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Highlights:

• The Taguchi design of experiments and the Finite Element Analysis contribute to the design of an ergonomic cushion.

• The pressure distribution during three different sitting postures does not produce a significant difference among them.

• The results showed that the square-shaped cushion, made with viscoelastic foam, emerged as the users’ preferred option.




Abstract:

Prolonged occupational sedentary behavior is associated with an increased risk of musculoskeletal disorders and pressure ulcers, consequently diminishing quality of life and productivity. Current ergonomic cushions frequently lack a design foundation grounded in user-specific pressure data. This study developed and validated a methodology for optimizing such cushions, reversing the traditional approach by utilizing pressure mapping analysis as the initial stage. Pressure maps in a sitting position (flat surface, three postures) were characterized for 40 males (age: 25.25 ± 4.00 years; Body Mass Index: 23.83 ± 3.93 kg/m²) using a CONFORMat® software. The average pressure (12.67 ± 4.17 kPa, 12.93 ± 4.31 kPa, and 12.00 ± 3.62 kPa for the three postures, respectively) exhibited no significant variations between postures (Kruskal-Wallis, p>0.05). These data served as the foundation for the design, which integrated Taguchi method optimization (varying geometry, thickness, and material) and the prediction of mechanical behavior through finite element analysis. The methodology resulted in a cushion design (square, viscoelastic foam) that, validated by simulation and experimental prototypes, demonstrated a more uniform pressure distribution, a reduction in average pressure, an increased contact area, and a preference expressed by the experimental group. The primary contribution lies in the proposal and validation of a methodological workflow that prioritizes pressure map analysis to inform ergonomic design, thereby offering a systematic approach to enhance the effectiveness of cushions and mitigate the adverse effects of sedentary behavior.
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1. Introduction

Ergonomics is defined as the discipline that explores the interaction between humans and their work environments (Torres & Rodríguez, 2021). Sedentary behavior in office settings has been a significant challenge. Worldwide, it represents a major public health concern due to its links to numerous chronic diseases (OMS, 2021). In regions such as León, Guanajuato, México, this global trend is reflected in local statistics, where individuals exceed six hours per day in a sedentary position. Prolonged sitting affects a significant proportion of administrative workers (INEGI, 2021). This behavior is directly linked to the development and exacerbation of both musculoskeletal and circulatory disorders (Dattoli et al., 2018), as well as pressure ulcers and low back pain (Luo et al., 2017). These conditions are particularly associated with the concentration of force on the ischial tuberosities (Farfán, 2020; Sugimura & Wada, 2004), highlighting the urgent need for effective ergonomic interventions. To mitigate these effects, usually seat cushions are used. However, while seat cushions are designed to enhance comfort and redistribute pressure, their effectiveness in the marketplace frequently proves to be inconsistent and limited (Bermamet et al., 2023).

The variability in effectiveness of seat cushions can be attributed to shortcomings in personalization, suboptimal design choices based on generalizations, or materials that deteriorate in functionality (Alawneh et al., 2022; Katz & Gefen, 2023), also is attributed to a significant flaw in prevailing design methodologies, the absence of systematic integration of biomechanical analyses including pressure distribution maps during the early and formative stages of product development. Often, the quantitative validation and precise characterization of the user-seat interface take place late in the development process or rely on generalized criteria, rather than being informed proactively by specific data derived from the target population. This situation highlights the inadequacy of traditional ergonomic cushions in achieving optimal pressure distribution and personalized comfort, a deficiency that is further exacerbated by the limited adaptability of conventional products and the lack of research on pressure distribution maps within the Mexican population.

This research proposes and evaluates a new methodology for designing ergonomic cushions, shifting from the traditional design-test cycle to a data-driven approach using pressure distribution maps from 40 office workers from León, Guanajuato in ages 20 to 30, to inform design decisions from the outset, personalizing cushion geometry integrating Taguchi Design of Experiments to optimize geometry, thickness, and material, and applies Finite Element Analysis (FEA) to predict mechanical behavior and pressure redistribution before prototyping (Alawneh et al., 2022; Katz & Gefen, 2023).

