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1.
Legislation, Codes and Guidelines
Under Section 15 of the NSW “Occupational Health and Safety Act” (1983) employers in New South Wales must ensure the health, safety and welfare of their employees.

The National Code of Practice for the Prevention and Management of Occupational Overuse Syndrome (1990) was gazetted as an  industry code of practice in accordance with section 44A of the New South Wales "Occupational Health and Safety Act (1983) on 20 September 1991 and it came into force ("commenced") on 1 November 1991.This code was revoked on 1 March 1996.

The National Code of Practice for the Prevention of Occupational Overuse Syndrome (1994) was gazetted as an  industry code of practice in accordance with section 44A of the New South Wales "Occupational Health and Safety Act (1983) on 25 August 1995 and it came into force ("commenced") on 2 March 1996.

The purpose of the National Code of Practice is to provide guidance on compliance with the National Standard for Manual Handling. The code provides advice on the identification, assessment and control of risks arising from tasks that involve movements that are repetitive &/or forceful and prolonged postures that are constrained or awkward.

The 00S Code makes recommendations on the design and re-design of jobs and workplaces. It recommends that whenever posssible risk should be eliminated by re-design (clause 8.5) and it recommends job rotation where this is not possible (clause 8.6).  It also recommends that tasks should be varied within a shift (clause 7.17). It makes the following recommendations about the height of a work-surface (clause 8.41);

 (i)   for writing and assembly tasks: just above elbow height,

 (ii) for keyboard work: elbow height,

 (iii) for light manual handling tasks (such as stacking): between elbow height and hip height

 (iv) for arduous manual handling tasks (such as hammering): near hip height.

The National Standard for Manual Handling (1990) is called up in the NSW Manual Handling Regulation (1991).  It requires the employer to take all workable steps to make sure that work practices are designed to be safe and without risk to health and safety.

The WorkCover publication “Health and Safety in the Office” (WorkCover, 1993) recommends frequent short breaks to relieve strain during prolonged tasks.  For keyboard work it recommends a break “for a few minutes every half hour.”

General guidelines are given in the “National Code of Practice for the Prevention of Occupational Overuse Syndrome (NOHSC, 1994).

2.
Physical Activity and Joint Disorders

The medical fraternity have long recognised the relationship of joint disorders (such as bursitis and tenosynovitis) to trauma and physical activity.  The capsule of a synovial joint is known as the bursa.  Inflammation of the bursa is known as bursitis.  A widely known medical text on pathology ("Robbins Pathologic Basis of Disease," by Cotran  & others, 4th Edition, 1989) notes that the causation of bursitis may be associated with physical activity and trauma (see page 1362).  It states that traumatic tenosynovitis is most often encountered in the wrists and hands of stenographers and in the upper extremities of labourers and artisans.

A famous medical text on anatomy ("Grant's Method of Anatomy" by Basmajian, Tenth Edition, 1980) notes that "tennis elbow" is associated with inflammation of the bursa at the origin of the relevant muscle (the extensor carpi radialis brevis).  It states that it is an axiom that fleshy fibres cannot survive severe pressure or friction (see pages 364 and 387).

References.
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R. Cotran, V. Kumar and S. Robbins, (1989), "Robbins Pathologic Basis of Disease", 4th Edition (Philadelphia: WB Saunders Company).
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3.
The Biomechanical Basis of Overuse Syndromes

Research on tendons has shown that repeated tensile forces acting on a tendon can cause it to stretch.  This is called residual strain (see "Occupational Biomechanics," by Chaffin & Andersson, 1984, pages 214-215).  It can cause the length of a tendon to increase about 1 to 2% over its unloaded length.  It is possible that this lengthening weakens the tendon and it may be associated with the causation of tendonitis (inflammation of the tendon).

Even if the traumatic element of work is small it may cause significant effects if the task is repeated frequently.  This has given rise to the term Cumulative Trauma Disorder (CTD) in the U.S. These disorders can also be called Repetitive-Motion Disorders (usually when the frequency of the task is twice per minute or more frequent) or Overuse Syndrome if the cause is related to other causes such as a static load or a requirement for excessive force. See "Ergonomic Design for People at Work," Volume 2, by The Ergonomics Group, Eastman Kodak, page 246).

In some occupations certain hand movements are likely to be forceful and repeated and these may result in repeated tensile forces on the tendons.  Tichauer describes the association between a "Clothes wringing" action and tenosynovitis (see "The Biomechanical Basis of Ergonomics," 1978, pages 67-69).

Fung has pointed out that for some activities (such as jumping) the “margin of safety” may  be very  small; the  stresses acting on some human body  tissues (notably the tendons ) can come close to exceeding the strength of the materials and for these activities the body needs to actively repair itself (Fung, 1993).

De Quervain's Disease (Stenosing Tenosynovitis) is a painful and disabling condition of the tendon sheath at side of the wrist adjacent to the thumb (the radial styloid process): it is  believed to be caused by excessive movement of the thumb (see "Hamilton Bailey's Demonstrations of Physical Signs in Clinical Surgery," by Clain, 16th edition, 1980, page 463).

There may be a small swelling near the styloid process (the prominent bone of the wrist which is adjacent to the thumb) and crepitus (a dry, crackling noise that may be evident when the joint is moved).  If the wrist is both bent and twisted forceful exertions may result in tennis elbow (epicondylitis of the lateral epicondyle).  This can result in the compression of tendons near the condyles (the bones that project at either side of the elbow).

Forceful movements when the wrist is bent excessively towards the palmar side and the hand is in a gripping posture or clenched into a fist can result in adverse effects due to the compression of tendons between the ligaments of the wrist which is known as Carpal Tunnel Syndrome.  This affects areas innervated by the median nerve which lies on the palmar side of the wrist and can result in pain, dry skin, loss of muscle tissue and loss of sensation in affected areas (see "Occupational Biomechanics," page 214).

