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Abstract

:

Chairs are furniture that are intended for direct contact with people, they are heavily loaded by forces, and they must meet a number of criteria, such as ergonomics, safety, economic sustainability, feasibility, and aesthetic requirements. This study aimed to define the dimensional solution of wooden chairs for the adult bariatric subpopulation of Slovakia. Long-term observations of the changes in the anthropometric dimensions of the population (secular trend) allowed the determination of the body height of 95% of the adult male population. Based on the analysis of the bariatric population of Slovakia, regardless of gender, the values of weight, waist and hip circumference, and seat width were defined in the years 2020 to 2022. The increased population’s average body mass makes the researched topic highly relevant and necessary. Based on the obtained data, new dimensions of wooden chairs for bariatric respondents were designed: seat height 49 cm, seat width 67 cm, and seat depth 47 cm. Adjusting the dimensions of wooden chairs makes it possible to ensure comfortable sitting and standing for bariatric respondents and prevents many health problems. For furniture manufacturers, the introduction of the production of wooden furniture for bariatric respondents can be a competitive market advantage.
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1. Introduction


Wooden chairs are typically home, school, restaurant, and conference furniture. They can be designed as general-purpose furniture or furniture that is intended for groups of users according to age (for children, students, adults, and seniors) and health status (for healthy, sick, temporary, or permanent). Since these are furniture that are intended for direct contact with people, they are heavily loaded by forces, and at the same time, an aesthetic value is required from them—thus, the overall design requirements for chairs are antinomic [1].



Anthropometry pertains to measuring the human body. Some authors have studied the relationship between chair design and the anthropometry of obese people. They specifically researched how to design appropriate sizes and chair component structures to include specific features and indicators of the human body, mainly obese people [2]. In engineering anthropometry, the human body’s physical size and shape, mass, strength, and body movement capabilities are used in designing products, systems, and methods to improve comfort, safety, and productivity [3,4,5]. Gupta [6] characterizes engineering anthropometry as a field of knowledge that is focused on providing the correct body dimensions to achieve a good product fit for the user [6]. Engineering anthropometry is closely related to user-centered design methodology [7] and ergonomics [8,9].



Adults’ range and average anthropometric dimensions are changing in the long-term [9,10,11]. With the development of human society, the average body size tends to grow. The long-term changes in the anthropometric dimensions of the population are a secular trend. As stated by Fetter et al. [10], with age, the human body constantly changes, grows, develops, and this is also reflected in its dimensions. The secular trend is an effect of changes in nutrition, morbidity, and socioeconomic status of a human population [12,13,14]. Dynamic changes in the human population in the social and technological fields are closely correlated and have resulted in regulations in designing daily life and consumption products [15,16,17]. These changes also apply to furniture that comes into contact with users, such as beds, sofas, chairs, tables, etc. [18]. These factors influence all industrial areas and include economic and environmental product sustainability [1,19,20].



The adjective bariatric was coined around 1965 from the Greek root bar–, the suffix –iatr, and the suffix –ic (“relating to”) [21]. The bariatric issues include diet, physical activity, behavioral therapy for weight loss, drug therapy, and surgery. The term is also used in the medical field to refer to people of larger sizes regardless of their participation in any specific weight loss treatment. Being overweight and obese are increasing health problems [22]. Obesity occurs when a body mass index (BMI) exceeds 30. Class 1 obesity means a BMI between 30 and 34, Class 2 is a BMI of 35 to 40, and Class 3 includes a BMI of 41 or more. Classes 2 and 3, also known as severe obesity, have many harmful health effects of obesity [23,24]. Individuals with a BMI above 30 have a much greater risk of health problems [25,26]. The number of bariatric respondents in the population is growing. As part of bariatric care, it is also necessary to consider the appropriate selection of furniture not only in the hospital but also in the home [27,28]. If these patients have suitable chairs, armchairs, and beds, transferring them to a standing or mobile device will be easier, allowing users to be more mobile and participate in therapy [29,30]. According to the NCD Risk Factor Collaboration (NCD-RisC) [31], if such trends continue, the obesity problem worldwide will concern 18% of men and more than 21% of women by 2025. Along with severe obesity, it will be prevalent in more than 6% of men and 9% of women.