This research is justified by its potential to produce optimized and personalized ergonomic solutions and its contribution to the development of a user-centered, robust, and systematic design process for products of this nature. By validating a methodological approach that integrates biomechanical quantification, experimental optimization, and advanced simulation, this research seeks to generate applicable knowledge that significantly enhances the well-being and productivity of office workers, serving as a reference for similar contexts and contributing to the alleviation of pathologies associated with prolonged sedentary behavior. The resulting cushion and its accompanying testing primarily serve to validate the effectiveness of this methodological approach.

2. Materials and methods

Following a literature review on the study and manufacturing of ergonomic cushions, 40 male participants between 20 and 30 years of age, with workdays of 7.00 ± 1.10 hours and an average Body Mass Index (BMI) of 23.83 ± 3.93 kg/m², were recruited from León, Guanajuato, Mexico, to take part in the present study. In this case, 40 participants were selected because with this information, it was possible to determine significant differences using non-parametric tests. Furthermore, increasing the number of people with the established conditions for data analysis significantly increases the cost and time of the study without guaranteeing substantial benefits for the completion of the study. Some studies related to biomechanics and ergonomics suggest these sample sizes to obtain good results (Jarumethitanont et al., 2024; Oliveira & Pirscoveanu, 2021). Individual written informed consent was acquired before the commencement of testing. Figure 1 details the proposed methodology.
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Figure 1: Methodology for Pressure Map Acquisition and Ergonomic Cushion Model Development.


2.1. Protocol

The protocol for this phase of the study began with the completion of a preliminary questionnaire and involved individual pressure map measurements. Upon arrival at the facility, each participant reviewed and provided written informed consent for their voluntary participation. This process was conducted following Mexico’s General Health Law, ensuring compliance with the ethical principles outlined in the Declaration of Helsinki. Considering the minimal risk associated with the study, the protocol was subjected to an internal review conducted by a panel of institutional researchers.

2.2. Procedure

Each participant completed a questionnaire specifically designed to gather relevant personal information, including daily routines, date of birth, and occupation. After confirming that participants met the established inclusion and exclusion criteria, anthropometric measurements were taken. Initially, each participant was weighed, and their height was measured to calculate their Body Mass Index (BMI). Those who did not meet the BMI-based inclusion criteria were excluded from the study. For participants who met the criteria, additional anthropometric measurements were recorded. The participants were instructed on the procedure for taking these measurements, which were conducted while standing in a bipedal stance. Measurements of the torso, hip, and thigh were performed according to the standardized protocols of the International Organization for Standardization (International Organization for Standardization, 2017). Similarly, sitting dimensions were recorded, including torso height, thigh length, and the distance between the knee and the foot support.

After completing the collection of anthropometric data, the pressure measurement station was prepared. The station consisted of a chair with a backrest and a flat seating surface. A 15 mm-thick Medium-Density Fiberboard (MDF) panel was placed on the chair seat to ensure a uniform contact surface and standardize the measurement base. Finally, the CONFORMat® sensor matrix (Tekscan® Inc., Norwood, Massachusetts, USA), measuring 45.44 x 45.44 cm, was positioned on top of the MDF panel. This entire system was utilized for conducting pressure measurement tests, as shown in Figure 2.
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Figure 2: Top view of chair: (a) with MDF board, (b) with sensor matrix.


After installing the sensor matrix, the subject’s anthropometric weight data was entered into the software. The measurement equipment was then calibrated according to the user manual and prepared for data collection while the subject was seated in the chair equipped with the sensor matrix, as shown in Figure 3 and Figure 4. This procedure was essential, as the sensor system was customized for each new participant; every measurement was tailored to the individual’s height and weight. The equipment was calibrated, and participants were instructed to assume three distinct postures: an upright torso, a torso without lumbar support, and a forward-leaning torso, as shown in Figure 4.
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Figure 3: Sensor matrix calibration.
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Figure 4: Postures evaluated: a) Upright torso. b) Upright torso without lumbar support. c) Forward-leaning torso.


Each trial for data acquisition had a duration of one minute. To guarantee the reliability and representativeness of the data, three trials were undertaken for each posture, culminating in a total measurement duration of nine minutes per participant. The information obtained from the measurements in each posture was represented as a two-dimensional pressure map, as is shown in Figure 5.
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Figure 5: Examples of pressure maps: a) Upright torso. b) Upright torso without lumbar support. c) Forward-leaning torso.