When inspection or assembly work may require work pieces to be held close to the eyes (see "The Ergonomics of Working Postures," by Corlett & others, 1986, page 60).  Postures of this type may cause Cubital Tunnel Syndrome which results in impaired motion of first digit (the thumb) and fourth and fifth digits (see "Joint Structure and Function" by Norkin & Levangie, 1983, page 209).

There is a possibility that joint movement may give rise to the production of a type of nodule known as a "ganglion," or "ganglionic cyst" (see "Robbins Pathologic Basis of Disease," 4th Edition, page 1363).  A ganglion usually resembles a firm pea-sized nodule below the skin (technically a cyst formed from connective tissue).

Vibrating tools can cause a Raynaud's Phenomenon in men in which there is ashen white colouration of the fingers with numbness and coldness; the attacks often occur at night with sensations of localised swelling.  These symptoms often appear initially in the left hand (see "Hamilton Bailey's Demonstrations of Physical Signs in Clinical Surgery," page 383).
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4.
Risk Factors for Occupational Overuse Syndromes
The occupational risk factors associated with particular overuse disorders have been identified (Armstrong & others, 1982) and described ("The Ergonomics of Working Postures," page 60).  The disorders are tabulated below (in alphabetical order) with their most widely recognised risk factors.

Table (A): Joint Movement Risk Factors
	PRIVATE 

Disorder
	
Risk Factors

	(a)
Carpal Tunnel Syndrome (a wrist disorder)
	Repeated or extreme bending of the wrist (either palm-wards or in a "back-handed" manner) or forceful pinching. 

	(b)
De Quervain's Disease    (a disorder of the thumb and adjacent areas)
	Excessive motion of the thumb

	(c)
Epicondylitis


(a disorder associated with rotation of the elbow and wrist)
	Deviation of the wrist, that is to say twisting the hand to the side (in the direction of the thumb) while rotating the wrist and forearm.

	(d)
Ganglionic Cysts


(nodules near joints)
	Sudden, forceful or twisting movements of a joint (commonly the wrist)

	(e)
Tenosynovitis

	Repeated forceful wrist movements (particularly when the hand is twisted to the side away from the thumb).


The Ergonomics Consulting Group at Eastman Kodak have identified a number of tasks where these risk factors may occur.  Some of the commonest are tabulated below.

Table (B): Task-related Risk Factors
	PRIVATE 

Movement
	
Tasks & Tools

	(a)
Repeated Bending of the Wrist
	1.
Painting

2.
Ratchet & screwdriver operations

	(b)
Deviation (Twisting) of the Wrist
	1.
Hammering

2.
Cutting with tin snips or side cutters

3.
Shovelling

	(c)
Pinching

	1.
Use of tweezers or forceps

2.
Pulling fabrics


See "Ergonomic Design for People at Work," Volume 2 (pages 248-249) and "Occupational Biomechanics" (page 356).

Table (C): Tasks with Known Potential for Overuse Injuries
	PRIVATE 

Type of Work
	
Affected Body Part


	Assembly Work

Chassis-assembly

Cabinet-making

Carpentry

Digging

Electronic wiring

Equipment assembly

Leatherwork

Packaging (manual)

Paint-scraping

Pipefitting

Press operation

Sewing machine operation

Tractor driving

Telecommunication repair work

Upholstering

Violin-playing
	Hand/Wrist, Feet

Hand/Wrist

    "

Arm/Shoulder

Hand/Wrist

    "

    "

    "

    "

Arm/Shoulder

Feet

Hand/Wrist

Leg/Foot

Hand/Wrist

    "

    "
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5.
Fatigue and Discomfort Resulting from Keyboard Work
Many keyboard jobs involved prolonged static postures of the wrists, arms, shoulders and neck that can cause fatigue which can become extreme enough to cause pain.  Severe muscle fatigue usually creates a need for prolonged rest and in most workplaces the rest breaks are not sufficiently long to permit complete recovery before the work begins again.  In addition pain may persist for long periods even if there is no permanent injury.  For this reason it is desirable to prevent severe muscle fatigue from developing by providing adequate rest-breaks.

Research has shown that frequent breaks can maintain muscle freshness providing the breaks are at least 3 minutes long (according to Hanhart see Cakir, 1979).  In order to be effective these rests should be taken before there is an onset of noticeable fatigue.  There is evidence that pauses that take up to 10% of the total working time do not reduce productivity.  (See the "Visual Display Terminals" manual by Cakir, Hart and Stewart, 1979, page 251.).  Many ergonomists believe that a rest break should be at least 5 minutes long for maximum benefit.  WorkCover's bulletin on keyboard work (No. 160687/9) states that keying work should not be prolonged for periods of over 40 minutes without rest.

In order to describe the undesirable postures that may be constrained by work it is useful to use some anatomical terms.  These include the word "abduction" (away from the chest ie outwards to the side), the word "deviation" (twisted to one side or the other without rotating), the phrase "to flex" (bend forwards ie towards the middle of the front of the body) and the phrase "to extend" (to bend backwards ie away from the front of the body).

If the hands are held in a typist's posture above a keyboard for excessive lengths of time there may be fatigue of the muscles of the palm side of the hands and wrist and the underside of the forearm (these are the "carpal flexor muscles").

If the hand is held in a posture in which it is held out flat (in the horizontal plane) but twisted outwards (away from the thumb) a posture which is known as "ulnar deviation," there may be fatigue of the muscles on the back of the hand, wrist and forearm ("the carpal extensor muscles").

Ulnar deviation often occurs when the elbow is held far from the side of the body ("abducted").  The maximum comfortable range of this movement is 25 but the neutral angle is only 5 (according to Hsiao and Keyserling, 1991).  It is essential to minimise this angle because it is believed to increase the risk of an overuse injury:  see SAA HB10 - 1987, section 9.3.2 (d).

Twisting the hand towards the midline (radial deviation) is also inadvisable.  The maximum comfortable range is 45 and the neutral range is 15.

