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ABSTRACT

Constipation, hemorrhoids and other bowel related disorders have become common worldwide, among others
because so many people have adopted the Western style sitting toilet, which may encourage the defecation
posture to be inefficient. The purpose of this study was to create and test an ergonomic toilet stool that would
promote a healthier squatting position when using a conventional sitting toilet. A questionnaire survey of 100
respondents was conducted using a mixed-method approach, starting with the requirement of users, discomfort
and acceptance of a toilet-stool intervention. The findings were translated into product design specification which
was used in guiding the concept generation process and four conceptual designs were generated and objectively
compared using Pugh Selection Matrix and the best design was picked for detailed development. The
anthropometric analysis of the geometry of the stool was carried out using digital male and female manikins in
MakeHuman and Blender software, and Computer-Aided Design (CAD) software was then used to model the
stool in SOLIDWORKS. Finite Element Analysis (FEA) in SOLIDWORKS simulation was used to compare the
performance of two different types of plastics: Acrylonitrile Butadiene Styrene (ABS) and Polypropylene (PP)
under the same loading conditions. The Rapid Entire Body Assessment (REBA) method was used to assess
ergonomic effectiveness. The proposed design made an approximate hip flexion angle of 35°, which downgraded
the REBA from 8 (High Risk) to 3 (Low Risk) resulting in a 62.5% decrease in postural risk. FEA results revealed
that ABS had a better structural performance than PP as the maximum displacement of ABS was 0.42 mm and
PP was 0.68 mm, while the factor of safety of ABS was 3.8 and PP was 2.1. The ergonomic toilet stool is
considered a viable and cost-effective toilet design to improve defecation posture, but further recommendation
is prototype fabrication and clinical validation before generalizing health outcomes.

Keywords: Ergonomics; Defecation Posture; Toilet Stool; REBA.
INTRODUCTION

Constipation, hemorrhoids and other gut disorders are more and more common around the world, and are affected
by diet, lifestyle and defecation posture. Adoption of western type sitting toilets has changed the natural squatting
posture, and this could lead to more straining during defecation and to less efficient defecation. Research
previously conducted has demonstrated that squatting causes the puborectalis muscle to relax, which leads to a
straighter anorectal angle, making bowel emptying easier.

The practical solution to imitate the squatting position on a conventional sitting toilet, toilet stools have been
developed. Many of the products currently on the market, however, are not designed taking into account
comprehensive aspects of ergonomics, anthropometric characteristics and structural performance. Therefore,
there is a need for an ergonomic toilet stool that will be scientifically validated to have engineering design as
well as an ergonomic assessment.
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The objective of this study was to develop and test an ergonomic toilet stool that will encourage a healthier
defecation posture. The concept generation and selection process was followed by Computer-Aided Design
(CAD), Finite Element Analysis (FEA) and ergonomic assessment (Rapid Entire Body Assessment (REBA)).
Results should help inform the design of ergonomically functional assistive products which can facilitate a
healthier bowel function and promote public health.

Defecation Process and Anorectal Mechanism

Defecation is a coordinated physiological process that includes rectal contraction, relaxation of the anal
sphincters, movement of the pelvic floor, abdominal pressure changes and changes in anorectal angle. The
puborectalis muscle is a sling around the anorectal junction and helps to keep the anal canal bent relative to the
rectum, which aids in continence. When this muscle relaxes and lengthens during the bowel evacuation it helps
straighten the anorectal passage and decreases resistance to the passage of stool [1]-[4]. The gastrointestinal
tract, rectum, puborectalis sling, anal sphincter, and anorectal junction were also stated as the main anatomical
structures related to the toilet posture evaluation in the original project report.

This mechanism is influenced by body position as changes in hip flexion change the hip orientation and the
anorectal canal geometry. Proctographic studies have shown that the anorectal angle is variable from lying to
standing, sitting to pushing and squatting [2]-[4]. Thus, the effectiveness of the defecation posture was evaluated
in relation to the external body posture and also in regard to the potential effects on internal anorectal posture

Sitting and Squatting Defecation Postures

Most western toilets have the user sitting in a straight position with the thighs around 90 degrees to the body.
Squatting, on the other hand, requires more hip and knee flexion, and brings thighs closer to the abdomen. This
difference in posture can affect abdominal pressure, anorectal alignment, and the muscular work needed to
defecate [1, 3, 5, 6].

