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My	view	in	the	training	of	youth	is	closely	related	to	that	which	stems	from	the	National	Strength	and	Conditioning	
Association	(NSCA),	and	more	specifically	from	research	outlined	in	the	work	of	G.	Gregory	Haff,	PhD,	N.	Travis	
Triplett,	PhD,	et.	al.,	entitled	Essentials	of	Strength	Training	and	Conditioning,	Fourth	Edition,	which	is	the	
fundamental	text	for	strength	and	conditioning	professionals.		

What	are	my	goals	for	the	youth	athletes	that	I	train?		
- Long	Term	Athletic	Development	
- Reducing	the	Risk	of	Injury	
- Fun	Environment	that	fosters	athletic	development	and	increased	athletic	performance.	
- Sound	and	Consistent	training	programs	that	build	a	strong	foundation	for	athletic	performance.	
- Help	to	dissipate	common	overuse	injuries	related	to	sport	specialization	through	the	strategy	of	general	

physical	preparation.	
- Increase	athletic	performance	upon	the	basis	of	sound	strength	and	conditioning	principles	backed	by	

evidence	and	research	rather	than	fluff	and	the	current	“hot	trend”	or	most	popular	but	worthless	
marketing	campaigns	seen	on	social	media	or	TV.	

- Help	to	develop	long-term	habits	of	a	healthy	lifestyle.	
- Develop	healthy,	capable,	resilient	young	athletes.	
- Exposure	to	movements	of	Sprinting,	Cutting,	Decelerating,	Jumping,	Landing,	Squatting,	Lunging,	Hinging,	

and	Carrying	with	an	emphasis	on	Biomechanical	Efficiency.	
- Multi-planar,	multi-directional	development	of	movement	

o Skill	Acquisition:	Pre-Programmed/Pre-Determined	Drills	(Backpedal,	Lateral/Crossover,	Linear)	
o Skill	Application:	Chaotic,	Reactive,	Unplanned,	Unstructured	Drills	

- Increase	in	Strength,	particularly	in	the	Lower	Body	and	Core/Trunk	Musculature.	
- Instilling	and	Demonstrating	the	value	of	hard	work	and	a	relentless	work	ethic	as	well	as	Accountability	

and	Responsibility.	
	

For	the	purpose	of	this	overview,	resistance	training	is	defined	as	a	“specialized	method	of	conditioning	whereby	
an	individual	is	working	against	a	wide	range	of	resistive	loads	to	enhance	health,	fitness,	and	performance”	(Lloyd	
136).	Furthermore,	understand	that	this	term	is	different	from	the	sport	of	weightlifting,	which	is	defined	more	as	
individuals	attempting	to	“lift	maximal	amounts	of	weight	in	competition”	(136).		

Term	definitions:		
Childhood-refers	to	a	period	of	life	before	the	development	of	secondary	sex	characteristics	(136)	
Adolescence-refers	to	the	period	between	childhood	and	adulthood	(136)	
	
Youth	Resistance	Training	
From	Essentials	of	Strength	Training	and	Conditioning,	Fourth	Edition	
“Clinicians,	coaches,	and	exercise	scientists	now	agree	that	resistance	exercise	can	be	a	safe	and	effective	
method	of	conditioning	for	children.	An	increasing	number	of	boys	and	girls	are	participating	in	resistance	
training	activities,	and	major	sports	medicine	organizations	support	children’s	participation	in	a	range	of	
resistance	exercise	modes,	provided	that	the	programs	are	appropriately	designed	and	supervised	by	qualified	
professionals	(139).”	
	
“Much	of	the	controversy	surrounding	youth	resistance	training	stemmed	form	the	issue	of	children’s	trainability,	
that	is,	children’s	responsiveness	to	the	stimulus	of	resistance	exercise.	Early	studies	failed	to	demonstrate	a	
strength	increase	in	preadolescents	who	participated	in	a	resistance-training	program.	Although	the	lack	of	
significant	findings	in	these	studies	could	be	explained	by	methodological	shortcomings,	such	as	short	study	
duration	or	inadequate	training	volume	or	intensity,	the	results	from	these	reports	are	sometimes	cited	as	proof	
that	resistance	training	is	ineffective	for	children.	Muscular	strength	normally	increases	from	childhood	and	
throughout	teenage	years;	thus	a	more	appropriate	conclusion	from	these	reports	may	be	that	training-induced	
gains	from	a	short-duration,	low-volume	and	low-intensity	training	program	are	not	distinguishable	from	gains	
attributable	to	normal	growth	and	maturation.		
Other	investigations	have	clearly	demonstrated	that	boys	and	girls	can	increase	muscular	strength	above	
and	beyond	that	accompanying	growth	and	maturation	alone,	provided	that	the	intensity	and	volume	of	
training	are	adequate.	Children	as	young	as	age	5	have	benefited	from	resistance	training,	and	a	variety	of	



training	modalities	have	proven	to	be	effective.	While	gains	in	maximum	strength	range	of	approximately	10%	to	
90%	have	been	reported	in	the	literature,	strength	gains	of	roughly	30%	to	40%	are	typically	observed	in	
untrained	preadolescent	children	following	short-term	(8	to	20	weeks)	resistance	training	programs.	However,	
following	the	initial	adaptation	period,	the	rate	of	change	in	strength	gains	will	be	attenuated	as	youth	adapt	to	the	
training	program,	thus	highlighting	the	need	for	continued,	progressive	training.	The	variability	in	strength	gain	
may	be	due	to	several	factors,	including	the	biological	age	of	the	child,	program	design,	quality	of	instruction,	and	
background	level	of	physical	activity.		
Children	who	participate	in	resistance	training	programs	are	likely	to	undergo	periods	of	reduced	training	or	
inactivity	due	to	program	design	factors,	extended	travel	plans,	busy	schedules,	injury,	involvement	in	multiple	
sports,	or	decreased	motivation.	This	temporary	reduction	or	withdrawal	of	the	training	stimulus	is	called	
detraining.	In	children,	unlike	adults,	the	evaluation	of	strength	changes	during	the	detraining	phase	is	complicated	
by	the	growth-related	strength	increases	during	the	same	period	of	time.	Nevertheless,	data	suggest	that	training-
induced	strength	gains	in	children	are	impermanent	and	tend	to	return	to	untrained	control	group	values	during	
the	detraining	period.	In	one	report,	participation	in	physical	education	classes	and	organized	sports	throughout	a	
detraining	period	did	not	maintain	the	preadolescents’	training-induced	strength	gains.	In	another	study	
comparing	the	effects	on	children	of	one	and	two	days	per	week	of	resistance	training,	participants	who	resistance	
trained	only	once	per	week	averaged	67%	of	the	strength	gains	of	participants	who	resistance	trained	twice	per	
week.	While	a	recent	review	suggested	that	increased	training	frequency	is	related	to	a	greater	strength	training	
effect	in	youth,	this	finding	must	be	considered	in	light	of	the	many	other	commitments	that	youth	or	young	
athletes	may	have	(e.g.,	competitive	playing	schedule,	schoolwork,	time	to	interact	with	peers).	Collectively,	these	
findings	underscore	the	importance	of	continuous	training	to	maintain	the	strength	advantage	of	exercise-induced	
adaptations	in	children	(139-140).”	
Changes	in	muscle	hypertrophy	can	significantly	contribute	to	training-induced	strength	gains	in	adolescents	and	
adults,	yet	it	is	unlikely	that	muscle	hypertrophy	is	primarily	responsible	for	training-induced	strength	gains	(at	
least	up	to	20	weeks)	in	preadolescents.	Although	some	findings	do	not	agree	with	this	suggestion,	preadolescents	
appear	to	experience	more	difficulty	increasing	their	muscle	mass	through	a	resistance-training	program	due	to	
inadequate	levels	of	circulating	hormones	(testosterone,	growth	hormone,	insulin-like	growth	factor).	In	
preadolescent	boys	and	girls,	testosterone	concentration	is	between	20	and	60	ng/100	ml;	in	contrast,	during	
adolescence,	testosterone	levels	in	males	increase	to	about	600	ng/100	ml	while	the	levels	in	females	remain	
unchanged.	
It	appears	that	preadolescents	have	more	potential	for	an	increase	in	strength	owing	to	neural	factors,	such	as	
increases	in	motor	unit	activation	and	synchronization,	as	well	as	enhanced	motor	unit	recruitment	and	firing	
frequency.	It	has	also	been	suggested	that	intrinsic	muscle	adaptations,	improvements	in	motor	skill	performance,	
and	the	coordination	of	the	involved	muscle	groups	could	be	partly	responsible	for	training-induced	strength	gains	
in	preadolescents.	One	cannot	state	without	qualification,	however,	that	resistance	training	does	not	result	in	
muscle	hypertrophy	in	preadolescents,	because	it	is	possible	that	longer	study	durations,	higher	training	volumes,	
and	more	precise	measuring	techniques	(e.g.,	computerized	imaging)	may	be	needed	to	uncover	potential	training-
induced	muscle	hypertrophy	in	youth	who	are	following	a	resistance	training	program.	Additionally,	as	muscle	
fiber	pennation	angle	increases	with	age,	whether	resistance	training	can	change	the	architectural	properties	of	the	
muscle	without	making	substantial	changes	in	overall	muscle	cross-sectional	area	remains	unclear.	
Potential	Benefits	
In	addition	to	increasing	muscular	strength,	power,	and	muscular	endurance,	regular	participation	in	a	
youth	resistance	training	program	has	the	potential	to	influence	many	other	health	and	fitness	related	
measures.	Resistance	exercise	may	favorably	alter	selected	anatomic	and	psychosocial	parameters,	reduce	
injuries	in	sport	and	recreational	activities,	and	improve	motor	skills	and	sport	performance.		
From	a	clinical	perspective,	it	has	been	reported	that	regular	participation	in	a	resistance-training	
program	can	result	in	a	decrease	in	body	fat,	improvements	in	insulin	sensitivity,	and	enhanced	cardiac	
function	among	obese	children	and	adolescents.	The	grades	for	indicators	of	youth	physical	activity	around	the	
world	are	low,	which	suggests	that	there	is	widespread	evidence	of	a	physical	inactivity	crisis.	Children	who	are	
obese	or	those	who	lead	sedentary	lives	(e.g.,	who	take	a	bus	to	school	and	watch	television	or	play	computer	
games	after	school	and	on	weekends)	are	not	ready	for	1	to	2	hours	of	sport	training	four	or	five	days	a	week.	
Current	global	findings	indicate	that	between	1980	and	2013,	the	prevalence	of	children	with	a	body	mass	index	
greater	than	or	equal	to	25	kg/m^2	increased	substantially	in	both	developed	and	developing	countries.	
Specifically	to	the	United	States,	data	from	2011	and	2012	show	that	16.9%	(95%	confidence	interval,	14.9-19.2%)	
of	American	youth	aged	2	through	19	years	were	obese;	and	while	childhood	prevalence	data	appear	to	be	



plateauing,	the	number	of	young	children	who	are	currently	obese	or	overweight	remains	high.	Although	the	
treatment	of	childhood	obesity	is	complex,	it	seems	that	obese	youth	enjoy	resistance	training	because	it	is	not	
aerobically	taxing	and	provides	an	opportunity	for	all	participants	to	experience	success	and	feel	good	about	their	
performance.	
In	addition	to	the	high	prevalence	of	childhood	obesity,	other	secular	trends	in	muscular	fitness	in	youth	are	of	
concern	regarding	those	engaging	in	organized	sport	or	recreational	activity.	For	example,	research	indicates	that	
within	various	cohorts	of	school-aged	children,	a	range	of	muscular	strength	measures	(e.g.,	bent-arm	hang,	
handgrip	strength)	and	motor	skill	competencies	have	shown	a	decrease	in	recent	times.	Therefore,	while	all	
aspiring	young	athletes	will	likely	benefit	from	preparatory	condition	inclusive	of	resistance	training,	it	seems	that	
those	who	might	benefit	the	most	are	the	ones	who	are	less	fit	to	begin	with.	
While	resistance	training	does	not	affect	the	genotypic	maximum,	it	probably	has	a	favorable	influence	on	growth	
at	any	stage	of	development,	as	long	as	appropriate	guidelines	are	followed.	In	fact,	regular	participation	in	an	
exercise	program	that	includes	resistance	training	and	weight-bearing	physical	activities	has	been	shown	
to	enhance	bone	mineral	density	in	children	and	adolescents.	In	support	of	these	observations,	it	has	been	
reported	that	elite	adolescent	weightlifters	who	regularly	train	with	heavy	weights	while	performing	multi-joint	
exercises	display	levels	of	bone	density	well	above	values	of	age-matched	controls.	These	findings	may	be	
especially	important	for	girls	who	are	at	an	increased	risk	for	developing	osteoporosis	later	in	life,	a	clinical	
condition	characterized	by	low	bone	mass	and	an	increased	susceptibility	to	fractures.	
It	has	also	been	suggested	that	regular	participation	in	a	preseason	conditioning	program	that	includes	
resistance	training	may	increase	a	young	athletes	resistance	to	injury.	Every	year,	millions	of	injuries	occur	
during	sport	participation	among	children	and	adolescents	in	the	United	States,	and	it	has	been	estimated	that	
more	than	50%	of	overuse	injuries	sustained	by	children	could	be	prevented	with	simple	approaches	including	
coaching	education,	preparatory	conditioning,	and	delayed	specialization.	Strength	and	condition	professionals	can	
play	a	pivotal	role	in	preparing	young	athletes	for	sport	and	thereby	minimize	or	offset	the	incidence	and	severity	
of	sport-related	injuries	common	to	young	athletes.	In	many	cases,	modern-day	youth	who	enroll	in	organized	
sport	programs	are	unfit	and	ill	prepared	to	handle	the	demands	of	their	chosen	sport.		
Even	though	some	coaches	argue	that	early	sport	specialization	is	the	key	to	success,	youth	who	participate	in	a	
single	sport	or	specialize	in	a	single	position	at	an	early	age	are	likely	to	be	at	an	increased	risk	of	developing	
muscle	imbalances,	overuse	injuries,	overtraining,	and	potential	burnout.	Additionally,	it	seems	that	late	
specialization	and	involvement	in	a	variety	of	sports	and	activities	during	the	younger	years	may	be	better	related	
to	sporting	success	at	a	later	age.	Although	the	total	elimination	of	youth	sport	injuries	is	an	unrealistic	goal,	the	
addition	of	resistance	training	to	a	youth	preseason	fitness	program	may	better	prepare	the	young	athlete	to	
handle	the	duration	and	magnitude	of	unanticipated	forces	that	develop	in	practice	and	game	situations.	Because	
of	individual	differences	in	stress	tolerance,	resistance	training	intensity,	volume,	and	rate	of	progression	need	to	
be	carefully	prescribed	since	this	form	of	training	adds	to	the	chronic	repetitive	stresses	placed	on	the	young	
musculoskeletal	system.	Proper	progression	and	program	variation	will	optimize	gains,	prevent	boredom,	and	
reduce	the	stress	that	can	lead	to	overtraining.	In	addition,	well-planned	recovery	strategies	(e.g.,	proper	cool-
down,	post	exercise	meal	or	snack,	and	adequate	sleep)	can	help	to	maximize	training	adaptations.	For	example,	
research	shows	that	youth	athletes	responded	more	favorably	to	a	combination	of	active	recovery	and	cold-water	
therapy	in	comparison	to	passive	post	competition	regimens	including	stretching	and	raising	of	the	legs.		
Because	many	sports	have	a	significant	strength	or	power	component,	it	is	attractive	to	assume	that	resistance	
training	will	enhance	athletic	performance.	Though	comments	from	parents	and	children	support	this	contention,	
scientific	reports	on	this	issue	are	limited.	Improvements	in	selected	motor	performance	skills,	such	as	the	long	
jump,	vertical	jump,	30m	dash,	and	agility	run,	have	been	observed	in	children	who	participated	in	a	resistance-
training	program	of	between	8	and	20	weeks.	Although	only	a	few	reports	have	provided	direct	evaluations	of	the	
effects	of	youth	resistance	training	on	sport	performance,	a	progressive	resistance-training	program	will	in	all	
likelihood	result	in	some	degree	of	improvement	in	sport	performance	in	young	athletes.		
Potential	risks	and	concerns	
Appropriately	prescribed	youth	resistance	training	programs	are	relatively	safe	when	compared	with	other	sports	
and	activities	in	which	children	and	adolescents	regularly	participate.	Paradoxically,	it	seems	that	the	forces	
placed	on	the	joint	of	young	athletes	during	sport	participation	may	be	far	greater,	and	more	difficult	to	
anticipate,	than	those	generated	from	resistance	training	programs.	The	belief	that	resistance	training	is	
dangerous	for	children	is	not	consistent	with	the	needs	of	children	and	the	documented	risks	associated	with	this	
type	of	training.	Children	have	been	injured	in	the	weight	room;	however,	such	injuries	are	more	likely	to	be	
accidental	in	children	and	typically	occur	in	cases	in	which	the	levels	of	supervision	and	instruction,	technical	



competency,	and	training	loads	are	inappropriate.	This	highlights	the	need	for	strength	and	conditioning	
professionals	to	heed	safety	guidelines	when	working	with	younger	populations.	Although	epiphyseal	plate	
fractures	have	been	reported	in	adolescents	who	were	following	a	resistance-training	program,	these	reports	were	
case	studies	and	typically	involved	the	performance	of	heavy	overhead	lifts	in	unsupervised	settings.	An	epiphyseal	
plate	fracture	has	not	been	reported	in	any	prospective	youth	resistance	training	study	that	adhered	to	established	
training	guidelines.	Of	note,	1-repetition	maximum	(1RM)	testing	in	children	and	adolescents	has	proven	to	be	safe,	
provided	that	appropriate	testing	guidelines	are	following	(i.e,	adequate	warm-up	periods,	individual	progression	
of	loads,	and	close	supervision).	If	children	and	adolescents	are	taught	how	to	resistance	train	properly	and	
understand	resistance	training	guidelines	and	procedures,	the	risk	of	an	epiphyseal	plate	fracture	is	minimal.	…	
Although	there	is	no	minimal	age	requirement	for	participation	in	a	youth	resistance-training	program,	
children	should	have	the	emotional	maturity	to	receive	and	follow	directions	and	should	want	to	try	this	
type	of	activity”	(141-142).		
	
How	Can	We	Reduce	the	Risk	of	Overuse	Injuries	in	Youth?	

- “Training	programs	should	be	multidimensional,	incorporating	elements	of	resistance	training,	
fundamental	movement	skills,	speed,	plyometric	and	agility	development,	and	dynamic	stabilization.	
Additionally,	these	programs	should	vary	in	type,	volume,	and	intensity	throughout	the	year	and	meet	the	
specific	needs	of	each	individual	child.		

- Youth	coaches	should	implement	well-planned	recovery	strategies	between	hard	workouts	and	
competitions	in	order	to	maximize	recovery	and	enable	growth	and	maturational	processes	to	occur.	This	
approach	should	help	reduce	the	chance	of	overtraining	and	burnout	in	youth.		

- All	youth	should	follow	healthy	lifestyle	habits	(e.g.,	appropriate	nutrition,	hydration,	and	sleep	quality).	
- Coaches	should	support	and	encourage	all	children	and	adolescents	to	participate	but	should	not	

excessively	pressure	them	to	perform	at	a	level	beyond	their	capabilities.	Child	welfare	and	well-being	
should	at	all	times	remain	the	priority.		

- Children	in	most	sports	should	be	encouraged	to	participate	in	a	variety	of	sports	and	activities	and	delay	
early	sport	specialization	until	adolescence	if	possible”	(143).		

	
	“Preadolescent	boys	and	girls	can	significantly	improve	their	strength	above	and	beyond	growth	and	
maturation	with	resistance	training.	Neurological	factors,	as	opposed	to	hypertrophic	factors,	are	
primarily	responsible	for	these	gains”	(141).		
	
“Growth	cartilage	in	children	is	located	at	the	epiphyseal	plate,	the	joint	surface,	and	the	epiphyseal	insertions.	
Damage	to	the	growth	cartilage	may	impair	the	growth	and	development	of	the	affected	bone.	However,	the	risk	
of	such	damage	can	be	reduced	with	appropriate	exercise	technique,	sensible	progression	of	training	
loads,	and	instruction	by	qualified	strength	and	conditioning	professionals”	(138).		
	
“In	adequately	nourished	children	there	is	no	scientific	evidence	that	physical	training	delays	or	
accelerates	growth	or	maturation	in	boys	and	girls”	(136).		
	
“Children	should	begin	resistance	training	at	a	level	that	is	commensurate	with	their	maturity	level,	physical	
abilities,	and	individual	goals”	(139).		
	
Eric	Cressey,	CSCS;	President	and	Cofounder	of	Cressey	Sports	Performance:	Thoughts	on	kids	and	resistance	
training:	

- When	your	kid	sprints,	he	encounters	ground	reaction	forces	several	times	greater	than	his	body	weight	
- When	he	jumps	out	of	trees,	those	numbers	are	even	higher—and	he’s	probably	landing	on	more	

unpredictable	environment	
- When	he	wears	a	backpack	full	of	books,	he’s	actually	lifting	weights	without	any	coaching	whatsoever	
- Doing	a	goblet	squat	with	a	20-pound	dumbbell	isn’t	going	to	stunt	your	9-year-old’s	growth.	And	it	isn’t	

going	to	turn	him	into	a	meathead	steroid	abuser	
- What	it	will	probably	do	is	teach	him	a	lot	about	the	value	of	hard	work.	It’ll	demonstrate	that	consistently	

showing	up	and	putting	effort	into	something	can	lead	to	specific	quantifiable	improvements	
- It’ll	make	him	more	durable	to	participate	in	and	enjoy	sports—and	do	so	at	a	higher	level	than	he	

otherwise	would	have	experienced	



- It’ll	also	likely	put	him	in	a	position	to	roll	with	a	different	social	circle	than	he’d	normally	frequent	
- I	can’t	guarantee	you	that	any	of	those	things	will	lead	to	a	college	scholarship	or	career	in	professional	

sports.	But	I	can	tell	you	that	they’ll	all	contribute	to	a	well	rounded,	more	confident	young	adult	who’ll	be	
much	more	likely	to	exercise	regularly	for	the	rest	of	his	life	

- So,	before	you	worry	about	the	potential	downsides	of	getting	your	child	involved	in	strength	and	
conditioning	at	a	young	age,	think	first	about	the	guaranteed	upsides	

- I	used	the	“he”	pronoun	throughout	this	post.	All	of	these	benefit	are	just	as	prevalent,	if	not	more	so,	in	
female	athletes.	My	two-year-old	daughters	play	in	the	gym	every	single	day,	and	that’s	not	changing	
anytime	soon.	

