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ABSTRACT 

Musculoskeletal disorders (MSDs) are common health problem throughout the world. Assessment of exposure levels to 

MSD risk factors can be an appropriate base for planning and implementing interventional ergonomics programs in the 

workplace. The presents study is focused on posture analysis of the workers working in forging industry. The study was 

conducted on 130 workers engaged in various process of small scale forging firms of northern India.  Video recording on 

different activities of the workers was done and then images were cropped from it for the analysis. Posture analysis tools 

RULA, REBA and OWAS were used. The results of REBA showed that about 10.65% of the workers were under very 

high risk level and needed a necessary action immediately. About 30% of the workers were under high risk levels and 

about 10% of the workers were at lower risk levels. The study also showed that about 46% of the workers were at 

medium risk levels and required a necessary action. The results of RULA showed that about 30% of the workers were 

under high risk levels and required immediate change. About 33-38% of the workers were at lower risk levels and 32-

33% of the workers were at medium risk levels. According to the OWAS method of analysis, the study showed that 

56.15% of the workers were fine and needed no corrective measures. About 23.85% of the workers needed corrective 

measures in the near future and 19.23% of the workers required corrective measures as soon as possible. Whereas a few 

worker had a very bad posture and required immediate corrective measures. It was concluded that; there is a lack of 

ergonomics planning and methods in small scale forging industry. A significant proportion of the workers are working in 

very bad postures. Thus the workers are under moderate to high risk of Musculoskeletal disorders (MSDs). The study 

recommended proposed that there is dire need of implementation of ergonomics interventions with proper awareness 

among workers.  
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1. INTRODUCTION 

 In many rapidly developing countries, where labor is 

cheap, proper occupational hygiene and posture analysis 

methods are often neglected. Proper sitting arrangements 

and work environment are seldom provided. The workers, 

being economic migrants, accept adverse conditions as a 

part of the job and mostly work in bad posture. The small 

and medium scale enterprises (SMEs) are much greater in 

number in Indian economy and these are the places where 

work posture analysis is mostly neglected. Repetitive 

processes and manual material handling are the major 

problems in the hand tool manufacturing. Therefore, 

musculoskeletal disorders (MSDs) are related to such 

high repetitive processes and working in bad posture. 

Thus, to improve the efficiency of the workers their 

posture needed to be assessed and corrective measures 

should be adopted to avoid the musculoskeletal disorders. 

The objective of this study is to analyse the working 

postures of workers engaged in various processes of small 

scale forging industry .The study used three assessment 

tools like RULA (Rapid Upper Limb Assessment), 

REBA (Rapid Entire Body Assessment) and Ovaku 

Work posture Analysis (OWAS) and recommend the 

changes to be made in the body posture while working. 

RULA was developed earlier by McAtamney and 

Corlett, 1993, to provide a rapid objective measure of 

musculoskeletal risk caused by mainly sedentary tasks 

where upper body demands were high; where work 

related upper limb disorders are reported [1]. RULA 

assesses the posture, force and movement associated 

with sedentary tasks such tasks include computer tasks, 

manufacturing or retail tasks where the worker is seated 

or standing without moving about. This tool requires no 

special equipment in providing a quick assessment of 

postures of the neck, trunk and upper limbs along with 

muscle function and the external loads experienced by 

the body. A coding system is used to generate an action 

list which indicates the level of intervention required to 

reduce the risks of injury due to physical loading on the 

operator. 
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 REBA (Rapid Entire Body Assessment) was 

developed by Hignett, S. and McAtamney, L. 2000, to 

provide a quick and easy observational postural analysis 

tool for whole body activities (static and dynamic giving 

musculoskeletal risk action level. [2]. the development of 

REBA is aimed to divide the body into segments to be 

coded individually with reference to movement planes. It 

provides a scoring system for muscle activity caused by 

static, dynamic, rapid changing or unstable postures. It 

reflects that coupling is important in handling of the loads 

but may not always be via the hands. It also gives an 

action level with an indication of urgency. 

 OWAS is a method for the evaluation of postural load 

during work. The OWAS method is based on a simple 

and systematic classification of work postures combined 

with observations of work tasks. The method can be 

applied for the development of a workplace or a work 

method, to reduce its musculoskeletal load and to make it 

safer and more productive [3]. 

