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2001). Objections about use of creatine in young athletes must be taken seriously, 
because underage participants in sport need to experience a rounded development 
rather than one solely oriented toward performance.

Supplements in Combination
Caffeine and creatine, separately or in combination, are used by many elite athletes. 
Their use does not always coincide with scientifically established loading regimens. 
The timing of caffeine ingestion can be delayed until 60 to 90 min precompetition 
whereas use of creatine requires a prolonged buildup over 1 to 4 weeks to deliver 
beneficial effects.

Creatine and carbohydrate have been used in combination to good effect. Ingest-
ing 10 g of creatine together with 200 g of carbohydrate immediately after 90 min of 
simulated soccer activity resulted in improvements in a soccer skills task and time to 
fatigue 24 hr later compared with 200 g of carbohydrate alone (House of Commons 
Science and Technology Committee, 2007).

Co-ingestion of creatine with a carbohydrate-rich diet enhances glycogen restora-
tion postexercise (Van Loon et al., 2004). This effect facilitates recovery after exhaustive 
exercise and allows reintroduction of quality training sooner.

Combining caffeine with carbohydrate loading may not be so productive. Inges-
tion of caffeine along with carbohydrate prior to sustained exercise may lead to no 
additional benefits. Jacobson and colleagues (2001) found that ingesting carbohy-
drate 60 min before a continuous exercise test improved performance in a time trial 
compared with fat ingestion, but combining caffeine (6 mg/kg) with carbohydrate 
had no further benefit. Where athletes are already carbohydrate loaded, there may 
be no further metabolic benefit of caffeine, although its effect on the nervous system 
may still apply.

Alkalinizers
Strenuous anaerobic exercise causes increased production of lactic acid within muscle 
and subsequently increased lactic acid concentration in blood. The resultant increase 
in acidity is associated with muscle fatigue, a transient state that lasts until the lactic 
acid is buffered or is oxidized upon entering the circulation. Increasing the body’s 
buffering capacity should therefore improve performance for events limited by the 
athlete’s anaerobic capacity, notwithstanding other physiological factors implicated in 
fatigue. Alkaline salts such as sodium bicarbonate and sodium citrate have buffering 
properties and when ingested increase the body’s alkaline reserves. The increase in 
the bicarbonate store in blood may also facilitate coping with the efflux of hydrogen 
ions from muscle, thereby maintaining the pH status within the muscle (MacLaren, 
1997). Alkaline salts would be expected to improve performance in all-out efforts that 
maximize use of the anaerobic glycolysis pathway. Alkalinizers should also improve 
performance in intermittent exercise where removal of lactic acid is required during 
recovery between bouts of exercise.

There is evidence of an ergogenic effect of sodium bicarbonate ingestion and 
sodium citrate on exercise performance. Although effects are typically limited to 
single all-out efforts between 30 and 90 s in duration, George and MacLaren (1988) 
reported benefits in longer exercise duration where exceeding the exercise intensity 
associated with the maximal lactate steady state was likely. Alkalinizers are attractive 
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The preceding chapters emphasize the placement of the human in the center of any 
ergonomics evaluation. This priority has been applied irrespective of the nature of 
the task, the environmental conditions, and the overall objectives. Models for under-
standing the technological interfaces with human operators have been considered, 
varying both in context and complexity. Such models typically are constructed for 
occupational purposes, but their broad applications for sport and exercise are apparent.

A template for an ergonomics intervention is provided in figure aft.1. Implicit in 
the illustration are the questions the research team must formulate and the steps it 
must take to fulfill its investigations. The figure highlights the problem-solving nature 
of ergonomics and the necessity of finding solutions to the problems identified. The 
scheme portrayed is useful in understanding the processes involved. It illustrates 
that many projects do not necessarily start from scratch but constitute regenerative 
ergonomics.

E4126/Reilly/AFT.1/345135/MikeM/R2

Possible
solutions

Problem Back pain

Check

Job satisfaction
and worker

Identify factors contributing
to back pain

Job description
and tasks

Alternative job
for worker

Redesign
job

Light duty until
symptoms resolve

Why does this worker have back pain?

Medical record
of worker

Figure aft.1  The processes by which the ergonomist derives solutions to problems is illustrated 
by examining likely causes of back pain.
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An armory of techniques may be called on in any ergonomics investigation. Those 
chosen may emanate from any of the disciplines within the human sciences, but 
typically several analytical methods are adopted. When the sciences are integrated in 
this way and centered on a holistic perspective, ergonomics can be deemed to be a 
truly interdisciplinary approach.

A core pursuit in the field of ergonomics is finding the best means of matching the 
individual and the task or sport. Task analysis is a prerequisite in establishing criti-
cal features of the activity and the surroundings in which the activity takes place. An 
assumption is that performance is limited by physical and mental capacities, and in 
competitive sport these capabilities may be stretched to their limits. Training programs 
for sport reflect the struggles of athletes to push back these limits and reach their goals 
in competitions or tournaments. At the top end of the high-performance spectrum, 
participants benefit from the availability of sport science–support personnel, who 
can help the participants gain a competitive edge over opponents.

Key criteria that the ergonomist must adhere to are related to safety, efficiency, 
comfort, reduction of injury risk or harm, avoidance of damaging overload, prudent 
use of energy, fatigue reduction, and tolerance of stress. The difference in applying these 
principles between occupational and sport settings permeates earlier chapters of the 
book. It is clear that there is not complete equality between the domains, given that 
the athlete anticipates a level of discomfort, even pain, in competition and strenuous 
training that would be unacceptable in industry. Similarly, overload is accepted as an 
essential element of physical training so that the athlete continually treads a thin line 
between productive loading and harmful overload.

