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ABSTRACT 

In the past five years the XYZ Company's maintenance employees have been 

involved in a total of 108 injuries. An analysis of the archived injury data showed that 

37% of the maintenance department's total injuries in the last five years were caused by 

heavy lifting, awkward postures, and repetitive motion, which are contributing factors to 

musculoskeletal disorders. With many of the accidents potentially arising from the risk 

factors associated with musculoskeletal disorders, the XYZ Company should consider 

intervention strategies to reduce the number of musculoskeletal injuries. 

The purpose of this study was to evaluate the potential for ergonomic intervention 

strategies at The XYZ Company's Midwestern Production Facilities' maintenance 

department. A literature review was conducted to identify the physical risk factors of 

musculoskeletal disorders and methods for identifying the physical risk factors in the 

workplace. Through the use of an ergonomics survey and a discomfort questionnaire data 

was collected to identify potential contributing factors. Conclusions of the study 



followed by recommendations for a potential ergonomics intervention conclude the 

study. 
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Chapter I: Introduction 

Introduction 

The XYZ Company is a diversified corporation that specializes in research, 

manufacturing and marketing. They operate 132 worldwide plant locations and employ 

more than 65,000 people. Environmental health and safety is a top priority for the XYZ 

Company. It is their policy to provide a safe and healthy workplace for all and to 

maintain a staff of professionals whom specialize in all areas of environmental, health, 

and workplace safety. The XYZ Company holds their management staff responsible for 

ensuring that employees and others acting on the XYZ Company's behalf are properly 

trained in all applicable environmental, health and safety laws and regulations, as well as 

with internal policies, standards and guidelines. The XYZ Company also strives to 

eliminate substandard practices and conditions. These practices and conditions include 

ergonomic exposures resulting from heavy lifting, awkward postures, and repetitive 

motions. 

The XYZ Company utilizes an ergonomic job assessment (EJA) tool to analyze 

repetitive movements and awkward postures associated with the employee's work. The 

EJA is used to identify the high risk jobs within a particular department. The jobs 

identified as high risk are placed into a high risk job pool and further analyzed to 

determine priority for corrective actions. When the most hazardous job is identified, it is 

analyzed to determine what steps need to be taken to reduce or eliminate the hazards. 

The EJA can also be used to assess job rotations but only if the employee rotates jobs on 

a regular schedule and performs similar tasks during each rotation. The EJA works well 

when it is used to analyze cyclical factory work. However it does not adequately assess 



jobs that require multiple tasks and non-routine work, such as the jobs performed by the 

XYZ Company's Midwestern Production Facilities' maintenance employees. Variable 

jobs tasks maybe repeated infrequently, or at irregular time intervals, or under different 

environmental and temporal conditions. This makes it difficult to observe a realistic 

sample of the work performed (Conrad, Lavender, Reichelt & Meyer, 2000). 

When the maintenance department uses the EJA to review a task, the task's EJA 

score is very low in comparison to a routine task. When a manager of a plant or 

functional area reviews the EJA scores to assign priority for corrective actions, the 

maintenance department's jobs receive low priority based upon the low EJA scores 

because the employees do not work on the same task for an extended period. This results 

in a low number of repetitive movements, awkward postures, and strenuous lifts that can 

be reported on the EJA for a particular task. 

The maintenance department currently employs 82 skilled workers and operates 

eight shops located throughout the facility. The employees specialize in the following 

trades: electrical; mechanical; plumbing; pipefitting; steam fitting; heating, ventilation, 

and air conditioning; fire protection; grounds; system technician; painting; and custodial. 

The maintenance department also operates the facility's main stockroom. The stockroom 

serves as the main shipping and receiving hub for the facility and provides mail 

circulation services to the other departments. 

The maintenance services focus on preventative and reactive maintenance for 

equipment failures. When a department needs to utilize the services of the maintenance 

employees they are required to submit a work order. The work orders are then ranked 

based upon priority and assigned to an employee. Every work order an employee 



receives is based upon urgency and they maybe required to leave a work order 

incomplete in order to respond to a more urgent situation. 

The majority of the maintenance employees' work is conducted in areas of the 

facility owned by other functional groups. The funding for all job improvements, outside 

of the maintenance shops, must be provided by the owner of the building or functional 

area. Funding for safety related process improvements is partially determined through 

the use of the EJA. The EJA scores a job based upon posture, repetitive movements, 

force required to perform the task, and duration of the task. The final scores are used to 

rank jobs based upon ergonomic hazards and the ranking places priority on safety process 

improvements. The wide variation of tasks performed by the employees makes analysis 

of the workflow for process deficiencies extremely difficult. 

Statement of the Problem 

In the past five years the maintenance employees have been involved in a total of 

108 injuries. Of those injuries, a total of 49 were classified recordable as defined by the 

Occupational Safety and Health Administration (OSHA) and the remaining 59 injuries 

required only first aid. An analysis of the archived injury data showed that 37% of the 

maintenance department's total injuries in the last five years were caused by heavy 

lifting, awkward postures, and repetitive motion. With many of the accidents potentially 

arising from the risk factors associated with musculoskeletal disorders, the XYZ 

Company should reevaluate the use of the EJA and develop intervention strategies to 

reduce the number of musculoskeletal injuries. 



Purpose of this Study 

The purpose of this study was to evaluate the potential for ergonomic intervention 

strategies at The XYZ Company's Midwestern Production Facilities' maintenance 

department. 

Goals of this Study 

1. Examine the archived injury data to determine trends that may be associated with 

musculoskeletal disorders (MSDs). 

2. Survey the maintenance employees to determine demographics, training levels, 

employee participation in EJAs, and work-related discomfort data. 

3. Survey the employees of the trade that is experiencing the most injuries to 

determine the most prevalent strains and body stressors they encounter. 

4. Determine if the EJA tool can be modified to accurately assess the maintenance 

workers. 

Background and Sign$cance 

In the past few years the total number of maintenance employees has been 

declining, while their responsibilities have increased. In 2000 the maintenance 

employees at the XYZ Company worked a total of 338,452 hours and over the next four 

years the total hours worked dropped to 240,691. The maintenance department's rolling 

12-month total incident rate has risen from 6.7 in January to 8.3 in July of 2005. Their 

year-to-date total incident rate reached a high of 19.2 in April and dropped to 12.5 in 

July. The decrease in employees and the increase in the demand for their services could 

place a larger strain on the employees and may increase their risk of injury. 



In the past five years maintenance employees at the XYZ Company have been 

involved in a total of 108 injuries on the job. An analysis of the injury data showed that 

of the 108 injuries, 40 or 37% could be attributed to strenuous lifting, awkward posture 

and repetitive tool use. 

This study is significant because it has the potential to help reduce the number of 

MSDs sustained by the maintenance department. By reducing the number of MSDs, the 

maintenance department will be able to reduce their workers' compensation costs. Also, 

the reduction in injuries may have a positive impact on operational efficiency. 

Assumptions of this Study 

1. All of the data obtained from the maintenance department is accurate and correct. 

Limitation of the Study 

This study is designed to determine the possibility of an ergonomic intervention 

and is not meant to be an exhaustive study of ergonomics. A major limitation of this 

study is that the different trades are exposed to different ergonomic hazards and at 

varying frequencies. 

Definition of Terms 

Ergonomics. The study of relationships between worker and the working 

environment to achieve an optimum in efficiency, safety, health, and well being 

of employees (Putz-Anderson, 1988). 

Incident Rate. Incidence rates are used to show the level of injuries and illnesses 

among different industries or operations within a single firm. An incidence rate of 



injuries and illnesses is computed from the following formula (Bureau of Labor 

Statistics [BLS], 2005): 

Incidence rate = Number of injuries and illnesses X 200,000 
Employee hours worked. 

Micro trauma. Small amounts of damage that happen over time that contribute to 

MSDs (Putz-Anderson, 1988). 

Musculoskeletal. Body structure that is comprised of muscles, tendons, ligaments, 

bones, joints, and nerves. This structure provides the primary components for 

muscular activity (Putz-Anderson, 1988). 

OSHA Recordable. Any injury or illness is recordable if it results in any of the 

following: death, days away from work, restricted work or transfer to another job, 

medical treatment beyond first aid, or loss of consciousness (OSHA, 2006a). 

Tendonitis. A form of tendon inflammation that occurs when a muscle or tendon 

is repeatedly flexed (Putz-Anderson, 1988). 



Chapter 11: Literature Review 

The purpose of this study was to evaluate the potential for ergonomic intervention 

strategies for the XYZ Company's Midwestern Production Facilities' maintenance 

department. 

What are Musculoskeletal Disorders (MSDs)? 

The National Institute of Occupational Safety and Health (NIOSH; 1997e) defines 

MSDs as, "a group of conditions that involve the nerves, tendons, and supporting 

structure such as inter-vertebral discs" (para. 1). MSDs are also referred to as cumulative 

trauma disorders and repetitive motion disorders (Chul & Blair, 2003). MSDs gradually 

develop over time as a result of repeated micro trauma and the condition is often ignored 

until the symptoms are chronic and a permanent injury has occurred (Putz-Anderson, 

1988). Employees most likely disregard micro traumas, strains and sprains because they 

are unaware of the potentially crippling effects micro traumas can have on the 

musculoskeletal system. 

Work Related MSDs 

The activities people engage in may increase their chance of developing a MSD. 

Work-related MSDs are MSDs caused or made worse by the work environment (NIOSH, 

1997d). In a review of epidemiological data, NIOSH concluded that there is an 

association between MSDs and certain work-related physical factors. These physical 

factors are found in jobs that require repetitive, forceful, or prolonged exertion of the 

hand; frequent or heavy lifting, pushing, pulling; prolonged awkward postures; and 

vibration caused by tools or the work environment. When there are high levels of 

exposure, especially in combination with exposure to more than one physical factor, the 



employee's risk of injury increases. Work activities which are frequent and repetitive or 

activities with awkward postures cause MSDs which can be painful during work or at rest 

(Canadian Centre for Occupational Health and Safety, 1999). 

What Else Causes MSDs? 

The relationship between MSDs and the work environment is well documented 

but other factors have the possibility of contributing to MSDs. A review by NIOSH and 

the National Research Council concluded that non-work factors such as age, gender, and 

exposure to non-workplace physical factors also contribute to work-related MSDs 

(NIOSH, 1997~). In OSHA's report, "Ergonomics: The Study of Work," (2000), the 

following list of non-work related attributes contribute to MSDs. 

*Physical conditioning 

*Medical conditions, such as obesity, diabetes, and arthritis 

*Pregnancy 

*Hobbies that are hand intensive or require manual handling 

*Psychological or social stress 

All of these attributes place a greater strain on the body and may increase the potential for 

normally sustainable workplace stressors to cause injury. The employer has little to no 

control over the activities its employees are involved in outside of work. Therefore it is 

important that the employer implements programs to reduce the impact of the work on 

the employee's musculoskeletal system. Training programs are an effective way to 

increase the employee's awareness of ergonomic risk factors (OSHA, 2000). The 

increased awareness of the employees could inspire a less hazardous lifestyle and 

decrease the amount of work related MSDs reported by employees. 



Underlying Causes of MSDs 

MSDs can be caused by many different factors but usually develop over time as a 

result of repeated micro traumas. Due to the slow onset of MSDs the symptoms are often 

overlooked until the problem has become chronic and a permanent injury has occurred. 