If work constrains workers to adopt these postures for prolonged periods they may be associated with pain: if persistent pain results a medical examination including a test for Tinel's Sign may be advisable (Rowe, 1985). 

Diagnostic screening should include a physical examination including amongst other things:

(a) assessments of active and passive movements, (b) a test of isometric muscle contraction against resistance, (c) muscle stretching, (d) palpation for muscle tone, tissue hardening and sore spots, and (e) hand grip power measurements with the elbow straight and flexed (according to Waris as quoted by the National, Health and Medical Research Council, 1982).  Typical symptoms of overuse syndromes include palpable hardenings, swellings, tender spots, localised numbness or pain such as burning or tingling sensations (especially during movement, particularly when there is an external resistance to the movement), a reduced range of comfortable movement and reduced strength (especially grip strength).

It is possible to diagnose Carpal Tunnel Syndrome by means of tests of nerve conduction velocities. Research techniques can be used to measure the increase in pressure inside the carpal tunnel that can occur during tasks that cause this type of injury.

Recent research has shown that it is possible to obtain objective evidence of chronic unilateral pain (pain that affects only one side of the body) by measurements of brain activity.  Gibson and others have found that the severity of clinical pain of the cervico-brachial syndrome (neck-shoulder pain) is shown by changes in an evoked potential (a reduction in the amplitude of the P 400 evoked potential) when the hands are stimulated by lasers (Gibson et al, 1991).

If the keyboard (or work surface) is too high the worker may be forced to hold the elbows out sideways (away from the body).  This is known as abduction of the upper arm.  It usually causes fatigue of the neck/shoulder area.  In particular it can cause fatigue of the deltoid muscles (muscles on outer corner of the shoulder resembling epaulettes) and the trapezius muscle that runs from the back of the neck to the upper part of the shoulder.

If the keyboard (or the work-surface) is too low there is likely to be fatigue in the upper back muscles between the shoulder blades.  In particular there is likely to be fatigue of the Levator scapulae muscle that runs from the base of the spine in the neck to the adjacent corner of the shoulder-blade.

Ergonomists can measure many postures in terms of body angles and assess their desirability.  Some postures are undesirable at any level: examples of these include twisting of the spinal column, twisting the wrist to either side, bending the wrist and bending the neck backwards.

The neck should not be bent if this can be avoided.  It is particularly important to avoid twisting the neck to one side for a considerable length of time.  A document holder beside or beneath the screen will help to minimise this type of problem.

If a VDU screen is correctly positioned (ie below eye-height) there should be no need to tilt the head backwards or forwards.  Unfortunately artists for many advisory documents (see fig 1 in AS 2713 - 1987 and fig. 3 SAA Handbook 10 - 1987) have inaccurately portrayed body postures in which the head is tilted forward.  These illustrations are misleading since a screen set up correctly (in accordance with AS 3590.2 - 1990 for instance) need not oblige the viewer to tilt the head.

The neck should not be bent more than 30 and preferably not more than 20 (according to Chaffin and Andersson, 1984).  Abduction of the upper arm should not exceed 20 and preferably should not exceed 8 (according to Tichauer, 1978).  The forward reach angle of the upper arm should be minimal and should not exceed 25 in postures held for extended periods.
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6.
Rest Breaks for the Prevention of Musculoskeletal Disorders
Static postures (prolonged fixed postures) that involve minimal movement require prolonged muscular contraction that tends to compress the muscles and restrict their blood flow.  This causes muscle fatigue and discomfort  which may turn to pain if the posture is prolonged for an excessively long duration. This tends to be a severe problem for tasks that also require static muscular effort and this is particularly the case when small muscles (such as those of the hand and arm) are involved. 

Static muscular effort reduces performance and cannot be sustained indefinitely. The length of time that can static effort can be maintained depends on the level of effort. An application of maximal force can be maintained for about 10 seconds, a moderate level of effort for about 1 minute and a slight effort for about 4 minutes (Grandjean, 1985). Research has shown that that a person can only exert about one fifth of the maximal force after 8 minutes of static effort (Monod quoted in Grandjean). Current research suggests that prolonged application of this level 

of force leads to musculoskeletal disorders and overuse injuries. On this basis posture should be  changed frequently (preferably every 8 minutes or more often) and if awkward work postures cannot be altered frequent rest breaks are advisable.

Research has shown the frequency of rest pauses determines their effectiveness. The greater the frequency of the pauses the greater their effectiveness. It has shown that a pause for 10 seconds in every 10 minutes can reduce fatigue dramatically; they can reduce it by about half (Cakir, Hart and Stewart, 1979).According to Pheasant (in his book "Ergonomics, Work and Health") a rest-break of about 10 minutes per hour is advisable.  In addition micropauses should be taken during the course of the work cycle. For most types of work there is an upper limit to the length time that an activity can be performed efficiently.  This duration of peak activity is termed the actile period.  Its length depends on circumstances but it is generally between 30 minutes and 45 minutes. It is advisable to have a rest break at the end of this period to maintain performance and reduce fatigue. 

It is unwise to recommend any exercises that have not been carefully evaluated by field trials. One survey of physical exercises for VDU operators concluded that some of them posed safety hazards because they exacerbated the work-related biomechanical stresses or because they were contra-indicated for certain medical conditions (Lee, Swanson, Sauter, Wickstrom, Waikar and Mangum, 1992). Many disrupted work too much and a fair number (about a third of them) were likely to be too conspicuous or embarrassing to perform. 

There is no agreement on the maximum safe rate for repetitive hand movements but there have been estimates ranging from about 30 per minute for forceful manipulations (according to Hammer, 1934) to 12,000 keystrokes per hour or 200 movements per minute (Cumpston, 1981 as quoted by the ACTU, 1982).  However such high rates are usually only found for data entry work on electronic keyboards.  Copy typing rates are usually less than 7,000 keystrokes an hour.  It is not possible to identify a boundary between safe and unsafe but it could be argued that there are grounds for concern where work requires keyboard work for periods exceeding 45 minutes and rates of repetition are high.  It is advisable to implement rest breaks wherever there are grounds for concern.
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7.
Risk Factors for Keyboard Work Ailments
Some of the main risk factors for discomfort and fatigue problems amongst keyboard workers are as follows:

(1)
Excessive Work-load


Oxenburgh has found that overuse injuries are commonly caused by a workload of five or more hours of keying per day but some cases occur when the workload is as low as three to four hours per day, (Oxenburgh, 1984).

