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	The science of human athletic performance is as old as sportive endeavor itself, in that athletes and their trainers have always adopted systematic practices or techniques to improve their levels of performance. The ambition to extend performance limits appears to be a basic feature of any sports culture, and such aspirations can thrive even in the absence of quantifiable performance norms. Thus ancient Greek athletes trained in accordance with a four-day cycle (the tetrad) and pursued athletic diets -- meat, herbs, sesame seeds, dried figs, and mushrooms -- to reach higher levels of competitive achievement even without objective norms for measuring speed or distance. The exertions of the athletic life provoked in turn a medical critique of training regimens and their consequences. The physician Galen approvingly quoted a Hippocratic saying: "A healthy condition is better than the unnatural state of athletes," and the philosopher Plato also remarked on the overtrained state of contemporary athletes. These early doubts about the rigors of athletic training prefigure a long history of curiosity and concern about subjecting the human organism to the various forms of stress associated with sportive exertion. Since training is adaptation to physiological stress, and stress is associated with biological hazards, it was only natural that the sports sciences and sports medicine became inextricably linked over time. Scientific descriptions of physiological processes made possible the medical interventions that could improve health or avert disorders. As sport has become increasingly popular and the medical hazards of sport have intensified during the twentieth century, physiologists and physicians have together created a modern science of human performance that now aims at both improving the health of large numbers of people and extending the limits of human athletic achievement.


	The sports sciences can be defined as those natural scientific disciplines that can be applied to the theory and practice of athletic performance. This range of disciplines includes anatomy, with special emphasis on the musculoskeletal system; physics, with special emphasis on the biomechanics of movement (the application of mechanics to the study of postures and movements); and physiology, which assesses the energy costs and efficiency of physical activities. The application of physiological principles to sportive exertion is usually referred to as "work" or "exercise" physiology, a term that includes a wide array of more specialized physiological topics: the chemistry of muscle contraction, muscle fiber types, the mechanical efficiency of muscle contraction, and energy storage in the muscle; the functioning of the circulatory system during rest and exercise, as well as cardiac output and oxygen transport; the respiratory system, especially oxygen uptake during rest and exercise; and nutrition, with special emphasis on the energy metabolism of muscular exercise. Sports medicine is generally employed as a comprehensive term that includes the general physiology of exercise, the prevention and treatment of sports-related injuries and disorders, the clinical use of exercise to improve health, and the optimal preparation of the competitive athlete. 


	The sports sciences have evolved over the past two centuries along with the experimental tradition of Western science. The rise of scientific physiology during the nineteenth century coincided with the development of gymnastics and sports in Europe and the United States, and it was only natural that scientific thinking be applied to the body of the athlete and the physical challenges he undertook. The conceptualization of physical exercise in physiological terms antedates the successful application of scientific analysis to the workings of the "human machine." "I am well aware," the German pedagogue Johann Friedrich Guts Muths (1778-1839) wrote in his Gymnastics for Youth (1793), "that an authentic theory of gymnastics should be built of physiological foundations. But this sort of perfection will not be found in my work." In fact, the physiology of athletic exertion did not achieve any real sophistication until the end of the nineteenth century. While scientists used the study of individual muscle movements (often in animals) to understand the chemical processes of muscle action and the organism's internal production of energy, this was far from being an exercise physiology in the modern sense since it did not address the human organism in a holistic sense. Thinking about the biology of athletic performance remained quite rudimentary by modern standards throughout the nineteenth century. Nevertheless, it is of both historical and scientific interest to survey several "premodern" texts from this period that contain the early precursors of what we call the sports sciences.


