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ABSTRACT
Anthropometric data are used for proper design o f 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 o f the 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 o f the workers except for lower lumbar and hip breadth as non significant. 
The anthropometry data o f 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 o f the 
parameters.
Key words: Anthropometric measurements, ergonomic design, stitching machine operators

INTRODUCTION
Nowadays it is generally known that awkward and constrained postures result in musculoskeletal 
stress on the head/neck and trunk o f  seated 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 o f sitting, twisting orbending o f the 
trunk, hahd-arm vibration, and workstation design. Moreover, numerous previous studies 
report about consideration musculoskeletal problems due to the static postures o f 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 o f 
the head and trunk and relatively uncomfortable ankle and knee angles. The sewing table 
includes simultaneous hand and arm movements, and the continuous operation o f foot pedals. 
Therefore, the working posture is constrained by the eyes for visual control o f the work, the 
hands for directing the sewing material, and the feet for speedy control o f  the work.
Poor posture o f  the trunk, neck and upper extremities, and the monotonous repetitive
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movements result in a high prevalence o f musculoskeletal complaints affecting the backs, 
necks and upper extremities among sewing machine operators [5]. According to [6], workers 
in the garment industry have higher rates o f upper extremity work-related musculoskeletal 
disorders than those in many other industries. Similar findings, indicating thatwoikers in niachine 
sewing tasks have a much higher prevalence o f persistent 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 o f  the workers. Three m ajor factors 
must be then considered in specifying the dimensions o f  a workstation or design which causes 
variability in body size i.e., sex, age and race or ethnicity. The present study thus focuses 
anthropometric measurements o f garment manufecturing workers.

OBJECTIVES
The main obj ectives o f the study were to:
• determine anthropometric dimensions o f  male and female stitching workers for proper 

workstation design
• 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, 
India and is one o f the fastest developing 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 o f workers in 13 garment industries o f  large, medium and small scale located in and 
around Timpur were already completed. Anthropometric data were collected from surveyed 
workers (only workers fi’om 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 la Fig lb.

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

Fig ic Fig Id



were requested to sit erect on a  chair w ithout armrests, w ith 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 W indows version 16.0. A ll the data were processed 
separately m ale and fem ale garm ent w orkers, and descriptive values, 5"\ 50"' and 95"’ 
percentile values, mean, m edian, mode, standard deviation and range were calculated.

RESULTS AND DISCUSSION
In the present study, 12 anthropometric dimensions o f  human body in the sitting posture were 
identified, and hence becom e the target anthropometric dimensions that would be measured 
for the ergonom ic chair for stitching m achine operators. The definition o f  anthropometric 
dimensions required for the present study is shown in Table 1.

Table 1: Definition o f  anthropometric data

SI.N o. Anthropom etric
dimensions

Definition

I S ittin g  height T h is is the vertica l d istance b e tw een  th e sea t surface and 
th e top  o f  the head w ith  subject s ittin g  erect, look in g  
straight ahead, and knee at the right a n g les .

2 S ittin g  e y e  h e ig h t T h e vertical d istance from  the sea t surface to the outer 
corner o f  the right ey e .

3 S ittin g  sh ou ld er  
h eig h t

T h e vertica l d istance from  the sea t su rface to the tip  
(a cro m io n ) o f  the shoulder.

4 E lb o w  rest h e ig h t T h e vertica l d istance from  the sittin g  su rface to the 
lo w e st  p o in t o f  the right e lb o w , w ith  the e lb o w  flex ed  at 
9 0  d egrees.

5 U pper lum bar T h e vertical d istance b etw een  th e first lum bar region  to 
sittin g  surface w ith  subject s itt in g  erect.

6 L o w er  lum bar T h e vertica l d istance b etw een  the s ittin g  su rface  and the 
5'’’ lum bar landm ark w ith  su b ject s ittin g  erect.