 

2. LITERATURE SURVEY  

 
 For the last three –four decades various studies 

have been conducted on assessment of health related 

problems and musculoskeletal disorders (MSD). One of 

the study on women workers in a woolen textile factory 

found that pain and fatigue are the major problems for the 

women in the spinning section. The study recommended 

that ergonomic factors such as provision of backrest and 

frequent rest periods could remediate the musculo-skeletal 

symptoms [3]. The Work ability of ageing work force is a 

matter of major concern in many countries. Another study 

examined the relationship between perceived work ability 

and health-related quality of life (HRQOL), and 

investigated their associations with age, physical activity 

and physical fitness in middle-aged men working in blue-

collar occupations. It showed a close relationship between 

perceived work ability and quality of life. It suggested 

that promoting work ability may also influence on quality 

of life in general [4]. Visual discomfort has a high 

prevalence for Visual Display Unit (VDU) workers. In 

three different prospective epidemiological studies, 

correlation between Visual discomfort and average pain 

intensity in the neck and shoulder were studied. Three 

different prospective epidemiological studies have shown 

that there is a clear indication of a relationship between 

visual discomfort and pain in the neck and shoulder [5]. 

In an anthropometric survey was carried out for female 

agricultural workers from north-eastern India, it appeared 

that most body dimensions are higher in the middle age 

group and lower with higher age groups and hence, there 

is a great scope of improving the agricultural tools [6]. 

The musculo-skeletal disorders (MSDs) in Chinese 

restaurant cooks were studied using National Health 

Insurance data. The most affected body parts was low 

back with epicondyle and elbow at highest risk [7]. The 

highest prevalence was reported in lower back, knees 

and upper back and recommendations were made for 

elimination of awkward postures and manual material 

handling [8]. A relationship between work-related 

factors and disorders in neck-shoulder and low-back 

region among male and female ambulance personnel 

was studied. Technical improvements such as design of 

ambulance vehicles were needed to facilitate physically 

demanding tasks along with psychosocial work 

environment in the ambulance service [9]. Cleaning is 

associated with high physical and psychosocial 

workloads and musculo-skeletal disorders related to it 

were studied. A few studies concern equipment design, 

working environments and factors affecting individual 

workers. A need to conduct research on cleaning 

tools/equipment, working environments and individual 

risk factors is apparent [10]. The Strain Index to 

Analyze Jobs for Risk of Distal Upper Extremity 

Disorders was developed. Three different studies have 

shown that it is capable of identifying jobs with no 

distal upper extremity morbidity as “safe “ and jobs 

with distal upper morbidity as “hazardous.” The results 

provide evidence of the Strain Index’s generalizibility 

and predictive validity [11]. A study was conducted to 

modify an existing data reduction method for directly 

quantifying physical exposures during variable non-

cyclic work. CEVA (Clustered exposure variation 

analysis) is a useful modification of EVA (exposure 

variation analysis) for contrasting the non-cyclic work 

typical of understudied industries like construction. A 

simplification of electromyography with summary 

measures such as CEVA provides a comprehensible, yet 

accurate measure of forceful exertions during work 

tasks [12]. The relationship between the subjective ride 

comfort in a vehicle seat and whole-body vibration can 

be modeled using frequency weightings and rms 

averaging. For the results obtained in this study, it was 

clear that the alternative approach could give superior 

predictions of comfort than the method used in ISO 

2631-1 [13]. OWAS method of postural analysis 

classifies that the postures adopted by the workers while 

performing the tasks of casting and grinding are very 

awkward. The frequency of load lifting in these workers 

is much more and thus it further puts the workers into 

more stressed conditions of work [14]. According to the 

Strain Index method the workers of small scale forging 

industry were found with higher risk of distal upper 

extremities disorders (DUE) [15].  

 

3. MATERIAL AND METHODS 

 
 The study was done in small scale forging units 

(hand tools) in Punjab. A video of different sections like 

forging, punching, broaching and grinding etc. showing 

different movements of the workers during an activity 
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was recorded. After recording the video, it was cropped 

after every ten seconds to get snapshots for the analysis of 

posture of the worker. snapshots of 130 workers working 

in different sections were obtained. The snapshots were 

analyzed to fill the scores in OWAS, RULA and REBA; 

score sheets (Figure 1-3). As a protocol of the study, the 

first step was overall body posture assessment using 

OWAS method. The jobs with the involvement of high 

risk were numbered higher and those with less risk 

involvement were numbered 1. Immediate corrective 

actions and necessary changes were recommended for 

activities numbered higher to avoid any risk.  

 

 

Figure.1 OWAS score sheet. 

 

 

                                                                  Figure.2 REBA score sheet. 
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Figure.3 RULA score sheet. 

