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ABSTRACT

These anthropometric and grip strength parameters are found to play an important role in the design and
modification of various manually operated farm tools and equipments which are found to greatly enhance
the farmers safety, health, comfort and productivity. The paper presents 64 anthropometric and grip
strength parameters including weight and age of agriculture workers for Marathwada region of
Maharashtra state (India). Statistical analysis of the collected such as minimum, maximum, mean,
standard deviation, SEM, coefficient of variation, 5th, 50™ and 95™ percentile is also presented. This data
will be helpful to the agricultural tools/equipments manufacturers to design the equipments/tools
ergonomically for the Maharashtra population.
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INTRODUCTION

Agriculture has been a backbone of Indian economy and is going to continue for a long time. Also,
manually operated equipments/tools are extensively used in agriculture for various farm operations
starting from seedbed preparation to post-harvest operation (Nag et al., 1988). Some hand tools and
machineries are developed and fabricated for some selected farm operations. As the locations of
manufacturing units being far away, which cause a communication gap between the users and designers.
This results in an inadvertent neglect of ergonomic principles in design (Dewangan et al., 2008). The
repetitive uses of improperly designed manually operated farm tools have put the workers at risk leading
to musculoskeletal disorders (MSDs), particularly of low back. Thus, the improved interaction between
man and machine can enhance workers’ productivity, comfort and safety (Hsiao et al., 2005).
Anthropometric data can have a wide range of applications in the design of physical equipments and
facilities (Cormick and Sanders, 1986). Also, as anthropometric database plays an important role in 3D
body modeling; it becomes an essential factor in designing machine tools and devices. Thus, the data can
help in proper designing of the equipments for better human comfort. Various studies stated that, the lack
of properly designed machines and equipments have led to lower work performance and higher work
related injuries.

In India in various regions surveys are carried out by various researchers to collect region specific
anthropometric and strength data of agricultural workers. Gite and Yadav (1989) undertook survey to
collect 52 body dimensions of male agricultural workers in Bhopal. Victor et al., (2002) carried out the
anthropometric survey and compared with available data of other regions. Anthropometric measurements
were carried out on 5 male from each village randomly chosen from 6 districts of Chhattisgarh region.
Gite and Majumder (2007) collected anthropometric and strength data for agricultural workers and
estimated mean stature and weight of Indian agricultural worked out to be 163.3 cm and 54.7 kg for male
workers and 151.5 cm and 46.3 kg for female workers. The mean values for strength data in pushing and
pulling by both hands in standing posture are 224 N and 218 N for male workers and 143 N and 158 N for
female workers, respectively. Anthropometric survey has also been carried out for the north eastern
region of India (Agrawal et al., 2010). Yadav et al., (2010) compiled strength parameter data of male and
female workers of Saurashtra region (India). Thus, there is a need to go for extensive surveys focusing on
both male and female farm workers in different regions of the country in order to generate region specific
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anthropometric and strength databases for safe and efficient design/modification of agricultural
equipments (Vyavahare and Kallurkar, 2012).

MATERIALS AND METHODS

Subjects: For the Marathwada region of Maharashtra state anthropometric survey was carried out. Sixty
two subjects were selected randomly from various districts viz. Aurangabad, Beed, Hingoli, Jalna, Latur,
Osmanabad and Parbhani depending on the size of population in the district. The subjects were selected
among self-farming category based on their origin. The age of subjects was varied between 19-60 years.
Subjects were selected according to their availability and willingness to participate without payment or
any other reward. Prior to data collection subjects were informed about the objectives of the study and
their role in the study.

