


ERGONOMICS





INTRODUCTION


Ergonomics aims to support and facilitate the design of work tasks and systems, workplaces, and products from the standpoint of the comfort, efficiency, performance, health and safety of workers/users.


This  Report reviews a number of key areas of ergonomics commonly encountered in the workplace to show that applying some basic ergonomic principles has the potential to improve the comfort, health, safety and performance of workers and operators. Some case studies will be summarised to illustrate particular points.





The role of ergonomics


The role of ergonomics in health and safety is particularly important because it is widely accepted that the majority of accidents in industry are in some way attributable to human as well as technical factors. This does not necessarily mean that the operator (or person most closely involved) is usually to blame, but rather that the actions (or omissions) of people in the organisation may have contributed to accidents, or that more might have been done to avert them. Ergonomics tries to:


match task demands to individuals taking into account human variation, capabilities and limitations, and thereby minimise the occurrence of human errors in work systems so that accidents are less likely


optimise the design of work (tasks, environments and organisations) in order to maintain or improve job performance whilst reducing the discomfort and ill-health of the worker to the lowest practicable level


optimise the design of products to enhance their usability whilst protecting the health and safety of the end user.


The key point is that people vary. People vary in size, age, gender, race, mental and physical abilities, preferences, language, etc. These differences between people should not be ignored in design, but at the other extreme nor can everything be tailor-made to match a particular individual for every aspect (except perhaps for a few specialist applications where large budgets are available for small numbers of operators, eg space flight).


Ergonomics can help the designer to make informed choices so that bus seats, and kitchen worktops, etc will be scaled to be usable by the greatest proportion of the intended user population. The resulting compromises are often not satisfactory for extremes of the population (large and small) because there can be a difference of about 350mm in stature between a very short woman and a very tall man.


Similarly, the mental abilities (information processing) required to operate cash machines, telephones, and other automated devices should be carefully matched to the user population. What about video recorder and television controls, which some people find difficult to use? It appears that new features and facilities appeal to consumers more than usable design, and deficiencies in usability are often not apparent until the equipment is actually tried out at home.





MUSCULOSKELETAL DISORDERS


Musculoskeletal disorders (MSDs) have been recognised for many years. Nearly 300 years ago Ramazzini observed that certain occupations suffered from characteristic musculoskeletal problems (for example, writers' cramp) which he linked with aspects of the work undertaken: fixed working posture, repetitive movement, and psychological stress. MSDs are now recognised as localised or diffuse disorders of the soft tissues (muscles, tendons, nerves and ligaments) and are characterised by such symptoms as: pain, swelling, restricted joint movement, numbness, and/or loss of function. Popularly known as Repetitive Strain Injury or RSI, a term not favoured because it combines cause and effect and is medically imprecise, these conditions are now called Work Related Upper Limb Disorders (WRULDs). The use of the term RSI and a medical diagnosis of many types of WRULD under this one heading, combined with misleading publicity about the inevitable, serious consequences of RSI, were considered to be major contributors to the RSI epidemic among white-collar workers in Australia during the 1980s. Symptoms of these disorders are sometimes confused with fatigue, but discomfort and symptoms which persist until the following day are more likely to indicate possible WRULDs. Back pain is another common musculoskeletal disorder.





Back pain


Up to 70% of people have suffered back pain at some time in their lives. Health and Safety Executive (HSE) figures show that a quarter of all accidents are associated with manual handling; the resulting injuries are most commonly sprains or strains, often of the back. These injuries result in much pain, suffering, lost working time and financial loss, and the incidence appears to be increasing. Although most episodes of back pain are of relatively short duration (a few weeks), the recurrence rate is very high. Occupations involving heavy manual work have a higher incidence and back pain is also associated with factors such as: working in a stooped position, prolonged sitting in a fixed position, vibration, and psychological stress.