	In his Reports on the Physical and Moral Aspects of Man (1802), the great French physician and physiologist Pierre-Jean-Georges Cabanis (1757-1808) took a major step toward a true physiology of human performance by offering a systematic inventory of the human organism and its sources of energy. An Enlightenment optimist, Cabanis contemplated the prospects for human development from the standpoint of an environmental biology that amounted to a doctrine of human perfectibility. Changes in a person's daily habits (or "regimen") could transform the human organism so profoundly that eventually the human race would be "indefinitely perfectible; after a fashion, capable of everything." He expanded the scope of "regimen" beyond mere nutrition to include air, exercise, rest, work, and mood -- a full repertory of factors that influence performance. Cabanis actually used the term "physical education" and argued that a proper education of this kind strengthened the body, cured some illnesses, and improved the capacity of the organs to execute movements. Yet none of this refers to athletic performance. Without mentioning sport, Cabanis describes an "athletic regimen" and a "muscular temperament" that point toward (without further resembling) the development of physical abilities for sportive purposes. (During the nineteenth century "athletic" usually meant muscular and statuesque rather than dynamic in a sportive sense.) Cabanis's saw muscular strength as a complex phenomenon in that it could result from an inherent disposition or pathological changes, and he saw the pursuit of extreme athletic development as both physically and emotionally harmful. To this rudimentary but suggestive physiology Cabanis adds a speculative pharmacology that addresses the purported effects of a wide variety of "stimulants" and "narcotics."


	Sir John Sinclair's A Collection of Papers, on the Subject of Athletic Exercises (London, 1806) employs a similarly underdeveloped physiology while discussing the phenomenon of training with all the specificity Cabanis lacks. There is a heavy emphasis on diet and purgatives; admonitions to follow "the dictates of nature"; naively unscientific criteria of fitness; simplistic ideas about the relationship between muscular "irritability" and the nervous system; and the premature idea that the art of training had by this time reached a state of "almost incredible perfection." In addition, "training" human beings and animals such as horses and fighting-cocks are regarded as essentially the same process, although there is "no general rule" for "bring[ing] either man or horse to the utmost he is capable of doing." This implicit fusing of human and animal performances into a single category points to their frequent commingling at social events, from fights to foot races, during the eighteenth and nineteenth centuries. Other recommendations have a more modern ring: one contributor to this volume talks about giving drugs to both fighting-cocks and soldiers -- "to excite an unnatural and short-lived courage" -- as well as using "medicines in training," and he mentions the use of electricity as a tonic or stimulant therapy. Yet the apparent modernity of these procedures is misleading. The use of strong drugs was common in nineteenth-century England, inside and outside athletic circles, and it is hardly surprising they were used in attempts to boost the performances of both man and beast. More interesting is the author's attempt to make sense of exercise physiology within the confines of his scientific vocabulary: "The effect of a course of training appears to be to augment the quantity, and irritability of the muscular fibre, and at the same time, to diminish the morbid sensibility of the nervous system. And I think it is an advancing step in physiological knowledge, to have ascertained the means of augmenting or diminishing these opposite states of the living body."


	The "exercise physiology" of the nineteenth century developed slowly due to a lack of communication between pioneering scientists and their theories and the athletic subculture for which "scientific" really meant any sort of systematic procedure. This divide between science and sport had two major consequences. First, even at the end of the century, at a time when sport was gaining mass popularity, there was very little scientific interest in boosting athletic performance. Second, athletes and their trainers showed little knowledge of or interest in contemporary science. Training techniques were thus explained according to "scientific" notions about the physiology of exercise that gave wide latitude to the idiosyncrasies of various practitioners. Even after 1870, as British physiologists began to catch up with their French and German counterparts, the term "scientific training" was used frequently to refer to the regimens devised by individual trainers who spoke in the most rudimentary scientific terms on the basis of personal observations.  This ad hoc approach is evident in R.J. Lee's Exercise and Training: Their Effects Upon Health (London, 1873), which scarcely advances beyond the generalities of Sinclair dating from most of a century earlier. While maintaining that exercise is important for "the preservation of health and prevention of disease," Lee admits that physiologists had neglected training as a scientific problem and, therefore, that much remained "to be done before we can arrive at general laws [of training]" that are valid for the general population. He defines "the physiology of exercise" as "chiefly the mechanical effects which muscular contraction produces on the structures of the human body." 


