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Abstract Although much of what 
we understand about the stimulus of 
resistance exercise has been gained 
by exploring the responses of adults to 
various training protocols, research 
into the effects of resistance exer-
cise on children and adolescents has 
increased over the past decade. Despite 
outdated concerns that resistance 
training was ineffective or unsafe 
for youth, research increasingly sug-
gests that resistance training can be a 
safe and effective method of exercise 
for children and adolescents provided 
that appropriate training guidelines 
are followed. In addition to enhancing 
motor skills and sports performance, 
regular participation in a youth resis-
tance training program has the poten-
tial to positively infl uence several 
measurable indices of health. It helps 
strengthen bone, facilitate weight con-
trol, enhance psychosocial well-being, 
and improve one’s cardiovascular risk 
profi le. Furthermore, a stronger mus-
culoskeletal system will enable boys 
and girls to perform life’s daily activ-
ities with more energy and vigor and 
may increase a young athlete’s resis-
tance to sports-related injuries. Along 
with other types of physical activity, 
a properly designed youth resistance 
training program can offer observable 
health value to children and adoles-
cents when appropriately prescribed 
and supervised.
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Children and adolescents need to 
participate regularly in 60 min-
utes or more of moderate to vig-

orous physical activity that is develop-
mentally appropriate, enjoyable, and 
involves a variety of activities.1,2 Not only 
is regular physical activity essential for 
normal growth and development, but 
physical activity habits established early 
in life tend to carryover into adulthood.3,4 
Although activities that enhance cardio-
respiratory fi tness are generally recom-
mended for youth, research increasingly 
suggests that resistance training can offer 
unique benefi ts for children and adoles-
cents when appropriately prescribed and 

supervised.5-8 As previously observed 
in adults,9 youth resistance training can 
have favorable effects on musculosk-
eletal strength, body composition, car-

diovascular risk factors, and psychoso-
cial well-being.1,6 Furthermore, a stronger 
musculoskeletal system will enable chil-
dren and adolescents to perform life’s 
daily activities with more energy and 
vigor and may increase a young athlete’s 
resistance to sports-related injuries.10,11

This review examines the potential 
health-related benefi ts associated with 
youth resistance training. A discussion 
of these benefi ts is particularly relevant 
because of the increasing number of chil-
dren and adolescents who engage in var-
ious forms of resistance exercise and the 
current emphasis on promoting participa-
tion in health-enhancing physical activities 
during childhood and adolescence.12-14 
Since the act of resistance training itself 
does not result in health-promoting ben-
efi ts unless the training stimulus exceeds 

an individual’s strength threshold, specifi c 
recommendations for designing health-
enhancing resistance training programs for 
children and adolescents are also reviewed.
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For the purposes of this review, the 
term children refers to boys and girls 
who have not yet developed second-
ary sex characteristics (approximately up 
to age 11 in girls and 13 in boys; Tanner 
stages 1 and 2 of sexual maturation). 
This period of development is often 
referred to as preadolescence. The term 
adolescence refers to the period of time 
between childhood and adulthood and 
includes girls aged 12 to 18 years and 
boys aged 14 to 18 years (Tanner stages 
3 and 4 of sexual maturation). For ease 
of discussion, the term youth is broadly 
defi ned in this article to include the years 
of childhood and adolescence.

Resistance training is defi ned as a spe-
cialized method of conditioning that 
involves the progressive use of a wide 
range of resistive loads and a variety of 
training modalities (eg, free weights [bar-
bells and dumbbells], weight machines, 
elastic cords, medicine balls [weighted 
balls fi lled with sand or cloth], and body 
weight) designed to enhance health, fi t-
ness, and sports performance. While the 
terms resistance training, strength train-
ing, and weight training are sometimes 
used synonymously, the term resistance 
training encompasses a broader range of 
training modalities (eg, weight machines 
and plyometic exercises) and a wider 
variety of training goals (eg, enhancing 
physical appearance and improving ath-
letic performance). Although there is no 
real consensus on the behaviors required 
to achieve optimal health in children 
and adolescents, for the purposes of this 
review, behaviors and exposures that 
increase the acquisition of health-
associated characteristics are deemed 
desirable for children and adolescents.

Resistance Training 
for Youth

Health-minded organizations such as 
the American Academy of Pediatrics,15 the 
American College of Sports Medicine,16 
the National Strength and Conditioning 
Association,6 the British Association for 
Sports and Exercise,17 and the Presidents 
Council on Physical Fitness and Sports18 
now recognize the importance of enhanc-
ing muscular strength during childhood 

and adolescence. Despite outdated con-
cerns associated with youth resistance 
training, scientifi c evidence and clinical 
impressions indicate that resistance exer-
cise can be safe and effective for children 
and adolescents provided that age-
appropriate training guidelines are 
followed.6-8,19 Currently, comprehensive 
school-based programs such as Physical 
Best are specifi cally designed to enhance 
health-related fi tness components includ-
ing muscular strength and endurance 
along with cardiorespiratory endurance, 
fl exibility, and body composition.13

