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Introduction 

Warming up prior to exercising or competing is widely recommended. It has been 
suggested that warming up can improve performance and prevent injury. The necessity of 
warming up, however, remains in question (Fox, Bowers and Foss, 1989). 
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The necessity of warming up 

Is a warm up necessary prior to training? Some studies show no difference in 
performing with or without a warm up (Karpovich and Hale, 1956; Mathews and Snyder, 
1959; Skubic and Hodgkins, 1957) while others have found warming up beneficial to 
performing (Ingjer and Stromme, 1979; Berg and Ekblom, 1979; Michael, Skubic and 
Rochelle, 1957; Pacheco, 1957). Factors other than a warm ups physical effects could 
account for the discrepancies in performance benefits seen in the literature. Psychological 
factors, experience of the subjects, and the type of warm up can all affect the results of 
studies. To determine the necessity of warming up, the resulting physiological benefits 
should be examined. 

The physiological effects of warming up 

Increased temperature 

An increase in body temperature is one of the main physiological adaptations to 
warming up. The increase results from non utilized energy and dissipated heat produced 
by friction from sliding muscle filaments during contraction (Elam, 1986). The elevated 
temperature results in a more rapid and complete dissociation of oxygen from hemoglobin 
(Barcroft and King 1909) enhancing oxidative processes in the muscle (Shellock, 1983) 
and increasing V02  max. Increased body temperature stimulates vasodilation in the 
working muscle increasing blood flow through the muscle (Shellock, 1983) and reduced 
muscle viscosity increasing mechanical efficiency (Shellock, 1983). Nerve conduction 
velocity is improved (Martin et al., 1975) resulting in faster contractions and relaxation of 
muscles (Tipton and Karpovich, 1966; Fisher and Jensen, 1990). The heart rate increases 
and lactic acid production decreases after warming up (Martin et al. 1979; Ingjer and 
Stromme, 1979). 

Cardiac adaptations 

Heart problems such as myocardial ischernia, arrythmias, and sudden cardiac death 
can occur during exercise (Siscovick, 1990). These problems tend to occur most often in 
middle-aged and older men (Vouri, 1984). When exercise is combined with other coronary 
risk factors such as hypertension, cigarette smoking, obesity, and high cholesterol the risk 
of exercise related cardiac problems increases (Siscovick, 1990). 

Warming up, however, may help prevent serious damage to the heart (Elam,1986). 
Barnard et al. (1973) reported that 68% of their subjects, men aged 21 to 52, experienced 
abnormal ECG readings when they exercised without warming up Jogging easily for two 
minutes before the training session though eliminated the abnormal ECG readings in most 
subjects and reduced it in the others. Abnormal readings seen during training without a 
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warm up have been attributed to the inability of coronary blood flow to meet the demands 
that the exercise session places on the heart muscle (Barnard et il.,1473b). _ 	— 

Injury prevention 

The preventing injuries, such as muscle starins and tears, is often suggested as one 
of the primary benefits of warm up (Elam,1986; Shellock 1983; Bompa,1983). Even 
though these authors suggest that, warming up can help prevent injuries they are quick to 
point out that most of the evidence is empirical and that very few, if any, studies can show 
that warming up decreases the incidence of musculoskeletal injuries. This is in part 
because during a study a researcher wouldriever._set out to injure his or her subjects _ 
intentionally. It is hypothesized that warming up can help prevent injuries because it , 
stretches the the muscle tendon unit resulting in a greater length for a given load; this 
places less tension on the muscle-tendon junction reducing the potential for injury (Stone, 
1992). 

Types of warm ups 

There are three types of warm ups: passive, general and specific. Each has its advantages 
and disadvantages.. 

Passive warm tip 

A passive warm up increases temperature 'through extern'al means. Massage, hot „ 
showers, lotions, and heating pads are common forms (Bompa, 1983; Shellock, 1983). 
Although these methods increase body temperature—, they produce-  little positive effect on 
perfortrice. Ingjer and Stromme (1979) compared the effects of active, passive and no 
warm up on physiological markers of performance. They found that the passive warm up 
did not increase V02, or decrease blood lactate levels any more than no warm up. They 
did find though that the heart rate increased. Stanley et al. (1994) found no increase in,  
strength perorrnance following hot water Icatlis:  A. passive warm Up; because of increased , 
muscle temperature, may be suitable prior to a Stretching exercise but should not be . 
recommended as the sole means Of warming up for intense physical 

Genetal warm uP 

, 
A general warm up increases temperature by using movements for the major 

muscle groups. Calisthenic and light jogging activities are most common (Bompa, 1983; 
Shellock, 1983). This type of Warm up is meant to increase temperature in a variety of . 	 _ 
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1983). Exercising in a warm environment requires a shorter warm up than exercising in a 
cold one. In a normal environment the onset of sweating is usually a good indicator that 
body temperature has increased sufficiently (Shellock, 1983). 