	An important controversy within the performance physiology of the later nineteenth century concerned the alleged medical hazards of overexertion. While some physicians promoted sport as beneficial to health and refuted claims that an activity like competitive rowing was inherently dangerous, other medical men raised the alarm about the supposedly injurious effects of "athlete's heart." Indeed, Lee's most up-to-date remarks about training in his text of 1873 emphasize the medical risks of athletic stress in general and of cardiac risks in particular. While the heart and lungs are "capable of increase of power, there is a limit which it is unsafe to transgress." Invoking the sort of anecdotal evidence that often served to buttress "scientific" arguments of this kind, Lee tells of several "professional athletes," and especially the long-distance racers known as "pedestrians," whose "over-exercise" had sent them to hospitals where they "paid the dearest penalty for their want of prudence." Of their maladies, the most serious had been "the sudden attack of collapse, fainting, and pain in the heart, which occurs at the very height of the strain." This concern about the cardiac risks of physical exertion persisted for many years. Thus in 1908 the pioneering German sports physician Arthur Mallwitz called competitive cycling "a very dangerous experiment" and singled out professional athletes as the most endangered group. This medical concern about athletic exertion signals a new and scientifically more sophisticated period in the study of human physiology, which included a substantial interest in the physiology of trauma and stress. This is the larger scientific context in which high-performance sports physiology and sports medicine emerged as new disciplines in the expanding field of human biology.


	Scientific interest in an entire range of human performances, mental as well as physical, flourished during the turn-of-the-century period. The achievements of athletes thus belonged to the spectrum of performances that could be studied to decipher the workings of the human organism. The performance physiology of the turn of the century period can also be seen as a last attempt on the part of biological scientists to understand the human organism in its totality before laboratory specialization narrowed and fragmented the focus of physiological research.


	The analysis of athletic movement was first made possible by the "chronophotography" invented by the great French physiologist Etienne-Jules Marey (1830-1904). As early as 1872 Marey's predecessor, the Anglo-American photographer Edward Muybridge, had photographed the horse in motion, and in 1879 he announced that he would toward apply this technique to "all the imaginable postures of athletes, horses, oxen, dogs and other animals in movement." Marey's chronophotography improved upon Muybridge's work by including the precise time intervals that separated these new and startling images of bodies and limbs frozen in time, thereby making human and animal motion both visible and comprehensible for the first time. In 1894 Marey stated his interest in producing instantaneous photographic images of "very strong and competent athletes," and at the 1900 Olympic Games in Paris he used chronophotography to reveal the secrets of the champions. The high-speed photographs and computer-generated stick-figures that enable biomechanics experts to assist  runners and throwers today can be traced back to Marey's work.


	Studies in exercise physiology began to appear in the scientific literature during this period. As early as 1887 the German researcher Kolb had applied Marey's sphygmograph (pulse recorder) to rowers. The founder of performance physiology in Germany, Nathan Zuntz, published on a whole series of topics relevant to the biology of the athlete: circulation, respiration, energy metabolism, nutrition, muscular work and altitude physiology. In 1899 his son, Leo, published the first adequate study of the energy metabolism of the cyclist. Work on the nutritional needs of the athlete in training, including a critical treatment of vegetarian claims, appear just after 1900. In 1903 the American Journal of Physiology published the results of an experiment suggesting that the efficacy of athletes' "warming up" procedures could be confirmed by testing the irritability of voluntary muscles. In 1915 the Journal of Biological Chemistry published a paper on the metabolism of the trained athlete. Significantly, this author points out that, despite the work of Zuntz and his colleagues on marching soldiers, the influence of training on basal metabolism had received scant scientific attention. During the 1920s the Nobel Prize-winning muscle physiologist A.V. Hill published several essays on the connection between his research and high-performance athletics.