 

 

Figure.4 Odd posture in forging process. 
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 The upper limbs mainly arms and wrist of (both 

the sides; left and right) posture was assessed using 

RULA score sheet; the range of movement for each 

body part is divided into sections. These sections are 

numbered so that the number 1 is given to the range 

of movement or working posture where the risk 

factors present are minimal. Higher numbers are 

allocated to parts of the movement range with more 

extreme postures indicating an increasing presence of 

risk factors causing load on the structures of the body 

segment. The exposure scores according to RULA 

were divided into four exposure categories: 

negligible, low, medium and high. Medium and high 

risk actions should be urgently addressed to reduce 

the level of exposure of risk factors. For those 

activities where whole body and limbs motion needs 

to be assessed REBA was used which is also a pen 

paper technique. In REBA the body parts are divided 

into sections and each body part is scored according 

to its range of movement. Higher scores are given to 

the body parts where presence of risk factors are 

more and lower scores are given to those where 

presence of risk factors are minimal. The REBA 

scores were divided into five categories: negligible, 

low, medium, high and very high. Medium, high and 

very high needed an immediate action to avoid any 

musculoskeletal disorder.  

 

4. RESULTS AND DISCUSSIONS 

 
 The results of the OWAS assessment of the 

workers are shown in Table 1. According to this 

technique of posture analysis 56.15% of workers are 

working in acceptable posture and requires no 

corrective measures. About 23.85 % workers posture 

demand corrective actions in near future. Around 

19.23% workers are working in posture of high risk 

level and require corrective action as soon as 

possible. Only 1 worker is reported to be working in 

bad posture and required immediate corrective 

measure. The results obtained from the REBA 

assessment worksheet are shown in Table 2 and 

reveals the different categories of the risk levels. 

Around 10% of the workers are at very high risk 

level and needs an urgent change, whereas 48.36% 

workers were found at medium risk levels and needs 

a necessary action. Around 30% of the workers were 

at high risk level and needs a necessary change soon 

whereas 10% of the workers are working in 

acceptable posture. The results of the posture analysis 

using RULA are shown in Table. 3. These results 

reveal that all categories of the risk levels exist in 

jobs postures. The table shows that left hand posture 

of 29.17% workers and right hand posture of 33.05% 

workers who used in performing the activities is at 

high risk levels. A further investigation with an 

immediate change was recommended to these 

workers. The table also shows that none of the 

worker is at negligible risk level. The study was done 

on workers working in different sections of the 

forging industry and their activities were divided in 

different categories like grinding, picking & placing, 

nickel plating, hammering, punching, broaching, 

trimming, etc. The posture analysis was done 

according to these activities using the same sequence 

of OWAS, REBA and RULA. Using the OWAS 

analysis method, it was observed that almost all the 

workers in different sections were working in 

acceptable posture while the major problem was in 

the grinding section, where the major part of the 

grinders were working in unacceptable posture at 

high risk levels. Around 42% of the grinders were 

working at high risk levels (Refer Table.6). It was 

found that, if the grinders continued to work in the 

same posture they suffer from the MSDs related to 

neck, trunk and wrist in the near future. It was 

recommended to take the corrective action as soon as 

possible. However, when these sections were studied 

using the REBA tool, around 20% of the grinders 

were working at high risk levels and their neck, trunk 

and wrist were under high physical strain. About 46% 

grinders were at high risk level and needed a 

necessary action soon. Around 35% of the workers in 

the picking and placing jobs were at high risk levels 

and needed an immediate change (Refer Table.5). 

Some of the workers in the picking and placing jobs 

were bending their trunk to unacceptable limit and 

most of them had upper arm under high strain. The 

workers were suggested to keep their trunk straight 

while working. Also, in welding jobs the workers 

were bending their trunk to a higher degree which 

was not acceptable and they needed an immediate 

change. However, in rest of the activities the workers 

were working in fine posture and they may require a 

necessary action. The study according to RULA 

showed that most of the workers in the nickel plating 

job were working in acceptable posture and a 

necessary change may be required for them (Refer 

Table.4).  
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Table.1 Overall Distribution of OWAS Score. 

OWAS 

Score 
Action No. of Workers % age of Workers 

1 No corrective measures 73 56.15% 

2 Corrective measures in the near future 31 23.85% 

3 Corrective measures as soon as possible 25 19.23% 

4 Corrective measures immediately 1 0.77% 

Total  130  

 

Table.2 Overall Distribution of REBA Score. 

REBA score Risk Level Action No. of Workers %age workers 

   L R L R 

1 Negligible None necessary - - - - 

2-3 Low May be necessary 13 12 10.65% 9.75% 

4-7 Medium Necessary 59 56 48.36% 45.53% 

8-10 High Necessary soon 37 42 30.33% 34.15% 

11-15 Very high Necessary now 13 13 10.65% 10.57% 

 Total  122 123   

Table.3 Overall Distribution of RULA Score. 

