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“Occupational Medicine Department, Shahid Sadoughi University of Medical Sciences, Yazd, Iran; bpp ysical Medicine Department,
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(Received 12 November 2011; final version received 4 September 2012)

Anthropometric data can be used to identify the physical dimensions of equipment, furniture, clothing and
workstations. The use of poorly designed furniture that fails to fulfil the users’ anthropometric dimensions, has a
negative impact on human health. In this study, we measured some anthropometric dimensions of Iranian children
from different ethnicities. A total of 12,731 Iranian primary school children aged 7-11 years were included in the
study and their static anthropometric dimensions were measured. Descriptive statistics such as mean, standard
deviation and key percentiles were calculated. All dimensions were compared among different ethnicities and
different genders. This study showed significant differences in a set of 22 anthropometric dimensions with regard to
gender, age and ethnicity. Turk boys and Arab girls were larger than their contemporaries in different ages.
According to the results of this study, difference between genders and among different ethnicities should be taken
into account by designers and manufacturers of school furniture.

Practitioner Summary: In this study, we measured 22 static anthropometric dimensions of 12,731 Iranian primary
school children aged 7-11 years from different ethnicities. Descriptive statistics such as mean, standard deviation and
key percentiles were measured for each dimension. This study showed significant differences in a set of 22
anthropometric dimensions in different genders, ages and ethnicities.

Keywords: anthropometry; children; ethnicity; school furniture

1. Introduction

In order to properly design different products, it is important to have access to anthropometric dimensions
of the potential users (Jeong and Park 1990, Kayis and Ozok 1991, Lin et al. 2004, Wickens et al. 2004, Liu
2007).

Inappropriate dimensions of furniture and other products which do not match the users’ body dimensions may
lead to many adverse effects (Kayis and Ozok 1991, Diep 2003, Lin et al. 2004, Milanese and Grimmer 2004,
Geldhof et al. 2007). Children are among the populations at risk for musculoskeletal disorders as a result of
incorrect posture, frequently caused by inappropriate school furniture (Freudenthal ez al. 1991, Paulsen and Hensen
1994, Diep 2003). Many studies have shown a high prevalence of low back pain among school children (Burton
et al. 1996, Grimes and Legg 2004).

Appropriate design according to the target user groups and identification of the most important body
dimensions are key issues in the design process (Lee and Shin 2004). There is a high prevalence of mismatch between
anthropometric data and school furniture which is a factor implicated in causing low back pain (Lin and Kang
2000, Milanese and Grimmer 2004, Gouvali and Boudolos 2006, Chung and Wong 2007, Savanur et al. 2007, Agha
2010, Musa and Ismaila 2011).

Anthropometric dimensions have been measured in many countries with different races or ethnicities (Snyder
et al. 1977, Steenbekkers and Molenbroeka 1990, Bolstad et al. 2001, Prado-Leon et al. 2001, Wang et al. 2002,
Diep 2003, Panagiotopoulou et al. 2004, Van Lierop et al. 2008). These dimensions widely vary with age,
gender, race and ethnicity (Jeong and Park 1990, Shrestha et al. 2009, Hisham et al. 2012). The concept of
ethnicity differs from the closely related term race in that ‘race’ refers to grouping based mostly upon criteria
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that in the past have been presumed to be biological, while ‘ethnicity’ also encompasses additional cultural
factors (American Anthropological Association 1997). There may be different ethnicities in each race which are
different with regard to their geographical, cultural, nutritional and economic properties. Various nations of the
same race may also have different body sizes and bodily proportions due to the differences in social and
economic environment (Lin er al. 2004). There have been remarkable changes in anthropometric dimensions
due to geographical, cultural, genetic and environmental factors (Hamill es al. 1979, Jahanshahi er al. 2008,
Tunay and Melemez 2008). Anthropometric dimensions in a population may change continuously (Bolstad
et al. 2001). For example, body sizes of the UK child population have been changed over the past three decades
(Smith and Norris 2004). Sirajuddin et al. (1994) found strong effects of geography on both anthropometry and
genetics.

