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Abstract: Every space used by a person should suit the anthropometric and biomechanical char-
acteristics of the users. Poorly designed premises and types of equipment have a negative impact
on human health. Furniture, as a device for daily use, can in the long term, with inadequate di-
mensions, significantly affect human health. In the work, we define the secular development of
selected anthropometric dimensions of the Slovak population. Based on the positive development,
we point out the dimensional and strength characteristics of bed and rest furniture and the dimen-
sional and strength characteristics of seating furniture, which anthropometric dimensions influ-
ence. At the same time, we note the need to update the calculation formulas for pricing individual
products, which will have an economic impact on wood furniture production.

Keywords: wood products, anthropometry, secular trend, sustainability, green economy, adult
population, wooden furniture.

1. Introduction

One of the conditions supporting work productivity is the effort to ensure that the
spaces and equipment that people use are in accordance with the anthropometric and
biomechanical characteristics of the users. The use of poorly designed spaces and
equipment that does not take into account the anthropometric characteristics of users has
a negative impact on human health [1]. From the point of view of the development of
industry and technology, great emphasis is placed on achieving the maximum capacities
for the use of technologies and equipment purposefully designed for users [2]. It is an
important tool not only for increasing work productivity and innovation but also for
creating conditions for the development of a person's personality [3]. When designing
and assessing the spatial arrangement of workplaces, but also during the production of
ergonomically correct work aids, machines, and furniture, the human being must be
taken into account as the primary factor, especially his dimensions and strength abilities
[4]. The design of an optimal workplace (furniture, work tools, aids, etc.) is therefore
always based on measurements of the target interest group of people, which are com-
pared with the data of the entire population living in a certain area, usually divided into
men and women [5].

The anthropometric dimensions of the adult population are changing in the long
term. With the development of human society and rising living standards, they generally
grow. We call this trend of long-term changes in the anthropometric dimensions of the
population a "secular trend". It is mainly influenced by nutrition, morbidity, and socio-

economic status in population development [6-9]. Dynamic changes in the human pop-
ulation in the social and technological fields are closely correlated and have resulted in
regulations in the field of designing things of daily need and consumption [10-11]. These
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are mainly furniture that users come into contact with on a daily basis, such as beds, so- 46
fas, chairs, tables, etc. Others are clothes, shoes, but also tools, and instruments. Last but 47
not least, the secular trend needs to be taken into account in the industrial area when de- 48
signing cars and seats in transport, when designing the carrying capacity of lifting 49
equipment, and also in other areas of the industry due to economic sustainability [12]. 50

Woodj as a traditional natural material, has a long service life, excellent thermal and 51
sound insulation properties, perfect dimensional stability, and high strength. It is easy to 52
maintain and does not emit toxic substances. Since each tree has its color, design, and 53
scent, wood is a decorative, aesthetically pleasing, and impressive material. With careful 54
preparation before use, it is possible to ensure its stability from the point of view of dry- 55
ing [13]. The quality of raw wood and the possibilities of its use are evaluated mainly 56
through the occurrence and extent of negative qualitative features. The extent of these 57
features can be influenced by several environmental factors. The fact remains that the 58
share of the highest quality raw wood assortments is constantly decreasing [14-15]. 59

The study aims to evaluate the changes in selected anthropometric dimensions of 60
the adult population in Slovakia affecting selected types of wooden furniture such as 61
beds, deckchairs, sofa beds, chairs, armchairs, and couches. Considering the reduction of 62
the carbon footprint and long-term sustainability in the study, we are considering 63

all-wooden furniture. 64
2. Materials and Methodg 65

Furniture serves the needs of a person, in most cases directly to a person, that is, 66
there are interactions between a person, his physical and psychological side, and indi- 67
vidual furniture items. The closest relationship is characterized by the bed and seating 68
furniture, followed by table furniture, which interacts with humans and other useful ob- 69

jects. In connection with the influence of furniture on human health, Brunecky (2007) [16]
states that, in addition to anthropometric, ergonomic, and physiological deficiencies,
furniture in homes and the workplace contributes to fatigue, fatigue syndrome, allergies,
risks of somatic mutations and initiates latent diseases and endangers genetic infor-
mation a person.

