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ABSTRACT

Anthropometric data are used for proper design of workstation, equipment, furniture and many more in
order to decrease awkward postures and stresses on human body due to improper design. Mismatch
between anthropometric dimensions and consumer products may cause health problems such as
musculoskeletal disorders, concentration deficit, and similar problems. Anthropometric data were collected
fi-om 50 male and 50 female stitching machine operators aged 18-50 years enployed in garment manufacturing
units. Mean and standard deviation age ofthe male workers were 29.8+7.9 years and female 29+8.1 years.
Twelve anthropometric measurements for sitting posture were recorded. Body dimensions such as sitting
height, eye height, mid-shoulder height, elbow rest height, upper lumbar, lower lumbar and popliteal
height between both genders were found to be highly significant. All the body dimensions were found to
be highly correlated with age of the workers except for lower lumbar and hip breadth as non significant.
The anthropometry data of the present study was compared with studies carried out by Gite et al. (2009),
Parimalam et al. (2007) and Kabir and Ahmed (2003). It was found to be significant for majority of the
parameters.
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INTRODUCTION

Nowadays itis generally known that awkward and constrained postures result in musculoskeletal
stress on the head/neck and trunk ofseated operators. Ariens et al. (2000) [1] ascertained
that a positive relationship between neck pain and the following work-related risk factors
exists: neck flexion, arm force, arm posture, duration ofsitting, twisting orbending ofthe
trunk, hahd-arm vibration, and workstation design. Moreover, numerous previous studies
report about consideration musculoskeletal problems due to the static postures of sewing
machine operators, which have to be maintained during the whole working period, as well as
those due to the highly repetitive manual tasks performed [2], [3], [4].

The sewing operation is characterized by a static sitting posture, a forward inclined posture of
the head and trunk and relatively uncomfortable ankle and knee angles. The sewing table
includes simultaneous hand and arm movements, and the continuous operation offoot pedals.
Therefore, the working posture is constrained by the eyes for visual control ofthe work, the
hands for directing the sewing material, and the feet for speedy control o fthe work.

Poor posture of the trunk, neck and upper extremities, and the monotonous repetitive
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movements result in ahigh prevalence ofmusculoskeletal complaints affecting the backs,
necks and upper extremities among sewing machine operators [5]. According to [6], workers
in the garment industry have higher rates ofupper extremity work-related musculoskeletal
disorders than those in many other industries. Similar findings, indicatingthatwoikers in niachine
sewing tasks have amuch higher prevalence ofpersistent pain than hospital employees [3]
and office workers [4] have been reported previously.

The solution for the above mentioned health problems would be ergonomically designed sewing
workstation by taking anthropometric measurements ofthe workers. Three major factors
must be then considered in specifying the dimensions o faworkstation or design which causes
variability in body size i.e., sex, age and race or ethnicity. The present study thus focuses
anthropometric measurements ofgarment manufecturing workers.

OBJECTIVES
The main objectives ofthe study were to:
» determine anthropometric dimensions ofmale and female stitching workers for proper

workstation design
e compare with other pubhshed data for other population

MATERIALS AND METHODS

The present study was taken up in Tirupur which is the seventh largest city in Tamil Nadu,
Indiaand is one ofthe fastestdeveloping city in the State. Popularly referred as Dollar city or
small Japan or T-Shirt city or Banian city, it excels in knitted ready-made garments [7]. The
survey ofworkers in 13 garmentindustries oflarge, medium and small scale located in and
around Timpurwere already completed. Anthropometric datawere collected from surveyed
workers (only workers fiom stitching section) who were willing to participate. Hence 50 male
and 50 female stitching machine operators were considered forthe study (Fig 1). All subjects
were requested to wear light clothing without foot wears. For sitting dimensions, subjects

Fig 1 (a-d): Stitching machine
operators using conventional
Fig la Fig Ib. chair

Fig ic Fig Id



were requested to siterect on a chair without armrests, with knees bent 90°, and feet flat on

the surface, facing forward, and arms hanging beside the body [8]. All the measurements of
each subject were taken thrice. The data was analyzed statistically using Statistical Package
for the Social Sciences (SPSS) for Windows version 16.0. All the data were processed
separately male and female garment workers, and descriptive values, 5"\ 50™ and 95"
percentile values, mean, median, mode, standard deviation and range were calculated.

RESULTS AND DISCUSSION

Inthe present study, 12 anthropometric dimensions ofhuman body in the sitting posture were
identified, and hence become the target anthropometric dimensions that would be measured
forthe ergonomic chair for stitching machine operators. The definition ofanthropometric
dimensions required forthe present study is shown in Table 1.

Table 1: Definition ofanthropometric data

SI.No.