There are six ethnicities in different parts of Iran (i.e. Fars, Baluch, Kurd, Lor, Arab and Turk) each owning
different cultural, economic and nutritional characteristics. They live in different parts of Iran. For example,
Baluches live in a deprived area in southeast of Iran with a dry and hot climate, but Turks and Kurds live in a
naturally rich area in west and northwest of Iran with cold and damp climate. It is said that Kurds and Turks have
larger anthropometric dimensions than other ethnicities. So it is possible that there is a real difference in
anthropometric dimensions among these ethnicities.

There is only one study in Iran about anthropometric data in one ethnicity with a limited sample size (Mououdi
and Choobineh 1997).

1.1. Purpose

In countries lacking national anthropometric data, equipment, clothing, shoes and furniture design are based on
anthropometric data from other countries which do not inevitably represent the body measurements of the real
population. Therefore, this study was designed to measure some important anthropometric dimensions in Iranian
population considering ethnic differences.

2. Material and methods

In a cross-sectional study to measure main anthropometric dimensions, we studied 7-11-year-old children in
different ethnicities in Iran. The children were assigned in each age category according to the information of their
identity card, e.g. a child was considered to be seven years old when he (she) was born in the year 1382 Anno Persico
(between 21 March 2003 and 20 March 2004 AD).

Twenty-two static anthropometric dimensions were measured. Eleven dimensions, i.e. body height, sitting
height, knee height (sitting), popliteal height (sitting), buttock-popliteal length, buttock—knee length, shoulder
height (standing), eye height (sitting and standing) and elbow height (sitting and standing) were measured by six
anthropometric boards designed by researchers. Its accuracy was + 0.5 mm. Six anthropometric boards were
manufactured and compared with a Martin’s anthropometer. For comparison, the anthropometric dimensions of 30
subjects were measured by the manufactured boards and the Martin’s anthropometer in the similar situations and
the difference between the two devices in all measurements were not larger than 1 mm. Ten dimensions, i.e. arm
length, forearm length, buttock width, shoulder width, elbow—elbow distance, forearm—forearm distance, chest
depth, abdominal depth, one-thigh thickness and two-thigh thickness were measured by a digital 75 cm caliper (LG,
China, accuracy: + 0.01 mm); which was calibrated each week. Weight was measured by a digital weight scale
(Laica, Italy, accuracy: + 100 g).

The subject posture and the definitions of each anthropometric parameter (standing and sitting) were based on
standard guidelines (Hertzberg 1968, Rempel and Janowitz 2007). Table 1 shows the definitions of anthropometric
data which were measured in this survey. Figure 1 is a schematic illustration of the dimensions.

All measurements were conducted by trained, experienced technicians using similar techniques. All technicians
were trained for measurement before the study. In order to ensure quality control, two recorders and an observer
participated in all measurements in each centre, and dimensions were measured again for 7% of subjects in each
centre by two other observers blinded to the previous measurements.

All subjects wore light clothing without shoes. For standing dimensions, subjects were asked to stand
upright on the base of the anthropometric board, facing forward, and arms hanging beside the body. For sitting
dimensions, subjects were asked to sit on a chair without armrests and rollers, with adjustable height, knees
bent 90°, feet flat on the surface, facing forward, and arms hanging beside the body (Hertzberg 1968, Van’t Loo
1975).
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Table 1. Definition of anthropometric data.

Anthropometric dimensions Definition
1. Weight Body weight
2. Body height Vertical distance from the floor to the vertex (i.e. the crown of the head)
3. Eye height (standing) Vertical distance from the standing surface to the inner canthus of the eye
4. Shoulder height (standing)  Vertical distance from the standing surface to the shoulder
5. Elbow height (standing) Vertical distance from the standing surface to the underside of the elbow
6. Arm length Difference between shoulder height and elbow height
7. Forearm length Distance between acromion and tip of the middle finger
8. Forearm—forearm distance = Maximum distance between two forearms
9. Elbow—elbow distance Distance between two acromions in standard sitting position

10. Shoulder width Maximum shoulder width in standing position

11. Buttock width Maximum buttock width in sitting position

12. One-thigh thickness Maximum thickness of the thigh

13. Two-thigh thickness Maximum two thigh thickness when right thigh rests over left thigh

14. Popliteal height (sitting) Vertical distance from the floor to the popliteal angle at the underside of the knee where
the tendon of the biceps femoris muscle is inserted into the lower leg