7 T h igh  clearan ce T h e vertica l d istan ce from  the s ittin g  su rface  to the  
h ig h est p o in t on the top  o f  the right th igh , w ith  the knee  
f le x e d  at 9 0  d egrees.

8 S ittin g  p op litea l 
h eigh t

T h e vertical d istance from  the f lo o r  to  the u nd erside o f  
the thigh d irectly  behind the right k n ee  w ith  the k n ees  
f le x e d  at 9 0  d egrees.

9 S ittin g  buttock  
p o p litea l h e igh t

T h e horizontal d istan ce from  th e back  o f  th e buttock s to 
back  o f  the right k n ee  ju st b e lo w  the th igh , w h en  sittin g   ̂
w ith  the k n ee  fle x e d  at 9 0  d eg rees.

10 B u tto ck  knee  
length

T h e horizontal d istan ce from  the m o st  p oster ior  asp ect o f  
th e right buttock to  the m o st anterior a sp ec t o f  right knee.

11 T h igh  to  th igh  
len gth

T h e m axim u m  horizontal d ista n ce  acro ss  the th igh s, 
k n ees to u ch in g  lig h tly  to each o th er w ith  su b ject s ittin g  
erect, th igh s parallel and c o m p le te ly  supported  by the 
sittin g  surface.

12 H ip  breadth T h e m axim al horizon ta l breadth a cro ss  the h ips or th ighs, 
w h a tev er  is greater.
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T ab le  2  : A n t h r o p o m e t r i c  m e a s u r e m e n t s  f o r  s i t t i n g  m a l e  a n d  f e m a l e  g a n n e n t  w o r k e r s

mm .Male(N=50 Female (N=50
Mean Median Mode SD Min Max 5'̂ 50"' 95“ Mean Median Mode SD Min Max 5th sr 95'̂ p value

1 849.64 852 875 48.68 749 953 761.5 852.0 926.8 793 780 764 42.06 734 911 745.45 780 871.3 <0.01
1 757.1 754 853 53.51 662 884 686.4 754.0 859.1 683.76 676.5 684 38.22 604 823 642.9 676,5 754.2 <0.01
3 562.48 566.5 564 41i6 454 656 501.9 566.5 628.0 523,54 527 544 34.51 451 596 475.25 527 586.2 <0.01
4 250.9 248 244 29.16 201 318 204.0 248.0 297.9 227.82 230 214 253 7 181 283 192.45 230 265.1 <0.01
5 336.94 333 383 42.33 261 453 276.0 333.0 404.5 305.26 303 294 37.08 222 383 244 303 371.35 <0.01
6 231.54 235.5 164 47.05 143 338 162.4 235.5 302.7 204.56 215 224 36.90 114 258 130.7 215 251.3 <0.01
7 169.5 169 174 35.20 119 249 126.9 169.0 221.3 171.06 173 174 24.88 116 234 129.9 173 206,55 NS
8 436.44 432.5 421 32.02 344 528 391.5 432.5 482.7 413.28 409 404 24.48 356 463 383.45 409 452 <0.01
9 441.82 443.5 454 30.86 369 514 397,5 443.5 489.3 442.42 443.5 449 30.32 391 533 396 443,5 487.95 NS
10 539.16 535 546 28.30 465 606 504.9 535.0 587.5 536.98 542 552 32.07 471 606 479.15 542 584.1 NS
11 423.58 408.5 494 50.59 352 528 360.8 408.5 509.5 426.9 444 434 60.21 316 524 331.25 444 506.2 NS
12 455 443 541 51.35 379 559 389.5 443.0 541.0 459.28 472 469 60.62 343 555 362.95 472 543.55 NS

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, significant at 1%
If A >0.05, Non significant
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It was found that for sitting height, sitting eye height, sitting shoulder height, elbow rest height, 
upper lumbar, lower lumbar, and sitting popliteal height were highly significant at one percent 
level o f  significance.The present mean values o f  anthropom etric data w'ere com pared with 
[9], [10], [11]. Table 3 and 4 present the com parison o f present study m ale w o rk e r’s and 
female w orker’s anthro pometric data with eaiiier research studies.