(2)
Insufficiently Frequent Rest Breaks


Reports of discomfort and pain overuse ailments are rare if keyboard workers can take frequent short rest pauses (Cakir and others, 1979).


Many typists do not ever use the screen to review their work.  It may be helpful for a supervisor to ask a typist to read each document when it is completed or beforehand:  if this is not done the typist may miss the opportunity to rest the hands, one of the benefits of modern technology will have been wasted and the quality of the work may be lower than it needs to be.

(3)
Fixed Postures


Fixed "static postures" predispose workers to both fatigue and discomfort and can eventually lead to pain (Grandjean, 1985).  Paradoxically many tasks that involve repetitive movements constrain some part of the body (frequently this is the arm) to be held outwards in a posture that is fairly stationary.

(4)
Palmar Flexion (Bending) of the Wrist with Pronation of the Hand


Holding the hand with the wrist bent downwards when the palm is facing downwards ("pronation") is undesirable because it can place the hand closer to the limit of its neutral range of motion.  This is a mere fifteen degrees (Hsiao and Keyserling, 1991).


The flexed wrist can cause functional insufficiency of the hand muscles (Tichauer, 1978).  Hand tools bent to suit a comfortable grip by the palm of the hand are preferable to straight handles.

(5)
Lateral Deviation (Sideward Twisting) of the Wrist


Bending the hand while twisting it exacerbates wrist problems.


Twisting the hand to either side can cause undesirable outcomes (Stevenson, 1987).


The conventional keyboard obliges users to do both.  Twisting the hands outward to the side ("deviation of the wrists") is especially undesirable.  Split keyboards cause less discomfort (Sanders and Mc Cormick, 1992).

(6)
Typing with Wrist above Elbow Height


This has been identified as a common factor in constrained postures and is virtually inevitable if the desk top is not below the height of the worker's elbow when the worker is seated (SAA Handbook 10, 1987).  This factor is affected by the workplace layout and design (desk and chair) and keyboard design.  Some of these issues are covered by AS 3590 - 1990.

(7)
Occupational Stress


Work-induced mental stress can induce overactivity of the sympathetic nervous system and the release of adrenalin in the short term.  Long term stress can lead to tension of the upper body muscles.  Our measurements suggests that unrelated workers can have a non-functional muscle contraction of the forearm muscles.  The level of muscle activity may be as much as one fifth of the maximum level (as measured by electromyography).


Overly conscientious workers may also exhibit an excessive level of muscular activity.  This has been called "trying too hard" by Patkin (Stevenson, 1987).


The link between anxiety and the ailments of workers who used their hands incessantly was noted by Ramazzini as early as 1713 (Pheasant, 1991).  These ailments were known as cramps, palsies, spasms or maladies (the term "writer's cramp" is still in common use) and were very similar to problems reported by keyboard workers nowadays.


In computer based tasks (such as word processing) technical breakdowns were a common source of annoyance until fairly recently (see "Visual Display Terminals", pages 244-245) and this factor can strongly exacerbate work stress.  Work systems that allow the worker to control their work and minimise annoyances and irritating distractions may reduce this risk factor substantially.


Pause gymnastics done in a light-hearted manner by everybody in the office can be relaxing for both the body and the mind.  Pause gymnastics designed for office workers may also relieve pain and discomfort (Gore and Tasker, 1986).  


Biofeedback "training" can also be beneficial for some workers.  Some medical practitioners have found it useful for rehabilitation and some authors have even suggested that it should be used routinely as a complement to body charting (Karlins and Andrews, 1972).

(8)
Other Factors


An informal survey has shown a higher-than-expected incidence of Raynaud's syndrome amongst sufferers of keyboard overuse syndromes.  It was about thirty per cent which is higher than the typical rate (about five per cent) found in the worker population (personal communication from Byron Longstaff).  Incidence levels for overuse syndromes also appear to be unusually common in workplaces that are cool (cooler than the outdoor climate) ie under 23 degrees Celsius.
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8.
Medical conditions recognised by the National Health and Medical Research Council
The following conditions are given in their approved occupational health guide:

(1)
Tension Neck Syndrome,

(2)
Supraspinatus and Bicipital Tendinitis,

(3)
Lateral and Medical Epicondylitis,

(4)
Peritendinitis and Tenosynovitis,

(5)
De Quervain's Disease,

(6)
Carpal Tunnel Syndrome.

The NHMRC states that the following conditions may be aggravated by repetitive manual work:

(a)
Cervical Syndrome,

(b)
Thoracic Outlet Syndrome,

(c)
Frozen Shoulder Syndrome,

(d)
Acromioclavicular Syndrome.

9. The Effects of  Psychological Stress on Muscle Use

(1)
Fatigue in Antagonist Muscles

Fatigue is sometimes due to wasteful activity (activity that exceeds the requirements of the task).   When movements are performed in a non-rhythmic manner there may be wasteful activity by antagonist muscles (the muscles that act in opposition to the agonist muscle that causes the movement).  This wasteful overactivity can be reduced by training (Basmajian and De Luca, 1985).

There has been extensive research in this area in eastern Europe by Person, Kozmyan and Bratarava.  Details of their findings have been described by Basmajian and De Luca (see “Muscles Alive”, fifth edition, Chapter 9, page 229).  Unfortunately this topic has received comparatively little attention in the West.