Warming up for strength and power events 

As mentioned prviously, athletes in strength and power events seem to prefer to 
begin their warm up with light stretching. Whether this is the most efficient way to warm 
up is still a topic for debate. The final part of a warm up for these events should be a 
specific warm up (Shellock, 1983; Bompa, 1983). 

When weight training, do at least two sets, one at 50% and one at 75% of the 
work weight, before using the working weight. Very strong people need to do more sets. 
This author has seen elite powerlifters use six to eight warm up sets prior to opening 
attemps in competition. 

Conclusion 

Warm ups, when designed properly, can improve performance in both aerobic and 
anaerobic events. The type, intensity and duration of a warm up depends on the nature of 
the activity and environmental conditions. Although there is still some argument about the 
order of activities in a warm up there should be a stretching, temperature raising and 
specific component. 
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Introduction 

The number of children participating in sports is on the rise. To prepare for specific 
activities, they are also weight training (Blimkie, 1992). Traditionally, weight training had been 
discouraged for children because until recently the safety and effectiveness of strength training in 
young athletes had not been established. 

The prepubescent athlete is any athlete up to the age of 15 who has not yet developed 
secondary sexual characteristics (breasts, pubic hair, etc.) (National Strength and Conditioning 
Association 1985). The onset of puberty varies in individuals. Fifteen is reasonable as an upper 
estimate for the age of puberty, but an athlete may mature either before or after this age. 

Strength increases 

One of the main reasons strength training has not traditionally been recommended for 
children stems from the debate as to whether prepubescent athletes can increase their strength 
through weight training. Vriejens (1978) found that prepubertal children did not increase their 
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isometric strength following isotonic training. However, this study used only moderate training 
loads and the testing and training regimes were different. Docherty, Wenger, Collis and Quirmey 
(1987) found small increases in isokinetic leg flexion (3.2% and 7.8%) and extension (2.25% and 
2.0%) in boys 12.6 years of age after four and six weeks of resistance training. Several older 
European studies also found no significant strength increases in prepubertal subjects following 
training (Bin/the, 1993). 

Many researchers have found that prepubertal children gain strength as easily as pubertal 
or post-pubertal athletes. Pfeiffer and Francis (1986) found significant increases in isokinetic 
strength in a group of 9- and 10-year old boys following a period of traditional weight training. 

Weltman et al. (1986) examined the effects of 14 weeks of hydraulic resistance training on 
isokinetic knee flexion, extension, and elbow flexion in prepubertal boys. They found strength 
increases between 18.5% and 36.6 % for both flexion and extension. The length of this study, the 
progressive nature of the training stimulus, and the similarity of the training and testing protocols 
strongly suggest that children can gain strength through resistance training (Blimkie, 1992). 

Sailors and Berg (1987) found that eight weeks of free weight training in a group of early 
prepubertal boys resulted in 52.3% increases in 5 RM. squat 19.6% increases in 5 RM. bench 
press and 26% increase in 5 P.M. arm curl. 

In one of the longest strength training studies involving children (20 weeks), Ramsay et al. 
(1990) found significant improvements in 1RM bench press (34.6%) and leg press (22.1%). Part 
of the strength increase was attributed to growth. The control group increased strength by 12.3% 
on the bench press but it was significantly less than that of the experimental group. They also 
found significant increases in isokinetic and isometric peak torque for the knee extensors and elbow 
flexors. The study's training protocol was well designed; resistance was adjusted as the subjects 
became stronger. The testing protocol used specific and nonspecific testing that could have helped 
in controlling the learning effects. 

Ozmun, Mikeslcy and Surburg (1994) studied boys and girls between the ages of 
9 and 12 who increased by 27.8% in isokinetic elbow flexion strength after eight weeks of 
dumbbell training three times a week. When the subjects could perform 11 repetitions the weight 
was increased. The training group's strength gains were 12.3% higher than those of the control 
group whose gains were attributed to growth. 

The above studies (Ozrriun, Milcesky and Surburg,1994; Ramsay et al., 1990; Sailors and 
Berg, 1987; and Weltman et al., 1986) provide strong evidence that pubertal and prepubertal 
subjects can significantly improve their strength through various forms of resistance training. 
Though some studies (Vriejens,1978; Docherty, Wenger, Collis and Quinney, 1987) reported no or 
small changes in strength, these studies were criticized for using modest training loads, lacking 
progressive resistance, using a low training volume or a short study duration (Blimkie, 1993). 
Although it appears that strength training, given sufficient intensity and duration of training, can 
improve strength in children the mechanisms behind the changes are slightly different in children 
and adults. 



