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Introduction to Office ErgonomicsPRIVATE 


One consequence of automation and the information revolution is that jobs are changing.  We spend more of our time sitting - at computer terminals, control panels, in libraries and classrooms. Poorly designed seats and workstations can cause pain and injury to the back, muscle aches and pains in the shoulders and neck, and circulatory problems in the legs.


Excessive physical requirements can lead to physiological and mental fatigue, reducing worker capabilities to recognize and respond to workplace hazards, increasing errors, increasing the possibility of accidents, and decreasing productivity.


Work pace or rate, the amount of repetition in task activities, and work pressure due to production demands, as with machine-paced rather than worker-paced tasks can cause worker stress.  This stress diminishes worker attention to hazards and when combined with the high frequency use of muscles and joints, produces repetitive motion injuries to the musculoskeletal system.


Ergonomics is the field of study that involves the application of knowledge about human capacities and limitations to the design of workplaces, jobs, tasks, tools, equipment, and the environment.  Ergonomics is essentially fitting the workplace to the worker.


The primary goal of ergonomics in the workplace is to reduce the risk of injuries and illnesses (cumulative trauma disorders or CTDs) by reducing or eliminating worker exposure to work-related musculoskeletal disorder (WMSD) hazards.  Other goals are to:



(
Decrease fatigue and discomfort.



(
Decrease errors and unsafe acts.



(
Increase productivity.



(
Improve the quality of work.



(
Increase worker safety.



(
Improve worker satisfaction and morale.



(
Decrease turnover and absenteeism.



(
Reduce workers’ compensation and medical costs.

Why Now?

Ergonomics has become a popular term in the 1990's, but the idea of fitting the workplace, home, tool, or environment has been around for centuries.  Several factors have combined to bring ergonomics to the forefront.


In the past, many employers were not concerned about the ergonomic design of the workplace, relying instead on a process of "natural" selection.  Workers who had lower capacity, whether strength, endurance, or visual abilities, would move out of the more demanding jobs because they could not sustain the effort required for the job.  The difficulty of the job determined the number of people who could continue to do the job on a full-time basis. 


Natural selection, however, has become an expensive and legally questionable alternative to ergonomic job design.  The Americans with Disabilities Act prohibits discrimination based on physical abilities when reasonable accommodation is viable, as well as preemployment physical capabilities screening.  In addition, the Occupational Safety and Health Administration (OSHA) has issued numerous citations against government and private agencies for ergonomic deficiencies under the General Duty Clause (Section 5 of the OSH Act) which requires employers to provide a workplace free from recognized hazards.  Poorly designed jobs that rely on natural selection will inevitably cause injuries to some workers before they can move out of the job.  The resulting workers’ compensation cost often far exceed what it would have cost to make ergonomic interventions at the work site.


We are seeing increasing numbers of workers diagnosed with CTDs.  Accompanying this increase are rising associated costs, including medical costs, costs related to lost work time by both the injured worker and fellow workers, insurance costs and workers' compensation-related costs, costs related to loss of material and property damage, costs of increased errors, costs of lost wages, training costs of a new worker, and administration costs.  The intangible costs of decreased job satisfaction, loss of motivation, and human pain and suffering often are not considered but have a profound impact on the workplace.    


There have been numerous lawsuits and several rulings against large companies for improper workplace and job design and lack of reasonable accommodation for the injuries that have resulted.  In addition, product liability lawsuits have been filed against manufacturers of workplace equipment, particularly computer equipment, claiming the manufacturer sold inherently defective equipment.

Workplace Statistics
(
By the year 2000, 75% of all jobs will involve the use of computers.

(
By the year 2050, over 1/3 of the US population will be at least 55 years old.  Older workers 
have decreased muscle performance, flexibility, endurance, and joint mobility.  


The National Institute for Safety and Health (NIOSH)

(
Dr. Roger Stevens (OSHA) predicts motion and back injuries may reach 50% of all workers’ 
compensation claims by the year 2000.

(
Approximately 50% of all occupational illnesses reported in 1990 were associated with 
repetitive trauma, and nearly 75% of the new cases were in manufacturing.  


Bureau of Labor Statistics
(
Manual materials handling injuries account for 25% of all industrial injuries and result in 12 
million lost workdays per year.