	
Elements	in	my	program	for	Youth	Resistance	Training	(adapted	from	Figure	4	in	Reference	2):	
Integrative	Neuromuscular	Training	(INT)	to	improve	Fundamental	Movement	Skills:	

- Lower	Body	Unilateral	(Concentric	and	Eccentric)	
- Lower	Body	Bilateral	(Concentric	and	Eccentric)	
- Upper	Body	Pushing	(Vertical	and	Horizontal)	
- Upper	Body	Pulling	(Vertical	and	Horizontal)	
- Anti-Rotation	and	Core	Bracing	
- Jumping,	Landing,	and	Rebounding	Mechanics	
- Acceleration,	Deceleration,	and	Reacceleration	
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Abstract 
 
Youth resistance training: Updated position statement paper from the National Strength and Conditioning Association. J 
Strength Cond Res 23(5): S60-S79, 2009 - Current recommendations suggest that school-aged youth should participate 
daily in 60 minutes or more of moderate to vigorous physical activity that is developmentally appropriate and enjoyable 
and involves a variety of activities. Not only is regular physical activity essential for normal growth and development, but 
also a physically active lifestyle during the pediatric years may help to reduce the risk of developing some chronic 
diseases later in life. In addition to aerobic activities such as swimming and bicycling, research increasingly indicates that 
resistance training can offer unique benefits for children and adolescents when appropriately prescribed and supervised. 
The qualified acceptance of youth resistance training by medical, fitness, and sport organizations is becoming universal. 
Nowadays, comprehensive school-based programs are specifically designed to enhance health-related components of 
physical fitness, which include muscular strength. In addition, the health club and sport conditioning industry is getting 
more involved in the youth fitness market. In the U.S.A., the number of health club members between the ages of 6 and 17 
years continues to increase and a growing number of private sport conditioning centers now cater to young athletes. Thus, 
as more children and adolescents resistance train in schools, health clubs, and sport training centers, it is imperative to 
determine safe, effective, and enjoyable practices by which resistance training can improve the health, fitness, and sports 
performance of younger populations. The National Strength and Conditioning Association (NSCA) recognizes and 
supports the premise that many of the benefits associated with adult resistance training programs are attainable by children 
and adolescents who follow age-specific resistance training guidelines. The NSCA published the first position statement 
paper on youth resistance training in 1985 and revised this statement in 1996. The purpose of the present report is to 
update and clarify the 1996 recommendations on 4 major areas of importance. These topics include (a) the potential risks 
and concerns associated with youth resistance training, (b) the potential health and fitness benefits of youth resistance 
training, (c) the types and amount of resistance training needed by healthy children and adolescents, and (d) program 



design considerations for optimizing long-term training adaptations. The NSCA 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. An expert panel of exercise scientists, physicians, and health/physical education 
teachers with clinical, practical, and research expertise regarding issues related to pediatric exercise science, sports 
medicine, and resistance training contributed to this statement. The NSCA Research Committee reviewed this report 
before the formal endorsement by the NSCA. For the purpose of this article, the term children refers to boys and girls who 
have not yet developed secondary sex characteristics (approximately up to the age of 11 years in girls and 13 years in 
boys; Tanner stages 1 and 2 of sexual maturation). This period of development is referred to as preadolescence. The term 
adolescence refers to a period between childhood and adulthood and includes girls aged 12-18 years and boys aged 14-18 
years (Tanner stages 3 and 4 of sexual maturation). The terms youth and young athletes are broadly defined in this report 
to include both children and adolescents. By definition, the term resistance training refers to a specialized method of 
conditioning, which involves the progressive use of a wide range of resistive loads and a variety of training modalities 
designed to enhance health, fitness, and sports performance. Although the term resistance training, strength training, and 
weight training are sometimes used synonymously, the term resistance training encompasses a broader range of training 
modalities and a wider variety of training goals. The term weightlifting refers to a competitive sport that involves the 
performance of the snatch and clean and jerk lifts. This article builds on previous recommendations from the NSCA and 
should serve as the prevailing statement regarding youth resistance training. It is the current position of the NSCA that:  

1. A properly designed and supervised resistance training program is relatively safe for youth.  
2. A properly designed and supervised resistance training program can enhance the muscular strength and power of youth.  
3. A properly designed and supervised resistance training program can improve the cardiovascular risk profile of youth.  
4. A properly designed and supervised resistance training program can improve motor skill performance and may contribute to 
enhanced sports performance of youth.  
5. A properly designed and supervised resistance training program can increase a young athlete’s resistance to sportsrelated injuries.  
6. A properly designed and supervised resistance training program can help improve the psychosocial well-being of youth.  
7. A properly designed and supervised resistance training program can help promote and develop exercise habits during childhood and 
adolescence.  
LITERATURE REVIEW  
Risks and Concerns Related to Youth Resistance Training  
During the 1970s and 1980s, one of the reasons that resistance training was not often recommended for children and adolescents 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 Surveillance System (NEISS) of the 
U.S. Consumer Product Safety Commission. NEISS uses data from various emergency room departments to make nationwide 
projections of the total number of injuries related to exercises and equipment (231,232). However, NEISS data are based on injuries 
that patients state are related to resistance exercise and equipment, and therefore, it is incorrect to conclude that the injuries were 
caused by such activities and devices. In fact, many of the reported injuries were actually caused by inappropriate training techniques, 
excessive loading, poorly designed equipment, ready access to the equipment, or lack of qualified adult supervision. Although these 
findings indicate that the unsupervised and improper use of resistance training equipment may be injurious, it is misleading to 
generalize these findings to properly designed and supervised youth resistance training programs.  
Current findings from prospective resistance training studies indicate a low risk of injury in children and adolescents who follow age-
appropriate training guidelines. In the vast majority of published reports, no overt clinical injuries have been reported during resistance 
training. Although various resistance training modalities and a variety of training regimens have been used, all the training programs 
were supervised and appropriately prescribed to ensure that the training program was matched to the initial capacity of the participant. 
Only 3 published studies have reported resistance training– related injuries in children (a shoulder strain that resolved within 1 week 
of rest (187), a shoulder strain that resulted in 1 missed training session (144), and a nonspecific anterior thigh pain that resolved with 
5 minutes of rest (198)). In a report (187), there was no evidence of either musculoskeletal injury (measured by biphasic scintigraphy) 
or muscle necrosis (determined by serum creatine phosphokinase levels) after 14 weeks of progressive resistance training.  
Youth resistance training, as with most physical activities, does carry with it some degree of inherent risk of musculoskeletal injury, 
yet this risk is no greater than many other sports and recreational activities in which children and adolescents regularly participate. In a 
prospective study that evaluated the incidence of sports-related injuries in schoolaged youth over a 1-year period (258), resistance 
training resulted in 0.7% of 1576 injuries whereas football, basketball, 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. In general, injuries related to resistance training in high school 
athletes appear to involve the aggressive progression of training loads or improper exercise technique (31,35,108,197).  
Findings from the 2005–2006 High School Sports-Related Injury Surveillance Study revealed that participation in team sports resulted 
in an estimated 1.4 million injuries at a rate of 2.4 injuries per 1,000 athlete exposures (i.e., practices and competition) (45). Of the 9 
sports studied, football had the highest injury rate (4.36 injuries per 1,000 athlete exposures), whereas boys’ baseball (1.19) and girls’ 
softball (1.13) had the g lowest injury rates (45). Although data comparing the relative safety of resistance training, weightlifting, and 
other sports are limited, in a retrospective evaluation of injury rates in adolescents it was revealed that resistance training and 
weightlifting were markedly safer than many other sports and activities (114). In the aforementioned report (114), the overall injury 
rate per 100 participant hours was 0.8000 for rugby and 0.0120 and 0.0013 for resistance training and weightlifting, respectively. This 



later finding may be explained, at least in part, by the fact that the sport of weightlifting is typically characterized by well-informed 
coaches and a gradual progression of training loads, which are required to effectively learn the technique of advanced multi-joint lifts. 
With qualified instruction and a stepwise progression of the training program, researchers have reported significant gains in muscular 
strength without any report of injury when weightlifting movements (snatch; clean and jerk; and modified cleans, pulls, and presses) 
were incorporated into a youth resistance training program (74,105,198,204).  
In support of these observations, others have evaluated the incidence of injury in young weightlifters and concluded that competitive 
weightlifting can be a relatively safe sport for children and adolescents provided that age-appropriate training guidelines are followed 
and qualified coaching is available (38,182). Because weightlifting movements involve more complex neural activation patterns than 
other resistance exercises, childhood may be the ideal time to develop the coordination and skill technique to perform these lifts 
correctly (57). To date, no scientific evidence indicates that properly performed and sensibly progressed weightlifting movements 
performed during practice or competition are riskier than other sports and activities in which youth regularly participate. Nevertheless, 
due to the potential for injury during the performance of multi-joint free weight exercises (190), youth coaches should be aware of the 
considerable amount of time it takes to teach these lifts and should be knowledgeable of the progression from basic exercises (e.g., 
front squat) to skill transfer exercises (e.g., overhead squat) and finally to the competitive lifts (snatch and clean and jerk).  
Another concern related to youth resistance training regards the safety and suitability of plyometric training (also called stretch-
shortening cycle exercise) for children and adolescents. Unlike traditional strength-building exercises, plyometric training conditions 
the body through dynamic movements, which involve a rapid eccentric muscle action that is immediately followed by a rapid 
concentric muscle action (47,97). When the stretching and shortening of a muscle are performed quickly, the force generated during 
the muscle action is greater than the force that would be generated if the muscle were not stretched immediately before the muscle 
action (97). The contention that ageappropriate plyometric training is unsafe for youth or that a predetermined baseline level of 
strength (e.g., 1 repetition maximum [1RM] squat should be 1.5 times body weight) should be a prerequisite for lower-body 
plyometric training is not supported by current research and clinical observations. Indeed, comprehensive resistance training programs 
that include plyometric exercises have been found to enhance movement biomechanics, improve functional abilities, and decrease the 
number of sports-related injuries in young athletes (115,120,143,149,168). 
Research studies indicate that plyometric training can be a safe and worthwhile method of conditioning for youth if appropriately 
prescribed and implemented (56,69,75,125,134,143,150,151,202). Although plyometric exercises typically include hops and jumps 
that exploit the muscles’ cycle of lengthening and shortening to increase muscle power, watching children on a playground supports 
the premise that the movement pattern of boys and girls as they skip and jump can be considered plyometric. For example, when a 
child plays hopscotch and jumps from square to square, the quadriceps stretch eccentrically when the child lands and then they shorten 
concentrically when the child jumps. This type of exercise, although game like in nature, actually conditions the body to increase 
speed of movement and improve power production (47). Nonetheless, there is the potential for injury or illness to occur if the 
intensity, volume, or frequency of plyometric training exceed the abilities of the participants. In a case report, a 12-year-old boy 
developed exertional rhabdomyolysis after he was instructed to perform excessive (.250) repetitive squat jumps in a physical 
education class (48).  
A traditional area of concern related to youth resistance training is the potential for training-induced damage to the growth cartilage, 
which is found at 3 main sites in a growing child’s body: the growth plates near the ends of the long bones, the cartilage lining the 
joint surfaces (articular cartilage), and the points at which the major tendons attach to the bones (apophysis) (161). Because growth 
cartilage is ‘‘pre-bone,’’ it is weaker than adjacent connective tissue and therefore more easily damaged by repetitive microtrauma 
(161). In some cases, damage to this area of the bone could result in time lost from training, significant discomfort, and growth 
disturbances (41). A few retrospective case reports published in the 1970s and 1980s noted injury to the growth cartilage during 
preadolescence (108) and adolescence (25,31,108,128,194,197). However, most of these injuries were due to improper lifting 
techniques, maximal lifts, or lack of qualified adult supervision.  
Although children and adolescents are susceptible to injury to the growth cartilage, the potential for this type of injury may be less in a 
preadolescent child than in an adolescent because the growth cartilage may actually be stronger and more resistant to sheering type 
forces in younger children (160). To date, injury to the growth cartilage has not been reported in any prospective youth resistance 
training research study. Furthermore, there is no evidence to suggest that resistance training will negatively impact growth and 
maturation during childhood and adolescence (91,147).  
The potential for repetitive-use soft-tissue injuries is another concern related to youth resistance training. This type of injury often 
does not always cause children or adolescents to go to the emergency room or even to see a physician, so the incidence of these 
injuries is more difficult to determine. Nevertheless, lower back pain among youth has become a significant public health issue with 
prevalence rates in adolescents approaching those in adults (9,131). In several reports, lower back pain was the most frequent injury in 
high school athletes who participated in resistance training programs (31,35,190). In a study that involved adolescent powerlifters who 
presumably trained with maximal or nearmaximal resistances, it was revealed that 50% of reported injuries were to the lower back 
(35). Although many factors need to be considered when evaluating these data (e.g., exercise technique and progression of training 
loads), the importance of general physical fitness and lower back health should not be overlooked. Because insufficient strength, 
muscular endurance, and stability in the lower back have been associated with current and future lower back pain in adolescents 
(9,211), there is a role for preventive interventions that include resistance exercise to possibly reduce the prevalence or severity of 
lower back pain in youth.  
Of note, there is an increased risk of injury to children and adolescents who use exercise equipment at home (107,132). It has been 
reported that young children are more likely to be injured from home exercise equipment than older age groups due, in part, to unsafe 
behavior, equipment malfunction, and lack of supervision (132). There is also the potential for a catastrophic injury if safety standards 
for youth resistance training are not followed. In a case study report, a 9-year-old boy died when a barbell rolled off a bench press 



support and fell on his chest (102). These findings underscore the importance of providing close supervision and safe training 
equipment for all youth resistance training programs.  
Any exercise or activity recommendation for children and adolescents has risks as well as benefits. The risk of injury while resistance 
training or weightlifting can be minimized by qualified supervision, appropriate program design, sensible progression, and careful 
selection of training equipment. In addition, the risk of injury can be minimized by limiting the number of heavy lifts during a 
workout, allowing for adequate recovery between training sessions, and listening to each child’s questions and concerns. In general, 
the risk of injury associated with resistance training is similar for youth and adults. There are no justifiable safety reasons that preclude 
children or adolescents from participating in such a resistance training program.  
Effectiveness of Youth Resistance Training  
During childhood and adolescence, physiologic factors related to growth and development are in a constant state of evolution. Due to 
the progression of growth, it can be expected that healthy children will show noticeable gains in height, weight, maximal oxygen 
uptake, anaerobic capacity, and muscle strength during the developmental years (195). Although different children do not follow the 
same rates of change, performance variables such as grip strength normally increase from childhood through the early teenage years 
(148). Consequently, strength changes from low-volume (sets 3 repetitions 3 load), short-duration resistance training programs may 
not be distinguishable from gains due to normal growth and development (59,117). To differentiate training adaptations from those of 
normal growth and development, it is apparent that an adequate training stimulus and a prolonged training period are required.  
A compelling body of scientific evidence indicates that children and adolescents can significantly increase their strength—above and 
beyond growth and maturation— providing that the resistance training program is of sufficient intensity, volume, and duration 
(30,55,70,74,77,79,80,86–88, 92,144,180,183,186,199,205,210,221,227,238,246,248,250). In addition, 2 meta-analyses on youth 
resistance training indicated mean effect sizes of 0.57 and 0.75 (94,179). Collectively, these findings along with clinical observations 
and evidence-based reviews (28,66,111,139,147,200,234) indicate that well-designed resistance training programs can enhance the 
muscular strength of children and adolescents beyond that which is normally due to growth and development.  
Children as young as 5 and 6 years have benefited from regular participation in a resistance training program (11,86, 246), although 
most samples typically spanned several years (e.g., 7 to 12 years of age). While a majority of training studies had a duration of 8–20 
weeks (79,80,92,118,144,186,205, 210,246), studies lasting 2–3 school years have been reported (93,198). A wide variety of 
resistance training programs from single set sessions on weight machines (249) to progressive, multi-set training protocols on different 
types of equipment (22,74,105,186,198,238) have proven to be efficacious. Training modalities have included weight machines (both 
adult (55,180,238,239) and child size (79,80,86,183,249)), free weights (22,55,74,94,105,198,199), hydraulic machines (30,246), 
pneumatic machines (205), medicine balls (77,221); elastic bands (11), isometric contractions (101,117,174), and body weight 
exercises (17,92,210,236). As previously observed in adult populations, training adaptations that occur in youth are specific to the 
muscle action or muscle groups that are trained (97,174).  
Strength gains up to 74% (88) have been reported after 8 weeks of progressive resistance training, although gains of roughly 30% are 
typically observed after short-term (8–20 weeks) youth resistance training programs. Reported relative (% change above initial levels) 
strength gains achieved during preadolescence are equal to if not greater than the relative gains observed during adolescence 
(144,174,180,248). Adult athletes tend to be stronger than adolescent athletes (14), and there is no clear evidence of any major 
difference in strength between preadolescent boys and girls (27,81,200). In terms of absolute strength gains, it appears that adolescents 
make greater gains than children (144,200,239) and adults make greater gains than young adolescents (199), although some findings 
are at variance with this suggestion (248).  
Persistence of Training-Induced Strength Gains  
The evaluation of strength changes in youth after 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 period. Although relative 
information regarding the effects of detraining on younger populations is not extensive, the available data suggest that training-
induced gains in strength and power in children are impermanent and tend to regress toward untrained control group values during the 
detraining period (29,87,125,205,227). The precise nature of the detraining response and the physiological adaptations that occur 
during this period remain uncertain, although changes in neuromuscular functioning and the hormonal responses to resistance training 
and detraining should be considered. Of interest, researchers found that training-induced increases in the levels of testosterone and free 
androgen index in children were maintained during an 8-week detraining period despite the regression of strength toward untrained 
control group values during this phase of the study (226,227).  
Only a limited number of studies have evaluated the effects of training frequency on the maintenance of strength and power in 
children and adolescents. After 20 weeks of progressive resistance training, a once-weekly maintenance training program was not 
adequate to maintain the training-induced strength gains in preadolescent males (29). Conversely, a once-weekly maintenance 
program was just as sufficient as a twice-weekly maintenance program in retaining the strength gains made after 12 weeks of 
resistance training in a group of adolescent male athletes (55). Others observed that children who participated in a 10-week plyometric 
training program were able to maintain training-induced gains in power after 8 weeks of reduced training, which included soccer 
practice (56). Clearly, more research is needed before specific maintenance training recommendations can be made.  
Program Evaluation and Testing  
Factors such as previous exercise experience, program design, 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. In addition, the methods of evaluating changes in muscular strength consequent to training are noteworthy 
considerations. In some studies, the subjects were trained and tested using different modalities (180,205,246), and in other published 
reports, strength changes were evaluated by relatively high RM values (e.g., 10RM) (74,88,144,248). Strength changes have also been 
evaluated by maximal load lifting (e.g., 1RM) on the equipment used in training (22,55,79,80,118,178,183,186,198,238).  



Some clinicians and researchers have not used 1RM 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 capabilities of 
children have not been directly evaluated in some studies. Yet no injuries have been reported in prospective studies that utilized 
adequate warm-up periods, appropriate progression of loads, close and qualified supervision, and critically chosen maximal strength 
tests (1RM performance lifts, maximal isometric tests, and maximal isokinetic tests) to evaluate resistance training–induced changes 
in children. In a study, 96 children performed a 1RM strength test on 1 upper-body and 1 lower-body weight machine exercise (81). 
No abnormal responses or injuries occurred during the study period, and the testing protocol was reportedly well tolerated by the 
subjects. In other reports, children and adolescents safely performed 1RM strength tests using free weight exercises 
(14,22,118,124,142,152,153,178,198,238).  
Paradoxically, most of the forces that youth are exposed to in various sports and recreational activities are likely to be greater in both 
exposure time and magnitude than competently supervised and properly performed maximal strength tests. These observations along 
with current research findings indicate that the maximal force–producing capabilities of healthy children and adolescents can be safely 
evaluated by 1RM testing procedures, provided that youth participate in an habituation period before testing to learn proper exercise 
technique and qualified professionals closely supervise and administer each test. Detailed procedures for evaluating 1RM strength are 
available elsewhere (81,140).  
Although maximal strength testing can be used to evaluate training-induced changes in muscular strength in children and adolescents 
in clinical and recreational settings, when properly administered 1RM tests are labor intensive and time consuming. Thus, in some 
instances (e.g., physical education class) the use of field-based measures may be more appropriate and time efficient. Researchers 
have documented significant correlations between 1RM strength and common field measures (e.g., handgrip strength and long jump) 
in children (164). In any case, unsupervised and improper 1RM testing (e.g., inadequate progression of loading and poor lifting 
technique) should not be performed by children or adolescents under any circumstances due to the real risk of injury (189,190). 
Physiological Mechanisms for Strength Development  
In children it appears that training-induced strength gains are more related to neural mechanisms than to hypertrophic factors 
(139,147,178,186,200). Without adequate levels of circulating testosterone to stimulate increases in muscle size, children appear to 
experience more difficulty increasing their muscle mass consequent to a resistance training program (up to 20 weeks) as compared 
with older populations (178,186,239). However, because some findings are at variance with this suggestion (100,158), it cannot be 
stated a priori that resistance training will not increase the muscle mass of prepubescent youth. It is possible that more intensive 
training programs, longer training durations, and more sensitive measuring techniques that are ethically appropriate for this population 
may be needed to partition the effects of training on fat free mass from expected gains due to growth and maturation.  
Without corresponding increases in fat-free mass, it appears that neural adaptations (i.e., a trend toward increased motor unit 
activation and changes in motor unit coordination, recruitment, and firing) (178,186) and possibly intrinsic muscle adaptations (as 
evidenced by increases in twitch torque) (186) are primarily responsible for training-induced strength gains during preadolescence. 
Improvements in motor skill performance and the coordination of the involved muscle groups may also play a significant role because 
measured increases in training-induced strength are typically greater than changes in neuromuscular activation (178,186). Although 
speculative, developmental alterations in muscle fiber architecture (e.g., pennation angle) and changes in central inhibitory influences 
on maximal muscle strength should also be considered (195). In support of these observations, several training studies have reported 
significant improvements in strength during preadolescence without corresponding increases in gross limb morphology, as compared 
with a similar control group (88,144,178,186,199,246).  
During puberty, testicular testosterone secretion in males is associated with considerable increases in fat-free mass and linear growth 
(139,195). Training-induced strength gains during and after puberty in males may therefore be associated with changes in 
hypertrophic factors because testosterone and other hormonal influences on muscle hypertrophy would be operant (139). Smaller 
amounts of testosterone in females (resulting from enzymatic conversion of androgenic precursors in the adrenal gland) limit the 
magnitude of training-induced increases in muscle hypertrophy (195,200). Other hormone and growth factors (e.g., growth hormone 
and insulin-like growth factors) may be at least partly responsible for muscle development in females (135).  
Potential Health and Fitness Benefits  
There are many health and fitness benefits associated with regular physical activity in children and adolescents. Not only is habitual 
physical activity essential for normal growth and development, but also participation in age-appropriate fitness programs can enhance 
the physical and psychosocial wellbeing of youth. Although a majority of the pediatric research has focused on activities that enhance 
cardiorespiratory fitness (195), recent findings indicate that resistance training can offer unique benefits for children and adolescents 
when appropriately prescribed and supervised. As previously observed in adults (97), regular participation in a resistance training 
program has the potential to positively influence several measurable indices of health and fitness. Youth resistance training can 
improve one’s cardiovascular risk profile, facilitate weight control, strengthen bone, enhance psychosocial wellbeing, improve motor 
performance skills, and increase a young athletes’ resistance to sports-related injuries.  
Research that supports the utility of youth resistance training in the acquisition of favorable degrees of healthassociated characteristics 
is expanding (67,147,219). Moreover, the contention that the overall health of children and adolescents is likely to improve rather than 
be adversely affected by regular participation in a resistance training program is supported by statements from professional 
organizations (8,18,33,167,192). Although good health habits established during childhood do not always carry over into adulthood, 
the potential positive influence of these habits on the adult lifestyle should be recognized (146,196,222,225). Hence, a compelling 
reason to encourage children and adolescents to participate regularly in physical activity is to reduce their risk of developing adult 
diseases later in life.  
Cardiovascular Risk Profile. The potential influence of resistance training on body composition (the percentage of total body weight 
that is fat compared with the percentage that is fat free) has become an important topic of investigation, given that the prevalence of 



obesity among children and adolescents continues to increase worldwide (175,240). Today, childhood obesity, with its associated 
comorbidities such as type 2 diabetes and likelihood of persistence into adulthood, is a critical public health threat (126). Although 
genetic, psychosocial, economic, and environmental factors likely play a role in the development of obesity during childhood and 
adolescence (4,62), it is becoming more apparent that the increasing prevalence of obesity among school-aged youth may be due, at 
least in part, to a sedentary lifestyle (62,106).  
Although obese youth 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 musculoskeletal overuse injuries. 
Furthermore, obese youth often lack the motor skills and confidence to be physically active, and they may actually perceive prolonged 
periods of aerobic exercise to be boring or discomforting. In support of these observations, it has been reported that total body fat was 
inversely related to minutes of vigorous physical activity per day in youth (54). Others observed that this decline in physical activity 
may start early in life in obese youth (103).  
Recently, it has been suggested that resistance training may offer observable health value to obese children and adolescents 
(23,83,243). Obese youth tend to enjoy resistance training because it is typically characterized by short periods of physical activity 
interspersed with brief rest periods between sets and exercises, which is more consistent with how youth move and play (13,106). 
Several studies have reported favorable changes in body composition in children and adolescents who were obese or at risk for obesity 
after participation in a resistance training program or a circuit weight training (i.e., combined resistance and aerobic training) program 
(24,203,206,214,220,224,242,254). In a report, the level of adiposity in school-aged youth was a strong negative predictor of the 
resistance training effect in the lower limbs (93). Thus, obese youth may need a higher relative training intensity to produce the 
desired effect.  
Of interest, researchers found that participation in a 16- week resistance training program significantly decreased body fat and 
significantly increased insulin sensitivity in adolescent males who were at risk for obesity (206). Because the increase in insulin 
sensitively remained significant after adjustment for changes in total fat mass and total lean mass, it appeared that regular resistance 
training may have resulted in qualitative changes in skeletal muscle that contributed to enhanced insulin action. Compliance to this 
program was impressive with 96% of the participants completing the program. Other researchers identified muscular strength as an 
independent and powerful predictor of better insulin sensitivity in youth aged 10–15 years (21). Because resistance training may 
provide a more enjoyable and sustainable approach to health-related physical activity promotion in children and adolescents who are 
obese or at risk for obesity, additional randomized controlled trials are needed to further examine the effects of resistance training on 
metabolic health outcomes in youth.  
At present, there is no clear association between regular physical activity and reducing blood pressure in normotensive youth, although 
limited data suggest that resistance training may be an effective nonpharmacologic intervention in hypertensive adolescents, provided 
that submaximal loads are used and proper exercise procedures are followed (112). Others have recommended low-intensity, high-
repetition resistance training for hypertensive adolescents who want to experience this type of training (256). Although the acute blood 
pressure response to resistance exercise is reportedly similar between children and adults (172), blackouts (loss of consciousness) and 
chronic hypertension, which have been reported in adult competitive weightlifters (49), have not been reported in children (88,187) or 
adolescents (112) after resistance training.  
The effects of resistance training on blood lipoproteins in youth are not well documented. Limited data suggest that when compared 
with an inactive control group, resistance training characterized by moderate loads and a high number of repetitions can have a 
positive influence on the blood lipid profile of children (220,247), and similar trends have been observed in adolescents (98). Because 
changes in body composition and nutritional intake may influence lipoprotein concentrations in youth, a comprehensive health-
enhancing program that includes regular physical activity, behavioral counseling, and nutrition education may be most effective for 
improving the blood lipid profile in youth with dyslipidemia (7).  
Bone Health. Despite traditional fears that resistance training would be harmful to the immature skeletal of youth, current observations 
suggest that childhood and adolescence may be the opportune time for the bone modeling and remodeling process to respond to the 
tensile and compressive forces associated with weight-bearing activities (15,121,230,235). Indeed, weight-bearing physical activity is 
essential for normal bone formation and growth (148). If age-specific resistance training guidelines are followed and if nutritional 
recommendations (e.g., adequate calcium) are adhered to, regular participation in a resistance training program can maximize bone 
mineral density during childhood and adolescence (230,235,238). Moreover, there is no detrimental effect of resistance training on 
linear growth in children and adolescents (91,147)  
Results from several research studies indicate that regular participation in sports and specialized fitness programs that include 
resistance training can be a potent osteogenic stimulus in youth (16,20,50,145,154,166,173,237,241). It has been reported that 
adolescent weightlifters displayed levels of bone mineral density (50) and bone mineral content (237) well above values of age-
matched controls. Other researchers found that weightlifting can impart some benefit on bone development in youth but not as much 
as year-round soccer (20). The repetitive exposure to physical loading in sports such as gymnastics has also resulted in significantly 
higher bone mineral density in young athletes as compared with age-matched controls (16,241).  
In a study that provides direct evidence that high-impact exercise enhances bone accrual in preadolescent girls, participation in a 10-
month physical activity program (combined resistance training and aerobic exercise) resulted in significant improvements in bone 
mineral density in the exercise group as compared with the control group (166). Likewise, preadolescent boys who performed a high-
impact circuit exercise program for 20 months had greater bone expansion on both the periosteal and endosteal surfaces (145). Others 
noted that a school-based physical activity intervention that included plyometric training enhanced bone mass at the weight-bearing 
proximal femur in children (154).  
Although peak bone mass is influenced by genetics (43), regular participation in high-strain-eliciting sports and specialized exercise 
such as resistance training may have a desirable influence on bone health in children and adolescents. It appears that the osteogenic 



