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ABSTRACT 

 
The musculoskeletal disorders are the most common work-related health problems in India, affecting 

thousands of workers. Typically, musculoskeletal disorders affect the low back, neck, shoulders and wrist 

pain.This study was conducted in screen printing textile industry of Jaipur, Rajasthan, Indiato determine 

the occurrence of upper limb problems associated with hand tool design, investigate the existing hand tools 

currently used in screen printing, and redesign hand tool based on anthropometric dimensions and 

ergonomic principles. In this study, 300 workers were participated and a questionnaire survey consisting of 

personal details, anthropometric dimensions of hand and Nordic Questionnaire for musculoskeletal 

disorders has been done.In 64% of the cases, the new hand tool was evaluated as little better or better and 

the comfort was improved. 
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1.  INTRODUCTION 
 
Indian textile industry largely depends upon the manufacturing and export of textile. India earns 

27% of its total foreign exchange through textile exports. Further, the textile industry also 

contributes nearly 14% of the total industrial production of the India. It also contributes around 

3% to the gross domestic product of the country [1]. Textile printing was very famous in across 

world, from the 12th century, and was generally used. Textile printing was firstly introduced into 

England in 1676 by a Frenchrefugee who opened works, on the banks of the Thames near 

Richmond. In Germany, textile printing was also probably started before it spread to England, 

towards the end of the 17th century, the district of Augsburg was celebrated for its printed linens, 

a reputation not likely to have been built up had the industry been introduced later than 1676. The 

development of screen textile printing began in Japan from the 17th century. The Japanese 

technique was taken to France where modern flat screen textile printing was initially developed 

using silk fabric stretched over a wooden frame. 

 

Ergonomics is the scientific discipline concerned with the understanding of interactions among 

humans and other elements of a system, and the profession that applies theory, Principles, data 

and methods to design in order to optimize human well-being and overall system performance 

[2]. Wilson (2000) defined ergonomics as “understanding the theoretical and fundamental aspects 

of human behaviour and performance in purposeful interacting socio-technical systems, and the 

application of that understanding interactions of design context of real-systems” [3].  Lee (2005) 

stated that ergonomics is concerned with promoting compatibility between humans and systems. 

The commonly highlighted definitions of ergonomics is mainly about the finding relationship 

between humans, machine systems, health and safety, job design and the work environment [4]. 
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In all the available industrial occupations, hand tools are primary tools. A major concern of these 

industries is the high percentage of disorders that occur annually. In many occupations, some of 

the major causes of work-related disorders and diseases are due to the use of hand 

tools.Ergonomically designed hand tools reduce the risk of occupational disorders of the upper 

limbs. They also provide comfortable work for the workers and give high production rate [5]. 

 

Musculoskeletal disorders (MSDs) are currently most critical problems faced by the ergonomists 

in the workplace. Workplaceinjuries are extremely severe in these types of industries. Poor 

working conditions and the absence of workers have resulted in a very high incidence of MSDs 

[6]. Handicraft work is a tough occupation. A number of researchers have studied handicraft work 

methods and working postures along with the psychosocial aspects of handicraft work [5-15]. The 

findings of these studies describe work activities where inappropriate working postures are 

common and work areas not designed properly for work that require unnecessary levels of force.  

 

 
Figure 1. Body regions  

 
Anthropometry studies the dimensions of the human body. It plays an important role in 

ergonomics, architecture, clothing design and industrial design. Body dimensions of the people 

living in different countries differ from each other. Body dimensions of the people living in 

different countries differ from each other. It occurs since people in different countries exhibit 

difference in nutrition, life style, ethnicity etc. [16]. Figure 1 shows that the various body regions 

of human. According to Kumar and Das (2012), incorporation of proper anthropometric 

dimensioning in designing hand tools would provide much effect on health and work efficiency 

and as a result it would improve the worker’s performance and productivity [17]. 