(2)
Stress and Muscle Overactivity
In children and young people functional muscle activities are often accompanied by non-functional co-contractions of adjacent muscles.  These wasteful muscle activities largely disappear by the time people reach adulthood but it reappears in adults when they are under psychological stress (Basmajian and De Luca, 1985).  (See Muscles Alive,  fifth edition, page 230).It is a safe assumption that this overactivity of the muscles will increase the probability of fatigue in the muscles (and place greater physical stress on the joints).

(3)
EMG, Posture and Biofeedback
The technique known as EMG (electromyography) can be used to determine the effect of posture on muscle fatigue (Herberts and others, 1979 as quoted by Basmajian and De Luca, 1985).  Hence the EMG technique may be useful for the analysis of posture and workstation design. (See “Muscles Alive”, fifth edition, Chapter 8, page 220).

When the level of muscular activity found in a routine task is at all close to the maximum level (the “maximum voluntary contraction” or “MVC”) then the task will be very tiring and the worker may experience discomfort after working at the task for only a short period of time (this an occur in less than 10 minutes for some tasks).  In some cases this high level of exertion is due to stress-induced overactivity of the muscles.

 Various methods of inducing relaxation can be useful in such cases.  These include slow breathing, verbal reassurance, verbal feedback and an EMG-based technique known as biofeedback.  Research by Kinsman and by Cowsey indicates that biofeedback is particularly useful (Basmajian and De Luca, 1985). Relaxation is also necessary for rest to be fully beneficial. Contrary to general assumptions relaxation has to be learnt (Samama, 1981). In some areas EMG data may encourage a healthy skepticism for the dogmas of physiotherapists and rehabilitation specialists (Basmajian and De Luca, 1985).
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10.
The Role of Wrist Motions in Industrial Overuse Syndromes

Recent research in the U.S. indicates that wrist motions with a high peak acceleration (6541 degrees per second) are associated with a very high risk of cumulative trauma (Schoenmarklin & others, 1994).

The wrists of workers have been examined after death to determine whether hand work involving forceful exertions leads to damage (Armstrong & others, 1984).  These studies have shown that there is damage to the median nerve and damage to the joint membranes of the tendons of the flexor muscles.

An overuse syndrome  may be due to a  movement that is forceful and/or repetitive. Guidelines on force, repetition and posture are given in the book "Occupational Ergonomics: Theory and Applications" (Bhattacharya and McGlothlin, 1996).A level of force that exceeds 6.4 % of maximum force is classified as "heavy" and one that exceeds 9.6 % is classified as "very heavy". A repetition rate that exceeds 7,804 movements per day is classified as "high". A posture that deviates more than 20 % from the position of optimum function is classified as "severe."
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11.
The Mouse Device and Arm/Shoulder Fatigue
If a keyboard of mouse is not within comfortable reach the user may have to extend the arm so that the elbow is carried forward of the body (Duncan and Ferguson, 1974).  This usually occurs when the reach distance is greater than the length of the forearm.

A posture of the arm where the elbow is carried forward is technically known as "shoulder flexion" but it is commonly described as forward extension of the arms.  Research has shown that the flexion angle (the angle between the upper arm and the vertical) should not exceed 25 (Chaffin and Andersson, 1984).

If the arm is held far from the body for too long then muscle fatigue will ensue.  For an unsupported limb this fatigue will ensue in nine minutes or less (Grandjean, 1985) when there is little movement but in most clerical tasks there is some movement and occasional or partial support for the arm. Whenever it is possible a key-stroke should be used instead of the mouse in order to minimise a fixed posture where the hand is perpetually  clutching the mouse.

In order to avoid fatigue in the arms the best work postures are those in which the hands are as low and close to the body as possible (as when the hands are resting in the lap).  The best height for keyboard work appears to be slightly below elbow height (so that there is no need to raise the shoulder).  A height 5 centimetres below elbow height has been recommended for this reason (SAA Handbook 10, 1987).

Tasks requiring the prolonged use of a PC input device (such as mouse or tracker ball) often permit some support of the arm but there will be a risk of muscular fatigue if the posture is awkward (ie when the shoulder flexion angle is 25 or greater) and prolonged.

The mouse should be close to the keyboard so that the worker does not have to abduct the arm and shoulder (hold it out to the side). If the elbow is high  above the work-surface the hand and forearm can be more easily supported by the muscles of the arm.  

The best way to improve the layout is to place the keyboard and the mouse pad side by side.

In order to minimise the deviation (sideward twist) of the wrist the mouse pad should be placed in line with the elbow and shoulder. The mouse pad should also be placed at the edge of the work surface (so that the user does not need to hold the elbow too far forwards).

The worker should not adjust the workstation so that the arm is supported by the work surface.  This situation might encourage the worker to hold up the forearm and hand above elbow height.  Such a posture requires unnecessary work against gravity.  The hand and forearm can be supported with greater ease if they are lower as more of the work is done by passive structures and the larger muscles of the upper arm.For this reason the work surface should be lower than the height of the elbow.

Australian Standard 3590, Part 3 specifies (in clause 5.3) that a mouse shall be no more than 70 mm long (from the push button/s to the end of the housing), 65 mm wide and 40 mm long.

It suggests that if a mouse is larger than this then a wrist rest and forearm support should be used.  

The "mouse" may not always be the best choice of input device as it requires more work surface area than a trackball and it is not as suitable for prolonged use (Cushman and Rosenberg 1991.  The mouse is a particularly poor choice if the keyboard can only be used on a ledge (or set at the right height by means of the keypad ledge).  There tends to be less of a problem if the whole work-surface is height adjustable (but even then the need for space for the mouse-pad makes it a less desirable option).

Where a work-station does not have a mechanically adjustable desk top it may be better to use a detachable tracker-ball rather than a mouse.