response to exercise in youth can be enhanced by sensibly prescribing multi-joint, moderate to high intensity resistance training 
exercises (e.g., bench press, squat, and weightlifting movements) and unaccustomed plyometric exercises (e.g., jumping and hopping). 
Although additional clinical trials are needed to more precisely define the exercise prescription, the importance of maintaining 
participation in sports and specialized activities throughout life must not be overlooked because training-induced improvements in 
bone health may be lost over time if the program is not continued (110).  
Psychosocial Health and Well-being. Data from adult studies suggest that the effects of resistance training extend beyond physical 
measures and include improvements in mental health and well-being (157,228,229). Although it is reasonable to assume that similar 
findings would be observed in children and adolescents who participate in a resistance training program, caution is needed in 
extending observations to younger populations because of the psychological immaturity of youth as compared with adults. Limited 
evidence suggests that resistance training may positively influence the psychological well-being of children (123,253). Others noted 
significant improvements in mood and self-appraisal factors in children who participated in a physical activity program that included 
resistance training and aerobic games (10). Conversely, no significant changes in self-concept were found in children after resistance 
training in other studies (89,198), although initial scores in psychological measures were relatively high in these reports. Although 
speculative, the psychological benefits of resistance training may be most apparent in youth who begin training with below average 
measures of strength and psychosocial well-being.  
Of interest, clinicians have noted that the socialization and mental discipline exhibited by children who resistance trained were similar 
to those exhibited by team sport participants (187), and children’s attitudes toward physical education, physical fitness, and lifelong 
exercise reportedly improved after a conditioning program that included resistance training (249,250). If appropriate resistance 
training guidelines are followed and if children and adolescents are encouraged to embrace self-improvement and feel good about their 
performances, the positive psychosocial effects of resistance training programs may indeed be comparable with other sports and 
recreational activities. Conversely, intensive training, overzealous coaching, and excessive pressure to perform at a level beyond one’s 
capabilities can have a negative effect on some youth who are emotionally and psychologically vulnerable (3,42). In some cases, 
inappropriate coaching methods, unethical training practices, or an emphasis on leanness may lead to the abuse of performance-
enhancing drugs (122), restrictive eating behaviors (171), or burnout (overtraining syndrome) (32).  
Motor Performance Skills and Sports Performance. Improvements in selected motor performance skills (e.g., long jump, vertical 
jump, sprint speed, and medicine ball toss) have been observed in children and adolescents after resistance training with weight 
machines, free weights, body weight strength exercises, and medicine balls (77,92,96,118,144,221,246). Gains in motor performance 
skills in youth have also been noted after regular participation in plyometric training programs (36,134,151,216). More recently, 
researchers have reported that the combination of resistance training and plyometric training may offer the most benefit for adolescent 
athletes (75,143,168,202). As previously observed in adults (2,95), the effects of resistance training and plyometric training may 
actually be synergistic, with their combined effects being greater than each program performed alone.  
In contrast, other studies (80,88,96) reported significant gains in strength without concomitant improvements in selected motor 
performance skills after several weeks of resistance training. Because the effects of resistance training on motor performance are 
dependent on the design of the training program, the principle of training specificity should be considered when evaluating these data. 
As previously observed in adult populations (97), training adaptations in children and adolescents are rather specific to the movement 
pattern, velocity of movement, contraction type, and contraction force (113,174). Thus, irrespective of age, resistance training 
programs that include specific exercises (e.g., weightlifting movements and plyometrics) and types of muscle actions in a manner that 
is specific for which training is being performed are more likely to result in the greatest improvements in motor skill performance. 
Although the potential for resistance training to enhance the sports performance of young athletes seems reasonable, scientific 
evaluations of this observation are difficult because athletic performance is such a multivariate outcome. Two studies (26,37) reported 
favorable changes in swim performance in age group swimmers, although one study found no significant difference in freestyle 
turning performance in adolescent swimmers who performed 15 minutes of plyometric training for 20 weeks (51). In another report, 
researchers found significant correlations between balance and skating speed in junior ice hockey players younger than 19 years (19). 
Other studies involving young basketball and soccer players have noted the importance of incorporating some type of resistance 
training into sports training sessions to maximize gains in strength and power in young athletes (46,233). Although most published 
reports and anecdotal comments from youth coaches suggest that regular participation in a well-designed resistance training program 
will result in some degree of improvement in athletic performance (84,137,163), further research is still required in this important field 
of study.  
To date, there have not been any long-term investigations studying the effects of a comprehensive youth resistance training program 
on sports performance during the adult years, although theoretical models highlighting the potential benefits have been proposed 
(130). Nevertheless, based on the available evidence, curtailment of sports practice and competitions during the developmental years 
to allow time for fitness conditioning that includes resistance training seems reasonable, providing that the training program is 
competently supervised, is progressive, and is of sufficient duration and intensity. Because aspiring young athletes cannot play 
themselves into shape, one of the greatest benefits of youth resistance training may be its ability to better prepare children and 
adolescents for successful and enjoyable participation in athletic activities.  
Sports-Related Injuries. The number of children and adolescents in school-sponsored and community-based sports programs continues 
to increase. However, along with this increase in sports participation has come numerous reports of injuries to the ill-prepared or 
improperly trained young athlete (3,40,64,162). Sports-related injuries have become a significant cause of hospitalization and health 
care costs during childhood and adolescence (162), and it is possible that certain youth sport injuries can increase the risk of 
osteoarthritis later in life (61). Sports-related injuries are also one reason why some young athletes drop out of sports (109).  
Although the total elimination of sports-related injuries is an unrealistic goal, appropriately designed and sensibly progressed fitness 
conditioning programs that include resistance training may help reduce the likelihood of sportsrelated injuries in young athletes 



(1,119,161,212). In a growing number of cases, it seems that aspiring young athletes are ill prepared for the demands of sports practice 
and competition (64,162). By addressing the risk factors associated with youth sport injuries (e.g., previous injury, poor conditioning, 
muscle imbalances, and errors in training), it has been suggested that both acute and overuse injuries could be reduced by 15–50% 
(161). Although there are many mechanisms to potentially reduce sports-related injuries in young athletes (e.g., coaching education, 
safe equipment, proper nutrition), enhancing physical fitness as a preventative health measure should be considered a cornerstone of 
multicomponent treatment programs.  
Comprehensive conditioning programs that included resistance training, plyometric training, or both have proven to be an effective 
strategy for reducing sports-related injuries in adolescent athletes (39,60,115,116,120,149,176), and it is possible that similar effects 
would be observed in children, although additional research is needed to support this contention. Preseason conditioning programs that 
included resistance training decreased the number and severity of injuries in high school football players (39) and, similarly, decreased 
the incidence of injury in adolescent soccer players (115). Others observed that balance training (63,65) or balance training and 
strengthening exercises (244,245) were effective in reducing sports-related injuries in adolescent athletes.  
Because of the relatively high incidence of knee injuries in young female athletes as compared with males (185), researchers have 
investigated the effects of various training programs on injury rates in young female subjects. Of note, preseason conditioning 
programs that included plyometric exercises, resistance training, and education on jumping mechanics significantly reduced the 
number of serious knee injuries in adolescent female athletes (120,149). Conversely, no significant differences in injury rates were 
observed in adolescent female athletes who participated in an in-season plyometric training program (181) or structured warm-up 
activities that included strength, balance, and agility exercises (217). Differences in the design of the training programs and time of 
implementation (i.e., preseason vs. in-season) could explain, at least in part, these conflicting results.  
Collectively, a majority of the evidence suggests that regular participation in a preseason conditioning program that includes 
plyometric exercises, resistance training, balance skills, and education may reduce the likelihood of sportsrelated injuries in young 
athletes. Yet some data suggest that only a minority of young athletes participate in comprehensive conditioning programs before 
sports participation (34). Clearly, there is an ongoing need for school- or coachsponsored involvement to ensure that all young athletes 
participate in multi-component conditioning programs before sports training and competition.  
However, the addition of preseason conditioning to the total exercise dose, which includes free play as well as organized sports, 
should be carefully considered because this type of training adds to the chronic, repetitive stress placed on the developing 
musculoskeletal system. Some young athletes with relatively immature musculoskeletal systems may be intolerant of the same 
exercise dose that the majority of the athletes in the same program can tolerate. This biologic uniqueness in growing athletes can result 
in stress fracture syndromes manifested by a variety of conditions such as traction apophysitis, injuries to the developing joint 
surfaces, or injuries to the immature spine (3,159,177).  
Because of the interindividual variability of stress tolerance, each child must be treated as an individual and observed for signs of 
incipient stress failure syndromes, which would require a modification of the frequency, volume, intensity, and progression of 
training. With the awareness of this variability in children and adolescents of the same age to accept and tolerate stress, many of these 
stress failure syndromes can be prevented. In some instances, it may be necessary for young athletes to reduce their sport involvement 
to allow time for preparatory strength and conditioning with adequate rest and recovery between training sessions. A reduction in 
performance and an increased risk of injury can result by frequent training sessions without adequate rest and recovery in-between 
(99).  
There is insufficient evidence to decide for or against improvements in subjective ‘‘energy’’ level, sleep patterns, emotional maturity, 
immune function, nutritional status, cognitive performance, or health care utilization. It is probable that either these characteristics 
would be favorably altered or at least not unfavorably influenced by resistance training, providing that the program is properly 
designed, pleasurable, and rewarding.  
Youth Resistance Training Guidelines  
General youth resistance training guidelines.  
- Provide qualified instruction and supervision  
- Ensure the exercise environment is safe and free of hazards  
- Start each training session with a 5- to 10-minute dynamic warm-up period  
- Begin with relatively light loads and always focus on the correct exercise technique  
- Perform 1–3 sets of 6–15 repetitions on a variety of upper- and lower-body strength exercises 
- Include specific exercises that strengthen the abdominal and lower back region  
- Focus on symmetrical muscular development and appropriate muscle balance around joints 
- Perform 1–3 sets of 3–6 repetitions on a variety of upper- and lower-body power exercises  
- Sensibly progress the training program depending on needs, goals, and abilities  
- Increase the resistance gradually (5–10%) as strength improves  
- Cool-down with less intense calisthenics and static stretching  
- Listen to individual needs and concerns throughout each session  
- Begin resistance training 2–3 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  
- Optimize performance and recovery with healthy nutrition, proper hydration, and adequate sleep  
- Support and encouragement from instructors and parents will help maintain interest 
A prerequisite for the development and administration of safe, effective, and enjoyable youth resistance training programs is an 
understanding of established training principles and an appreciation for the physical and psychosocial uniqueness of children and 



adolescents. Although there is no minimum age requirement at which children can begin resistance training, all participants must be 
mentally and physically ready to comply with coaching instructions and undergo the stress of a training program. In general, if a child 
is ready for participation in sport activities (generally age 7 or 8 years), then he or she is ready for some type of resistance training. 
Although a medical examination before participation in a youth resistance training program is not mandatory for apparently healthy 
children, a medical examination is recommended for youth with signs or symptoms suggestive of disease and for youth with known 
disease.  
Instruction and supervision should be provided by qualified adults who have an understanding of youth resistance training guidelines 
and who are knowledgeable of the physical and psychosocial uniqueness of children and adolescents. Moreover, teachers, personal 
fitness trainers, and youth coaches should develop an appropriate philosophy about training youth that is consistent with the needs, 
goals, and interests of children and adolescents. Ideally, adults who teach and coach youth resistance training should have practical 
experience working with children and adolescents, a recognized professional certification (e.g., National Strength and Conditioning 
Association [NSCA] Certified Strength and Conditioning Specialist or NSCA Certified Personal Trainer), and a level of knowledge 
commensurate with a college degree in physical education, exercise science, or a related field. For youths participating in advanced 
training programs, coaches should have additional knowledge and practical experience to properly instruct and sensibly prescribe or 
advance this type of training. Although less experienced supervisors may assist in the organization and implementation of youth 
resistance training programs, it is unlikely they will be able to provide the quality of care and instruction needed for more advanced 
training. If qualified supervision, age-appropriate exercise equipment, and a safe training environment are not available, youth should 
not perform resistance exercise due to the increased risk of injury (107,132).  
Basic education on weight room etiquette, proper exercise technique, individual goals, and realistic outcomes should be part of youth 
resistance training programs. All participants should receive instruction on safety concerns including the correct use of collars; 
appropriate spotting procedures; the proper storage of exercise equipment; the appropriate handling of barbells, dumbbells, and plates; 
and sensible starting weights. This is particularly important for untrained children who often overestimate their physical abilities (184) 
and who may not be aware of the inherent risks associated with resistance training exercise equipment. Instead of competing against 
each other, youth should be encouraged to embrace self-improvement and feel good about their performances (e.g., the ability to 
correctly perform a multijoint lift). The importance of creating an enjoyable exercise experience for all participants should not be 
overlooked because enjoyment has been shown to mediate the effects of youth physical activity programs (58). Adults should teach 
youth about their bodies as well as the potential benefits of a healthy lifestyle (e.g., proper nutrition, adequate sleep, stress 
management, and regular physical activity) (129).  
Qualified and enthusiastic instruction not only enhance participant safety and enjoyment but also direct supervision of youth resistance 
training programs can improve program adherence and optimize strength gains (53). Although all training sessions should be 
supervised by a qualified adult (or several adults depending on class size), additional supervision may be needed during the first few 
weeks of the resistance training program when participants are learning proper exercise technique and training procedures. Adults 
should present information to children and adolescents in a style and language that is appropriate for their level of understanding, and 
positive, encouraging feedback should be used to foster feelings of competence and reduce anxiety (188). All participants should be 
encouraged to ask questions and freely state their concerns about the program. Charts, posters, and workout cards that promote proper 
exercise technique and realistic expectations are helpful.  
Various combinations of resistance training program variables have proven to be safe and effective for children, providing that 
program developers used scientific information, established training principles, and common sense. All youth resistance training 
programs should include instruction on proper lifting techniques, safety procedures, and specific methods of progression. Because the 
act of resistance training itself does not ensure that optimal gains in strength and power will be realized, the ideal approach is to 
incorporate resistance training into a progressive conditioning program in which the volume and intensity of training change 
throughout the year (141). It is the systematic structuring of program variables along with individual effort and qualified instruction 
that will determine the outcomes associated with resistance training. Finally, children and adolescents must not be treated as miniature 
adults, nor should adult exercise guidelines and training philosophies be imposed on youth.  
The program variables that should be considered when designing a youth resistance training program include (a) warm-up and cool-
down, (b) choice and order of exercise, (c) training intensity and volume, (d) rest intervals between sets and exercises, (e) repetition 
velocity, (f ) training frequency, and (g) program variation. Table 1 summarizes youth resistance training guidelines. A more detailed 
description of youth resistance program variables and training considerations is available elsewhere (47,84,130,137,156,192).  
Warm-up and Cool-down. Over the past few years, long-held beliefs regarding the routine practice of warm-up static stretching have 
been questioned (133,208,223). An acute bout of static stretching has been found to have a negative impact on strength and power 
performance in adults (208), and similar findings have been reported in adolescents (155,257). In recent times, there has been rising 
interest in warm-up procedures that involve the performance of dynamic movements (e.g., hops, skips, jumps, and movement-based 
exercises for the upper and lower body) designed to elevate core body temperature, enhance motor unit excitability, improve 
kinesthetic awareness, and maximize active ranges of motion (73,191). This type of dynamic warm-up may create an optimal 
environment for resistance training by enhancing neuromuscular function (191,201). It has been reported that warm-up protocols that 
include moderate to high intensity dynamic movements can enhance power performance in youth (68,71,76,209).  
In the absence of sufficient evidence to endorse pre-event static stretching with respect to performance enhancement, the potential 
impact of pre-event dynamic exercise on anaerobic fitness performance should be considered. In addition to potential physiological 
benefits, a well-designed dynamic warm-up can also set the tone for the training session and establish a desired tempo for the 
upcoming activities. A reasonable suggestion is to perform 5–10 minutes of dynamic activities during the warm-up period and less 
intense calisthenics and static stretching at the end of the workout. A cool-down period consisting of general calisthenics and static 
stretching can help relax the body and improve flexibility. Moreover, regular long-term stretching (not performed during the warm-up) 



may improve performance and may reduce the risk of injury (208,218). During the cool-down period, it is often worthwhile to reflect 
on what each participant learned and review training objectives for the next session.  
Choice and Order of Exercise. Although a limitless number of exercises can be used to enhance muscular fitness, it is important to 
select exercises that are appropriate for a child’s body size, fitness level, and exercise technique experience. Also, the choice of 
exercises should promote muscle balance across joints and between opposing muscle groups (e.g., quadriceps and hamstrings). Weight 
machines (both child sized and adult sized) as well as free weights, elastic bands, medicine balls, and body weight exercises have been 
used by children and adolescents in clinical- and school-based exercise programs. It is reasonable to start with relatively simple 
exercises and gradually progress to more advanced multi-joint movements as confidence and competence improve. However, in some 
cases (e.g., weightlifting class), it may be appropriate to start with multi-joint movements, provided that light loads are used and the 
focus is on enhancing fundamental movement patterns. 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 perform total body 
workouts several times per week, which involve multiple exercises 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 multi-joint exercises should 
be performed before singlejoint exercises. It is also helpful to perform more challenging exercises earlier in the workout when the 
neuromuscular system is less fatigued. Thus, if a child is learning how to perform a weightlifting movement or a plyometric exercise, 
this type of exercise should be performed early in the training session so that the child can practice the exercise without undue fatigue. 
Training Intensity and Volume. Training intensity typically refers to the amount of resistance used for a specific exercise, whereas 
training volume generally refers to the total amount of work performed in a training session. Although both of these program variables 
are significant, training intensity is one of the more important factors in the design of a resistance training program. However, to 
maximize gains in muscular fitness and reduce the risk of injury, youth must first learn how to perform each exercise correctly with a 
light load (e.g., unloaded barbell) and then gradually progress the training intensity, or volume, or both, without compromising 
exercise technique to lift heavier loads.  
If 1RM tests are not performed, a simple approach may be to first establish the repetition range and then by trial and error determine 
the maximum load that can be handled for the prescribed range. For example, a child or adolescent may begin resistance training with 
1 or 2 sets of 10–15 repetitions with a relatively light or moderate load to develop proper exercise technique. Depending on 
individuals’ needs, goals, and abilities, over time the program can be progressed to include additional sets with heavier loads (e.g., 6 to 
10RM) on large muscle group exercises to maximize gains in muscle strength and power. Although additional training studies are 
needed to explore the effects of different resistance training programs on youth, multiple-set training protocols have proven to be more 
effective than single-set protocols in adults (136), and it is likely that similar findings would occur in children and adolescents over the 
long-term.  
With a careful prescription of sets and repetitions, the training stimulus will remain effective and therefore the effort to benefit ratio 
will be maximized. However, it is important to realize that not all exercises need to be performed for the same number of sets and 
repetitions. For example, an adolescent with resistance training experience may perform 3 sets of 6–8 repetitions on multi-joint 
exercises (e.g., back squat and bench press) with a relatively heavy weight and 2 sets of 10–12 repetitions on single-joint exercises 
(e.g., biceps curl and triceps extension) with a relatively moderate weight. Of interest, findings from adult studies indicate that the 
number of repetitions that can be performed at a given percentage of the 1RM is influenced by the amount of muscle mass used during 
an exercise (207), and similar observations have been reported in children (85).  
Due to the relatively intense nature of power exercises (e.g., plyometric or weightlifting movements), fewer than 6–8 repetitions per 
set are typically recommended for youth. Unlike traditional strength-building exercises, power exercises are explosive but highly 
controlled movements that require a high degree of technical skill. Because fatigue can influence the performance of power exercises, 
it is recommended that youth perform fewer quality repetitions to maintain movement speed and efficiency for all repetitions within a 
set.  
In an attempt to aid in the exercise prescription, researchers have developed prediction equations based on repetitions performed to 
fatigue with a submaximal load (124,142,152). In general, it was found that 1RM strength on selected exercises may be predicted with 
reasonable accuracy in young male and female athletes. Others have developed child-specific perceived exertion rating scales to assess 
the exertional perceptions of children during resistance exercise (78,193). Subjective information from these scales can be used to 
assist in the prescription of effective youth resistance training programs. Rest Intervals Between Sets and Exercises. The length of the 
rest interval between sets and exercises is a program variable of primary importance to coaches, teachers, athletes, and researchers 
(251). Because acute force and power production may be compromised if the rest interval is too short, longer rest intervals of at least 
2–3 minutes for primary, multiple-joint exercises are typically recommended during adult resistance training programs (136). 
However, rest interval recommendations for adults may not be consistent with the needs and abilities of younger populations due to 
growthand maturation-related differences in response to physical exertion. Studies have shown that children are able to recover from 
high-intensity, short-term, intermittent exercise faster than adults (82,90,255).  
Although few data examining the effects of rest interval length on strength performance in younger populations are available, it 
appears that children and adolescents can resist fatigue to a greater extent than adults during several repeated sets of resistance 
exercise (82,213,255). Thus, a shorter rest interval (about 1 minute) may suffice in children and adolescents when performing a 
moderate-intensity resistance exercise protocol, although the likelihood that adolescents may fatigue more rapidly than children should 
be considered. Obviously, training intensity, training volume, exercise choice, and fitness level will influence the length of the rest 
interval. Some young athletes (e.g., adolescent weightlifters) who perform exercises that require higher levels of power or skill may 
require longer rest intervals (e.g., 2–3 minutes) between sets and trials during practice and competition to maintain muscle 
performance.  



Repetition Velocity. The velocity or cadence at which a strength exercise is performed can affect the adaptations to a training program 
(136). Because youth need to learn how to perform each exercise correctly with a relatively light load, it is generally recommended 
that youth resistance train in a controlled manner at a moderate velocity. However, different training velocities may be used depending 
on the choice of exercise. For example, plyometric exercises and weightlifting movements are explosive but highly controlled 
movements that should be performed at a high velocity. Although additional research is needed, it is likely that the performance of 
different training velocities within a training program may provide the most effective resistance training stimulus.  
Training Frequency. A resistance training frequency of 2–3 times per week on nonconsecutive days is recommended for children and 
adolescents. Limited evidence indicates that 1 dwk21 of resistance training may be suboptimal for enhancing muscular strength in 
youth (29,79), although once per week training maybe effective in retaining the strength gains made after resistance training (55). In 
general, a training frequency of 2 or 3 times per week on nonconsecutive days will allow for adequate recovery between sessions (48–
72 hours between sessions) and will be effective for enhancing strength and power in children and adolescents. Although some young 
athletes may participate in strength and conditioning activities more than 3 dwk21 , factors such as the training volume, training 
intensity, exercise selection, nutritional intake, and sleep habits need to be considered as these factors may influence one’s ability to 
recover from and adapt to the training program. As training programs become more advanced (and potentially more frequent), the 
importance of reinforcing proper exercise technique and training habits with less intense workouts during the week should not be 
overlooked.  
Program Variation. By periodically varying program variables, long-term performance gains will be optimized, boredom will be 
reduced, and the risk of overuse injuries will likely decrease (136,138). The concept whereby a training program is systematically 
varied over time is known as periodization. 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. Although additional research involving younger populations is needed, it is reasonable to suggest that children and 
adolescents who participate in well-designed, periodized resistance training programs and continue to improve their health and fitness 
may be more likely to adhere to their exercise programs. Furthermore, planned changes in the program variables can help prevent 
training plateaus, which are not uncommon after the first 8–12 weeks of resistance training.  
Program variables for progression during youth resistance training for strength and power are outlined in Table 2 and Table 3, 
respectively. Regardless of the training goal, all youth should begin with a light load and progress gradually to learn proper exercise 
technique and become skilled in various exercise procedures. Because both force and velocity components are important for power 
training, 2 loading strategies are required, namely, moderate to heavy loads for strength and light to moderate loads performed at an 
explosive lifting velocity. Although multi-joint exercises such as power cleans and push presses have been used extensively for power 
training, proper technique must be stressed because the quality of effort per repetition (maximal velocity) is critical to the performance 
of these lifts. A power component for novice and intermediate lifters consisting of 1–3 sets of 3–6 repetitions performed not to failure 
should be integrated into the resistance training program. Although traditional repetition systems normally involve the performance of 
successive repetitions with minimal pause in between each repetition, the performance of explosive movements does not always need 
to conform to this pattern. Given the importance of learning proper exercise technique, every repetition should be initiated from the 
proper starting position. Hence, it may be advantageous for young weightlifters to pause briefly between each repetition to reset their 
starting position to ensure that optimal technique is achieved on every repetition.  
For the purpose of this review, a ‘‘novice’’ refers to an individual who has no or limited resistance training experience (#2 to 3 
months) or an individual who has not trained for several months. ‘‘Intermediate’’ refers to an individual who has approximately 3–12 
months of consistent resistance training experience. ‘‘Advanced’’ refers to those individuals with at least 12 months of resistance 
training experience who also attained significant improvements in muscular strength and power.  
Although there is not one model of periodization, the general concept is to prioritize training goals and then develop a long-term plan 
that changes throughout the year. By periodically varying the training intensity, training volume, rest interval length, and exercise 
choice, the risk of overtraining may be minimized and potential for maintaining training-induced gains could be maximized (99). It is 
worth noting that periodized training programs should include periods of active rest (e.g., 1–3 weeks recovery between sport seasons) 
to allow for physical and psychological recovery from the training sessions. This is particularly important for youth who represent 
different sports teams, specialize in sport year-round, or participate in extracurricular conditioning activities at private training centers. 
In addition, to promote long-term gains in strength and performance in children and adolescents, training programs should include 
educational sessions on lifestyle factors and behaviors that are conductive to high performance (129). Of note, the importance of 
proper nutrition (52), sufficient hydration (44), and adequate sleep (165) should not be overlooked. A detailed review of periodization 
and lifestyle factors that may influence athletic performance are beyond the scope of this review, but they are available elsewhere 
(129,136,138).  
CONCLUSIONS  
Despite outdated concerns regarding the safety or effectiveness of youth resistance training, scientific evidence and clinical 
impressions indicate that youth resistance training has the potential to offer observable health and fitness value to children and 
adolescents, provided that appropriate training guidelines are followed and qualified instruction is available. In addition to 
performance-related benefits, the effects of resistance training on selected health-related measures including bone health, body 
composition, and sports injury reduction should be recognized by teachers, coaches, parents, and health care providers. These health 
benefits can be safely obtained by most children and adolescents when prescribed age-appropriate resistance training guidelines. We 
now have the information to support the consideration of incorporating resistance training into a health-oriented approach to lifelong 
physical activity. Important future research goals should be to elucidate the mechanisms responsible for the health-related benefits 
associated with youth resistance exercise, to establish the combination of program variables that may optimize long-term training 



adaptations and exercise adherence in children and adolescents, and to explore the potential benefits of resistance training on youth 
with various medical conditions including obesity, diabetes, cancer, severe burns, and physical limitations, and intellectual disabilities. 
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Abstract 
 
There has recently been a growing interest in long-term athletic development for youth. Because of their unique physical, 
psychological, and social differences, children and adolescents should engage in appropriately prescribed exercise programs that 
promote physical development to prevent injury and enhance fitness behaviors that can be retained later in life. Irrespective of whether 
a child is involved in organized sport or engages in recreational physical activity, there remains a need to adopt a structured, logical, 
and evidence-based approach to the long-term development of athleticism. This is of particular importance considering the alarmingly 
high number of youth who fail to meet global physical activity recommendations and consequently present with negative health 
profiles. However, appropriate exercise prescription is also crucial for those young athletes who are physically underprepared and at 
risk of overuse injury because of high volumes of competition and an absence of preparatory conditioning. Whether the child 
accumulates insufficient or excessive amounts of exercise, or falls somewhere between these opposing ends of the spectrum, it is 
generally accepted that the young bodies of modern day youth are often ill-prepared to tolerate the rigors of sports or physical activity. 
All youth should engage in regular physical activity and thus should be viewed as “athletes” and afforded the opportunity to enhance 
athleticism in an individualized, holistic, and child-centered manner. Because of emerging interest in long-term athletic development, 
an authorship team was tasked on behalf of the National Strength and Conditioning Association (NSCA) to critically synthesize 
existing literature and current practices within the field and to compose a relevant position statement. This document was subsequently 
reviewed and formally ratified by the NSCA Board of Directors. A list of 10 pillars of successful long-term athletic development are 
presented, which summarize the key recommendations detailed within the position statement. With these pillars in place, it is believed 
that the NSCA can (a) help foster a more unified and holistic approach to long-term athletic development, (b) promote the benefits of 
a lifetime of healthy physical activity, and (c) prevent and/or minimize injuries from sports participation for all boys and girls. 
 