Prepubescent Strength Training 	 3 

Training adaptations 

In long-term (?) strength training programs the limiting factor for increasing strength is the 
ability of the (?) to adapt by increasing muscle size (Sale, 1992). However, strength performance is 
not only a function of muscle size. The ability of the nervous system to activate the muscles also 
determines strength (Sale, 1992). Moritani and DeVries (1979) showed that during the first four to 
six weeks of a new strength training program the adaptations are predominantly neural in nature. 
Their work also demonstrated that as hypertrophy becomes the main source of strength gains, 
neural adaptations detrain. These adaptations usually consist of improved motor unit activation, 
through the recruitment of more motor units or more frequent activation of motor units, and greater 
synchronization of the firing patterns of the motor units (Sale, 1992), 

In children neural adaptations, not hypertrophy, seem to be responsible primarily for 
increases in strength (BlimIcie, 1993). Ramsay et al. (1990), using computerized axial tomography, 
found no significant increases in muscle cross-sectional areas that could be attributed to training. 
They did, however, find an increase in the absolute evoked twitch torque of elbow flexors and a 
trend towards an increase in the percentage of motor unit activation. Untrained individuals or those 
not accustomed to resistance training often cannot fully activate all their motor units (Sale, 
MacDougall, Upton and Comas, 1983). 

Wellman et al. (1986) found insignificant increases in upper arm girth and triceps 
skinfolds. They attributed the increases to undefined neural adaptations. Sailors and Berg (1987) 
found a greater increase in the lean upper arm and calf areas of their control group than their 
training group. Vrijens (1978) found no increase in the upper arm and thigh cross-sectional areas 
of prepubertal subjects. 

The use of EMG allows scientists to investigate/examthe(?) the level of motor unit 
activation during exercise. There is a higher EMU after strength training than before and the EMU 
increases correlate with the increases in strength (Moritani and DeVries 1979; Haklcinen and Komi, 
1983; Hakkinen, Komi and Men, 1985). Ozrnun, Mikesky and Surburg , (1994) using IEMG 
found a 16.8% increase in neural activity following training in their group of 9 to12 year olds. 
There was no increase in IEMG in the untrained group. 

Though improved motor unit activation is the most accepted theory of neural adaptation to 
strength training, it is not universally accepted. Rutherford and Jones (1986) using twitch 
superimposition to measure the level of muscle activation found that all their untrained subjects 
could fully activate their quadriceps while performing a maximal isometric contraction. They could 
not, however, measure the rate of motor unit firing using this technique. They attribute the 
adaptations in the first four to six weeks of training to improved coordination and the establishment 
of new neural pathways in the central nervous system. BlimIcie (1993) also suggests that strength 
increases in children are in part due to improved coordination, especially in the complex multi-joint 
exercises. 

Rutherford and Jones (1986) suggest that the neural adaptations occur because the muscle 
cannot generate sufficient force to stimulate hypertrophy until a certain degree of coordination is 
established. This is a plausible explanation since the rate of neural adaptation decreases throughout 
the strength training process as the rate of hypertrophy increases (Moritani and DeVries 1979; 
Haldcinen and Komi, 1983; Haldcinen, Komi, and Men, 1985). The lack of hypertrophy in children 
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following strength training may be due to lower levels of circulating androgens (Vrijens, 1978). 
Since the longest training study to date spans only 20 weeks (Ramsay et al. 1990), children may 
need longer training periods to experience significant hypertrophy. 

Benefits and risks 

Strength training is often used to improve strength and sports performance in adults. Since 
many of the sports and activities that children participate in require significant strength and power, 
it seems appropriate to recommend resistance training to improve performance (Blimkie, 1993). 
The effects of strength training on performance can be difficult to measure because athletes are 
often involved in several different forms of training, all of which can affect overall performance. 
Weltman et at. (1986) found significant increases in vertical jump performance following strength 
training. There were also subjective reports of improved sports performance in the boys who 
trained. Even though there is likely a positive correlation between motor performance tests, like 
vertical jumping, there is no direct evidence that resistance training will improve athletic 
performance in prepubescent athletes (Blimkie, 1993). 

The risk of injury associated with strength training greatly concerns many parents and 
coaches. According to a 1987 US Consumer Product Safety Commission report, children between 
0 (?) and 14 incurred 8,543 weightlifting injuries requiring emergency room treatment. Nearly 
40% of these injuries were unsupervised. Inadequate supervision and an improper lifting technique 
most often cause strength training injuries in children (Blimkie, 1993; Mazur, Yetman and Risser, 
1993). 