Table 3 : C om parison  o f  present study m ale w orker’s anthropom etric data w ith  earlier 
research studies

A n t h r o p o m e t r i c

m e a s u r e m e n t s

P r e s e n t  s tu d y G i t e e t a l .  (2 0 0 9 ) P r e s e n t  s t u d y K a b i r  a n d  A h m e d  ( 2 0 0 3 ) i

M a le  ( N = 5 0 ) M a le ( N = 1 0 0 0 ) ‘ f  v a l u e M a le  ( N = 5 0 ) M a le  ( N = l l ) !

M e a n S D M e a n S D M e a n S D M e a n S D ‘t ’ v a lu e

S it t in g  h e ig h t 8 4 9 .6 4 4 8 .6 8 7 8 1 8 3 9 . 6 6 " 8 4 9 .6 4 4 8 .6 8 8 3 4 .8 9 8 ,7 2

S it t in g  e y e  h e ig h t 7 5 7 .1 5 3 .5 1 6 7 0 7 9 1 0 .9 3 " 7 5 7 .1 5 3 .5 1 - - 1
S it t in g  s h o u ld e r  h e ig h t 5 6 2 .4 8 4 1 .5 6 561 7 9 0.23 '*^ 5 6 2 .4 8 4 1 .5 6 - - .
E lb o w  re s t  h e ig h t 2 5 0 .9 2 9 .1 6 2 0 1 2 5 1 1 .8 8 “ 2 5 0 .9 2 9 .1 6 2 4 7 .1 2 7 .8 9 o . 4 p 5  i
U p p e r  lu m b a r 3 3 6 .9 4 4 2 .3 3 - - - 3 3 6 .9 4 4 2 .3 3 - - -
L o w e r  lu m b a r 2 3 1 .5 4 4 7 .0 5 - - 2 3 1 .5 4 4 7 .0 5 - - “

T h ig h  c l e a r a n c e 1 6 9 .5 3 5 .2 0 11 7 17 1 0 .4 8 " 1 6 9 .5 3 5 .2 0 1 1 5 .5 1 2 .6 0 8 .6 2 * *
S it t in g  p o p l i te a l  h e ig h t 4 3 6 .4 4 3 2 .0 2 4 2 2 2 4 3 .1 4 “ 4 3 6 .4 4 3 2 .0 2 4 3 8 .8 5 1 .4 4 0 .1  s ''*
S it t in g  b u tto c k

p o p li te a l

le n g th

4 4 1 .8 2 3 0 .8 6 4 4 1 .8 2 3 0 .8 6 4 1 9 .1 4 8 .4 2 1 .4 9 '" ’

B u tto c k  k n e e  le n g th 5 3 9 .1 6 2 8 .3 0 5 4 0 2 6 0 .2  r ' * 5 3 9 .1 6 2 8 .3 0 5 1 7 .3 6 0 ,2 9 1 .1 7 "*
T h ig h  to  th ig h  le n g th 4 2 3 .5 8 5 0 .5 9 - - 4 2 3 .5 8 5 0 .5 9 - -
H ip  b re a d th 4 5 5 .8 8 5 1 .3 5 3 0 0 31 2 1 . 2 7 " 4 5 5 .8 8 5 1 .3 5 - - -

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

Table 4: C om parison o f  present study fem ale w orker’s anthropom etric data w ith earlier 
research studies

A n t h r o p o m e t r i c

m e a s u r e m e n t s

P r e s e n t  s t u d y

F e m a le (N = 5 0 )