Operational Terms 
Throughout this position statement, the following operational terms are defined as given below: 
 
* Athleticism is the ability to repeatedly perform a range of movements with precision and confidence in a variety of environments, 
which require competent levels of motor skills, strength, power, speed, agility, balance, coordination, and endurance. 
 
* The term long-term athletic development refers to the habitual development of “athleticism” over time to improve health and fitness, 
enhance physical performance, reduce the relative risk of injury, and develop the confidence and competence of all youth. 
 
* The terms youth and young athletes represent both children (up to the approximate age of 11 years in girls and 13 years in boys) and 
adolescents (typically including girls aged 12–18 years and boys aged 14–18 years). 
 
* Growth is the most significant biological activity during the first 2 decades of life and is defined as an increase in the size attained 
by specific parts of the body, or the body as a whole. 
 
* Maturation is defined as progress toward a mature state and varies in timing, tempo, and magnitude between different bodily 
systems. 
 
* A qualified professional possesses (a) an appropriate understanding of pediatric exercise science, exercise prescription, technique 
evaluation, and testing methods, (b) relevant coaching experience and a strong pedagogical background, and (c) a recognized strength 
and conditioning qualification, for example, the Certified Strength and Conditioning Specialist (CSCS) certification. 
 
Introduction 
In an address at the University of Pennsylvania in 1940, the 32nd President of the United States, Franklin D. Roosevelt, delivered the 
adage “We cannot always build the future for our youth, but we can build our youth for the future.” Conceptually, this statement is a 
suitable philosophy for long-term athletic development. Ultimately, it is impossible to truly determine whether a child will be involved 
in elite-level sport or simply choose to engage in recreational physical activity later in life; however, it is imperative that all children 
learn how and why various types of physical conditioning are important to suitably prepare them for the physical and psychological 
demands of a lifetime of sport and physical activity. Although the development of athleticism has traditionally been viewed as a goal 
for aspiring “young athletes,” it is crucial that strength and conditioning coaches, personal trainers, teachers, parents, and medical 



professionals adopt a systematic approach to long-term athletic development for youth of all ages, abilities, and aspirations (143). A 
list of the pillars of successful long-term athletic development is provided in Table 1. 
 
1. Long-Term Athletic Development Pathways Should Accommodate for the Highly Individualized and Nonlinear Nature of 
the Growth and Development of Youth 
 
It is commonly stated that “children are not miniature adults” and because of their immature physiological and psychosocial state, they 
should be prescribed appropriate training programs that commensurate with their technical ability and stage of development (145). 
Children's anatomy and physiology differs from that of adolescents, which in turn is different from the physiology of adults. Clear 
differences between children and adolescents/adults exist in muscle structure (133,193), size (62,139), activation patterns 
(61,62,198,259), and function (77,262). These differences will typically predispose children to reduced force-producing or force-
attenuating capabilities, which will have implications for absolute measures of physical performance and relative risk of injury. 
Additionally, it is clear that children's metabolic profile is more conducive to oxidative metabolism (211) and recovery rates from 
high-intensity exercise are shorter in youth than in adults (212,250). This suggests that aerobic and anaerobic exercise thresholds will 
likely vary according to the stage of development. Combined, these examples underlie the potential age- or maturity-related effects on 
differential physiology between youth and adults. Notwithstanding other age-related and/or maturity-related differences in physiology 
(e.g., skeletal, cardiovascular, respiratory, or endocrine systems), practitioners must be cognizant of the fact that these systems will 
develop during childhood and adolescence at different rates and in a nonlinear manner (157). This variance in physical development is 
most notable when comparing a group of children of the same chronological age (23,145,154,156), whereby individuals of the same 
chronological age can differ markedly with respect to biological maturity (14,145,157). Biological maturation reflects the process of 
progressing toward a mature state, and varies in timing and tempo, and between different systems within the body (22). Significant 
interindividual variance exists for the extent (magnitude of change), timing (onset of change), and tempo (rate of change) of biological 
maturation. In addition to these developmental incongruities among youth, the manner in which they respond to, and recover from, 
training is likely to differ between youth of the same age or maturation status (5,15,16,147,219). Indeed, a real challenge for sport and 
exercise scientists and practitioners working with youth is to determine whether changes in performance are mediated from training-
induced or growth-related adaptations. 
 
Effects of Sport and Physical Activity on Growth and Development 
Physically active children will typically outperform those who are inactive in most indices of physical performance (155). Being 
inactive is associated with a high probability of being overweight or obese during the growing years (179,253). Therefore, physical 
activity, exercise, and sport should be viewed as key preventive treatments for unfavorable weight status and an important precursor 
for healthy growth and development (75,76,183). There exists a positive relationship between motor skill competence and physical 
activity across childhood (214). Therefore, it is essential that all youth be encouraged to enhance athleticism from an early age by 
engaging in multifaceted training inclusive of a range of different training modes (142). Previous misconceptions regarding the impact 
of physical training on growth and development trajectories are not supported with literature, especially as data are often correlational 
and cross-sectional in nature (22,156). Although fears previously existed surrounding the effect of physical training on eventual 
growth of youth (especially in sports such as gymnastics), evidence now indicates that well-supervised physical training does not 
impair the development of secondary sex characteristics (153), does not delay age at menarche (160), and does not restrict eventual 
growth height (22,152). Moreover, when rest and training are prescribed systematically, moderate-to-high intensity exercise is needed 
to help bone mineral accrual during childhood and adolescence (3,13,87,88,116,118,267), which is of great benefit for long-term 
skeletal health. 
 
Owing to the unique physiology of children, it is clear that practitioners working with youth require a sound understanding of pediatric 
exercise science to (a) prescribe training programs that are commensurate with the needs and abilities of the individual, (b) distinguish 
between training-induced and growth-related adaptations in performance (either positive or negative), and (c) understand the manner 
in which growth, maturation, and training interact to optimize the training response and the development of athleticism. 
 
2. Youth of All Ages, Abilities, and Aspirations Should Engage in Long-Term Athletic Development Programs That Promote 
Both Physical Fitness and Psychosocial Well-Being 
 
The development of physical fitness in youth is a complex process, which involves interaction of growth, maturation, and training 
(5,15,16,145,219,261). Practitioners should appreciate the potential impact that other lifestyle factors will have on physical fitness 
development and physical activity engagement, including dietary behaviors (48,52), educational stress (159), sleep patterns (95,163), 
psychosocial health (24), and unrealistic external pressures from significant others such as parents or coaches (201,251). 
Cumulatively, all these factors can impact the engagement and enjoyment experienced by youth, adherence rates to training programs, 
and consequently the magnitude and rate of development of physical fitness. 
 
Despite many factors impacting the training process of youth, there is often varying levels of understanding and a lack of coordinated 
planning among those personnel who are responsible for the long-term welfare and well-being of children and adolescents. With these 
inconsistent approaches between key personnel in mind, from a global perspective, 2 primary corollaries are evident within the 
pediatric literature. First, the number of youth who are physically inactive, overweight, or obese and demonstrate poor standards of 
physical fitness, deficient levels of muscular strength, and inadequate motor skill competency follows an unfavorable trajectory 



(40,44,53–55,105,107,175,194,195,220,257). Of note, the term exercise deficit disorder (EDD) has been proposed to describe a 
condition characterized by reduced levels of moderate-to-vigorous physical activity that negatively impact the health and well-being 
of youth (75,76). Importantly, children and adolescents who present with symptoms or behavioral patterns reflective of EDD should 
be prescribed exercise interventions geared toward the development of fundamental movement skills, foundational strength, and 
general athleticism (76). The prevalence of substandard athleticism in modern-day youth will not only likely increase the prevalence 
of overweight or obese youth (114,115) but also will increase the relative risk of injury for inactive youth who eventually engage in 
physical activity or sports (25). Second, a growing concern for practitioners is the number of youth reporting with sport-related 
injuries as a consequence of overexposure to high volumes of sport-specific training/competition in the absence of adequate rest and 
recovery (120). Consequently, there are an increased number of young athletes experiencing nonfunctional overreaching, overtraining, 
burnout, and eventual dropout from sport (57,162). Young athletes should be encouraged to participate in a variety of activities and 
sports, avoid year-round training for a single sport, and should be carefully monitored in a coordinated manner to prevent the risk of 
nonfunctional overreaching or overtraining. 
 
Because of the multifactorial nature of physical fitness development and the current trends linked with both insufficient and excessive 
(specialized) amounts of physical activity, a long-term and structured approach to the development of athleticism in youth is 
warranted. Irrespective of the population (e.g., youth, adult, seniors), it is generally accepted that a structured training program will 
produce superior results than unstructured training or no training at all (206). Long-term and systematically progressed approaches to 
developing athleticism in youth, delivered by qualified professionals, will enable more effective control over training variables, a 
reduction in the risk of overtraining, and an enhanced overall adaptation in physiology and performance. Although a number of 
authors have previously discussed the role of long-term athletic development models in developing human performance or sporting 
talent (9,10,49,92,142,146), it is vital that practitioners acknowledge that the constructs of long-term athletic development are 
appropriate for youth of all ages and abilities (143). Although a systematic approach to the development of athleticism is required to 
prepare aspiring young athletes for the demands of sport (69), it is imperative that all youth, including those that are inactive, 
underweight, overweight, or obese are afforded the same opportunity to engage in dynamic, integrated, and evidence-based training 
programs that promote the development of both health and skill-related components of fitness (75,143,144,180,182). 
 
Performance vs. Participation Pathways 
Despite existing models for the long-term development of athleticism providing structure and guidance for practitioners, it should be 
noted that any model should not be viewed as a stringent blueprint that can be superimposed on any participant, within any 
environment. Rather, practitioners must ensure that wherever possible, long-term training programs are tailored to the needs of the 
individual and within the confines of the unique demands of the training environment. This is a pertinent factor owing to the highly 
individualized interaction effects of growth and maturation on the training response of youth. Regardless of the model that a child 
enters, it is imperative that they are able to transition between developmental pathways (143). Adolescence offers a time in which 
young athletes are more likely to drop out of competitive sport (85), but some individuals will subsequently remain involved in sport 
or physical activity at a recreational level. Similarly, an adolescent may be identified by a sporting organization as a talented athlete 
who has previously only participated in recreational physical activities. In either event, the adolescent should be supported from a 
holistic perspective. Physically, they should be prescribed suitable training that prepares them for the demands of their sport or 
physical activity while enabling them to achieve recommended exposure to daily physical activity (264). They should also be provided 
with relevant support that encourages the development of a positive sense of self-worth, self-confidence, motivation, and enjoyment to 
foster a lifetime of engagement in sport and physical activity. 
 
3. All Youth Should Be Encouraged to Enhance Physical Fitness From Early Childhood, With a Primary Focus on Motor Skill 
and Muscular Strength Development 
 
Whether a child is engaged in competitive sport or simply participates in recreational physical activity, a common philosophy of long-
term athletic development models is that engagement in physical activity during early childhood is vital (143). The developmental 
time frame of brain maturation is associated with a heightened degree of neural plasticity during childhood (37,38,181,215). This stage 
of development involves the process of pruning and an overall strengthening of the synaptic pathways (148,237,238,241) and provides 
an opportunity to take advantage of the motor skill potential of children. Existing models of long-term athletic development indicate 
that training foci during the initial stages of childhood should be based on the acquisition of rudimentary and fundamental motor skills 
in addition to the development of foundational strength (10,39,143,146). Although correct execution of fundamental motor skills 
requires coordinated sequencing of multimuscle, multijoint, multiplanar movements, there will always be a requirement for 
complimentary force production and force attenuation. Neuromuscular coordination and force production are governed by neural 
activation and control, and thus it is optimal to target the development of motor skills and muscular strength at a time when the 
corticospinal tissue in children is highly “plastic” (188). Practitioners should not view coordination and muscular strength as separate 
entities but rather synergistic components of motor skill performance (39) and should therefore seek to develop both qualities during 
early childhood. Although youth should engage in multidimensional strength and conditioning programs that use a range of training 
modes to develop both health- and skill-related components of fitness, prioritizing neuromuscular training that enhances both 
muscular strength and motor skill prowess, starting from early childhood, is recommended for the long-term physical development of 
both children and adolescents (70,75,142). 
 



For the long-term enhancement of athleticism, developing a proficient physical “vocabulary” of fundamental motor skills during early 
childhood should serve as the foundations on which more advanced and complex specific motor skills can be later developed 
(134,142,188). Specifically, fundamental motor skills encompass the ability to perform locomotive, manipulative, and stabilizing 
movements (149). Complimenting motor skill training with muscular strength development during early childhood is crucial because 
muscle strength is a key determinant of motor skill function (70). Muscular strength is strongly associated with a multitude of physical 
qualities in youth, for example, speed and power (45). Additionally, enhancing muscular strength using resistance training can 
improve physical performance (15,108,141), improve markers of health in obese and overweight youth (18,19,229–231,247), and help 
reduce the risk of sports-related injury (172,180,190,256). Thus, a primary aim of long-term athletic development programs should be 
to develop resilient, strong, and technically proficient youth, who can robustly maintain motor skill competence within the demands of 
any sporting or recreational activity. This philosophy is of particular importance considering recent trends in the neuromuscular fitness 
of youth (44,175,220). A meta-analytical review of 34 training studies showed that pre- and early-pubertal youth achieved resistance 
training-induced gains in motor skills that were approximately 50% greater than adolescents (15), thus highlighting the increased 
trainability of motor skills in children. Aside from the development of athleticism, preparatory conditioning inclusive of motor skill 
and muscular strength development provides an appropriate strategy for reducing the relative risk of injury for youth during sport and 
physical activity later in life (69,80,111,112,190). Motor skill competence, and indeed the perception of motor skill competence, is an 
important antecedent of physical activity during childhood (42,83,107,135,214,242) and adulthood (140,149). Cumulatively, early 
engagement in developmentally appropriate training during childhood is warranted for the optimization of athleticism, lifelong health 
and well-being, and the reduction of relative risk of injury. 
 
Starting Age 
Although there is not a single chronological age at which it is deemed acceptable for youth to formally start training, recent guidelines 
recommended that any child engaging in a form of resistance training is emotionally mature enough to accept and follow directions 
and possesses competent levels of balance and postural control (approximately 6–7 years of age) (134,141,189). However, children 
should engage in exploratory and deliberate play from early childhood (from birth to the age of 5–6 years) inclusive of activities 
designed to develop fundamental motor skills (138) and foundational levels of strength (e.g., gymnastics or similar bodyweight 
management activities) (143). If children are ready to engage in organized sports, they are ready to participate in developmentally 
appropriate strength and conditioning as part of a long-term approach to developing athleticism (189). 
 
4. Long-Term Athletic Development Pathways Should Encourage an Early Sport Sampling Approach for Youth That 
Promotes and Enhances a Broad Range of Motor Skills 
 
Sampling refers to an approach that encourages youth to engage in a variety of sports or activities and a number of positions within a 
given sport. Literature has stated that a sampling approach does not restrict elite sporting development, but in fact, facilitates longer 
sporting careers and increases the chance of sustained participation in physical activity (50). Conversely, early specialization refers to 
the concept of a child participating in year-round intensive training within a single sport or physical activity at the exclusion of others 
(57,265). Concerns exist regarding the adoption of an early specialization approach in youth, largely because of the inherent 
associations with increased risk of injury (36,78,79,104,119,120,187,192,235), the potential “blunting” of an individual's motor skill 
portfolio (57,144,176,186), a reduced standard of performance later in life (28,84,96,174,268), an increased risk of overtraining or 
dropout from sport or physical activity (4,35,151,187), and the nonguarantee of achieving elite-level performance (28,101,174). 
 
Effects of Early Specialization on Physical Performance 
Irrespective of the potential risks associated with early sport specialization, both children and adolescents are being encouraged to 
engage earlier in sports often because of the lure of a higher standard of performance, for example, securing national team selection, 
college scholarships, or professional contracts. The assumption that earlier specialization will lead to enhanced sports performance has 
largely been driven by the incorrect extrapolation of data examining the development of expert musicians and the proposed “10,000-
hour rule” (66). The rule denotes that an individual must acquire 10,000 hours of deliberate practice to attain mastery in a given sport 
or activity, which could also be viewed as dedicating specific practice to the same sport or activity for 3 hours a day for 10 years. 
However, in a recent editorial, it was suggested that their seminal work on expert performers had been misinterpreted and that expert 
performance had been achieved by some with just 5,000 hours of practice (65), which is more reflective of the training volumes 
reported for actual sports performers (174). Consequently, practitioners should not subscribe to the hypothetical 10,000 hours rule, but 
instead value the quality of practice rather than a specific quantity of practice. 
 
The early specialization approach is particularly common when young children display innate talent at a young age, leading to 
significant others (e.g., parents or coaches) seeking achievement by proxy distortion and going beyond normal ambition for success 
(251). In contrast, although it may be a common view that an accumulation of greater volumes and intensities of sport-specific 
practice at a young age will lead to sporting success, existing data do not support this notion, with the number of individuals 
transitioning from entry level to elite standard across a range of sports in a linear fashion remaining small (101). For sports measured 
in centimeters, grams, or seconds (e.g., track and field, swimming, or weightlifting), later specialization and exposure to lower 
volumes of specific practice earlier in life are significant determinants of elite performance in adulthood (174). Despite potential early 
accomplishments, in general, athletes who specialized at an earlier age experienced less success as they became older (174). 
Furthermore, athletes who did achieve elite sporting success were found to intensify their training toward the end of adolescence, 
leading to greater volumes of training toward early adulthood. Similarly, adopting a sampling approach and investing in multiple 



sports as opposed to specializing in a single sport produced improved performance in gross motor coordination and standing broad 
jump tests in 10- to 12-year-old boys (84). In addition, the analysis of retrospective data across a multitude of sports indicates that 
individuals who participated in 3 sports or more between 11 and 15 years of age were more likely to play national compared with club 
standard sport between 16 and 18 years (28). 
 
Effects of Early Specialization on Injury Risk 
The risks of overuse injury seem to increase as a result of early specialization due to the repetitive submaximal loading on the 
musculoskeletal system in the absence of sufficient recovery time for subsequent adaptation (57,239). For example, data from a 
sample of female youth athletes showed that those who had specialized at an earlier age had a 1.5-fold greater risk of knee-related 
injury (104). The authors also reported that diagnoses including patellar tendinopathy and Osgood-Schlatter disease exhibited a 4-fold 
increased relative risk in single-sport specialized versus multiple-sport athletes (104). In a similar study, data on 1,190 individuals 
showed that after accounting for age and time spent playing sport, sports-specialized training was a significant independent risk factor 
for acute and serious overuse injury (120). 
 
The increased training volumes associated with early specialization are a pertinent injury risk factor for youth (119). For example, 
high training volumes and competitive workloads are strongly associated with an increased risk of overuse injury in adolescent 
baseball pitchers (200). Additionally, high volumes of weekly running mileage are significantly associated with increased risk of 
lower-limb injury in adolescent runners (248), whereas a high training volume was the most influential risk factor for injury in a 
cohort of 2,721 high school athletes across a variety of sports (216). Recently, Jayanthi et al. (120) revealed a heightened risk of injury 
when youth participated in more hours of sports practice per week than their number of years in age, or whereby the ratio of organized 
sports to free play time was in excess of 2:1. Regardless of age, existing data support the notion that youth should not train in excess 
of 8 months per year in a single sport (120,200), whereas the weekly training volume of 16 hours marks a threshold above which the 
risk of injury increases (144,187). 
 
Overexposure to a narrow range of specific movement patterns with insufficient rest and recovery and an ensuing blunted motor skill 
portfolio are common links to both the reduced physical performance and higher risk of injury associated with early sport 
specialization. By exposing youth to different sports and activities and adopting a movement variability approach to motor skill 
development within different environments, they are less likely to chronically overstress specific regions of the musculoskeletal 
system, therefore reducing their risk of overuse injury. Adopting a movement variability philosophy will ensure that the point of force 
application will constantly vary; thus promoting more global whole-body adaptation, facilitating change in coordination, and reducing 
injury risk (12). Regarding physical performance, developing a broad spectrum of fundamental motor skills will enable more intricate 
and reactive global movements that are inherently witnessed in sports, physical activity, and free play to be developed (149). Qualified 
professionals should focus on developing a wide breadth of movement skills as opposed to a depth of mastery in a small range of 
skills to better enable the individual to produce effective and efficient movements in a wide range of environments and to maximize 
their overall athleticism. 
 
5. Health and Well-Being of the Child Should Always Be the Central Tenet of Long-Term Athletic Development Programs 
 
Health can be defined as “a condition of well-being free of disease or infirmity and a basic and universal human right” (227). Huppert 
et al. (117) defined well-being as a positive and sustainable state that enabled an individual, group, or nation to thrive and flourish. 
Participation in sports has been acknowledged as a viable means to promote well-being in youth (59,63,240); however, the 
International Olympic Committee stated that while youth should engage in sports, the process should be both pleasurable and fulfilling 
to sustain participation and success at all levels (21,177). Collectively, these philosophies should apply to all forms of physical activity 
for youth, inclusive of well-rounded strength and conditioning programs (69,196). Irrespective of whether a child is involved with 
competitive sports or recreational physical activity, health and well-being should at all times be a key priority of any long-term athletic 
training program. 
 
Psychosocial Factors in Health and Well-Being 
Youth should be exposed to positive experiences through sport and physical activity to maximize well-being. The primary reason that 
children initially engage in sport and physical activity is for fun, enjoyment, and to experience different activities (2). Similarly, a lack 
of fun and enjoyment is commonly the main cause of dropout from sport (32,51). To promote well-being in youth, practitioners should 
seek to develop (a) a growth mindset, (b) self-determined motivation, (c) perceived competence, (d) confidence, and (e) resilience 
(196). Specifically, a growth mindset will foster the belief that effort, purposeful practice, and guidance from qualified professionals 
will lead to development and success; while self-determined motivation reflects a state of mind that leads to a child participating in 
sport or physical activity for its interest, enjoyment, inherent satisfaction, and sense of challenge (221). Perceived competence is an 
important attribute to develop in youth, as it is strongly associated with participation in physical activity (140,214), especially during 
adolescence when the use of social comparison among youth and the role of peer support becomes more influential (30,222,223). 
Confidence is strongly related to reduced anxiety, positive emotions, and successful performance (260), whereas resilience is defined 
as the ability of an individual to retain stability or recover quickly under significant adverse conditions (137). To enhance well-being, 
qualified professionals should integrate a combination of strategies, including the use of mental skill training, process-oriented goals, 
and clear and positive feedback, while maintaining a fun agenda to all sessions. Similarly, qualified professionals should foster a 



training environment in which developmentally appropriate activities are prescribed, encouragement is reinforced, and whereby task 
failure is viewed as a positive aspect of the learning process. 
 
