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I. Introduction 

Fuel wood is the basic need of rural India. Although the country is developing very fast but a large population 

living in rural areas are dependent on fuel wood for the source of energy. Due to deforestation, now a day fuel 

wood is not easily accessible to them. They have to walk for miles in search of it. They adopt the traditional 

mode of carrying fuel wood on their head and walking on an undulated and wavy path. Walking itself consumes 

energy but walking with load consumes much more energy. Experiments of load carrying on running horses, 

humans and dogs demonstrated that the energy expended in carrying a load increased in direct proportion to the 

weight of the load for each animal at each speed, that is, carrying a load equal to 20% of body weight increased 

the rate of energy consumption by 20% (Maloiy et al., 1986)
[1]

. In the 21
st
 century, the era of machines they are 

deprived of any technology and use their own muscle power which is a point of consideration. They are 

habituated to their conventional method therefore don’t think of any alternative, hence it became imperative to 

access the biomechanical stress faced by them in carrying fuel wood so that the actual stress faced by them 

could be calculated. On the basis of above the study was conducted with the following objective: 

 To calculate the biomechanical stress while carrying the fuel wood by rural women on their head. 
II. Methodology  

Two villages namely Siaharwa and Dewan of Hisar district of Haryana state were selected purposively for the 

study where All India Co-ordinated Research Project on Home Science (AICRP) is in operation and was 

convenient for the researcher to collect the data. A sample of 10 physically fit rural women, 5 from each village, 

having permissible limit of physiological parameters, falling in the age group of 25-45 yr and who lifted 

fuelwood on their head were selected for the study. An ergonomic assessment was conducted on the selected 10 

rural women to assess the work related discomfort faced by them. They were observed while carrying fuelwood 

and the required informations were recorded. The stress on musculoskeletal system was assessed in terms of 

grip fatigue and musculoskeletal discomfort of body parts using Grip dynamometer, flexicurve, Rapid Entire 

Body Assessment (REBA), Ovako working posture assessment (OWAS), Visual Analogue Discomfort (VAD) 

scale and Human Body Map.   

III. Results  

Table 1 represents that significant difference existed in the biomechanical parameters of the respondents before 

and after carrying the load on head. There was reduction of 20.5 percent in the grip strength of right hand and 
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19.8 percent in the left hand after performing the activity. There was deviation in spinal angle in terms of lumbar 

region by 2.7 percent (exterior posterior) and cervical region by 2.1 percent (anterior posterior) during carrying 

the load on head. A slight extension was observed in the lower lumbar region and flexion in the cervical region 

of the respondents while carrying load on head putting undue stress on the women.  

Table 1: Biomechanical parameters before and after carrying head load 
                                                                                                                                                                         (n=10) 

Parameters Before  After  Difference % change t-value 

Grip strength (kg)  Right  21.4 17 4.4 20.5 3.4* 

Left  19.6 15.7 3.9 19.8 3.8* 

Spinal angle (degree) Lumbar  184 189 5 2.7 7.8* 

Cervical  183 187 4 2.1 11.8* 

*Significant at 5% level 

Postural analysis of the women carrying head load using REBA and OWAS 
To assess the biomechanical stress of workers in performing head load carrying activity, the postural assessment 

tools in the form of REBA and OWAS were used. The results are presented in table 2-3 

A. Rapid Entire Body Assessment (REBA) outcome 

The head load carrying activity was divided into three stages: lifting, carrying and landing the load. Each stage 

was analyzed carefully through REBA and results are presented in table 2 

Load lifting activity:  While lifting the load from ground to head, women adopted a very bad posture as their 

back was bent at 120 degree that was two times greater than the maximum angle of bent (60
0
) given in the 

assessment sheet, upper arm was at 90
0
 to the body, and wrist was extended and twisted. The REBA score for 

load lifting activity was calculated as 11 which indicated that the job was very high risky and there was need to 

implement the change. 

Load carrying activity: During load carrying, hands of the respondents remained raised above shoulder level, 

wrists remained extended, neck remained flexed and their back was extended and twisted as they walked. The 

REBA score was 11 which indicated that the job was very high risky and there was need to implement the 

change. 

Load landing activity: This part of head load carrying activity involved sudden flexion of neck and vertebrae 

with load. Sudden shift of load resulted in the jerk in lower vertebrae and cervical region. The activity got the 

score of 10 which indicated that the task was highly risky, investigation was needed and change had to be 

implemented.   