There are three broad types of risks: overexertion, cumulative damage and accidental injury, but they often occur in combination. Risks of back injuries will increase as the loading on the spine and the surrounding muscles increase, by increasing weight of load, by bending and twisting movements, or when the centre of gravity of the load moves further away from the lower back (principle of levers). In consequence, holding a light load at arm's length is equivalent to a heavier load held close to the body, and if the trunk is inclined forward (as in stooping) the weight of the upper body is also acting on the lower back. �
Stooping is an example of static work, that is work done in a fixed position in which the muscles are tensed so that blood flow is constricted, the muscles deprived of a supply of oxygen and waste products accumulate. Static work, such as holding a load, stooping, or lifting the arms, is therefore more fatiguing than dynamic work and should, if at all possible, be designed out of work tasks.





WRULDs


There are four main types of WRULDs:


(a)	inflammation or trauma of the tendon (for example, tendinitis), tendon sheaths tenosynovitis (for example, trigger finger), muscle and tendon damage including lateral epicondylitis (tennis elbow)


(b)	compression of the nerves serving the arm (for example, carpal tunnel syndrome)


(c)	inflammation of the tissue of the hand caused by friction or impact of the hand (or elbow, or knee) known as 'beat conditions' or in some cases bursitis (for example, housemaid's knee)


(d)	fatigue or soreness similar to that resulting from unaccustomed exercise, and particularly from static work in awkward postures; duration of both the muscle loading and the subsequent rest pauses will affect the time required for recovery from this condition.


(A fuller description of these conditions can be found in the TUC Guide to Assessing WRULDs . Additionally, Hand-Arm Vibration Syndrome can be included. This is a condition which without proper controls can result from using high-vibration hand-held tools. The most widely known form is Vibration Induced White Finger characterised by effects such as: impaired blood circulation in the hand, numbness and tingling, reduced grip strength and dexterity, and other effects leading to pain and stiffness.





What causes WRULDs?


The musculoskeletal system can withstand much wear and tear but clearly has limitations. WRULDs are the effects of damage caused by cumulative overuse of the particular upper body region. Depending on the nature of the disorder, the system can repair itself given the right conditions and sufficient time, however this process may be impaired if the individual continues with the work actions. The risk factors, that is, factors which make development of WRULD more likely are: repetition, force, awkward postures, and inadequate rest. Not all of these factors have to be present, and interactions between them are not fully understood, but more than one factor is usually involved. Considering each factor in turn, risks will increase with:


repetition frequency and duration short cycle tasks, especially with a cycle time of less than 30 seconds, and/or machine pacing


force where forceful actions are involved, and particularly if there is trauma caused by banging, thumping, or wringing actions


awkward postures where the joints are outside a neutral position (neutral is usually in the mid-range of movement), or involve static work, or which overload (or load unevenly) particular muscles and tendons. Unsatisfactory postures include: wrists bent up or down, or side to side; arms elevated from the side of the body; neck bent forward, or back, or rotated


inadequate rest, where the body parts do not have sufficient time for recovery from the previous exertions.


Other factors can combine with the above risk factors to increase risks. These other factors can be the use of inappropriate hand tools, low temperature, vibration, localised mechanical stress, poor work organisation and psychological factors (fear of redundancy, badly designed incentive schemes, stress, etc) and pregnancy. Poor work organisation causing excessive time pressures can lead to the adoption of unsatisfactory work practices. One link between psychological factors and WRULDs can possibly be mediated through the adoption of more rigid postures (with the development of muscle tension and fatigue) when a person is subjected to psychological stress. Anyone who is exposed to the conditions which increase risks may suffer from WRULDs. Epidemiological work has shown that occupations such as: repetitive assembly, construction, mining, and farming have a greater than average risk of WRULDs, but many other jobs in which the work is associated with WRULD risk factors have also been implicated.


A preventive strategy makes use of an ergonomic approach to assess the risks, and an example check list is given in HSE publication HS(G)60 Work Related Upper Limb Disorders: a Guide to Prevention , see Further information . The risks identified can be reduced by eliminating high risk actions and poorly designed equipment where possible, and redesigning the tasks if necessary. 