M e a n S D

S itt in g  h e ig h t 7 9 3 4 2 .0 6

S it t in g  e y e  

h e ig h t

6 8 3 .7 6 3 8 .2 2

S it t in g  s h o u ld e r  

h e ig h t

5 2 3 .5 4 3 4 .5 1

E lb o w  re s t  

h e ig h t

2 2 7 .8 2 2 5 .3 7

U p p e r  lu m b a r 3 0 5 .2 6 3 7 .0 8

L o w e r  lu m b a r 2 0 4 .5 6 3 6 .9 0

T h ig h  c le a ra n c e 1 7 1 .0 6 2 4 .8 8

S it t in g  p o p li te a l  

h e ig h t

4 1 3 .2 8 2 4 .4 8

S it t in g  b u tto c k  

p o p li te a l  le n g th

4 4 2 .4 2 3 0 .3 2

B u tto c k  k n e e  

le n g th

5 3 6 .9 8 3 2 .0 7

T h ig h  to  th ig h  

le n g th

4 2 6 .9 6 0 .2 1

H ip  b re a d th 4 5 9 .2 8 6 0 .6 2

Cite et al. 
(2009)

value

Present study Parimalam  
et al. (2007) r

value

Present study Kabir and 
Ahmed (2003) ‘ f

valueFemale
(N=587)

Female (N *50) Female
(N =2 I6 )

Female (N=50) Female 
____ (N = ll )

Mean SD Mean SD Mean SD Mean SD Mean SD
754 63 S.29" 793 42.06 738 30 7.66" 793 42,06 770.1 90.90 0,81"*
638 58 5.77" 683.76 38.22 675 30 1.12"* 683.76 38.22 * - -

521 67 039"* 523.54 34,51 522 28 0.25"* 523,54 34.51 - - -

187 21 .9.69" 227,82 25.37 172 23 12.66" 227.82 25.37 222.9 24.54 o.ss"*

- ■ - 305.26 37.08 - - - 305,26 37.08 - - .
- - - 204.56 36.90 I l l 13 13.94" 204.56 36.90 - - .

n o 16 12.16" 171.06 24.88 141 23 5.76" 171.06 24.88 134.0 14.98 5.51**
394 28 4.13" 413.28 24.48 363 21 10.59" 413.28 24.48 412.2 48 38 0.07"*

■ 442.42 30.32 441 25 0.30"* 442.42 30.32 397.2 45.51 3.14"

525 27 2.88" 536.98 32.07 534 27 0.68"* 536.98 32.07 474,6 55,02 3.66"

• 426.9 60,21 426.9 60,21

286 24 23.64" 459.28 60.62 230 41 29.47" 459.28 60.62 • -

*(5%) = Significant 
**(!% ) = 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] w ith respect to the 
cintliropometric measurements o f  male 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 Ahm ed (2003) [11].

From the table 4, it is evident 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] w ith respect to the 
anthropometric m easurem ents o f  fem ale 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 w hen present study and Parimalam et al. (2007) [10] were com pared, 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 present study and K abir and Adimed (2003) [11] 
with respect to the anthropom etric m easurem ents nam ely th igh clearance, sitting buttock 
popliteal length and buttock knee length respectively.

CONCLUSION
There are significant differences in the anthropometric data o f m ale and female garment workers 
among different studies, so it is justified to take anthropometric dim ensions 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 o f ergonomics in any sector is always with a goal safety,
productivity and good match between operator and machine. So it iSlke human- 
machine interface better, safer and more fruitful.

Under the banner of Indian Society o f 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.

About the editor

Prof. Prakash C Dhara is working as professor in the Department of Human 
Physiology with Community Health , Vidyasagar University. He is actively involved in 
extensive research activity in the field of Ergonomics, which is evident from the large 
number of publications of his work in national and international journals. He has 
attended and acted as the chairperson in different national and international conference. 
He guided many doctoral students leading to their Ph. D. degree. He has completed 
more than ten major research projects funded by different state and national funding 
agencies. He is the author one text book and one reference book at the postgraduate 
level and also contributed in many edited books published by national and International 
publishers. He is also recipient S R Maitra Oration Gold medal given by the 
Physiological Society of India on the occasion o f International conference on integrative 
physiology: modem perspective.

Price: Rs. 4000.00 
ISBN: 978-93-5174-905-9