Table 2: REBA analysis for different stages of head load carrying task 
                                                                                                                                                                        (n=10) 

Stages  Posture 

score A 

(neck+trunk 

+leg+adjust) 

Load 

score 

Score 

A 

Posture score 

B (upper 

arm 

+adjust+ 

lower 

arm+wrist+ 

adjust) 

Coupling  Score 

B 

Score 

C 

Activity 

score 

Final 

score 

Action 

required 

Lifting  2+4+1+1=6 2 8 4-1+2+2+1=5 3 8 10 1 11 Very high 
risk, 

implement 

change 

Carrying  1+1+2=2 2 4 4+1+2+1+1=8 3 11 9 1+1 11 Very high 
risk, 

implement 

change 

Landing  2+3+1+1=5 2 7 4+2+1+1=2 3 6 9 1 10 High risk, 

investigate 

and 
implement 

change 

 

B. Ovako working posture assessment (OWAS) outcome 

OWAS analysis of each stage of head load carrying activity was done by observing the activity in parts. Table 3 

shows that the posture adopted in carrying the load was most critical and there was need of an immediate 

solution to change the posture. Lifting got the action category of 3 that meant that correction should be done in 

the work method as soon as possible. Landing of the load got the action category of 2 interpreting that working 

method involved should be changed in the near future. According to OWAS analysis load carrying was the most 

critical part of the activity and corrective measure was needed immediately as they had to walk with extended 

back and hands raised above shoulder which created severe strenuous condition.  Load lifting got the second 

highest score as their back was bent forward, hands below shoulder level and knees bent either in standing or 

squatting position. Load landing was not much severe as its action category indicated that correction measures 
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were needed in near future. While landing the load women used to bend their back forward keeping their legs 

straight and hands raised above shoulder level.  

Table 3: OWAS analysis for different stages of head load carrying task 
                                                                                                                                                           (n=10) 

Stages Back Arms Legs Load Action 

category 

Action required 

Lifting  2 
(Bent forward) 

1 
( Both arms are below 

shoulder level) 

4 
( Standing or squatting 

with both knees bent) 

3 3 Correction measures 
as soon as possible 

Carrying  2 

(Bent backward) 

3 

( Both arms are at or 
above shoulder level) 

7 

( Walking or moving) 

3 4 Corrective measures 

immediately 

Landing  2 

(Bent forward) 

3 

( Both limbs above 
shoulder level) 

2 

( Standing with both legs 
straight) 

1 2 Correction measures 

in the near future 

C. Visual analogue discomfort (VAD) outcomes  

Fig 1 displays the amount of discomfort on the visual analogue discomfort rating scale in different stages of 

carrying the load on head by the rural women. The stage of carrying the load got the highest VAD score of 7.7 

depicting that the discomfort was on higher side followed by lifting the load from ground (4.9) and least was 

given for the load landing activity (2.8).  

Figure 1: VAD experienced by respondents in different stages of carrying head load 
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D. Outcomes of Human Body Map 

Fig 2 illustrates the discomfort level in different body parts while carrying the fuel wood on their head. 

Weighted mean score of discomfort of different body parts was calculated and presented in the figure. Heavy 

discomfort was felt in the lower back (3.9), mid back (3.8), head (3.8), neck and upper arms (3.6 each). 

Discomforts in the feet (3.4), upper back (3.2) and shoulders (3.1) were moderately heavy whereas light 

discomfort was felt in the legs (2.9), thighs (2.8), chest (2.6), lower arms (2.2) and wrists (2.06) while carrying 

the fuel wood on their head. 

 

Figure 2: Musculoskeletal discomfort in different body parts while carrying head load  
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IV. Discussion 

There was reduction in the grip strength of both the hands after carrying load indicating the fatigue. Deviation in 

spinal angle was reflected at lumbar region (2.7%) (exterior-posterior) and cervical region (2.1%) (anterior-

posterior) during carrying head load. A slight extension was observed in the lower lumbar region and flexion in 

the cervical region of the respondents putting undue stress on them. While walking with the load on head, the 

motion of lower lumbar region was observed to be increased with continuous twisting of lower lumbar region 
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which was very uncomfortable for the spine. The results are in consonance with the findings by Sharma and 

Singh (2012) 
[5]

 as while carrying the load on head, a deviation of 1.7
0
, 2.8

0
 and 3.1

0
 was observed with a load of 

15 kg, 20kg and 25 kg respectively. Gauvreau et al. (2011) 
[6]

 analysed that during walking, the load on the head 

caused significantly larger upper trunk extension and smaller flexion of the head relative to the trunk. Kumar et 

al. (2004) 
[7]

 confirmed that there was evidence of degenerative disc disease in the vertebral MRI of the workers 

involved in load carrying activity. REBA, OWAS and VAD analysis revealed that load carrying was more 

critical than load lifting and landing. Hence, corrective measure was needed immediately as they had to walk 

with extended back and hands raised above shoulder which created severe strenuous condition. Further, the 

body part discomfort assessment with the help of Human Body Map identified that heavy discomfort was felt in 

the lower back (3.9), mid back (3.8), head (3.8), neck and upper arms (3.6 each) regions. Oberoi et al. (2001) 
[8]

 

also reported that pain was felt in the neck, shoulder joint, upper arm, low back and wrist/hands while carrying 

water on head. The study also gets support from the findings of Bimla et al. (2003) 
[9]

, with load of water pitcher 

on her head pain was more evident in neck, upper arm, shoulder joints, upper leg lower back and calf-muscles.  

 

V. Conclusion  

Rural women adopted bad ergonomic posture while lifting and carrying loads viz. bending their back while 

lifting and continuous raising of both the hands above shoulder level while carrying load. This resulted in 

several bodily discomforts among which most affected regions were the lower back, mid back, head, neck and 

upper arms. Altogether, on the basis of biomechanical assessment, carrying fuelwood is a strenuous activity and 

should not be performed manually.  
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