 

 

 

http://en.wikipedia.org/wiki/Ergonomics
http://en.wikipedia.org/wiki/Clothing
http://en.wikipedia.org/wiki/Industrial_design
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2.MATERIALS AND METHODS 

 
This study consisted of two phases, which are explainedbelow: 

 

2.1. Phase-1:Field Study 

 
In this phase, survey questionnaire was used for this study. 45 screen printing textile units in 

Sanganer and Bagru in Jaipur, were selected and 300 male workers were taken into consideration 

in this study. All the 300 male workers involved in screen printing were interviewed and 

consequently questionnaires were filled. Based on the videos, photographs, personal interviews 

and filled survey questionnaires, problems of the workers in textile printing were identified. The 

questionnaire consisted of three parts including; (a) personal details, (b) Nordic Questionnaire for 

musculoskeletal disorders and (c) anthropometric dimensions. 

 

2.2.Phase-2: Hand Tool Design 

 
In this phase, based on the results of the first phase, designing of screen printing hand tool using 

anthropometric data.Physical factors taken into consideration in developing new hand tool are 

using ergonomic principlesadopted from these studies [5, 13, 18]. 

 

3. RESULTS 
 

3.1.Phase-1 

 
The Figure 2 and Table 1 presents the prevalence of musculoskeletal disorders in different body 

regions of workers. As Figure 2 shows, the most commonly affected parts are lower back, knee, 

shoulders and hand.  

 
Table1.Prevalence of musculoskeletal disorders among worker (N=300) 

 

Musculoskeletal Disorders 
No. of 

Workers 

Percentage of 

Workers (%) 

Headache  174 58 

Stiffness in neck  198 66 

Low back pain 237 79 

Shoulder pain 222 74 

Fore-arm pain 183 61 

Soreness in elbow 195 65 

Stiffness in knee 201 67 

Hand/wrist pain 228 76 

Stiffness in finger 204 68 

 
In this study the prevalence of musculoskeletal disorders among workers were 79% for the low 

back pain due to improper ergonomically designed screen printing hand tool. Screen printing 

workers as they have to reach out across the wide table to place the hand tool at the extreme end, 

and then again reach back to place, in an unbroken rhythm that maintains the pace of work. Other 
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musculoskeletal disorders among workers were 76% for the hand/wrist pain, and 74% for 

shoulder pain. About 66% of the workers suffered from neck pain.  

 
Figure 2.Prevalence of musculoskeletal disorders among worker (N=300) 

 
Survey results shows that 66% workers want to improvement in working conditions, Other result 

shows that more than 59% of workers do not satisfied with their working environments. Nearly 

44% of workers work on screen printing table more than 20 minutes in single instants. 40% 

workers want to redesign the hand tool because of they are not comfortable with exiting hand 

tools. Most of workers suffer from various symptoms problems which is not good for long time, 

so that workers want to some design improvements in their exiting hand tool.  

 

3.2. Phase-2 

 
Based on ergonomics principles of hand tool design, and anthropometric dimensions of the 

printing workers, prototypes for screen printing hand tool were developed in order to minimize 

the musculoskeletal disorder of screen printing workers. It also increases the productivity of the 

firms and decreases the various body pains such as low back pain, soreness in arms, and pain in 

shoulder. Table 2 presents 5thpercentiles, 50thpercentiles, and 95th percentiles of the screen textile 

printing male workers population studied.   