National Safety Council, 1993 edition of Accident Facts
(
Approximately 50% of back injuries occur while lifting objects.  An additional 9% occur 
while 
pushing or pulling objects, and about 6% occur while holding, wielding, throwing, or 
carrying objects.  


Cailliet, Low Back Pain Syndrome

(
In 1992, a Washington State Supreme Court ruled that a woman filing a CTD-related 
discrimination claim could recover $1.1 million from the Boeing Corporation.  After filing a 
successful workers’ compensation claim for her injuries,  she sought immediate job 
rotation or transfer, but the request was denied.

CTDNews, September 1995

(
From 1 July 1994 to 30 June 1995, the Army paid more than $590,000 per workday in costs 
associated with civilian injuries and illnesses.

Office of Workers’ Compensation Program Injury and Illness data

(
The average cost of a back injury requiring surgery is $180,000.  Back injuries account for 
about 40% of all workers’ compensation costs.  The estimated total compensable cost of back 
injuries in the U.S. in 1986 was $11.1 billion.

Journal of Occupational Medicine, January 1990, 32 (1)
(
The average cost of surgery to correct CTS is between $22,000 and $30,000.

(
Workers' compensation costs are approximately four times the medical costs, because 
workers’ compensation costs include payment for lost workdays and compensation for 
disabilities.

Coordinated Approach


Currently, there is a debate over the role of workplace and job design in the development of CTDs.  Some experts insist personal risk factors are more important than work in determining who will develop a CTD.  


Personal risk factors cited are body mass, wrist size, avocational physical activities, preexisting medical problems, and smoking.  Some research suggests the heavier a person is, the higher the risk for carpal tunnel syndrome (CTS) by as much as a factor of five.  People with less physical activity are also at greater risk for developing CTS.


These contentions are countered by other research demonstrating a clear relationship between CTDs and the known risk factors of repetition, force, vibration, awkward posture, local mechanical stress, and environmental factors.


The most reasonable approach to managing the workforce and minimizing CTD problems is to include three critical elements in program management:  ergonomics, wellness, and health.

Ergonomics Contribution
Wellness Contribution
Health Contribution

Workplace Design

Workplace Modifications

Job Design and Analysis

Tool Design

Work-Assist Devices

Automation

Training
Fitness

Exercise

Prework Warm-up

Nutrition

Stress Management

Smoking Cessation
Medical Case Management

Job Limitations

Job Specification

Work Hardening

Back Evaluation

Specific Exercises

Cumulative Trauma Disorders

CTDs are afflictions to the muscles, tendons, or nerves that are caused, precipitated, or aggravated by repeated exertions or movements to the body.  A CTD is not a diagnosis; it is a class of disorders with similar characteristics. 


Microtrauma are small, minor, limited area tissue damage or tears.  Cumulative trauma occurs when rest or overnight sleep fails to completely heal the microtrauma, and residual trauma carries over to the next day, adding to the total system trauma.  Cumulative trauma disorders are also known as repetitive strain injuries, repetitive motion trauma, or occupational overuse syndrome.  Examples of CTDs include low back injury, epicondylitis (tennis elbow), tendinitis (neck), DeQuervain’s disease (tenosynovitis of the thumb), trigger finger, and Raynaud’s syndrome (vibration white finger).  Currently, CTS is the best know CTD.


Researchers have identified specific risk factors for CTDs.  Exposure to these risk factors can result in decreased blood flow to muscles, nerves, and joints; nerve compression; tendon damage; muscle strain; and joint damage.  Prolonged exposure to the risk factors can lead to permanent damage and a debilitating condition.  


The combination of risk factors in a single task can increase the risk of CTDs.  Those tasks with several risk factors present in the job should receive a high priority for engineering redesign or administrative control.  Risk factor analyses should include the following:  


Position or Awkward Postures:  Extreme bending or twisting of the wrist and repeated 
shoulder/elbow elevation are typical awkward postures that can be damaging.  Some 
common causes are inadequate work space, poor hand tool design, and awkward lifting.


Repetition:   Repetitious work may not allow sufficient recovery time for muscles, 
tendons and nerves.  “Rub points” can develop, causing damage that is beyond the body’s 
natural ability to repair.  Machine-paced and production-based incentives can contribute to 
the 
problem.