The main sources of the micro traumas are force, repetition, posture, thermal stressors, 

and vibration (Putz-Anderson, 1988). These sources need to be considered when a job 

process is being developed or evaluated. Micro traumas can be referred to as workplace 

risk factors and the longer a worker must endure them, the greater the chance such a 

disorder will occur (OSHA, n. d.). When the employer reviews new processes before 

they are implemented many of the sources of micro traumas can be identified and 

eliminated through process redesign before the employees are exposed to the hazards. 

Workplace risk factors can be found in every type of industry and in every type of 

job. The control and elimination of these workplace risk factors needs to be addressed by 

the employer and employee. Ultimately, it is the employee's responsibility to perform 

the work in a safe manner. However, the employer must provide a work environment 

that will allow the employees to work safely. No matter how much is spent on a program 

and controls to reduce MSDs, employee participation and support is essential to its 

success. 

Force 

The muscles .that power the human body are an important part of an employee's 

capacity to work safely. When the employee is fully rested and the work environment 

has been properly designed, the employee's muscles will have sufficient strength for 



movement and material handling. If the employee's muscles do not have the strength to 

perform a job, three hazardous situations can occur (Parker & Imbus, 1992): 

1. The force requirement will be greater than the employee's muscle strength, but 

the employee will attempt the task anyway. This can result in an overexertion 

injury. 

2. The force requirement is greater than the employee's muscle strength, but the 

employee attempts to complete the task with excessive motion. This can result in 

an accelerated onset of fatigue and inefficient employee performance. 

3. The force requirement is equivalent to the employee's muscle strength. If the 

effort is repeated, the employee's muscle will quickly become fatigued and an 

overexertion injury can occur. 

As the employee's muscle effort increases in response to high task load, circulation of 

blood in the muscles decreases causing fatigue of the muscles. If the strain is too great the 

muscles can tear, bones can break, or soft tissue injuries such as sprains and strains can 

occur (Putz-Anderson, 1988). The repeated injury can weaken the muscle and increase 

the probability of re-injury. 

Repetition 

Jobs that require the workers to perform highly repetitive motions contribute to 

the onset of MSDs (Putz-Anderson, 1988). Repetition is a contributing factor to MSDs 

and needs to be analyzed because is can contribute to other physical risk factors. 

According to NIOSH, repetition or repetitive work as a risk factor for MSDs have several 

parallel or interacting physical workload factors. Force, extreme posture, and vibration 

should be considered with repetition as contributing to the employee's exposure (NIOSH, 



(1997~). Any job that is performed requires recovery time. If the workers are not allowed 

adequate recovery, a state of cumulative fatigue will set in by the end of the shift (Parker 

& Imbus, 1992). The work performed by maintenance employees can require them to 

work until a job is finished without taking a break. This can occur when a vital piece of 

equipment breaks down and needs to be fixed immediately and may result in a lack of 

adequate rest time for the employees. 

The more repetitive the task the more frequently the muscles will contract. An 

increase in muscle contractions requires longer rest periods. If the muscles do not receive 

adequate rest the continued repetitive movements will become a source of trauma, even if 

the forces are minimal (Putz-Anderson, 1988). The term task cycle time is used to 

describe the amount of time between repetitions. NIOSH (1 997a) defines a task cycle 

time of less than 30 seconds to be considered high repetition. The following guidelines 

were established by NIOSH to define high risk repetition rates for different body parts. 

Table 1 

NIOSH Guide to High Risk Repetition Rates 

Body Part Repetitions per Minute 

Shoulder More than 2 !4 

Upper Arm/Elbow More than 10 

ForeannIWrist More than 10 

Finger More than 10 

Factors such as force and posture may vary the safe level of repetitions per minute 

(NIOSH, 1997a). 



Posture 

The postures utilized during work activities can contribute to the onset of MSDs. 

According to the Canadian Centre for Occupational Health and Safety (1 999), there are 

two types of body postures that contribute to MSDs. The first posture is the actual part of 

the body that is performing the task. The second posture is the parts of the body that are 

fixed while the employee is performing the task. This is an important aspect of working 

posture that needs to be considered in the design of employee workstations. A 

workstation may be designed adequately for the upper extremities but the workstation 

may require the employee to stand for long periods of time on an uneven floor. This 

could result in back problems after repeated exposures (Canadian Centre for 

Occupational Health and Safety, 1999). 

When extreme postures are assumed, the available strength to that body part 

decreases and the onset of muscle fatigue accelerates (Parker & Imbus, 1992). The 

fatigue is caused by the increased muscle contractions and a reduced blood flow to the 

body, which make the body more susceptible to injury (Canadian Centre for 

Occupational Health and Safety, 1999). 

Vibration 

The vibrations produced by tools and the work environment can contribute to the 

onset of MSDs. Vibration affects tendons, muscles, joints, and nerves. Workers using 

vibrating tools may experience numbness of the fingers, loss of touch and grip, and pain 

(Canadian Centre for Occupational Health and Safety, 1999). The most common 

problem from vibrations is the constriction of blood vessels in the fingers. The repetitive 



forceful gripping of vibrating tools can causes the constriction of the blood vessels, 

ultimately resulting in finger blanching and vibration syndrome (Putz-Anderson, 1988). 

Thermal Stressors 

Thermal stressors in the workplace can increase the problems in assessing MSDs 

in the workplace. Hot and cold environments have an adverse effect on an employee's 

ability to perform work safely. In hot environments more forceful gripping can occur 

because the higher temperature causes the employee's hands to sweat which can increase 

the slipperiness of hand tools. Cold environments can cause a similar situation. The 

employees may need to wear gloves in order to keep their hands warm. The gloves 

reduce the employee's ability to grip a hand tool which causes the employees to grip the 

hand tools more forcefully. This results in added stress to the hand and wrist which can 

accelerate the onset of a MSD (NOSH, 1997a). 

When the employees work in hot environments the high temperatures increase the 

risk of heat stress. Excessive heat can cause heat stroke, a condition that can be life 

threatening or result in irreversible damage. Less serious conditions associated with 

excessive heat include heat exhaustion, heat cramps, and heat-related disorders 

(Ergoweb, 2005). Cold environments can also increase the risk of injury. Cold stress is 

the exposure of the body to cold temperatures that can lower body's deep core 

temperature (Canadian Centre for Occupational Health and Safety, 2001). Systemic 

symptoms that a worker can have when exposed to cold include shivering, clouded 

consciousness, extremity pain, dilated pupils, and ventricular fibrillation (Ergoweb, 

2005). 



Risk Factors Associated with Back Injuries 

Pain in the lower back, or lumbar region, is the most common work-related back 

problem. Low back pain occurs due to a variety of injuries and illnesses (American 

Federation of State, County and Municipal Employees, AFL-CIO, 2005). Back pain and 

other work-related MSDs may be caused by the following (Premier, Inc., 2005): 

A single traumatic event, such as a slip and fall or a car accident. 

Other factors, such as genetics; age; poor physical fitness; poor posture; improper 

lifting; personal stress; pregnancy; and sports or hobbies. 

Cumulative trauma to the spine and related structures. 

Injuries and illnesses affecting discs and nerves are also very painful. Discs can 

deteriorate, or a disc can stick out and press on nerves. Problems with the spinal column 

can also cause pressure on nerves (American Federation of State, County and Municipal 

Employees, AFL-CIO, 2005). Twisting, bending and lifting while twisting are common 

movements that strain the musculoskeletal system. These movements involve the risk 

factors of force, repetition and harmhl posture. Vibration is another condition that can 

lead to back pain. 

Injuries Resulting from MSDs 

Losses incurred from MSDs continue to be a major problem for the American 

economy. Injuries caused by MSDS are among the most prevalent medical problems, 

affecting 7% of the population and accounting for 14% of physician visits and 19% of 

hospital stays (NIOSH, 1997e). The BLS reports that in 2001 total MSD cases account 

for 522,500 lost workday cases (BLS, 2001). The prevalence of MSDs in non-work 



related and work related injuries indicates a lack of public knowledge about the hazards 

of repetitive motions, awkward postures and strenuous lifting. In order to effectively 

reduce the number of work related and non-work related MSDs, American workers need 

to be trained to utilize good ergonomic practices while at work and during leisure 

activities. 

MSDs are now recognized as one of the most serious occupational health hazards 

(Roughton, 1993). According to OSHA, 1.8 million workers report work related MSDs 

and about 600,000 workers miss work due to MSDs each year (OSHA, 2000). Also, 

MSDs cost employers over $1 5 billion a year in direct workers' compensation costs 

(Chul & Blair, 2003). These injuries not only affect insurance costs they can also lead to 

high employee turnover rates and reduced product or service quality. Ergonomically 

designed jobs and tools account for both psychological and physical aspects, which can 

lead to increased job satisfaction, reduced absenteeism and fewer work related injuries 

(Roughton, 1993). The BLS reported in 2001 that MSDs continue to account for over 

one-third of all lost workday cases (BLS, 200 1). 

In March 200 1, the US Congress rescinded OSHA's ergonomic standard. OSHA 

responded in April 2002 by releasing a public notice stating guidelines for workplace 

ergonomic hazards. The lack of a standard to regulate ergonomics limits OSHA's ability 

to force employers to correct ergonomic hazards in the workplace (Abrarns, 2002). The 

Congressional Review Act prohibits OSHA from issuing a rule that is substantially the 

same as the former one. OSHA now uses guidelines for ergonomics. Guidelines are 

more flexible, and can provide specific and helpful guidance for abatement to assist 



employees and employers in minimizing injuries. Guidelines are the most effective 

method available to OSHA for reducing MSDs quickly (OSHA, 2005). 

Common MSDs in Industry 

MSDs can affect many parts of the human body and can cause numerous 

problems in the workplace. This section will review common MSDs found in industry 

which include tendonitis, carpal tunnel syndrome, back injury, thoracic outlet syndrome, 

and vibration syndrome (Putz-Anderson, 1 988). 

Tendonitis. Tendonitis is a form of tendon inflammation that occurs when a 

muscle tendon unit is repeatedly tensed. The tendon becomes thick, bumpy and irregular. 

Some parts of the tendon may actually break or fray apart (Putz-Anderson, 1988). 

Friction from overuse can cause inflammation and contribute to tendonitis (Pascarelli & 

Quilter, 1994). Tendonitis occurs near a joint that is aggravated by movement and can 

cause pain, tenderness, and mild swelling (Mayo Clinic, 2005). There are various 

methods to treat tendonitis. Treatments include: strict rest of the affected area, application 

of ice to reduce swelling for the first 24 to 48 hours, application of moist heat for deep 

muscle relaxation after 48 hours, and anti-inflammatory pain relievers like aspirin or 

ibuprofen (American College of Rheurnatology, 2003). 

Carpal Tunnel Syndrome. Carpal tunnel syndrome is a very common nerve 

disorder. Excessive motion causes the synovium in the carpal tunnel to swell and presses 

against the median nerve. The median nerve extends down the arm and provides the 

sense of touch in the thumb, index finger, middle finger, and half of the fourth or ring 

finger (Pascarelli & Quilter, 1994). Pressure or compression of the median nerve can 

occur from chronic swelling of the finger flexor tendons inside the wrist. Nerve carpal 



tunnel syndrome occurs when workers are exposed to repeated or sustained work 

activities that create pressure on the median nerve from sharp work surfaces, tools, near 

by bones, ligaments, and tendons (Putz-Anderson, 1988). 