Body Dimensions: A total 64 anthropometric parameters including age and body weight of agriculture
workers from the region were considered for this study. There are 31 measurements in standing position,
12 measurements in sitting posture and 16 measurements in sitting/standing posture. In addition the left
and right hand grip strengths were measured. The description of parameters is given in Tablel.
Equipments used: Various commercially available equipments such as portable digital weighing scale to
measure body weight, hand grip dynamometer to measure the hand grip strength, anthropometer for
stature, various vertical measurements and width/depth measurement, martin type vernier caliper and
segmometer for short length, breadth measurements, fabric non-stretchable tape for circumferential
measurement, a locally designed wooden cone to measure internal grip diameter, inner caliper for
measuring grip span are used. Sensitivity of the anthropometric instruments was within the recommended
limits.

Table 1: Description of Parameters

S.No Parameters Description

Standing Measurements

1 Stature Vertical distance from a standing surface to the top of the head.
2 Eye height Vertical distance from a standing surface to height of the inner corner of the eye.
3 Acrominal height Vertical distance between the standing surface and the acromion landmark on the

tip of the shoulder

4  Axilla height Vertical distance between the standing surface and the axillary fold at the anterior
scye landmark on torso

5 Chest height Vertical distance between the standing surface and the bust point on women and
the nipple on men

6 Tenth rib height Vertical distance between the standing surface and the tenth rib landmark at the
bottom of the ribcage

7 Iliocristale height Vertical distance between the standing surface and the illiocristale landmark on the
top of the right side of the pelvis

8  Waist height, omphalion Vertical distance between the standing surface and the center of the navel
(omphalion).

9 Olecranon height, The distance from the tip of the olecranon from the standing surface

10 Elbow height The height of the radiale from standing surface

11  Crotch height Vertical distance between the standing surface and the crotch

12 Knee height Vertical distance between the standing surface and the center of the knee at the
midpatella landmark

13 Hip breadth Lateral maximum hip or tight breadth (whichever is broader) of a standing subject

14 Waist depth, omphalion Horizontal distance between the front and back of the waist at the level of the
center of the navel (omphalion).

15  Acromion- wall length Horizontal distance between the acromion landmark on the tip of the shoulder and
the back at the same level

16  Buttock circumference Horizontal circumference of trunk at level of maximum protrusion of right buttock

17  Elbow circumference Circumference of the elbow in a plane perpendicular to the long axis of the arm at

the level of the olecranon center landmark, with the arm straight at the side
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28

29
30
31
32

33

knee circumference
Waist circumference
Wrist- wall length

Wrist- wall length, extended

Acromiom-radiale length

Radial stylion length
Shoulder-elbow length

Forearm hand length

Horizontal circumference of the knee at the level of the midpatella landmark.
Horizontal distance around the torso at level of center of the navel (omphalion).
Horizontal distance between a wall against which the posterior trunk is in contact
and the stylion landmark on the wrist when the arm is extended anteriorly and the
buttocks and shoulders are against the wall

Horizontal distance between a wall against which the posterior trunk is in contact
and the stylion landmark on the wrist when the arm is maximally extended and the
shoulder is rotated forward and the buttocks and shoulders are against the wall
Distance between the acromion landmark at the tip of the shoulder and radial
landmark on the elbow.

Distance between radiale landmark on the elbow and stylion landmark on the wrist
Distance between the acromion landmark on the tip of the shoulder and the
olecranon landmark at the bottom of the elbow flexed to 90 degrees.

Horizontal distance between the back of the tip of the elbow to the tip of the
middle finger.

Forearm centre of grip length Horizontal distance between the back of the tip of the elbow and the hole in the

center of the gripped dowel

Waist back length, omphalion Distance between the cervical and posterior waist.

Interscyle 1

Chest breadth

Waist breadth, omphalion
Bispinous breadth
Bideltoid breadth

Biacromial Breadth

Sitting measurements

34
35

36
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44

45
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48

49

Sitting height
Eye height

Acrominal height
Elbow rest height

Thigh clearance
Knee height

Elbow-elbow breadth

Hip breadth
Popliteal height

Buttock knee length

Buttock popliteal length

Distance across the back between the top of the right and left axillary fold
posterior landmarks.