2.3. Statistical analysis

Following the collection of pressure maps from participants, a reference database was established to facilitate statistical analysis. The outcome variables included peak pressures at the ischial tuberosities measured in kPa; average pressure across the contact surface also measured in kPa; mean contact area measured in cm²; and average pressure maps (Summary of all variables is presented in Table 1).


Table 1: Summary of outcome variables for statistical analysis.




	Variable

	Description

	Units






	Peak Pressure

	Maximum pressure recorded over the ischial tuberosities.

	kPa




	Average Pressure

	Mean pressure distributed across the entire contact surface.

	kPa




	Contact Area

	Total surface area in contact with the sensor mat.

	cm2




	Average Pressure Map

	A 2D matrix representing the mean pressure distribution from all participants.

	kPa








Hypothesis testing was conducted to assess the influence of posture on pressure distribution and to ascertain whether specific usage recommendations for the cushion were warranted. An initial analysis of variance (ANOVA) revealed a lack of normality in the data for the “Upright Torso” posture. Consequently, the analysis was supplemented by employing the non-parametric Kruskal-Wallis test. An examination of the data distributions, in conjunction with the results from the Kruskal-Wallis test, confirmed that there were no significant differences (p>0.05) in pressure metrics among the three postures. Statistical analyses were conducted using MATLAB® software (version R2015a, MathWorks®, Natick, MA, USA).

2.4. Data processing

The database was carefully organized to consolidate all relevant information. Initial statistical estimations were performed, which included calculating the mean, variance, and confidence intervals. Additionally, both parametric and non-parametric tests were applied to compare the means. To create the average pressure maps, an XLSX file from the CONFORMat® software was exported. This file included the pressure values recorded by each sensor, organized into a 32 x 32 cell matrix that reflected the layout of the sensor configuration. To obtain the average pressure maps, the mean of the matrices from all forty participants was calculated, and the resulting matrix was graphically represented using MATLAB® software. Based on the insights gained from these maps, various geometric and material configurations for the ergonomic cushion design were developed, guided by the average pressure patterns associated with each evaluated posture.

2.5. Design factors

The Taguchi method was applied using an L9 orthogonal array as shown in Table 2, designed to examine the influence of three design factors, each at three levels (Gutiérrez & Salazar, 2012). This methodological approach enabled the assessment of how geometry, thickness, and material composition affect pressure distribution, thereby facilitating the identification of optimal design combinations.


Table 2: Taguchi method design factors.




	Factors

	Levels




	1

	2

	3






	Material

	Memory Foam (MF)

	Medium-density polyurethane foam (MDPE)

	Low-density polyethylene foam (LDPE)




	Geometry

	Tufted

	Proposed

	Square




	Thickness

	8 cm

	10 cm

	12 cm








Table 3 shows the nine unique combinations of factor levels used in the experimental runs, as specified by the Taguchi orthogonal array design.


Table 3: Taguchi Method L9 (33) orthogonal array.




	Iteration

	Geometry

	Material

	Thickness (cm)






	1

	Tufted

	MF

	8.00




	2

	Tufted

	MDPE

	10.00




	3

	Tufted

	LDPE

	12.00




	4

	Proposed

	MF

	10.00




	5

	Proposed

	MDPE

	12.00




	6

	Proposed

	LDPE

	8.00




	7

	Square

	MF

	12.00




	8

	Square

	MDPE

	8.00




	9

	Square

	LDPE

	10.00








The Signal-to-Noise (S/N) ratio was calculated for each factor combination using the “Less-is-better” criterion. This choice was based on the goal to reduce the pressure on the contact surface and, as a result, to find factor levels that lower variability in pressure distribution. By analyzing the S/N ratios, the main effects of the design factors were identified, leading to the best combination of factor levels for cushion design. The cushion based on this optimal setup was then compared with other designs to assess its relative performance.

As previously mentioned, since no significant differences were found among the three postures studied, the decision was made to use the pressure map from a single posture as the basis for designing the cushion geometry models. This selected posture was “Upright Torso,” as it exhibited the highest peak pressure among the three. Based on this, three cushion designs were modeled using Autodesk® Fusion 360 software (version 2.0, Autodesk® Inc., San Rafael, CA, USA), as shown in Figure 6.
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Figure 6: Cushion designs: a) Tufted. b) Proposed. c) Square.


