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Position Statement

The popularity of resistance training among prepubescents and adoles-
cents has increased, and the qualified acceptance of youth resistance
training by professional organizations is becoming universal (4, 6, 7, 91).
Despite the old belief about youth resistance training being ineffective
and unsafe, resistance training is now recognized as an important
component of youth fitness programs, health promotion objectives, and
injury prevention strategies (5, 34}).

The National Strength and Conditioning Association (NSCA) recog-
nizes and supports the premise that many of the benefits associated with
adult resistance training programs are attainable by prepubescents and
adolescents who follow age-specific resistance training guidelines. The
NSCA has based this position statement paper on a comprehensive
analysis of the pertinent scientific evidence regarding the anatomical,
physiological, and psychosocial effects of youth resistance training. A
committee of 11 professionals with clinical and research expertise on
issues related to youth resistance training contributed to this paper.
Committee members reviewed and revised this paper prior to the formal
endorsement by the NSCA.

The focus of this paper is on the benefits and concerns associated
with regular, moderate intensity youth resistance training programs.
The term youth is broadly defined as the period of life that includes both
the prepubescent and adolescent years. Resistance training is defined as
a specialized form of conditioning that is used to increase one’s ability
to exert or resist force (7). Resistance training is distinct from the
competitive sports of powerlifting and weightlifting in which individuals
regularly train at high intensities and attempt to lift maximal amounts
of weight.

This paper builds on previous recommendations from the NSCA and
should serve as the prevailing statement on youth resistance training.
It is the current position of the NSCA that:

1. Aproperly designed and supervised resistance training program is
safe for children.

2. A properly designed and supervised resistance training program
can increase the strength of children.

3. A properly designed and supervised resistance training program
can help to enhance the motor fitness skills and sports perfor-
mance of children.

4. A properly designed and supervised resistance training program
can help to prevent injuries in youth sports and recreational
activities. ' '

5. A properly designed and supervised resistance training program
can help to improve the psychosocial well-being of children.

6. A properly designed and supervised resistance training program
can enhance the overall health of children.
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Literature Review

@ Risks Associated With
Youth Resistance Training

During the 1970s and 1980s, one of the reasons that
resistance training was not often recommended for
the immature athlete was the presumed high risk of
injury associated with this type of exercise. In part,
the widespread fear of injury associated with youth
resistance training during this era stemmed from
data gathered by the National Electronic Injury Sur-
veillance System (NEISS) of the U.S. Consumer Prod-
uct Safety Commission. NEISS uses data from vari-
ous hospital emergency rooms to make nationwide
projections of the total number of injuries related to
exercises and equipment.

It was reported (130) in 1979 that over half of the
35,512 weightlifting injuries requiring emergency
room treatment involved 10- to 19-year-olds, and a
1987 report (131) revealed that 8,590 children ages
14 and under were taken to the emergency room
because of injuries related to weightlifting. The NEISS
reports, however, did not distinguish between inju-
ries associated with resistance training and those
associated with the competitive sports of powerlifting
and weightlifting. Moreover, since the NEISS data
were based on injuries that patients said were related
to weightlifting exercises and equipment, it is incor-
rect to conclude the injuries were indeed caused by
such activities and devices.

The most common resistance training injuries in
the NEISS reports were sprains and strains, although
more serious injuries such as epiphyseal fractures
and lumbosacral injuries have been noted in the
literature (100, 101). However, nationwide projec-
tions of emergency room visits and case series reports
of injured young athletes provide limited information
on the predisposing factors of these injuries. In fact
many of the reported injuries were actually caused by
poor training, excessive loading, poorly designed
equipment, free access to the equipment, or lack of
qualified adult supervision. Although these findings
indicate that the unsupervised use of heavy resistive
loads in training or competition may be injurious, it
is misleading to generalize these findings to properly
designed and closely supervised youth resistance
training programs.

Generally, the risk of injury associated with
resistance training is similar for children and adults.
But a traditional area of concern in children is the
potential for training-induced damage to the epiphy-
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sis, or growth plate, of their long bones. The epiphysis
is the weak link in the young skeleton because the
strength of cartilage is less than that of bone (20). In
some cases, damage to this area of the bone could
cause the epiphysis to fuse, resulting in limb defor-
mity and/or the cessation of limb growth (77, 89,
115).

A few retrospective case reports have noted epi-
physeal plate fractures during adolescence (11, 19,
61, 75, 104, 106); however, most of these injuries
were due to improper lifting techniques, maximal
lifts, or lack of qualified adult supervision. Technique
related injuries often involved the aggressive use of
free weights in such exercises as the deadlift, bench
press, and overhead press (21, 61, 106), although
injuries involving weight machines are also possible
(19).

Both prepubescents and adolescents are sus-
ceptible to growth plate injuries, yet it appears that
the potential for this injury in a prepubescent child
may be less than in an adolescent because the growth
plates may actually be stronger and more resistant to
sheering type forces in the younger child (80). Growth
plate fractures have not been reported in any pro-
spective resistance training studies that were char-
acterized by appropriately prescribed training regi-
mens and competent instruction.