Maximum horizontal breadth of chest at the level of the bust point/thelion.
Horizontal breadth of the waist at the level of the center of the navel (omphalion).
Distance between the right and left anterior superior iliac spine landmarks.
Maximum horizontal distance between the lateral margins of the upper arms on the
deltoid muscles

Posterior distance between right and left acromion landmarks on tips of shoulders

Vertical distance between the sitting surface and the top of the head.

Vertical distance between the sitting surface and the ectocanthus landmark at the
outer corner of the eye

The vertical distance between a sitting surface and the acromion landmark on the
tip of the right shoulder

The vertical distance between a sitting surface and the acromion landmark on the
tip of the right shoulder

Vertical distance between sitting surface and highest point on the top of the thigh
Vertical distance between the bottom of the planted foot and the suprapatellar
landmark (located standing).

The distance across the lateral surfaces of the elbows measured with the elbows
flexed and resting lightly against the body

Lateral maximum hip or tight breadth (whichever is broader) of a seated subject
Vertical distance between the foot surface and the bottom of the thigh just behind
the knee. The subject is seated with thighs parallel and the knees flexed 90 degrees
Horizontal distance between the most posterior point on either buttock and the
front of the knee as measured in sitting position with the knees flexed 90 degrees
Horizontal distance between the most posterior point on the buttock and the back
of the knee as measured in the sitting position with the knees flexed 90 degrees

Coronoid fossa to hand length Distance between the radiale landmark to the tip of middle finger
Standing/ Sitting measurements

Foot length

Distance between the tip of longest toe and back of the hell of the standing foot.

Ball of foot length (instepDistance between the back of the heel and the landmark at the first

length)
Foot breadth

Bimalleolar breadth

metatarsophalangeal protrusion on the ball of the foot.

Maximum breadth of the standing foot between the first and the fifth
metatarsophalangeal landmark protrusions

Horizontal distance between the maximum protrusions of the ankle bones (medial
and lateral malleoli).
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50

51
52
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54
55
56

57

58
59
60
61
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63
64

Hand length

Wrist-index finger length
Palm length

Hand breadth

Hand breadth across thumb
Wrist circumference

Grip diameter (inside)

Grip diameter (outside)

Length of the hand between the stylion landmark on the wrist and the tip of the
middle finger

Distance between the stylion on the wrist and the tip of the index finger

Distance between stylon to the base of middle finger

Maximum breadth of the hand between the metacarpal Il and the metacarpal V
Distance of hand breadth with the thumb.

Measure the circumference of wrist just above the wrist bone

Subject holds a cone around the largest circumference that can be grasped with the
thumb and middle finger just touching. Record the diameter of the cone
corresponding to this maximum

Subject holds a cone at the largest circumference that can be grasped with the
thumb and middle finger just touching. With a sliding caliper, measure from the
joint of the first and second

Middle finger palm gripMaximum diameter of a cylinder that a subject can grasp with contact between

diameter
Grip span

Sleeve length outseam

Age
Weight (kg)

palm and middle finger.

Distance from the tip of thumb to the tip of the small finger with the hand opened
as wide as possible.

Straight line distance between the acromion landmark on the tip of the shoulder
and the stylion landmark on the wrist, measured with the arm is straight at side and
the palm facing forward

Age of subject in years

Weight measured by standing on centre of weight scale platform.

Right hand grip strength (kg) Right hand grip force measured by hand grip dynamometer
Left hand grip strength (kg) Left hand grip force measured by hand grip dynamometer

RESULTS AND DISCUSSION

Statistical analysis is performed in order to evaluate the distributional characteristics of the dimensions.
The minimum, maximum, mean, standard deviation, SEM, coefficient of variance, 5th, 50th, 95th
percentile values of the distribution for each dimension are calculated for the population considered as
shown in table 2.