2.6. Finite element model

Finite element analysis is a valuable tool used in engineering to obtain preliminary insights into the behavior of materials or structures. Finite element models are developed to simulate real conditions and predict the performance of each cushion model (Alawneh et al., 2022). The cushion models were discretized into square areas, to which loads corresponding to the average pressure map values for the “Upright Torso” posture were applied, as shown in Figure 7. Boundary conditions were defined to replicate the cushion supporting body weight in the “Upright Torso” posture on a flat surface, as illustrated in Figure 7a. The translational and rotational movements of the cushions were constrained along the global x, y, and z axes on the surface simulating ground contact, as is shown in Figure 7b.
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Figure 7: Boundary conditions applied to the ‘Square’ cushion model: a) Applied pressure on the model. b) Applied displacement constraints.


Consistent with the results from the experimental design, physical prototypes of the three identified geometries were fabricated, as illustrated in Figure 8. These prototypes underwent a detailed evaluation by the same group of participants who took part in the initial study phase. This evaluation included both direct physical interaction tests and the completion of a structured questionnaire designed to capture both subjective and objective perceptions. The questionnaire contained open-ended questions aimed at exploring the comfort experience, as well as a ten-point Visual Analog Scale (VAS) that allowed participants to provide quantitative assessments of each prototype, reflecting their personal preferences. The performance of the prototypes was validated by replicating the measurement methodology used in the initial study phase, ensuring that the data were comparable.
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Figure 8: Manufactured cushions: a) Tufted, b) Proposed, c) Square.


3. Results

3.1. Anthropometric measurements

A summary of the anthropometric measurements for the 40 participants is presented in Table 4.


Table 4: Mean Anthropometric Data.




	 
	Age (years)

	Height (m)

	Weight (kg)

	BMI






	Mean

	25.25

	1.73

	71.50

	23.83




	SD ±

	4.00

	0.05

	13.35

	3.93








3.2. Average Pressure Maps

As shown in Figure 9, an analysis of the mean contact area for the three postures studied showed that the data followed a normal distribution, as confirmed by the Shapiro-Wilk test. Additionally, the homogeneity of variances was verified using Bartlett’s test. The ANOVA revealed no statistically significant differences in the mean contact areas among the different postures, indicating that the posture adopted did not have a significant effect on the contact area with the seat.
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Figure 9: Mean contact area graphs from pressure distribution: a) Upright torso. b) Upright torso without lumbar support. c) Forward-leaning torso.


3.3. Mean Pressure

An analysis of mean pressure showed that the highest average pressure was recorded for the “Upright torso without lumbar support” posture, at 12.93 ± 4.31 kPa. The “Upright torso” posture had slightly lower readings, approximately 12.67 ± 4.17 kPa. This indicates that, despite variations in body inclination and arm support, mean pressure remained relatively consistent across these positions, as is illustrated in Figure 10.
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Figure 10: Mean pressure by posture type.


A non-parametric Kruskal-Wallis test was applied for a more thorough statistical analysis of mean pressure, as the ANOVA residuals did not meet the normality criterion. The resulting p-value was 0.2697, which exceeds the 0.05 significance level. This led to the conclusion that there were no statistically significant differences in the median pressures recorded for the three evaluated postures.

3.4. Mean Contact Area

The data presented in Figure 11 shows that the “Upright torso” posture resulted in the largest mean contact area, measuring 739.61 ± 165.75 cm². In contrast, the “Forward-leaning torso” posture showed the smallest mean contact area at 650.60 ± 157.69 cm². Despite the variations in body posture, the mean contact areas were relatively similar, with only a slight decrease noted when the torso was leaned forward.
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Figure 11: Mean contact area by posture type.


3.5. Peak Pressures

The highest concentration of pressure is typically observed over the ischial tuberosities, gradually decreasing towards the edges and front of the seat. While the pressure distribution is not uniform, it shows a general bilateral symmetry, indicating that most participants apply similar pressure on both sides of their bodies when sitting upright. This posture also recorded the highest peak pressures among the three studied positions, as is represented in Figure 12, with values of 40.70 ± 10.06 kPa on the left side and 42.92 ± 18.78 kPa on the right. Peak pressures highlight the areas where the majority of body weight is concentrated. There is a distinct lack of uniformity in pressure distribution, with significant concentrations occurring in the central-posterior region of the seat, where these peak pressures are found.
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Figure 12: Mean peak pressures: Ischial region, ‘upright torso’ posture.


