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Abstract: The aim of this research was to investigate the musculoskeletal disorders of upper limbs in primary
students as well as the proportionality of anthropometric features to school furniture dimensions. For this
purpose, 500 (250 boys and 250 girls) out of 120,393 primary school students were studied by stratified random
sampling. Also, the school furniture dimensions of students were measured. The spread of skeletal disorders
of upper limbs of these students was surveyed. In this research, we used descriptive statistics and collected
data were analyzed by dependent and independent sample t test and chi square test. The results of the research
showed that among primary school girls, uneven shoulder had the most spread; these disorders were observed
mostly in the third and fourth grades. However, among primary school boys, forward head had the most spread;
these disorders were observed mostly in the third and fourth grades. The results of a comparison among three
anthropometric features showed the following points: stature, popliteal height and the elbow height (the elbow
of 90°) to the earth in the sitting position) showed that elbow height in all grades and popliteal height in the
third, fourth and fifth grades were not similar (P<0.05). The study of proportionality between bench height and
popliteal height, also between desk height and elbow height in all grades showed significant differences
between these two parameters (P=0.01). The survey of school furniture dimensions showed that school
furniture heights from the first to the fifth grade were equal. The results of this research showed a disproportion
between school furniture height and the dimension of students' bodies. With regard to the information
obtained, sexual differences should be taken into consideration in the process of the production of educational
equipment.
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INTRODUCTION students   and  22.8% of students aged between 6 and 12

Although sitting is useful, it may have undesirable either in resting or working is more than that of the
effects on muscular-skeletal system. During sitting on standing position and this can influence body shaping
usual chairs, lordosis is often obliterated and this applies particularly at the age of growth. It is estimated that about
more pressure to disc, ligaments and muscles. It is 84% to 88% of the time of primary students is spent in the
necessary to remember that discs particularly the fourth sitting position.
and the fifth lumbar vertebrae bear more pressure in the Only 32% of their time is spent moving on the chair
sitting position than the standing position [1]. This is due and doing class work (active sitting) and in their
to the center of gravity which is located exactly in the remaining time, students are in a sedentary position
center of body in the standing position which creates a (sedentary sitting). As a result, the sitting position of the
balance for the body. However, the center of gravity students is very important and risky; therefore the sitting
changes from central part of the body to the upper part in position  should  be educated to the students at schools
the sitting position so more muscular strength is used. For [4, 5]. On the other hand, ergonomics (human engineering)
example, if an individual bends forward about 10 degrees, deals with the proportionality of the instruments and
the pressure on his/her back muscles is twofold and this working and living environments to human needs and
leads to some spinal disorders. There are some reports on abilities. Designing tables and chairs as well as meeting
the spread of the back pain in 33.3% of high school the standards for their heights and forms have been

[2, 3]. The time an individual spends in the sitting position
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always considered in this field. The main objective in The Means and Methods of Data Collecting: Students'
designing ergonomic chairs is to preserve the suitable
curvature of the spine with the minimum muscular tension
and contraction. Therefore, the chairs should be able to
minimize the risk of injury and discomfort while the
students sit on them.

Neglecting the ergonomic standards of school
furniture as well as a lack of their proportionality to
anthropometric features of the students can lead to
physiological and musculoskeletal disorders and have
awful outcomes. Undoubtedly, considering spinal
disorders and recognizing those factors which cause
these disorders and providing movement-improving
strategies not only secure the health and reduce probable
injuries but also lead to proper physical position.

Farjad (1993) reported the condition of tables and
chairs  as   one   of   the   factors   for   scoliosis   type   II.
He believed that improving the condition of school
furniture is a great measure in this regard. A suitable
cushion and a good writing pad can prevent students
from sitting inappropriately [7]. Zareie (1998) stated that
using tables with a 0°-slope can lead to pain in arms, neck
and shoulders [8]. In this regard one can refer to the
surveys conducted by Issanezhad and Daneshmandi [2]
Yousefi [10], Esmaili [8], Dhara, Sau and Khaspuri [11].
These surveys showed the important degree of
disproportion between students' anthropometry and
school furniture dimensions.