Physical Factors in Health and Well-Being 
Youth should engage in developmentally appropriate, well-rounded strength and conditioning programs from an early age that 
prioritize a long-term view to the development of athleticism. Therefore, chronic and sustainable adaptations should be the ultimate 
goal of youth training provision as opposed to acute gains in performance. Welfare is closely associated with the basic human rights of 
the child and will aid in the promotion of well-being (197). Training should at all times respect these rights and be commensurate with 
the technical competency, training history, and stage of growth and development of the child (178). Under no circumstance should 
physical exertion be forced that could be deemed abusive practice within a youth training program (129). Examples may include 
exercise programs that could be injurious activities that are not in any way beneficial, or prescription that could be viewed as a form of 
punishment (129). Forced physical exertion, prescribed as a form of physical punishment, can have severe physical consequences such 
as that which led to a 12-year-old boy being hospitalized with exertional rhabdomyolysis (41), a situation that is unethical and entirely 
unacceptable. Training prescription should be balanced with adequate rest to enable recovery and growth processes to occur and to 
avoid the risks of accumulated fatigue and associated risks of overtraining (57,162). 
 
6. Youth Should Participate in Physical Conditioning That Helps Reduce the Risk of Injury to Ensure Their Ongoing 
Participation in Long-Term Athletic Development Programs 
 
Although it is impossible to completely eliminate sport- and physical activity-related injuries, developmentally appropriate training 
can reduce the relative risks of injury in youth (21,74,109,141,190,217,236,245,256). More specifically, when youth participate in 
well-rounded strength and conditioning programs, inclusive of resistance training, motor skill and balance training, speed and agility 
training, and appropriate rest, the likelihood of experiencing an injury can be reduced by as much as 50% (172,256). The cause of the 
reduction in injury incidence, or injury risk factors, is likely due to improved movement biomechanics, increased muscle strength, and 
enhanced functional abilities (74,110,158,184). From a long-term athletic development perspective, it is imperative that youth, and 
those that are responsible for their developmental programming, realize the importance of following strength and conditioning 
programs that suitably prepare them for the demands of sport and physical activity. For example, early engagement in neuromuscular 
training is likely to result in a reduced risk of anterior cruciate ligament injury later in life in female athletes (190). The authors 
speculated that this finding was likely attributable to a window of opportunity for developing sound motor skills and concomitant 
strength levels before the onset of puberty, which is known to be a developmental stage in which youth experience significant 
alterations in movement biomechanics (81,113), force attenuation capabilities (207), and lower-limb strength ratios (208). It should 
also be recognized that sports participation alone does not provide a sufficient stimulus to develop high levels of athleticism in youth, 
as many sporting practices fail to provide adequate exposure to recommended daily physical activity guidelines (100,136), nor does it 
allow for individual needs to be addressed such as muscle imbalances or reduced ranges of motion (144). 
 
“Underuse” as a Risk Factor for Injury 
Although an abundance of existing data support the inclusion of preparatory conditioning for young athletes (21,64,123,190,246,256), 
the long-term development of athleticism must also be viewed as a valuable injury prevention tool for nonathletic youth. Physical 
inactivity is a major risk factor for activity-related injuries in children (25,243), and global statistics indicate that levels of inactivity in 
modern day youth remain worryingly high (191,252,254). Intuitively, much like young athletes who are often ill prepared for the high 
volumes of sport-specific practice and competitions, inactive youth are also unlikely to be suitably prepared for the demands of 
competitive/recreational sports or even general physical activity. For example, overweight and obese youth are twice as likely to suffer 
an injury during sports or recreational physical activity in comparison with their normal weight peers (165). Thus, “underuse” is likely 
the most dangerous risk factor for a number of youth, which highlights the critical importance of appropriately designed long-term 
athletic development models. 
 
Influence of Growth and Maturation on Injury Risk 
Current data indicate that the risk of injury, in particular to the lower limb, peaks around the time of the adolescent growth spurt 
(33,58,113,185,258). During this period of rapid development, there are disproportionate growth rates between structural tissues, with 
bone growing earlier and at a faster rate than both muscle and tendon, which lag behind (130). The growth differential between these 
tissues can lead to discomfort and reduced flexibility around joints (130); however, it is the marked increase in the growth rate during 
this stage of development, which leads to increases in body mass and height of center of mass in the absence of corresponding 
adaptations in strength and power, which can lead to excessive loading of the musculoskeletal system during dynamic and reactive 
actions (111,130,185,258). For example, the rapid increases in both stature and body mass in female adolescents places them at 
increased risk of knee injury because of the increased stature developing without concomitant increases in hip and knee strength (185). 
The development of muscular imbalances around the pubertal growth spurt is also a viable risk factor, with longitudinal data in 
adolescent females showing that hamstring-to-quadriceps strength ratios decrease from prepubertal to pubertal stages (208). This 
muscle imbalance is of particular concern as when fatigued, both young and adult females use a less favorable activation strategy 
(56,128,167,202), reducing their ability to appropriately dissipate aberrant knee loads indicative of an anterior cruciate ligament injury 
mechanism (112,132). Although mechanistic data are required for young males, recently it has been suggested that the adolescent 
growth spurt is a developmental timeframe in which the risk of traumatic injury in pubertal males is intensified (228,258). Finally, 
bone mineralization typically lags behind linear bone growth during the pubertal spurt, thus leading to increased bone porosity and 



exposing the bone to a heightened risk of fracture (8). Consequently, irrespective of participation in competitive sports or 
noncompetitive recreational physical activity, all youth should participate in long-term training programs to promote the level of 
athleticism required to withstand the physical demands associated with their chosen activity and to offset growth- and maturity-
associated risk factors. 
 
7. Long-Term Athletic Development Programs Should Provide All Youth With a Range of Training Modes to Enhance Both 
Health- and Skill-Related Components of Fitness 
 
Trainability of Youth 
Trainability refers to the responsiveness of youth to a given training stimulus at various stages of development. As the field of 
pediatric exercise science continues to evolve, practitioners will gain a greater understanding of how responsive youth are to different 
modes of training. Our understanding of trainability typically emanates from largely discrete cross-sectional interventions, and these 
combined data indicate that both children and adolescents can make significant and worthwhile changes in motor skills (15,67,98), 
muscle strength and power (16,68,141), running speed (121,219), agility (122,171), and endurance performance (5,161,168). Recent 
data indicate that continual exposure to various training methods can benefit both children and adolescents (125,126,224). Of the 
longer-term interventions, 2 years of strength training have produced significant improvements in relative lower-body strength (125), 
faster change of direction speed (126), and 30-m sprint speed (224). Despite showing many benefits of strength training on measures 
of physical performance in youth, these studies did not account for the influence of maturation or sex on the rate and magnitude of 
change. Thus, the interaction of growth, maturation, and training during childhood and adolescence remains unclear and warrants 
further research. 
 
Although strong evidence indicates that worthwhile gains in physical performance are achieved with strength and motor skill 
developmental models, limited evidence is available relative to the mode of exercise that should be prioritized at specific stages of 
development. Previous models of long-term athletic development have promoted the theory of “windows of opportunity” that provide 
youth with specific periods in which to train specific components of fitness (10), and failure to train specifically during these windows 
will limit performance capacity later in life (10). Although this theory attempted to bridge our understanding of growth, maturation, 
and training, this concept has since been challenged largely because of a lack of supporting longitudinal empirical data (82). 
Combined with the existing pediatric training literature, it becomes clear that both children and adolescents can make worthwhile 
improvements in all components of fitness irrespective of their stage of development (69,70,142,143), and consequently long-term 
training programs should seek to develop athleticism throughout the developmental period of childhood and adolescence. 
 
Although both children and adolescents can make significant improvements in various physical fitness qualities (e.g., strength, motor 
skills, speed, and power), the most efficacious training modes used to acquire these adaptations may complement the physiological 
adaptations occurring as a result of growth and maturation, a process recently termed “synergistic adaptation” (69,147). Specifically, a 
meta-analysis examining the effects of different training methods on sprint speed development in male youth showed that boys who 
had not reached peak height velocity made the greatest improvements in sprinting after plyometric training, whereas boys who had 
reached peak height velocity responded more favorably to combined strength and plyometric training (219). Similar findings were 
recently reported in a 6-week training intervention that showed that both boys who had reached peak height velocity and those who 
had not were able to make significant improvements in jumping and sprinting after various 6-week resistance training programs (147). 
Plyometric training will promote similar neural adaptations that occur naturally as a result of growth and maturation before puberty, 
whereas combined strength and plyometric training will likely stimulate both neural and structural adaptations commonly seen after 
the pubertal growth spurt. Longitudinal research is now required to substantiate these claims of synergistic adaptation and to 
determine optimal training prescription for youth of different stages of development. 
 
8. Practitioners Should Use Relevant Monitoring and Assessment Tools as Part of a Long-Term Athletic Development 
Strategy 
 
For the welfare and well-being of youth, long-term training prescription should be complimented with appropriate monitoring and 
assessment tools. In the absence of careful monitoring, youth may be at an increased risk of excessively demanding training loads, 
insufficient opportunities for rest and regeneration, or contraindicating training methods (144). It is suggested that the training of 
youth should be monitored by qualified professionals to reduce the risks of excessive training (4,57,177) and accumulated fatigue 
(106), which in severe cases can lead to nonfunctional overreaching or overtraining (127,144,162,210). Those personnel responsible 
for the athletic development of youth should adopt a coordinated approach to the monitoring process. Wherever possible, qualified 
professionals should also attempt to educate children and their parents and raise awareness of the risks and symptoms of nonfunctional 
overreaching and related injuries or illnesses. The child and parents should also understand the roles of basic self-reporting monitoring 
strategies (sleep patterns, nutritional behavior, and physical activity exposure outside the training environment) and the potential 
impact of appropriate remedial strategies. 
 
Qualified professionals will typically use monitoring and assessment tools to determine training for effectiveness, to aid in program 
design, determining mechanisms of adaptation, to instill motivation within the child or adolescent, or to obtain further knowledge and 
understanding about the physiological demands of a sport or physical activity. However, various testing and assessment strategies are 
also used for the purposes of talent identification (204). Although a goal of identifying future potential talent is perhaps appealing, the 



process of identifying and subjectively selecting talent from a very early age typically favors early maturing, while excluding later 
maturing youth (31,43,91,164,225). Additionally, a comprehensive talent identification process is often time-consuming and 
expensive, and, crucially, the success rate of identified children transferring through to elite-level adult sport is questionable (255). 
 
Although a wealth of monitoring and assessment tools are available for practitioners, the number and sophistication of tools included 
within any long-term athletic development program should be dependent on the efficacy and relevance of the tests, their associated 
measurement error, the availability of time, equipment, and facilities, and the degree of the practitioner's expertise. Importantly, 
practitioners should select tests that are accurate, reliable, and valid and provide meaningful data. Similarly, at all times, it is essential 
that practitioners adhere to the ethics of pediatric testing, clearly explain all protocols to both children and parents, and collect both 
parental consent and participant assent before any testing (244,266). 
 
Monitoring Growth and Maturation 
Because of the influence of growth and maturation on measures of physical performance (22,261), relative risk of injury (81,113,258), 
and the propensity for early maturing youth to be selected in sports teams as a result of the relative age effect (89,93,226), it seems 
plausible that practitioners should attempt to monitor physical growth throughout childhood and adolescence. Recent reviews have 
provided summaries of existing methods for the identification, or at least estimation, of biological maturation (145,156). It is 
acknowledged that the invasive methods have their own strengths and weaknesses, whereas noninvasive methods of estimating 
maturity require further validation especially within different ethnicities (154,156). Despite the need for further research, it is 
recommended that where practitioners are working with youth for a prolonged period, quarterly assessments of stature, limb length, 
and body mass are taken to allow the analysis of growth curves. This information can be collected and provide practitioners with 
relevant information to help explain fluctuations in performance and aid in the identification of youth who are experiencing rapid 
growth, which may potentially place them “at risk” of growth-related injury (145). 
 
Monitoring Physical Performance 
There are a myriad of existing test protocols for assessing physical capacities, such as muscle strength and power (72,73,86,141,173), 
running speed (170,218), aerobic capacity (6,11,263), or motor skill competency (46,47,60), and practitioners should adopt those that 
are most viable for their particular environment. For example, it may be feasible for practitioners within elite youth sports teams to 
assess kinetics and kinematics using force plate diagnostics and motion capture systems (184), whereas a primary school teacher may 
only be able to test a child's performance on a standing broad jump (7) and collect some data on how subjectively difficult training 
sessions were by using a child-modified version of the rating scale of perceived exertion (99). Both scenarios are likely to provide 
valuable information related to athletic development and subsequent training prescription. Qualified professionals should appreciate 
that when assessing physical capacities in youth, it is important to value both the process of performance (i.e., how technically 
proficient an individual performs a jumping movement) and the product of performance (i.e., how far do they jump). 
 
Monitoring Psychosocial Well-Being 
Although practitioners may instinctively focus on assessing and monitoring measures of physical performance, for the holistic 
development of youth, it is imperative that consideration also be given to psychosocial well-being (197). Various tools for monitoring 
well-being have been reported in the literature; a modified version of the Profile of Mood States questionnaire has previously been 
shown to be a valid tool for assessing mood in adolescents (249); the recovery-stress questionnaire has been used to identify 
nonfunctional overreaching in youth (29); the acute recovery and stress scale has been shown to be a sensitive and valid tool to 
monitor recovery stress imbalances (131), whereas researchers recently showed how a simple well-being questionnaire (166) was able 
to detect perceived well-being in a group of adolescents (199). The well-being questionnaire consists of 5 key items (fatigue, sleep 
quality, general muscle soreness, stress levels, and mood) in which youth provide a score on a rating scale of 1 (least positive 
response) to 5 (most positive response) in 0.5 increments (166,199). Although psychosocial well-being is multifactorial, it is suggested 
that practitioners use some form of monitoring system to help identify youth who are potentially “at risk” of low well-being and to 
ensure that children and adolescents remain motivated to participate in sports or physical activity. Where practitioners are unable to 
directly monitor or record data, they should have an awareness of the warning signs of reduced well-being. For example, Matos et al. 
(162) identified the following as the most prevalent symptoms of overtraining in youth: loss of appetite, increased frequency of injury, 
frequent tiredness, inability to cope with training loads, frequent respiratory infections, heavy and stiff muscles, and disrupted sleep 
patterns. 
 
9. Practitioners Working With Youth Should Systematically Progress and Individualize Training Programs for Successful 
Long-Term Athletic Development 
 
When working within a long-term athletic development pathway, it is imperative wherever possible, for qualified professionals to 
adopt a progressive, individualized, and integrated approach to the programming of strength and conditioning activities. Regardless of 
whether a practitioner is working with an overweight prepubertal boy who is re-engaging with physical activity, or a talented 
adolescent girl with 8 years of high-quality training experience, there should be a clear goal commensurate with the needs of the 
individual. Although existing athletic development models provide generic guidelines for qualified professionals to consider for the 
long-term development of athleticism (142,143), the process of designing, implementing, and refining youth training programs should 
be dictated by the needs of the individual, their technical competency, and the needs of the relevant sports or activities. Also, program 



design and delivery should accommodate for other influential factors such as the time and facilities available for training, the pressures 
of academic work, and the need for socializing with family and friends. 
 
Challenges Associated With Programming for Youth 
Periodization represents the theoretical framework for developing a training program (203) and involves planning sequential blocks of 
training to maximize the overall training response. However, in the event of insufficient time allowance for rest and recovery, fatigue 
will accumulate and potentially lead to nonfunctional overreaching or in extreme cases, overtraining, or burnout (169). Fatigue 
management and the prevention of overtraining are recognized as key determinants of successful programming (206), and the long-
term development of athleticism in youth is predicated by balancing exposure to training with sufficient time for rest, recovery, and 
growth. Much like in adults, failure to accommodate for periods of rest will undoubtedly make children more susceptible to the 
negative consequences of overtraining or overuse injury (36,162). Planning for rest and recovery to enable natural growth processes to 
occur is a key moderator that differentiates youth programming from that of adults. 
 
The challenge of balancing training stimuli with recovery time becomes even more difficult where youth are engaged in multiple 
sports or activities in successive seasons (e.g., a fall, a winter, and a summer sport), or play for multiple teams within a single season 
(e.g., youth who play soccer at club, regional, and national levels). Dismissing the need for adequate rest and recovery blocks will 
likely predispose youth to decrements in physical and psychological function (36). Therefore, when designing programs, practitioners 
should prescribe rest and recovery periods as mandatory blocks of the overall training plan, irrespective of pressures from sports 
coaches or parents. To optimize physical development and minimize accumulated fatigue, practitioners should also consider the 
scheduling of training vs. competitions. For young children entering a long-term athletic development pathway, researchers suggest 
that a large proportion of time should be devoted to general preparatory training with a focus on development of fundamental 
movement skills and foundational strength; then, as children becomes older, a greater amount of time could then be devoted to their 
chosen sport or physical activity (103). Practitioners should also be cognizant of the risks associated with prolonged competitions and 
the amount of rest between, and leading up to, competition (187). Intensive competitions lasting 6 hours or more with insufficient rest 
are a risk factor for injury (27); however, researchers also advocate that in the event of multiple competitions taking place on the same 
day, youth should be allowed adequate and predetermined rest intervals between repeated bouts of activity (20). In the lead up to a 
sporting event, it has also been suggested that youth should be afforded at least 48 hours of rest before a competition and be 
encouraged to sleep for longer than 7 hours per night (150) because of the negative effects of insufficient sleep on health, learning, and 
physical performance (21,34,90). 
 
Influence of Growth and Maturation on Programming 
Because development in youth occurs in a nonlinear fashion, practitioners need to be flexible and responsive to interindividual 
variations in the timing, tempo, and magnitude of physical maturation, differences in psychosocial maturation, and differences in rates 
and styles of learning. For example, during the growth spurt, a child may experience temporary disruption in motor control and whole-
body coordination, commonly termed “adolescent awkwardness” (205,209). In such an instance, practitioners may need to adjust the 
training program by prescribing opportunities to modify existing motor patterns with reduced loadings (145). This scenario highlights 
the importance of qualified professionals working with youth to not only possess a sound understanding of the training process and an 
ability to observe and correct technique but also an understanding of key pediatric exercise science principles. 
 
10. Qualified Professionals and Sound Pedagogical Approaches Are Fundamental to the Success of Long-Term Athletic 
Development Programs 
 
Although a clear understanding of pediatric exercise science and training principles are fundamental to the long-term development of 
athleticism in youth, a strong grounding in pedagogy and coaching skills is also a necessity for the practitioner to effectively 
communicate and interact with youth of all ages and abilities (71,142,144). Practitioners should be able to call on a wide range of 
teaching strategies to ensure that all youth are exposed to mentally engaging and physically challenging training programs that foster a 
motivational climate and inspire holistic development from both a physical and psychosocial perspective. The ability to promote a 
motivational learning climate, in which all youth are able to participate in a variety of developmentally appropriate activities, engage 
in personal reflection, experience success, and enhance competence (102), is an essential tool for practitioners to maximize the 
development of athleticism. From a holistic perspective, practitioners should seek to promote intrinsic motivation in youth as this will 
encourage a child or adolescent to be interested in participating, improving, and developing skills, while also reducing the risk of 
youth being solely driven by external rewards, such as trophies or scholarships. Cultivating an environment that promotes intrinsic 
motivation and enjoyment while minimizing the negative effects of stress will result in the best outcome for youth who need to learn 
and understand that successful performance emanates from effort, hard work, and desire (26,124,232–234). 
 
Within the motivational climate, practitioners should demonstrate, explain, cue, and modify exercises in a developmentally 
appropriate manner. Although in the initial stages of developing athleticism, a practitioner may need to provide guidance and feedback 
to teach basic motor patterns, in most instances a combination of visual demonstration with concise external cues should be prioritized 
to maximize the learning and feedback processes (17,94). Recent evidence shows the benefits of using external as opposed to internal 
cues in the performance of rotational jumping techniques in young gymnasts (1), with researchers suggesting that attentional focus is 
improved when using externally oriented cueing. Effective management of children and adolescents, either within a competitive 
sporting or recreational physical activity environment, will also require clear and well-prepared session structures (144), effective use 



of instruction (97), behavior management strategies (213), use of empowerment, varied use of projection and tone of voice, and a 
teaching style that inspires youth to continually engage in a lifetime of physical activity. 
 
Summary 
 
It is clear that the field of long-term athletic development has progressed over recent years; however, owing to the current lack of 
longitudinal and well-controlled empirical studies, further research is required. Specifically, a better understanding of the training 
process in youth, the manner in which training interacts with growth and maturation, and how long-term approaches to athletic 
development influence physical performance, health and well-being, and injury risk are key areas that require further study. This new 
research is also required to validate existing practices among qualified professionals and to ensure that youth are provided with 
evidence-based practice at all times. All youth should be afforded training programs commensurate with their individual needs, which 
foster a fun and motivational training environment. However, above all else, it is imperative that qualified professionals adhere to the 
words of President Franklin D. Roosevelt and help to build our youth for a lifelong future of healthy and enjoyable engagement in 
sports and physical activity. 

How Young is “Too Young” to Start Training? 
Gregory D. Myer, Rhodri S. Lloyd, Jensen L. Brent, and Avery D. Faigenbaum  

INTRODUCTION 

Participation in organized youth sports is increasing and the opportunities to participate in more competitive environments is 
happening at younger ages. (1) The interest from parents and coaches to help youth enhance sports performance has fostered a 
concomitant growth in youth strength and conditioning, performance enhancement and injury prevention programs in fitness centers 
and private training facilities. These youth training programs have raised interest and concern from parents, clinicians, coaches and 
fitness professionals regarding the timing of when it might be safe or optimal to integrate more specialized physical training into youth 
development programs. (5, 14, 46) Specifically, many parents ask if it is safe for their child to “lift weights” or want to know the “best 
age” or “when is it safe” for their child to start regular participation in more structured conditioning activities. (41) 

This emphasizes the long-enduring interest in the most appropriate and safest time during maturation to start specialized physical 
training (i.e., strength and conditioning, performance enhancement or injury prevention) with youth. Further questions also arise 
regarding the determination of the optimal time to initiate and progress programming of physical conditioning for children and 
adolescents. This review synthesizes the latest literature regarding the initiation and implementation of integrative neuromuscular 
training for youth. In addition, we discuss the concept of “training age” and examine the critical importance of exposing children to a 
variety of developmentally appropriate activities early in life in order to reduce the risk of sports-related injuries and improve health- 
and skill-related measures of physical fitness. 

OPERATIONAL DEFINITIONS 

For simplicity, the term youth refers to children (Tanner stages 1 and 2 of sexual maturation; approximately up to age 11 years in girls 
and 13 years in boys) and adolescents (Tanner stages 3 and 4 of sexual maturation; approximately ages 12 to 18 years in girls and 14 
to 18 years in boys). The term pre-adolescentrefers to boys and girls who have not yet developed secondary sex 
characteristics. Integrative neuromuscular training (INT) is a conceptual training model that is operationally defined herein as a 
training program that incorporates general (e.g., fundamental movements) and specific (e.g., exercises prescribed to target motor 
control deficits) strength and conditioning activities including resistance training, dynamic stability exercises, core focused training, 
plyometric drills and agility training that are specifically designed to enhance health and skill-related components of physical fitness 
(40, 41). Figure 1

 

 

Integrative	training	model	indicating	a	focus	on	the	
development	of	fundamental	motor	skills	through	activities	
which	consolidate	skill-	and	health-related	fitness,	may	
maximize	training	age	during	pre-adolescence.	
	



The cornerstone of INT is age-appropriate education and instruction by qualified professionals who understand the fundamental 
principles of pediatric exercise science and genuinely appreciate the physical and psychosocial uniqueness of children and 
adolescents. INT is designed to help youth master fundamental motor skills, improve movement mechanics, and gain confidence in 
their physical abilities while participating in a program that includes variety, progression and proper recovery intervals. (14, 40) 
Training age is defined as the amount of time accumulated from both periodic and longitudinal participation in training programs and 
sport related activities that foster the development of musculoskeletal health, basic movement patterns and overall physical fitness. 

THE IMPORTANCE OF TRAINING AGE 

The question “How young is too young?” is related to the determination of timing to initiate training for school-age youth. This is 
particularly important for aspiring young athletes who are often ill-prepared for the physical demands of sports practice and 
competition. Insufficient readiness for sports practice and competition may be a consequence of the current decline in unstructured 
physical activity among children and adolescents in the United States and is an antecedent for increased injury risk. (45–47) While 
many factors can contribute to sports-related injuries in youth (e.g., previous injury, muscle imbalances, nutritional deficiencies, 
improper footwear), poor physical fitness exacerbated by secular trends of decreased muscular strength and fundamental movement 
skills (FMS) in youth likely play a primary role. 

Deconditioning associated with growth and development can be especially detrimental as injury risk factors may manifest during 
maturation. (19, 23, 43) In the absence of sufficient corresponding neuromuscular adaptation, musculoskeletal growth during 
maturation can influence the development of abnormal movement mechanics during certain activities. (20, 23) If not addressed early, 
these developmentally related injury risk factors may continue through adolescence and into young adulthood, thus predisposing 
young athletes to increased risk of a variety of musculoskeletal injuries. (24, 42, 45) This troubling trend underscores the importance 
of encouraging participation in strength-building and skill-enhancing activities in childhood in order to avert declines in motor skill 
development and neuromuscular fitness during adolescence. (4) 

Studies investigating the trainability of youth with resistance and integrative-type training protocols have demonstrated consistent 
improvements in selected performance measures in children and adolescents following progressive training programs. (9, 13, 15–
17, 26, 44, 48, 49, 55, 56, 67) While chronological age has been historically used for initial participation and grouping of sports teams, 
it is clear that maturity-related differences in body size and motor skill performance emerge around 6–7 years of age. (38) These 
developmental differences in stature and skill can make programming for youth based on chronological age contentious. 

