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Abstract— This review summarizes the knowledge regarding 

ergonomics musculoskeletal disorders and Cumulative 

trauma disorder. This paper presents the factor, types and 

extent of musculoskeletal disorders of workers in India and 

to identify opportunities for ergonomic intervention. The 

study will include the Ergonomics risk factors in relation of 

human and their nature of work. The presence of these risk 

factors produced increases in the occurrence of injuries like 

WMSDs, repetitive strain injuries (RSI), repetitive motion 

injuries (RMI), and cumulative trauma disorders (CTDs). 

This study will enhance the awareness about the risk factors 

which may occur in Workplace. There is a need to increase 

awareness of musculoskeletal disorders and associated risk 

factors and to train workers periodically for the proper and 

safe ways of handling tool equipment in order to avoid 

musculoskeletal disorders.  
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I. INTRODUCTION 

Ergonomics is a combination of the words ergo, a Greek word 

meaning "work" and nomics, meaning "study" - the study of 

work. An applied science that co-ordinates the design of 

devices, systems and physical working conditions with the 

capacities and requirements of the workers [1].  An 

ergonomic approach to the design of an industrial workplace 

(ergonomic effective design) attempts to achieve an 

appropriate balance between the worker capabilities and 

worker requirements, to optimize worker productivity, as 

well as provide worker physical and mental well-being, job 

satisfaction and safety [2]. Ergonomics is the study of work 

in relation To the environment in which it is performed (the 

Workplace) and those who perform it (workers). It is used to 

determine how the workplace can be Designed or adapted to 

the worker in order to Prevent a variety of health problems 

and to increase efficiency; in other words, to make the Job fit 

the worker, instead of forcing the worker to conform to the 

job. Ergonomics examines the Physical capabilities of the 

human body and the Limitations of the human body in 

relation to a Person’s work tasks, the tools used and the job 

Environment [2] 

The goal of Ergonomics is to provide maximum 

productivity with minimal cost. “Ergonomics applies 

information about human behavior, abilities and limitations 

and other characteristics to the design of tools, machines, 

tasks, jobs and environments for productive, safe, 

comfortable and effective human use” (McCormick and 

Saunders 1993) [3]. 

A. Systems Concept: 

A central and fundamental concept in ergonomics (human 

factor) is the system. A system is an entity to carry out some 

purpose [2]. It is composed of humans, machines and other 

things that work together to accomplish some goal, which 

these components could not produce independently [3]. The 

concept of a system implies that we recognize a purpose, we 

analyze it, we understand what is required to achieve this 

purpose; we design the system’s components to accomplish 

the requirements; and we fashion a well-coordinated system 

that effectively meet our purpose.[4] 

II. MUSCULOSKELETAL DISORDER AND ITS CAUSES 

The work-related musculoskeletal disorders (WMSDs) are 

those disorders and diseases of musculoskeletal system that 

have proven or hypothetical work-related causal components. 

Musculoskeletal disorder are pathological entities in which 

the functions of the musculoskeletal system are disturbed or 

become abnormal, whereas diseases are defined pathological 

entities with observable impairment in body configuration 

and function [5].    

There has been an increasing effort in recent years 

to investigate the causes of musculoskeletal disorders 

(MSDs) and to take action to prevent them. This has led to 

increasing recognition from workers, employers and 

government agencies that a strong relationship exists between 

factors within the working environment and the development 

of MSDs, and that these conditions result in significant 

sickness absence and reduced productivity [6].  

WMSD are diseases related and/or aggravated by 

work that can affect the upper limb extremities, the lower 

back area, and the lower limbs. WMSD can be defined by 

impairments of bodily structures such as muscles, joints, 

tendons, ligaments, nerves, bones and the localized blood 

circulation system, caused or aggravated primarily by work 

itself or by the work environment (Nunes,2009) [7] 

In international literature there is variability in the 

terminology related to WMSD. Table 1 presents some of the 

terms found in literature and, when identified, the countries 

where such designation is used [7]. 