As   a    result,    this    study    deduces    that   the
desk  and  bench  standards  used   in   primary  schools
are not standard according to students' anthropometric
characteristics   and    body    dimensions.    Therefore,
they   may    create    some   disorders   in   their  body.
This  study  also surveyed the spread of musculoskeletal
disorders, recognized the anthropometric features of the
primary students as well as the proportionality of their
chairs and benches. Another aim of this study was to
provide some suggestions on optimized and standard
desks and benches which are suitable for boys'
characteristics.

MATERIALS AND METHODS

Population  and  Sample:  In  this  study  500  students
(250 boys and 250 girls) were selected. Population of this
research included 120,393 boys and girls at primary
schools who studied in fourteen educational regions of
Karaj city. The subjects were selected from 20 classes
(each contained 25 students) by stratified random
sampling.

individual features and anthropometric data, their skeletal
disorders of upper limbs and the standards of their school
furniture were measured by home scale, height meter,
band meter, caliper, goniometry and checkered board.
Individual features and anthropometric data consisted of
age, weight, height in the standing position, height in the
sitting position, shoulders height, 90° elbow height,
popliteal height, a distance between back of knee and
buttocks, shoulders width, buttocks width, a distance
between two elbows, back height in the sitting position,
thickness of thigh, angle of elbow joint and angle of knee
joint.

Ergonomic factors included the height of bench or
chair, height of table, slope of table and seat, width of seat
and the upright distance between back edge of the seat
and front edge of the table. Forward head, uneven
shoulder, kyphosis, scoliosis and lordosis were the
students' skeletal disorders of upper limbs which were
studied by New York test.

Subjects undressed (they only wore shorts) in
checkup room behind the checkered board to evaluate
their bodies and to measure their height and weight. Then,
they returned to their classrooms to determine the length
of their forelegs and the height of their elbows as well as
the heights of their tables and benches.

Statistical   Methods:   Descriptive   statistics  were used
to  report  and  analyze   the   data.  Furthermore,
dependent and independent t test and chi square test
were applied. Data were analyzed by SPSS software
version 15.

RESULTS

Frequency  distribution  of  skeletal  disorders  of
upper limbs in primary school girls and boys is shown in
Tables 1 and 2.

The findings showed that scoliosis and forward head
had the least and uneven shoulder had the most spread in
the boys (Table 2).

The findings showed that uneven shoulder had the
most spread amongst the girls in the third grade (Table 1).

The comparison of three anthropometric features of
stature,  popliteal  height  and  elbow  height from the
earth among the first to the fifth grade boys and girls
(Tables 3-7) showed that elbow height in all of the grades
and popliteal height in the third, fourth and fifth grade
were not similar ("#0.05).
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Table 1: Frequency distribution of girls' disorders