Brown and Kimball (1983) conducted a survey of 71 adolescent competitive powerlifters 
and found that of the 98 injuries reported 61% were muscle strains, the main site of injury being 
the lower back. Risser, Risser and Preston (1990) studied junior and senior high school football 
players and also found that the lower back was the main site of injury and that muscle strains were 
most common. Muslculoskeletal injuries caused by strength training represent only about 0.66% of 
injuries reported in young football players (Mazur, Yetman and Risser, 1993). Although the most 
common strength training injuries are muskuloskeletal, the potential for damage to the growth 
plates of bones is the reason most often cited for not allowing children to strength train. Though the 
possibility of such an injury exists, concern is probably overstated (Blimkie, 1993). Only one case 
of a weightlifting induced epiphyseal fracture in prepubertal athletes has been reported (Gumbs, 
Segal, Halligan and Lower, 1982). When these injuries occur through strength training or other 
sports, there is rarely a detrimental effect on growth if the injury is diagnosed and treated properly 
(Caine, 1990). 

This is further emphasized by the fact that there are virtually no injuries in the training 
studies involving children (Blimkie, 1993). 

Although strength training, like any sport, can cause injury, it can decrease the potential 
for certain types of injuries when performed properly. Sports that do not involve the use of right 
and left sides of the body equally can result in bilateral strength imbalances that may be related to 
developing injuries (Knapilc, Jones, Bauman and Harris, 1992). A strength training program 
designed to correct imbalances may help prevent these injuries. Cahill and Griffith (1978) and 
Hejna, Rosenburg, Suturusis and Krieger (1982) found that strength training reduces the frequency 
and severity of injuries in high school athletes. 
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The benefits seem to outweigh the risks for children participating in resistance training: the 
potential for injury is lower for resistance training than many other sports; strength training can 
improve performance and help prevent certain injuries making it an important element in preparing 
the young athlete; and a child may carry into adulthood a positive experience with weight training 
thus promoting a lifelong appreciation of fitness. 

Recommendations 

Based on the NSCA's position statement and reviews by Faigenbaum (1993), the 
American Academy of Pediatrics (1983), Blimlcie (1993), and Israel (1992) the following 
guidelines for developing strength training programs for prepubescent children are recommended: 

• Young athletes require a medical examination prior to strength training, including assessing 
their physical maturity level. 

• Provide adequate supervision and instruction. The athlete-coach ratio should not exceed 10:1 
with a ratio of 5:1 preferred. This should help the athlete learn proper technique. Most strength 
training injuries occur because of poor exercise technique. 

• Prohibit maximal lifts. This helps prevent possible injury to the bones' growth zones. Since 
children and young teenagers are often competitive and want to see how much they can lift, it 
may be necessary to limit prepubertal athletes to body weight exercises (push ups, sit ups, pull 
ups, etc.). 

• Ensure that the athlete is emotionally mature to accept and follow directions. Athletes risk 
injuring themselves and others when strength training if they cannot follow directions and 
safety guidelines. 

• Consider the unique physical and psychological make up of each athlete. Since the rate of 
emotional and physical maturity varies from person to person an individualized training 
program will help improve performance and decrease the chance of injury. 

• Include strength training in a conditioning program. Expose young athletes to a variety of 
activities and movement patterns. Limiting training to a specific activity can slow the athlete's 
overall development. 

• Keep training fun for the athlete. By keeping training, not just strength training, fun, the athlete 
can develop a lifelong appreciation of fitness and sport. The length of the athlete's career can 
be increased if the level of enjoyment is high. 

• Develop or adopt a set of weight training rules and regulations. 

• Create a periodized program to help avoid overtraining. 
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Program design 

1. Start with a four-week introduction period. During this time introduce the young athlete to the 
rules and regulations of the training facility. Use child size equipment or empty bars to initiate 
the athlete to exercise technique. During this period do not allow the young athlete to add 
weight to the bar until he or she can demonstrate relatively consistent exercise technique. One 
or two sets per exercise once or twice a week is sufficient. 

2. During the next four to eight weeks emphasize improving exercise technique and start 
increasing the resistance. During this time do not allow the athlete to use more than 60% of a 
1RM. It has been suggested that variability in movement patterns increases with resistance 
above 60% of maximum (Schmidt, 1991). Keeping the resistance low should help the young 
athlete learn the movements more quickly. It is not necessary to train to failure with children. 
The repetition ranges should be six to eight with a maximum of 60% 1RM. This range should 
keep fatigue levels low enough to allow efficient skill learning. As the athlete becomes 
technically proficient, add weight to the empty bar or increase the number of sets. Increases in 
intensity or volume should not exceed 5% per week. Training should still be restricted to no 
more than two times per week and consider introducing weight circuits during this phase. 
Circuit training results in a random practice situation which has been shown to be more 
successful in skill teaching than blocked practice which occurs from a traditional sets style of 
strength training. 

3. When the young athlete safely performs the basic exercises (multi-joint exercises) introduce 
higher training volumes and intensities. Training can increase to three times per week. Intensity 
can be increased to 70-75% of 1RM for three to four sets of six to eight repetitions. Again, 
emphasize that the young athlete not train to failure with this combination of volume and 
intensity. 
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