There is no commonly accepted definition of sitting comfort. The objective measure of this comfort could be the contact stresses between the body of the sitting person and the chair [30]. Other vital factors affecting the ergonomics of the seat are the angle of the backrest [31], the seat’s height, width [1], and the number of adjustability controls [32]. People with a high BMI use a chair slightly differently than people with a normal BMI. Benden et al. studied two groups of people with a standard BMI and people weighing more than 102 kg; the study results showed that people with more body weight more often lean their back against the back of the chair and stand up much less [33]. Modifying the essential dimensions of the chair, such as the chair’s backrest angle or seat height, has a different effect on the seating comfort of obese people than on the comfort of people with standard body weight. Studies on this subject were conducted by Liu et al., who showed that increasing the angle of reclining the backrest does not increase the sitting comfort of obese people as much as people of normal body weight [34].



All of these factors justify producing items of everyday consumption and necessities, including furniture, for the bariatric subpopulation. Furniture manufacturers must also adapt to this trend, which must meet hygienic, anthropometric, physiological, and psychological criteria for bariatric respondents [32]. For furniture manufacturers, introducing wooden furniture production for bariatric users can be a competitive market advantage [33]. It must also meet the requirements of general safety, durability, and increased strength, along with basic design requirements [34]. Due to the secular trend of populations worldwide, it is necessary to adjust the current dimensions of seating and lying furniture to those changes [35,36,37,38]. Due to the environmental sustainability features, excellent machinability, and good specific strength of the wooden material, this study focuses on chairs that are made of composite beech wood. In Slovakia, beech wood is still an affordable raw material for constructing wooden furniture, and given the tree species composition of the forests in Slovakia, predictions of the market development for this assortment are optimistic [39,40]. Since the critical dimension in chair seat width design is a bi-trochanteric width, the work aims to define the main functional dimensions of a bariatric wooden chair.




2. A Brief Analysis of the Design of Wooden Chairs


Modern wooden chairs are complex structures that are made of various auxiliary materials, including engineered wood, metal, plastic elements, coatings, fabrics, foams, and other synthetic materials. Common types of chairs, based on their usage, include school chairs, office chairs, and more or less universal chairs (including dining room chairs, conference room, waiting room, and restaurant chairs). There are used wooden lounge chairs (including armchairs, recliners, sliding, kneeling, and rocking chairs). Chairs may contain mechanisms; for example, a classroom chair could be adjustable or have an attached desktop, which is sometimes movable; garden or dining chairs could be folded. Special-purpose wooden chairs are also used (such as medical, dental, salon, and others). According to the generally accepted classification of furniture, wooden chairs can be divided according to: purpose, functionality, form, structure, technology, and quality [1]. The criterion of functionality was chosen as most valuable item from the user’s point of view.



The fundamental question of dimensioning furniture is their well-fitting to the user’s body dimensions [41]. In this work, we analyzed selected population dimensions that impact the dimensions of seating furniture. This is a specific set of character types based on knowledge of the expected users’ statistical properties of the body dimensions. These are body weight, stature height, buttock–knee length, knee height—sitting with shoes, hip width and hip circumference, and body-mass index (BMI) [42].



In principle, the seat’s height should not be considered alone when designing the proper dimensions of a wooden chair. Although this is essential in decision-making, chair height, seat width, and depth are equally important to ensure optimal spinal alignment [43]. The legs should form a 90-degree angle with the floor when sitting. The current recommended dimensions of a wooden chair for the general population are height h = 1150 mm, armrest height hr = 690 mm, seat height hs = 490 mm, seat width w = 450 mm, and seat depth d = 470 mm. The cross-sections of the structural elements are for the front and rear legs 25 × 42 mm, front and rear lob, internal partitions 70 × 18 mm, and stilts 25 × 42 mm [44]. Beechwood is mainly used as a construction material.