Duration:  Working in the same position for a long period of time (static work) decreases the 
blood flow to the contracted muscles.  Raising the arms overhead (e.g., painting a ceiling) or 
twisting to see something can be problematic.


Force or Forceful Exertions:   Force is the amount of work expended to perform an 
occupational task.  Forceful exertions due to weight, friction, or posture can stress muscles 
and tendons beyond their capacity.  Damage can occur to the muscles, tendons, ligaments, 
cartilage, bones, and nerves.   Using force in combination with repetitive work in awkward 
postures is especially dangerous.


Cumulative Trauma Disorders (cont.)


Mechanical Compression:  Pressure points from sharp ridges, small handles, or the act of 
leaning against the sharp edge of a table can damage the underlying muscles, nerves, 
tendons, and blood vessels.


Vibration:  Vibration from pneumatic hand tools or tools that shake (such as a sander) 
disrupt the blood flow causing damage to blood vessels in the fingers and to nerves in the 
wrist.  During prolonged exposure, permanent tissue damage can occur.  Raynaud’s 
syndrome, commonly known as the “vibration white finger syndrome,” can develop as a 
result of chronic constriction of the blood vessels.


Temperature:  Working in cold temperatures impairs blood circulation in the extremities. 
Fingertips become numb, resulting in decreased sensation and excessive expenditure of 
force because of lack of feeling.  If tissue damage occurs, the impaired blood flow 
cripples the healing process.

Carpal Tunnel Syndrome

Carpal Tunnel Syndrome is a disabling and costly condition caused by damage to the median nerve as it passes through the carpal tunnel of the wrist.  Damage to the median nerve occurs over time with restricted blood flow to the nerve.  Wrist position is a primary factor in the development of CTS.  Certain wrist positions affect the median nerve by decreasing the cross-sectional area of the carpal tunnel and increasing the internal pressure of the carpal tunnel.


The cross-sectional size of the carpal tunnel decreases 10-35% with ulnar deviation (wrist bent toward little finger).  The average pressure in the carpal tunnel in neutral posture ranges from 4 to 18.9 millimeters (mm) mercury (Hg) and increases to 48.7 mm Hg in ulnar deviation and 30 mm Hg in flexion (wrist bent down) or extension (wrist bent up).  Evidence of nerve damage occurs at 30 mm Hg of pressure.  People with carpal tunnel syndrome average 25 mm Hg in neutral posture and 100 mm Hg in flexion or extension.


Risk Factors for Cumulative Trauma Disorders

Job and Workplace Risk Factors

(  Sustained or awkward working postures 


(  Restrictive workstations (inadequate clearances)


(  Improper seating and/or support


(  High-frequency and/or high-speed work


(  Repeated use of same muscle-tendon group


(  Repeated use of smaller, weaker muscles (e.g., pinch grip)


(  Force application, especially in an awkward posture


(  Tool design (inadequate padding, forces worker to use it in an awkward 




posture)


(  Vibration (from pneumatic tools or driving heavy trucks)


(  Machine-pacing and production-based incentives


(  Work pace near maximum


(  Cold or wet work, temperature extremes


(  Poorly fitting gloves, that reduce grip strength


(  Heavy lifting


(  Improper workstation height

Risk Factors for Cumulative Trauma Disorders

Examples of Risk Factors
(  Manipulating controls and levers and using a screwdriver (forceful exertions).

(  Using pliers and cutting with a knife (awkward postures).

(  Excessive bending or twisting of the wrist and continued elbow or shoulder elevation 
(awkward postures).

(  Grasping and pulling materials, using tweezers and/or forceps, and inserting small parts with 
fingers (repetitive pinching).

(  Segmental vibration exposure, whole-body vibration exposure, vehicle operation, and use of 
vibrating hand tools (vibration).

(  Using the palm to apply pounding forces (using the palm like a hammer) and tool handles 
pressing into the palm (i.e., a screwdriver) (mechanical compression).

Static Work

Skeletal muscles are unique in that the muscle fibers can shorten to one-half of their normal length.  Movement results when enough tension is created within the muscle to overcome other forces exerted on the skeletal system.  

Isotonic (dynamic) contraction occurs when muscle fibers shorten and perform work.  

Isometric (static) contraction occurs when the muscle remains the same length (doing no 
work), but the tension within the muscle increases.