12. Prolonged Standing and Plantar Fasciitis (Heel Pad Syndrome)

A medical condition of the soles of the feet called "plantar fascitis" is found among people who have stand for prolonged periods (Ombregt and others, 1995). It is also called "heel pad syndrome''. Standing for long periods can cause inflammation of the ligament on the sole  ("the plantar fascia") that may lead to sensations of searing pain in the soles of the feet (often likened  to stabbing in the heels) or a dull ache (if the standing continues) or "sore feet". It is particularly likely to be caused by prolonged standing on a hard surface such as tile or concrete (Kendrick, 1997). This conditiuon is also known as known as "plantar fasciitis" or heel spur syndrome.This condition can also be caused by repeated stress hence anything that leads to a greater impact when the heel strikes the floor could cause or aggravate this condition. Walking in heels that have a smaller area (such as high heels) might increase the risk of contracting this syndrome. Insoles have often been recommended as a protective measure but unfortunately some research indicates that they may not have a protective effect for plantar fasciitis (Gardner et al, 1988). 

Australian Standard 1837-1976 gives advice on workplace design for standing work. Handling tasks involving prolonged standing (such as those at counter service work) for a duration of 4 hours (or more) may lead to leg pain for some workers.  One study shows that 20 per cent of saleswomen may be affected (Grandjean and others, 1968).  An increased incidence of varicose veins and dropsy may result.A higher percentage of workers could be affected if hard floor surfaces are present.  

The Occupational Health and Safety (Floors, Passageways and Stairs) Regulation 1990 states that “if persons are required to stand in the same position on floors of brick, metal, concrete or stone (or a similar material) then the floor (or the part where persons stand) must be covered with a semi-resilient thermally non-conductive material.  In plain English such material might be described as “matting that provides some cushioning and thermal insulation.”  In order to provide cushioning the material should be compressible and it should not be too stiff or rigid. A material that has a Shore hardness between 25 and 60 is likely to be suitable (Cockwell, 1997).
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13.      Lap-tops versus Desk-tops
In my opinion a lap-top used on a desk without docking stations (or port replicator bars) and standard input devices (keyboards and mouse devices) and display devices (monitors) would  not comply with the national code of practice on the  prevention of overuse syndromes (which is a state code).

There are several reasons. In particular the adjustability  of  the screen and input devices (keyboard and mouse) are of  importance. The  National Code of Practice for the  Prevention of Occupational Overuse Syndromes states (in  clause 8.48) that; "For work with screen-based equipment, the relative position  of the screen, keyboard and document holder should be  determined by the task (figure 22). Large work spaces and  adjustable equipment allow task requirements, and individual  preferences and needs can be accomodated."

Figure 22 shows a desk top with a typical adjustable monitor  and detachable keyboard. A lap-top usually has a keyboard  that cannot be adjusted relative to the screen. This is  likely to cause craning of the neck, an awkward posture that  may (if maintained in a fixed manner) lead to neck pain. 

 Clause 8.49 of the code cites the Australian Standard for Screen-based workstations (AS 3590) as a source of information. This standard specifies the design of desk-top 

 computer accessories; part one of the standard gives design  recommendations for monitors and these include height  adjustment. Clause 7.11 of the code deals with working posture. It  states (among other things) that the design of the workstation should permit comfortable and varied working postures. It is illustrated by figure 7 which shows the "unsatisfactory neck position" that can result when a worker reads a screen with bifocal glasses. 

Recent research in optometry shows that the eye/screen distance should be at least 550 mm. (and preferably more - 600 mm. seems to be the distance that suits most people). This is greater than arm's length for a short person. Hence  a detachable keyboard is needed.(A viewing distance as short  as 350 mm. was formerly believed to be satisfactory.).

Recent research shows that the optimum viewing distance is about 650 millimetres (Akbari and Konz, 1991). Viewing distances less than 475 mm. are associated with eye complaints (Kim,Lee and Kim, 1992). The preferred viewing distance for reading small type characters varies from  510 mm. to 990 mm.(Jaschinski-Kruza, 1991).
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14. Eyestrain

It is widely accepted that temporary impairment can result from prolonged VDU use and that this result in discomfort due to blurred vision and “tired eyes” (Collins, Brown and Bowman, 1988), inflammation of the eyes and headaches (Pheasant, 1991). However, there is no general agreement whether there can be permanent damage (see page 211 of “Ergonomics, work and health” for instance). 

Generally a monitor screen will not cause eyestrain due to legibility problems if its distance from the eyes suits the viewer’s focal length and the font size is large enough.
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15.  The Design of Workplaces for Manual Handling

The New South Wales "Occupational Health and Safety Act, 1983 was designed to protect health, safety and welfare of people at work.
Section 15 puts an obligation on the employer to ensure a safe place of work without risk to the employees health, safety and welfare.

A regulation and a code of practice on manual handling came into effect in New South Wales on the first of September l991.  The regulation is called the "Occupational Health and Safety (Manual Handling) Regulation l991" and it adopts Worksafe's “National Standard for Manual Handling" of 1990 (it makes compliance with the standard a legal requirement). The objective of the standard is to prevent the occurrence of injury resulting from manual handling.(clause 2.1 a). It requires employers to identify, assess and control risks arising from manual handling in the workplace (clause 2.1 b). The employer must ensure that the workplace and manual handling work practices are designed to be safe (clause 3.1 c). The employer must re-design manual handling tasks that have been found to be risky (clause 5.3). Risk assessment and control must done in consultation with the employees who carry out the task (clauses 4.2 and 5.5); the consultation should permit the opportunity to contribute to decision making in a timely fashion (section 7).
The standard requires that (as far as is workable) the equipment used is suitably designed and maintained (Clause 3) and the associated risks are controlled (Clause 5). The National Standard for Manual Handling requires that “an employer” shall take all workable steps” to make sure that “the working environment is designed to be, as far as workable, consistent with safe manual handling activities” (NOHSC, 1990). Compliance with the National Standard is required by the New South Wales regulation on manual handling.

The State code of practice is called the "Code of Practice for Manual Handling l991" and it adopts Worksafe's "National Code of Practice for Manual Handling".  The Worksafe documents were published in one volume by the Australian Government Publishing Service, Canberra in l990. It has evidentiary status in relation to the regulation (i.e. compliance with the code can be used as a defence if legal action has been taken).