RULA 

Score 
Risk Level Action No. of Workers %age workers 

   L R L R 

1-2 Negligible Acceptable - - - - 

3-4 Low Investigate further 46 39 38.33% 33.05% 

5-6 Medium 
Investigate further and 

change soon 
39 40 32.50% 33.90% 

7 High 
Investigate and change 

immediately 
35 39 29.17% 33.05% 

                     Total  120 118   

 

Table.4 Process wise distribution of RULA score. 

Job Description RULA Score  

 1-2 3-4 5-6 7 Total 

L - - 3 - 3 
Nickel Plating 

R - - 2 1 3 

L - 22 13 4 39 
Picking & Placing 

R - 14 14 7 35 

L - 12 19 22 53 
Grinding 

R - 7 19 22 48 

L - 1 2 2 5 
Hammering 

R - 4 3 2 9 

L - 11 - 1 12 Broaching, Trimming 

& Punching R - 13 1 1 15 

L - - 2 6 8 
Welding 

R - 1 1 6 8 
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Table.5 Process wise distribution of REBA score. 

Job Description REBA Score   

 1 2-3 4-7 8-10 11-15 Total  

L - - 3 - - 3 
Nickel Plating 

R - - 3 1 - 4 

L - 4 26 9 - 39 
Picking & Placing 

R - 2 20 12 1 35 

L - 3 15 22 12 52 
Grinding 

R - 3 15 24 10 52 

L - - 2 3 1 6 
Hammering 

R - - 4 2 2 8 

L - 4 10 - - 14 Broaching, Trimming & 

Punching R - 5 10 1 - 16 

L - 2 3 3 - 8 
Welding 

R - 2 4 2 - 8 

 

Table.6 Process wise distribution of OWAS score. 

OWAS Score Total 
Job Description 

1 2 3 4  

Nickel Plating 3 1 - - 4 

Picking & Placing 30 8 - 1 39 

Grinding 16 15 23 - 54 

Hammering 7 2 - - 9 

Broaching, Trimming & Punching 16 - - - 16 

Welding 1 5 2 - 8 

 

 

Figure.5 Workers in odd postures in Grinding and punching sections. 
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The picking and placing job consist of picking the 

hand tools from ground or picking them with a tong 

from the hot furnace and placing them under the 

power hammer and moving them under the hammer 

according to the requirement. The picking and 

placing job used only the upper body and the job was 

performed by workers while sitting on the bench. The 

observations of the posture analysis showed that 

while moving the job with the tong the upper arms 

were under physical strain. It was found that around 

40% of the workers were at medium risk level and 

the rest of the workers were at lower or negligible 

risk levels. A necessary change was suggested for the 

workers. The neck and wrist were more prone to 

MSDs in the grinding activities. Around 45% of the 

grinders were working at high risk levels and an 

immediate change for them was recommended. 

Proper sitting arrangement and proper machinery 

arrangement was suggested to reduce the risk levels. 

In the hammering, broaching, trimming and punching 

sections almost all the workers were in acceptable 

posture and further investigation was recommended 

for them. In some jobs, welding operations were also 

required. The posture of the welders while welding 

was found to be unacceptable and an immediate 

change was suggested.  

 Overall the study revealed that that major risk for 

MSD was existing in the grinding section where the 

grinders were working in unacceptable posture. The 

reasons for the problem were lack of proper sitting 

arrangement for the workers and lack of proper 

arrangement of the grinding machines. The level of 

the grinding machines was very low from the eye 

level of the worker due to which the grinders had to 

bend their neck to a high degree of risk for long time 

during working hours. It was suggested that proper 

sitting arrangement for the workers, proper 

arrangement for the machinery to adjust their level 

and proper rest periods for the workers could solve 

the problems. However, there were also some posture 

related problems in the picking and placing jobs in 

which the upper arms were under high risk. 

Therefore, proper rest periods were recommended to 

avoid any MSD in the future. Another section was 

that of welding where the workers were working in 

unacceptable posture. It was recommended to provide 

appropriate jigs and fixtures to hold the jobs, so that 

the workers should not bend while welding the job. 

Also, all the workers were made aware about the 

correct posture while working in different sections of 

the forging industry. 

 

5. CONCLUSION 

 
On the basis of analysis of results and scores obtained 

by all the three tools, it can be concluded that; there 

is a lack of ergonomics planning and methods in 

small scale forging industry. A significant proportion 

of the workers are working in very bad postures. 

Thus the workers are under moderate to high risk of 

Musculoskeletal disorders (MSDs). The study 

recommended proposed that there is dire need of 

implementation of ergonomics interventions with 

proper awareness among workers.  
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