Investigations performed over the 
past 15 years provide compelling evi-
dence that well-designed resistance 
training programs can enhance the 
strength of children and adolescents 
beyond what is normally expected from 
growth and maturation (see reviews by 
Blimkie,5 Faigenbaum et al,6 and Falk and 
Tenenbaum7). Children as young as 6 
years have benefi ted from resistance train-
ing, and various combinations of sets and 
repetitions have proven to be effective 
provided the training stimulus was ade-
quate.20-24 Strength gains of roughly 30% 
to 50% are typically observed in untrained 
youth following short-term (8-12 weeks) 
training programs. In general, it appears 
that percentage-based gains made by 
children and adolescents who resistance 
train are similar to gains made by resis-
tance-trained adults.25 However, training-
induced strength gains during childhood 
are primarily due to neural adaptations as 
opposed to hypertrophic factors.26

Health-Related Benefi ts 
of Resistance Training

Participation in a youth resistance train-
ing program provides children and ado-
lescents with yet another opportunity to 
improve their health and quality of life. 
Although research on the health-related 
benefi ts of youth resistance exercise con-
tinue to be elucidated, the available evi-
dence suggests that if appropriate train-
ing guidelines are followed, the health of 
children and adolescents is more likely to 
improve rather than be adversely affected 
by participation in a resistance train-
ing program. The safe and proper pre-
scription of resistance exercise has been 
shown to favorably infl uence bone min-
eral density, body composition, cardio-
vascular risk, resistance to sports-related 
injuries, and psychosocial well-being.1,6,8 
These health-related benefi ts, along with 
performance-related benefi ts, such as 
improvements in motor performance 
skills (eg, sprinting and jumping), will 
likely enhance the quality of life for chil-
dren and adolescents by enabling them 
to perform life’s daily activities with more 
energy and vigor. A summary of the 
potential benefi ts associated with youth 
resistance training is presented in 
Table 1.

Bone Health

From a public health perspective, it is 
interesting to note that traditional fears 
that resistance training would be harm-
ful to the immature skeleton of young 

Increase muscle strength and power
Increase local muscular endurance
Increase bone mass
Increase cardiorespiratory fi tness
Improve blood lipid profi le
Improve body composition 
Improve motor performance skills
Enhance sports performance
Increase resistance to injury
Enhance mental health and well-being
Stimulate a more positive attitude toward lifetime physical activity

Table 1. 

Potential Benefi ts of Youth Resistance Training
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weight trainers have been replaced by 
current fi ndings that suggest that child-
hood and adolescence may be the oppor-
tune time for the bone-modeling and -
remodeling process to respond to the 
tensile and compressive forces associated 
with weight-bearing activities.27-29 
For example, concerns that resistance 
exercise would cause harm to the growth 
plates of youth weight trainers have 
been replaced by observations that indi-
cate that the mechanical stress placed on 
developing growth plates from weight-
bearing exercise or high-strain-eliciting 
sports (eg, gymnastics) are actually essen-
tial for bone formation and growth.30

Weight-bearing sports and exercise 
can be benefi cial for individuals of any 
age; however, it appears that this type of 
physical activity during periods of growth 
and development may be most benefi -
cial because the mechanical stress from 
weight-bearing activities may act syner-
gistically with growth-related increases 
in bone mass, resulting in a higher bone 
mass later in life.28,29,31 While peak bone 
mass is strongly infl uenced by genetics,32 
regular participation in high-strain-
eliciting sports and specialized exercise 
such as resistance training appears to 
maximize bone mineral density during 
childhood and adolescence.28,29 Moreover, 
scientifi c evidence indicates that there is 
no detriment of youth resistance train-
ing on linear growth in children and 
adolescents.26

Interestingly, the increase in lean 
mass is the most important predictor for 
bone mineral mass accrual during child-
hood and adolescence.33,34 It seems that 
the increase in muscle strength associ-
ated with muscle development allows 
for greater forces to be placed on bones 
where the strengthened muscles attach.35 
Hence, in addition to the direct effect of 
physical activity on bone, resistance train-
ing can increase bone acquisition indi-
rectly by increasing muscle mass and 
muscle strength, which in turn could 
increase the tensions placed on bones. In 
support of these observations, it has been 
reported that elite adolescent Olympic 
weightlifters who regularly train with 
heavy weights while performing multi-
joint exercises (eg, snatch and clean and 

jerk) display levels of bone mineral den-
sity36 and bone mineral content37 well 
above values of age-matched controls. It 
appears that muscular forces that must 
act on bone to perform a desired move-
ment with a heavy load may be a potent 
osteogenic stimulus for new bone forma-
tion in certain individuals.

Others have reported that participation 
in school-based exercise interventions 
can have a favorable impact on bone 
health.38-42 In one study that provides 
direct evidence that high-impact exercise 
enhances bone accrual in preadolescent 
girls, participation in a 10-month phys-
ical activity program (which included 
resistance training and aerobic exercise 
3 times per week) resulted in a signifi -
cant improvement in bone mineral den-
sity (BMD) in the exercise group as com-
pared to the age-matched control group.41 
Likewise, preadolescent boys who per-
formed a high-impact circuit exercise 
program for 20 months had greater bone 
expansion on both the periosteal and 
endosteal surfaces.39 Others reported that 
a physical activity intervention that con-
sisted of 10 plyometric jumps performed 
3 times per day for 8 months enhanced 
bone mass at the weight-bearing proxi-
mal femur in children.40 It is noteworthy 
that this exercise intervention was inex-
pensive, easily implemented by elemen-
tary school teachers, and short in dura-
tion (requiring about 3 minutes per day).