The Code of Practice covers the identification, assessment and control of risk in detail. The storage location of frequently-used loads should be between knuckle and shoulder height (see figure 4 of National Code of Practice for Manual Handling, 1990, page 34). A load (or its handle/s or grip point/s) should be lower than the shoulder of a small adult (which is about 1200 mm.). Tasks should be designed to ensure that the load is lower than this (where this is feasible). The workplace (and work practices) should also be designed to ensure that loads are within easy reach.

The best storage location is the one that obliges the worker to stoop least. The load (or the handles or grip points) should be located close to knuckle height (the height of the hands when the worker is standing). Knuckle height for a large adult (1870 mm. tall) is at about 800 mm.  If the load (or its handle/s or grip point/s) is lower than this a tall person will have to bend therefore the task should be designed to ensure that it is not lower than this (if this is avoidable).  

The National Code of Practice on Manual Handling (NOHSC, 1990) states that if a load is “located above the employee’s shoulder height then the risk of injury is increased”. On this basis workplace environments should be designed so as to ensure that loads to not have to be handled at locations that are above the shoulder height. For many populations we have data on both stature (total height) and shoulder height but some populations there is only good data for stature.  However it is possible to estimate the shoulder height from body proportions.  Shoulder height is approximately height x 0.818 (Chaffin and Andersson, 1984).

The National Code of Practice for the Prevention of  Occupational Overuse Syndrome (00S Code) makes the following recommendations about the height of a work-surface (clause 8.41);   (i)   for writing and assembly tasks: just above elbow height,

 
(ii) for keyboard work: elbow height,

(iii) for light manual handling tasks (such as stacking): between elbow height and hip height

 
(iv) for arduous manual handling tasks (such as hammering): near hip height.

The code cites AS 3590 in clause 8.49 as a source of information. AS 3590 recommends that the height of work-surface for a seated worker should be between 580 mm and 730 mm if adjustable, and between 680 and 720 mm if fixed (Clause 6.4.2). The height of the work surface should place a keyboard at elbow height (see section 8.41). AS 3590.2 also gives recommendations on the heights of work surfaces for standing work. It recommends a height range of 900 mm (about elbow height for a small adult when standing) to 1100 mm. for use by a person who is standing or sitting on a seat with a height adjustment range from 540 to 730 mm. (see fig. 8). 
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16.
Risk Factors for Overuse Syndromes

1.
Repeated Movements

· Forceful manipulations. There have been estimates that these are hazardous when the rate of repetition exceeds 30 actions per minute (Hammer, 1934). A repetition rate that exceeds 7,804 movements per day is classified as "high" (Bhattacharya and McGlothlin, 1996).

· Repeated movements of the fingers. There have been estimates that these are hazardous when the rate of repetition exceeds 12,000 keystrokes per hour or 200 movements per minute (Cumpston, 1981). High rates are often found for data entry work on keyboards (ACTU, 1982). 

· Rapid wrist Motions. Recent research in the U.S. indicates that wrist motions with a high peak acceleration (6541 degrees per second) are associated with a very high risk of cumulative trauma (Schoenmarklin & others, 1994).

2. Forceful Movements. An overuse syndrome may be due to a movement that is forceful (with or without repetition). Guidelines on force, repetition and posture are given in the book "Occupational Ergonomics: Theory and Applications" (Bhattacharya and McGlothlin, 1996). A level of force that exceeds 6.4 % of maximum force is classified as "heavy" and one that exceeds 9.6 % is classified as "very heavy". A posture that deviates more than 20 % from the position of optimum function is classified as "severe." A repetition rate that exceeds 7,804 movements per day is classified as "high".

3. Awkward Postures 

· Palmar Flexion (Bending) of the Wrist with Pronation of the Hand. Holding the hand with the wrist bent downwards when the palm is facing downwards ("pronation") is undesirable because it can place the hand closer to the limit of its neutral range of motion.  This is a mere fifteen degrees (Hsiao and Keyserling, 1991).

· Flexing the wrist while gripping. The flexed wrist can cause functional insufficiency of the hand muscles (Tichauer, 1978).  Hand tools bent to suit a comfortable grip by the palm of the hand are preferable to straight handles.

· Lateral Deviation (Sideward Twisting) of the Wrist. Twisting the hands outward to the side ("deviation of the wrists") is especially undesirable.  Bending the hand while twisting it exacerbates wrist problems.  Twisting the hand to either side can cause undesirable outcomes (Stevenson, 1987).

4. Aggravations of Pre-existing Medical Conditions 

The NHMRC states that many conditions may be aggravated by repetitive manual work (NH&MRC, 1982) including the following conditions:

(a)
Cervical Syndrome,

(b)
Thoracic Outlet Syndrome,

(c)
Frozen Shoulder Syndrome,

(d) Acromioclavicular Syndrome.

5.
Fixed Postures Requiring Muscular Effort to Maintain Posture

Fixed "static postures" predispose workers to both fatigue and discomfort and if they require even slight effort can eventually lead to discomfort after durations of time as short as five minutes (Grandjean, 1985) and can eventually lead to pain.  Paradoxically many tasks that involve repetitive movements constrain some part of the body (frequently this is the arm) to be held outwards in a posture that is fairly stationary.