�



RISK ASSESSMENT





General principles


The principles are laid down in the Management of Health and Safety at Work Regulations 1992 for employers and self-employed persons who are required to:


make risk assessments of their work activities


undertake a systematic examination of the work activities and record significant findings


identify the hazards (anything that has the potential to cause harm) which could arise from aspects of the work activities noise, manual handling, etc, using specific regulations where appropriate


assess the risks of people actually coming to harm by considering the likelihood, the severity and the numbers of people at risk, and the effectiveness of existing control measures


undertake a suitable and sufficient risk assessment by concentrating on the significant risks, and identifying and prioritising the measures which need to be taken


bring in expert advice, such as ergonomists or other specialist advice, where required/appropriate.





Risk assessment/reduction and the application of ergonomics


Health and safety regulations which came into effect in 1993, such as Manual Handling Operations Regulations 1992, emphasise the application of ergonomics in risk reduction which can include work design and work organisation. Interventions which are aimed to reduce risks identified by the assessment process, should involve the workforce, be introduced on a trial basis and monitored for effectiveness. Some examples of an ergonomic approach applied to manual handling, DSE work, and WRULDs are given below.


Manual handling


A clear hierarchy of measures is laid down.


The first step is to consider if the manual handling can be eliminated entirely, for example, by arranging for bulk delivery, or by automating the process.


The risks of the manual handling tasks which cannot be eliminated or automated are assessed under the headings of: the task, the load, the working environment and individual capability. Furthermore, the risks should be prioritised so that the most serious are addressed first.


The risk of injury must be reduced so far as is reasonably practicable.


The essence of an ergonomic approach is to optimise health, safety and productivity by designing manual handling operations as a whole. It is necessary to take account of the task, load, environment and individual capability factors and the relationship between them, with the aim of fitting the task to the individual. This is not necessarily a simple matter, when all relevant elements which could be encountered are listed under these four main headings, there are more than 40 elements in total.





Task


Characteristics of the task which may increase risks include: increasing the loading on the lower back (by twisting, stooping, moving the load away from the trunk), awkward postures which involve static work (reaching high or low), prolonged effort and inadequate rest, or repetition, etc.


Load


Clearly the weight of the load is important, but it is not the only consideration. Risks are affected by other aspects, such as bulk, stability, ease of grasp, centre of gravity, potentially harmful loads, etc.


Work environment


Lack of space or access to the load may constrain the working posture and thereby increase the risk. Other elements include: excessive heat, humidity or cold, exposure to the elements, inadequate lighting, slippery or uneven floors, etc.


Individual capability


The strength, size, health, training, gender and age of the persons undertaking the manual handling should also be taken into account.


Other factors


The most notable other factor is if movement, posture or work capacity is impaired by a necessity to wear personal protective equipment or clothing.


Ways in which different aspects of the handling activities can interact are illustrated in the example of the case study given below.


Baggage handling


The tasks required bags (some in excess of 30 kg) to be pulled off a conveyor belt at floor level and loaded on to trolleys parked some 5 to 15 metres away. A number of handlers were reporting back and shoulder discomfort. The handlers were required to stretch over the conveyor to reach the handles of bags. Risks were identified because of the excessive weights, the speed and number of handling actions, and the stooping, reaching, twisting and carrying required. First, an appraisal was made of the possibilities of introducing automation or handling aids, but these were considered impractical and too costly. Control measures recommended to reduce specific risks were:�



a labelling system to identify bags in excess of 25kg in order that the handler could be prepared for the heaviest lifts


the height of the conveyor was raised so that the bag handles were positioned at about standing knuckle height in order to reduce the amount of stooping required


the trolleys were brought much closer to reduce the carrying required, and were positioned at a similar height to the conveyor so that the majority of the baggage could be transferred at this height.