In addition to regular participation in 
weight-bearing physical activity, bone 
health is infl uenced by lifestyle fac-
tors such as proper nutrition. In a study 
designed to examine the effects of increas-
ing milk on bone responses to 12 weeks 
of resistance training in adolescent males, 
subjects who added to their diet 3 addi-
tional servings of milk per day increased 
whole-body BMD to a greater extent than 
subjects who consumed juice.43 Although 
the potential importance of calcium and 
perhaps other nutrients in milk in optimiz-
ing bone development in youth should 
not be underemphasized, it appears that 
increased consumption of calcium boosts 
bone development only when combined 
with progressive weight-bearing phys-
ical activity.44 Furthermore, the desired 
changes in bone mineral content and 

BMD may be lost over time if the sport or 
exercise program is not continued.45

While the human skeleton is sensi-
tive to the mechanical stimulation elic-
ited by weight-bearing physical activity and 
resistance exercise, the exercise intensity 
rather than the exercise duration seems 
to be the primary determinant for max-
imizing peak bone mass in youth. For 
example, limited data suggest that eccen-
tric training may be more osteogenic 
than concentric training.46 Since eccen-
tric muscle actions produce about 25% 
greater force than concentric muscle 
actions, eccentric loading should gener-
ate greater forces on bone than concen-
tric loading. The importance of eccentric 
loading was evident in a study that exam-
ined the effects of 26 weeks of resistance 
training on adolescent females.47 Despite 
signifi cant gains in muscle strength, there 
were no signifi cant changes in bone 
mineral content. Since the subjects per-
formed all exercises reciprocally and con-
centrically on hydraulic resistance train-
ing machines, eccentric loading did not 
occur, and hence, the training intensity 
may have been suboptimal to elicit favor-
able changes in bone mineral content.47

While additional clinical trials are 
needed to more precisely defi ne the opti-
mal exercise prescription for optimiz-
ing bone development in children and 
adolescents, it appears that high loads 
involving concentric and eccentric muscle 
actions play a critical role in bone mass 
acquisition during childhood and adoles-
cence. Moreover, since bone tissue rap-
idly becomes desensitized during a pro-
longed exercise session,48 it is important 
to design a resistance training program 
whereby short intense loading sessions 
are followed by brief periods of rest. 
Consequently, it seems that the osteogenic 
response to exercise in youth can 
be enhanced by sensibly prescribing 
multijoint, moderate- to high-intensity 
resistance training exercises (eg, bench 
press and squat) with high-impact, unac-
customed, strain-producing plyometric 
exercises (eg, jumping and hopping).

Body Composition

Over the past 3 decades, the preva-
lence of childhood obesity has more 



4

American Journal of Lifestyle Medicine Mar • Apr 2007

than doubled for adolescents, and it has 
more than tripled for children.49 Among 
American youth aged 2 through 19 years, 
data from a national survey using body 
mass index (BMI) as a main outcome 
measure indicate that 33.6% are at risk 
for becoming obese (≥85% but <95% of 
the sex-specifi c BMI for age) and 17.1% 
are obese (≥95% of the sex-specifi c BMI 
for age).49 Based on current trends, it is 
estimated that 20% of overweight 4-year-
olds and as many as 80% of overweight 
adolescents will become obese adults 
(BMI ≥30 kg/m2).50,51 These trends have 
led some observers to predict that the 
overall adult life expectancy will decrease 
because of the increased prevalence of 
obesity-related comorbidities such as type 
2 diabetes, cardiovascular disease, and 
cancer.52

It is becoming more apparent that the 
increasing prevalence of obesity in chil-
dren and adolescents is primarily due to 
a reduction in total daily energy expen-
diture. Even though the energy cost of 
any given movement increases as a child 
becomes obese, societal changes during 
the past several decades have reduced 
the need to be physically active. Since 
obese youth may lack the motor skills 
and confi dence to be physically active, 
they may actually perceive physical activ-
ity to be discomforting and embarrass-
ing. In a recent study, total body fat 
expressed as a percentage of body mass 
was inversely related to minutes of vigor-
ous physical activity per day in both boys 
and girls.53 Sadly, this decline in physi-
cal activity may start early in life in obese 
youth.54

Along with parent training/modeling, 
behavioral counseling, and nutrition edu-
cation, regular physical activity is a cor-
nerstone of multicomponent treatment 
programs for obese youth.55 Although 
both normal weight and obese boys and 
girls have traditionally been encouraged 
to participate in aerobic activities, excess 
body weight hinders the performance of 
weight-bearing physical activities such as 
jogging and increases the risk of muscu-
loskeletal overuse injuries. More recently, 
it has been reported that regular partic-
ipation in a resistance training program 
resulted in a decrease in fatness among 

normal-weight youth21,22,56 as well as 
obese children and adolescents.57-59 Even 
though resistance training is not typically 
characterized by high caloric expendi-
ture, a growing body of evidence sug-
gests that exercise programs that include 
resistance training can improve the 
health and body composition of both 
normal-weight and obese youth.60