Grade Number Forward head Uneven shoulder Lordosis Kyphosis Scoliosis

First 50 0 18 7 5 0

Second 50 0 13 5 3 0

Third 50 5 28 15 10 2

Fourth 50 7 32 25 8 2

Fifth 50 17 10 7 13 0

Total 250 29 101 59 39 4

Table 2: Frequency distribution of boys' disorders

Grade Number Forward head Uneven shoulder Lordosis Kyphosis Scoliosis

First 50 0 14 4 2 0

Second 50 0 16 4 3 0

Third 50 4 31 16 11 6

Fourth 50 4 23 30 16 6

Fifth 50 7 34 15 10 0

Total 250 15 118 69 42 12

Table 3: Anthropometric features in first-grade girls and boys

Anthropometric Features Gender Mean SD df t Significant Level

Height girl 128.89 0.6 98 2.093 0.039

boy 122.00 4.4

Popliteal height girl 30.67 1.6 98 4.31 0.001

boy 31.76 1.7

Elbow height from earth girl 57.63 1.7 98 4.31 0.001

boy 58.95 1.37

Table 4: Anthropometric features in second-grade girls and boys

Anthropometric Features Gender Mean SD df t Significant Level

Height girl 128.58 5.9 98 0.198 0.850

boy 128.00 4.01

Popliteal height girl 32.11 2.5 98 0.114 0.909

boy 32.17 2.8

Elbow height from earth girl 58.95 1.4 98 5.287 0.001

boy 61.97 1.55

Table 5: Anthropometric features in third-grade girls and boys

Anthropometric Features Gender Mean SD df t Significant Level

Height girl 132.26 5.32 98 0.563 0.575

boy 132.11 4.4

Popliteal height girl 34.51 2.44 98 1.059 0.002

boy 35.00 2.4

Elbow height from earth girl 59.22 1.35 98 6.059 0.001

boy 61.24 1.93

Table 6: Anthropometric features in fourth-grade girls and boys

Anthropometric Features Gender Mean SD df t Significant Level

Height girl 138.79 8.58 98 0.188 0.851

boy 138.58 6.1

Popliteal height girl 42.04 2.9 98 1.808 0.075

boy 41.30 2.8

Elbow height from earth girl 61.49 1.9 98 2.446 0.016

boy 60.56 1.9
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Table 7: Anthropometric features in fifth-grade girls and boys

Anthropometric Features Gender Mean SD df t Significant Level

Height girl 164.00 2.7 98 0.214 0.831

boy 143.00 4.82

Popliteal height girl 42.53 3.3 98 4.553 0.002

boy 42.83 2.52

Elbow height from the earth girl 60.89 2.1 98 1.907 0.004

boy 61.97 1.55

Table 8: The comparison between bench height and popliteal height in the first to the fifth grades

Grade Features Mean SD Average of difference df t Significant Level

First popliteal height 31.21 1.76 11.79 99 67.36 0.001

bench height 43.1 2.95

Second popliteal height 32.14 2.62 10.96 99 41.80 0.001

bench height 43.10 2.76

Third popliteal height 34.75 2.41 8.34 99 34.57 0.002

bench height 43.10 2.55

Fourth popliteal height 35.61 2.92 7.49 99 25.76 0.001

bench height 43.10 2.73

Fifth popliteal height 37.40 3.25 5.70 99 17.55 0.001

bench height 43.10 2.51

Table 9: The comparison between table height and elbow height in the first to the fifth grades

Grade Features Mean SD Average of difference df t Significant Level

First elbow height 58.29 1.66 12.98 99 78.10 0.002

front height of table 71.27 3.45

Second elbow height 59.95 2.08 11.32 99 54.44 0.001

front height of table 71.27 3.22

Third elbow height 60.23 1.94 11.04 99 56.77 0.001

front height of table 71.27 3.25

Fourth elbow height 61.04 1.94 10.23 99 52.87 0.001

front height of table 71.27 3.16

Fifth elbow height 61.43 1.92 9.84 99 51.24 0.001

front height of table 71.27  3.34

Fig. 1: Comparison between popliteal height and elbow Fig. 2: Comparison between bench and table heights in
height in the first and the fifth grade girls the first and fifth grades
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Fig. 1 shows that the difference between the two Yet, there is a little difference in the average of
features was significant at ("# 0.05). anthropometric  dimensions  among  the  age  groups of

Fig. 2 showed that bench and table heights in the (7-8), (8-9), (9-10) and (10-11). However, when the children
first and fifth grades were similar. One of the features of a at the age of 7-10 are compared, the mentioned differences
suitable bench is its proportionality to popliteal heights. increase.
Table 8 shows the difference between these two variables. These findings are in accordance with the results of
As it is shown, there was a significant difference between the studies conducted by Issanezhad [4], Esmaili [8],
these two variables in all of the grades. Joanne Chung [6] and Dhara et al. [11]; all of these

One of the features of a suitable table is its studies reported differences in anthropometric dimensions
proportionality to elbow heights from earth. Table 9 of their subjects.
shows the difference between these two parameters. Thus, it can be said that due to the differences in
According to the findings, there was a significant students' anthropometric dimensions, the school furniture
difference in these two variables among all of the grades. used  by  7-year-old students will not be suitable for the

CONCLUSION One of the features of a suitable bench is its

The  findings  showed  that  uneven  shoulder was the mean difference between these two parameters was
the  most  common  musculoskeletal  disorder  among specified. As it was shown, the average in the first grade
boys and girls. was 11.79 cm and as the grade increased, the mean

The surveys demonstrated that this disorder had an difference decreased. This indicated a significant
equal spread in the first and the second grades in both difference between these two parameters in all of the
genders and this was probably due to a lack of complete grades. The obtained results demonstrated a significant
shaping of their bodies at these ages. The most spread difference and disproportion between bench height and
was found in the third and the fourth grades for the two popliteal height. This difference could be resulted in
genders. students'  lordosis  disorders.   This   study  confirmed