Stresses imposed on individuals may be attributable to environmental factors, 
sometimes constituting hostile and extreme conditions. Why individuals subject 
themselves voluntarily to environmental challenges such as climbing high mountains, 
sailing the seas single-handedly, or participating in endurance races across desert 
terrain is not completely understood. The environmental stressors encountered in 
these activities include heat, cold, pressure in underwater activities, hypoxia at alti-
tude, hostile terrain, and inclement weather. Lifestyle factors that impose stress on 
people include disruptions of the body clock causing circadian desynchronization, 
lack of sleep, nocturnal shift work, and fasting among certain religious communi-
ties. The ergonomist may use various indices to evaluate heat stress or cold stress, 
although the effect on the individual depends on the events concerned. Altitudes of 
moderate heights benefit performance in short-term events because of the reduction 
in air density, but the prevailing hypoxic conditions impair oxygen transport when 
endurance activity must be sustained. There are differences also in the effectiveness 
of acclimatization, physiological adaptations occurring more quickly in response to 
heat than to cold exposure or altitude training. The quality of air is also relevant, but 
there is limited evidence of a beneficial adaptation to air pollution, impure air being 
generally harmful, especially to vulnerable individuals.

Fitness implies an ability to cope with the task at hand, a concept that applies to 
occupational as well as sports settings. Many jobs still retain an appreciable physi-
cal component, either large energy expenditure or generation of high forces on an 
intermittent basis. Work in occupations such as the armed forces may be moderate 
in severity but continuous and for a long duration in sometimes arduous condi-
tions. Other occupations with appreciable physical loading are considered, as are the 
unique requirements of special populations associated with age, sex, and disability. In 
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assessment of fitness for work, the establishment and validation of test batteries that 
are neutral to age and sex pose a challenge for ergonomics. A prerequisite is a task 
analysis of the operations involved in the job to provide a basis for the choice of tests.

The second part of the book concentrates on ergonomics in sport contexts. Meth-
ods of task analysis are covered in detail; some have been borrowed from classical 
ergonomics, whereas others have been developed more recently, particularly where 
complex systems are involved. Human–machine systems can be highly sophisticated or 
can refer to more simple combinations of athlete and craft such as occur in canoeing, 
cycling, motor racing, rowing, and sailing. Technology and materials science are vital 
to the design of contemporary sport equipment; wind tunnels are used to design hel-
mets, and handlebars are designed to accommodate the best racing posture for cycling. 
Similarly, the use of water flumes for hydrodynamic experiments has contributed to 
design modifications in clothing for swimmers and the construction of rowing shells. 

Ergonomics is relevant in clinical contexts from the viewpoint of both health care 
workers and patients. Many of the practices originating in physical therapy have gained 
acceptance in the training of athletes, notably in the rehabilitation programs used to 
speed recovery after injury. The principles that apply to musculoskeletal assessments 
are equally valid for athletes and for patients in most respects. An essential differ-
ence between the two domains involves the pharmacological agents used to improve 
physical capabilities. Although such manipulations are accepted in the public health 
domain to restore normal function when prescribed for therapeutic purposes, many 
of the drugs with ergogenic properties are prohibited in sport.

The final chapter of the book emphasizes the central focus on the individual. The 
inevitable consequence is a holistic perspective in which the individual is recognized 
as a unique entity rather than a cog in a mechanistic system. This view may extend to 
engaging the workforce or entire sports team in solving important issues. Designing 
or redesigning tasks with input from the participants who will ultimately perform 
the tasks increases the endeavor’s chances of success. 

Alongside the holistic perspective is the acknowledgment that the individual is 
influenced by what he or she eats and drinks. Athletic performance can be adversely 
affected by an erratic diet or inadequate hydration. Competitive performance and 
recovery from strenuous training can be aided by appropriate manipulation of mac-
ronutrients in the diet. Nutritional components and supplements can be used to 
elevate physiological capacities, although the efficacy of many nutritional supplements 
has not been proven. An array of pharmacological agents are used in occupational 
and sports settings that benefit performance, whether in strength and power events, 
endurance exercise, or cognitive function. Those agents deemed to constitute unethical 
means are listed among the substances banned by the World Anti-Doping Agency, the 
international institution charged with policing this area. Nevertheless, some of these 
substances are used for cognitive enhancement in recreational contexts to combat 
fatigue, maintain arousal in occupational tasks, and promote relaxation during lei-
sure time. Drugs such as anabolic steroids are harmful to health in the doses used 
by bodybuilders, and alcohol—which is both a drug and a foodstuff—has damaging 
effects on health when used excessively and can be addictive.

Ergonomists may be criticized for their insistence on finding solutions that work 
rather than determining the mechanisms by which solutions work. Another critical 
comment is that ergonomists are prepared to accept small changes or trends that have 
practical significance rather than the statistical significance required in experimental 
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designs. This difference in philosophy reflects the fact that sport contests are often 
determined by very small margins in a group that is homogeneous in ability and that 
those operating at elite level have already gone through a highly selective process.

The training of ergonomists is mainly focused on the occupational domain, 
although sport and leisure contexts are considered valid areas of application. Scientists 
with ergonomic expertise are often recruited to solve problems in sports, particularly 
those relating to complex technologies. Sport science support groups may be formed 
by specialists but an interdisciplinary mindset is essential to produce the best work.
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