The shape of the body and its proportions are directly influenced by the length and
shape of the bones. Industrial anthropometry, which is a part of anthropology, examines
the influence of the body dimensions of population groups on work efficiency. Analyzing 98
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the dimensions of the human body helps to determine the optimal proportions between 99
man and machine in both static and dynamic contexts. 100
One of the basic anthropometric methods suitable for solving the mentioned prob- 101
lems is somatometry, which represents a system of techniques for measuring and ob- 102
serving a person and parts of his body using the most accurate means and methods for 103
scientific purposes. Somatometry systematizes and precisely defines a set of relevant 104
anthropometric features of the human body, which significantly affect the performance 105
and safety of workers, and at the same time provides a series of measuring aids and 106
procedures that enable the exact determination of the values of the monitored anthro- 107
pometric features. The most used special anthropometric aids and tools include, for ex- 108
ample, personal scale, anthropometer, tarakometer, pelvimeter and cephalometer, tape 109
measure, protractor, caliper, spirometer, etc. We carried out the measurements based on 110
the principles of anthropometric measurements. Anthropometric examinations were 111
performed individually, performed on the right side of the body in the most necessary 112
clothing, and performed in the morning. 113
The basic issue of dimensioning furniture items is their ratio to the body dimensions 114
of the user. In this work, we analyze selected dimensions of the population that have an 115

1mpact on the funct10nal d1mens1ons of seatmg and bed—fbrmﬁ&fe—st&t&fe—height—be@ 6

ical measurements aimed at defining the development of secular changes in n selected 119
anthropometric characteristics of the adult population of Slovakia aged 18-25 were car- 120
ried out in the years 1993-2022 on a sample consisting of 7,365 men and 7,188 women - 121
students of Slovak universities. Measurements were performed by a certified anthro- 122
pometer. For the measurements of elbow height - sitting, forearm fingertip length, but- 123
tock-knee length, palm width, hand length and knee height - sitting with shoes, the ana- 124
lyzed population sample was somewhat lower, as these dimensions were gradually 125
added to the measurements and analysis only in later years. The detailed structure of the 126
population sample for individual anthropometric dimensions is shown in Table 1. 127

To characterize the development of the trend in the population, basic quantities of 128
descriptive statistics and percentiles at levels 1 were used; 5; 50; 95, and 99%. The per- 129
centile (this term was first used by Galton, 1885 [29]) of a distribution of values is a 130
number xp such that a percentage p of the population values are less than or equal to x,. 131
Arithmetic averages of measured dimensions in specific years with 95% confidence in- 132
tervals were used to graphically display the development of the trend. A basic linear 133
statistical trend was used. Standard statistical parameters were evaluated: arithmetic 134
means, standard deviation and percentiles. Statistical data were evaluated and values 135

were calculated using standard procedures mentioned in the literature [30-32]. 136
The software Microsoft Excel and STATISTICA 12.0 were used for calculating and 137
visualizing the results. 138

Due to the differences in the dimensions of the male and female population, it is 139
difficult to determine the universal dimensions of the furniture. Individual furniture 140
production can be used for an unlimited number of types of human figures. An object 141
made to order for a specific user must meet all his requirements, unlike mass production, 142
where furniture is designed for an anonymous user belonging to a certain subgroup of 143
individuals. Therefore, the efforts of manufacturers are to optimize and rationally 144
standardize products. During production, it is necessary to limit yourself to a certain set 145
of character types. They must be based on knowledge of the statistical properties of the 146
body dimensions of the expected users [33]. 147