Chairs for bariatric users are large seating furniture that are designed for sitting and evenly distributed weight. This type of furniture is used in medical facilities. Seating bariatric furniture must allow the user to sit down and get up without any physiological demands. Those requirements result in the need to increase the seating area compared to ordinary seating furniture. Bariatric wooden chairs must include armrests, which ensure more comfortable standing. At the same time, they strengthen the structure. The armrests should have rounded surfaces that allow painless palm support when sitting down and standing up. The load capacity must be sized for the bariatric user. There must be no noticeable structural elements on the upholstered surfaces of the seating furniture, which would cause pain, hematoma, or even injury when sitting for a long time. At the same time, sitting must prevent unwanted compression of the popliteal vessels. For bariatric chairs, a shallow seat is more suitable, which prevents you from falling into the chair and makes it easier to get up. A seat tilted forward is suitable, which makes it easier for the user to sit down and get up. The seat width needs to be greater than that of a standard chair. It is also necessary to be able to slide the legs under the seat when standing up. The material for production can be from grown wood or agglomerated materials [45,46]. The choice of material will affect the product’s price [47,48].




3. Materials and Methods


Empirical measurements were aimed at measuring selected anthropometric characteristics of the adult population of Slovakia aged 18–25 when body growth ends. At this age, the growth of the epiphyseal plates, responsible for bone growth, stops. The data were collected from 1993 to 2022 on 14,664 Slovak university students. The sample captured the population of various regions of Slovakia. Such a large research sample justifies recognizing it as representative of the entire country. Measurements were performed with a certified anthropometer. For the measurements of buttock–knee length, knee height—sitting with shoes, hip width, and hip circumference, the analyzed population sample was somewhat lower, as these dimensions were gradually added to the measurements and analysis only in later years. The natural differences in the dimensions of the male and female population make it difficult to determine the universal dimensions of furniture, so it is necessary to accept the dimensions based on percentiles. As it is known, the percentiles indicate the percentage of people within the population with specific size body dimensions. The furniture industry uses the 5th or 95th percentile to offer general-purpose furniture. The decision about which percentile to use in a particular case depends on the applied ergonomic criterion. As part of the results, the arithmetic mean values of the individual observed anthropometric data were calculated as the standard deviation and percentiles.



Data on the bariatric population of Slovakia in healthcare institutions during the years 2020–2022 were collected. The anonymity of the respondents was guaranteed. The analyzed data included age, gender, stature height, body weight, hip circumference, waist circumference, seat width according to the waist, and seat width according to the hips. The BMI coefficient was calculated from the obtained data. Due to the non-confirmation of the dependence of weight on age and gender, these were not evaluated.




4. Results


Table 1 and Table 2 collect the results of empirical measurements of anthropometric characteristics. Table 1 presents the data of the adult population of Slovakia aged 18–25.



Table 2 summarizes the data of the bariatric subpopulation.



When defining the optimal dimensions of a wooden chair for bariatric patients, we based our definition on the 95th dimension centile of the adult population (buttock–knee length, knee height—sitting with shoes) and on the 95th of the dimensions of bariatric respondents (seat width according to the hips, and seat width according to the waist). Based on the obtained data from bariatric respondents, we derived the width dimensions for wooden chairs (Table 3). For the sake of comfortable sitting and standing, we added an excess of 12 cm (6 cm on both sides) to the obtained dimensions of the bariatric respondents’ seat width. The recommended width of the wooden chair for the 95th percentile of the bariatric population is highlighted in bold. We accept the height and depth of the seat according to the currently valid standards for furniture production [44].




5. Discussion


The Association of Business and Institutional Furniture Manufacturers (BIFMA) has proposed the ANSI/BIFMA X5.41-2021 standard for seating furniture in public places for bariatric users. This standard describes two levels of chair strength: X5.41-400 and X5.41-600. 181.4 kg load capacity is the base chair, and 272.2 kg load capacity is an auxiliary chair. Chair manufacturers in the USA must clearly state which performance levels apply to the product they offer.



It is worth mentioning that a common standard for school seating furniture, EN 1729:2015 [49], gives too small widths (for stature range = 2070 mm, the seat width = 400 mm). Lawson reported wider standard seat widths, but they are also too small for bariatric users (because they are based on the “normal” population in the 5–95 percentile range). The problem of the increased weight and body size of seating furniture users has been noticed in scientific and engineering literature. The various chair dimensions for bariatric users are recommended; for example, the recommended seat width includes a 55.9–70.0 cm range. Kasal [48] reported a width of 70 cm, while the ANSI/BIFMA X5.41-2021, Large Occupant Public and Lounge Seating [50] and ANSI/BIFMA X5.11-2015 (R2020) [51] Large Occupant Office Chair [52], for the 99th centile, postulated the minimum seat width for the 400 lb user be 22 inches (55.9 cm), whereas the minimum seat width for the 600 lb user is 26 inches (66.0 cm). The results of our research indicate a different range of recommended seat widths. Depending on the 95th or 99th percentile, this range should be within 67–73 cm.