The study of three anthropometric features of stature, that this difference existed in all of the grades. These
popliteal height and elbow height from the earth in boys findings were consistent with the results of the surveys
and girls in all of the grades showed that elbow height in conducted by Zarei [1], Issanezhad and Daneshmandi  [4],
all of the grades and popliteal height in the third, fourth Yousefi [10], Esmaili [8], Panagiotopoulou et al. [7],
and fifth grade were not significant (P#0.05). Gouvali and Boudalosa, [3], Joanne Chung et al. [6],

Since there was a different in body height and Dhara, Sau and Khaspuri [11].
dimension between the first and fifth grade students, Tables   and    chairs    with    different   heights
there should be a difference in their tables and benches. should  be  p laced  in  a  class  according  to  PREN
However, in this study we found no difference in these standard (2004). The heights of the benches can be
two tools. selected in relation to the popliteal heights. This will

The proportionality between bench height and secure a better proportionality.
popliteal height in all of the grades indicated a significant Moreover,    one    of   the   features   of   a  suitable
difference between these two variables (P=0.001). Also, table is its  proportionality  to  elbow  height  from  the
the result of the proportionality between table front height earth.  Based  on  the  obtained  results, there was  a
and elbow height in all of the grades showed a significant significant  difference  between  these  two  parameters in
difference between these two variables (p=0.001). all of the grades (12.98 in the first grade to 9.84 in the fifth

Generally, as students age, their anthropometric grade).
dimensions increase. This study indicated that the The findings indicated a significant difference
anthropometric features of the students in both sexes between 90° elbow height from the earth and table height
were enhanced. in all of the grades. Therefore, it can be concluded that

It is noteworthy that girls and boys have equal this lack of proportionality may be one of the reasons for
growing patterns up to the end of their childhood; the students' disorders such as kyphosis and forward
however, since girls reach their adolescence earlier than head. The amount of their spread among students
boys, this difference is also observed in girls. confirmed this point.

11-year-old students.

proportionality to the user's popliteal height. In Table 8,
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These results were in accordance with the findings of 4. Issanezhad, A. and H. Daneshmandi, 2005.
the surveys conducted by Farjad [9], Zarei [1], Issanezhad Proportionality  between  Furniture  Used  by
and Daneshmandi [4], Yousefi [10], Esmaili [8], Students with Ergonomic Criteria and Students'
Panagiotopoulou et al. [7], Gouvali and Boudalosa [3], Anthropometric Dimensions Research in Sport Sci.,
Joanne Chung et al. [6], Dhara, Sau and Khaspuri [11]. 7: 37-98.
Furthermore, the suitable slope of 10°-15° for tables and 5. Barli Onder, Elmali  Derya, Midilli Reyhan, Aydintan
also the suitable slope of 5°-10° for chairs are necessary. Erkan, Serpil ustun, Ozgen Suleyman and Gedik.

An important point is that the same furniture is used Tarik, 2005. Anthropometry of male and female
for the students in the first and the fifth grades in spite of children in Crèches in Turkey, Collegium's
the  differences  in  students'  anthropometric features. Anthropologic, 29(1): 45-51.
This demonstrates a disproportion between tables and 6. Panagiotopoulou   Georgia,   Papanckolaou
benches and primary students' physical features; Anthoula, Christoulas Kosmas and Mandroukas
according to the conducted studies it can be a reason for Konstantinos, 2004. Classroom furniture dimensions
creating fatigue for students and also for a lack of their and anthropometric measures in primary school,
concentration on learning materials. This will ultimately Applied Ergonomics, 35: 121-128.
lead to some serious physical injuries and their treatment 7. Esmaili, A., A. Ebrahimi Atri and S.A.A. Hashemi
will be more difficult. The findings of the studies Javaheri, 2007. Studying the Proportionality between
confirmed the necessity to produce school furniture with Ergonomic Tables and Chairs of the Schools with
different dimensions and appropriate to the students' Some of Anthropometric Dimensions of the Students
anthropometric features in each grade. A paper presented in the 6  International Conference
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