Sikirov [1] compared excremental functions with a standard height toilet, a low height toilet, and squatting
position. Participants indicated that evacuation times were shorter and less straining in the squat position. Some
of the data in this study were subjective, however, and only 28 healthy volunteers participated in the study, so
these results cannot be extrapolated to all patients with constipation.

The abdominal pressure and recto anal angle were measured simultaneously in three positions by Sakakibara et
al. [3]. Squatting gave a greater recto anal angle than normal sitting and hip-flexed sitting indicating a straighter
evacuation pathway. However, the limited number of healthy volunteers (only six) in the study reduces the
clinical impact of the results.

Takano and Sands [5] studied the posture in which the patient leans forward, referred to as the “Thinker” position,
among those who were unable to evacuate contrast paste whilst in a conventional sitting position. The modified
posture led to an increased anorectal angle, puborectalis length and some participants managed to complete
evacuation. The results suggest that full squat is not the only posture beneficial, but also correct trunk inclination
and hip flexion.

More recent tests have also looked at pressure patterns and expulsion in various body positions with Fecobionics.
These investigations support the idea that the defecation is biomechanically complex and that the external hip
angle is not the sole explanation for the mechanism of defecation [6]. The following factors also need to be taken
into account: rectal pressure, anal resistance, coordination of the pelvic floor, stool consistency and individual
anatomy.

Constipation and Defecatory Disorders

Functional constipation is a common gastrointestinal disorder characterized by symptoms such as hard stools,
infrequent bowel movements, excessive straining, incomplete evacuation, and anorectal blockage. A large
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systematic review involving more than 275,000 adults reported that its estimated prevalence varied according to
the Rome diagnostic criteria, ranging from approximately 10% to 15% [7]. A newer meta-analysis covering
children, adults, and older individuals similarly found substantial variation according to age, sex, location, and
diagnostic method [8].

Constipation is multifactorial. Its development may involve dietary intake, hydration, physical inactivity,
medication, neurological conditions, slow colonic transit, pelvic-floor dysfunction, and behavioral factors.
Consequently, sitting toilets should not be described as the sole cause of constipation, hemorrhoids, or other
gastrointestinal disorders. Similarly, a toilet stool should be regarded as a supportive posture-modification device
rather than a medical treatment for all bowel disorders [7]-[9].

The distinction between general constipation and a defecatory disorder is particularly important. A person with
pelvic-floor dyssynergia may fail to relax the relevant muscles even when the hips are placed in a more flexed
position. Therefore, the effectiveness of a toilet stool may differ between healthy users, individuals with mild
evacuation difficulty, and patients with clinically diagnosed anorectal dysfunction.

Toilet Stools as Posture-Modification Devices

A toilet stool elevates the user’s feet while maintaining contact with a conventional toilet seat. Foot elevation
increases hip and knee flexion and partially reproduces a squatting posture without requiring the user to balance
over a floor-level squatting toilet. The concept is therefore potentially suitable for homes and facilities where
replacement of existing Western toilets is impractical.

Modi et al. [9] evaluated a commercially available defecation-posture modification device among healthy
participants. The intervention was associated with less reported straining, shorter bowel-movement duration, and
an increased sensation of complete evacuation. These results support the practical potential of a foot-elevation
device, although the study population consisted primarily of healthy users rather than patients with diagnosed
defecatory disorders.

Clinical findings are not entirely consistent. In a randomised trial involving patients with undifferentiated
constipation, Trieu et al. [10] found that footstools significantly changed the angle between the spine and femur
but did not improve balloon-expulsion time or subjective evacuation outcomes. This demonstrates that a visible
postural change does not necessarily produce improved anorectal function in every user.