There are fundamental issues about sitting comfort that must be addressed in research, including the effects of body size, the sensitivity to changes in adjustability parameters, and the capability to sense and express comfort and discomfort. Helander et al. [50] found that people of small body sizes dislike oversized chairs because the seat depth is too long and the lumbar support of the backrest is too high. On the other hand, large-size individuals dislike small chairs because the seat is too short and narrow, and the lumbar support is too low [52].



Anjani et al. [53] compared the seating comfort of 17 and 18 inch wide airplane seats (432 and 457 mm). They found that comfort was higher and discomfort was lower while sitting in wider seats, regardless of the user’s hip width. The authors concluded that increasing the width of the seat provides more room for movement and reduces overall discomfort. This highlights the importance of the freedom movement opportunity during sitting in a chair. This conclusion indicates that seat width is a crucial parameter of the chair. According to the cited authors, widening the seat is more effective in terms of comfort than increasing the inclination of the backrest; this discovery could help the aerospace industry use space more efficiently.



Bahrampour et al. [54] obtained the buttock–knee length (BKL) based on a sample of 194 university students (120 females and 74 males). The 5th percentile value of the BPL was 402 mm. The authors stated that the seat depth equal to the 5th percentile’ BKL caused the lowest discomfort after 90 min of sitting compared to other tested seat depths.



A system for the design of customized ergonomic furniture (chairs, beds, kitchen interiors etc.) using anthropometric dimensions or other specific needs influenced increasing demand from customers to manufacturers. This trend is related to customization and has increased in the wood products industry and gives consumers more product choices (including material use) like tables, doors, closets, timber windows, etc. An example could be a product where consumers can choose the wood species, finish, and hardwood that will be applied to a given design [55,56].




6. Conclusions


When applying the anthropometric method of examining human dimensions, it must be remembered that the human organism develops naturally depending on the external environment. A complex of factors and several organic regularities apply to individual development. A secular trend has been observed for body height over the years. A higher average weight reflects the state of an aging organism, in which muscle mass decreases with age and the fat component increases. When monitoring changes in human morphology, the most significant changes must be considered, such as heredity, growth patterns, puberty, sexual differentiation, dependence on form and functions, variability, correlation, compensation, elasticity, reactions, and adaptation. The digital revolution, and the associated technological and scientific progress have caused a change in the type of reproduction from extensive to intensive. A high mortality and birth rate characterized the extensive type. A low birth rate characterizes the intensive type, and the population lives to increasingly old age.



In our work, we proposed the dimensions of chairs for Slovak bariatric respondents, which are currently not defined. Due to the worldwide increase in population weight, the issue of furniture creation is highly relevant and necessary. Sooner or later, the mentioned problem will have to be addressed on a societal level.







Author Contributions


Conceptualization, M.H. and P.Š.; methodology, M.H.; software, M.S.; validation, Ľ.S., M.H., and M.Č.; formal analysis, P.Š.; data curation, M.H. and M.Č; writing—original draft preparation, M.H. and M.S.; writing—review and editing, M.H. and M.S.; visualization, M.H.; funding acquisition, M.H. and P.Š. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Slovak Research and Development Agency under the contract APVV-20-0004 “The Effect of an Increase in the Anthropometric Measurement of the Slovak Population on the Functional Properties of Furniture and the Business Processes”, KEGA 012UCM-4/2022 Human Resources Management in a Digital World—A Bilingual (Slovak-English) Course Book with E-learning Modules based on Multimedia Content, ITMS: 313011T720 Progressive research of performance properties of wood-based materials and products (LignoPro), supported by the Operational Programme Integrated Infrastructure (OPII) funded by the ERDF.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data sharing is not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Smardzewski, J. Furniture Design; Springer International Publishing AG: Basel, Switzerland, 2015; ISBN 3-319-19532-8. [Google Scholar]