Sothern et al58 studied the safety, feasi-
bility, and level of compliance of a pro-
gressive, moderate-intensity resistance 
training program in a group of obese 
children during a multidisciplinary 
outpatient treatment program. During the 
intervention period, subjects reported no 
injuries or accidents, and 79% of the 
subjects completed the 10-week pro-
gram. Body weight, BMI, and percent-
age body fat were reduced signifi cantly 
at 10 weeks and did not increase signif-
icantly at 1-year follow-up. Treuth et al61 
tested the hypothesis that resistance train-
ing would benefi t obese children with 
respect to body composition and energy 
expenditure. These researchers reported 
gains in fat-free mass in obese children 
who participated in a 5-month resis-
tance training program. Compliance with 
the resistance training program was 83%. 
While total body weight and percentage 
body fat also increased during the inter-
vention period, intra-abdominal adipose 
tissue (measured by computed tomogra-
phy) remained stable. Since central obe-
sity is associated with cardiovascular risk 
in children, this fi nding has important 
health implications. In a separate analysis 
of these data, Treuth et al62 examined the 
effects of resistance training on energy 
expenditure in obese girls. Despite signif-
icant increases in muscle strength, resting 
metabolic rate did not change. It is possi-
ble, however, that a higher volume, more 
intense resistance training program might 
have more favorable effects on energy 
expenditure in obese youth.

Watts et al59 found that circuit train-
ing (both cycle ergometry and resis-
tance training) not only improved the 
body composition of obese adolescents 
but also normalized vascular dysfunc-
tion (assessed using high-resolution ultra-
sound and fl ow-mediated dilation of the 
brachial artery) in obese subjects. Since 

endothelial dysfunction is an early mani-
festation of atherosclerotic disease,63 this 
important fi nding highlights the poten-
tial clinical relevance of circuit train-
ing in obese adolescents. More recently, 
Shabi et al64 reported that a progressive 
16-week resistance training program sig-
nifi cantly improved insulin sensitivity 
(directly measured via a frequently sam-
pled intravenous glucose tolerance test) in 
overweight (≥85% of the sex-specifi c BMI) 
adolescent men independent of changes 
in body composition. These fi ndings cou-
pled with a very high 96% attendance 
rate suggest that resistance training may 
be a viable and effi cacious modality for 
improving metabolic health in overweight 
youth.

Of note, Falk et al65 observed that the 
level of adiposity was a strong nega-
tive predictor of the resistance train-
ing effect of the lower limbs following 3 
school years of resistance training. It was 
reported that the individually prescribed 
training program resulted in greater 
strength gains in normal-weight children 
(14.5% to 16.7% body fat) compared with 
the so-called nonresponders (23.5% to 
32.8% body fat). Thus, it was suggested 
that a training intensity that may be 
appropriate to increase strength in 
normal-weight children may be insuffi -
cient in children who have excess body 
fat. These fi ndings suggest that obese 
youth may need a higher relative training 
intensity to produce the desired result.

Although the treatment of child-
hood obesity is complex, scientifi c evi-
dence and clinical observations suggest 
that obese youth enjoy resistance train-
ing because it is not aerobically taxing 
and provides an opportunity for all par-
ticipants to experience success and feel 
good about their performance. Thus, 
the fi rst step in encouraging obese chil-
dren and adolescents to exercise may be 
to increase their confi dence in their abil-
ity to be physically active, which in turn 
may lead to an increase in regular physi-
cal activity, a noticeable improvement in 
muscle strength, and exposure to a form 
of exercise that can be carried over into 
adulthood. Although further study is war-
ranted, youth resistance training with 
moderate loads and a high number of 
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repetitions may be part of the solution for 
long-term fat loss and weight manage-
ment in obese children and adolescents.

Sports-Related Injuries

The number of children and adoles-
cents involved in school-sponsored and 
community-based sports programs con-
tinues to increase. While this is a favor-
able trend, sports-related injuries can 
have a signifi cant impact on young ath-
letes, their parents, and the health care 
system. Sports-related injuries are a sig-
nifi cant cause of hospitalization and 
health care costs during childhood and 
adolescence,66 and it is possible that cer-
tain youth sport injuries can increase the 
risk of osteoarthritis later in life.67 It is 
also estimated that about 8% of adoles-
cents drop out of sports annually because 
of injury occurrence.68

While the total elimination of sports-
related injuries is an unrealistic goal, the 
incidence of sports-related injuries in 
youth sports can be reduced by identify-
ing contributory risk factors. Intrinsic risk 
factors such as previous injury, poor con-
ditioning, muscle imbalances, and growth 
are noteworthy; however, extrinsic risk 
factors such as errors in training (ie, too 
much too soon) seem to be a major fac-
tor in a growing number of sports-related 
injuries in young athletes.10,69 In a grow-
ing number of cases, it appears that 
young athletes are ill-prepared for the 
demands of both sports practice and 
competition.70,71 More than a third of 
young people in grades 9 to 12 do not 
regularly engage in vigorous physical 
activity,12 and the percentage of children 
and adolescents aged 6 to 19 years 
who are obese continues to increase.49 
While all aspiring young athletes will 
likely benefi t from preparatory resistance 
training, it seems that those who might 
benefi t the most are those who are less 
fi t to begin with.