Workers may not notice the early signs of carpal tunnel syndrome as a developing 

MSD. Cardinal signs of carpal tunnel syndrome include numbness, tingling in the fingers 

and pain at night (Pascarelli & Quilter, 1994). Symptoms of carpal tunnel syndrome can 

often be relieved without surgery. Treatment is done with a brace worn at night to keep 

the wrist in a natural position. Splints can also be worn during activities that aggravate 

symptoms. Changing patterns of hand use to avoid aggravating positions and activities 

may be helpful. If these methods are not successful, surgery can be used to diminish the 

symptoms of carpal tunnel syndrome (American Academy of Orthopedic Surgeons, 

2005). 

Back Injuries. The most common back injuries may occur from pulled or strained 

muscles, ligaments, tendons, and may occur in almost half of the work force at least once 

during their lifetime. The majority of workplace back disorders result from chronic injury 

to the back rather than from one specific incident. When back muscles or ligaments are 

injured they can become scarred and weakened and lose their ability to support the back, 

making additional injuries more likely. Other factors which can contribute to back 

injuries include the natural degeneration of the back due to aging, inactivity both at work 

and at home, seasonal activity undertaken without prior physical conditioning, stress, and 

vibration (JJ Keller, 2005). Stretching exercises can help keep muscles and ligaments in 

the back flexible. Stretching can also reduce stress on joints and improve the flow of 

blood and nutrients throughout the body. 



Thoracic Outlet Syndrome. Thoracic outlet syndrome is a combination of pain, 

numbness, tingling, weakness, or coldness in the shoulder and upper arm caused by 

pressure on the nerves andlor blood vessels in the thoracic outlet (Putz-Anderson, 1988). 

The thoracic outlet is a space between the rib cage (thorax), and the collar bone (clavicle) 

through which the main blood vessels and nerves pass from the neck and thorax into the 

arm. The common cause of thoracic outlet syndrome is compression of the nerves and 

arteries of the arm in the thoracic outlet. Compression may occur with repetitive 

activities that require the arms to be held overhead (Hand Surgery Center of Brooklyn 

and Staten Island, n. d.). The treatment of thoracic outlet syndrome usually does not 

include surgery. Physical therapy is used to strengthen the muscles surrounding the 

shoulder so that they are better able to support the collarbone. Also, postural exercises are 

used to help the worker to stand and sit using natural posture, which lessens the pressure 

on the nerves and blood vessels (American Academy of Orthopedic Surgeons, 2000). 

Vibration Syndrome. Vibration syndrome is also referred to as white finger or 

Raynaud's phenomenon (Putz-Anderson, 1988). Vibration induced white finger 

syndrome is the most common condition among the operators of hand-held vibrating 

tools and the symptoms are aggravated when the hands are exposed to cold. Vibration 

can cause changes in tendons, muscles, bones and joints, and can affect the nervous 

system. These effects are known as Hand-Arm Vibration Syndrome (Canadian Centre for 

Occupational Health and Safety, 1998). 

Vibration syndrome occurs when the blood vessels of the hand are damaged as a 

result of repeated exposure to vibration for long periods of time. The skin and muscles 

are unable to get the necessary oxygen from the blood and eventually die (NIOSH, 1983). 



The middle finger is most commonly affected; the finger turns white or bluish. After the 

exposure to the vibrations has ceased the finger will turn pink again and will become 

painful. The damping of vibrations between the tool and the handgrip can reduce the 

exposure considerably (Grandjean, 1988). The age of the worker and if the worker is a 

smoker may exacerbate the effects of vibration syndrome (NIOSH, 1983). 

Controlling MSDs 

Hazards are best eliminated at the source and with MSDs the prime source of 

hazards is the repetitiveness of work. Applied force, body positions, and repetition of the 

same movements, are also contributing factors to MSDs. Avoiding repetitive patterns of 

work through job design is an effective method to reduce MSDs. Prevention strategies 

should also include the modification or redesign of workplace layout, tool and equipment 

design, and work practices (Canadian Centre for Occupational Health and Safety, 1999). 

Ergonomic controls can be used to reduce the exposure to the physical risk factors 

of MSDs by fitting the workplace to the worker. The controls seek to place the body in a 

neutral position and reduce the physical risk factors of MSDs. The controls must 

accommodate the widest range of personnel (American Federation of State, County and 

Municipal Employees, AFL-CIO, n. d.). A three tier hierarchy of controls is widely 

accepted as an intervention strategy for controlling workplace hazards, including 

ergonomic hazards. The three tiers are as follows (NIOSH, 1997b). 

Reducing or eliminating potentially hazardous conditions using engineering 

controls 

Changes in work practices and management policies 

Use of personal protective equipment 



Engineering controls involve altering the physical items in the workplace, such as 

modifying the workstation, obtaining different equipment, or changing tools. The focus 

of engineering controls involves identifying the underlying physical risk factors of MSDs 

and eliminating them by changing the physical work environment (Ergoweb Inc., 2006). 

Engineering Controls are the heart of ergonomics: changing the work place to fit the 

worker. The design should accommodate the widest range of people assigned to the task 

(American Federation of State, County and Municipal Employees, AFL-CIO, n. d.). 

Administrative controls involve altering work organization. These approaches 

usually are less expensive than engineering controls but are less dependable. (Ergoweb 

Inc.,2006). Administrative controls are management dictated work practices and policies 

to reduce or prevent exposures to ergonomic risk factors. Administrative controls can be 

used as temporary measures until engineering controls can be implemented or when 

engineering controls are not technically feasible. Since administrative controls do not 

eliminate hazards, management must assure that the practices and policies are followed 

NIOSH, n. d.). 

Personal protective equipment should only be used as the principal means of 

control when engineering and administrative controls are not possible. Personal 

protective equipment does not eliminate the hazard or reduce the time of exposure. 

Personal protective equipment reduces the amount of hazardous exposure by placing a 

barrier between the hazard and the worker. The effectiveness of personal protective 

equipment can be reduced if it is worn improperly by the employees (American 

Federation of State, County and Municipal Employees, AFL-CIO, n. d.). 



Job Assessment 

Job assessments have been used since the early 1900's. Early job assessment 

focused on time motion studies and the reduction of the worker's motions in order to 

increase productivity. Frank and Lillian Gilbreth were essentially early ergonomists who 

defined efficient, functional movements for laborers. This increased productivity and 

improved the health and safety of workers by eliminating repetitive motions. Even if the 

Gilbreths' main concern was increasing productivity; they were pioneers in the field of 

job assessment and helped to usher in the modern day field of ergonomics (Crain 

Communications Inc., 2002). 

Today job assessments are used to evaluate and establish employment procedures 

such as training, selection, compensation, performance appraisal and job hazards. The 

key to job assessments is that the job should be assessed, not the person (HR-Guide to the 

Internet, 2001). Job assessment is the process used to divide a job into its component duty 

or functional areas and corresponding task statements describing the job duties (Hartley, 

2004). 

The knowledge obtained during a job analysis is used for many purposes, in 

particular, where knowledge of the job is essential to make comparisons with other jobs. 

Failure to secure complete and accurate job information will result in inaccurate job 

evaluation (PAQ Services, Inc., 2005). The key aspect of a job assessment is a task list. 

The task list is a critical because it is used to create management tools, such as behavior 

based interview guides; self-assessment tools; organizational assessments; job 

procedures; and job descriptions (Hartley, 2004). 



In the article, "How to Conduct Job Analysis Effectively," the following main 

steps in the process of a job assessment were outlined (Chang & Kleiner, 2002). 

Identify and isolate the component tasks in a job 

Examine how the tasks are performed 

Identify the main areas of responsibility 

Note the prevailing working conditions in respect of the physical, social and 

financial aspects of the job 

Identify the personal demands that a job makes on an individual incumbent. 

When a job is analyzed it should be broken down into two elements: 

documentation and analysis. The documentation needs to outline each step of the 

operation and the analysis needs to identify the demands of the job so they can be 

compared to human capabilities (Adams & Temple, 2000). The documentation of the job 

should include information from the company's production records and video tapes of the 

job being performed. After the steps of the job have been documented, each of the steps 

needs to be described as fundamental movements or acts required to perform a job (Putz- 

Anderson, 1988). A pioneer in the field of work analysis, Frank Gilbreth, developed a 

motion classification scheme called the Methods-Time-Measurement System This system 

is based upon a description of manual activities which reference a defined set of 

elemental motions (Ferguson, 2000). 



Table 2 

Gilbreth 's Table of Work Elements (Therblings) 

Element Description 

Select Locating one object (that is) mixed with others 

Search Looking for something with eyes or hand. 

Grasp Touching or gripping one object with the hand. 

Reach Moving of the hand to some object or location. 

Move Movement of some object from one location to another. 

Hold Exerting force to hold an object on a fixed location. 

Position Moving an object in a desired orientation. 

Inspect Examining an object by sight, sound, touch, etc 

Assemble Joining together two or more objects. 

Disassemble Separating two or more objects. 

Use Manipulating a tool or device with the hand. 

Avoidable Interrupting work activities because of some factor under the worker's 
delay control. 

Unavoidable Interrupting work activities because of some factor beyond the worker's 
delay control. 

Rest to Interrupting work activities to overcome the effects of repeated exertions 
overcome or movements. 
fatigue 

Plan Performing mental process that precedes movement. 
-- -- - 

The analysis of the job should consist of six basic techniques used to gather 

information: literature review, direct experience, interviews, worker logs, questionnaires, 

and statistical studies. Regardless of the method of job analysis used, the information 

collected requires an analysis and interpretation that is documented and formalized to be 

considered a bona fide method of job analysis (State of Colorado, 2002). Once the job 

has been documented the identification of workplace hazards can be more readily 

identified (Putz-Anderson, 1988). 



Establishing proper job procedures is one of the benefits of conducting a job 

analysis. Through careful study of a job's steps, the identification of existing or potential 

job hazards helps in the determination of the best way to perform the job. Improved job 

methods can reduce costs resulting from employee absenteeism and workers' 

compensation, and can often lead to increased productivity (Seton, 2005). Companies 

looking for a program to identify, eliminate or control workplace injuries, improve 

ergonomics and lower injury costs can find the solutions in job hazard analysis (Swartz, 

2002). 

Job hazard analysis can serve many objectives from the need to develop safe 

working procedures or create uniform safety standards or the need to reduce costs 

associated with product and property damage. Job hazard assessments can have a major 

impact on safety performance (Swartz, 2002). The identification of hazards is a critical 

component of any health and safety program. A safety management program should 

include three principles: identification, evaluation, and control of employee exposures to 

workplace hazards. Without the identification of hazards an organization will not know 

where to place its safety program efforts (SMACNA Industrial Contractors Council, 

2005). 

In order to effectively understand the objectives of a job hazard analysis the terms 

hazard and job need to be defined by the organization. OSHA defines a hazard as the 

potential for harm. In laymen's terms, a hazard is associated with a condition or activity 

that, if left uncontrolled, can result in an injury or illness (OSHA, 2002). The word job 

refers to a given task that contains several steps. Every occupation performs multiple 



tasks or jobs. The purpose of the job hazard analysis is to analyze each job in each 

occupation within a facility in order to develop safe working procedures (Swartz, 2002). 

The first step of a job hazard analysis is to review accident histories. Accidents 

are indicators that the existing hazard controls are not adequate and deserve more 

scrutiny (OSHA, 2002). A history of the accidents should be complied on a spreadsheet 

so the information can be analyzed and to create graphs that depict incident rates. A 

valuable product of the spreadsheet is the recognition of trends. The identification of 

trends equips a safety professional with data to justify hazard controls (Bancroft, 2002). 

The second step of a job hazard analysis is to conduct a preliminary job review. 