The potential for repetitive-use soft-tissue inju-
ries is also of concern when children undergo resis-
tance training. This type of injury does not often
result in emergency room visits or even physician
visits, so the incidence of these injuries is more
difficult to determine. Nevertheless, several retro-
spective studies on adolescents have associated lower
back soft-tissue injuries with resistance training. In
fact, lumbosacral pain was found to be the most
frequent injury in high school athletes who partici-
pated in resistance training programs (19, 101).

In one report (19), however, a majority of the
injuries to the lumbar spine may be attributable to
the improper use of a device designed to improve
vertical jump. A study of adolescent powerlifters
who presumably trained with maximal or near-
maximal resistances revealed that 50% of reported
injuries were to the lower back, 18% to the upper
extremity, 17% to the lower extremity, and 14% to
the trunk (21). Although these studies involved ado-
lescents, the potential for similar injuries in pre-
pubescents should be recognized. Based on avail-
able evidence and clinical observations, training-
induced injuries to the lower back seem to pose a
noteworthy concern for clinicians and coaches (73,
84, 108, 135).
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Prospective studies on resistance training in
children indicate a low risk of injury. In most of the
published studies, no overt clinical injuries having
been reported during the resistance training pro-
gram. Although various training modalities and a
variety of training regimens have been used, all the
training programs were closely supervised and ap-
propriately prescribed to ensure that the program
was matched to the initial capacity of the child.

Only two published studies have reported resis-
tance training injuries in children: a shoulder strain
that resolved within 1 week of rest (99) and an
undefined “minor” injury (22). The former study (99)
found no evidence of either musculoskeletal injury
(measured by biphasic scintigraphy) or muscle ne-
crosis (determined by serum creatine phosphokinase
levels) following 14 weeks of progressive resistance
training. Generally, the risk of injury consequent to
resistance training programs is very low, provided
that appropriate training guidelines are followed.

Resistance training in children, as with most
physical activities, does carry some degree of inher-
ent risk of musculoskeletal injury. Yet this risk is no
greater than that in many other sports or recreational
activities in which children regularly participate. In
one prospective study that evaluated the incidence of
sportsrelated injuries in schoolchildren over a 1-year
period (144), resistance training resulted in 0.7% of
the 1,576 reported injuries whereas football, basket-
ball, and soccer resulted in approximately 19, 15,
and 2%, respectively, of all injuries. When the data
were evaluated in terms of injury to participant ratio
in school team sports, football (28%), wrestling
(16.4%), and gymnastics (13%) were at the top of the
list.

A retrospective evaluation of resistance training
and weightlifting injuries incurred primarily by 13- to
16-year-olds revealed that both resistance training
and weightlifting are markedly safer than many other
sports and activities (65). Moreover, the results of
that study indicated that the rate of injury for
weightlifting was lower than for resistance training.
In part, this may be explained by the fact that
weightlifting is typically characterized by knowledge-
able coaching and the gradual progression of training
loads which are required to learn the proper tech-
nique of advanced multijoint lifts.

In some countries, children as young as 8 years
of age are taught advanced multijoint lifts (79), al-
though weight is not added to the bar until they reach
the age of 12 or 13. The potential for injury during the
performance of multijoint free-weight exercises should
not be overlooked, however (101).

There is the potential for a catastrophic injury if
safety standards for youth resistance training—quali-
fied supervision, safe equipment, and age-specific
training guidelines—are not followed (60). One case
study (56) reported a 9-year-old boy died when a
barbell rolled off a bench press support and fell on his
chest. This fatality underscores the importance of
providing close adult supervision and safe training
equipment for all youth resistance training programs.

Any exercise or activity for children carries risks
as well as benefits. Although resistance training
injuries will occur, the risk can be minimized by close
adult supervision, proper instruction, appropriate
program design, and careful selection of training
equipment. There are no justifiable safety reasons to
preclude prepubescents or adolescents from partici-
pating in a properly designed and supervised resis-
tance training program.

B Effectiveness of Youth
Resistance Training

In the past it was presumed that training-induced
strength gains during prepubescence were not pos-
sible because of insufficient levels of circulating
androgens (3). The results from a few studies (37, 69,
133) were believed to support this claim, despite the
fact that methodological limitations may have influ-
enced the results. A majority of the scientific evidence
within the past 10 years, however, strongly suggests
that children can significantly increase their
strength—above and beyond growth and matura-
tion—provided that the resistance training program
is of sufficient duration and intensity (22, 35, 44, 46,
48,54, 72, 85, 96,98, 107,111, 112, 114, 119, 137,
139, 140, 141).