3. Results 148

Empirical measurements aimed at defining the development of secular changes in 149
selected anthropometric characteristics of the adult population of Slovakia aged 18-25 150
were carried out in the years 1993-2022 on a sample consisting of 7,365 men and 7,188 151
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women - students of Slovak universities. The sample of 14,537 (Table 1) respondents at-
tending Slovak universities naturally captures the population of various regions of Slo-
vakia, which increases its representativeness. Most anthropometric data are often ex-
pressed in percentiles. Percentiles indicate the percentage of people within the popula-
tion (population sample) who have body dimensions of a certain size (or smaller). The
furniture industry uses the 5th or 95th percentile to serve the largest population. The de-
cision about which percentile to use in a particular case depends on the ergonomic crite-
rion being assessed. As part of the results, the values of the arithmetic mean of the indi-
vidual observed anthropometric data were calculated, as well as the standard deviation
and percentiles.

Table 1. Descriptive statistics of the respondents sample.

Number Standard Percentiles (%)
Arithmetic Number of deviation 1 5 50 95 99
Anthropometric feature mean N-samplee of men  women
Body weight (kg) 73,25 14537 7355 7182 15,57 46 51 72 100 115
15 15
Stature height (cm) 171,75 14549 7352 7197 9,95 5 . 171 188 194
Shoulder blzfs)t‘"d breadth ., 8626 4766 3860 636 35 37 45 56 62
Elbow height - sitting (cm) 36,93 3725 2095 1630 6,14 26 31 36 43 71
Palm width (cm) 46,13 3628 2054 1574 5,54 30 40 46 54 63
Hand length (cm) 57,08 3756 2109 1647 6,31 39 46 58 65 69
Forearm fingertip length (cm) 10,43 3723 2097 1626 1,539 7 8 10 13 15
Buttock-knee length (cm) 18,52 3715 2091 1624 1,77 15 16 19 21 23
Knee height - sitting with 45,52 1586 985 601 528 30 36 46 54 58

shoes (cm)

We present the development of secular changes in anthropometric dimensions
through linear regression equations. We are investigating the relationship between two
variables. We assume that the variable x (years) depends on the variable y (anthropo-
metric feature) that affects it.

Based on the results (Figure 1 - 9), we can conclude that there is a secular trend in
most of the monitored characteristics of the Slovak population affecting the dimensions
of the bed and seating furniture. This implies the need to update the current standards
for the general Slovak population.

The height and weight of the population have a major influence on the dimensional
and strength characteristics of bed and rest furniture. Population stature height growth
(Figure 1) affects the length of the bed surface, shoulder bi-deltoid breadth (Figure 2) af-
fects the width of the bed surface, and the height of the popliteal fossa affects the bed
height. The weight of the population affects the strength characteristics of the elements
and joints of bed and rest furniture. In this context, it is also necessary to take into account
the body weight of the bariatric population (Figure 3).

The height and weight of the population also affect the dimensional and strength
characteristics of seating furniture. Other factors that affect the elements of seating fur-
niture are the elbow height in sitting position (in flexing the elbow) (Figure 4), which
ensures comfort when leaning the elbow on the armrest of the chair. Next are the palm
width and hand length (Figures 5 and 6) and the forearm fingertip length (Figure 7) when
gripping the armrest. The buttock-knee length when sitting has a fundamental influence
on the comfort of sitting (Figure 8). The height of the seat surface is influenced by the
knee height (when sitting) and the resulting standing up (Figure 9).
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Figure 1. Development of average male and female stature height in years 1993-2021 in Slovakia.
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Figure 2. Development of average male and female shoulder bi-deltioid breadth in years 1999-2021
in Slovakia.

The average stature height of men (fig. 1) shows a slightly rising trend over the en-
tire period. The average stature height of women showed rather a stagnation of the trend
in the last 10 years, although in the last 3 years there is an obvious increase in this body
parameter. The average shoulder bi-deltoid breadth (fig. 2) has a slightly decreasing
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trend, especially for men, which is mainly related to the rising standard of living and the 193
decreasing share of physical work, the population playing sports and a comfortable way 194
of life. 195
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Figure 3. Development of average male and female body weight in years 1993-2021 in Slovakia. 196
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Figure 4. Development of average male and female elbow height, sitting in years 1999-2021 in 197
Slovakia. 198