The purpose of this review is to establish priority for job analysis. The worksite's history 

of accidents and near misses are indicators for hazardous jobs. Also, consulting with the 

employees can be a source of information on potential hazards with in the worksite 

(OSHA, 2002). Answering questions can also help in the identification hazardous jobs. 

The following is a list of questions that can help an organization identify hazardous jobs 

(Swartz, 2002): 

What jobs have caused the most serious injuries or fatalities? 

What jobs have resulted in the highest number of injuries? 

What jobs have produced the most lost-workday injuries? 

The third step of a job hazard analysis is to establish priority for hazardous jobs. 

A list of jobs with hazards that present unacceptable risk, based on severity and 

frequency, should be developed (OSHA, 2002). Also, a list should be developed that 

contains all jobs within the facility. A priority system should be used to select jobs for 

analysis. The jobs that are determined to potentially be the most hazardous should be 



reviewed first (Swartz, 2002). Any imminent dangers that are discovered during the 

preliminary job review should be mitigated before any before any jobs are analyzed 

(OSHA, 2002). The XYZ Company's EJA process is consistent with OSHA and Swartz. 

However, the way in which jobs are ranked is incompatible with non routine work. 

The fourth step of a job hazard analysis is to outline the steps or tasks. As each 

step of the task is described a description of potential hazards associated with each step 

should be recorded. During each step of the task the professional conducting the job 

hazard analysis must decide if the employee is subject to a hazard. Hazards can come 

from injury sources, substandard conditions, and substandard behaviors (Swartz, 2002). 

In order for the analysis to be effective a description of the potential hazard scenarios of 

the job needs to be documented. OSHA recommends that the following aspects be 

considered when developing a hazard scenario (OSHA, 2002). 

Good hazard scenarios describe 

Where it is happening (environment) 

Who or what it is happening to (exposure) 

What precipitates the hazard (trigger) 

The outcome that would occur should it happen (consequence) and 

Any other contributing factors and a list of scenarios that should be described. 

This data can be collected through time motion studies or by observing and defining the 

components of the task. A videotape of each of the task components can be used to 

record the step-by-step actions that are required to complete the task (Bancroft, 2002). 

After the job has been analyzed, controls for the identified hazards need to be 

developed. Controls are classified as engineering, administrative, and personal protective 



equipment. Engineering controls are the most effective because they eliminate or reduce 

the employee's exposure. Administrative controls should be used when engineering 

controls are not feasible (OSHA, 2002). OSHA uses the term administrative controls to 

describe other measures aimed at reducing employee exposure to hazards. These 

measures include additional relief workers, exercise breaks and rotation of workers. 

Administrative controls are normally used in conjunction with other controls that more 

directly prevent or control exposure to the hazard (OSHA, 2006b). Personal protective 

equipment should only be used as a control when engineering controls do not completely 

eliminate the hazard and administrative controls do not provide sufficient protection 

(OSHA, 2002). 

Ergonomic Job Assessment 

The identification of ergonomic hazards through the use of a job analysis is an 

important part of any company's safety and health program. The use of a job analysis 

requires a detailed examination of the job tasks (Adams & Temple, 2000). The 

employee's job should be broken down into functional tasks and individually studied to 

quantify posture, force, and recovery time stressors (Parker & Imbus, 1992). By 

identifying the ergonomic demands of a job the employer can implement corrective 

actions to effectively reduce the impact of the identified demands. 

EJA assists an organization in the process of evaluating, ranking, and 

implementing ergonomic solutions for workplace hazards (Ridyard, Tapp & Wylie, 

2001). The tools of EJA are many and varied; some are basic and some are complex. The 

technique and approach used must fit the needs and goals of the specific workplace 

(MacLoed, 1995). No matter what tool is used, a thorough analysis is important to 



successfully prevent or reduce the various MSD hazards at a work site. A comprehensive 

analysis of the workplace will identify the interplay of how various ergonomic risk 

factors affect workers (OSHA, 2000). 

Some conditions that may contribute to employees developing MSDs may be 

identified through review of injury records, job and work analysis, and employee input, 

and may be obvious and not require hrther analysis. More complex problems may 

require further analysis before an effective solution can be designed and implemented 

(OSHA, 2003). Thomas Bernard a professor at the University of Southern Florida's 

College of Public Health suggests that ergonomic analysis tools can be organized into 

three categories: qualitative, semi-quantitative and quantitative. Qualitative tools are best 

used as a screen for job risk factors. Semi-quantitative tools require a more focused 

screening of specific job risk factors, usually distinguished by risk to a specific body 

region. Quantitative tools require more effort and help to understand how job risk factors 

combine to assess risk and help to identify contributing factors that would benefit from 

controls (Bernard, 2004). 

The quantitative task analysis specifically documents things like range of motion, 

task frequency, and force magnitude. It also correlates biomechanical breakdown or 

injury potential to empirical data. Quantitative analysis focuses specifically on how the 

biomechanical breakdown can occur. Specific worker motions are measured, recorded 

and reviewed for frequency, duration and magnitude (Chong, 2000). 

Qualitative analysis strength lies in situations where an injury results from an 

identified task. It provides solutions based on a solid understanding of biomechanics, 

anatomy, anthropometry, kinesiology and design. The qualitative ergonomic analysis 



identifies which specific anatomical tasks, postures or positions have a relationship to the 

injury. Qualitative ergonomic analysis uses this biomechanical task analysis to design or 

redesign offending tasks, positions, postures, methods, processes, equipment or 

environments. Quantitative techniques appear to be most applicable when the impact of 

task performance is unknown and you want to determine how ergonomic issues affect 

your organization (Chong, 2000). 

Self-assessment discomfort questionnaires are a qualitative analysis tools used to 

identify where ergonomic interventions are needed and reduce the severity of injury 

(Franits, 1999). The main objective of discomfort questionnaires is to determine the jobs 

that exhibit ergonomic risk factors and to measure the effectiveness of an ergonomics 

program. OSHA recommends that the questionnaires include a description of the 

location, frequency and duration of the discomfort and a diagram of the body (OSHA, 

1990). Discomfort questionnaires developed by the Human Factors and Ergonomics 

Laboratory at Cornell University can be viewed in Appendix A. 

The Rapid Upper Limb Assessment (RULA) is a semi-quantitative ergonomic 

analysis tool. The RULA is a postural targeting method for estimating the risks of work- 

related upper limb disorders. It gives a quick and systematic assessment of the postural 

risks to a worker. The analysis should be conducted before and after the implementation 

of controls to demonstrate that the controls have reduced the risk of injury (Hedge, n. d.). 

A copy of the RULA can be viewed in Appendix B (McAtamney & Corlett, 1993). 

The NIOSH lifting equation is an example of a quantitative ergonomic assessment 

tool. The lifting equation was developed to assess the physical stress of two-handed 

manual material handling tasks (NIOSH, 1994). The equation can help the user identify 



lifting-related hazards that can contribute to back injury among workers. The 1993 

revision of the equation expanded the number of tasks that are evaluated by providing 

methods for evaluating asymmetrical lifts; lifts of objects with less-than-optimal hand- 

container couplings; and guidelines for longer work durations and lifting frequencies 

(Townley, Hair, & Strong, 2005). The equation is used to calculate a recommended 

weight limit (RWL) and a lifting index (LI). NIOSH defines the RWL as, "the weight of 

the load that all healthy workers could lift over a substantial period of time without an 

increased risk" (p. 4). NIOSH defines the LI as,"a relative estimate of the level of 

physical stress associated with a manual material handling task" (NIOSH, 1994, p. 4). 

The RWL and the LI can assist in the redesign of manual material handling task. 

NIOSH has developed a lifting equation for repetitive multi-tasks of short 

duration and repetitive task of long duration to its lifting equation. These equations can 

be used to determine combined effects of a manual material handling task. The equations 

are based on the concept that the composite lifting index (CLI) is equal to the sum of the 

largest single task lifting index (STLI) and the incremental increases in the CLI as each 

task is added. The increase in the CLI for a specific task is defined as the difference 

between the lifting index for that task at the cumulative frequency and the Lifting Index 

for that task at its actual frequency (NIOSH, 2001). Multi-task equations use the single 

task RWL equation and additional indexes to determine the overall cumulative or 

composite physical demands of the lifting station. The multi task equations can be used in 

lifting operations where weights and heights vary (Adams & Temple, 2004). 



Non Routine Task Assessment 

The assessment of variable tasks can be much more challenging than the 

assessment of a routine task. A variable job's tasks maybe repeated infrequently, at 

irregular time intervals, or under different environmental and temporal conditions. This 

makes it difficult to observe a realistic sample of the work performed (Conrad, Lavender, 

Reichelt, & Meyer, 2000). When analyzing multi-task and highly variable jobs such as 

maintenance jobs of short duration, similar tasks should be grouped to simplify the job 

analysis process. A job analysis is not necessary if an obvious solution is evident, is 

implemented, and it leads to a resolution of the problem (The National Safety Council, 

2002). A job hazard analysis can be performed for all jobs in the workplace, whether the 

job task is non-routine or routine. Even one-step jobs, such as those in which only a 

button is pressed, can and perhaps should be analyzed by evaluating surrounding work 

conditions (University of Calgary, 2005). 

Maintenance Workers, MSDs, and Ergonomics 

The difficult work performed by maintenance employees places strain on the 

body and increases their risk for MSDs. Twisting, bending, and lifting while twisting are 

common movements that strain the musculoskeletal system of maintenance workers 

(American Federation of Teachers, AFL-CIO, 2005). Maintenance workers and 

mechanics risk inflammation of the wrists and hands from using tool handles that are too 

short or dig into their wrists or palms. Vibration from power tools over time can cause 

MSDs, as can exerting extra force while lifting, pulling, pushing, or gripping a tool 

(Snyder, 2005). 



The employees' jobs required them to stand for long periods of time, stoop and bend 

frequently, and lift heavy objects. This resulted in a large number of MSDs and workers' 

compensation claims of over one million dollars (Team Safety, Inc., 2005). 

In order to reduce the MSDs and workers' compensation costs the University of 

California, Santa Barbara interviewed the employees to determine their knowledge of 

safety and preexisting injuries. They also conducted baseline flexibility tests. After the 

initial investigation the University found that the majority of the injuries were coming 

from facilities' maintenance and grounds employees. A comprehensive flexibility and 

strength program was implemented following the Back Synergy model. The employees 

also received strength and flexibility, biomechanics, and ergonomics training. 

Photographs of the worksites were used to illustrate hazards and risk factors and provided 

alternative biomechanics and ergonomic methods to prevent injury. As a result of their 

efforts the workers' compensation costs were reduced by 75% one year after the program 

had been implemented (Team Safety, Inc., 2005). 

The University of California, Santa Barbara was successful in the reduction of 

their workers' compensation costs because they utilized training and programs to increase 

the fitness of the employees. The training educated the Housing and Residential Services 

department employees in ergonomic risk factors that can help them identify and avoid 

high risk behaviors on the job. The flexibility and strength program increased the 

employees' abilities to perform manual tasks (Team Safety, Inc., 2005). 

The Back Synergy model is a multi-phased program that focuses on increasing the 

employee's flexibility and strength to reduce musculoskeletal disorders. The program 

consists of daily safety meetings and 240 leadership scripts that take fitness, health, 



safety, ergonomics, and biomechanics training out of the classroom and into an 

organization's daily safety routine. The content of the program emphasizes the 

connection between safety and fitness and promotes daily safety activities (Team Safety, 

Inc., 2004). 