Designation Country 

Cumulative Trauma Disorder USA 

Occupational 

Cervicobrachial Disorder 
Japan, Sweden 

Occupational Over Syndrome Australia 

Repetitive Strain Injury 
Australia, Canada, 

Netherlands 

Work-Related Neck and 

Upper Limb Disorders; 

Work-Related Upper Limb 

Disorders 

United Kingdom 

Work-Related 

Musculoskeletal Disorders 
World 

Repetitive stress injury; 

Repetitive motion injuries 
world 

Table 1: WMSD Designation 



Factor Affecting Musculoskeletal Disorders and Cumulative Trauma Disorders in workplace Design: A Review 

 (IJSRD/Vol. 4/Issue 01/2016/087) 

 

 All rights reserved by www.ijsrd.com 314 

Work-related MSDs occur when there is mismatch between 

physical capabilities of the worker and the job requirements. 

A long time exposure to ergonomic risk factors can cause 

damage a worker’s body and lead to MSD. Factors that are 

responsible for MSD are as following 

 Excessive exertion force.  

 If worker works in a static posture for a long period of 

time than it can restrict blood flow and damage muscles.  

 Excessive vibration, usually from vibrating tools, can 

decrease blood flow, damage nerves, and contribute to 

muscle fatigue.  

 Inadequate recovery time due to overtime, lack of breaks, 

and failure to vary tasks can leave insufficient time for 

tissue repair [8]. 

 
Fig. 1: View of MSD from Backside. 

A. Wmsd Risk Factors: 

The strong correlation between the incidence of WMSD and 

the working conditions is well known, particularly the 

physical risk factors associated with jobs e.g., awkward 

postures, high repetition, excessive force, static work, cold or 

vibration. Besides risk factors related to work other risk 

factors contribute to its development, namely factors intrinsic 

to the worker and factors unrelated to work [6]. A risk factor 

is any source or situation with the potential to cause injury or 

lead to the development of a disease. The variety and 

complexity of the factors that contribute to the appearance of 

these disorders explains the difficulties often encountered, to 

determine the best suited ergonomic intervention to be 

accomplished in a given workplace, to control them. 

 Physical factors - e.g., sustained or awkward postures, 

repetition of the same movements, forceful exertions,  

 hand-arm vibration, all-body vibration, mechanical 

compression, and cold; 

 Psychosocial factors - e.g., work pace, autonomy, 

monotony, work/rest cycle, task demands, social support 

from colleagues and management and job uncertainty; 

 Individual factors - e.g., age, gender, professional 

activities, sport activities, domestic activities, 

recreational activities, alcohol/tobacco consumption and, 

previous WMSD [7]. 

B.  Procedure For Workplace Analysis And Design: 

Job analysis, risk factor assessment, and task design should 

be conducted to identify potential work-related risks and 

develop engineering controls, administrative controls, and 

personal protective resources to mitigate the likelihood of 

injuries. According to American National Standards Institute 

(ANSI), this can be accomplished with the following steps 

[Karwowski & Marras, 1998]: 

 Collect pertinent information for all jobs and associated 

work methods. 

 Interview a representative sample of affected workers. 

 Breakdown a job into tasks or elements. 

 Description of the component actions of each task or 

element. 

 Measurement and qualification or quantification of 

WMSDs (where possible). 

 Identification of risk factors for each task or element. 

 Identification of the problems contributing to the risk 

factors. 

 Summary of the problem areas and needs for intervention 

for all jobs and associated new work methods. 

These steps can be executed utilizing any combination of 

scientifically based assessment Techniques including 

surveys, electronic measurement equipment, software tools, 

and Analysis approaches [8]. 

III. CUMULATIVE TRAUMA DISORDER’S 

Work-related injuries present a major public health problem 

resulting in serious social and economic consequence that 

could be prevented if appropriated measures are taken. The 

estimated economics loss caused by work-related injuries and 

diseases was equivalent to 4% of the world’s gross national 

product [5]. Annually, throughout the world, an estimated 

number of 271 million people suffer from work-related 

injuries, 2 million die as a consequence of these injuries [9].  

According to a study conducted among 268 smaller industries 

workers in Norway, injury rate of 317 per 1000 exposed 

workers was observed in one-year period [10].Study carried 

out in Thailand in 2001 also reported that there were 189,621 

cases of occupational injuries. Of this number, 607 were 

deaths, 20 cases of disability, and 48,078 cases of over 3 days 

lost from work. Result from United States (US) study showed 

rate of 75 per 1000 exposed workers per year [11].These 

figures show the Importance of work related to WMSDs in 

developing country.  