	



Del Prado-Lu, J.L. Anthropometric measurement of filipino manufacturing workers. Int. J. Ind. Ergon. 2007, 37, 497–503. [Google Scholar] [CrossRef]

	



Dawal, S.Z.M.; Zadry, H.R.; Syed Azmi, S.N.; Rohim, S.R.; Sartika, S.J. Anthropometric database for the learning environment of high school and university students. Int. J. Occup. Saf. Ergon. 2012, 18, 461–472. [Google Scholar] [CrossRef] [PubMed]

	



Majumder, J. Anthropometric dimensions among indian males—A principal component analysis. Eurasian J. Anthropol. 2014, 5, 54–62. [Google Scholar]

	



Gupta, D. Anthropometry and the design and production of apparel: An overview. In Anthropometry, Apparel Sizing and Design; Elsevier: Amsterdam, The Netherlands, 2014; pp. 34–66. ISBN 978-0-85709-681-4. [Google Scholar]

	



Branowski, B.; Zabłocki, M.; Kurczewski, P.; Sydor, M. A method for modeling the individual convenient zone of a human. Int. J. Environ. Res. Public Health 2022, 19, 10405. [Google Scholar] [CrossRef] [PubMed]

	



Bonenberg, A.; Branowski, B.; Kurczewski, P.; Lewandowska, A.; Sydor, M.; Torzyński, D.; Zabłocki, M. Designing for human use: Examples of kitchen interiors for persons with disability and elderly people. Hum. Factors Man. 2019, 29, 177–186. [Google Scholar] [CrossRef]

	



Zellner, K.; Jaeger, U.; Kromeyer-Hauschild, K. Height, weight and BMI of schoolchildren in Jena, Germany—Are the secular changes levelling off? Econ. Hum. Biol. 2004, 2, 281–294. [Google Scholar] [CrossRef] [PubMed]

	



Widyanti, A.; Susanti, L.; Sutalaksana, I.Z.; Muslim, K. Ethnic differences in indonesian anthropometry data: Evidence from three different largest ethnics. Int. J. Ind. Ergon. 2015, 47, 72–78. [Google Scholar] [CrossRef]

	



Fetter, V.; Prokopec, J.; Suchý, J.; Titlbachová, S. Antropologie/Anthropology; Československá akademie věd (ČSAV): Prague, Czechoslovakia, 1967. [Google Scholar]

	



Tanner, J.M. Growth as a measure of the nutritional and hygienic status of a population. Horm. Res. 1992, 38, 106–115. [Google Scholar] [CrossRef]

	



Havari, E.; Peracchi, F. Growing up in wartime: Evidence from the era of two world wars. Econ. Hum. Biol. 2017, 25, 9–32. [Google Scholar] [CrossRef]

	



Raghav, G.; Farooq, M.; Khan, A.A.; Muzammil, M. Ergonomic modification and evaluation of chain saw handle in wood cutting. Can. Acoust. 2011, 39, 90–91. [Google Scholar]

	



Wongwien, T.; Nanthavanij, S. Multiobjective ergonomic workforce scheduling under complex worker and task constraints. Int. J. Ind. Eng.-Theory 2017, 24, 284–294. [Google Scholar] [CrossRef]

	



Gejdoš, M.; Tončíková, Z.; Němec, M.; Chovan, M.; Gergeľ, T. Balcony cultivator: New biomimicry design approach in the sustainable device. Futures 2018, 98, 32–40. [Google Scholar] [CrossRef]

	



Eckelman, C.A. Textbook of Product Engineering and Strength Design of Furniture; Purdue University: West Lafayette, IN, USA, 2003. [Google Scholar]

	



Branowski, B.; Zabłocki, M.; Sydor, M. The material indices method in the sustainable engineering design process: A review. Sustainability 2019, 11, 5465. [Google Scholar] [CrossRef]

	



Koman, G.; Tumová, D.; Jankal, R.; Mičiak, M. Business-making supported via the application of big data to achieve economic sustainability. JESI 2022, 9, 336–358. [Google Scholar] [CrossRef]

	