A study conducted on the maintenance tasks of two chemical plants in Finland 

found that maintenance workers had a high prevalence of MSDs. A questionnaire was 

used to evaluate the discomforts experienced by the maintenance workers. The 

questionnaire revealed a high rate of neck, shoulder, and low back pain. When -the 

researchers compared the daily maintenance tasks and accident situations a relationship 

between the position of the back and use of force was discovered. Accessibility of 

maintenance points was determined as a contributing factor to accidents among the 

maintenance workers. The researcher found that the compatibility between the human 

element and machinery in maintenance depends mostly on accessibility and 

anthropometric factors. A copy of the questionnaire could not be located. (Vayrynen, 

Pekkarinen, & Tornberg, 1994). 

Vayrynen et al. (1994) concluded that the accident rate is higher among 

maintenance workers because of the high proportion of strenuous postures. The postures 

are dependant upon the location of maintenance points on the machinery and in the 

facility. Emphasis should be placed on the redesign of maintenance points to eliminate 

strenuous postures. 

This study shows that there is a relationship between high accident rates and 

maintenance work. It also shows that there is a relationship between MSDs and 

strenuous postures among maintenance workers (Vayrynen et al., 1994). However, the 



study does not provide any guidance for determining which group of maintenance 

employees was experiencing the highest rate of accidents. In order to effectively 

eliminate or reduce the accident rates, each group or trade needs to be analyzed 

individually to determine corrective actions for the hazards associated with each trade. 

This needs to be done because the responsibilities for each trade require different 

postures, repetitions, and force requirements. 

Hildebrandt, Bongers, Dul, and Van Dijk (1996) conducted a study for the Dutch 

Ministry of Health, Welfare to determine priorities for ergonomic improvements in five 

maintenance departments of a steel company. The study was camed out to identify 

groups with a high prevalence of musculoskeletal problems or a high exposure to 

unfavorable musculoskeletal workloads. The workers in the five maintenance 

departments completed a standardized questionnaire of musculoskeletal symptoms and 

musculoskeletal workload. Symptoms of low back and neck-shoulder pain were most 

common but not higher than the reference group of non-sedentary workers. The self 

reported exposure to vibration was higher than the reference group. Hildebrant et a1 

concluded that a questionnaire survey could be considered to be a valuable instrument in 

the first phase of the selection of ergonomic interventions in those workplaces, which 

constitute the highest risks for the workers. A copy of the questionnaire could not be 

located. 



Chapter 111: Methodology 

Introduction 

This chapter includes the selection of subjects, data collection, and method of data 

analysis. Information gathered from the literature review was used in the development of 

the research methodologies of this study. The methodology was used to present the 

procedures used to complete this study. 

Purpose of this Study 

The purpose of this study was to evaluate the potential for ergonomic intervention 

strategies at the XYZ Company's Midwestern Production Facilities' maintenance 

department. To achieve this purpose the following goals were established. 

Goals of this Study 

1. Examine the archived injury data to determine trends that may be associated with 

MSDs. 

2. Survey the maintenance employees to determine demographics, training levels, 

employee participation in EJAs, and work related discomfort data. 

3. Survey the employees of the trade that is experiencing the most injuries to 

determine the most prevalent strains and body stressors they encounter. 

4. Determine if the EJA tool can be modified to accurately assess the maintenance 

workers. 

Selection of Subjects 

Subjects at the XYZ Company's Midwestern Production Facilities were selected 

from a group of 82 maintenance employees. This group of employees was selected to 

participate in the study because of the high prevalence of MSDs. In the past five years 



the maintenance employees have been involved in a total 108 injuries. Of those injuries a 

total of 49 were classified as OSHA recordable and the remaining 59 injuries required 

only first aid. An analysis of the archived injury data showed that 37% of the 

maintenance department's total injuries in the last five years may have been caused by 

physical risk factors of MSDs. The physical risk factors of MSDs are heavy lifting, 

awkward postures, and repetitive motion. 

Before the subjects participated in the study, they were given the opportunity to 

withdraw from the study at any time, without the fear of repercussions. The subjects 

were asked to read an implied consent form that outlined the study, risk of participation, 

time commitment, right to withdraw, and how confidentiality was ensured. 

Data Collection 

Every injury that the XYZ Company's Midwestern Production Facilities' 

maintenance department employees have sustained has been recorded into a 

comprehensive injury archive. The data recorded in the archive includes date of the 

injury, employee name, supervisor name, trade, injury type, affected body parts, OSHA 

injury classification, and a description of the injury. The maintenance department's safety 

manager censored the archived injury data to protect confidentiality before it was sent to 

the researcher. The following information was censored from the archive: date of injury, 

employee name, supervisor name, and the painting and grounds trades. The information 

was censored from the archive to ensure anonymity. However, the year the injury 

occurred in was left in the archive. The painting and grounds trades were excluded 

because of the small numbers of employees in each trade; if the painting and grounds 



trades were not excluded the possibility of identification and a breach of anonymity could 

have occurred. 

A survey was given to the maintenance department employees during a crew 

meeting. The safety manager for the XYZ Company's Midwestern Production Facilities' 

maintenance department administered the survey. The mechanic and pipefitting trade 

were identified as the trades with the highest rate of MSDs. The results of this survey in 

combination with an analysis of the archived injury data were used to identify the trade 

with the highest rate of MSDs. 

A self-assessed discomfort questionnaire was then administered by the safety 

manager to the XYZ Company's Midwestern Production Facilities' maintenance 

department. The employees who specialize in the trade with the highest rate of MSDs 

were given the self-assessment discomfort questionnaire. Each employee was asked to 

read an implied consent form before the survey was completed. The discomfort 

questionnaires were used to determine the most prevalent areas of work related body 

pains the employee's experience. 

Survey Design 

The survey used during this study was a modification of the 2003 Plant 

Engineering Ergonomics Questionnaire developed by Lawrence Livermore National 

Laboratory (2003). The modified survey was designed to be easily understood and easy 

to complete. The modified and additional questions used on the survey were based upon 

information collected during the literature review. The survey consisted of 14 questions, 

four regarding demographic information, three regarding ergonomics training, three 

regarding EJA, and four regarding work related discomfort. Once a draft of the survey 



was completed it was reviewed by the XYZ Company's Midwestern Production 

Facilities' maintenance department's safety manager. The purpose of the review was to 

ensure the questions were worded using terms common to the vernacular of XYZ 

Company employees. The results of the survey where complied into a spreadsheet. 

Self-Assessed Discomfort Questionnaire 

The musculoskeletal discomfort questionnaire utilized during this study was 

developed in 1999 by Hedge, Morimoto and McCrobie from the Human Factors and 

Ergonomics Laboratory at Cornell University. The questionnaire was selected because it 

addresses the entire body. The following areas of the body are addressed in the 

questionnaire: neck, shoulders, upper back, lower back, forearms, wrists, hip/buttocks, 

thighs, knees, lower legs, and feet. Each area of the body is assessed for frequency of 

pain, magnitude of pain, and interference with the employee's ability to work. An 

illustration of the human body is provided on the questionnaire to ensure accurate 

responses. 

Analysis of Survey Results 

The results of the survey consisted of nominal data and the results were tabulate 

and described with numbers and percents. 

Analysis SelfAssessed Discomfort Questionnaires 

Scoring guidelines for the questionnaires have been developed and provided by 

the Human Factors and Ergonomics Laboratory at Cornell University. For this study 

method three was utilized. Scores can be analyzed in four ways: 

1. By simply counting the number of symptoms per person. 

2. By summing the rating values for each person. 



3. By weighing the rating scores to easily identify the most serious problen~s as follows: 

Never = 0 Every day = 5 

1-2 timeslweek = 1.5 Several times every day = 10 

3-4 timeslweek = 3.5 

4. By multiplying the above frequency score (0, 1.5, 3.5, 5. 10) by the discomfort score 

(1,2. 3) by the interference score (1,2, 3). 

111 the computational analyses. missing values can be coded as 0. If the missing 

valuc is for the frequency score then use this as a zero in inultiplying (i.e. all 

combinations of frequency. discon~fort and interference become 0). However, if the 

~nissing value is in the discomfort or frequency score then it is treated as missing so that 

the ~nultiplied score will be at least the value of the frequency score. 



Chapter IV: Results 

Introduction 

The results of the data collection and analysis will be outlined in this chapter. Each goal 

will be addressed and the data collected to achieve each goal will be presented. The information 

will be used to determine potential ergonomic intervention strategies for the XYZ Company's 

Midwestern Production Facilities' maintenance department. 

Purpose of this Study 

The purpose of this study was to evaluate the potential for ergonomic intervention 

strategies at the XYZ Company's Midwestern Production Facilities' maintenance department. 

Goals of this Study 

1. Examine the archived injury data to determine trends that may be associated with MSDs. 

2. Survey the maintenance employees to determine demographics, training levels, employee 

participation in EJAs, and work related discomfort data. 

3. Survey the employees of the trade that is experiencing the most injuries to determine the 

most prevalent strains and body stressors they encounter. 

4. Determine if the EJA tool can be modified to accurately assess the maintenance workers. 

Goal One 

In the past five years the maintenance employees have been involved in a total of 108 

injuries. Of those injuries, a total of 49 were classified as OSHA recordable and the remaining 

59 injuries required only first aid. An analysis of the archived injury data showed that 37% of the 

maintenance department's 108 total injuries in the last five years were caused by heavy lifting, 

awkward postures, and repetitive motion. 



The archived injury data from January 1 to August 1,2005 was analyzed to determine if a 

trend was contributing to the MSDs. The most significant trend found was between the injuries 

and trades. The mechanic and pipefitting trades have experienced the highest rates of injuries 

from January 1 to August 1,2005. Both the mechanic and pipefitting trades have experienced 

three injuries in 2005. Also, the data revealed that all but one injury occurred during the day 

shift. Injury by body part and the different types of injuries were analyzed to determine if a trend 

existed and yielded no results. 

Table three contains an overview of MSDs among the plant engineering employees from 

the past five years. As seen in Table 3 the mechanic and pipe fitter trades have the highest rates 

of MSDs among all of the maintenance department's trades. The mechanic trade had the highest 

rate with a total of 18 MSDs with in the last five years and pipe fitting trade had the second 

highest with a total of 11 MSDs with in the last five years. Of the 40 MSDs, 15 required only 

first aid and the remaining 25 were OSHA recordable and produced lost time incidents. 



Table 3 

Analysis of Musculoskeletal Injuries Among Maintenance Workers: 2000 to 2005 

Lost Time OSHA Musculoskeletal 

Trade Injuries Recordable First Aid Injuries 

Custodial 0 0 0 0 

Electrician 4 0 0 4 

Fire Protection 1 

Fitter 2 

HVAC 1 

Mechanic 1 

Painter 0 

Steam Fitter 0 0 1 1 

Stock Room 0 

Yards 0 

Systems 1 1 1 3 

Total 10 15 15 40 

Table 4 contains an overview of all injuries from the past five years among the plant 

engineering employees. When all of the maintenance department's 108 injuries were analyzed, 

the mechanic and pipe fitter trades had the highest injury rates. The mechanic trade had a total 

of 36 injuries in the last five years and the pipefitter trade had a total of 26 injuries in the last five 

years. Of the 108 injuries at total of 59 required only first aid and the remaining 49 were OSHA 

recordable and produced lost time incidents. 