Cumulative Trauma Disorders (CTD) is a collective 

term for syndromes characterized by discomfort, impairment, 

disability or persistent pain in joints, muscles, tendons and 

other soft tissues, with or without physical manifestations. It 

is caused or aggravated by repetitive motions including 

vibrations, sustained or constrained postures, and forceful 
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movements at work or leisure. For example, the syndrome has 

also been called over-use injury, cervicobrachial disorder, 

cumulative trauma injury, repetition strain injury, repetitive 

motion injury, rheumatic disease, osteoarthritis (Puts- 

Anderson 1988).  

Cumulative Trauma Disorders may be caused or 

aggravated by impact and vibration from power tools, 

repetitive motions, forceful exertions, mechanical 

compression, sustained activities in awkward positions, over 

extension and over Flexion of the wrist and/or use of hands 

as tools. Factors such as exposure to cold temperatures, 

genetic predisposition, stress and smoking may cause the 

discomfort to occur sooner [12]. 

IV. PHYSIOLOGICAL PRINCIPLES 

Heavy work is an activity calling for great physical exertion 

characterized by: 

 High energy consumption(total energy consumption 

more than 5.2kcal/min or work calories > 4.0 kcal/min) 

 Severe stresses on heart and lungs (work pulse more than 

40) [13] 

A. Metabolism: 

The concept of basal metabolic rate (BMR) was developed to 

compare the metabolic rate of animals and initially was 

important in a clinical context as a means of determining 

thyroid status of humans. Metabolism can be compared to a 

slow self-regulated combustion. Here oxygen is needed 

which is supplied by the lungs and blood system. These 

metabolic processes liberated heat as well as mechanical 

energy depending on what muscular activity is going on [13]. 

 For a 70 kg man the Basel metabolism=1700 kcal/24 h 

 For a 60 kg women the Basel metabolism=1400 kcal/24 

h. 

B. Measurement Of Energy Consumption: 

Energy consumption (Ec) can be measured indirectly by 

measuring the oxygen consumption. One liter (1000cc) of 

oxygen consumption equals 4.8 kcal of energy turn over [13]. 

Energy consumption = Oxy consumed in liters * 4.8 kcal  

C. Leisure Calories: 

The calories consumed in everyday work are known as leisure 

calories [8]. 

D. Work Calories: 

Energy consumption increases as soon as the Physical work 

is performed. This increased Energy consumption associated 

with a particular occupational work is called work calories 

[13]. 

Work calories = energy consumption while working – Basel 

metabolism (resting consumption). 

E. Rest Periods: 

Most scientists agree that during heavy work at an efficiency 

of 100%, the norms for energy consumption should be [14]. 

    Normal work calories = 4.0 kcal/min 

    Total energy consumption = 5.2 kcal/min 

    Resting time (Trp %) = (Ec /4 – 1)*100 

V.  HEART RATE DURING PHYSICAL ACTIVITY 

LIGHT WORK: Heart rate increases quickly to a level 

appropriate to the effort and then remains constant for the 

duration of the work. When work ceases, the pulse returns to 

normal after a few minutes. 

MORE STRNUOUS WORK: The heart rate goes on 

increasing until either the work is interrupted or the operator 

is forced to stop due to exhaustion. The heart rate goes on 

increasing when the level of stresses is high, as long as the 

Stress lasts, whereas at the lower rate it level off at steady 

state [13]. 

Stipulation of appropriate rest periods is also 

mandatory for preventing drudgery and musculoskeletal 

disorders. To avoid excessive postural discomfort the 

minimum duration of rest pauses should be of 15 min. The 

duration of the lunch break should be more than 45 min [14]. 

A. Acceptable Limits: 

According to Karrasch and Muller upper limits of workload 

as being that within which the working pulse did not continue 

to rise indefinitely and when the work supported, returned to 

the resting level after about 15 minutes.  

The maximum output under these conditions is the 

limit of continuous performance throughout an 8-hour 

working day.  

According to Muller, this limit reaches for men when the 

working pulse (avg) is 30 beats/min above the resting pulse 

(work pulse =30/min), both of the being measured in the same 

posture (egg. both standing up) so that the static loads are the 

same. [15] 

If the resting pulse is measured when seated: 

 The limit for continuous performance = 35  work 

pulse/min for men 

 On physiological grounds it is = 30 work pulse/min for 

women 

VI. CONCLUSION 

The following conclusions have been derived from the study 

Work-Related Musculoskeletal Disorders for the analysis of 

human comfort, Assessment and Prevention:- 

1) This study was focused on application of ergonomic and 

engineering principles are effective in reducing the risks 

and occurrence of WMSD. 