In this light, somatic (body shape related) maturational assessments have been proposed as a method to identify rapid adolescent 
growth (36) and to help guide program development for youth. (41) Individual determination of the percentage of adult height has also 
been used as a non-invasive indicator of maturity status. (38) Peak height velocity (PHV) is the maximum growth rate during the 
adolescent growth spurt, which occurs at approximately age 12 in girls and age 14 in boys. (52, 61) However, youth programs based 
on either biological or chronological indicators often miss the mark related to the appropriateness of the exercise selection or the 
design of the fitness program. While it is beneficial to initiate INT programs during pre-adolescence prior to the period of PHV, it is 
likely that children with earlier somatic maturation (body size growth) may be particularly responsive to INT during the growing 
years. (40) Regular exposure to this type of training early in life will increase the training age of youth and will likely set the stage for 
even greater gains in physical fitness during their post-pubertal years; provided that the training program is well-designed and 
consistent with an individual’s needs, goals and abilities. Currently, there is no evidence that indicates a minimum age for 
participation in INT programs. However, it is generally agreed that participants must be able to follow coaching instructions and be 
able to handle the attention demands of a training program. A child that is deemed ready for structured sports participation (about age 
7 or 8 years) would typically be ready for INT, (5, 12) although the importance of improving motor skills during the preschool years 
should not be overlooked. (21, 39) 

INCREASING TRAINING AGE IN YOUTH 

In the context of this discussion, training age relates to the length of time from initiation of regular fitness training or INT until the 
present time. For example, youth who begin INT at an earlier age will have a greater training age relative to their chronological age 
when compared to their peers who start training later. It should also be noted that youth who initiate improper or inconsistent training 
may not progress in training age or reap the desired benefits (Figure 2). Of note, fitness professionals working with youth should 
consider the importance of planned rest and recovery within training periods as well as periods for teaching proper technique that can 
facilitate rest and recovery and optimize long-term training adaptations. 

Figure 2 



 

 

Practically, training age can provide a theoretical construct which should guide the practitioner in selecting appropriate exercise 
criteria. While INT programming is beneficial to children whose motor capabilities are highly “pliable” and amenable to age-
appropriate interventions, youth who are not exposed to environments that enhance motor skill development are susceptible to a 
regression of their training age. (11) As such, lapses in training due to extended periods of injury, school vacations, or sedentary 
lifestyle may either set the young athlete back in training age, or in extreme cases, regress the training age back to near zero. Because 
of this, it is important for fitness professionals who work with youth to understand the complete “sport and training related-history” of 
each participant which should include information on participation in sports and in strength and conditioning activities to gain a 
perspective to the overall training volume. 

Training age is also relevant within the context of the chosen activity. Consider the case of two 12-year-old girls who are interested in 
trying out for a soccer team for the first time. If the first child consistently participated in daily physical education, outdoor free play 
activities and after-school gymnastics lessons during early childhood (∼ age 7–8 years), she would have a different training age and 
subsequent level of general physical preparation than the second child who played two years of basketball at age 8 and 9 and remained 
sedentary for several years thereafter. In this same light, is there difference between a “good” training age and a “bad” training age. 
That is, a child who has participated in unsupervised “training” for 2 years, is not necessarily better equipped than a child who has 
participated in age-appropriate, progressive and supervised training for 12 months. 

Because of the differing demands of available sport choices, it is recommended that aspiring young athletes engage in a variety of 
sports and physical activities to improve motor skill performance, enhance joint mobility and stability, and increase strength and 
power while gaining confidence in their abilities to be physically active and play sport. An important consideration in regards to the 
health and wellbeing of young athletes is to provide exposure to various activities whereby generic pattern recognition, hand-eye 
coordination, and decision-making skills can be tested and developed. (3) This has important implications for youth as early 
specialization has previously been linked to increased injury risk in young athletes. (10) Research suggests that a cumulative exposure 
to a breadth of sporting experiences may indeed result in selective transfer of pattern recall skills and facilitation of expert 
performance. (2) 

Since the relative magnitude of forces from well-designed and INT programs are typically less than those from sport activities, there is 
little evidence to suggest that safety would be a limiting factor for the initiation of supervised INT with children. In many cases, 
children are able to learn basic movement patterns such as squatting, pushing, pulling, hip hinging, core bracing, hopping and 
jumping, and progress to more complex movements over time. The limiting factor is not their chronological or biological age, but 
rather the amount of time that they have been practicing these basic movements while gaining competence and confidence in their 
abilities to move. That is, their training age is an important factor which influences their ability to perform simple and complex 
movement patterns with energy, vigor and confidence. The importance of increasing a child’s training age cannot be underestimated 
because it truly sets the stage for further physical development in later adolescence. (31) Conversely, adolescents who do not develop 
training age in younger years will have more difficulty mastering FMS in their post-pubertal and teenage years. 

The following section will discuss the physical changes that school-age youth undergo that make them ideally suited to enhance their 
FMS and general preparedness for sport. If young athletes begin to develop efficient movement patterns and continue to improve their 
muscle strength before adolescence, they will be better prepared for more advanced training and skill mastery due to their advanced 
training age (FIGURE 2). Conversely, adolescents who have not been exposed to environments that enrich their motor skill 
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who	are	not	exposed	to	integrative	training	model.	
	



development early in life will be ill-prepared for advanced training due to their limited training experience and, consequently, will 
need to initiate INT with basic skills and exercises. 

While it is beyond the scope of the current report to outline the multiple variations of training exercises and protocols for various 
training ages, it should be noted that key INT movement patterns highlighted in figure 4 will be included for youth of all training ages. 
(12, 30) However, relative to training age, there would be a difference in terms of overall focus on development of the skill within a 
training session. For example, for an adolescent with a training age of 0, the training session could include70% FMS and 30% 
resistance training. Conversely for an adolescent with a training age of 8+, these relative percentages of training focus could be 
reversed. Training that focuses on FMS is not only used with the younger training ages, but there is a need for greater emphasis on 
developing basic skills in youth with less training experience. Fitness professionals must be sensitive to inter-individual differences in 
physical development and fitness abilities between youth of the same age, and training programs should be consistent with the needs, 
interests and abilities of each participant. 

Figure 4 

 

 

Differential Programming for Youth Based on Training Age 

If a child has engaged in appropriate training relative to their chosen activity, before and during maturation, they will be poised to 
capitalize on the many combinatory and consolidating factors that support motor skill performance during their post-pubertal training 
years. (FIGURE 3) The post-pubertal phase of development offers a unique opportunity for adolescents to benefit from significant 
neuromuscular adaptations, driven primarily via increases in testosterone, growth hormone and insulin-like growth factor (37). 
Irrespective of the rate of maturation (i.e. early, normal, or late), the alterations in hormonal profile associated with this stage of 
development will at some point lead to rapid developments in the musculoskeletal system. In addition to continued neural adaptation, 
the post-pubertal phase will also induce alterations to muscle cross-sectional area (62), fiber pennation (6) and stiffness (28). There 
will also be natural adaptation to tendons, with research indicating that size (27), elasticity (29) and stiffness (66) increase throughout 
a child’s development. Additionally, adolescents will typically experience further increases in bone mineral density during this period. 
(64) Collectively, these adaptations lead to rapid gains in overall body mass, with the greatest rate of change termed peak weight 
velocity (PWV), which occurs approximately 12 months after the growth spurt (Figure 3) (8). 

Figure 3 
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It is imperative that at the post-pubertal stage of development, adolescents continue to participate in structured INT programs to 
reduce injury risk, (7, 44, 59, 65) enhance performance, (44) and increase the likelihood of long-term physical activity adherence. (60) 
INT programs are necessary to help reduce ACL injury risk in post-pubertal females, as they learn to perform with increased body 
mass and, of significance, a heightened knee valgus ‘collapse’ mechanism. (43) Specifically, post-pubertal INT programs should 
primarily focus on FMS maintenance to ensure that motor coordination patterns learned during the pre-pubertal and pubertal phases 
have not been negatively affected as a result of the growth spurt. However, muscular strength is central to the successful execution of 
FMS. Resistance training should be the cornerstone of the INT program in order to build on existing strength levels and to take 
advantage of the increased hypertrophic environment within the muscle associated with the post-pubertal stage of development. 
(31, 33) 

During the post-pubertal stage, it should be noted that the adolescent youth may also experience significant psychosocial changes, 
which may negatively affect their exercise adherence, such as motivation, self-perception, and confidence. For example, it has 
previously been stated that between 13 and 18 years of age, adolescents transition from a reliance on externally-sourced feedback, to 
greater use of self-referenced judgment of ability. (25) Therefore, when working with post-pubertal youth, it is essential that all 
training sessions attempt to foster a task-mastery motivational climate, encourage self-determined motivation, provide an adequate 
level of challenge, and enhance confidence. (51, 54, 58) Such an approach will differ from those used when working with younger 
populations. Understanding these factors is important, as they have previously been associated with drop out in youth sport. (18) The 
use of social support systems, (50) age-appropriate mental skills training, (22) and ensuring that adolescents maintain a sense of peer 
friendship (57) are strategies that the pediatric exercise specialist can implement to maximize enjoyment and help promote long-term 
participation in physical activity. 

NO PRIOR ENGAGEMENT IN INT DURING PRE-PUBERTAL AND PUBERTAL PHASES (Training Age: 0) 

It should be noted that the INT prescription should not be age-determined, but rather age-related and based primarily on the training 
age of the young athlete. More specifically, INT should be based on training experience, biological status, motor skill competency, 
psychosocial maturity and existing strength levels. (30, 31, 33) Therefore, irrespective of chronological age, for post-pubertal youth 
who have not participated in earlier INT programs, initial focus should be directed towards developing appropriate FMS in addition to 
developing base levels of muscular strength (Figure 4). It should be noted that initiation of INT emphasizes each of the primary 
movements to be instituted for an adolescent with training age of 0 (Table 1). While fundamental movements are consistent across 
training age and independent of chronological age, youth who participate in INT based programming early in life may be more 
equipped for the advanced programming indicated with increased training age. (40, 41) 

Table 1 

Example whole-body session for an adolescent with a training age of 0 years 

Session Phase Exercise INT Key Movement Pattern Volume 
(sets x reps) 

Intensity 
(%1RM) 

Rest 
(minu 
tes) 

Warm-up 
(FMS) 

Foam roller complex Whole body myofascial release therapy 2 × 10 (each site) N/A 1 

KB squat with deficit Thoracic extension and hip mobilization 2 × 8 BW 1 

Split squats Lower body unilateral (and gluteal activation) 2 × 6 (each leg) BW 1 

In	youth	there	are	several	factors	which	
contribute	to	motor	control	and	strength	
expression.	In	children,	motor	control	and	
strength	may	be	less	related	to	hypertrophy	
and	more	likely	associated	with	neural	
development.	It	is	proposed	that	integrative	
neuromuscular	training	focused	on	skill-
related	fitness	(e.g.	Agility,	reaction	time,	
coordination,	power,	speed	and	balance)	can	
maximize	neural	development	during	pre-
adolescence	and	optimally	prepare	youth	to	
capitalize	on	the	consolidated	factors	which	
contribute	to	motor	performance	following	the	
onset	of	puberty.	
	



Session Phase Exercise INT Key Movement Pattern Volume 
(sets x reps) 

Intensity 
(%1RM) 

Rest 
(minu 
tes) 

Low box jump Jumping, landing and rebounding mechanics 2 × 6 BW 1 

Scapula push ups Scapula retraction 2 × 8 BW 1 

Monster band push press Upper body pushing (vertical) 2 × 8 Light band 1 

Monster band pull downs Upper body pulling (vertical) 2 × 8 Light band 1 

Plank variations Anti-rotation and core bracing 2 × 30 seconds BW 1 

 

Main 
(Resistance) 

OH squat Lower body bilateral 3 × 6 Wooden dowel 
or junior barbell 

2 

Elevated press-ups Upper body pushing (horizontal) 3 × 8 BW 2 

TRX supine pull ups Upper body pulling (horizontal) 3 × 8 BW 2 

 

Auxiliary 
Exercises 

Stretching complex N/A 2 × 20 seconds N/A 1 

Sedentary lifestyles and a failure to participate in INT programs prior to and around the onset of puberty will typically lead to poor 
posture, poor movement mechanics, and insufficient levels of muscular strength that do not reach expected adult potential (Figure 2). 
The lack of motor skill development associated with children who are not exposed to either INT or sport participation can foster 
reduced motor skill development relative to youth of past., Sedentary youth who have a low training age will initially need to focus on 
FMS development that incorporates basic forms of locomotion, manipulation, and stabilization. (35) Additionally, a well-designed 
INT program should also enhance muscular strength expression within other key movement patterns (Figure 4). Having the ability to 
safely express muscular force within the spectrum of movement competencies proposed in Figure 4 will provide the best opportunity 
for a child or adolescent to safely and effectively participate in a range of physical activities, and allow them to tolerate the 
unpredictable impact forces commonly experienced in high-action, sport activities. For those individuals who wish to participate in 
organized, competitive sport, appropriate physical conditioning which includes muscle strengthening and FMS development will help 
reduce the potential for athletic injuries (63) and form the foundation for more advanced complex training modes such as weightlifting 
(31, 33) and advanced plyometrics. (32) 

PRIOR ENGAGEMENT IN INT DURING PRE-PUBERTAL AND PUBERTAL PHASES (Training Age: 8+) 

On the proviso that children participate in INT programs prior to and during puberty, the post-pubertal phase offers a unique 
opportunity to build on existing levels of health- and skill-related fitness. Owing to the earlier mastery of FMS and development of 
base levels of muscular strength, these individuals can be exposed to more intensive bouts of physical activity with the knowledge that 
the inherent movement patterns are sufficiently robust to tolerate greater internal and external loads. However, a stipulation to this 
philosophy is that FMS should routinely be revisited irrespective of training history to avoid the manifestation of technical 
deficiencies over time. (31, 33). For example, it has been suggested that when prescribing agility training sessions, qualified physical 
education teachers and youth coaches should initially prioritize FMS development and predominantly pre-planned agility tasks during 
pre-puberty. (31, 33) As the child enters puberty, the training emphasis should shift to a greater use of reactive agility drills, whilst 
also maintaining FMS competency, albeit for a smaller amount of time within a training session (Table 2 and 33). 

 

 

 

 



Table 2 

Example lower body session for an adolescent with a training age of 8+ years 

Session Phase Exercise INT Key Movement Pattern Volume 
(sets x reps) 

Intensity 
(%1RM) 

Rest 
(minutes) 

Warm-up 
(FMS) 

Foam roller complex Lower body myofascial release therapy 2 × 10 (each site) N/A 1 

Mini-band walks Gluteal activation 2 × 10 (each leg) N/A 1 

Clam shells Gluteal activation 2 × 8 (each leg) N/A 1 

Drop jumps (30 cm) Jumping, landing, rebounding mechanics 3 × 3 BW 1–2 

 

Main 
(Resistance) 

Power clean Lower body bilateral (CON) 3 × 4 80 2–3 

Back squat Lower body bilateral (ECC/CON) 4 × 5 85 2–3 

Lunge Lower body unilateral 3 × 6 (each leg) 85 2–3 

 

Auxiliary 
Exercises 

Romanian deadlift Lower body bilateral (ECC) 3 × 5 85 2–3 

 

Table 3 

Example upper body session for an adolescent with a training age of 8+ years 

Session Phase Exercise INT Key Movement Pattern Volume 
(sets x reps) 

Intensity 
(%1RM) 

Rest 
(seconds) 

Warm-up 
(FMS) 

Foam roller complex Upper body myofascial release therapy 2 × 10 (each site) N/A 1 

Y, T, W, L’s Scapula retraction 5 × 1 N/A 1 

Sitting t-spine rotations Thoracic spine mobilization 3 × 4 (each side) N/A 1 

 

Main 
(Resistance) 

Bench pull Upper body pulling (horizontal) 4 × 5 85 2–3 

DB Bench press Upper body pushing (horizontal) 4 × 5 85 2–3 



Session Phase Exercise INT Key Movement Pattern Volume 
(sets x reps) 

Intensity 
(%1RM) 

Rest 
(seconds) 

WG Pull ups Upper body pulling (vertical) 3 × 6 80 2–3 

Snatch press Upper body pushing (vertical) 3 × 6 80 2–3 

 

Auxiliary 
Exercises 

SA Bar rotations Anti-rotation and core bracing 3 × 6 (each side) 80 2–3 

 

Appropriately prescribed training in addition to the acute hormonal changes experienced during this phase of development will enable 
individuals to realize greater adaptations (both neural and architectural) to the neuromuscular system (FIGURES 3 and 5). 
Collectively, these changes will enable post-pubertal youths to generate greater overall force which will consequently enhance the 
performance of motor skills such as sprinting (53) and jumping. (34) In addition to traditional resistance training exercises (squatting, 
deadlifting, pressing and pulling), weightlifting movements (clean and jerk, snatch and their derivatives) and advanced plyometrics 
serve as safe and effective training methods for post-pubertal youth in order to develop muscular strength and power. However, it is 
essential that those responsible for instructing weightlifting movements and advanced plyometrics to school-age youth possess 
sufficient practical experience teaching these exercises to children and adolescents, a recognized professional certification, and a level 
of knowledge commensurate with a college degree in exercise science or physical education. While less experienced fitness 
professionals can assist in the organization of youth programs, it is unlikely they will be able to provide the level of instruction that is 
needed for more advanced INT which may include weightlifting movements and more complex plyometric drills. 

Figure 5 

 

CONCLUSION 

The cornerstone of INT is training age-appropriate education and instruction by qualified professionals who understand the principles 
of pediatric exercise science and the concept of training age. The initiation of INT early in youth can help increase training age that is 
vital for children and adolescents whose motor capabilities are highly “plastic” and responsive to training. Research demonstrates that 
significant, amenable benefits can be gained from training age appropriate interventions. While an in-depth analysis of key training 
variables involved in successful youth INT programs is outside the scope of the current manuscript, readers are directed to recent 
position statements from leading health and fitness organizations. (12, 30). Due to the growing interest in youth fitness and pediatric 
exercise, qualified fitness professionals are in an inimitable position to help children master FMS, improve movement mechanics, and 
gain confidence in their abilities to be physically active. 

Condensed Version & Bottom Line 
 
Recent trends indicate that widespread participation in organized youth sports is occurring at younger ages. With the increased 
involvement in competitive youth sport activities, there is growing interest from parents, clinicians, coaches and teachers regarding the 
optimal age to encourage and integrate more specialized physical training into youth physical development programs. This review 
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synthesizes the latest literature regarding the design and implementation of integrative neuromuscular training for school-age youth. In 
addition, the concept of “training age” and its associated reductions in sports-related injury risk and improvements in motor skill 
development will be discussed to support participation in a variety of physical activities as an ongoing lifestyle choice. 
 
Summary Statement 
 
As more children and adolescents participate in organized sports and physical conditioning activities in schools, fitness centers and 
private clubs, it is important to establish age-appropriate training guidelines for the safe and effective initiation of integrative training 
activities that are purposely designed to enhance neuromuscular function, increase muscular strength and improve a child’s capacity to 
participate regularly in sports and recreational activities. 
 
Canadian Society for Exercise Physiology Position Paper: Resistance Training in Children 
and Adolescents.  
Behm DG, Faigenbaum AD, Falk B, Klentrou P. 
 
Abstract 
Many position stands and review papers have refuted the myths associated with resistance training (RT) in children and adolescents. 
With proper training methods, RT for children and adolescents can be relatively safe and improve overall health. The objective of this 
position paper and review is to highlight research and provide recommendations in aspects of RT that have not been extensively 
reported in the pediatric literature. In addition to the well-documented increases in muscular strength and endurance, RT has been used 
to improve function in pediatric patients with cystic fibrosis and cerebral palsy, as well as pediatric burn victims. Increases in 
children's muscular strength have been attributed primarily to neurological adaptations due to the disproportionately higher increase in 
muscle strength than in muscle size. Although most studies using anthropometric measures have not shown significant muscle 
hypertrophy in children, more sensitive measures such as magnetic resonance imaging and ultrasound have suggested hypertrophy 
may occur. There is no minimum age for RT for children. However, the training and instruction must be appropriate for children and 
adolescents, involving a proper warm-up, cool-down, and appropriate choice of exercises. It is recommended that low- to moderate-
intensity resistance exercise should be done 2-3 times/week on non-consecutive days, with 1-2 sets initially, progressing to 4 sets of 8-
15 repetitions for 8-12 exercises. These exercises can include more advanced movements such as Olympic-style lifting, plyometrics, 
and balance training, which can enhance strength, power, co-ordination, and balance. However, specific guidelines for these more 
advanced techniques need to be established for youth. In conclusion, an RT program that is within a child's or adolescent's capacity 
and involves gradual progression under qualified instruction and supervision with appropriately sized equipment can involve more 
advanced or intense RT exercises, which can lead to functional (i.e., muscular strength, endurance, power, balance, and co-ordination) 
and health benefits. 

Strength Training for Children and Adolescents 

Faigenbaum AD 
 
Abstract 
The potential benefits of youth strength training extend beyond an increase in muscular strength and may include favorable changes in 
selected health- and fitness-related measures. If appropriate training guidelines are followed, regular participation in a youth strength-
training program has the potential to increase bone mineral density, improve motor performance skills, enhance sports performance, 
and better prepare our young athletes for the demands of practice and competition. Despite earlier concerns regarding the safety and 
efficacy of youth strength training, current public health objectives now aim to increase the number of boys and girls age 6 and older 
who regularly participate in physical activities that enhance and maintain muscular fitness. Parents, teachers, coaches, and healthcare 
providers should realize that youth strength training is a specialized method of conditioning that can offer enormous benefit but at the 
same time can result in serious injury if established guidelines are not followed. With qualified instruction, competent supervision, and 
an appropriate progression of the volume and intensity of training, children and adolescents cannot only learn advanced strength 
training exercises but can feel good about their performances, and have fun. Additional clinical trails involving children and 
adolescents are needed to further explore the acute and chronic effects of strength training on a variety of anatomical, physiological, 
and psychological parameters. 

Resistance Training in Youth: Laying the Foundation for Injury Prevention and Physical 
Literacy.  
Zwolski C, Quatman-Yates C, Paterno MV 

Abstract 
CONTEXT: 
The rising incidence of physical activity- and sports-related injuries has prompted the present-day investigation of resistance training 
as a potential means of injury prevention and physical literacy development among youth. 



EVIDENCE ACQUISITION: 
Relevant studies on the topics of athlete development, physical literacy, resistance training, and injury prevention in children and 
adolescents were reviewed (PubMed and Sports Discus, 1982-2016). Recommendations from consensus guidelines and position 
statements applicable to resistance training and injury prevention in youth, in addition to young athlete development, were reviewed. 
Additionally, hand searches, expert requests, article reference lists, and gray literature were utilized and reviewed for pertinent 
content. 

STUDY DESIGN: 
Clinical review. 

LEVEL OF EVIDENCE: 
Level 4. 

RESULTS: 
Youth throughout the physical activity spectrum are at risk for physical activity- and sports-related injury. Of highest priority are early 
specializers, physically inactive youth, and young girls, owing to increased injury rates. Resistance training among these at-risk 
populations has been shown to reduce injury risk by up to 68% and improve sports performance and health measures, in addition to 
accelerating the development of physical literacy. Recent recommendations, position statements, and national initiatives advocate for 
the incorporation of resistance training with qualified instruction among these groups. 

CONCLUSION: 
Resistance training in addition to free play and other structured physical activity training can serve as a protective means against injury 
and a positive catalyst for the development of physical literacy to offset the impact of diminishing physical activity and early sport 
specialization in today's youth. 

Effects of Strength Training on Motor Performance Skills in Children and Adolescents: A 
Meta-Analysis. 
Behringer M, Vom Heede A, Matthews M, Mester J. 

Abstract 
The recent literature delineates resistance training in children and adolescents to be effective and safe. However, only little is known 
about the transfer of achieved strength gains to athletic performance. The present meta-analysis revealed a combined mean effect size 
for motor skill types jumping, running, and throwing of 0.52 (95% CI: 0.33-0.71). Effect sizes for each of aforementioned skill types 
separately were 0.54 (95% CI: 0.34-0.74), 0.53 (95% CI: 0.23-0.83), and 0.99 (95% CI: 0.19-1.79) respectively. Furthermore, it could 
be shown that younger subjects and non-athletes showed higher gains in motor performance following resistance training than their 
counterparts and that specific resistance training regimes were not advantageous over traditional resistance training programs. Finally, 
a positive dose response relationship for "intensity" could be found in subgroups using traditional training regimens. These results 
emphasize that resistance training provides an effective way for enhancing motor performance in children and adolescents. 

Effects of resistance training in children and adolescents: a meta-analysis. 
Behringer M, Vom Heede A, Yue Z, Mester J. 

Abstract 

CONTEXT: 
Although physiologic benefits of resistance training for children and adolescents have been well documented, the impact of age and 
maturity on trainability of muscle strength remains poorly understood. 

OBJECTIVE: 

To assess the effects of resistance training in different age groups and maturity levels. 

METHODS: 
We searched electronic bibliographic databases, key journals, and reference lists of reviews, book chapters, and articles. Two 
independent reviewers evaluated the effects of resistance training on muscle strength for prepubertal and postpubertal healthy children 
and adolescents (younger than 18 years) by using the results of randomized and nonrandomized controlled trials. Assessments of 
muscle endurance and motor performance tests (eg, vertical jump) were excluded. The influence of continuous and categorical 
moderator variables was assessed by meta-regression and subgroup analyses, respectively. 