3.6. Taguchi L9 analysis

The maximum pressure at the ischial tuberosities, as shown in Figure 13, was identified as the response variable based on simulations with specific loads.
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Figure 13: Maximum pressure (ischial region): proposed design with memory foam and 10 cm thickness.


The results from each simulation, which correspond to the factor combinations defined by the Taguchi Design of Experiments (DOE), were compiled into a dataset shown in Table 5. The following analysis focused on calculating the S/N ratios using the ‘less-is-better’ criterion to identify the optimal factor combination.


Table 5: Response variable results: maximum pressure values in the model.




	Iteration

	Maximum stress (kPa)






	1

	24.0720




	2

	24.1620




	3

	26.5096




	4

	24.3730




	5

	25.0140




	6

	27.6761




	7

	22.4310




	8

	23.5700




	9

	25.6673








The ANOVA results presented in both Table 6, which shows the mean responses, and Table 7, which details the S/N ratios, indicate that both material and geometry are significant factors, as their p-values are below 0.05. This finding demonstrates that the type of material and the geometry significantly influence both the mean response and its variability. In contrast, thickness did not show any statistical significance in this analysis.


Table 6: Analysis of variance (ANOVA) for means.




	Source

	DF

	Seq SS

	Adj SS

	Adj MS

	F

	P






	Geometry

	2

	4.874

	4.874

	2.437

	122.67

	0.008




	Material

	2

	14.950

	14.950

	7.475

	376.19

	0.003




	Thickness

	2

	0.353

	0.353

	0.176

	8.91

	0.101




	Residual error

	2

	0.039

	0.039

	0.019

	 



	Total

	8

	20.218

	 








Table 7: Analysis of Variance (ANOVA) for S/N Ratios.




	Source

	DF

	Seq SS

	Adj SS

	Adj MS

	F

	P






	Geometry

	2

	0.601

	0.601

	0.300

	53.48

	0.018




	Material

	2

	1.781

	1.781

	0.890

	158.33

	0.006




	Thickness

	2

	0.039

	0.039

	0.019

	3.49

	0.223




	Residual error

	2

	0.011

	0.011

	0.005

	 



	Total

	8

	2.433

	 







In terms of design stability against variations, Figure 14a demonstrates that using a square geometry along with memory foam maximizes the S/N ratio. This combination enhances the robustness of the optimal performance configuration by minimizing variability. Figure 14b highlights that the ideal setup for average performance consists of a square geometry (level 3), memory foam (level 1), and a thickness of 12 cm (level 3). While thickness did not show statistical significance, the graph indicates its role in maximizing overall performance.
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Figure 14: Main effects plots for Taguchi DOE: a) means. b) S/N ratios.


The comparative analysis with the physical cushions shows, as illustrated in Figure 15b, c, and d, that there is a reduction in peak pressures in the ischial tuberosity regions. Additionally, there is a significant increase in contact area while maintaining a similar distribution on both sides.
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Figure 15: Mean pressure distribution for “Upright Torso” posture: a) Without cushion, b) With “Tufted design” cushion, c) With ‘Proposed design’ cushion, d) With ‘Square design’ cushion.


The optimal cushion identified through the Taguchi method increased the contact area by 86% to 103% compared to the initial baseline measurement, as detailed in Table 8.


Table 8: Experimental validation of contact area (“Upright torso” posture).




	 
	Contact Surface (cm2)

	Difference (%)




	Original

	Experimental






	Upright torso

	744.48

	1,385.54

	86.11




	Upright torso without lumbar support

	683.17

	1,386.76

	102.99




	Forward-leaning torso

	678.76

	1,384.08

	103.91








The prototypes decreased peak pressures in the areas of highest initial concentration by over 40% compared to the maximum pressure initially observed on the tissues, as shown in Table 9.


Table 9: Validation of mean pressure (“Upright torso” posture).




	Posture

	Mean pressure (kPa)




	Original

	Square

	Difference (%)






	Upright torso

	12.67

	6.74

	46.81




	Upright torso without lumbar support

	12.93

	6.7

	48.18




	Forward-leaning torso

	12

	6.5

	45.83








The results from the experimental validation and numerical simulation tests showed strong agreement, with differences of less than 3% for the peak pressures of the left and right ischial regions as presented in Table 10.


Table 10: Validation of simulated data.