10

11

12

Anthropometric

dimensions
Sitting height

Sitting eye height

Sitting shoulder
height

Elbow rest height

Upper lumbar

Lower lumbar

Thigh clearance

Sitting popliteal

height

Sitting buttock
popliteal height

Buttock knee
length
Thigh to thigh
length

Hip breadth

Definition

This is the vertical distance between the seat surface and
the top of the head with subject sitting erect, looking
straight ahead, and knee at the right angles.

The vertical distance from the seat surface to the outer
corner of the right eye.

The vertical distance from the seat surface to the tip
(acromion) of the shoulder.

The vertical distance from the sitting surface to the
lowest point of the right elbow, with the elbow flexed at
90 degrees.

The vertical distance between the first lumbar region to
sitting surface with subject sitting erect.

The vertical distance between the sitting surface and the
57 lumbar landmark with subject sitting erect.

The vertical distance from the sitting surface to the
highest point on the top of the right thigh, with the knee
flexed at 90 degrees.

The vertical distance from the floor to the underside of
the thigh directly behind the right knee with the knees
flexed at 90 degrees.

The horizontal distance from the back of the buttocks to
back of the right knee just below the thigh, when sitting »
with the knee flexed at 90 degrees.

The horizontal distance from the most posterior aspect of
the right buttock to the most anterior aspect of right knee.
The maximum horizontal distance across the thighs,
knees touching lightly to each other with subject sitting
erect, thighs parallel and completely supported by the
sitting surface.

The maximal horizontal breadth across the hips or thighs,
whatever is greater.
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849.64
1A
562.48
2509
336.94
23154
1695
436.44
418
530.16
42358
455
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Median Mok

852
754
566.5
28
33
2355
169
4325
435
53
4085
443

Dimension (mm):
1: Sitting height, 2: Sitting eye height, 3: Sitting shoulder height, 4; Elbow rest height, 5: Upper lumbar, 6: Lower lumbar,
7: Thigh clearance, 8: Sitting popliteal height, 9: Sitting buttock popliteal height, 10: Buttock knee length, 11: Thigh to
thigh length, 12: Hip breadth
If A =0.05, significant at 5%
If P =0.01, significantat 1%
IfA >0.05, Non significant

Table2 : Anthropometric measurements for sitting male and female gannentworkers

815
83
564
244
383
164
174
o
44
546
494
ol

Male(N=50

D
48.68
5351
41i6
2916
233
47.05
3520
3202
30.86
2830
5059
51.35

Min
149
662
454
Al
21
143
119
34
369
465
32
319

Max
93
884
656
318
453
338
249
528
514
606
528
559

5'/\
7615
686.4
5019
2040
216.0
1624
1269
3915
3975
5049
360.8
389.5

5
8520
7540
566.5
2480
3330
2355
1690
4325
4435
535.0
4085
430

9"

9268
8591
628.0
2919
4045
3027
213
4821
4893
581.5
509.5
5410

Mean  Median Mode

19
683.76
523,94
2182
305.26
20456
17106
41328
48
536.98
4269
459.28

80
676.5
521
JA)|
38
215
173
409
435
52
4
47

764
684
b4
214
204
24
174
404
449
552
434
469

D
42.06
B2
3451
2531
31.08
36.90
2488
2448
032
3207
6021
60.62

Female (N=50

Min
T34
604
41
181
22
114
116
36
3
am
316

Max
il
83
5%
8
383
258
234
463
533
606
524
556

5th
14545
642.9
4525
19245
244
1307
1299
38345
3%
41915
BLY
362.9

sr
780
6765
521
30
303
215
173
409
435
52
444
47

%‘/\
8713
1542
586.2
2651
31135
2513
206,%
452
487.9
584.1
506.2
5435

p value
<001
<001
<001
<001
<001
<0.01
NS
<0.01
NS
NS
NS
NS
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Itwas found that for sitting height, sitting eye height, sitting shoulder height, elbow rest height,
upper lumbar, lower lumbar, and sitting popliteal height were highly significantat one percent
level ofsignificance.The present mean values ofanthropometric data w'ere compared with
[9]. [10], [11]. Table 3 and 4 present the comparison of present study male worker’s and
female worker’s anthro pometric data with eaiiier research studies.

Table 3 : Comparison of present study male worker’s anthropometric data with earlier
research studies

Anthropom etric Present study Giteetal. (2009) Present study Kabir and Ahmed (2003) :
measurements Male (N=50) Male(N=1000) ‘f value M ale (N=50) Male (N =11) !
M ean SD M ean SD M ean SD Mean SD ‘t” value
Sitting height 849.64 48.68 781 83 9.66" 849.64 48.68 834.8 98,72
Sitting eye height 757.1 53.51 670 79 10.93" 757.1 53.51 - - 1
Sitting shoulder height 562.48 41.56 561 79 0.23"™*n~ 562.48 41.56
Elbow rest height 250.9 29.16 201 25 11.88* 250.9 29.16 247.1 27.89 0.4p5 i
Upper lumbar 336.94 42.33 - - - 336.94 42.33
Lower lumbar 231.54 47.05 - - 231.54 47.05
Thigh clearance 169.5 35.20 117 17 10.48" 169.5 35.20 115.5 12.60 8.62**
Sitting popliteal height 436.44 32.02 422 24 3.14* 436.44 32.02 438.8 51.44 0.1s"*
Sitting buttock 441.82 30.86 441.82 30.86 419.1 48.42 1.49™
popliteal
length
Buttock knee length 539.16 28.30 540 26 0.2r'* 539.16 28.30 517.3 60,29 1.17"*
Thigh to thigh length 423.58 50.59 - - 423.58 50.59
Hip breadth 455.88 51.35 300 31 21.27" 455.88 51.35