During childhood, many physiological changes
related to growth and development are occurring at a
rapid rate. Muscular strength, defined as the maxi-
mal force a muscle or muscle group can generate,
normally increases from childhood through the early
teenage years, at which time strength accelerates
markedly in boys and plateaus in girls (83). Thus
strength changes from a low volume (sets x repeti-
tions x load), short-duration training program may
not be distinguishable from gains due to normal
growth and development. In order to differentiate
training adaptations from those of normal growth
and development, it is apparent that a prolonged
period of time and an adequate training stimulus are
required.

A recent meta-analysis on resistance training
and children (33), as well as scientific review papers
(14, 15, 41, 51, 78, 89, 108, 135, 136) and clinical
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observations (9, 90), have reported that well-de-
signed resistance training programs can enhance the
strength of prepubescents and adolescents beyond
what is normally due to growth and development.
Children as young as age 6 have benefited from
resistance training (48), and studies have lasted up to
9 months (119).

A wide variety of progressive resistance training
programs, from 1 set of 10 repetitions (140) to 5 sets
of 15 repetitions (72), have proven efficacious. Train-
ing modalities have included weight machines, both
adult (35, 85, 96, 98, 112, 133, 141) and child size
(44, 46, 140), free weights (22, 35, 98, 107, 111),
hydraulic machines (137}, pneumatic machines (112),
isometric contractions (54, 69, 93), wrestling drills
(29), modified pull-ups (10), and calisthenics (48,
114).

Comparative Trainability

Strength gains up to 74% have been reported (46)
following 8 weeks of progressive resistance training,
although gains of roughly 30 to 50% are typically
observed following short-term (8 to 20 weeks) resis-
tance training programs in children. There is no clear
evidence of any major difference in strength, as
measured by selected strength tests, between prepu-
bescent boys and girls (13, 108). Reported relative
(percent improvement) strength gains during prepu-
bescence are equal to if not greater than the relative
gains observed during adolescence (93, 96, 139).

In terms of absolute strength, it appears that
adolescents make greater gains than prepubescents
(108, 133), and adults make greater gains than young
adolescents (107), although some findings are at
variance with this suggestion (139). The issue of
whether the training-induced changes observed in
prepubescents and adolescents should be compared
on a relative or absolute basis is debatable (108).

Persistence of Training-Induced Strength Gains

The evaluation of strength changes in children fol-
lowing the temporary or permanent reduction or
withdrawal of a training stimulus (referred to as
detraining) is complicated by the concomitant growth
related strength increases during the same time
period (14). Few studies have evaluated the effects of
detraining in adults, and relative information on
younger populations is even more scarce. Neverthe-
less, limited data suggest that training-induced
strength gains in children are impermanent and tend
to regress toward untrained control group values
during a detraining period (17, 44, 72, 112). The
precise nature of the detraining response and the
physiological adaptations that occur during this pe-

riod remain uncertain, although changes in neuro-
muscular functioning would appear to play a signifi-
cant role at least during prepubescence.

Only a few studies have evaluated the effects of
training frequency on strength maintenance in chil-
dren. Following 20 weeks of progressive resistance
training, a once-weekly maintenance training pro-
gram was not enough to maintain the training-
induced strength gains in prepubescent boys (17).
Conversely, another study found that for a group of
pubescent male athletes (35), a 1-day-a-week main-
tenance program was just as sufficient as a 2-day-
a-week maintenance program in retaining the
strength gains made after 12 weeks of resistance
training. Clearly, more information is required be-
fore specific maintenance training recommendations
can be made.

Program Evaluation and Testing

Factors such as previous exercise experience, pro-
gramdesign, specificity of testing and training, choice
of equipment, quality of instruction, and whether or
not the learning effect was controlled for in the study
can directly influence the degree of measured strength
change. Inaddition, the methods of evaluating changes
in muscular strength consequent to training are
noteworthy considerations. In several studies the
subjects were trained and tested using different
modalities (96, 112, 137), and in many of the pub-
lished reports, strength changes were evaluated by
relatively high-repetition maximum (RM) values (e.g.,
10-RM) (46, 140}. Except for a few studies (35, 95, 98),
strength changes were rarely evaluated by maximal
load lifting (i.e., 1-RM testing) on the equipment used
in training.

Many clinicians and researchers have not used
1-RM testing to evaluate training-induced changes in
muscular strength because of the presumption that
high intensity loading may cause structural damage
in children. Thus the maximal force production capa-
bilities of children have not been directly evaluated in
most studies. Yet no injuries have been reported in
prospective studies that used adequate warm-up
periods, appropriate progression of loads, close and
experienced supervision, and critically chosen maxi-
mal strength tests (1-RM performance lifts, maximal
isometric tests, and maximal isokinetic tests) to
evaluate resistance-training-induced changes in chil-
dren (35, 95, 98).

The examination of the relative safety of super-
vised 1-RM testing in laboratory settings performed
only to evaluate training-induced changes in muscu-
lar strength should be supported philosophically.
Most of the forces that children are exposed to in
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