15. Knee height (sitting) Vertical distance from the floor to the upper surface of the knee in sitting position
16. Sitting height Vertical distance from the sitting surface to the vertex
17. Eye height (sitting) Vertical distance from the sitting surface to the inner canthus of the eye
18. Elbow height (sitting) Vertical distance from the seat surface to the underside of the elbow
19. Abdominal depth Maximum horizontal distance from the vertical reference surface to abdominal front
in sitting position
20. Chest depth Maximum horizontal distance from the vertical reference plane to the front of the chest
in men or breast in women
21. Buttock—knee length Horizontal distance from the back of the uncompressed buttocks to the front of the kneecap

22. Buttock-popliteal length Horizontal distance from the back uncompressed buttocks to the popliteal angle, at the
back of the knee, where the back of the lower legs meet the underside of the thigh

T
1

< ¥

p————————————
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Figure 1. Schematic illustration of the anthropometric dimensions.

2.1. Subjects

The study sample included 12,731 subjects (6342 boys and 6389 girls) from six ethnicities (2101 Fars, 1998 Kurd,
2012 Lor, 2390 Baluch, 2211 Turk and 2019 Arab). Table 2 shows detailed information of the subjects.
Measurements were made from 20 April 2009 to 12 February 2010.
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Table 2. Detailed information of the subjects.

Age
7 8 9 10 11

Ethnicity Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Total

Fars 214 206 211 210 210 200 218 206 216 210 2101
Kurd 202 200 204 198 202 191 205 203 198 195 1998
Lor 206 198 200 198 202 200 205 200 205 198 2012
Baluch 228 229 244 240 251 235 243 236 245 239 2390
Turk 217 223 227 219 221 217 224 217 224 222 2211
Arab 205 200 200 202 206 199 204 199 207 197 2019
Total 1272 1256 1286 1267 1292 1242 1299 1261 1295 1261 12731

Subjects were selected by multistage random cluster sampling from different parts of Iran. We selected a
province as the representative of each ethnicity: Yazd (Fars), Sistan (Baluch), Kurdestan (kurd), Lorestan (Lor),
Zanjan (Turk) and Khoozestan (Arab). In each province, persons who were native (those whose grandparents were
from that ethnicity according to their parents’ testimony) were selected; non-native children and those with doubtful
ethnicity were excluded from the study.

We obtained an informed written consent from parents and oral consent from children after explanation of the
procedure.

2.2.  Analysis

Descriptive statistics and key percentiles (5, 50 and 95) were measured for each dimension with regard to gender, age
and ethnicity. The measurements were compared between two genders in each age group. A comparison regarding
ethnicity was also performed. Independent samples T-test was used for comparison of means between two genders
and one-way ANOVA was used for the comparison of means among different ethnicities.

3. Results

In this study, 12,731 subjects (6342 boys and 6389 girls) aged 7-11 years in six ethnicities were assessed. Table 3
shows the means of 22 anthropometric dimensions in six different Iranian ethnicities.

Table 4 shows the key percentiles (i.e. 5, 50 and 95) for six most important anthropometric dimensions (i.c.
weight, body height, standing eye height, standing shoulder height, standing elbow height and buttock-popliteal
length) in different ethnicities.

The anthropometric dimensions were compared between males and females. Most dimensions were significantly
different with regard to gender. Table 5 shows the comparison of dimensions regarding gender.

The dimensions of boys and girls in each age group were compared separately as well. There was a significant
difference between ethnicities in all anthropometric dimensions regarding gender and age. P values for difference
among ethnicities were less than 0.001 for all dimensions except for body height in 7-year-old girls (P =0.001), body
height in 11-year-old girls (P =0.001), and sitting eye height in 11-year-old girls (P =0.004).

4. Discussion

Today, measurement of anthropometric dimensions is one of the key steps for product design. Since age, gender and
ethnicity are major contributors to these dimensions, for the preparation of anthropometric databases, it is
important to consider these variables.