RESULTS: 
The overall weighted effect size of 1.12 (95% confidence interval: 0.9-1.3) was significantly greater than 0 (P < .01). Subgroup 
analyses revealed "maturity" to be a significant categorical moderator variable (z = 2.50; P = .01) and positive correlation coefficients 
were found for the continuous variables "duration" (r = 0.28; P = .02) and "frequency" (r = 0.26; P = .03). 



CONCLUSIONS: 
The results of our analysis indicate that the ability to gain muscular strength seems to increase with age and maturational status, but 
there is no noticeable boost during puberty. Furthermore, study duration and the number of performed sets were found to have a 
positive impact on the outcome. 

Effects of Integrative Neuromuscular Training on Fitness Performance in Children. 
Faigenbaum AD, Farrell A, Fabiano M, Radler T, Naclerio F, Ratamess NA, Kang J, Myer GD. 

Abstract 
The aim of this study was to evaluate the effects of integrative neuromuscular training (INT) during physical education (PE) class on 
selected measures of health- and skill-related fitness in children. Forty children from two 2nd grade PE classes were cluster 
randomized into either an INT group (n = 21) or a control (CON) group (n = 19). INT was performed 2×/wk during the first ~15 min 
of each PE class and consisted of body weight exercises. INT and CON participants were assessed for health- and skill-related fitness 
before and after 8 wks of PE with or without INT, respectively. A significant interaction of group by time was observed in INT 
participants with improvements noted in push-ups, curl-ups, long jump, single leg hop, and 0.5 mile (0.8 km) run performance (p < 
.05). These data indicate that INT is an effective and time-efficient addition to PE as evidenced by improvements in health- and skill-
related fitness measures in children. 

Comparison of 1 and 2 Days Per Week of Strength Training in Children. 
Faigenbaum AD, Milliken LA, Loud RL, Burak BT, Doherty CL, Westcott WL. 

Abstract 
The purpose of this study was to compare the effects of 1 and 2 days per week of strength training on upper body strength, lower body 
strength, and motor performance ability in children. Twenty-one girls and 34 boys between the ages of 7.1 and 12.3 years volunteered 
to participate in this study. Participants strength trained either once per week (n = 22) or twice per week (n = 20) for 8 weeks at a 
community-based youth fitness center. Each training session consisted of a single set of 10-15 repetitions on 12 exercises using child-
size weight machines. Thirteen children who did not strength train served as age-matched controls. One repetition maximum (1RM) 
strength on the chest press and leg press, handgrip strength, long jump, vertical jump, and flexibility were assessed at baseline and 
posttraining. Only participants who strength trained twice per week made significantly greater gains in 1RM chest press strength, 
compared to the control group (11.5 and 4.4% respectively, p < .05). Participants who trained once and twice per week made gains in 
1RM leg press strength (14.2 and 24.7%, respectively) that were significantly greater than control group gains (2.4%). On average, 
participants who strength trained once per week achieved 67% of the 1RM strength gains. No significant differences between groups 
were observed on other outcome measures. These findings support the concept that muscular strength can be improved during the 
childhood years and favor a training frequency of twice per week for children participating in an introductory strength training 
program. 

Early Muscular Fitness Adaptations in Children in Response to Two Different Resistance 
Training Regimens 
Avery D. Faigenbaum, Laurie Milliken, Lucas Moulton, Wayne L. Westcott 

The purpose of this study was to compare early muscular fitness adaptations in children in response to low repetition maximum 
(LRM) and high repetition maximum (HRM) resistance training. Twenty-three girls and 20 boys between the ages of 8.0 and 12.3 
years (mean age 10.6 ± 1.3 years) volunteered to participate in this study. Children performed one set of 6 to 10 RM (n = 12) or one 
set of 15 to 20 RM (n = 19) on child-size exercise machines twice weekly over 8 weeks. Children in the control group (n = 12) did not 
resistance train. Maximum strength (1 RM) on the chest press, local muscular endurance (15 RM) on the leg press, long jump, vertical 
jump, and v-sit flexibility were assessed at baseline and posttraining. The LRM and HRM groups made significantly greater gains in 
1-RM strength (21% and 23%, respectively) as compared with the control group (1%). Only the HRM group made significantly 
greater gains in 15-RM local muscular endurance (42%) and flexibility (15%) than that recorded in the control group (4% and 5%, 
respectively). If children perform one set per exercise as part of an introductory resistance training program, these findings favor the 
prescription of a higher RM training range. 

Resistance Training Among Young Athletes: Safety, Efficacy and Injury Prevention 
Effects. 
AD Faigenbaum and GD Myer 

Abstract 

There is a growing number of young athletes participating in resistance training programmes in school-based programmes, fitness 
facilities and sport training centres to enhance their athletic performance and reduce their risk of injury during practice and sport 



competition. Although some clinicians once considered resistance training unsafe and potentially injurious to the developing 
musculoskeletal system,2 evidence related to the safety and efficacy of resistance exercise for children and adolescents has increased 
over the past decade.3–7 The qualified acceptance of supervised and well-designed youth resistance training by medical, fitness and 
sport organisations is now becoming universal.8–13 

Current public health initiatives now aim to increase the number of youth who participate regularly in “muscle strengthening” 
activities,14 and contemporary physical education programmes include resistance training as part of a health-enhancing approach to 
fitness education.15, 16 In addition, some fitness facilities and sport centres serve the youth fitness market by providing programmes for 
children and adolescents that enhance musculoskeletal strength, improve motor skill performance and reduce the risk of sports-related 
injuries.5, 7, 11 

On the other hand, there is substantial interest and concern from the general public, medical societies and the scientific community 
regarding the safety and appropriateness of resistance training for young athletes. Boys and girls as young as 6–8 years of age 
participate in resistance training activities and the weekly training volume (combined sports practice, sports competition and resistance 
training) of some teenage athletes rivals that of adults.17, 18 Moreover, advanced training programmes that include weightlifting 
movements and plyometrics are now recommended as part of performance-enhancing and injury-reducing youth programmes.19–22 The 
growing popularity of youth resistance training and the complex nature of youth sport participation raise new questions and concerns 
about the safety of youth resistance training, the risk factors associated with resistance training-related injuries in youth and the 
effectiveness of preventive measures. Our purpose is to review the current epidemiology of injury related to the safety and efficacy of 
resistance training among youth and to provide age-appropriate training recommendations for children and adolescents. 

Definitions 

By definition, the term “resistance training” refers to a specialised method of physical conditioning that involves the progressive use 
of a wide range of resistive loads, different movement velocities and a variety of training modalities including weight machines, free 
weights (barbells and dumbbells), elastic bands, medicine balls and plyometrics. The term “resistance training” should be 
distinguished from the sports of weightlifting and powerlifting in which individuals periodically train with heavy loads and attempt to 
lift maximal amounts of weight in competition. Resistance training should also be distinguished from the sport of bodybuilding in 
which the goal is muscle size, symmetry and definition. In this review, the term “youth” refers to both children and adolescents. 

INCIDENCE AND DISTRIBUTION OF YOUTH RESISTANCE TRAINING INJURIES: REPLACING DOGMA WITH 
DATA 

Incidence of injury 

Current research findings indicate a relatively low risk of injury in children and adolescents who follow age-appropriate resistance 
training guidelines, which include qualified supervision and instruction.4, 23,24 A wide variety of resistance training programmes from 
single-set sessions on child-size weight machines to multi-set protocols using different types of equipment have proved to be safe and 
efficacious.17, 25–49 Of note, significant gains in strength without any report of injury have been reported in prospective studies in which 
weightlifting movements (including modified cleans, pulls and presses) were incorporated into youth resistance training 
programmes.44, 46, 47, 49 These findings are supported by others who found that the sport of weightlifting can be safe for youth provided 
that well-informed coaches supervise all training sessions and competitions in order carefully to prescribe the weight lifted.50, 51 In the 
vast majority of resistance training intervention studies summarised in table 1,17, 25–49the injury occurrence in children and adolescents 
was either very low or nil and the resistance training stimulus was well tolerated by the young subjects. 

Table 1 

Intervention studies of resistance training in youth 

Reference Participants Intervention Injury 
outcome 

Vrijens, 197825 M, ages 10–16 years E = 28 Eight “isotonic” exercises, 1 set/8–12 reps, 3 ×/week, 8 weeks No injuries 

Sewall and Micheli, 
198626 

MF, ages 10–11 years 10E, 8C Weight machine, 3 sets/10 reps, 25–30 minutes, 3 ×/week, 9 weeks No injuries 

Funato et al, 198727 MF, ages 6–11 years 52E, 47C Maximum isometric elbow flexion, 2 ×/day, 3 ×/week, 12 weeks No injuries 

Rians et al, 198728 M, ages 6–11 years 18E, 10C Hydraulic machine circuit, 45 minutes/session, 3 ×/week, 14 weeks, 
shoulder pain 

1 injury 



Reference Participants Intervention Injury 
outcome 

Siegal et al, 198929 E = 26M, 24F, 8.4 years C = 30M, 16F, 8.6 
years 

Free weights, tubing, body weight, 30 minutes, 3 ×/week, 12 weeks No injuries 

Ramsay et al, 199030 26M, 9–11 years 13E, 13C Free weights and weight machines, 3–5 sets/5–12 reps, 3 ×/week, 20 
weeks 

No injuries 

Faigenbaum et al, 199331 MF ages 8–12 years 14E, 9C Weight machines, 7 exercises, 3 sets/10–15 reps, 2 ×/week, 8 weeks No injuries 

Ozmun et al, 199432 MF, ages 9–12 years 8E, 8C Dumbbell elbow flexion, 3 sets/7–11 reps, 3 ×/week, 8 weeks No injuries 

Faigenbaum et al, 199633 MF ages 7–12 years 15E, 9C Weight machines, 7 exercises, 3 sets/6–10 reps, 2 ×/week, 8 weeks No injuries 

Falk and Mor, 199634 M ages 6–8 years 14E, 15C Body weight, 3 sets/1–15 reps, 40 minutes, 2 ×/week, 8 weeks No injuries 

Lillegard et al, 199735 MF ages 9–15 years 52E, 39C Free weights and machines, 6 exercises, 3 sets/10 reps shoulder strain, 
1 h/session, 3 ×/week, 12 weeks 

1 injury 

Hetzler et al, 199736 E = 20M, 12–15 years C = 10M Free weight and machines, 17 exercises, 1–3 sets/10–12 reps, 3 ×/ 
week, 12 weeks 

No injuries 

Faigenbaum et al, 199917 E = 22M, 9F, 5–11 years C = 9M, 3F Weight machines, 11 exercises, 1 set/6–15 reps, 2 ×/week, 8 weeks No injuries 

Sadres et al, 200137 E = 27M, 9–10 years C = 22M Free weights, 1–4 sets/5–30 reps, 3–6 exercises, 2 ×/week, thigh pain, 
21 months 

1 injury 

Pikosky et al, 200238 E = 7M, 4F, 8.6 years Weight machines and body weight, 9 exercises, 1–2 sets/10–15 reps, 2 
×/week, 6 weeks 

No injuries 

Siegal et al, 198929 E = 26M, 24F, 8.4 years C = 30M, 16F, 8.6 
years 

Free weights, tubing, body weight, 30 minutes, 3 ×/week, 12 weeks No injuries 

Flanagan et al, 200239 MF, 8–9 years 38E, 20C Weight machines, body weight 1–3 sets/8–15 reps, 2 ×/week, 8 
exercises, 40 minutes, 10 weeks 

No injuries 

Faigenbaum et al, 200240 E = 34M, 21F, 7–12 years C = 8M, 5F, 9.3 
years 

Weight machines, 12 exercises, 1 set/10–15 reps, 1–2 ×/week, 8 weeks No injuries 

Tsolakis et al, 200441 19M, 11–13 years 9E, 10C Weight machines, 3 sets, 6 exercises, 2 ×/week, 8 weeks No injuries 

Coutts et al, 200442 42M, 16.7 years 21E, 21C Free weights, 4–16 reps/set 7–8 exercises, 3 ×/week, 12 weeks No injuries 

Faigenbaum et al, 200543 22M, 19F, 8–12 years C = 9M, 3F Weight machines, 9 exercises, 1 set/6–20 reps, 2 ×/week, 8 weeks No injuries 

Gonzalez-Badillo et al, 
200544 

E1 = 16M, 16.4 years E2 = 17M, 16.5 years 
E3 = 18M, 16.8 years 

Free weights, 1–6 reps/1–3 sets, 4–5 ×/week, 10 weeks No injuries 

Faigenbaum and Mediate, 
200645 

E = 42M, 27F, 15–16 years C = 35M, 14F Medicine ball, 1–3 sets/5–15 reps, 15–40 exercises, 2 ×/week, 6 weeks No injuries 

Faigenbaum et al, 200746 E1 = 14M, 12–15 years E2 = 13M Free weights, body weight 4–12 reps/1–3 sets, 6–18 exercises, 2 ×/ 
week, 6 weeks 

No injuries 

Faigenbaum et al, 200747 E = 22M, 13.9 years Free weights, 3 sets, 1–15 reps 9–10 exercises, 2 ×/week, 8 weeks No injuries 

Szymanski et al, 200748 E2 = 25M, 14–18 years E1 = 24M, 14–18 
years 

Free weights and medicine ball, 9–15 exercises, 2–3 sets/6–10 reps, 2–
3 ×/week, 12 weeks 

No injuries 

Channell et al, 200849 E1 = 11M, 16.4 years E2 = 10M, 16.5 years C 
= 6M, 16.8 years 

Free weights and body weight, 3–20 reps/3–5 sets, 8 weeks No injuries 

C, control group; E, experimental group; F, female; M, male; reps, repetitions. 



Three prospective research studies have reported training-related injuries in youth that required cessation from training or time away 
from a training session.28, 35, 37 Namely, anterior shoulder pain that resolved within one week of rest,28 a strain of a shoulder muscle 
that resulted in one missed training session35 and non-specific anterior thigh pain that resolved with 5 minutes of rest.37 A review of 
these findings revealed estimated injury rates of 0.176, 0.053 and 0.055 per 100 participant hours, respectively, which suggest that 
supervised resistance training protocols are relatively safe for youth.28, 35, 37 Furthermore, Rians and colleagues28 found no evidence of 
either musculoskeletal injury (measured by biphasic scintigraphy) or muscle necrosis (determined by creatine phosphokinase levels) in 
children after 14 weeks of progressive resistance training on hydraulic resistance machines. 

The evaluation of maximal muscle strength has also proved to be relatively safe for children and adolescents. Faigenbaum et 
al52 evaluated the safety and efficacy of 1 repetition maximum (RM) testing in 96 children (6–12 years) and reported that healthy boys 
and girls can safely perform maximal effort strength tests on weight machines provided that appropriate testing procedures are 
followed. In other reports, children and adolescents safely performed 1 RM strength tests using free weights.36, 37, 53–55These data 
suggest that children and adolescents can safely engage in this type of strength testing provided that appropriate loads are used, 
established guidelines are followed and qualified professionals are present. Although some observers are opposed to the use of 1 RM 
testing in children,12 it is important to realise that many of the forces that youth are exposed to in sports and recreational activities (eg, 
gymnastics, rugby and running) are likely to be greater both in duration and magnitude than properly performed maximal strength 
tests. 

A summary of descriptive and observational studies that reported on the frequency or incidence of injury in youth from resistance 
training, weightlifting or powerlifting are presented in table 2.23, 51, 56, 57 In one retrospective evaluation of injury rates in adolescents it 
was noted that resistance training and weightlifting were markedly safer than many other sports and activities.23 In that study, the 
overall injury rate per 100 participant hours was 0.8000 for rugby and 0.0035 and 0.0017 for resistance training and weightlifting, 
respectively.23 In support of these findings, Pierce and colleagues51 followed 70 competitive weightlifters (7–16 years) over a one-year 
period (1224 lifts were performed in competition) and reported no injuries that limited training or required medical attention. 

Table 2 

Descriptive and observation studies on the frequency or incidence of injury in youth from resistance training, weightlifting or 
powerlifting 

Study Exercise activity Sample Injury incidence 

Brown and Kimball, 198356 Powerlifting M, 14–19 years, N = 71 0.29 per 100 h 

Risser et al, 199057 Resistance training M, 13.3 years (SD 0.08), N = 98 0.11 per person-year 

 Resistance training M, 15.6 years (SD 0.05), N = 159 0.091 per person-year 

 Resistance training M, 17.2 years (SD 0.04), N = 97 0.051 per person-year 

Hamill, 199423 Weightlifting M, ~13–16 years, N = 1634+ 0.0017 per 100 h 

 Resistance training M, ~13–16 years, N = 4040+ 0.0035 per 100 h 

Pierce et al, 199951 Weightlifting M, F, 7–16 years, N = 70 0.000 

F, female; M, male. 

A retrospective survey of resistance training injuries in 354 adolescent American football players found 27 injuries (causing more than 
7 days of missed participation), which resulted in estimated injury rates in junior high school athletes (mean age 13.3 years), high 
school freshman/junior varsity athletes (mean age 15.6 years) and high school varsity athletes (mean age 17.2 years) of 0.11, 0.091 
and 0.51, respectively, per person-year.57 In the aforementioned study,57 only 36% of the training sessions performed by junior high 
school athletes were supervised by a coach. Brown and Kimball56 estimated an injury rate of 0.29/100 participant hours in adolescent 
powerlifters who presumably trained with heavy loads on the bench press, deadlift and back squat exercises. 

Although discussions of resistance training-related injuries typically include muscle strains and lower back pain, if safety standards for 
youth resistance training are not followed there is the potential for a catastrophic injury. In one case report, a 9-year-old boy died at 
home when a barbell rolled off the bench press support and fell on his chest while he was “playing” with his older brother’s 
weights.58 Serious accidents have also been reported in adults who resistance train for recreation and sport.59 

Location and type of injuries 



The potential for soft tissue injuries from repetitive use is an important consideration related to resistance training. In a recent 
evaluation of “weightlifting” injuries (ie, resistance training injuries), presenting to US emergency rooms, Quatman and 
colleagues1 reported that the trunk was the most commonly injured body part for both men (36.9%) and women (27.4%) between the 
ages of 14 and 30 years. Others reported that the lower back region was the most frequent site of injury site in adolescent athletes who 
participated in a resistance training programme.56, 57, 60 In a retrospective study involving adolescent powerlifters, 50% of reported 
injuries were to the lower back.56 Of potential relevance, the average powerlifter in that report trained 4.1 times per week (99 minutes 
per training session) and a majority of the training sessions were performed without supervision from a “trained coach”.56 In contrast, 
Myer and colleagues24 reported that injuries to the trunk constituted only 12% of reported injuries in youth aged 8–13 years. While the 
potential for injury to the lower back is a concern, many modifiable and controllable factors need to be considered when evaluating 
these data (eg, quality of supervision and instruction, exercise technique, progression of training loads and weekly training volume). 

Growth plate injuries 

Another concern associated with youth resistance training is the potential for injury to the physis or growth plate in a young lifter’s 
body. The growth plate can be three to five times weaker than surrounding connective tissue and it may be less resistant to shear and 
tension forces.61 Injury to this section of bone could result in time lost from training, significant discomfort and growth 
disturbance.62A summary of case reports of resistance training-related physeal injuries in youth is provided in table 3.63–68 

Table 3 

Summary of case reports of resistance training-related physeal injury in youth 

Reference Age (years) Injury location Exercise action, load 

Ryan and Salciccioli, 197664 14–17 Distal radius Overhead press, 34–81 kg 

Benton, 198263 3–18 Distal radius Not reported 

Gumbs et al, 198265 12, 14 Distal radius and ulna Overhead press, 40–68 kg 

Jenkins and Mintowt-Czyz, 198666 13 Distal radius Overhead press, 30 kg 

Weiss and Sponseller, 198967 16 Distal radius Bench press, 48 kg 

Browne et al., 199068 16 Lumbar ring apophysis Bench press, deadlift, “power clings”, 73–160 kg 

Although a few retrospective case reports noted injury to the growth cartilage in youth,63–68 most of these injuries were caused by 
improper lifting techniques, poorly chosen training loads or lack of qualified adult supervision. For example, in one case report a 13-
year-old boy had bilateral fracture separations of the distal radial epiphyses when he lost control of a barbell as he attempted to press a 
30 kg weight overhead while exercising alone in a “makeshift gymnasium” at home.66 It is unclear from this report if this adolescent 
received instruction on proper resistance training procedures or if he was involved in an activity that could be characterised as “horse 
play”. 

Of note, injury to the growth cartilage has not been reported in any prospective youth resistance training study that provided 
professional guidance and instruction.17, 25–49 Furthermore, there is no evidence that resistance training will negatively impact growth 
in height during childhood and adolescence.3, 4 The risk of growth plate injury may be greater when young athletes perform jumping 
and landing activities during competitive sport play that induces ground reaction forces of up to five to seven times body mass.69, 70 

RELATIVE SAFETY OF YOUTH RESISTANCE TRAINING 

Although youth resistance training does involve some degree of inherent risk of musculoskeletal injury, this risk does not appear to be 
any greater than other sports and recreational activities in which children and adolescents regularly participate.23, 71 Zaricznyj and 
colleagues71 evaluated the incidence of sports-related injuries (based on accident reports) in school-age youth over a one-year period 
and found that resistance training resulted in 0.7% of 1576 injuries, whereas American football resulted in 19% of all injuries. When 
the data were evaluated in terms of injury to participant ratio in school team sports, American football (28%), wrestling (16%) and 
gymnastics (13%) were at the top of the list.71 In support of these observations, more recent data indicate that American football had 
the highest injury rate (4.36 injuries per 1000 athlete exposures) for nine sports studied.72 

A related concern regards the performance of plyometric exercises (also called stretch-shortening cycle exercise) for children and 
adolescents. Although some observers suggested that a predetermined baseline level of strength (eg, 1 RM squat should be 1.5 times 
body weight) should be a prerequisite for lower body plyometric training,73 this contention is not supported by current research and 



clinical observations.19, 46, 74–77 Plyometric training can be a relatively safe and effective method of conditioning for children and 
adolescents if appropriately prescribed and sensibly progressed over time.11, 19 

Nonetheless, the addition of any type of resistance training to the total exercise dose of young athletes (ie, sports practice, sports 
competition and free play) should be carefully considered as this type of training may add to the chronic repetitive stress placed on 
developing musculoskeletal systems. Injury or illness can result if the intensity, volume or frequency of training exceeds the ability of 
the participants to perform technically sound movements or to recover from earlier training bouts. For example, a 12-year-old boy 
developed exertional rhabdomyolysis after he was instructed to perform excessive (>250) repetitive squat jumps in a physical 
education class.78 

RISK FACTORS 

By addressing the risk factors associated with resistance training-related injuries it is possible to reduce the risk of injury and enhance 
the training experience for young athletes. Although additional research is warranted, common risk factors that have been associated 
with sports-related injuries in youth include: the adolescent growth spurt; age; biological maturity; body size; poor coaching; fitness 
and previous injury.79 Other hypothesised but untested factors include: poor conditioning; muscle imbalances; inadequate nutrition; 
improper equipment; hazardous playing conditions; poor exercise technique; training errors and lack of coaching education.79, 80 

Myer and colleagues24 recently examined data from the United States Consumer Product Safety Commission in order to evaluate 
resistance training-related injuries from patients presenting to US emergency rooms (fig 2). They found that as the age group increased 
(8–13, 14–18, 19–22 and 23–30 years) the number of accidental injuries decreased significantly for each successive age group. Of 
potential relevance, they noted that two-thirds of the injuries sustained by 8–13-year-old patients were to the hand and foot and were 
most often related to “dropping” and “pinching” in the injury descriptions (fig 3). Conversely, the number of joint sprains and muscle 
strains was higher in the older age groups. 

Figure 2 

 

Figure 3 

 

Although supervised and age-appropriate resistance training is currently recognised by medical and fitness organisations to be a safe 
and effective method of exercise for children and adolescents,8–11teachers and coaches need to be aware of proper resistance training 
procedures because the aggressive progression of training loads and the improper performance of free weight lifts can be 
injurious.56, 60 A recurring theme in most youth resistance training-related injuries is the lack of qualified adult supervision and 

Estimated	number	of	“weightlifting”	(ie,	resistance	
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Conditioning	Association,	Colorado	Springs,	
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instruction. Without guidance from professionals knowledgeable in youth resistance training procedures, children and adolescents who 
use exercise equipment are more likely to have an injury as a result of unsafe behaviour, equipment malfunction and lack of proper 
supervision.24, 81, 82 

PREVENTION 

Resistance training to prevent other sport injuries 

In addition to enhancing strength and power, regular participation in a preseason conditioning programme that includes resistance 
training may facilitate injury risk reduction during sports participation. Comprehensive resistance training programmes that included 
plyometric exercises (and instruction on jumping and landing techniques) have been found to enhance movement biomechanics, 
improve functional abilities and reduce the number of sport-related injuries in young athletes.83–86 Indeed, most multifaceted 
conditioning programmes that included progressive resistance exercise have proved to be an effective strategy for reducing sports-
related injuries in adolescent athletes.83–85, 87–90 However, one limitation of intervention trials that use multiple interventions in a trial 
arm is that it is difficult to characterise the contribution of each aspect of the intervention to the decrease in injury. 