By addressing risk factors associated 
with youth sports injuries, it has been 
suggested that both acute and over-
use injuries could be reduced by 15% to 
50%.10 Although there are many mecha-
nisms to potentially reduce sports-related 
injuries in young athletes (eg, coach-
ing education and proper equipment), 

enhancing musculoskeletal strength as a 
preventative health measure should not 
be overlooked.10,11,69 Because many of the 
injuries that occur in sports involve con-
nective tissues, it is reasonable to believe 
that by changing the size, density, or 
mechanical properties of the connective 
tissue framework, the risk of injury will 
be reduced.72,73 These changes in tissue 
makeup form the foundation on which 
the rehabilitation of musculoskeletal inju-
ries is based and hence may also play 
a role in injury reduction. Several stud-
ies have demonstrated a decreased injury 
rate in adolescent athletes who have par-
ticipated in a multicomponent condi-
tioning program that included resistance 
training,74-80 and it seems likely that chil-
dren would experience similar bene-
fi t if appropriate training guidelines are 
followed.

Clearly, a youngster’s participation in 
sport should not start with competition 
but should evolve out of preparatory 
conditioning and instructional practice 
sessions that are gradually progressed 
over time. Even though youth who par-
ticipate in recreational sports seem to 
have higher levels of muscular strength 
and anaerobic power than less active 
youth,81 it is unlikely that a child will gain 
the specifi c benefi ts of resistance train-
ing without actually participating in a 
progressive resistance training program. 
Thus, it seems prudent for aspiring youth 
athletes to participate in several weeks 
(at least 6 to 8 weeks) of preparatory 
conditioning (which includes resistance 
training) prior to sports participation. 
During this time, correctable risk factors 
(eg, poor physical condition) could be 
identifi ed and treated by qualifi ed teach-
ers and coaches. This type of preseason 
conditioning could decrease the like-
lihood that young athletes drop out of 
sport because of frustration, embarrass-
ment, failure, or injury. Preseason condi-
tioning that includes resistance training 
has proven to be particularly benefi cial 
for young female athletes, who appear to 
be more susceptible to knee injuries than 
young male athletes are.76,78,82

It is noteworthy that most prospective 
resistance training trials that signifi cantly 
reduced injuries had a training frequency 

of 2 or 3 days per week. A downfall of 
some youth programs is not allowing for 
adequate recovery between training ses-
sions. A reduction in performance and an 
increased risk if injury can result by fre-
quent training sessions without adequate 
rest and recovery in between.83 Because 
children and adolescents are still grow-
ing and developing, it is likely that they 
may need even more time for rest and 
recovery between exercise sessions than 
adults. Professionals who work with 
youth need to pay special attention to 
the intensity and volume of the exercise 
program as well as the amount of rest 
and recovery between exercise sessions 
if injury reduction is a primary training 
objective. It is important to realize that 
what is done between training sessions 
can have a signifi cant impact on what 
is done during each training session. In 
short, resistance training should not be 
simply added onto a young athlete’s train-
ing program but rather sensibly 
incorporated into a multifactorial condi-
tioning program that varied throughout 
the year. In some cases, young 
athletes may need to reduce the amount 
of time they spend practicing sport-
specifi c skills to allow time for prepara-
tory conditioning.

Cardiovascular Risk Factors

Primary hypertension in children 
has become more common in association 
with obesity and other risk factors including 
a positive family history of hyperten-
sion.84 Although there is no clear associa-
tion between regular physical activity and 
reducing blood pressure in normotensive 
youth, limited data suggest that resistance 
training may be an effective nonphar-
macologic intervention that may prevent 
the return of blood pressure to preinter-
vention levels in hypertensive adoles-
cents provided that submaximal loads are 
used and proper exercise procedures are 
followed.85 Although decreasing resting 
blood pressure following exercise train-
ing in hypertensive youth may be due to 
favorable changes in body composition 
and nutritional intake, it is possible that 
a comprehensive health-enhancing phys-
ical activity plan that includes both aero-
bic exercise and resistance training may 
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offer the most benefi t for hypertensive 
youth.85,86

The effects of resistance training on 
blood lipoproteins in youth are not well-
documented. Limited data suggest that 
when compared to an inactive control 
group, resistance-trained youth demon-
strate favorable changes in their blood 
lipid profi les.87,88 While nutrition and 
genetics may account for much of the 
variability in serum lipids, it does appear 
that resistance training programs charac-
terized by a relatively high volume may 
have a desirable infl uence on lipoprotein 
concentrations.

Psychosocial Health

Perhaps the most overlooked benefi t of 
youth resistance training is its potential 
impact on psychosocial health (ie, both 
psychological and social-psychological 
outcomes). It has been observed that the 
socialization and mental discipline exhib-
ited by youth participating in a resistance 
training program are similar to the expe-
riences of children and adolescents 
participating in team sports.89 If the resis-
tance training program is well designed 
and competently supervised by profes-
sionals who appreciate the uniqueness of 
children and adolescents, resistance train-
ing may positively infl uence children’s’ 
attitudes toward physical education, 
physical fi tness, and lifelong exercise.90

Favorable changes in selected psy-
chometric measures (eg, self-concept, 
self-esteem, and body cathexis) have 
been observed in adults who resistance 
train,91,92 and it seems that similar benefi ts 
could occur in children and adolescents. 
Holloway et al93 reported signifi cant 
improvements in self-effi cacy and general 
self-esteem in untrained adolescent girls 
who participated in a 12-week resistance 
training program. More recently, Annesi 
et al94 observed signifi cant improvements 
in self-effi cacy scores in girls who com-
pleted a 12-week after-school physical 
activity program that consisted of resis-
tance training, cardiovascular exercises, 
and behavioral skills training.