Other evidence indicates that selected patients may benefit. The effect may depend on the nature of the defecatory
disorder, the height of the stool, the resulting hip angle, pelvic-floor coordination, and individual anatomical
characteristics. Accordingly, the present study should evaluate whether the proposed stool produces an
ergonomically improved posture without claiming that it will universally prevent or treat constipation.

The original project identified several weaknesses in existing toilet stools, including fixed height, storage
difficulty, limited adaptability to different toilet heights, and inadequate accommodation of varying user
dimensions. It proposed that the product should be lightweight, strong, easy to clean, convenient to position, and
sufficiently stable to support adult users. These requirements support the need for an integrated product-design
study rather than relying solely on clinical posture observations.

Anthropometry in Toilet-Stool Design

Anthropometry provides quantitative information on human body dimensions and is fundamental to matching a
product with its intended users. In ergonomic design, reliance on average dimensions alone may exclude users
located near the lower and upper ends of the population distribution. Product dimensions should therefore
consider relevant percentile ranges and the functional relationships between body dimensions, posture,
movement, clearance, stability, and comfort [11], [12].
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For a toilet stool, relevant dimensions include foot length, foot width, lower-leg length, hip position, knee
position, foot inclination, lateral foot spacing, and the distance between the toilet bowl and foot platform. The
stool height affects hip flexion, while the width and depth of the platform affect foot support and stability. An
excessively low stool may produce insufficient postural change, whereas an excessively high stool could create
discomfort, restrict movement, or be unsuitable for users with limited hip or knee mobility.

Cheng and Lee [13] demonstrated the value of anthropometric and experimental evaluation in squatting-toilet
design. Their study assessed several foot-platform slopes and found differences in users’ comfort preferences,
illustrating that platform geometry should be established through user-centered testing rather than arbitrary
selection.

Research on bathroom equipment has also shown that commercially available products do not always correspond
adequately to users’ anthropometric characteristics, especially among older adults [12]. Local anthropometric
data are particularly relevant because body dimensions vary between populations. A Malaysian study similarly
emphasized the importance of population-specific measurements when designing domestic furniture and
household facilities [14].

The original project generated male and female digital manikins and assessed hip angle, foot length, foot width,
foot contact length, foot slope, and relative foot-to-buttock distances. These dimensions were used to establish
the geometry of the proposed stool and its interaction with the toilet bowl. This approach provides a stronger
ergonomic basis than directly copying the dimensions of a commercial product.

Digital Human Modelling

Digital human modelling enables designers to evaluate product—user interaction before prototype fabrication. A
digital manikin can be positioned within a Computer-Aided Design environment to examine reach, clearance,
joint angles, visibility, and posture. Such methods support early design modification and may reduce the time
and cost associated with repeated physical prototypes [11], [15].

In the present project, male and female manikins were generated and repositioned to simulate the proposed toilet
posture. The models were used to measure hip and foot positions and to examine contact between the lower
limbs and the stool. The report also included multiple views of the manikin—stool interaction.

Rapid Entire Body Assessment

Rapid Entire Body Assessment (REBA) was developed as an observational method for evaluating postures
involving the neck, trunk, legs, upper arms, lower arms, and wrists. It also incorporates load, coupling, and
activity factors to produce a final risk score and recommended action level [16]. The original development
involved the coding of more than 600 postural examples and was intended to assess static, dynamic, unstable,
and rapidly changing tasks.

REBA is useful in the present study because it provides a standardized framework for comparing the original
and proposed postures. The project report used REBA to examine the neck, trunk, and leg positions associated
with the two toilet-posture arrangements and processed the observations through ErgoPlus.

However, REBA was originally developed for occupational tasks rather than defecation. Its risk categories
should therefore be interpreted as indicators of postural loading and not as direct measures of bowel health. It
also depends on the posture selected for assessment and the evaluator’s interpretation of joint angles. Studies
have shown that REBA reliability can vary according to assessor experience, posture complexity, and data-
collection method [17]-[19].