Hedley, A.A. Prevalence of overweight and obesity among US children, adolescents, and adults, 1999–2002. JAMA 2004, 291, 2847. [Google Scholar] [CrossRef]

	



Bray, G.A. Medical consequences of obesity. J. Clin. Endocrinol. Metab. 2004, 89, 2583–2589. [Google Scholar] [CrossRef]

	



Gregg, E.W.; Cheng, Y.J.; Cadwell, B.L.; Imperatore, C.; Williams, D.E.; Flegal, K.M.; Narayan, K.M.V.; Williamson, D.F. Secular trends in cardiovascular disease risk factors according to body mass index in U.S. adults. Obstet. Gynecol. Surv. 2005, 60, 660–661. [Google Scholar] [CrossRef]

	



Flegal, K.M. Excess deaths associated with underweight, overweight, and obesity. JAMA 2005, 293, 1861. [Google Scholar] [CrossRef]

	



Ikeda, J.P.; Hayes, D.; Satter, E.; Parham, E.S.; Kratina, K.; Woolsey, M.; Lowey, M.; Tribole, E. A commentary on the new obesity guidelines from NIH. J. Am. Diet. Assoc. 1999, 99, 918–919. [Google Scholar] [CrossRef]

	



Bagozzi, R.; Moore, D.; Leone, L. Self-control and the self-regulation of dieting decisions: The role of prefactual attitudes, subjective norms, and resistance to temptation. Basic Appl. Soc. Psych. 2004, 26, 199–213. [Google Scholar] [CrossRef]

	



Cooper, R.A. Rehabilitation Engineering Applied to Mobility and Manipulation/Rory A. Cooper; Medical Science Series; Institute of Physics Pub: Bristol, Philadelphia, 1995; ISBN 978-0-7503-0343-9. [Google Scholar]

	



Rush, A. Use of specialized equipment to mobilize bariatric patients. Int. J. Ther. Rehabil. 2005, 12, 269–272. [Google Scholar] [CrossRef]

	



Bakewell, J. Bariatric furniture: Considerations for use. Int. J. Ther. Rehabil. 2007, 14, 329–333. [Google Scholar] [CrossRef]

	



Dockrell, S.; Hurley, G. Moving and handling care of bariatric patients: A survey of clinical nurse managers. J. Res. Nurs. 2021, 26, 194–204. [Google Scholar] [CrossRef]

	



NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 countries from 1975 to 2014: A pooled analysis of 1698 population-based measurement studies with 19·2 million participants. Lancet 2016, 387, 1377–1396. [Google Scholar] [CrossRef]

	



De Looze, M.P.; Kuijt-Evers, L.F.M.; Van Dieën, J. Sitting comfort and discomfort and the relationships with objective measures. Ergonomics 2003, 46, 985–997. [Google Scholar] [CrossRef]

	



Chen, K.-M.; Shyr, Y.-H.; Lee, H. Study of prediction model of seat comfort in seat design. In Proceedings of the Ergonomics for All; Celebrating PPCOE’s 20 Years of Excellence. CRC Press/Balkema: London, UK, 2011; pp. 441–447. [Google Scholar]

	



Helander, M.G.; Zhang, L.; Michel, D. Ergonomics of ergonomic chairs: A study of adjustability features. Ergonomics 1995, 38, 2007–2029. [Google Scholar] [CrossRef]

	



Benden, M.E.; Fink, R.; Congleton, J. An in situ study of the habits of users that affect office chair design and testing. Hum. Factors 2011, 53, 38–49. [Google Scholar] [CrossRef]

	



Lyu, J.; Peng, Q.; Chen, M. Influence of body mass index on comfort and parametric optimization design of seat. Teh. Vjesn. 2022, 29, 1262–1269. [Google Scholar] [CrossRef]

	



Hu, L.; Tor, O.; Zhang, J.; Tackett, B.; Yu, X. Analysis of back Forces While Sitting down, Seated, and Rising from a Stationary Chair in Subjects Weighing 136–186 kg. In Advances in Ergonomics Modeling, Usability & Special Populations; Soares, M., Falcão, C., Ahram, T.Z., Eds.; Advances in Intelligent Systems and Computing; Springer International Publishing: Cham, Switzerland, 2017; Volume 486, pp. 39–49. ISBN 978-3-319-41684-7. [Google Scholar]