Table 4 

Analysis of All Injuries Among Maintenance Workers: 2000 to 2005 

Lost Time OSHA 

Trade Injuries Recordable First Aid Total 

Custodial 0 1 0 1 

Electrician 5 1 11 17 

Fire Protection 1 0 0 1 

Fitter 5 

HVAC 1 

Mechanic 2 

Painter 0 1 3 4 

Steam Fitter 0 

Stock Room 0 

Yards 1 0 0 1 

Systems 1 3 5 9 

Total 16 33 5 9 108 

Goal Two 

Seventy-six percent of the tradesmen in the plant-engineering department completed the 

ergonomics survey. A total of 62 tradesmen out of a possible 82 completed the survey. Nominal 

data was collected from the survey. The number of responses and percentages will be used to 

describe the collected data. 

Each survey was coded with a number. The surveys were analyzed on two different days. 

The surveys analyzed on the first day are coded from 1 to 52 and the surveys analyzed on the 



second day are coded from H1 to H10. The surveys were not coded in any specific method. 

Tables 5 through 18 show the number of response and percentages for the survey. 

Results of Ergonomics Survey 

Table 5 

Question 1: How long have you been employed by the XYZ Company? 

Response Frequency Percent 

<1 yrs. 

2-5 yrs. 

6-9 yrs. 

10-15 JTS. 

16-20 JTS. 

>20 yrs. 

Total 62 100% 

Table 5 illustrates how long the employees who completed the survey have been 

employed by the XYZ Company. 



Table 6 

Question 2: Which trade do you specialize in? 

Response Frequency Percent 

Electrician 4 6% 

Pipefitting 14 23% 

Steam fitting 

Mechanics 

HVAC 

Systems Tech 

Systems Engineer 

Utilities 

Custodial 

Fire Protection 

Filter Services 

Stock Room 

Truck Shop 1 2% 

Total 62 100% 

Table 6 illustrates the number of employees that specialize in the trades utilized by the 

XYZ Company's Midwestern Production Facilities' maintenance department. 



Table 7 

Question 3: Have you received ergonomics training since you have been hired? 

Response Frequency Percent 

Yes 48 77% 

No response 1 2% 

Total 62 100% 

Table 7 illustrates the numbers of survey responses that indicate if the employees have 

received ergonomics training since they have been hired by the XYZ Company's Midwestern 

Production Facilities' maintenance department. 

Table 8 

Question 4: How was the training presented to you? 

Response Frequency Percent 

Computer based 2 3% 

Videotape 

Lecture 43 5 9 '10 

Other 0 0% 

No Response 13 18% 

Total 73 100% 

Table 8 illustrates the numbers of survey responses that indicate how the ergonomics 

training was presented. The total response on question 4 is higher than the total survey count 

because nine survey responses specified both videotape and lecture as the presentation method 



for the training and one survey indicated three responses: computer based, videotape, and 

lecturer. 

Table 9 

Question 5: Did youfind the training beneficial? 

Response Frequency Percent 

Yes 34 55% 

No response 7 11% 

Total 62 100% 

Table 9 illustrates the number of survey responses that indicated the ergonomics training 

to be beneficial. 

Table 10 

Question 6: Do you know of an ergonomicsprogram administrator in your area? 

Response Frequency Percent 

Yes 32 52 % 

No Response 3 5% 

Total 62 100% 

Table 6 illustrates the number of survey responses that indicated they know of an 

ergonomics program administrator. 



Table 11 

Question Seven: During your employment with plant engineering have you ever been involved in 

an ergonomic job assessment (EJA)? 

Response Frequency Percent 

Yes 

No 

No Response 
4 6% 

Total 

Table I1 illustrates the survey responses that indicated if the employees have been 

involved in an EJA. 

A table for questions 8 and 9 were not constructed due to the low response rates. Of the 

employees who completed the survey, 94 % or 58 out of 62 did not respond to question 9 and 

89% or 55 out of 62 did not respond to question 9. 

Table 12 

Question 10: Have you ever experienced discomfort while at your workstation? 

Response Frequency Percent 

Yes 30 48% 

No Response 3 5% 

Total 62 100% 



Table 12 illustrates the number of employees who completed the survey that have 

experienced a discomfort while at their workstation. 

Table 13 

Question 11: When you experienced the discomfort, what was done? 

Response Frequency Percent 

Notified Supervisor 

Scheduled Evaluation 

Met with health services 

Did nothing 

Other 

No response 

Total 57 100% 

Table 13 illustrates what was done when the employees who completed the survey 

experienced the discomfort. The total response on question 11 is higher than the total survey 

count because five survey responses specified both notified supervisor and met with health 

services as the response to the discomfort. One survey indicated four responses: notified 

supervisor, scheduled evaluation, met with health services, and other. Three surveys indicated 

other as a response. The other responses consisted of a visited doctor, had surgery, and a blank 

response as what was done. 



Table 14 

Question 12: What was the discomfort caused by? 

Response Frequency Percent 

Repetitive Tool Use 7 8% 

Heavy Lifting 19 21 O h  

Awkward Posture 20 22 % 

Tool Vibration 3 3% 

Thermal Stress 5 6% 

Other 2 2% 

No Response 33 37% 

Total 89 100% 

Table 14 illustrates what caused the discomforts experienced by the employees who 

completed the survey. The total response on question 12 is higher than the total survey count 

because five survey responses specified both heavy lifting and awkward posture. Six surveys 

indicated three causes to the discomfort. 

Three surveys indicated repetitive tool use, heavy lifting, and awkward posture. 

One survey indicated heavy lifting, awkward posture, and tool vibration. 

One survey indicated heavy lifting, awkward posture, and thermal stress. 

One survey indicated repetitive tool use, awkward posture, and other. 

Two surveys indicated four causes for the discomfort. One of the surveys indicated 

repetitive tool use, heavy lifting, awkward posture, and thermal stress. The other survey 



indicated heavy lifting, awkward posture, tool vibration, and thermal stress as the cause to the 

discomfort. 

Also, one survey indicated five causes for the discomfort. This response included 

repetitive tool use, heavy lifting, awkward posture, thermal stress and tool vibration. Two 

surveys indicated other as the response. One of the surveys did not specify what caused the 

discomfort and the other survey stated that the discomfort was caused by overhead work. 

Table 15 

Question 13: Have you experienced a work related inju y? 

Response Frequency Percent 

Yes 31 50% 

No Response 7 11% 

Total 62 100% 

Table 15 illustrates the number of employees who completed the survey that have 

experienced a work related injury. 



Table 16 

Question 14: What type of injury did you experience? 

Response Frequency Percent 

Abrasion 4 4% 

Burn (Chemical) 

Bum (thermal) 

Broken Bones 

Laceration 

Puncture 

Sprain or strain 

Back Injury 11 11% 

Amputation 1 1% 

Repetitive Use 

Irritation 

Other 

No Response 31 31 % 

Total 101 100% 

Table 18 illustrates the types of work related injuries experienced by the employees 

whom completed the survey. The total response on question 14 is higher than the total survey 

count because 10 survey responses specified multiple types of injuries. 

Five surveys indicated two types of injuries. 



o One survey indicated strain or sprain and a back injury. 

o One survey indicated a laceration and other. 

o One survey indicated a puncture and a laceration. 

o One survey indicated a broken bone and a back injury. 

o One survey indicated a thermal burn and a chemical bum. 

Two surveys indicated three types of injuries. 

o One survey indicated a puncture, sprain or strain, and other. 

o One survey indicated a chemical burn, thermal bum, and other. 

Three surveys indicated four types of injuries 

o One survey indicated a chemical bum, laceration, strain or sprain, and repetitive use. 

o One survey indicated a thermal bum, laceration, strain or sprain, and a back injury. 

o One survey indicated an abrasion, laceration, strain or sprain, and repetitive use. 

One survey indicated four types of injuries. 

o The survey indicated back injuries, repetitive use, irritation, and other. 

One survey indicated six types of injuries 

o The survey indicated an abrasion, chemical bum, thermal bum, broken bone, 

laceration, and a repetitive use. 

One survey indicated seven types of injuries. 

o The survey indicated an abrasion, chemical bum, thermal bum, strain or sprain, back 

injury, amputation, and an irritation. 

One survey indicated eight types of injuries 

o The survey indicated an abrasion, thermal bum, broken bone, laceration, puncture, 

strain or sprain, back injury, and a repetitive use. 



The surveys that indicated other specified the following types of injuries: torn meniscus; finger 

dislocation; rotator cuff and shoulders, and right and left knees. 

Goal Three 

The results of the discomfort questionnaire are displayed in Table 17. The questionnaire 

was divided into three questions. The first question asked if the employee had experienced a 

discomfort within the last week. If the employee answered no to this question, questions 2 and 3 

could not be completed. A total of 25 mechanics and pipe fitters completed the questionnaire. 

Forty percent or 10 out of 25 of the employees who completed the survey reported no 

discomforts with in the last work week. Sixty percent or 15 out of 25 employees reported a 

discomfort within the last week. The most common parts of the body that the employees felt 

discomfort in were the lower back, knees, shoulders, and wrists. 



Results of Discomfort Questionnaire 

pain, discomfort, did this interfere 

with your ability to work? 



Of the employees who completed the discomfort questionnaire, 7 out of 25 reported a 

lower back discomfort. Of the 7 participants who reported a lower back discomfort, 5 reported 

that it does not interfere with their ability to work. Of the remaining 2 participants, 1 reported 

that it slightly interfered with the ability to work and 1 reported that it substantially interfered 

with the ability to work. On the discomfort questionnaire 3 participants reported that the lower 

back discomfort was slightly uncomfortable and 3 participants reported that the lower back 

discomfort was moderately uncomfortable. Only 1 participant reported that the lower back 

discomfort was very uncomfortable. 

Of the participants who completed the discomfort questionnaire 5 out of 25 reported a 

knee discomfort. Of the 5 participants that reported a knee discomfort, 3 of the participants 

reported that it does not interfere with their ability to work. Of the remaining two participants, 1 

reported that it slightly interfered with the ability to work and 1 reported that it substantially 

interfered with the ability to work. On the discomfort questionnaire 2 participants reported that 

the knee discomfort was slightly uncomfortable and 1 participant reported that the knee 

discomfort was moderately uncomfortable. Only 1 participant reported that the knee discomfort 

was very uncomfortable. 

Of the participants who completed the discomfort questionnaire, 4 out of 25 reported a 

shoulder discomfort. Of the 4 participants that reported a shoulder discomfort, 3 of the 

participants reported that it does not interfere with their ability to work and 1 participant reported 

that it substantially interfered with the ability to work. On the discomfort questionnaire 2 of the 

participants reported that the shoulder discomfort was slightly uncomfortable and 1 employee 

reported that the shoulder discomfort was moderately uncomfortable. Only 1 participant reported 

that the shoulder discomfort was very uncomfortable. 



Of the participants who completed the discomfort questionnaire 3 out of 25 reported a 

wrist discomfort. Of the 3 participants who reported a wrist discomfort, 2 of the participants 

reported that the wrist discomfort substantially interfered with the ability to work and 1 

participant reported that the discomfort slightly interfered with the ability to work. On the 

discomfort questionnaire 1 of the 3 participants reported that the shoulder discomfort was 

slightly uncomfortable, 1 participant reported that the shoulder discomfort was moderately 

uncomfortable, and 1 participant reported that the shoulder discomfort was very uncomfortable. 

The total number of discomforts reported is 19 and is higher than the number of 

participants whom reported a discomfort because two of the participants reported multiple 

discomforts. One participant reported a knee, lower back, shoulder, and wrist discomfort and 

one participant reported a lower back and knee discomfort. 

