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S trength/power sports, such as American football, throwing events in track and field, and sprinting are characterized by
the demonstration of high power outputs. The principle of training specificity requires that athletes competing in these
activities train using exercises which maximize power output. These exercises may include the weightlifting sport lifts and
their variations, plyometrics, and medicine ball training. However, many of the strength/power sports involve maximal
efforts which must be repeated after relatively short rest periods. Thus, some strength and conditioning professionals believe
that the addition of aerobic endurance training may offer some benefits to strength/power athletes.

Possible Benefits of Training Concurrently for Strength/Power and Endurance

Athletes in predominately strength/power sports are frequently given training programs designed to induce positive changes
in both endurance and strength/power attributes, particularly during the off-season. Strength and conditioning professionals
prescribing aerobic exercise for their strength/power athletes often cite the benefit of enhanced recovery during the limited
rest periods which intersperse the supramaximal work efforts. Recovery from anaerobic exercise is highly dependent upon
aerobic metabolism. Thus, acrobic endurance training may help athletes recover more quickly between anaerobic work

intervals, such as multiple sets in resistance training or repeated sprints.

Strength/power athletes may perform endurance exercise in order to maintain an optimal body weight or to reduce body
fat levels. Aerobic endurance exercises are an effective and efficient method of reducing body fat. Another possible benefit
of aerobic training for strength/power athletes is the increased tolerance for exercise in the heat and during hyperthermia
in aerobically trained individuals. In extreme heat, 15 to 20% of the cardiac output may be distributed to the skin for
heat dissipation (18). This limits the blood flow to the working muscles. Aerobically-trained individuals have an increased

sensitivity and capacity of the sweating response so that they are better able to regulate their body temperatures (18).

Possible Negative Effects of Training Concurrently for Strength/Power and Endurance

Aerobic endurance exercise appears to have potential benefits for strength/power athletes. However, the adaptations to
strength/power training and aerobic endurance training are different. For example, strength/power training increases muscle
hypertrophy, while aerobic endurance training increases mitochondrial and capillary density and has little or no effect of
causing muscle hypertrophy. In addition, experimental evidence indicates that acrobic conditioning may interfere with
strength and/or power development. For example, one of the earliest studies examining the effects of concurrent strength
and endurance training found that strength gains were negatively affected when strength and endurance training were
performed concurrently (10). Subsequent research has yielded conflicting findings with regard to the effects of concurrent
strength and endurance training on strength. Some studies have demonstrated an interference effect (3, 7, 9, 14), while
others have not (1, 2, 12, 13, 19, 20, 23, 25). Differences between these studies may have been due to differences in the
length of the studies, experience level of the subjects, and the training protocols utilized. For example, studies differed
with respect to the specific exercises performed, whether strength and endurance training were performed on the same or

different days per week, the sequence of training modes (strength before endurance or endurance before strength).
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While experimental results regarding the effects of concurrent strength and endurance training on strength are mixed, the
effects of concurrent training on power appear more predictable. Several studies have demonstrated an interference effect

of endurance training on performance measures of power expression. For example, several studies examining the effects of
concurrent training on vertical jump performance found that only groups training exclusively for strength and/or power
increased vertical jumping ability (9, 13). This suggests that acrobic endurance training may affect the expression of power
more than strength. This negative effect of endurance training on power is an especially important consideration because
many sports require the application of maximal force over very short time periods. For example, a sprinter may have contact
with the ground for only 0.101 — 0.108 seconds while running (21). Thus, the capability for developing maximal force over
a very short time period (rate of force development) is an important characteristic in strength/power sports, and may be
hindered when training simultaneously for strength/power and endurance. Indeed, vertical jump ability has been shown to

increase with the cessation of training in endurance athletes (5).

Alternative Methods of Enhancing Sport Performance and Short-Term Endurance without
Hindering Strength and Power

Alternative methods of enhancing short-term endurance and improving body composition are needed which do not
interfere with strength and power development. Fortunately, appropriately designed strength and power training programs
may be able to elicit these changes without the compromising effects of aerobic endurance training. For example, resistance
training has been shown to increase muscle stores of ATP, PC, and glycogen (17), while also increasing the activity of
enzymes (phosphorylase, creatine kinase, phosphofructokinase, and myokinase) associated with anaerobic exercise (6). Thus,
it is not surprising that experienced weight trainers have been shown to have an increased capacity for anaerobic energy
transfer during maximal work bouts (24). Strength training can also increase short-term (4 — 8 minutes) time-to-exhaustion
on a cycle ergometer (11, 24). The increases in time-to-exhaustion were independent of increases in maximal oxygen
consumption. With regard to body composition, resistance training can increase lean body mass and decrease body fat levels.
This leads to an increased capacity for strength, power, and anaerobic performance (8). In addition to a properly designed
resistance training program, high intensity interval training may also be used to enhance endurance without compromising
strength and power (15, 16, 22). For example, among the adaptations that occurred after a repeated 15 to 30 s sprint

interval training program were significant increases in PC, glycogen, and maximum oxygen consumption (22).

Adaprations to exercise are dependent upon the type, intensity, duration, and frequency of training. The specific biochemical
adaptations to aerobic (4) and strength/power (8) modes of training have been documented. Strength and power training
exercises are generally used to improve the force output ability of the nervous and muscular systems. This type of training
causes little or no increase in maximal aerobic power. Endurance training is performed to increase maximal aerobic power
and endurance. Endurance training does not increase the force output ability of skeletal muscle. While the specific cellular
adaptations resulting from the simultaneous performance of aerobic and strength modes of exercise are largely unknown,

it seems logical that these adaptations are not compatible with prolonged training. Therefore, strength and conditioning
professionals should carefully consider the cost-to-benefit ratio of including aerobic exercises for their athletes, and should

consider alternative methods for enhancing short-term endurance and improving body composition.
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