	Peaks

	Simulation (kPa)

	Experimental (kPa)

	Difference (%)






	Left

	15.78

	15.66

	2.72




	Right

	13.61

	13.21

	0.07








The satisfaction survey using a Visual Analog Scale (VAS) conducted during prototype validation showed that the ‘Square’ design received the highest ratings for stability and comfort, as shown in Table 11, effectively meeting user expectations.


Table 11: Satisfaction evaluation.




	 
	Tufted

	Proposed

	Squared






	Most stable cushion

	3 (10%)

	7 (23.33%)

	16 (53.33%)




	Most comfortable cushion

	6 (20%)

	10 (33.33%)

	14 (46.67%)








4. Discussion

The consistently high peak pressures at the ischial tuberosities, ranging from 30.34 kPa to 42.92 kPa in this study, align with existing literature that identifies this region as the area of maximum load during sitting (Luo et al., 2017; Sae Lee, 2020)office workers tend to sit for longer periods of time. More than halfof all office workers have lower back symptoms or disorders as a pain indication. This pain is caused by a change in sitting posture in the lumbar and pelvic areas when sitting for a while. The seat cushion plays a role in adjusting the chair by increasing the seat pan inclination to improve anterior pelvic tilting of the pelvis. This study aimed to design an innovative seat cushion related to ergonomic design and improved sitting posture by promoting the anterior pelvic tilt and lumbar lordotic curve. As a result, two new seat cushions were developed. Then, the new seat cushion design was conducted to compare the use of no seat cushion when sitting in an office chair. Thirty-six healthy prolonged sitting office workers were analyzed and performed on the kinematics and pain scale. All participants were randomly assigned a sequence of sitting trials and scored the pain intensity by using a Visual Analog Scale (VAS. This concentration of pressure is a direct biomechanical result of the small contact area of the ischial tuberosities, which support a significant portion of body weight and concentrate force before redistributing it to neighboring areas such as the thighs (Rodgers & Raja, 2023; Sugimura & Wada, 2004).

Furthermore, the analysis of pressure distribution maps revealed qualitatively similar patterns across the three evaluated postures. These patterns were predominantly characterized by high-pressure concentrations in the posterior seat region, coinciding with the ischial tuberosities, and a generally non-uniform distribution. This indicates consistent load application points among participants, which aligns with the findings described by (Sae-Lee et al., 2023).

The lack of statistically significant differences in mean pressure and mean contact area among the three postures (Kruskal-Wallis, p>0.05) suggests that torso posture was not a critical factor for these overall variables in this sample. This observation has practical implications for cushion design, allowing optimization efforts to concentrate on a representative posture, which may also benefit other common sitting positions. These findings, consistent with previous research (Channak et al., 2024; Mannella et al., 2022; Sae Lee, 2020; Zhang & Ren, 2024), contribute to the development of more effective ergonomic design methodologies for seating products.

A notable contribution of this research is the characterization of pressure maps in a sample from the Mexican working population, for whom specific data were lacking in the existing literature. Establishing these baseline pressure profiles not only fills an information gap but also provides a crucial empirical foundation for the design and validation of future ergonomic interventions and products tailored to the unique characteristics and needs of this population.

It is acknowledged that the sample size limits the generalizability of the results. Therefore, it is recommended that the study be replicated with a larger and more diverse sample, including participants with varying anthropometric and demographic characteristics. Additionally, future research should explore the effects of other postures and consider pressure measurements in additional areas, such as the back, to gain a more comprehensive understanding of the interaction between posture and pressure distribution.

5. Conclusions

The highest pressure was consistently located at the ischial tuberosities, with an increase observed in the upright posture and a reduction when adopting a forward lean, a position which also entails an increase in contact area. Although maximum pressure values showed variations, the mean values did not reveal statistically significant differences among the analyzed postures.

Consequently, average pressure maps, particularly those exhibiting high-pressure zones, serve as valuable tools for developing ergonomic designs. It was evidenced that different body positions result in remarkably similar contact patterns and mean pressures. The square-shaped cushion, made with viscoelastic foam, emerged as the users’ preferred option, which validates the results of the Taguchi experimental design, as it had previously identified this as the optimal configuration for stability and comfort. This design meets user expectations, confirming the alignment between the quantitatively determined optimal design and the expressed qualitative preferences. A correlation was established between perceived comfort and a larger contact area, as well as a more homogeneous pressure distribution.
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