However, others reported no change 
in psychological measures in chil-
dren following a resistance training pro-
gram despite signifi cant gains in muscle 

strength.95,96 It is conceivable that rela-
tively high pretraining self-concept scores 
in the aforementioned reports precluded 
signifi cant gains following the train-
ing period. This contention is consistent 
with data from Tucker,91 who reported an 
inverse association between pretest mea-
sures of self-concept in adult men who 
participated in a resistance training pro-
gram. It seems that the potential impact 
of resistance exercise on selected psycho-
social measures in youth will depend on 
the design of the exercise program as well 
as the initial levels of muscular strength 
and psychological well-being. While no 
data suggest that an age-appropriate resis-
tance training program will have adverse 
psychosocial consequences on youth, it 
is possible that excessive pressure from 
parents, coaches, and teachers to perform 
at a level beyond one’s capabilities can 
negatively infl uence the youth resistance 
training experience.

Recommendations for 
Youth Resistance Training

Because of interindividual differences 
in stress tolerance, resistance training 
needs to be carefully prescribed and 
progressed. Overprescription of resis-
tance training may result in overtraining, 
whereas underprescription of resistance 
training will result in suboptimal adapta-
tions. For that reason, the magnitude of 
individual effort along with the systematic 
structuring of the resistance training pro-
gram needs to be carefully monitored. In 
addition, cautionary measures (eg, quali-
fi ed supervision, safe environment, health 
screening) need to be considered when 
children and adolescents want to partici-
pate in a resistance training program.

It is likely that the type, intensity, and 
volume of resistance training necessary 
to elicit a desired health outcome will 
depend on the health outcome in ques-
tion. For example, a resistance training 
program necessary to improve body com-
position in obese adolescents may dif-
fer from a program designed to reduce 
the likelihood of sports-related injuries in 
young athletes. Therefore, once a child is 
deemed healthy enough to participate in a 
resistance training program, goal-oriented 

issues that may affect the design of a resis-
tance training program should be identi-
fi ed and addressed.

Although most youth resistance train-
ing programs aim to collectively improve 
several of these goals, a key factor in the 
design of any resistance training program 
is appropriate program design, which 
includes proper exercise instruction and 
supervision, the correct prescription of 
the program variables, and the inclu-
sion of specifi c methods of progression 
that will keep the training stimulus fresh 
and effective. Moreover, since enjoyment 
has been shown to mediate the effects 
of youth physical activity programs,97 the 
importance of creating an enjoyable exer-
cise experience for all young participants 
should not be overlooked.

The program variables that should 
be considered when designing a youth 
resistance training program include (1) 
warm-up, (2) choice and order of 
exercise, (3) training intensity, (4) train-
ing volume, (5) rest intervals between 
sets and exercises, (6) repetition veloc-
ity, (7) training frequency, (8) cooldown, 
and (9) program variation. Table 2 sum-
marizes resistance training guidelines 
for children and adolescents. A more 
detailed description of youth resis-
tance program variables is available 
elsewhere.98-100

Warm-up

Although warm-up protocols that 
include low-intensity aerobic exercise 
and static stretching have become stan-
dard practice, over the past few years, 
long-held beliefs regarding the rou-
tine practice of preevent static stretch-
ing have been questioned.101,102 Recently, 
there has been rising interest in warm-
up procedures that involve the perfor-
mance of dynamic movements (eg, hops, 
skips, jumps, and movement-based exer-
cises for the upper and lower body) 
designed to elevate core body temper-
ature, enhance motor unit excitability, 
improve kinesthetic awareness, and max-
imize active ranges of motion.103 During 
a dynamic exercise, the muscles are 
stretched to a new range of motion and 
then forced to contract to perform the 
desired action. Since muscles are actually 
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used in a new range of motion, it is logi-
cal to assume that they will be better pre-
pared for resistance training. It is impor-
tant to understand that a dynamic stretch 
does not involve a bouncing-type move-
ment, which is characteristic of a ballistic 
stretch, but rather a controlled elongation 
of specifi c muscle groups.

Warm-up dynamic exercise may 
create an optimal environment for resis-
tance training by enhancing neuromuscu-
lar function. This phenomenon has been 
referred to as postactivation potentiation 
and is believed to improve power perfor-
mance.104 Recently, it has been reported 
that exercise protocols that include 
pre-event moderate- to high-intensity 
dynamic movements can enhance power 
performance in youth105-107 and reduce the 
likelihood of lower limb injuries.108 This 
is not to say that static stretching should 
be eliminated from a youngster’s resis-
tance training program but rather that the 
potential impact of pre-event dynamic 
exercise on performance should be con-
sidered. A reasonable suggestion is to 
perform 5 to 10 minutes of dynamic 
activities during the warm-up and static 
stretching during the cooldown. A 
description of warm-up dynamic exer-
cises for youth is available elsewhere.109

Choice and Order of Exercise

Although a limitless number of 
exercises can be used to enhance muscu-
lar fi tness, it is important to select 
exercises that are appropriate for a child’s 
body size, fi tness level, and exercise 

technique experience. Also, the choice 
of exercises should promote muscle bal-
ance across joints and between oppos-
ing muscle groups (eg, quadriceps and 
hamstrings). Weight machines (both child 
sized and adult sized) as well as free 
weights, elastic bands, and medicine balls 
have been used by children and adoles-
cents in clinical and school-based exer-
cise programs. In most cases, it may be 
reasonable to start resistance training on 
weight machines and gradually progress 
to free weight and medicine ball exer-
cises, which generally require more coor-
dination and skill to perform correctly. 
Regardless of the mode of exercise, the 
concentric and eccentric phases of each 
lift should be performed in a controlled 
manner with proper exercise technique.