Display screen equipment (DSE)


As with any other kind of work, risks of ill-health from using DSE will arise if the work tasks, work organisation and work environment are not matched to workers' requirements and capabilities. The regulations include a minimum schedule for requirements for a workstation involving work with DSE; this schedule includes not just the DSE (monitor, keyboard, etc) but all aspects of the workstation, such as the desk, chair, software, work organisation and work environment. The principal risks are musculoskeletal, visual, fatigue and mental stress. Ways in which different aspects of the workstation can interact are illustrated in the following case study.


A user complained of discomfort in the neck and shoulders, and of eye fatigue. Risk assessments showed a number of problems which are shown below together with possible solutions:


chair too low (elbow below keyboard height) and an unsatisfactory posture with raised shoulders had been adopted. There had been no training in health risks and the user did not know how to adjust the chair (so that elbow height was level with the keyboard) nor appreciate the importance of doing so


insufficient breaks or changes of activity from the screen because of work pressure. Prolonged DSE work in the same position was exacerbating the musculoskeletal and visual problems, and again lack of training was important. Better planning of the work was required so that breaks/changes of activity could be made more frequently


repeated neck movements, as the user alternately viewed the screen and paperwork on the desk, were contributing to discomfort. A document holder placed adjacent to the screen could reduce this problem


glare and reflections from overhead lights were causing eyestrain and forcing unnatural postures in attempts to circumvent the problem. Shielding of lights or re-positioning of the screen were possible control measures.





Risk assessment for WRULDs


Risk assessments for WRULDs involve consideration of the work design (tasks undertaken, tools, work environment) and work organisation. The important risk factors for WRULDs were described earlier. Preventive measures to reduce risks can be aimed at work design and work organisation follows.


Work design


improvement of unsatisfactory postures: to reduce static work, to aim to keep the limb joints, neck and lower back in the neutral position


reduction in force levels


reduction in repetitive movements (by extending the work cycle, use of tools, increasing the number of rest pauses, or slowing the pace).





Work organisation


organisation of the work to avoid creating stress for the workers


training, to develop an awareness of the risks, and then to learn to undertake the tasks using work methods which minimise the risks of WRULDs. Training can only complement other measures and cannot compensate for work systems which are inherently unsatisfactory


new employees may be at greater risk, and it may be necessary to introduce them to the work by stages in conjunction with the training programme


job rotation to provide respite from actions which incur some degree of risk. In practice, there may be insufficient variety in the work tasks for rotation to make an effective contribution to risk reduction.





WORKPLACE DESIGN TO MINIMISE RISKS


In work design it is important to take a broad view which encompasses the individual, the work tasks, the workstation, the physical working environment, and the organisational context. In order to optimise the workplace design, the first step is to analyse what is involved in the work tasks to be undertaken, a process known as task analysis (or task description). Although task analysis can make use of data from a variety of sources (manuals, etc), it also requires observation of the work tasks and interaction with the users, because actual work practices may vary from the standard procedures which may be laid down. User trials of new or modified equipment, procedures, or workstations, are an important stage in the process of design to minimise risks. Workplace design should take into account the full range of user requirements, but particularly in respect of anthropometric (body dimensions), biomechanics (forces and motions of body parts) and visual requirements.�



User requirements


Variations in anthropometry between users can be accommodated by providing enough adjustment into the workstation, but it is necessary to know the range of sizes in the critical body dimensions for the user population undertaking the work tasks. Anthropometric dimensions are also used in the design of machinery guards.


Biomechanical aspects are concerned with the forces required to operate controls and perform other work tasks, and the postures required for these operations. Whilst it is necessary to reduce the forces required to be within the capabilities of the users, and to reduce the risk of WRULDs, sufficient force must remain to provide resistance for feedback and efficient operation of the control. Visual requirements should ensure that the main displays and objects to be viewed are at a comfortable viewing distance, and are fairly close to the normal line of sight (about 15° below the horizontal plane), in order that head movements are minimised.