Digital posture-recognition systems may improve repeatability by estimating joint angles from motion-capture
or video data. Research comparing automated systems with expert assessments has reported promising
agreement, although inaccuracies can remain in body segments such as the neck, wrist, and lower arm [18], [19].
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For this reason, REBA scores in the current study should be supported by clearly presented manikin views,
recorded joint angles, and transparent scoring procedures.

Structural Performance and Material Selection

A toilet stool must withstand the user’s applied load without excessive deformation, local failure, instability, or
permanent damage. Material selection should account for stiffness, strength, impact resistance,
manufacturability, weight, surface finish, moisture resistance, cleaning requirements, cost, and expected service
conditions. The suitability of a material cannot be determined from strength alone.

The original project compared Acrylonitrile Butadiene Styrene (ABS) and Polypropylene (PP) through finite
element simulation. The analysis included displacement, factor of safety, percentage of yield, tension and
compression, maximum shear stress, von Mises stress, and principal stress. The resulting geometry was
subsequently optimized and re-evaluated.

Finite Element Analysis is valuable for identifying critical stress regions and comparing alternative materials
before fabrication. However, simulation results depend on the accuracy of material properties, boundary
conditions, mesh quality, contact definitions, applied loads, and assumptions concerning product support.
Therefore, prototype load testing is still necessary to confirm that the manufactured stool performs as predicted
under actual use.

Research Gap

Existing literature can be divided into several separate areas: physiological studies comparing defecation
postures [1]-[6], clinical investigations of footstool use [9], [10], anthropometric studies of toilet and bathroom
design [11]-[14], and observational methods for ergonomic posture assessment [16]—-[19]. These studies provide
valuable evidence, but few combine all these elements within a single engineering product-development
framework.

Furthermore, previous clinical studies produced mixed findings regarding the effectiveness of foot elevation.
Some reported reductions in straining and evacuation time, whereas others observed postural changes without
significant improvement in simulated evacuation. This inconsistency indicates that the value of a toilet stool
should be examined through a multidimensional approach rather than relying on hip angle alone.

The present study addresses this gap by integrating user surveys, concept generation, Pugh selection,
anthropometric measurements, digital human modelling, CAD development, finite element analysis and REBA
assessment. Its principal contribution is therefore the systematic development and ergonomic evaluation of a
toilet stool rather than a claim of universal clinical treatment for constipation.

METHODOLOGY

Research Framework

This study adopted a mixed-method research approach that integrated user requirement analysis, engineering
product design, structural simulation and ergonomic assessment. The research framework was carried out
through seven sequential phases, beginning with a questionnaire survey and the establishment of Product Design
Specifications (PDS), followed by concept generation and concept selection, anthropometric analysis and digital
human modelling, Computer-Aided Design (CAD) development, structural performance evaluation using Finite
Element Analysis (FEA), and finally ergonomic assessment. The overall research methodology is illustrated in
Figure 3.1.
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Figure 3.1: Overall flow chart of methodology

Questionnaire Survey

A questionnaire survey was conducted to identify users’ toilet usage habits, perceived discomfort, acceptance of
toilet stools, and preferred product characteristics. A total of 100 respondents from Universiti Teknikal Malaysia
Melaka voluntarily participated in the survey, which was organized into five sections covering demographic
information, toilet usage preference, bowel evacuation discomfort, willingness to use a toilet stool, and preferred
product characteristics. The collected responses were statistically summarized using descriptive analysis, and
the findings were subsequently translated into Product Design Specifications (PDS) that guided the conceptual
design process.

Product Design Specifications (PDS)

The Product Design Specifications were developed based on user requirements identified from the questionnaire
survey and supported by findings from previous literature, taking into account functionality, ergonomics,
structural stability, manufacturability, portability, user safety, hygiene, ease of storage, and aesthetic appearance.
The PDS served as the design criteria throughout the product development process and ensured that each
conceptual design addressed both engineering requirements and user expectations.

Concept Generation and Selection

Four conceptual toilet stool designs were generated based on the established Product Design Specifications, each
proposing different structural configurations, support mechanisms, and ergonomic features. A Pugh Concept
Selection Matrix was employed to objectively compare the four concepts against multiple evaluation criteria,
including ergonomics, functionality, structural strength, manufacturability, ease of cleaning, storage
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convenience, user friendliness, and product appearance, with each criterion weighted according to its relative
importance.