*(5%) = Significant
**(19%)= High significant
NS = Non-Significant

Table 4: Comparison of present study female worker’s anthropometric data with earlier
research studies

_ Present study Cite et al. Present study Parimalam Present study Kabir and

Anthropometric e (N=50) (2009) etal. (2007)  r Ahmed (2003)  *f
measurements . <D Female value  Female (N*50) Female value  Female (N=50) Female value
Sitting height 793 a206  (N=58D) (N=216) —(N=1)
i 68376 Mean SD Mean SD Mean  SD Mean SD Mean SD

ting eve : 8822 54 63 S20" 793 4206 738 30 7.66" 793 42,06 7701 90.90 081"
height 638 58 577" 68376 3822 675 30 112 68376 3822  * .
Sitting shoulder 523.54 34.51
height 520 67 039"+ 52354 3451 522 28  0.25" 52354 3451
Elbow rest 227.82 25.37
height 187 21 .9.69" 227,82 25.37 172 23 12.66" 22782 2537 2229 2454 o.ss"*
Upper lumbar 305.26 37.08
Lower lumbar 204.56  36.90 - . - 305.26  37.08 - - - 30526  37.08
Thigh clearance 17106  24.88 - 20456 3690 Il 13 13.94" 20456  36.90 - - .
sitting popliteal 41328 244s N0 16 1216" 17106 2488 141 23 576 171.06 2488 1340 1498 551
height 394 28 413" 41328 2448 363 21 10.59" 413.28 2448 4122 4838 0.07"*

Sitting  buttock  442.42 3082 40242 3032 441 25 030" 44242 3032 3972 4551  3.14"
popliteal length

Buttock  knee 536.98  32.07  gy5 97  pgg* 53698 3207 534 27 068" 53698 3207 4746 5502 3.66"
length

Thigh to thigh 426.9 60.21 . 4269 60,21 4269 60,21

length

Hip breadth 459.28 60.62 286 24 23.64" 459.28 60.62 230 41 29.47"  459.28  60.62 .
*(5%) = Significant

**(1%) = High significant
NS =Non-Significant



It was observed from the table- 3 that a significant difference between the mean values at one
per cent level was found in the present study and Gite et al. (2009) [9] with respect to the
cintliropometric measurements ofmale workers such as sitting height, sitting eye height, elbow
rest height, thigh clearance, sitting popliteal height and hip breadth but only thigh clearance
was found highly significant between present study and Kabir and Ahmed (2003) [11].

From the table 4, itis evident that a significantdifference between the mean values at one per
cent level was found in the present study and Gite et al, (2009) [9] with respect to the
anthropometric measurements of female workers such as sitting height, sitting eye height,
elbow rest height, thigh clearance, sitting popliteal height, buttock knee length and hip breadth.
Also observed that when present study and Parimalam etal. (2007) [10] were compared, a
significant difference between the mean values at one per cent level was found with respect to
the antliropometric measurements such as sitting height, elbow rest height, lower lumbar, thigh
clearance, sitting popliteal height and hip breadth. A significant difference between the mean
values at one per cent level was found in the presentstudy and Kabir and Adimed (2003) [11]
with respect to the anthropometric measurements namely thigh clearance, sitting buttock
popliteal length and buttock knee length respectively.

CONCLUSION

There are significant differences in the anthropometric data ofmale and female garment workers
among different studies, so itisjustified to take anthropometric dimensions for each group.
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Applicative ergonomics has its own vast area to cover
industry to agriculture and education to transport and many
basically the science and technology dealing with the man*ini

Application of ergonomics in any sector is always with a goal safety,
productivity and good match between operator and machine. So it i1ISlke human-
machine interface better, safer and more fruitful.

Under the banner of Indian Society of Ergonomics (ISE) and International
Ergonomics Association (IEA), Humanizing Work and Work Environment (HWWE), a
conference series was started in the year 2001. This book is a compilation of papers
presented in the International Ergonomics Conference, HWWE 2013 held at Department
of Human Physiology with Community Health, Vidyasagar University from 4th to 6th
Dec 2013. The main theme of this conference was “Ergonomics for rural development”.
This conference was aimed to give desired opportunity to the young generation

scientists from industries, research institutes and many more sectors to plate their ideas,
inventions and thoughts.
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