SEM values for age, stature, Omphalion circumference, hand grip strengths and weight are higher (above
0.75) than other body dimensions. Percentage CV for few body dimensions like waist breadth, waist
depth (omphalion), age, elbow rest height, thigh clearance, wrist and waist circumference, acromion-wall
length and hand grip strengths are high.

Table 2: Anthropometric Data of Male Agricultural Workers from Marathwada Region of
Maharashtra State

S.NoDimension Min. Max. Mean SD SEM CV(%) 5th Peg((:)%?tlle g5th
1  Stature 151.6 180.5 165.1 6.78 0.80 4.11 154.62 164.05 177.87
2 Eye Height, Standing 1415 169.9 155.3 6.31 0.74 4.06 14459 154.95 167.64
3 Acrominal Height, Standing 123.3 152.7 1379 6.11 0.72 4.43 128.74 137.50 149.00
4 Axilla Height 1115 139.5 1259 5.33 0.63 4.23 118.41 124.65 137.35
5  Chest Height 109.5 138.7 122.6 548 0.65 4.47 11543 122.25 131.49
6  Tenth Rib Height 943 122.7 106.8 598 0.70 5.60 96.53 106.80 116.99
7 lliocristale Height 83.9 1125 98.1 596 0.70 6.08 87.54 98.00 107.19
8  Waist Height, Omphalion 90.9 113.7 100.7 5.38 0.63 5.34 93.31 100.00 109.99
9  Olecranon Height, Standing 90.6 114.8 103.4 5.12 0.60 4.95 9452 103.90 112.19
10 Elbow height, Standing 96.0 116.5 104.7 4.78 056 4.57 97.30 104.35 115.47
11 Crotch Height 61.0 874 779 536 063 6.89 70.25 7755 85.99
12 Knee Height, Midpatella 425 540 488 244 029 5.00 4541 48.70 52.40
13  Sitting Height 729 918 838 3.75 044 447 77.81 84.05 90.00
14  Eye Height, Sitting 679 808 741 319 038 431 6940 7410 79.80
15 Acromial Height, Sitting 470 64.0 56.8 331 039 583 51.83 56.95 62.38
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16 Elbow Rest Height, Sitting 16.1 286 221 325 038 14.72 16.81 2190 27.88
17  Thigh Clearance (Height) 91 169 131 1.85 0.22 1411 10.31 13.10 16.10
18 Knee Height, Sitting 440 56.0 503 260 031 5.17 46.50 50.30 54.68
19 Popliteal Height, Sitting 39.3 50.0 443 233 027 5.26 40.72 43.80 47.90
20 Wrist-wall Length 56.2 718 64.4 354 042 550 5834 6480 69.97
21  Wrist-wall Length, Extended 59.0 753 67.2 353 042 526 6150 67.40 72.00
22 Acromion — Radiale Length 285 370 329 202 024 6.15 29.05 33.00 36.00
23 Radiale Stylion Length 23.0 330 280 233 027 833 2453 2775 3200
24 Shoulder-Elbow Length 33.0 440 386 243 029 6.30 34.22 39.00 42.00
25 Forearm Hand Length 345 510 46.1 3.04 036 6.60 42.03 46.00 50.00
26 (F;?Ega[?ngtche)“"e of Grip Length (Elbow 504 450 346 219 026 633 3200 3425 37.48
27 Waist back Length, Omphalion 31.0 50.0 405 312 037 7.71 3510 40.00 44.96
28 Interscyle | 25,5 40.0 315 292 034 9.28 27.03 3125 3595
29 Chest Breadth 224 357 265 223 026 842 2352 26.25 29.79
30 Waist Breadth, Omphalion 17.2 343 247 323 0.38 13.08 2050 24.20 29.40
31 Hip Breadth, Standing 171 325 295 217 026 7.36 27.02 29.75 3198
32 Bispinous Breadth, Standing 202 295 249 227 027 9.13 2053 2505 28.98
33 Hip Breadth, Sitting 26.9 418 309 247 029 7.98 28.00 30.70 34.79
34 Bideltoid Breadth 345 464 399 222 026 556 36.03 39.95 43.10
35 Biacrimial Breadth 21.0 400 327 280 0.33 855 30.11 3260 37.52
36 Elbow-Elbow Breadth-Sitting 334 453 388 267 031 6.87 3464 39.00 4279
37 Waist Depth, Omphalion 134 286 189 3.62 043 19.19 1441 1770 26.29
38 Sleeve Length, Outseam 275 69.0 60.7 546 0.64 9.00 55.05 61.00 66.95
39  Wrist circumference 140 250 16.0 181 0.21 11.30 1450 1565 17.49
40 Elbow Circumference, Straight 20.0 26.0 229 140 016 6.11 2052 23.00 25.00
41 Knee Circumference, Standing 220 36.0 324 278 033 857 29.03 3275 35.98
42  Waist Circumference, Omphalion 62.0 93.0 775 832 098 10.74 65.03 77.10 92.10
43 Buttock Circumference 755 98.0 86.2 496 058 575 79.12 86.00 93.96
44 Acromion-wall Length 80 129 104 130 0.15 1255 821 10.30 12.69
45 Buttock Knee Length, Sitting 50.0 66.7 58.1 3.37 040 5.80 5352 5755 64.87
46 Buttock Popliteal Length, Sitting 39.0 57.2 487 357 042 7.34 4141 4855 53.20
47 Coronoid Fossa to Hand Length, Sitting 35.0 455 40.0 230 027 574 36.53 40.10 43.50
48 Foot Length 225 29.0 248 145 0.17 585 2291 2455 27.38
49 Ball of Foot Length(Instep length) 16.3 28.0 186 190 0.22 10.20 16.62 18.20 20.69
50 Foot Breadth 73 107 91 0.78 0.09 861 751 9.05 10.20
51 Bimalleolar Breadth 59 7.8 6.8 051 006 747 6.10 6.85 7.70
52 Hand Length 159 203 182 092 0.11 505 1690 1810 19.60
53  Wrist-Index Finger Length 148 189 169 089 0.10 525 1580 16.70 18.20
54 Palm Length 81 122 104 0.69 0.08 6.65 951 1030 11.68
55 Hand Breadth(At Metacarpal-I11) 75 97 83 048 006 580 750 8.20 9.00
sg fand ~ Breadth — Across  Thumb o, 44 99 060 007 603 910 1000 10.90

