesign of the sewing
workstation is acceptable, as shown in Table 3, and
the final/total RULA score of 1 indicated that there
was very little ergonomic risk of MSDs.

Simulation results of the RULA ergonomic
analysis

By simulating a manikin utilizing an ergonomically
creative appropriate sewing workstation redesign
based on the anthropometric data of the sewing
worker, a final RULA score of 1 was obtained. The
ultimate RULA score of the outcomes was displayed
in Figure 6.

Comparison of RULA results of this study with
the previous studies

Table 4 shows a comparison of the RULA results
from this study with those from earlier research on
the analysis of manikin sitting position at the sewing
workstation. According to previous studies by

Upasana & Vinay, (2017) on work body posture of
tailors and Oztiirk & Esin, (2011) on ergonomic risk
factors among female sewing machine operators. As
a result, these research discovered a final RULA
score of 7, indicating a high degree of risk and the
need for quick adjustments.

Also, according to prior researches by Saguyod et
al., 2021) on an ergonomic workstation design for
clothing manufacturing sewing workers and Shah et
al., (2016b) on an inconvenient body position in a
garments manufacturing industry. These studies
verified the final RULA score of 5, indicating a
medium level of risk and the need for immediate
adjustments.

Therefore, the current study is consistent with earlier
research that indicates a final RULA score of 1 can
yield the best outcomes when imitating a manikin
sitting posture in the suggested redesign of an
ergonomically  revolutionary  suited sewing
workstation for clothing manufacture.

Therefore, the current study supports -earlier
research by Wibowo & Mawadati, (2021) as stated
that the RULA score results are a technique that can
offer thorough results when imitating a manikin
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sitting posture. Employing ergonomic principles to
determine whether or not the redesign of the sewing
workstation is appropriate.

According to a previous study by Profile & Profile,
(2020), RULA can be applied to workers in a

variety of fields, typically in conjunction with other
techniques, and its implementation benefits from
technological innovation.

Table 4: Comparison of RULA ergonomic analysis results of this present study with the previous studies

Final

Titles of the Studies RULA Ilil ‘sll(:l Recommendation References
score
Work-Posture-Assessment-of-Tailors- 7 (Upasana &
By-RULA-and REBA-Analysis. e ] Vinay, 2017)
Investigation-of-Musculoskeletal- High changes-required )
Symptoms-and Ergonomic-risk-Factors- immediatel (Oztirk & Esin,
. . 7 y
among-Female-Sewing-Machine 2011)
Operators-in-Turkey.
Working-Conditions-of-Iranian-Hand- .
.. (Dianat &
Sewn-shoe-Workers and Associations 6 ..
Salimi, 2014)

with Musculoskeletal-Symptoms.
Analysis-of-Working-Posture-on-
Musculoskeletal Disorders-of-
Vocational-Garment-Student’s-in-
Garment Assembly-Operations-Practice.
An-Ergonomic-Workstation-Design-for-
Apparel Manufacturing-Workers-in-the- 5
Philippines.
Ergonomic-Risk-Factors-for-Workers-in-
Garments Manufacturing: A-Case-Study- 5
from-Pakistan.
Prevalence-of-Musculoskeletal-Problems
and-Awkward Posture-in-a-Pakistani- 5
Garments-Manufacturing-Industry.

An-Ergonomic-Analysis-of-the-Seat-
Sewing.

Ergonomic-Risk-Simulation-Using-
Rapid-Upper-Limb Assessment-Tool-
for-the-Sitting-Posture-of-Garments 1"
Workers: A-Case-of-Rivatex-East-
Africa-Limited, Eldoret,-Kenya

(Aribowo et al.,

2020)
Investigation-and
Medium  changes-required  (Saguyod et al.,
soon 2021)
(Shah et al.,
2016a)
Further-
Low investigation-and (Rittel, 2010)
changes-may-be
needed
Negligible Acceptable Present study

*RULA score of the present study

Conclusion

In conclusion, the goal of this paper was to simulate
the human digital modelling sitting posture using
CATIA V5 based on the RULA ergonomic tool of
garment workers at the REAL factory in Eldoret,
Kenya. In order to achieve a better score with an
acceptable level of ergonomic risks. And the
analysis of the sitting body posture of the manikin
for the proposed ergonomically sewing workstation
had a final RULA score of 1, meaning that the
ergonomic risk for MSDs was negligible. And this
result, therefore, shows that the proposed model was
acceptable in reducing the ergonomic risk of injury
to the low back pain of the sewing workers. The

outcomes of this present study, therefore, can play a
phenomenal role in the growth of garment
manufacturing for enhancing productivity and
reducing fatigue of the sewing workers.
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