Goal Four 

The EJA used by the XYZ Company involves a three-step risk reduction process and 

utilizes four different worksheets to identify jobs with ergonomic hazards. The risk reduction 

process begins by identifying possible high-risk jobs. Then each job is analyzed and each job is 

given a score based upon the associated risks. Finally the jobs are prioritized and corrective 

actions are undertaken. The EJA uses both qualitative and quantitative analysis tools to identify 

force, posture, repetition, vibration, and thermal stressors. The EJA tool can also be used to 

assess job rotations. Each of the jobs done by the employee is treated like a task and the scores 

for each job are combined. 

A major drawback of the EJA used by the XYZ Company is that it does not take into 

account the duration of a task. Chapter I1 literature suggests that maintenance work is highly 

variable and the job tasks maybe repeated infrequently, at irregular time intervals or under 



different environmental conditions which makes it difficult to observe a realistic sample of the 

work. By not taking into account the often short and infrequent duration of the work perfonned 

by the maintenance department, the XYZ Company is not getting a realistic assessment of the 

work and is inaccurately scoring and prioritizing jobs. This may cause potential hazards to go 

undiscovered until an injury or MSDs occurs. 

Another major drawback of the EJA used by the XYZ Company is that it does not take 

into account the accessibility of maintenance points. Maintenance work that is conducted on 

machinery or in a facility with inadequate access to the maintenance point can cause the 

employees to use strenuous and awkward postures. These postures could create an ergonomic 

hazard and may increase the potential for injuries and MSDs. 

The EJA tool used by the XYZ Company could be modified to more accurately assess the 

work performed by the maintenance employees. The duration of a task and the frequency that a 

task is perfonned should be considered when the task is given a final EJA score. Tasks that are 

of a short duration but are perfonned on a frequent basis should be given a higher score than task 

of a short duration that are performed infrequently. The accessibility of maintenance points could 

also be evaluated during the assessment. Tasks that require the employees to use strenuous and 

awkward postures should receive a higher score than tasks that do not require unnatural postures. 



Chapter V: Summary, Conclusions and Recommendations 

Summary 

This study was conducted at The XYZ Company's Midwestern Production Facilities' 

maintenance department. The XYZ Company utilizes an EJA to identify high-risk jobs within a 

particular department. The EJA used by the XYZ Company does not adequately assess the work 

performed by the maintenance employees. 

Statement of Problem 

In the past five years the maintenance employees have been involved in a total of 108 

injuries. Of those injuries, a total of 49 were classified as OSHA recordable and the remaining 59 

injuries required only first aid. An analysis of the archived injury data showed that 37% of the 

maintenance department's total injuries in the last five years were caused by heavy lifting, 

awkward postures, and repetitive motion. With many of the accidents potentially arising from the 

risk factors associated with MSDs, the XYZ Company should reevaluate the use of the EJA and 

develop intervention strategies to reduce the number of musculoskeletal injuries. 

Purpose of this Study 

The purpose of this study was to evaluate the potential for ergonomic intervention 

strategies at the XYZ Company's Midwestern Production Facilities' maintenance department. 

Goals of this Study 

1. Examine the archived injury data to determine trends that may be associated with MSDs. 

2. Survey the maintenance employees to determine demographics, training levels, employee 

participation in EJAs, and work related discomfort data. 

3. Survey the employees of the trade that is experiencing the most injuries to determine the 

most prevalent strains and body stressors they encounter. 



4. Determine if the EJA tool can be modified to accurately assess the maintenance workers. 

Methodologies 

Data utilized during this study was collected through the use of an ergonomics survey, 

discomfort questionnaire and an analysis of the maintenance departments' injury data. The 

ergonomics survey was used to determine demographics, training levels, employee participation 

in EJAs, and work related discomfort data. The discomfort questionnaire was used to determine 

the types of work related body pain the employees experience. The injury data was used to 

determine which trades were experiencing the highest rates of MSDs and to determine trends that 

may be associated with MSDs. 

Findings 

Goal one. The archived injury data was analyzed and did not reveal any major trends that 

could be contributing to the MSDs. The analysis revealed that the mechanic and pipefitting trade 

accounted for a majority of the injuries and MSDs. The mechanic trade experienced a total of 18 

MSDs and a total of 36 injuries. The pipefitting trade experienced a total of 11 MSDs and a total 

of 26 injuries. Chapter I1 literature suggests that strenuous postures required to perform work can 

increase injury rates. With any maintenance work, especially mechanical and pipefitting, 

strenuous postures are required to reach maintenance points. This factor could be contributing to 

the higher rates of injuries and MSDs. The analyses also revealed that 88% of all injuries that 

occurred from January 1 to August 1,2005 occurred during the day shift. This fact is not 

surprising considering that the majority of the work performed by the maintenance department is 

done on the day shift. 

Goal two. An ergonomic survey completed by the maintenance employees revealed that 

74% or 46 of the employees who completed the survey have worked in the maintenance 



department for greater than 10 years and 32% or 20 have worked in the maintenance department 

for greater than 20 years. Chapter I1 literature suggests that MSDs develop over time as a result 

of repeated micro traumas. Maintenance work requires a worker to bend, twist, and lift while 

twisting which could have the potential to cause the six physical risk factors of MSDs. The 

physical risk factors of MSDs are force; repetition; duration; posture; vibration; and thermal 

stressors, which are the major sources of micro traumas. Chapter I1 literature also suggests that 

non-work related factors can also contribute to MSDs such as physical conditioning and medical 

conditions. Physical conditioning of an employee may decrease with age and medical conditions 

such as arthritis and obesity may become more prevalent in an employee as their age increases. 

The ergonomic survey revealed that 77% or 48 of the employees who completed the 

survey have received ergonomics training. However, 34% or 21 of the employees surveyed 

found the training not to be beneficial and 94% or 58 have never been involved in an EJA. 

Chapter I1 literature suggested that training is an effective way to increase employee awareness 

of ergonomics risk factors. Awareness of risk factors by itself will not reduce MSDs. The 

employees' work behaviors must be altered to reduce MSDs or a flexibility and strength program 

should to be implemented to increase the employees' physical fitness. 

The ergonomic survey revealed that 48% or 30 of the employees who completed the 

survey have experienced a discomfort while at their workstations. Of the employees that have 

experienced a discomfort at their workstation, heavy lifting and awkward postures were 

perceived to have caused the discomfort. Also, 50% or 3 1 employees who completed the survey 

have experienced a work related injury. Strains and sprains and back injuries were the most 

common type of injuries experienced by the employees. 



Goal three. A discomfort questionnaire completed by employees of the mechanic and 

pipefitting trades revealed that during the week the questionnaire was administered 60% of the 

employees surveyed experienced a discomfort while at work. The most common parts of the 

body that the employees felt discomfort in were the lower back, knee, shoulder, and wrist. 

Chapter I1 literature suggests that a discomfort questionnaire should be carried out to identify 

groups of workers or jobs with high exposures to unfavorable musculoskeletal workloads. The 

results of the discomfort questionnaire completed by the maintenance employees at the XYZ 

Company's Midwestern Production Facilities suggests that jobs that have the potential to cause 

back, shoulder, knee, and wrist injuries should be the focus of an ergonomic intervention. 

Chapter I1 literature suggests that most back injuries are the result of chronic injury. 

Chronic injury to the back causes the injured muscles and ligaments to become weakened and 

lose their ability to support the back, which increase the chance for additional back injuries. 

Chapter I1 literature also suggests that the natural degeneration of the back due to aging can 

increase the risk of injury. A survey completed by the maintenance employees revealed that 

74% or 46 of the employees who completed the survey have worked in the maintenance 

department for greater than 10 years and 32% or 20 have worked in the maintenance department 

for greater than 20 years. Due to the large number of employees who have worked in a trade for 

greater than 10 years, the risk of back injury could be extremely high. The natural degeneration 

of the back coupled with the physically demanding work performed by maintenance workers 

could increase the risk for back injuries. 

Goal four. An examination of the EJA revealed that it closely aligns with the aspects of 

high quality job assessments suggested in the literature review. However, it is not appropriate for 

the assessment of non-routine work. The literature suggests that a preliminary job review should 



be conducted and then priority should be established based upon probability and severity. The 

XYZ Company's risk reduction process follows this exactly. Jobs are ranked either as high, 

moderate or low priority. The XYZ Company's EJA calls for a review of all jobs within an area 

and the jobs with the highest risks are placed into a high-risk jobs group. Chapter I1 literature 

then suggests that the jobs, based upon priority, should be described by breaking the job down 

into tasks and identifying potential hazards associated with each task. Each job in the high-risk 

group is then broken down into tasks and assessed based upon 40 ergonomic elements. 

Additional elements could be added to more accurately assess the work performed by the 

maintenance employees. 

The XYX Company's EJA analyzes a job based upon a series of score sheets and the 

final score is used to determine priority of corrective actions. The score sheets use both 

qualitative and quantitative analysis to score the force, posture, repetition, vibrations, and 

thermal stressors the employee experiences while performing the task. Once the EJA has been 

completed a project plan is created to mitigate or reduce the hazards. 

Chapter I1 literature suggests that employees can be a good source of information on 

potential hazards within a worksite. Also, the employees may have more insight into a particular 

job from the experience they have gained from performing the job on a regular basis. An 

ergonomic survey completed by the maintenance employees revealed 96% or 50 of the 52 

employees surveyed have never been involved in an EJA. Employee participation during the 

assessment process could lead to increased accuracy of job assessments performed by the XYZ 

Company's maintenance department. Also, increased employee participation could increase the 

employees' confidence and ownership of the XYZ Company's ergonomic policies and programs. 



The EJA should be modified to include the duration of the task and the frequency that the 

task is performed. Tasks that are of a short duration but are performed on a frequent basis should 

be given a higher score than tasks of a short duration that are performed infrequently. Tasks of 

short duration receive a low EJA score due to the low numbers of repetitive movements, 

awkward postures, and strenuous lifts that can be reported. If a task's EJA score is low but it is 

frequently performed the combined effect of the postures, lifts, and movements could increase 

the risk of injury. Also, tasks of short duration that are similar in nature should be grouped 

together and analyzed as a single task. For example, if an employee performs several different 

tasks that all require overhead work the postures, lifts, and movements of the tasks would be 

similar and the combined effects of those tasks could increase the risk of injury. 

The EJA should also be modified to include the accessibility of maintenance points. 

Tasks that require the employees to use strenuous and awkward postures should receive a higher 

score than tasks that do not require unnatural postures. Chapter I1 literature suggests that 

strenuous postures required to perform work can increase injury rates. If a maintenance point 

within a facility or on a piece of machinery requires the employee to use strenuous and awkward 

postures the risk of injury could be increased. 

Conclusions 

An analysis of the injury data found that in past five years the mechanics have 

experienced 18 or 45% of all MSDs and 36 or 33% of all injuries and first aid cases in the 

maintenance department. The analysis also found that in the past five years the pipefitters have 

experienced 11 or 28% of all MSDs and 26 or 24% of all injuries and first aid cases. Based upon 

these findings it can be concluded that ergonomic intervention strategies prepared to reduce the 

hazards associated with the mechanic and pipefitter trades would yield the most results. 



The literature review indicates that maintenance mechanics are at a higher risk of MSDs 

from the repetitive use of hand tools. The literature review also found that the accessibility of 

maintenance points could be a contributing factor to work related injuries and MSDs. Based 

upon these findings it can be concluded that if the maintenance department does not include the 

use of hand tools and accessibility of maintenance points in its ergonomic programs the number 

of injuries and MSDs could potentially increase. 