Body weight, elbow height - sitting, palm width also showed an upward trend in 199
both populations (fig. 3-5). There was a very slightly decreasing or stagnant trend in the 200
body dimensions of hand length, forearm fingertip length and buttock-knee length (fig. 201
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Palm width (cm)

Hand length (cm)

6-8). The dimension of the knee height - sitting with shoes (fig. 9) shows a significantly
increasing trend, even though this result is significantly influenced by the lowest number

of measurements in the analysis, since it was measured only from 2016.
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Figure 5. Development of average male and female palm width in years 1999-2021 in Slovakia.
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Figure 6. Development of average male and female hand length in years 1999-2021 in Slo-

vakia.
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Figure 7. Development of average male and female forearm fingertip length in years 1999-2021 in 208
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66

64 |

(o))
N

(e}
(=}

[$)]
[e¢]

‘..' RS NV

Buttock-knee length (cm)
(&)
(e}

54 + 7 L
52 |
50 | ¥ Gender: Male
¥ Gender: Female
48

1993 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

Figure 8. Development of average male and female buttock-knee length in years 1999-2021 in Slo- 210
vakia. 211



Forests 2022, 13, x FOR PEER REVIEW 9 of 13

Knee height sitting with shoes (cm)

52

50

48 |

46 |

44 |

42|

40

38t

36

34t

32

& Gender: Male
¥ Gender: Female

1993

1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Year

Figure 9. Development of average male and female knee height in years 2016-2021 in Slovakia.

4. Discussion

Over time, population growth and mass changes occur. Secular trends have been
documented in many countries of the world since the 19th century [34-36]. These changes
must be taken into account when sizing various products of daily consumption (furni-
ture, clothes, shoes, etc.). The manufacturer's efforts to optimize and rationally stand-
ardize products must therefore be based on knowledge of current statistical properties of
users' body dimensions.

Economic growth causes the intensification of market globalization and, together
with a higher standard of living, significantly affects people's diet and overall lifestyle. It
causes a significant increase in the body weight of the population all over the world [37].
Other studies over the past decade indicate that body height and weight continue to in-
crease [38-39]. A very rapid increase in body weight occurs especially among young
adults [40]. Changes in the dimensions and size of the body are the result of changes in
the surrounding environment - increasing the quality of life, better health care, wider
options in eating, sedentary employment [37]. However, the secular growth trend is
slowing down in many countries. On the other hand, weight gain begins to accelerate.
Weight grows more significantly than body height, especially in men. Jirkovsky (2003)
[27] devoted himself to the anthropometric measurement of men aged 18-25 in the Czech
Republic in the second half of the 20th century. The results of the research are comparable
to the results of Kovarik (2011) [41] in the area of the expected slowdown of the secular
trend of the body height of the population. Jirkovsky (2003) [27] states that since the
second half of the 80s of the 20th century, growth acceleration has gradually slowed
down and body weight has increased. This means that the significant secular trend that
took place after World War II slowed down at the end of the last century. Despite this,
there is a slight increase in the body height and weight of the male population from the
Czech Republic.

Reactions to secular trends in human body height are visible primarily in industries
where consumption as the main economic factor has a decisive influence [42-43]. These
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are the areas of the automotive, aviation, furniture, clothing, and footwear industries. 241
These changes must be taken into account when sizing various products of daily con- 242
sumption (furniture, clothes, shoes, etc.). Designing furniture of all kinds, i.e. j. bed, seat, 243
closet, multi-purpose, table, and additional must be in direct relation to the dimensions 244
and weight of the current and future population. Anthropological and ergonomic re- 245
quirements are decisive in many ways in connection with the shape, and dimensions, i.e. 246
the quality of the furniture and materials used. The manufacturer's efforts to optimize 247
and rationally standardize products must therefore be based on knowledge of current 248
statistical properties of users' body dimensions. One such product, where it is necessary 249
to take into account the anthropometric parameters of the users, is the chair. Anthro- 250
pometry plays a decisive role in defining the dimensions of chairs and their structural 251
parts. Based on the obtained results, we can state the need to update the current dimen- 252
sions of the bed and seating furniture suitable for the 95 percentile of the adult popula- 253
tion of Slovakia. 254