Anthropometric Analysis

Anthropometric considerations were incorporated to ensure that the proposed toilet stool accommodated the
body dimensions of adult users. Male and female digital human models were generated using MakeHuman
software and imported into Blender for posture simulation. Seven anthropometric parameters were measured:
hip flexion angle, foot length, foot width, foot inclination angle, foot contact length, horizontal foot distance,
and vertical foot distance. These parameters were used to determine the optimum stool height, platform width,
foot support angle, and overall geometry of the proposed design.

Hip flexion angle was defined as the angle between the longitudinal axis of the trunk and the longitudinal axis
of the thigh at the hip joint. The angle was measured from the digital human models positioned on the proposed
toilet stool in Blender and compared with the corresponding posture on a conventional Western-style sitting
toilet. This parameter was used to quantify the increase in hip flexion achieved by the proposed design and to
evaluate its effectiveness in promoting a posture that more closely resembles natural squatting.

Computer-Aided Design (CAD) Model Development

The selected concept was modelled using SOLIDWORKS to produce a complete three-dimensional
representation of the proposed toilet stool CAD model. Engineering drawings were prepared to define the overall
dimensions, component geometry, assembly configuration, and manufacturing details, and design optimization
was performed to ensure adequate structural integrity while maintaining product simplicity and user
convenience.

Structural Performance Evaluation

Finite Element Analysis (FEA) was carried out using SOLIDWORKS Simulation to evaluate the structural
performance of the proposed toilet stool under static loading conditions. Two commonly used engineering
thermoplastics, Acrylonitrile Butadiene Styrene (ABS) and Polypropylene (PP), were investigated, with the
simulation evaluating total displacement, factor of safety, von Mises stress, principal stress, maximum shear
stress, tensile and compressive stress, and percentage of yield. The simulation results were subsequently used to
identify the most suitable material and optimize the structural design before prototype fabrication.

Ergonomic Assessment

The ergonomic validity of the proposed toilet stool was assessed using the Rapid Entire Body Assessment
(REBA) method implemented through the ErgoPlus online platform. Digital human models representing the
conventional sitting posture and the proposed posture were analyzed, and REBA scores were calculated for the
neck, trunk, upper limbs, lower limbs, and overall body posture. The resulting scores were compared to
determine whether the proposed toilet stool effectively reduced musculoskeletal risk and achieved the intended
ergonomic improvement.

RESULTS AND DISCUSSION

Questionnaire Survey

A total of 100 respondents participated in the questionnaire survey to identify user preferences, perceived
discomfort during bowel evacuation, and expectations regarding the use of a toilet stool. The findings as in
Figure 1, showed that most respondents preferred using Western-style sitting toilets because of their comfort,
accessibility, and familiarity.
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M Sitting-type toilet W Squatting type toilet

Squatting type

o

57,57%

Figure 1: Participants' preferred toilet type for daily use

However, a large proportion of respondents also reported experiencing discomfort or excessive straining during
bowel evacuation. Furthermore, as in Figure 2, many respondents expressed their willingness to use a toilet stool
if its health benefits were scientifically demonstrated.

M Yes ®W No = Maybe

Yes.42,.42%

, 38, 38%

Figure 2: Participants' willingness to use a toilet stool if scientific evidence demonstrates health benefits
Product Design Specifications (PDS)

The survey also identified several important product requirements. Respondents preferred a toilet stool that was
stable, lightweight, easy to clean, simple to store, and aesthetically compatible with domestic bathrooms. These
findings were translated into Product Design Specifications (PDS) that guided the subsequent concept generation
and design stages. From the results, the importance of the features that should be acquired by a toilet stool are
arranged in descending order as follows:

User-friendly

Easily applicable

Comfortable to use

Overcome legs numbness

Shorten straining period of defecation
Sanitation hygiene concerns

Avoid splashing of urines and feces

Nowvbkwd =
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Unlike many commercial products that are designed primarily based on market demand, the present design
incorporated user requirements obtained directly from the target population. This user-centred approach is
consistent with ergonomic product development principles, where design decisions are guided by user needs and
functional requirements rather than aesthetic considerations alone.