Of the maintenance employees who completed the survey, 74% or 46 of the employees 

have worked in the maintenance department for greater than 10 years and 32% or 20 have 

worked in the maintenance department for greater than 20 years. Due to years worked in the 

maintenance department, the employees are at a higher risk of injuries and MSDs. The literature 

review found that MSDs develop over time as a result of repeated micro traumas. The literature 

review also found that non-work related factors such as physical conditioning and med.ica1 

conditions increase the risk of injuries and MSDs. The physical conditioning of the maintenance 

employees may have decreased with age and medical conditions such as arthritis and obesity 

may have become more prevalent. Based upon these findings it can be concluded that if the 

sources of the micro trauma are not reduced or if a flexibility and strength program is not 

established to increase the employees physical fitness the number of injuries and MSDs could 

potentially increase. 

Of the employees who completed the survey 77% or 48 of the have received ergonomics 

training. However, 34% or 21 found the training not to be beneficial and 94% or 58 have never 

been involved in an EJA. A review of literature found that training is an effective way to increase 

employee awareness of ergonomics risk factors. However, a large number of the employees did 

not find the training beneficial which has the potential to decrease those employees' participation 



in the ergonomics program. Based upon these finding it can be concluded that if the ergonomics 

training given to the employees is not revised the maintenance department can expect 

comparable or increased injury rates and MSDs. 

Of the employees whom completed the survey, 50% or 3 1 employees have experienced a 

work related injury. The employees indicated on the survey that strains and sprains and back 

injuries as the most common type of injuries experienced by the employees. The survey also 

indicated that 74% or 46 employees have worked in the maintenance department for greater than 

10 years. The review of literature found that the back naturally degenerates as age increases. 

Based upon these findings it can be concluded that the maintenance employees have a high risk 

for back injuries and if strategies are not implemented to mitigate this potential the number of 

back injuries and MSDs could potentially increase. 

Of the employees who completed the survey 94% or 58 have never been involved in an 

EJA. The review of literature found that consulting with employees could be a source of 

information on potential hazards within the workplace. Based upon these finding it can be 

concluded that the lack of employee participation in the job assessment process could limit the 

effectiveness of assessment results. Comparable or increased injury rates and MSDs can be 

expected if employee participation is not utilized during the EJA. 

Of the employees who completed the survey 48% or 30 have experienced a discomfort 

while at their workstation. Of the employees that have experienced a discomfort at their 

workstation the survey responses indicated heavy lifting and awkward postures as the perceived 

cause of the discomfort. The review of literature found that maintenance employees' work 

postures are dependent upon the location of maintenance points on machinery and in the facility. 

Based upon these findings it can be concluded that if the accessibility of maintenance points is 



not evaluated during the EJA process the numbers of injuries and MSDs could potentially 

increase. 

A review of the EJA found that duration of a task and the frequency that a task is 

performed is not included in the assessment process. The review of literature found that tasks of 

short duration and similar tasks should be grouped together. By grouping tasks a more realistic 

sample of the work performed can be observed. Based upon these findings it can be concluded 

that combining similar tasks and tasks of short duration during the EJA process will yield a more 

realistic sample of the work performed. This could potentially increase the EJA scores and 

possible attention by management to address ergonomic problems. 

Recommendations 

An ergonomic intervention at the XYZ Company's Midwestern Production Facilities' 

maintenance department would have the potential to reduce the numbers of MSDs. An 

intervention should consist of the following recommendations. 

1. An additional category should be added to the EJA to include elements for 

analyzing non-routine tasks and tasks of short duration. The category should 

consist of an element to assess tasks of short duration that are frequently 

performed and an element to assess the accessibility of maintenance points. 

The element used to assess tasks of short duration that are frequently 

performed should use the ergonomic walk through score for the task multiplied by 

the number of times the task is completed. The task would be considered high 

risk if it is completed multiple times a day. The task would be considered 

moderate risk if it is completed multiple times per week and low risk if it is not 

completed multiple times per week. The element would not be used on tasks that 



are cyclical in nature, such as assembly of a product or during the manufacture of 

component parts. 

The element used to assess the accessibility of maintenance points would 

require the person completing the EJA to use their professional judgment to assess 

the ergonomic risks. By observing the task being performed on the maintenance 

point and consulting with the employee completing the task, it would be ranked. 

The person completing the EJA and the employee would rank the task as a high 

risk, moderate risk, or low risk. If the task were ranked as a high risk the 

ergonomic walk through score would be multiplied by a factor of three. If the 

task were ranked as a moderate risk the ergonomic walk through score would be 

multiplied by a factor of two and a task ranked low risk would be multiplied by a 

factor of one. 

The maintenance employees should participate during the EJA process. 

Consulting with the maintenance employees would improve the effectiveness of 

assessment results. Due to the large number and variability of tasks performed by 

the maintenance workers, their participation would only strengthen the results of 

job assessments and provide a more realistic assessment of the work could be 

documented. After the task has been observed and video taped the employee who 

performed the task during the observation should be included during the review of 

the observations. The employee could provide information on hazards that the 

person conducting the EJA may have missed or not been aware of. 



3. Similar task and tasks of short duration should be grouped together to 

simplify the analysis process. This would allow the person conducting the EJA to 

observe a more realistic sample of the work performed by the maintenance 

employees. For example, if an employee performs several different tasks that all 

require overhead work the postures, lifts, and movements of the tasks would be 

similar and the combined effects of those tasks could increase the risk of injury. 

4. The ergonomics training given to maintenance employees should include a 

review of the physical risk factors that can cause MSDs. Repetition, force, 

posture, vibration, and thermal stressors should be presented with examples of 

tasks performed by maintenance employees. The example tasks should be used to 

present how the physical risk factors contribute to the onset of MSDs. The 

ergonomics training should also include a review of symptoms of common MSDs. 

By increasing the employees knowledge of MDSs and physical risk factors the 

employees will be better prepared to differentiate between common aches and 

pains and symptoms of MSDs. 

5 .  A program should then be established with the onsite occupational health 

nurse that would allow the employees to visit a medical professional during the 

early stages of MSDs. If an employee has developed a MSD steps can be taken to 

reduce the employees exposure to the physical risk factors of MSDs before the 

disorder becomes severe. If the MSD has become severe appropriate medical 

treatments can be utilized to address the MSD. 



6. When new employees join the maintenance department a break in period 

should be given to the employees so they can become acclimated to the job. The 

new employees will not have knowledge of the hazards unique to the new work 

environment. The break in period should consist of job shadowing an experienced 

member of the maintenance department. The break in period should also consist 

of training that would familiarize the employee to the specific hazards in the 

workplace and specific training on symptoms and physical risk factors of MSDs. 

7. A periodic evaluation should be conducted to determine the effectiveness 

of the EJA tool. The evaluation should examine ergonomic elements to determine 

if they are accurately assessing the work. Also, a literature review should be 

conducted to identify new theories in the field of ergonomics and to determine if 

any theories could be added to the EJA. 

8. Once the high risk jobs have been identified a task list should be 

developed for each job. A job should be broken down into key tasks and each task 

should be described. Then each task should be analyzed to determine potential 

ergonomic hazards. Finally, controls should be developed to control the potential 

hazards. In order to increase uniformity and duplication of EJAs a universal 

system for describing tasks should be developed. Gilbreth's Table of Work 

Elements could be used to reduce the variability of task descriptions. This would 

eliminate the potential for task descriptions to be misinterpreted by others during 

the selection of controls and during the follow up review of the implemented 

controls. 



9. The current system used by the XYZ Company to select the most 

appropriate controls for identified hazards could create additional hazards. The 

current systems uses a cost versus effectiveness matrix to determine which 

controls will be most appropriate. This could lead to an increased reliance on low 

cost personal protective equipment. This could create additional hazards if the 

personal protective equipment is put on incorrectly by the employees. The cost of 

a control is important but it should not be a key factor in determining which 

controls will be used to mitigate hazards within the workplace. 

10. Many of the employees whom completed the discomfort questionnaire 

reported back, shoulder, knee and wrist discomforts. The employees indicated that 

the discomfort they experience does not interfere with their ability to perform 

their job. The literature review found that MSDs develop over time as a result of 

micro traumas. This indicates that the discomforts the employees are experiencing 

could potentially result in MSDs in the future. A program should be established 

for the employees to report discomforts. These reports could be used during the 

ranking of jobs during the EJA process. Jobs with several reports of discomforts 

should be given priority over jobs with no reports of discomforts. 

11. A voluntary flexibility and strength program should be implemented 

within the maintenance department. Short daily safety meeting should be held to 

discuss ergonomics and safety. The daily meetings should not exceed two minutes 

and only one topic should be discussed during each meeting. Following the 

meeting a session of exercises and stretching should be carried out to promote 

back health. 



12. Evaluation of a job after the EJA and corrective measure have been taken 

should be completed more than once. After the corrective measures have been 

taken the first review should be done to ensure the identified hazards have been 

eliminated and no new hazards have been created by the controls. A second 

review should be conducted several months after the first review to ensure that the 

controls have not removed, bypassed, or modified. If the controls have been 

undermined steps should be taken to re-establish the controls and to ensure the 

controls will not be tampered with in the future. 
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Appendix A: Modification of Lawrence Livermore National Laboratory 

Plant Engineering Ergonomics Questionnaire (2003) 

Ergonomics Survey 

1 .  How long have you been employed by XYZ Company (including contract years.) 
< l yr. 2-5 yrs. 6-9 yrs. 10 - 15 yrs. 
16 - 20 yrs. >20yrs. 

2. Which Trade do you specialize in? 
Electrician 
Pipe Fitting 
Steam Fitting 
Mechanics 
HVAC 
Systems Technician 
Systems Engineer 
Utilities 
Custodial 
Fire Protection 
Filter Service 
Stock Room 
Truck Shop 

3. Have you receive ergonomics training since you have been hired? 
Yes No (if no proceed to question #5) 

4. How was the training presented to you? 
Computer Based 
Video Tape 
Lecturer 
Other (please specify) 

5. Did you find the ergonomics training beneficial? 
Yes No 

6. Do you know of an ergonomic program administrator in your area? 
Yes No 

7. During your employment with Plant Engineering, have you ever been involved in an 
ergonomic job assessment (EJA)? 
Yes No 

8. What prompted the ergonomic job assessment (EJA)? 



Coworker 
Supervisor 
Discomfort 
Other (please specify) 

9. Did you find the ergonomic job assessment (EJA) beneficial? 
Yes No 

10. Have you ever-experienced discomfort while at y o u  workstation? 
Yes No 

1 1. When you experienced the discomfort what was done? Check all that apply. 
Notified Supervisor 
Scheduled Evaluation 
Met with Health Services 
Did Nothing 
Other (please specify) 

12. Was the discomfort caused by? (check all that apply) 
Repetitive tool use 
Heavy Lifting 
Awkward Posture 
Tool Vibration 
Thermal Stress 
Other (please specify) 

13. Have you experienced a work related injury? 
Yes No 

14. What type of injury did you experience? (check all that apply) 
Abrasion 
Bum (chemical) 
Burn (thermal) 
Broken bone(s) 
Laceration 
Puncture 
Sprain or Strain 
Back Injury 
Amputation 
Repetitive use 
Imtation 
Other (please specify) 

Thank you for your time. 



Appendix B: Cornell University Musculoskeletal Discomfort Questionnaire 

The musculoskeletal discomfort questionnaire utilized during this study was developed in 1999 
by Hedge, Morimoto & McCrobie from the Human Factors and Ergonomics Laboratory at 
Cornell University. 
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