2) The study found the most significant factors or 

conditions that may increase the injury to 

musculoskeletal system. The risk factors include 

working in awkward posture, force which may come 

from gripping, lifting, pushing or pulling. Repetition 

which involves in doing a task that uses the same 

muscles over and over with little chance for recovery or 

working in extreme temperature condition either 

extremely cold and extremely hot also are the main risk 

factors. 

 

3) This review papers provides insight into how 

ergonomics has enhanced our understanding of the 

nature of the disorders, their work-relatedness and their 

potential prevention. Greater adherence to the 

ergonomics process in design and assessment of work 

systems would seem the most likely strategy for 

securing long term primary prevention of these 

disorders. 



Factor Affecting Musculoskeletal Disorders and Cumulative Trauma Disorders in workplace Design: A Review 

 (IJSRD/Vol. 4/Issue 01/2016/087) 

 

 All rights reserved by www.ijsrd.com 316 

REFERENCES 

[1] N. Jaffar*, A. H. Abdul-Tharim, I. F. Mohd-Kamar, N. 

S. Lop(2011) , A Literature Review of Ergonomics Risk 

Factors  in Construction industry, 

WWW.SCIENCEDIRECT.Com 

[2] Antonio Cimino, Duilio Curcio, Francesco Longo, 

Giovanni Mirabelli workplaces effective ergonomics 

design: A literature review, Modeling & Simulation 

Center - Laboratory of Enterprise Solutions (MSC-LES) 

Mechanical Department, University of Calabria, Italy. 

[3] Health and Safety Authority, 2005, Ergonomics in the 

Workplace 

[4] Khan .M.I. 2010, Industrial Ergonomics, PHI, page 2, 

[5] Khan .M.I. 2010, Industrial Ergonomics, PHI, page 53-

70,  

[6] Buckle P, Devereux J. Work Related Neck and Upper 

Limb Musculoskeletal Disorders. Bilbao, Spain: 

European Agency for Safety and Health at Work, 1999. 

[7] Work-Related Musculoskeletal Disorders Assessment 

and Prevention Isabel L. Nunes and Pamela McCauley 

Bush Centre of Technologies and Systems, Faculdade 

deCiências e Tecnologia, Universidade Novade Lisboa. 

www.intechopen.com. 

[8] Shara khursheed, Summaiya Javed, Dr. K.M.Moeed 

International Research Journal of Engineering and 

Technology (IRJET) e-ISSN: 2395-0056 Volume: 02 

Issue: 02 | May-2015 

[9] WHO/ILO, Occupational health program of WHO 

Headquarters, Geneva, Switzerland, the global 

occupational health network (2003), pp,1-2.  

[10] Bull.N.T.Riise and B.E.Moen, Work related injuries and 

occupational health and safty factors in small 

enterprises-prospectivstudy, occupational Med. 

(2002)52, pp.70-74. 

[11] Somkiat Siriruttanapruk and pensri Anantagulnathi, 

occupational health and safety situation and research 

priority in Thailand, industrial health (2004), 42, pp. 135-

140. 

[12] Surabhi Singh and Renu Arora, Ergonomic Intervention 

for Preventing Musculoskeletal Disorders among Farm 

Women. J Agri Sci, 1(2): 61-71 (2010) 

[13] Khan .M.I. 2010, Industrial Ergonomics, PHI, Page 

63,64,65,68,72,73 

[14] Juhani Smolandera, b, Tanja Juutia, Marja-Liisa 

Kinnunena, Kari Lainec, 17September (2007), 

Application example postal workers                 

www.elsevier.com/locate/apergo.  

[15] Dr Kevin Taylor (BE, PhD), Nicola Green Ref 

01/05/2008, The productivity benefits of office 

ergonomics interventions, research@wellnomics.com 

[16] Lance C. Dalleck, Len Kravitz Relationship between 

%heart rate reserve and %VO2 reserve during elliptical 

crosstrainer exercise, Journal of Sports Science and 

Medicine (2006) 5, 662-671. 

 

 

 

 

 

 

 

 

 