When providing furniture for work needs, as well as living, we have to think about 255
the generations that will come after us. Designing furniture of all kinds, i.e. bed, sitting, 256
closet, multi-purpose, table, and additional therefore must be in direct relation to the 257
dimensions and weight of the current and future population. In connection with the in- 258
crease in the dimensions of the bed and seating furniture, it is also necessary to take into 259
account the need for secondary connections such as sheets, mattresses, quilts, and other 260
accessories. 261

Since 1980, a number of scientific works have been devoted to calculations and ex- 262
perimental testing of furniture structures;, A large part of research is focused on experi- 263
mental testing, further research is subsequently focused on computational methods, or 264
methods using software tools. A large part of them is devoted to the calculations of chairs 265
and beds, while the authors focus on the joints of parts, as the most critical places [44-45]. 266
In order for the chair seat to provide sufficient support, its height should be slightly less 267
than the length of the human leg measured from the heel to the knee. The ideal formulais 268
given by the so-called popliteal height, which is equal to the length of the back of the 269
thigh plus the heel. The usual dimensions of the chairs are averaged, so smaller people 270
should take into account that they need a lower seat to avoid unwanted compression of 271
blood vessels. Based on the study of the literature, it is shown that the most common 272
method for calculating the stress and deformation of wooden chairs is the finite element 273
method [46-48], which can be used to determine or estimate the bearing capacity the in- 274
dividual dimensions of the joints, as well as the places with critical tension, where dam- 275
age can occur first. Another method is the method of finite volumes [49-50]. The re- 276
searches of the mentioned authors point to a very good agreement between the calcu- 277
lated results and the experimentally measured data. A wooden bed and a wooden chair, 278
as basic items of home furnishings, are subject to high demands [51]. Their size and 279
stiffness must correspond to the human body and changes in position during sleep or 280
sitting. From an anthropometric point of view, the length, width, and height of the bed 281
area and the height, depth, and width of the chair are important. As body height and 282
weight have increased in recent years, and the number of overweight and obese people 283
has increased [25; 52], there is a need to design beds and chairs with a perspective for 284
people with high BMI, When calculating the dimensions of the mentioned furniture, we 285
take into account the forecast of the development of the relevant anthropometric dimen- 286
sions of the population, i.e. secular trend. By adding standard deviations, we create a 287
so-called universal design. This approach ensures the suitability of the dimensional fur- 288
niture solution for today and future generations. When determining the dimensions, we 289
are based on mathematical relationships taking into account the development of the an- 290
thropometric dimensions of the population in the future. The starting and determining 291
dimension can be considered the body height of men, which results from the difference in = 292
the habit of the sexes (men are on average taller than women). 293
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5. Conclusions

Anthropological and ergonomic requirements are decisive in many ways in connec-
tion with the shape and dimensions of consumer products. On the basis of our research, it
can be clearly stated that in the last two decades there has been a positive secular trend in
Slovakia. This situation occurred as a result of better nutrition and better socio-economic
conditions in which today's population grew up. This trend will continue to a lesser ex-
tent. At the same time, it is necessary to state that the change in the dimensions of the bed
and rest furniture and seating furniture will also have an economic impact on the pro-
duction of furniture. From an economic point of view, the mentioned changes can reach
up to 50% of the current costs. In this context, it is also necessary to subsequently update
the calculation formulas for the pricing of individual products.

The relationship between a person and the objects around him, expressed by the
functional dimensions of the furniture, has an impact on work and personal well-being
and, last but not least, on his health. These dimensions are contained in the standards but
also in various manuals. However, the basis is the standards valid in the country of op-
eration. However, the modification of standard dimensions requires the interdisciplinary
cooperation of designers, developers, anthropologists, ergonomists, and health profes-
sionals.
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