There are many ways to arrange the 
sequence of exercises in a resistance 
training session. Most youth will per-
form total body workouts several times 
per week, which involve multiple exer-
cises stressing all major muscle groups 
each session. In this type of workout, 
large muscle group exercises should be 
performed before smaller muscle group 
exercises, and multiple-joint exercises 
should be performed before 
single-joint exercises. Following this 
exercise order will allow heavier weights 
to be used on the multiple-joint exercises 
because fatigue will be less of a 
factor. It is also helpful to perform more 
challenging exercises earlier in the work-
out when the neuromuscular system is 
less fatigued. Thus, if a child is learning 

how to perform a barbell squat exercise, 
this exercise should be performed early 
in the training session so that the child 
can practice the exercise without undue 
fatigue.

Training Intensity

The most important variable in the 
design of a resistance training program is 
the training intensity. To maximize gains 
in muscular fi tness, youth should fi rst 
learn how to perform each exercise cor-
rectly and then learn how to perform 
each set to volitional fatigue (defi ned 
as the inability to complete a repetition 
because of temporary fatigue) using the 
appropriate resistance. Individual effort 
combined with a well-designed train-
ing program will ultimately determine the 
adaptations that take place.

The use of repetition maximum (RM) 
loads is a relatively simple method to 
prescribe resistance training intensity. 
Research studies involving adults suggest 
that RM loads of 6 or less have the great-
est effect on developing muscle strength, 
whereas RM loads of 20 or more have the 
greatest impact on developing local mus-
cular endurance.110 However, most stud-
ies involving youth suggest that lighter 
loads and higher repetitions (eg, 10 to 
15 RM) are most benefi cial for enhanc-
ing muscular strength during the ini-
tial adaptation period (8 weeks).20,21,111 
Since different combinations of sets and/
or repetitions may be needed to promote 
long-term gains in muscular fi tness, the 
best approach for a child or adolescent 
may be to start resistance training with 1 
set of 10 to 15 repetitions with a moder-
ate load and then gradually progress the 
training program depending on goals, 
objectives, and time available for training.

When prescribing an appropriate train-
ing intensity for youth, it seems reason-
able to fi rst establish a repetition range 
(eg, 10 to 15) and then titrate the train-
ing load to maintain the desired train-
ing intensity. In an attempt to aid in the 
exercise prescription, a child-specifi c per-
ceived exertion rating scale has been used 
to assess the exertional perceptions of 
children during strength exercise.112 The 
Perceived Exertion for Children Scale con-
tains verbal expressions along a numerical 

Provide qualifi ed instruction and supervision
Ensure the exercise environment is safe and free of hazards
Begin each session with a 5- to 10-minute dynamic warm-up period
Start with 1 set of 10 to 15 repetitions with a moderate load on a variety of exercises
Progress to 2 or 3 sets of 6 to 15 repetitions depending on needs and goals
Increase the resistance gradually (5% to 10%) as strength improves
Focus on the correct exercise technique instead of the amount of weight lifted
Resistance train 2 to 3 times per week on nonconsecutive days
Use individualized workout logs to monitor progress
Keep the program fresh and challenging by systematically varying the training 
program

Table 2. 

General Youth Resistance Training Guidelines
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response range of 0 to 10 and 5 pictorial 
descriptors that represent a child vary-
ing the levels of exertion while strength 
training (Figure 1). Subjective informa-
tion from this scale combined with infor-
mation on training experience and training 
goals can be used to assist in the prescrip-
tion of safe and effective youth strength 
training programs. For example, fi nd-
ings suggest that an effort rating of 6 or 
7 on the Perceived Exertion for Children 
Scale is consistent with a training intensity 
of approximately 75% of the 1 repetition 
maximum, which is a desirable 
training intensity for most youth.112

Training Volume

The number of exercises performed per 
session, the repetitions performed per set, 
and the number of sets performed per 
exercise all infl uence the training volume. 
For example, if a child performs 2 sets of 
10 repetitions with 100 lb on the leg press 
exercise, the training volume for this exer-
cise would be 2000 lb (2 × 10 × 100 = 
2000). Although there is some debate 
regarding training volume, it is impor-
tant to remember that every training ses-
sion does not need to be characterized 

by the same number of sets, repetitions, 
and exercises. The National Strength and 
Conditioning Association recommends 
that children and adolescents perform 1 
to 3 sets on each exercise to achieve mus-
cular fi tness goals.6.

In general, it is reasonable to begin 
resistance training with 1 set on a vari-
ety of exercises and then gradually prog-
ress to 2-, or 3-set protocols following 
the fi rst few weeks of resistance train-
ing. Although long-term training stud-
ies (>6 months) are needed to explore 
the effects of different resistance training 
programs on youth, multiple-set training 
protocols have proven to be more effec-
tive than single-set protocols in adults,113 
and it is likely that similar fi ndings would 
occur in children and adolescents over 
the long term. With a careful prescription 
of sets, repetitions, and exercises, the 
training stimulus will remain effective, 
and therefore the effort-to-benefi t ratio 
will be maximized.