(Standing/sitting)
57 Grip Diameter(Inside) (Standing/sitting) 39 91 51 0.68 0.08 13.47 420 5.00 5.90
58 Grip Diameter (Outside) (Standing/sitting) 5.0 9.4 84 068 008 814 7.22 8.40 9.20
Middle Finger Palm Grip Diameter

59 L 25 40 32 029 003 921 270 310 3.70
(Standing/sitting)

60 Grip Span (Standing/sitting) 75 105 87 0.76 009 870 750 875 10.00

61 Age (years) 19.0 60.0 40.7 12,95 1.53 31.79 20.00 42.00 60.00

62 Weight (Kg) 435 70.0 569 6.76 0.80 11.88 46.64 56.55 67.91

63 Right Hand Grip Strength (Kg) 19.2 450 294 6.25 0.74 21.28 20.14 2895 39.48

64 Left Hand Grip Strength (Kg) 148 437 278 6.68 0.79 24.07 17.04 2850 39.40

Measurements are in cm unless specified.
Min.= minimum, Max.= maximum, SD= standard deviation, SEM = standard error of mean, CV=
coefficient of variation
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Conclusion

The anthropometric study is necessary because the differences in dimensions as per gender, nationalities,
region, tribes etc. may effect on design and construction of different equipments. Thus, this study presents
the compilation of anthropometric and strength data of male farm workers for Marathwada region of
Maharashtra state which can be used for designing and modifying agricultural equipments.
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