Sitting or standing posture


A sitting posture has the advantage of reducing fatigue, and leaves the feet free to operate controls, but this posture will limit the forces which can be applied safely and reduce load handling capability. An example of this is the difficulty that seated supermarket check-out operators can have in handling heavy items. A standing posture is necessary when large movements or large forces are required, but a seat (of appropriate height) should be provided for intermittent use, so that the fatigue induced by continuous standing can be avoided. Although chairs are now commonly adjustable in workplaces, benches, desks and worktops are rarely adjustable.





Working heights and reach distances


If the height of a work bench or assembly line for standing work cannot be adjustable, it should be fixed at the best compromise height to suit the majority of users, and this is usually related to the standing elbow height. The nature of the work done must also be considered; thus for manipulative precision tasks a height just above elbow height is required, whereas if heavy work is involved, a lower height is more suitable. A bench which is too low will induce stooping, whereas if it is too high, shoulder fatigue will result from having to raise the shoulders. The reach requirements (horizontally and vertically) at the workstation should be based on distances which are comfortable for the users. In the horizontal plane across the work surface, easy reach distances generally advocated for frequent tasks are within about 400mm. Reaching upwards, especially above chest level, involves static work, and should be designed out of the work tasks.





STRESS AND STRESS REDUCTION


Employers have a duty to take reasonable care to ensure that health is not placed at risk from stress at work in the same way as they are required to treat risks from other causes in the workplace. Mental and physical capacities vary greatly between workers, and these capacities will also change as a result of fatigue and stress from work, or from outside work. It follows that a group of workers will not cope individually with the same demands of work in the same way. It is likely that unless workers are able to pace themselves to some extent, some will be overloaded and others will be underloaded; for this reason having some control over the work demands is an important job characteristic. Overload can lead to fatigue, errors, risks of musculoskeletal problems and other types of ill-health such as stress. Persistent underload can also lead to problems, such as monotony, boredom, inattention, and errors. Occupational stress has been defined as the emotional state which results from a discrepancy between the level of demand from work and the person's ability to meet the demand.





Stress effects


Particular demands of a job may present a challenge for one worker, but be seen as an overload and in consequence create stress in another worker. The avoidance of stress is linked therefore to a fundamental principle of ergonomics to seek to match the job to the worker, by work design and work organisation. In physiological terms, stress produces a response sometimes called the fright, fight or flight response which prepares the body for physical action (increased heart rate, blood pressure, etc). This response is helpful if physical action is required, but is very unhelpful if it is produced in response to some anticipated event such as receiving important news by telephone. Other stress effects on the person can include:


psychological (inability to concentrate, increased errors, memory loss)


behavioural changes (inability to deal calmly with routine matters, nervous laughter, crying, poor relationships, problems with sleeping and/or eating, excessive smoking or alcohol abuse)


physical (muscle tension increased, tiredness, headaches)


work performance degraded


symptoms of ill-health (particularly affecting the digestive system).


Indications that employees are suffering from stress can be shown in increased sickness absence; reduced work performance; decline in commitment, morale and in relationships; increased tension, disciplinary incidents and staff turnover.�



Stress factors


Methods of preventing or alleviating stress should be drawn up in the full knowledge of the factors which are likely to create stress. These factors are:


•	a perceived inability to meet the demands of the job (for example, if changes have been made without consultation)


•	inability to exert any control over the work demands (work schedules which are too inflexible)


•	uncertainty about work (fear of redundancy, etc)


•	conflict of role (for example, confusion over required response to conflicting priorities)


•	poor communications, lack of understanding from management


•	conflict/poor relationships with superiors and colleagues.


Additionally, the physical aspects of the workplace (noise, heat) and shift work can also be associated with stress. Factors outside work personal or family problems, financial concerns, may be outside the responsibility of employers, but good managers may wish to have some awareness of such problems.