Rest Intervals Between 
Sets and Exercises

The rest interval between sets and exer-
cises is an important but often over-
looked training variable. In general, the 
length of the rest period will infl uence 
energy recovery and the training adap-
tations that take place. For example, if 
the goal is to promote energy expendi-
ture, lighter weights and shorter rest peri-
ods (eg, <1 min) are required. Obviously, 
training intensity, training goals, and fi t-
ness level will infl uence the length of the 
rest interval. In general, a rest period of 
1 to 2 minutes between sets is appropri-
ate for most beginners. Short rest periods 
(<30 seconds between sets and exercises) 
need to be carefully prescribed because 
of the muscular discomfort associated 
with this type of training. However, over 
time, the rest periods can be reduced 
gradually to provide ample opportunity 
for the body to tolerate this type of resis-
tance training (eg, circuit training).

Repetition Velocity

The velocity or cadence at which a 
strength exercise is performed can affect 
the adaptations to a training program.114 
Since beginners need to learn how to 

perform each exercise correctly with a 
light resistance, it is recommended that 
untrained youth perform resistance exer-
cises with added weight in a controlled 
manner at a moderate velocity. As youth 
gain experience with resistance training, 
different training velocities may be used 
depending on the choice of exercise (eg, 
weight machine exercise or Olympic-
style lift) and program goals. Although 
additional research is needed, it is likely 
that the performance of different train-
ing velocities within a training program 
may provide the most effective resistance 
training stimulus.

Training Frequency

A resistance training frequency of 2 to 3 
times per week on nonconsecutive days 
is recommended for children and adoles-
cents. Limited evidence indicates that 1 
day per week of resistance training may 
be suboptimal for enhancing muscular 
strength in youth.115 It was reported that 
following 8 weeks of progressive strength 
training (1 set of 10-15 repetitions on 12 
exercises), children who strength trained 
once per week achieved 67% of the 1 RM 
strength of children who strength trained 
twice per week.115 A training frequency 
of twice or thrice weekly on nonconsecu-
tive days will allow for adequate recovery 
between sessions (48 to 72 hours between 
sessions) and will be effective for enhanc-
ing musculoskeletal strength and perfor-
mance. Factors such as the training 
volume, training intensity, exercise selec-
tion, nutritional intake, and sleep habits 
should also be considered when prescrib-
ing a training frequency as these fac-
tors may infl uence one’s ability to recover 
from and adapt to the training program.

Proper Cooldown

A 5- to 10-minute cooldown period 
consisting of general calisthenics and 
static stretching can help to relax the 
body and improve fl exibility. Posttraining 
static stretching can facilitate range-of-
motion improvements because of the 
increase in muscle temperature. During 
the cooldown period, it is often worth-
while to refl ect on what each participant 
learned and review training objectives for 
the next session.

Figure 1.

Perceived Exertion for 
Children Scale (from 
Faigenbaum et al112).
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Program Variation

By periodically varying program vari-
ables, long-term performance gains will 
be optimized and the risk of overuse 
injuries may be reduced.114 The concept 
whereby a training program is system-
atically varied over time is known as peri-
odization.114 It is also reasonable to suggest 
that children and adolescents who partic-
ipate in well-designed, progressive resis-
tance training programs and continue to 
improve their health and fi tness may be 
more likely to adhere to their exercise 
program. Furthermore, by systematically 
changing the exercises, the number of sets 
and/or repetitions and the rest interval 
between sets and exercises can help to 
prevent training plateaus, which are not 
uncommon after the fi rst 8 to 12 weeks 
of resistance training. In the long term, 
periodized resistance training programs 
(with adequate recovery between training 
sessions) will allow participants to make 
even greater gains because the body will 
be challenged to adapt to even greater 
demands.

Conclusion

Youth resistance training has the poten-
tial to offer observable health value to 
children and adolescents provided that 
appropriate training guidelines are fol-
lowed. Despite traditional concerns 
regarding the safety and effi cacy of resis-
tance training for boys and girls, scien-
tifi c evidence and clinical impressions 
indicate that resistance training should 
be part of a comprehensive health main-
tenance strategy for young populations. 
In addition to performance-related ben-
efi ts, the effects of resistance training on 
selected health-related measures includ-
ing bone health, body composition, car-
diovascular risk factors, and sports injury 
reduction should be recognized by teach-
ers, coaches, parents, and health care 
providers.

These health benefi ts can be safely 
obtained by most children and adoles-
cents when prescribed appropriate resis-
tance training guidelines. Unlike some 
other types of physical activity, resistance 
training programs can be developed to 
meet the needs of all boys and girls, 

especially those who need physical activ-
ity the most. Important future research 
goals should be to elucidate the mecha-
nisms responsible for the health-related 
benefi ts associated with youth resistance 
exercise and to establish the combination 
of program variables that may optimize 
training adaptations in children and ado-
lescents. We now have the information 
to justify the incorporation of resistance 
training activities into a health-oriented 
approach to lifelong physical activity.
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    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