 
Table 2. 5th, 50th, and 95th percentiles of the male workers population studied 

 

Parameter 
5thPercentile 

(in Centimetres)  
50th Percentile 

(in Centimetres) 

95th Percentile 

(in Centimetres) 

Hand length 16.745 18.65 20 

Upper arms 24.075 26.45 29.85 

Lower arms 24 26 29 

Shoulders width 38.03 42 45 

Standing height 159.06 169 174.765 

Grip diameter(inner)  3 3.6 5 
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Grip diameter(outer) 5.915 7.5 10.51 

Palm length  8.83 11 12.6 

Palm Width 4.5 10.05 12 

Thumb length 4.545 6.85 7.97 

Thumb breadth 2 2.3 3 

Fist length 7.715 9 10.485 

Wrist breadth 5.3 6.25 7.185 

Wrist thickness  3 3.65 5 

Wrist circumference 15 16.5 18.255 

Chest breadth 26.575 29.75 34 

 Waist height(Leg) 90.3 101 104 

Fingers Length 6.215 7.9 9. 

 Hand breadth 7.8 8.95 10 

Shoulders Height 136 145 153.8 

 

3.3. Design Parameters of Hand Tool 

 
Hand tools are used in most of industrial works to enhance the physical capabilities of workers. 

However, poor design and excessive use of hand tools were found to be the major cause of work-

related injuries associated with cumulative trauma disorder. Deteriorate on workers’ health and 

their suffering are inaccessible whilst economic lost from worker remedy and compensation is 

enormous. To prevent and alleviate cumulative trauma disorder, appropriate tools designed and 

used for workers and their tasks are needed. In order to design a hand tool, one needs to calculate 

the necessary dimensions of a hand tool which in turn depend upon comfort conditions for a 

worker, Studies focusing the overall comfort of the worker. Data significant for a hand tool are 

discussed below: 

 Task Considerations 

 User Considerations 

 Grip and Handle Considerations 

On the basis of above consideration, designed the hand tool for screen printing workers. Calculate 

handlebar length for designing of new hand tool using triangular method and anthropometry data. 

Table 3 shows determined anthropometric values for hand tool of screen printing textile 

industries. 

 
Table 3. Values for hand tool of screen printing 

 

Particulars Dimension 

(in Centimetres) 

Length of handle 11 

Handle diameter 3 

Length of handle bar 97.02 

Width between both handlebar 41.5 
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These values based on anthropometric data taken average of 5th and 95th percentile considering 

the design of hand tool for screen textile printing industries. Figure 3 shows the hand tool for 

screen textile printing.  

  
(a) Hand tool design in Google Sketch up software (b) Physical hand tool 

 

Figure 3. Hand tool for screen textile printing 

 

 

3.4.Validation and Testing 

 
After ergonomically design of hand tool for screen textile printing, generated feedback 

questionnaire and gone to printing industries, work has to done by workers two to three months 

after that taken feedback of the workers.The sample size of survey is 100. The Figure 4 presents 

the prevalence of musculoskeletal disorders in different body regions of workers after using new 

hand tool.As Figure 4 shows, the prevalence of musculoskeletal disorders among workers were 

29% for the low back pain.Other musculoskeletal disorders among workers were 31% for the 

hand/wrist pain, and 33% for shoulder pain. About 46% of the workers suffered from neck pain.  

 
Figure 4. Prevalence of musculoskeletal disorders among worker (N=100) 
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Figure 5. Workers’ judgment about working with new and traditional hand tool (N=100) 
 
Most of the screen textile printing workers participated in the second phase of this study found 

their working postures with new screen textile printing hand toolis better and reported comfort. 

Workers believed that the new hand tool were better than the traditional hand tool (Figure 5). In 

64% of the cases, the new hand tool was evaluated little better or better and the comfort was 

increased. 

 

4. CONCLUSION 

 
Workers found their working postures with new hand tool good and reported comfort. In this 

study, the musculoskeletal disorders were reduced by developing a redesign hand tool.The new 

ergonomically designed screen printing hand tool was found to be applicable and acceptable for 

the screen printing workers. Results shows that low back pain was the big problem of screen 

printing workers which have been reduced to 29% from 75%,pain in shoulder have been reduced 

33% from 74%. However, further study is needed to make appropriate revisions to the 

ergonomically designed hand tools based on quantitative measures of musculoskeletal loading. 
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