During dynamic work, the muscle acts as a pump, increasing the blood supply to the muscle by 10 to 20 times the amount present when the muscle is at rest.  A muscle performing dynamic work is thereby maintained with energy and oxygen, while waste products are simultaneously removed.


In contrast, muscles maintaining a static contraction (prolonged tensing of the muscles) must depend on reserves of sugar and oxygen already in the muscle.  Waste products are not removed as efficiently, and the accumulation of waste products eventually results in pain and fatigue. 


Most tasks involve both static and dynamic work, but in many cases, the static component is the limiting performance factor.  Static work is caused by postural stance or constrained postures. The blood vessels compress from muscle pressure which decreases blood flow to muscle tissues.  Metabolic waste (lactic acid and carbon dioxide) builds up cutting off the oxygen supply to the muscle.  Static work frequently results in local muscle fatigue, even for short-duration activities.  Where minutes and hours are acceptable time periods for dynamic work, static work duration is measured in seconds and minutes.  In the design of jobs, reducing the static component of any task can prevent local muscle fatigue from limiting productivity. 

General guidelines to reduce the amount of static work:

(  Provide seating or supports that allow workers to lean and vary their posture.

(  Provide aids, such as carrier bags or carts, for carrying tasks taking more than 1 minute and involving objects weighing more than 15 pounds.

(  Use jigs and fixtures to reduce the requirement for holding in assembly tasks.

(  Whenever possible, provide handles or handholds on objects to be lifted or carried.

(  Allow workers to take short, frequent breaks at their own discretion.

Joint Angle Analysis Criteria


Optimal
Minimal Stress
Moderate Stress
Severe Stress

Neck


Forward flexion


Extension


Rotation


Side bend (lateral)

0°-10°


0°-5°


0°-15°


0°

11°-15°


6°-10°


16°-25°


1°-5°
 
16°-20°


11°-15°


26°-35°


6°-10°

21°-30°


16°-20°


36°-45°


11°-15°

Back 

   
Twist

  
Forward bend

0°


0°

1°-5°


1°-10°

6°-10°


11°-20°

11°-15°


over 20°

Shoulders
    Side Reach

    Forward Reach

   Across Body Reach

0°-5°


0°-25°


0°-10°

6°-15°


26°-45°


11°-15°

16°-25°


46°-90°


16°-20°

over 26°


over 91°


over 21°

Elbow Flexion

60°-90°

91°-105°

106°-120°

121°-135°

Forearm Rotation

Pronation/Supination
0°
1°-20°
21°-35°
36°-50°

Wrist
  
Extension

  
Flexion

  
Deviation

0°


0°


0°

1°-20°


1°-15°


1°-10°

21°-35°


16°-35°


11°-15°

over 36°


over 36°


over 16°

Hips

Standing

    Sitting

0°


90°

1°-5°


91°-100°

6°-10°


101°-110°

11°-15°


over 110°

Knees


Standing


Sitting

0°-95°


0°-95°

96°-110°


96°-110°

111°-130°


111°-130°

over 130°


over 130°

Ankles


Upward flexion


Downward flexion

90°


90°-105°

89°-85°


106°-115°

84°-80°


116°-125°

79°-75°


126°-135°


This chart describes the amount of stress placed on a joint in a certain position.  The joint angles described under severe stress, for example, have a greater likelihood of leading to CTDs.  The joint angle stress is based on position alone, and the presence of other risk factors increase the possibility of CTDs.

Ergonomic Solutions

The primary method of preventing and controlling exposure to WMSD hazards is through effective design (or redesign) of a job or worksite.  Following is a list of intervention methods, in order of priority:

Process Elimination:  Elimination of the demanding process essentially eradicates the hazard (e.g., eliminating the use of a hand-held bar code scanner for logistics/inventory management personnel by providing an automatic bar code scanner).

Engineering Control:  Ergonomic engineering controls redesign the worksite or equipment to fit the limitations and capabilities of workers.  Equipment or worksite redesign typically offers a permanent solution (e.g.,  providing a video display terminal (VDT) workstation that can be adjusted to a wide range of anthropometric dimensions).

Substitution:  Substituting a new work process or tool (without WMSD hazards) for a work process with identified WMSD hazards can effectively eliminate the hazard. (e.g., replacing hand tools which require awkward wrist positions - extreme wrist flexion, extension, and/or deviation - with tools that allow a neutral wrist posture).  