Countermeasures


Although many forms of stress management have been suggested, the emphasis should be on prevention rather than treatment, and to aim for a working environment where the risks of stress are minimised. Good management and regard for people, may well be as effective as specific stress reduction programmes. Countermeasures commonly recommended are:


management and culture including good communication, management support, staff involvement in decision making


ergonomics job design, well defined tasks, use of skills, appropriate training


organisation factors work schedules, work loads targets which have some challenge but are reasonable


employee's role clearly defined responsibilities and objectives, opportunities and encouragement for staff participation, development of healthy lifestyle


relationships at work systems for dealing with conflicts, investigation of complaints, training for interpersonal skills.





PEOPLE AND TECHNOLOGY


When new technology is introduced into a work situation, it can be done gradually, possibly by running old and new systems in tandem, or by a sudden change. Although a more gradual transition may reduce the problems of sudden change, running the old and new systems together may also present problems, not least of which is the likelihood of extra work for users.


The introduction of new technology can be associated with a number of problems (including fears and concerns) for the users, which for example could relate to:


the abilities required to operate the technology


the quality of the job will it change for the worse?


the security of the job will it be taken over by the machine in time?


performance monitoring by the machine


possible organisational changes associated with new working methods


the reliability of the new system and difficulties of coping with system breakdowns


the possibilities of ill-health from using new technology.


Clearly some of these concerns can lead to feelings of uncertainty and insecurity, and may be associated with stress effects and increased sickness absence. Apart from the technical specification of the technology and the process of installing and testing, a number of issues must be addressed simultaneously, such as:


workplace design to accommodate the technology


training before installation and support afterwards


organisational change associated with new working methods


managing the process of change whilst maintaining the normal flow of work.


Because the range of issues to be addressed, the implementation of new systems is often problematic; some systems are never implemented or the process can be very painful and protracted. It is considered that the most common reason for failure is that the implementation process is treated as a technical problem and the human and organisational issues are neglected.


It is not possible to generalise about how problems can be overcome because different situations require different treatments. Nevertheless it seems that ways must be found to involve the users in the implementation process in order that their views are taken into account and their concerns allayed as much as possible. A token user on a senior management committee is not likely to be an effective method of involving users. Given the nature of the aspects of implementation, which include workplace design, training, organisation, etc, ergonomists can play a role.�



CONCLUSIONS


The aim of this Report is to show that applying some basic ergonomic principles has the potential to produce benefits for health and safety in the workplace. Because of the variation in physical and mental characteristics between individual workers, the importance of matching task demands to persons has been emphasised, and can be implemented by optimising the design of work (tasks, systems, environments, and organisation). The ergonomic approach has been shown to be effective in the application in health and safety regulations and a key aspect of this process is to involve the users, not only in risk assessments, but in the design and implementation of interventions aimed to reduce risks. These principles can be applied in the workplace to improve comfort and performance, and to reduce the risks of injury and ill-health. The issues covered in this Special Report are complex, and in the interests of brevity, many caveats have been omitted in order to outline some broad principles of ergonomics in health and safety.





FURTHER INFORMATION


Information on ergonomics and ergonomic consultants can be obtained from: The Ergonomics Society, Devonshire House, Devonshire Square, Loughborough, Leicestershire LE11 3DW. Tel/Fax: 01509 234904.


HSE Publications


The following HSE publications are available from HSE Books, tel: 01787 881165.


HS(G)48 Human Factors in Industrial Safety


HS(G)60 Work Related Upper Limb Disorders. A Guide to Prevention


HS(G)88 Hand-Arm Vibration


HS(G)116 Stress at Work


HS(G)121 A Pain in your Workplace?


IND(G)36(L) Working with VDUs


IND(G)90(L) (rev) If the Task Fits Ergonomics at Work


IND(G)143(L)Getting to Grips with Manual Handling A Short Guide for Employers


IND(G)171(L) Upper Limb Disorders Assessing the Risk


L21 Management of Health and Safety at Work Regulations 1992, Approved Code of Practice


L23 Manual Handling Operations Regulations 1992


L26 Health and Safety (Display Screen Equipment) Regulations 1992
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