Concept Generation and Selection

Four conceptual toilet stool designs were generated based on the Product Design Specifications. Each concept
incorporated different structural configurations, support mechanisms, and ergonomic features intended to
improve the user's defecation posture while maintaining compatibility with conventional Western toilets. The

concepts were evaluated using the Pugh Concept Selection Matrix as demonstrated in Table 1.

Table 1: Pugh method analysis

Criteria (Weight) Concept1 Concept 2 Concept 3 Concept 4
Comfortable to use (5) 0 0 -1 -1

Easily applicable (6) 0 o] -1 -1
Shortens straining period of defecation (3) +1 +1 +1 +1
User-friendly (7) -1 0 -1 -1
Sanitation/hygiene concerns (2) 0 0 +1 +1
Overcomes leg numbness (4) 0 0 +1 0

Avoids splashing of urine and feces (1) 0 0 0 +1
Weighted Overall Score -4 +3 -9 -12

Rank 2 1 3 4

Among the four alternatives, Design Concept 2 obtained the highest overall score due to its superior ergonomic
characteristics, structural simplicity, ease of manufacture, user convenience, and storage capability.
Consequently, Design Concept 2 was selected for detailed engineering development. The conceptual designs are
presented in Figure 3, the sketch corresponding to the selected Design Concept 2.

Figure 3: Selected Design Concept (Concept 2)

The use of the Pugh method enabled an objective comparison of alternative concepts by considering multiple
design criteria simultaneously. This systematic approach reduced subjectivity during concept selection and
ensured that the final design satisfied both engineering and user requirements.
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Anthropometric Analysis and Digital Human Modeling

Anthropometric analysis was conducted using digital male and female manikins to establish the dimensions of
the proposed toilet stool. Measurements including hip angle, foot length, foot width, foot inclination, and the
relative positions of the feet and buttocks were obtained to optimize the geometry of the stool. The manikin view
as in Figure 4, showing the proposed posture with the hip flexion angle of approximately 35° annotated.
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Figure 4: Figure 4.4: Digital human model illustrating the proposed posture with the hip flexion angle
(measured between the trunk and thigh) of approximately 35°.

The anthropometric analysis demonstrated that the proposed toilet stool produced approximately 35° of
additional hip flexion relative to the conventional sitting posture. The hip flexion angle, defined as the angle
between the trunk and the thigh at the hip joint, indicates that elevating the feet using the proposed stool increased
thigh elevation and promoted a posture that more closely resembles natural squatting. This increase in hip flexion
is expected to improve anorectal alignment while maintaining user stability and comfort.

Computer Aided Design (CAD) Model Development

After the overall dimensions had been finalized, the next stage involved developing a detailed Computer-Aided
Design (CAD) model based on the selected conceptual design and the measured dimensions. At this stage, a
detailed 3D model of the toilet stool was created using SolidWorks. To ensure dimensional accuracy and realistic
assembly, a toilet bowl model was also developed based on actual dimensions obtained from publicly available
manufacturer specifications. Several features of the toilet stool were designed to conform to the geometry of the
toilet bowl, ensuring proper fit, compatibility, and realistic visualization during assembly. The complete
assembly of the toilet stool and toilet bowl was then generated in SolidWorks, as illustrated in Figure 5.
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Figure 5: CAD assembly of the proposed toilet stool with the toilet bowl
Structural Performance Evaluation

The structural performance of the proposed toilet stool was evaluated using Finite Element Analysis (FEA). Two
thermoplastic materials, Acrylonitrile Butadiene Styrene (ABS) and Polypropylene (PP), were analyzed under
identical loading conditions. The simulation considered total deformation, factor of safety, von Mises stress,
principal stress, maximum shear stress, and percentage of yield. The ABS displacement contour plot underlying
the values reported in Table 2.