When the level of muscular activity found in a routine task is at all close to the maximum level (the “maximum voluntary contraction” or “MVC”) the task will be very tiring. The worker may experience discomfort after working at the task for only a short period of time (this can occur in less than 10 minutes for some tasks).  In some cases this high level of exertion is due to stress-induced overactivity of the muscles (Basmajian and De Luca, 1985).
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APPENDIX 1  -  SYNDROMES THAT CAUSE PAIN ON MOVEMENT

Condition


Movement

1.  De Quervain’s Disease

(a)  movement of the thumb



(b)  twisting motions

2.  Trigger Finger
Straightening a bent finger

3.  Bicipital Tendinitis
Movement of hand to a point that is high up and/or hard to 
reach

4.  Rotator Cuff Tendinitis
Reaching behind the back

5.  Epicondylitis
Straightening the arms

6.  Cervical Radiculopathy
(a)  cradling a phone between the neck and shoulder


(b)  craning the neck forwards

7.  Capal Tunnel Syndromes
Raising and lowering the fingers

8.  Radial Tunnel Syndrome
Twisting motions of the wrists

9.  Guyon’s Canal Syndrome
Grasping actions

Attachments  - FORMS FOR ASSESSING JOINT AND MUSCLE AILMENTS
(a)
Body Chart for Reporting Fatigue and Discomfort in the Muscles, Tendons and Joints  and Overuse Symptom Questionnaire.

(b)
Keyboard Work Checklist, Part 1: Work-loads at Screen-based Work Stations

(c)  
Keyboard Work Checklist, Part 2: Work Postures at Screen-based Work Stations

Body Chart for Reporting Fatigue and Discomfort                        BODY DOC
(To be used for recording self-reported symptoms of muscles, tendons, ligaments and joints)
Name:..........................................................Job Title:........................................................................

Date.....................1998

Section/Workstation: ...........................................Task:......................................................................

Are you left handed or right handed?                                                                                      L / R

Are you a touch typist?                                                                                                        Yes / No

Do you suffer from work-related physical fatigue, pain (or discomfort) 

or numbness (and/or tingling)?                                                                                            Yes / No

If so please indicate on the chart on the next page any areas that are strongly affected by work-related discomfort or muscular fatigue by means of shading with diagonal lines (as shown below):




Fatigue






  

	////


If you suffer pain in any area please indicate with the letter  “x”  by shading with cross-hatched lines (as shown below):


                                                                                             Pain






	XXXXXXXXXXXX


                                                                                                         Numbness or Tingling






	TTTT

TTTTTTTT





Body-Chart




Front







Back
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Comments; please say when you get the syptoms and where possible what you attribute the symptoms to (such as particular tasks or postures or movements) :



.....................................................................................................................................................................

Do you have any injury (or aches or pains) that are not work-related that can cause you problems at work?

........................................................................................................................................................................................................................................................................................................................

Overuse Symptoms Questionnaire






Answer
(A)  Do you suffer from constant pain in any part of the body?
Yes/No


If the answer is “yes” where do you get this pain?


(B)  Do you suffer from any of the following:

(1)  Tingling
Yes/No


If  “yes”, where?


(2)  Numbness or less of sensation
Yes/No


If “yes”, where?


(3)  Loss of Movement Control or Increased Clumsiness
Yes/No


If “yes”, for which movements?


(C)  Do you suffer pain when making any of the following movements?

(1)  moving the thumb or twisting the wrist or making a fist
Yes/No

(2)  straightening a bent finger
Yes/No

(3)  reaching to a point that is almost too far to reach
Yes/No

(4)  reaching behind the back
Yes/No

(5)  straightening the arms
Yes/No

(6)  any other movement
Yes/No

If you have answered "yes" to any of these questions please give your height in metric units if you can........................................millimetres.

KEYCHEK2 .DOC                                      
KEYBOARD WORK CHECKLIST

Part 1: A Checklist for Work-loads at Screen-based Work Stations
	
Identification Information

Worker's Name:



Workplace  (Floor, Section):..........................................................................................

             Occupation/Designation:.................................................................................................

             Task:



Date:





Please place a tick in the box beside the most appropriate answer. Only tick one box for each question.

QUESTION 1:
Is the duration of your work on the keyboard (or mouse):


A:
Less than 3.5 hours per day





B:
Between 3.5 and 5 hours per day




C:
Over 5 hours per day









   

QUESTION 2:
Do you take:


A:
No formal rest breaks but many informal short pauses within the work



procedure ("micropauses") say, informal pauses totalling 

                        10 minutes per hour





B:
No formal rest breaks but some irregular pauses totalling 



less than 10 minutes per hour




C:
Informal pauses or formal rest breaks at intervals



exceeding 45 minutes




QUESTION 3:
Does your work practices cause you to:


A:
Never need to adopt fixed postures or perform



tasks where some part of the body must be



persistently held in an awkward posture












  

B:
Need to adopt postures where a body part is held



in an awkward posture (near the limit of the functional range)

                         for periods of time exceeding 9 minutes




C:
Need to exert a significant force in a fixed posture



for a period exceeding 3 minutes




Interpretation
The order of excellence is alphabetical, "A" being "satisfactory".  Letters later in the alphabet are in order of descending desirability.In questions with two choices  "A" is "satisfactory" and "B" is unsatisfactory. In questions with three  choices  "A" is "satisfactory", "B" is marginal and "C" is unsatisfactory.
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KEYBOARD WORK CHECKLIST

Part 2: A Checklist for Work Postures at Screen-based Work Stations
	
Identification Information

Worker:



Workplace  (Floor, Section):..........................................................................................

             Occupation/Designation:.................................................................................................

             Task:



Date:





QUESTION 1:

Place a tick in the


appropriate box


Is the work-surface:                                                                                                                               


A:
at elbow height or below it
                     

B:
above elbow height                                                                                       
QUESTION 2:









Left

Right

When the arm is seen side-on is the elbow:


A:
Held by the side of the body

           

B:
Held ahead of the body carried forward 



up to 25 ahead of the shoulder









       

C:
Held more than 25 ahead of the shoulder




(as is usually the case when the elbow is held




above the work surface).









       
QUESTION 3:


Is the top of the monitor screen:


A:
at or below eye height


B:
above eye height


Interpretation
The order of excellence is alphabetical, "A" being "satisfactory".  Letters later in the alphabet are in order of descending desirability.In questions with two choices  "A" is "satisfactory" and "B" is unsatisfactory. In questions with three  choices  "A" is "satisfactory", "B" is marginal and "C" is unsatisfactory.
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