	The world's first sports medical establishment took shape in Germany during the first decades of the twentieth century. The term "sports physician" was first used in 1904, the first sports physicians'' congress held in 1912, the first university course on sports medicine held in 1919, the world's first sports college (Berlin) established in 1920, and the first sports medical journal founded in 1924. By the 1920s German sports physicians were discussing and debating a variety of issues, including the use of drugs in sport, in professional journals. German sportsmedicine of the interwar period comprised five major topics that remain important research areas today. Muscle physiology  investigated the biochemistry and thermodynamics of muscular contractions, measured muscular strength by means of the ergograph, studied the effects of alcohol and other drugs on muscle functioning, and looked at the effects of muscular exertion on blood pressure, glycogen consumption, and other physiological variables. Respiratory physiology studied the relationship between metabolism and the oxygen content of inhaled air, the effects of drugs like alcohol and morphine derivatives on breathing, the effects of rapid air pressure changes on organisms, and the effects of breathing at high altitudes. The development by Nathan and Leo Zuntz of an apparatus for collecting and analyzing exhaled gases greatly facilitated the study of extreme physical exertion, including that of athletes. Endocrine physiology , or the study of glandular functioning, employed the term "internal secretion" until the "hormone" was defined in 1905. The development of reproductive endocrinology between the World Wars, including the synthesis of testosterone in 1935, led to an explosion of research on the sex hormones in Germany and, eventually, to the widespread use of anabolic-androgenic steroids in sport. Neuromotor physiology   looked at the anatomical structure of the nervous system, the relationships between nerves, muscle tissue, and organs such as the glands, lungs, and heart, the effects of drugs and other chemical compounds on the nervous system, the effects of electrical stimulation, and the speed of nerve impulses. Finally, the cardiac physiology  of this era probed the enlarged "athlete's heart" (and the difficulties of measuring heart volume), the neural regulation of cardiac functioning, arrhythmic heartbeats, pharmacological effects of drugs and toxic substances, artificial stimulation (chemical, electrical, mechanical) of the heart, the heart-lung relationship, reviving the heart after cardiac arrest, and the detection of audible cardiac anomalies.


	The use of various drugs to improve athletic performance can be traced back to the various substances ingested by ancient Greek athletes. The rise of modern sport during the later decades of the nineteenth century was accompanied by the use of drugs like strychnine, caffeine, cocaine, and nitroglycerine, especially by the six-day cyclists of this era. Amphetamine-like stimulants came into use during the 1930s. The widespread use of anabolic-androgenic steroids, which are modified versions of the male hormone testosterone, has become an important sports medical issue since these drugs became popular with many elite athletes in the 1950s. The International Olympic Committee established its Medical Commission and promulgated anti-doping rules in 1968. Medical supervision of drug use by athletes and the scientific study of effects on performance have been sporadic due primarily to the illicit status of drug use in sport. Due in part to ethical constraints, the only long-term and systematic research on the use of steroids to boost athletic performance was carried out in secret during the 1970s and 1980s in the former East Germany under government sponsorship. Even in the absence of other scientific work on these substances, the efficacy of steroids is generally accepted by athletes, trainers, and sports scientists.


	The entry of many women into the ranks of high-performance athletes has stimulated research into the relationships between exercise and (especially female) reproductive biology. It is generally accepted today that strenuous exercise causes amenorrhea, osteoporosis and stress fractures in women, and that reproductive disturbances occasioned by training are reversible. It is likely that a similar suppression of reproductive function occurs in men, although this question has not been scientifically studied.


	The sports sciences have been integrated into the study of human biology since the beginning of this century. But can the sports sciences actually boost athletic performance? "There is a widespread perception," one investigator with experience at the elite level wrote in 1989, "that contemporary technologic capabilities, including physiologic testing, can contribute to improved performance in athletes" (Foster, 1989). His own view is that this perception is essentially mistaken, in that laboratory tests have proven to be poor predictors of actual performance in the field. In addition, the quantitative effects of training remain poorly understood, and the control studies that might confirm the efficacy of physiologic training strategies are impossible at the elite level. A more recent commentary concludes that laboratory testing "should be considered primarily a training aid, not a magical tool for predicting future gold medallists. It has severe limitations for identifying potential talent in that scientists still do not know how to determine 'genetic limits' and therefore cannot predict the degree to which an athlete has the potential to improve. Limitations may also exist as to the sport scientist's ability to simulate in the laboratory the physiological demands of some sports" (MacDougall et al., 1991). Sports scientists and coaches can use testing data to provide baseline readings for individual training programs and attempt to monitor progress by charting physiological variables over time. But the sports sciences are still better described as basic than as applied science in relation to elite athletic performance.
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