In this study, we gathered the anthropometric dimensions of children aged 7-11 years from different ethnicities
in Iran. We found a significant difference between two genders in all age groups and all ethnicities.

This was the first large-scale study on anthropometric dimensions of different ethnicities in Iran. In this study,
Turk boys had the highest weight and height in all age groups except for 7-year-old boys; in this age group Arab
boys showed the highest weight. Among girls, weight was highest in Arabs in all ages, but Baluch girls and boys
showed the lowest weight in all age groups.
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Seven-, 10 - and 11-year-old Arab girls and 8- and 9-year-old Baluch girls were the tallest ones. Most sitting
heights were higher among Baluch girls, although the difference with Arab girls was negligible. In most standing
dimensions, Turk and Arab boys showed the highest measures in all age groups. In standing eye and shoulder
height, Arab girls had the highest measures but in standing elbow height, Baluch girls showed the highest measure.
Turk boys and Arab girls had the highest chest depth among all age groups.

Most anthropometric dimensions of the upper and lower extremities were highest among Turk boys and Arab
girls. Generally, Turk boys and Arab girls were larger than their contemporaries, and Baluch boys and girls were
thinner than their contemporaries in other ethnicities.

Most north-western and western provinces in Iran in which mostly Turk and Kurd ethnicities live, are rich areas
with regard to climate and economy, but Sistan and Baluchistan in which Baluches live is a naturally deprived
region. Therefore, in addition to ethnicity, these differences are probably due to geographic, climatic and economic
differences in different parts of Iran.

In most age groups, boys had a higher weight than girls except for Arab ethnicity in which girls had a higher
weight in all age groups. It is probably due to this factor that Arab girls who live in tropical regions reach their
puberty sooner. In some ethnicities, weight of 11-year-old girls was higher than boys which may be due to earlier
pubertal development in girls.

There are some studies in different populations for measurement of anthropometric dimensions. Rosnah et al.
(2009) compared the anthropometric dimensions of adult Malaysians with regard to ethnicity. They evaluated 39
anthropometric dimensions and found a significant difference between Malays and non-Malays and between males
and females as well which is in agreement with the results of the current study. Jahanshahi ef a/. (2008) found the
effect of ethnicity on facial anthropometric dimensions in an Iranian population.

Diep (2003) measured eight anthropometric dimensions among Vietnamese children. All anthropometric
dimensions were lower than the dimensions of the children in the current study.

Prado-Leon et al. (2001) measured 50 anthropometric dimensions among 4758 Mexican children and compared
their results with other studies in other populations and found a significant difference among different populations. The
anthropometric dimensions of Mexican children were significantly higher than Iranian children in the current study.

Lin et al. (2004) studied 33 anthropometric dimensions among four east-Asian adult populations and found a
significant difference between the dimensions among four populations which was in agreement with the current
study in finding difference between populations.

Anthropometric dimensions of the study children were different from other populations. Anthropometric
dimensions of Greek, American and Mexican children were higher than Iranian children (Snyder et al. 1977, Prado-
Leon et al. 2001, Panagiotopoulou et al. 2004) and these dimensions in Vietnamese children were less than Iranian
children (Diep 2003).

One of the most important factors contributing to this difference is race or ethnicity, although we know that the
climatic, nutritional and economic factors in Iran are different from other countries which can certainly affect the
anthropometric dimensions.

The set of anthropometric dimensions we measured in this study are mostly used for school furniture design, so
increasing the number of anthropometric dimensions produces databases which can be used to design clothing, shoes,
etc. It is recommended to repeat these kinds of studies to understand the secular trends among Iranian children.

This study had some limitations. We tried to select native children in each ethnicity, but there may be some
hybrid children which their parents did not inform us.

5. Conclusions

Children in different ethnicities had significantly different anthropometric dimensions; hence, considering these
differences is important for designing such products as school furniture. According to the results of this study,
school furniture should be designed and manufactured for each ethnicity, gender and age, separately.
Manufacturing adjustable school furniture can be a practical method for solving the problem of various furniture
designs and mismatch between furniture and anthropometric dimensions. We recommend furniture designers and
manufacturers to use the data obtained in this study for making adjustable school furniture according to the
anthropometric dimensions of Iranian children.
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