Work Practices:  Practices that decrease personnel exposure to WMSD risks include changing work techniques, providing employee conditioning programs, and regularly monitoring work practices.  It also includes equipment maintenance, adjustment, and modification of current equipment and tools as necessary.


(
Proper work techniques include methods that encourage correct posture, use of proper 


body mechanics, appropriate use and maintenance of hand and power tools, and correct 


use of equipment and workstations.


(
Personnel conditioning refers to the use of a conditioning or break-in period of time.  New 

and returning personnel may need to be gradually integrated into a full workload, 



depending on the job and on the person.  Supervisors, trained ergonomics personnel, and 


health care personnel should identify those jobs that require a break-in period.  Health care 

personnel should evaluate those personnel returning from a health-related absence and 


define the break-in period for each individual person.


(
Regular monitoring of operations helps to ensure proper work practices and to confirm 


that the work practices do not contribute to cumulative trauma injury or hazardous risk 


factors.  

Ergonomic Solutions (cont)

(
Effective schedules for facility, equipment, and tool maintenance, adjustments, and 
modifications will reduce WMSD hazards.  This includes ensuring proper working 
conditions, having sufficient replacement tools to facilitate maintenance, and ensuring 
effective housekeeping programs.  Tool and equipment maintenance may also include 
vibration monitoring.

Administrative Controls:  Administrative controls can be used to limit the duration, frequency, and severity of exposure to WMSD hazards.  Examples of administrative controls include:

  
(
Reducing the number and speed of repetitions by reducing line and/or production speed or 


by having personnel input into production speed (i.e., using personnel-based rather than 


machine-based production speed).


(
Providing rest breaks to relieve fatigued muscle-tendon groups.  The length of the rest 


break should be determined by the effort required, total cycle time, and the muscle-tendon 


group involved.


(
Increasing the number of employees assigned to the task, e.g., lifting in teams rather than 


individually.


(
Instituting job rotation as a preventive measure, with the goal of alleviating physical 


fatigue and stress to a particular set of muscles and tendons.  Job rotation should not be 


used in response to symptoms of cumulative trauma, as this can contribute to symptom 


development in all personnel involved in the rotation schedule rather than preventing 


problems.  Trained ergonomics and health care personnel should conduct an analysis of 


the jobs used in the rotation schedule.


(
Providing modified- or restricted-duty assignments to allow injured muscle-tendon groups 

time to rest, assisting in the healing process.  Modified- or restricted-duty assignments 


should be provided when physical limitations (as identified by a health care provider) 


allow the person to return to work performing less than his or her normal work 



requirements.   Every effort must be made to provide modified- or restricted-duty 



assignments.

Ergonomic Solutions (cont)

For modified- or restricted-duty assignments:


(
A health care provider should specifically identify assignments or job tasks for the 



individual person based on his/her symptoms, capabilities, and limitations.  


(
Health care providers with specific knowledge in both occupational demands and 



cumulative trauma injuries should cooperate with trained ergonomics personnel to develop 

a list of jobs with low ergonomic risk.  


(
Job descriptions for each modified-duty position should be written.  The description for 


each modified-duty assignments should include ergonomic risk factors and muscle-tendon 


groups required to perform the job.  Civilian personnel representatives and supervisors, in 


conjunction with health care personnel, should identify modified-duty assignments and 


tasks and write descriptions for these assignments and tasks that conform to documented 


requirements.  A combination of tasks from one or more jobs can be used as a modified-


duty assignment.

Personal Protective Equipment (PPE):  Personal protective equipment is not necessarily recommended for controlling exposure to WMSD hazards, as little research has been conducted to support claims of its’ usefulness.


(
Ergonomic appliances, such as wrist rests, back belts, back braces, etc., are not considered 


PPE.  Consult with trained ergonomics personnel on the effectiveness of such devices 


prior to purchase.


(
Ergonomic hazards should be considered when selecting PPE.  Personal protective 



equipment should be properly worn or used according to Department of Defense (DOD) 


and manufacturers’ specifications, available in a variety of sizes, should accommodate the 


physical requirements of personnel and the job, and should not contribute to WMSD 


hazards.  
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