	



Kamodyová, P.; Potkány, M.; Kajanová, J. Facility management—Trend for management of supporting business processes and increasing of competitiveness. AD ALTA: J. Interdiscip. Res. 2020, 10, 122–127. [Google Scholar]

	



Malone, E.B.; Dellinger, B.A. Furniture Design Features and Healthcare Outcomes; Center for Health Design: Concord, CA, USA, 2011; p. 72. [Google Scholar]

	



Kwidziński, Z.; Bednarz, J.; Pędzik, M.; Sankiewicz, Ł.; Szarowski, P.; Knitowski, B.; Rogoziński, T. Innovative line for door production TechnoPORTA—Technological and economic aspects of application of wood-based materials. Appl. Sci. 2021, 11, 4502. [Google Scholar] [CrossRef]

	



Menezes, M.L.A.; Haddad, A.N.; Nascimento, M.L.F. Practical application of ergonomic methodology identifying critical activities in a metallurgical electrolysis unit. IEEE ACCESS 2022, 10, 109132–109152. [Google Scholar] [CrossRef]

	



Myskova, R.; Hajek, P. Mining risk-related sentiment in corporate annual reports and its effect on financial performance. Technol. Econ. Dev. Econ. 2020, 26, 1422–1443. [Google Scholar] [CrossRef]

	



Hitka, M.; Gejdoš, M.; Klement, I.; Simanová, Ľ. Dimensional solution for beds from wood composites for the bariatric population. BioRes 2022, 17, 6656–6667. [Google Scholar] [CrossRef]

	



Suchomel, J.; Gejdos, M.; Goglia, V.; Đukić, I. Analysis of wood resources and price comparison in slovakia and selected countries. In Proceedings of the 2nd International Scientific Conference Woodworking Technique, Zagreb, Croatia, 11–15 September 2007; pp. 143–152. [Google Scholar]

	



Gejdos, M.; Potkány, M. Prediction and analysis of slovakian timber trade on global market conditions. Serb J Manag. 2017, 12, 281–289. [Google Scholar] [CrossRef]

	



Kanická, L.; Holouš, Z. Nábytek: Typologie, Základy Tvorby/Furniture, Typology, Fundamentals of Creation; Grada Publishing: Prague, Czech Republic, 2011; ISBN 978-80-247-3746-1. [Google Scholar]

	



Nag, P.K.; Pal, S.; Kotadiya, S.M.; Nag, A.; Gosai, K. Human-seat interface analysis of upper and lower body weight distribution. Int. J. Ind. Ergon. 2008, 38, 539–545. [Google Scholar] [CrossRef]

	



Grič, M.; Joščák, P.; Tarvainen, I.; Ryönänkoski, H.; Lagaňa, R.; Langová, N.; Andor, T. Mechanical properties of furniture self-locking frame joints. BioResources 2017, 12, 5525–5538. [Google Scholar] [CrossRef]

	



EN 1729:2015. Furniture—Chairs and Tables for Educational Institutions—Part 1: Functional Dimensions. Available online: https://standards.iteh.ai/catalog/standards/cen/6a3b5b50-0be4-4271-8587-a88afe2c3a1b/en-1729-1-2015 (accessed on 2 October 2022).

	



Kasal, A. Determination of the strength of various sofa frames with finite element analysis. Gazi Univ. J. Sci. 2006, 19, 191–203. [Google Scholar]

	



ANSI/BIFMA X5.41-2021. Large Occupant Public and Lounge Seating. Available online: https://www.sgs.com/en/news/2021/07/safeguards-08821-new-standard-for-large-occupant-public-and-lounge-seating-ansi-bifma-x5-41-2021 (accessed on 2 October 2022).

	



Helander, M.G.; Czaja, S.J.; Drury, C.G.; Cary, J.M.; Burri, G. An ergonomic evaluation of office chairs. Off. Technol. People 1987, 3, 247–263. [Google Scholar] [CrossRef]

	



ANSI/BIFMA X5.11-2015 (R2020). Large Occupant Office Chair. Available online: https://www.techstreet.com/standards/ansi-bifma-x5-11-2015-r2020?product_id=1890421 (accessed on 2 October 2022).