Among the two materials evaluated, ABS demonstrated superior structural performance. It exhibited lower
maximum displacement and a higher factor of safety than PP, indicating greater stiffness and better resistance to
deformation under loading. Table 2 summarizes the key structural performance indicators.

Table 2: Comparison of Structural Performance

Material | Maximum Displacement (mm) | Factor of Safety
ABS 0.42 3.8
PP 0.68 2.1

The results indicate that ABS is more suitable for the proposed toilet stool because it offers greater structural
stability while maintaining relatively low weight and ease of manufacturing. Nevertheless, further experimental
testing on a fabricated prototype is recommended to verify the numerical simulation under actual loading
conditions.

Ergonomic Assessment

The ergonomic effectiveness of the proposed squat toilet posture was assessed using Rapid Entire Body
Assessment (REBA). The proposed squat toilet posture is illustrated in Figure 6. The REBA assessment scoring
is shown in Table 3, the REBA output screen for the proposed posture (score = 3, Low Risk).
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a) b)
Figure 6: Digital human model interacting with the proposed toilet stool
(a) isometric view and (b) right view

The results demonstrated a substantial improvement in ergonomic performance. The REBA score decreased from
8, corresponding to High Risk, to 3, corresponding to Low Risk, representing a 62.5% reduction in
musculoskeletal risk.

Table 3. REBA Assessment Results

Posture REBA Score | Risk Level
Conventional sitting 8 High Risk
Proposed toilet stool 3 Low Risk

The reduction in REBA score indicates that the proposed toilet stool promotes a more favourable lower-body
posture by increasing hip flexion while reducing postural loading on the trunk and lower extremities. Although
REBA was originally developed for occupational tasks, it provides a consistent framework for comparing
postural differences between the two toilet configurations.

DISCUSSION

The findings demonstrate that integrating user-centred design, anthropometric analysis, structural simulation,
and ergonomic assessment provide a systematic framework for developing an improved toilet stool. The
questionnaire survey ensured that user requirements were incorporated into the design, while the Pugh method
provided an objective basis for concept selection. Anthropometric modelling contributed to an ergonomically
appropriate geometry, whereas FEA confirmed that the selected design possessed sufficient structural integrity.

The ergonomic evaluation further demonstrated a considerable reduction in postural risk, while anatomical
visualization suggested improved anorectal alignment compared with the conventional sitting posture. Taken
together, these findings indicate that the proposed toilet stool offers an ergonomic improvement over
conventional footstool. Nevertheless, because the present study relied on digital simulations and observational
assessment methods, future work should include prototype fabrication, experimental load testing, and clinical
evaluation involving a broader population before conclusions regarding health outcomes are generalized.

CONCLUSION

In conclusion, this study successfully developed an ergonomic toilet stool intervention through a systematic
engineering design framework integrating user-centered design, anthropometric analysis, CAD modelling, finite
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element analysis, and ergonomic assessment. The proposed design demonstrated favorable structural integrity
and significantly improved defecation posture by reducing the REBA score from 8 (High Risk) to 3 (Low Risk),
indicating a substantial reduction in musculoskeletal risk associated with conventional sitting toilets.

Beyond its engineering contribution, the proposed toilet stool has the potential to serve as a simple, low-cost,
and non-invasive public health intervention for promoting healthier defecation posture. By facilitating a posture
that more closely resembles natural squatting, the design may help reduce excessive straining during bowel
evacuation and support bowel health among users of conventional Western-style toilets. Such ergonomic
interventions may contribute to preventive health strategies aimed at improving daily toileting practices,
particularly among ageing populations and individuals susceptible to functional bowel disorders.

Although the present study was based on engineering simulations and ergonomic assessment, future research
should include prototype fabrication, biomechanical measurements, user-centered trials, and clinical evaluation
to determine the long-term effectiveness of the proposed design in improving bowel function and health
outcomes. Successful validation through clinical studies would further strengthen the potential of this
intervention as an accessible assistive device that supports health promotion and preventive healthcare within
the community.
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