	



Helander, M.G.; Zhang, L. Field studies of comfort and discomfort in sitting. Ergonomics 1997, 40, 895–915. [Google Scholar] [CrossRef]

	



Anjani, S.; Song, Y.; Hou, T.; Ruiter, I.A.; Vink, P. The effect of 17-inch-wide and 18-inch-wide airplane passenger seats on comfort. Int. J. Ind. Ergon. 2021, 82, 103097. [Google Scholar] [CrossRef]

	



Bahrampour, S.; Nazari, J.; Dianat, I.; Asghari Jafarabadi, M.; Bazazan, A. Determining optimum seat depth using comfort and discomfort assessments. Int. J. Occup. Saf. Ergon. 2020, 26, 429–435. [Google Scholar] [CrossRef] [PubMed]

	



Savov, V.; Valchev, I.; Antov, P.; Yordanov, I.; Popski, Z. Effect of the adhesive system on the properties of fiberboard panels bonded with hydrolysis lignin and phenol-formaldehyde resin. Polymers 2022, 14, 1768. [Google Scholar] [CrossRef] [PubMed]

	



Savov, V.; Antov, P. Engineering the properties of eco-friendly medium density fibreboards bonded with lignosulfonate adhesive. Drvna Industrija 2020, 71, 157–162. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Descriptive statistics of respondents aged 18–25 in 1993–2022.
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Dimensions

	
N

	
Arithmetic Mean

	
Median

	
Standard Deviation

	
Percentiles




	
1st

	
5th

	
50th

	
95th

	
99th






	
Body weight

	
14.664

	
73.2

	
72

	
15.67

	
46

	
51

	
72

	
100

	
115




	
Stature height

	
14.664

	
171.9

	
171

	
18.35

	
152

	
157

	
171

	
188

	
195




	
Buttock–knee length

	
3.869

	
57.2

	
58

	
6.98

	
39

	
46

	
58

	
66

	
70




	
Knee height—sitting with shoes

	
1.736

	
44.7

	
45

	
9.26

	
30

	
36

	
45

	
54

	
59




	
Hip width

	
1.303

	
39.9

	
39

	
8.21

	
23

	
31

	
39

	
50

	
63




	
Hip circumference

	
1.055

	
98.1

	
97

	
12.03

	
67

	
81

	
97

	
118

	
130




	
BMI

	
14.664

	
24.9

	
24

	
20.63

	
17

	
18

	
24

	
33

	
38








Dimensions are in cm.
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Table 2. Descriptive statistics of the bariatric population in 2020–2022.
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Dimensions

	
N

	
Arithmetic Mean

	
Median

	
Standard Deviation

	
Percentiles




	
1st

	
5th

	
50th

	
95th

	
99th






	
Body weight

	
199

	
142.7

	
138

	
27.2

	
96

	
105

	
138

	
191

	
242




	
Stature height

	
199

	
171.1

	
170

	
9.0

	
150

	
156

	
170

	
187

	
199




	
Waist circumference

	
199

	
136.8

	
135

	
16.4

	
104

	
113

	
135

	
167

	
188




	
Hip circumference

	
199

	
146.0

	
145

	
15.6

	
110

	
120

	
145

	
172

	
192




	
Seat width according to waist

	
199

	
43.6

	
43

	
5.2

	
33

	
36

	
43

	
53

	
60




	
Seat width according to hips

	
199

	
46.5

	
46

	
5.0

	
35

	
38

	
46

	
55

	
61




	
BMI

	
199

	
48.6

	
47

	
7.4

	
36

	
39

	
47

	
61

	
76








Dimensions are in cm.
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Table 3. Recommended dimensions of a wooden chair for bariatric users.






Table 3. Recommended dimensions of a wooden chair for bariatric users.





	
Parameter

	
Recommended Values for Centiles




	
1st

	
5th

	
50th

	
95th

	
99th






	
Seat height

	
49

	
49

	
49

	
49

	
49




	
Seat width

	
47

	
50

	
58

	
67

	
73




	
Seat depth

	
47

	
47

	
47

	
47

	
47








Dimensions are in cm.
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