Prevention of resistance training injuries 

Research findings suggest that a majority of resistance training-related injuries in children and adolescents are the result of accidents, 
improper exercise technique or lack of qualified supervision.24,82, 91 Attention to weight room etiquette, safe use of equipment, age-
appropriate training and proper handling of heavy objects may limit the risk of accidental injuries among young lifters. Of note, 
qualified professionals who have an understanding of youth resistance training guidelines and who are knowledgeable of the 
physiological and psychosocial uniqueness of children and adolescents should provide supervision and instruction (eg, UK Strength 
and Conditioning Association level 1 strength and conditioning coach or National Strength and Conditioning Association certified 
strength and conditioning specialist). Although there have been no preventive trials that have focused specifically on measures to 
prevent resistance training injuries in children and adolescents, the following recommendations appear warranted for apparently 
healthy youth: 

• All youth should have the emotional maturity to accept and follow coaching instructions. 
• All youth should wear comfortable attire that does not restrict movement patterns and athletic footwear that provides good 

traction and support. 
• Resistance training sessions should begin with dynamic warm-up activities. 
• Resistance training sessions should include exercises for all of the major muscle groups including the hips, abdomen and 

lower back. 
• The focus of youth resistance training programmes should be on learning proper exercise technique and not on the amount of 

weight lifted. 
• Qualified professionals who have an understanding of youth resistance training and paediatric fitness should provide 

supervision and instruction. 
• Qualified professionals should ensure the training area is safe, adequately ventilated and free of any potential hazard. 
• Qualified professionals should monitor each participant’s ability to tolerate the exercise stress and should modify the training 

programme when appropriate. 
• Qualified professionals should systematically vary the training programme over time in order to minimise the risk of injury or 

overtraining. 
• Lifestyle factors that influence training adaptations such as proper nutrition, sufficient hydration and adequate sleep should 

be addressed in youth sport programmes. 

FURTHER RESEARCH 

Well-designed longitudinal epidemiological studies are needed to understand better the long-term effects of structured resistance 
training on youth. This research should ensure the collection of exposure data (time exposed) to support injury incidence 
determination and comparisons with other sports and recreational activities. Accurate recording of information such as equipment 
design and layout, level of supervision, training experience, quality of instruction and programme design variables (eg, exercises, sets, 
repetitions, load and frequency) may be helpful to the evaluation of possible injury risk factors. Studies are also needed to determine 
the effects of injury prevention strategies (eg, coaching education and preparatory resistance training) on acute and overuse injuries in 
young athletes. Although youngsters as young as 6–8 years of age play organised sports, no preventive trials have evaluated the effects 
of fitness conditioning (including resistance training) on sports-related injuries in children. 

Epidemiological research will also help to provide descriptive information on the location and type of injuries that are most prevalent, 
where the injuries happened, when the injuries occurred and time loss associated with injury. Descriptive data on the resistance 
training protocol of young athletes may provide additional insight into possible injury mechanisms and risk factors and how 



programme design variables may influence the rate and severity of injury. Cumulatively, these data will aid in the development and 
implementation of evidence-based prevention measures in schools, fitness centres and sports training facilities that cater to children 
and adolescents. 

What is already known on this topic: 

• There is clear evidence that resistance training can be a worthwhile and beneficial activity for children and adolescents. 
• A growing number of youth are participating in resistance training programmes in school, recreation centres, and sports 

training facilities. 
• Little is being done to address the risk factors associated with resistance training-related injuries in young athletes. 

What this paper adds: 

• This paper suggests that most injuries related to youth resistance training are a result of inadequate professional supervision, 
which underlies poor exercise techniques and inappropriate training loads. 

• The risk of musculoskeletal injury resulting form age-appropriate resistance training, weightlifting, and plyometrics does not 
appear to be any greater than other sports and recreational activities in which children and adolescents regularly participate.  

• Comprehensive conditioning programmes designed and supervised by qualified professionals who have an understanding of 
youth resistance training guidelines as well as the physical and psychosocial uniqueness of children and adolescents appear to 
be an effective strategy for reducing sports-related injuries in young athletes. 

 

Can Resistance Training Reduce Injuries in Youth Sports? 
Faigenbaum, Avery D. EdD, CSCS; Schram, Jaynie MPH, MS, PT, ATC, CSCS 

Summary 

Studies suggest that regular participation in a broad-based training program that includes resistance training can significantly reduce 
sports-related injuries in adolescents. However, additional trials are required to further examine the effectiveness of different 
resistance-training protocols and interventions on reducing the incidence of injury in competitive and noncompetitive activities. In 
addition, investigations are required to explore the influence of other strategies, including coaching education, preseason fitness 
evaluations, and select restorative procedures, on reducing the incidence of injury in young athletes.  

The Effects of Strength Training and Detraining on Children. 
Faigenbaum, Avery D.; Westcott, Wayne L.; Micheli, Lyle J.; Outerbridge, A. Ross; Long, Cindy J.; LaRosa-Loud, Rita; 
Zaichkowsky, Leonard D. 

Abstract 

The effects of an 8-week strength training program followed by an 8-week detraining period were evaluated in 11 boys and 4 girls, 
ages 7 to 12 years. Three boys and 6 girls matched for age and level of maturity served as controls. Progressive strength training was 
performed twice a week on child-size equipment. Subjects were tested on the following measures: 6 repetition maximum (RIM) leg 
extension, 6-RM chest press, vertical jump, and flexibility. Strength training significantly (p<.05; ANOVA) increased 6-RM strength 
on the leg extension (53.5%) and chest press (41.1%), whereas control group gains averaged 7.9%. Strength training did not 
significantly affect other variables. Detraining resulted in a significant loss of upper (-19.3%) and lower body (-28.1%) strength in the 
experimental group. The results suggest that participation in a short-term strength training program will increase the strength of 
children; however, strength gains regress toward untrained control values during the detraining period. 

The Effects of a Twice-A-Week Strength Training Program on Children 
Avery D. Faigenbaum, Leonard D. Zaichkowsky, Wayne L. Westcott, Lyle J. Micheli, Allan F. Fehlandt 
*Presented at the annual meeting of the New England American College of Sports Medicine, November 1992, Boxborough, MA. 
*A.D. Faigenbaum and L.D. Zaichkowsky are with the Dept. of Human Movement, School of Education, Boston University, Boston, 
MA 02215. W.L. Westcott is with the South Shore YMCA, Quincy, MA 02169. L.J. Micheli and A.F. Fehlandt are with the Division 
of Sports Medicine, Children’s Hospital, Boston, MA 02115. 
 
Abstract 

The effectiveness of a twice-a-week strength training program on children was evaluated in 14 boys and girls (mean age 10.8 yrs) who 
participated in a biweekly training program for 8 weeks. Each subject performed three sets of 10 to 15 repetitions on five exercises 
with intensities ranging between 50 and 100% of a given 10-repetition maximum (RM). All subjects were pre- and posttested on the 
following measures: 10-RM strength, sit and reach flexibility, vertical jump, seated ball put, resting blood pressure, and body 
composition parameters. The subjects were compared to a similar group of boys and girls (n = 9; mean age 9.9 yrs) who were 



randomly selected to serve as controls. Following the training period, the experimental group made greater gains in strength (74.3%) 
as compared to the control group (13.0%) (p < 0.001), and differences in the sum of seven skinfolds were noted (−2.3% vs. +1.7%, 
respectively, p < 0.05). Training did not significantly affect other variables. These results suggest that participation in a short-term, 
twice-a-week strength training program can increase the strength and improve the body composition of young boys and girls. 

The Effectiveness of Resistance Training in Children. A Meta-Analysis. 
Falk B, Tenenbaum G. 

Abstract 
Many recent studies have reported that resistance training can be effective in producing strength gains among prepubescents. These 
studies appear to refute the early claims of ineffectiveness of resistance training in children. A meta-analysis procedure combines the 
results of individual empirical studies and estimates a standardised effect, termed effect size. This effect size is based on the scores of 
the control and experimental groups before and after training. It defines the difference between the gain of the experimental and 
control groups, divided by the standard deviation of the pooled variances of both groups. A literature search revealed 28 studies which 
described a resistance training programme for girls and boys under the age of 12 and 13 years, respectively. Presumably, these 
children were pre- or early-pubescents. However, only 9 of these studies provided the necessary data to calculate the effect size and 
could be included in the analysis. The majority of the studies showed a gain in strength between 13 and 30%. The overall mean effect 
size was found to be 0.57. This signifies that following training, the average child in the resistance training group was above 71.6% of 
the children in the control group. The effectiveness of resistance training can be influenced by factors such as age and maturation, 
gender, as well as the frequency, duration and intensity of the training programme. The studies included in the analysis examined 
participants of varying ages and did not demonstrate a clear influence of age. Most studies examined only boys or a mixed group of 
boys and girls. Therefore, the influence of gender on the effectiveness of resistance training in prepubescents cannot yet be 
determined. Nevertheless, in the few studies where boys and girls were examined separately, no difference was found in the effect of 
resistance training between genders. It appears that a training frequency of twice per week is sufficient to induce strength gains in 
children. However, the minimal, or for that matter optimal, duration and intensity are not clear. Some of the weaknesses observed in 
the reviewed studies include: (i) the lack of control for a possible learning effect; (ii) non-randomisation into the training and control 
groups; (iii) no report of adherence rate; (iv) a reliance on boys as study participants; and (v) too little information on the type, volume 
and intensity of training. Future studies should take these weaknesses into consideration. 

Effects and Mechanisms of Strength Training in Children. 
Granacher U, Goesele A, Roggo K, Wischer T, Fischer S, Zuerny C, Gollhofer A, Kriemler S. 

Abstract 
 
It has been demonstrated that strength training can be organized in children in a safe and effective way. However, there is limited data 
regarding its impact on muscle hypertrophy. This study investigated the effects of a high-intensity strength training (HIS) on knee 
extensor/flexor strength, countermovement (CMJ) jumping height, postural control, soft lean mass and muscle cross-sectional area 
(CSA) of the dominant leg in prepubertal children. Thirty-two children participated in this study and were assigned to an intervention 
(INT; N=17) or a control class ( N=15). The INT participated in 10 weeks of weight-machine based HIS integrated in physical 
education. Pre/post tests included the measurements of peak torque of the knee extensors/flexors at 60 and 180°/s, CMJ jumping 
height, postural sway, soft lean mass of the leg by bioelectrical impedance analysis, and CSA (m. quadriceps) by magnetic resonance 
imaging. HIS resulted in significant increases in knee extensor/flexor peak torque (60°/s and 180°/s). HIS did not produce significant 
changes in CMJ jumping height, postural sway, soft lean mass, and CSA. Although HIS was effective at increasing peak torque of the 
knee extensors/flexors in children, it was unable to affect muscle size. It appears that neural factors rather than muscle hypertrophy 
account for the observed strength gains in children. 

Resistance Training to Improve Power and Sports Performance in Adolescent Athletes: A 
Systematic Review and Meta-Analysis. 
Harries SK, Lubans DR, Callister R. 

Abstract 

OBJECTIVES: 
Resistance training in untrained adolescents can positively effect health-related fitness as well as improve muscular power and sports 
performance. The impact of resistance training on adolescent athletes is less clear. The purpose of this review is to determine the 
effectiveness of resistance training programs on muscular power and sports performance in adolescent athletes. 

DESIGN: 
Systematic review and meta-analysis of previously published studies investigating resistance training in adolescent athlete 
populations. 



METHODS: 
A systematic search of Medline, Embase, and SPORTDiscus databases was conducted on 21st March 2011 to identify studies 
evaluating resistance training programs on power and sports performance in adolescent athletes. 

RESULTS: 
Thirty-four studies were identified. All but two of the studies reported at least one statistically significant improvement in an alactic 
muscular power outcome. The most common indicators of alactic power were vertical jump (25 studies) and sprint running (13 
studies) performance. Fourteen studies provided data to allow for pooling of results in a meta-analysis. A positive effect was detected 
for resistance training programs on vertical jump performance (mean difference 3.08 [95% CI 1.65, 4.51], Z=4.23 [P<0.0001]). 

CONCLUSIONS: 
There is sufficient evidence to conclude that resistance-training interventions can improve muscular power in adolescent athletes. A 
positive effect on sports performance attributable to participation in resistance training was reported by almost half the included 
studies, however limited objective evidence to support these claims was found. Improvements in motor performance skills, such as 
jumping, are widely stated as indicators of improvements in sporting performance. 

Effects of 12 Weeks of Strength Training on Anaerobic Power in Prepubescent Male 
Athletes. 
Hetzler, Ronald K.; DeRenne, Coop; Buxton, Barton P.; Ho, Kwok W.; Chai, Dennis X.; Seichi, George 

Abstract 

This study examined the effects of strength training on anaerobic power in 30 pubescent male athletes, specifically the vertical jump 
(VJ), 40-yd dash (40-yd), and Wingate test. Subjects were assigned to an experienced training group (ETG), a novice group (NTG), or 
control (Con), 10 in each group. ETG and NTG trained 12 weeks with free weights and machines, 3 sessions a week. ETG, NTG, and 
Con increased 41, 40, and 14% in the leg press, respectively, and 23, 18, and 0% in the bench press. ANCOVA revealed significant 
differences between ETG and NTG vs. Con in the leg press; for the bench press each grouped differed significantly from the others 
(p<.05). For VJ there were significant differences, with ETG and NTG achieving greater gains than Con. For peak anaerobic power, 
however, Con achieved significantly greater gains than ETG and NTG, and improved significantly more than ETG for mean anaerobic 
power and 40-yd. It was concluded that strength training as practiced in this study increased VJ but did not improve the other 
measures of anaerobic power.   

Resistance Training and Youth 
William J. Kraemer, Andrew C. Fry, Peter N. Frykman, Brian Conroy, and Jay Hoffman 

Abstract  

The use of resistance training for children has increased in popularity and interest. It appears that children are capable of voluntary 
strength gains. Exercise prescription in younger populations is critical and requires certain program variables to be altered from adult 
perspectives. Individualization is vital, as the rate of physiological maturation has an impact on the adaptations that occur. The major 
difference in programs for children is the use of lighter loads (i.e., > 6 RM loads). It appears that longer duration programs (i.e., 10-20 
wks) are better for observing training adaptations. This may be due to the fact that it takes more exercise to stimulate adaptational 
mechanisms related to strength performance beyond that of normal growth rates. The risk of injury appears low during participation in 
a resistance training program, and this risk is minimized with proper supervision and instruction. Furthermore, with the incidence of 
injury in youth sports, participation in a resistance training program may provide a protective advantage in one's preparation for sports 
participation. 

Efficacy of Strength Training in Prepubescent to Early Postpubescent Males and Females: 
Effects of Gender and Maturity. 
Lillegard WA, Brown EW, Wilson DJ, Henderson R, Lewis E.  

Abstract 
 
There has been considerable debate concerning the benefits of children participating in weight training programs. With the potential 
benefits of such training in specific rehabilitation regimens, the safety/efficacy of weight training is a topic in need of scientific study. 
Fifty-two experimental and 39 control subjects participated in this study. A 2 x 2 x 2 (gender by treatment by Tanner stage) ANOVA 
was used to examine pre- to post-test differences in six strength measures, eight anthropometric measures, five motor performance 
measures, and one flexibility measure associated with participation in a 12-week progressive resistance programme. In addition, safety 
of the weight training programme was examined. For strength differences, there were two significant main effects favouring strength 
gains in males and four favouring the experimental group. For anthropometric changes, 3-way interactions occurred that were not 



easily explained. However, the predominant main effect was treatment; the experimental group generally experienced gains in body 
segment girths with decreases in skinfold thickness. For motor performance, the experimental group had greater improvements in 
three of five parameters. The experimental group also had significantly greater gains in flexibility. The weight training programme 
was associated with only one injury. These findings support the general observation that physical benefits can be gained safely by 
children who participate in a weight training programme. 

Physical Activity and Training: Effects on Stature and the Adolescent Growth Spurt. 
Malina RM.  

Abstract 
 
Statural growth (size attained), age at peak height velocity (PHV), and growth rate were compared in two samples of boys classified as 
habitually physically active and inactive, and in two samples of boys regularly training in sport (primarily team sports). Individual 
growth records were fitted mathematically in three of the samples (two as reported by the respective authors and one for the present 
report), while curves were fit to group means for the fourth sample. There were no differences in size, age at PHV, and PHV between 
active and inactive boys, but the parameters of the adolescent spurt for boys regularly involved in sport were characteristic of early 
maturers. Longitudinal data are less extensive for girls. Stature data for three samples of young athletes in gymnastics, swimming, and 
track/rowing indicated a stable pattern relative to reference data for nonathletes, i.e., swimmers, track athletes, and rowers were 
already taller and gymnasts already shorter than average during childhood and maintained their position relative to reference data 
during childhood and adolescence. Allowing for sample size and variation in descriptions of habitual physical activity and training for 
sport, the data suggest that regular physical activity, sport participation, and training for sport have no effect on attained 
stature, timing of PHV, and rate of growth in stature. Prospective data for the swimmers, track athletes, and rowers indicate no 
effect of training on the timing of menarche. 

Neuromuscular Adaptations Following Prepubescent Strength Training. 
Ozmun JC, Mikesky AE, Surburg PR.  

Abstract 
 
Underlying mechanisms of prepubescent strength gains following resistance training are speculative. The purpose of this investigation 
was to determine the effects of 8 wk of resistance training on muscular strength, integrated EMG amplitude (IEMG), and arm 
anthropometrics of prepubescent youth. Sixteen subjects (8 males, 8 females) were randomly assigned to trained or control groups. All 
subjects (mean age = 10.3 yr) were of prepubertal status according to the criteria of Tanner. The trained group performed three sets (7-
11 repetitions) of bicep curls with dumbbells three times per week for 8 wk. Pre- and posttraining measurements included isotonic and 
isokinetic strength of the elbow flexors, arm anthropometrics, and IEMG of the biceps brachii. Planned comparisons for a 2 x 2 (group 
by test) ANOVA model were used for data analysis. Significant isotonic (22.6%) and isokinetic (27.8%) strength gains were observed 
in the trained group without corresponding changes in arm circumference or skinfolds. The IEMG amplitude increased 16.8% (P < 
0.05). The control group did not demonstrate any significant changes in the parameters measured. Early gains in muscular strength 
resulting from resistance training prepubescent children may be attributed to increased muscle activation. 

Effects of Strength Training on Muscle Development in Prepubescent, Pubescent, and 
Postpubescent Males. 
Pfeiffer RD, Francis RS.  

Abstract 
 
In brief: Thirty-three prepubescent, pubescent, and postpubescent males participated in a nine-week resistive exercise program to test 
the hypothesis that pubescent males respond better to strength training than older and younger groups do. Before and after the 
program, the subjects' strength in elbow and knee flexion and extension was tested bilaterally on a dynamometer at two velocities. The 
posttest showed that all of the subjects gained strength in elbow flexion and extension and knee extension but not in knee flexion. The 
prepubescent group showed significantly greater gains than the others on three of the 16 tests, but in no case did the pubescent group 
show significantly greater gains. 

Effects of a 6-week Plyometric Training Program on Performances in Pubescent 
Swimmers. 
Potdevin FJ, Alberty ME, Chevutschi A, Pelayo P, Sidney MC.  

Abstract 
 



This study examined in pubescent swimmers the effects on front crawl performances of a 6-week plyometric training (PT) in addition 
to the habitual swimming program. Swimmers were assigned to a control group (n = 11, age: 14.1 ± 0.2 years; G(CONT)) and a 
combined swimming and plyometric group (n = 12, age: 14.3 ± 0.2 years; GSP), both groups swimming 5.5 h · wk(-1) during a 6-
week preseason training block. In the GSP, PT consisted of long, lateral high and depth jumps before swimming training 2 times per 
week. Pre and posttests were performed by jump tests (squat jump [SJ], countermovement jump [CMJ]) and swim tests: a gliding task, 
400- and 50-m front crawl with a diving start (V400 and V50, m · s(-1)), and 2 tests with a water start without push-off on the wall (25 
m in front crawl and 25 m only with kicks). Results showed improvement only for GSP for jump tests (Δ = 4.67 ± 3.49 cm; Δ = 3.24 ± 
3.17 cm; for CMJ and SJ, respectively; p < 0.05) and front crawl tests (Δ = 0.04 ± 0.04 m · s(-1); Δ = 0.04 ± 0.05 m · s(-1); for V50 
and V400, respectively; p < 0.05). Significant correlations were found for GSP between improvements in SJ and V50 (R = 0.73, p < 
0.05). Results suggested a positive effect of PT on specific swimming tasks such as dive or turn but not in kicking propulsion. Because 
of the practical setup of the PT and the relevancy of successful starts and turns in swimming performances, it is strongly suggested to 
incorporate PT in pubescent swimmers’ training and control it by jump performances. 

Strength Training Effects in Prepubescent Boys. 
Ramsay JA, Blimkie CJ, Smith K, Garner S, MacDougall JD, Sale DG.  

Abstract 
 
Possible changes in muscle size and function due to resistance training were examined in prepubertal boys. Thirteen boys (9-11 yr) 
volunteered for each of the training and control groups. Progressive resistance training was performed three times weekly for 20 wk. 
Measurements consisted of the following: 1 repetition maximum (RM) bench press and leg press; maximal voluntary isometric and 
isokinetic elbow flexion and knee extension strength; evoked isometric contractile properties of the right elbow flexors and knee 
extensors; muscle cross-sectional area (CSA) by computerized tomography at the mid-right upper arm and thigh; and motor unit 
activation (MUA) by the interpolated twitch procedure. Training significantly increased 1 RM bench press (35%) and leg press (22%), 
isometric elbow flexion (37%) and knee extension strength (25% and 13% at 90 degrees and 120 degrees, respectively), isokinetic 
elbow flexion (26%) and knee extension (21%) strength, and evoked twitch torque of the elbow flexors (30%) and knee extensors 
(30%). There were no significant effects of training on the time-related contractile properties (time to peak torque, half-relaxation 
time), CSA, or %MUA of the elbow flexors or knee extensors. There was, however, a trend toward increased MUA for the elbow 
flexors and knee extensors in the trained group. Strength gains were independent of changes in muscle CSA, and the increases in 
twitch torque suggest possible adaptations in muscle excitation-contraction coupling. Improved motor skill coordination (especially 
during the early phase of training), a tendency toward increased MUA, and other undetermined neurological adaptations, including 
better coordination of the involved muscle groups, are likely the major determinants of the strength gains in this study. 

The Effect of Long-Term Resistance Training on Anthropometric Measures, Muscle 
Strength, and Self Concept in Pre-Pubertal Boys 
 
Eliahu	Sadres,	Alon	Eliakim,	Naama	Constantini,	Ronnie	Lidor,	Bareket	Falk	
	
Abstract	
The purpose of this study was to examine the effect of 2 school years (21 months) of a twice-weekly resistance training program on 
stature, muscle strength, and self-concept among prepubertal boys. The experimental group (E, n = 27) aged 9.2 ± 0.3 yrs, participated 
in progressive resistance training, while the control group (C, n = 22) aged 9.4 ± 0.3 yrs, participated in standard physical education 
classes (as advised by the Ministry of Education). Training sessions included 1–4 sets of 3–6 exercises, with 5–30 repetitions/set. The 
load ranged between 30% and 70% 1RM. No differences were observed in the gain in body height between groups. Muscle strength 
increased significantly more in E (e.g., knee extensors: 0.51 ± 0.13 to 0.77 ± 0.16 kg/kg body mass), compared with C (0.34 ± 0.12 to 
0.54 ± 0.11 kg/kg body mass). One minor injury was reported throughout the study. Initial scores of self-concept were high in both 
groups, with no training effect. The results demonstrate that among prepubertal boys, a twice-weekly low-to-moderate-intensity 
resistance training program over a period of 2 school years (21 months) can result in enhancement in muscle strength with no 
detrimental effect on growth. 

The Health Benefits of Muscular Fitness for Children and Adolescents: A Systematic 
Review and Meta-Analysis. 
Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD, Lubans DR.  

Abstract 

BACKGROUND: 
Physical fitness during childhood and adolescence has been identified as an important determinant of current and future health status. 
While research has traditionally focused on the association between cardio-respiratory fitness and health outcomes, the association 
between muscular fitness (MF) and health status has recently received increased attention. 



OBJECTIVE: 
The aim of this systematic review and meta-analysis was to evaluate the potential physiological and psychological benefits associated 
with MF among children and adolescents. 

METHODS: 
A systematic search of six electronic databases (PubMed, SPORTDiscus, Scopus, EMBASE, PsycINFO and OVID MEDLINE) was 
performed on the 20th May, 2013. Cross-sectional, longitudinal and experimental studies that quantitatively examined the association 
between MF and potential health benefits among children and adolescents were included. The search yielded 110 eligible studies, 
encompassing six health outcomes (i.e., adiposity, bone health, cardiovascular disease [CVD] and metabolic risk factors, 
musculoskeletal pain, psychological health and cognitive ability). The percentage of studies reporting statistically significant 
associations between MF and the outcome of interest was used to determine the strength of the evidence for an association and 
additional coding was conducted to account for risk of bias. Meta-analyses were also performed to determine the pooled effect size if 
there were at least three studies providing standardised coefficients. 

RESULTS: 
Strong evidence was found for an inverse association between MF and total and central adiposity, and CVD and metabolic risk 
factors. The pooled effect size for the relationship between MF and adiposity was r = -0.25 (95% CI -0.41 to -0.08). Strong evidence 
was also found for a positive association between MF and bone health and self-esteem. The pooled effect size for the relationship 
between MF and perceived sports competence was r = 0.39 (95% CI 0.34-0.45). The evidence for an association between MF and 
musculoskeletal pain and cognitive ability was inconsistent/uncertain. Where evidence of an association was found, the associations 
were generally low to moderate. 

CONCLUSION: 
The findings of this review highlight the importance of developing MF in youth for a number of health-related benefits. 

Evidence Based Physical Activity for School-Age Youth. 
Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, 
Rowland T, Trost S, Trudeau F.  

Abstract 

OBJECTIVES: 
To review the effects of physical activity on health and behavior outcomes and develop evidence-based recommendations for physical 
activity in youth. 

STUDY DESIGN: 
A systematic literature review identified 850 articles; additional papers were identified by the expert panelists. Articles in the 
identified outcome areas were reviewed, evaluated and summarized by an expert panelist. The strength of the evidence, conclusions, 
key issues, and gaps in the evidence were abstracted in a standardized format and presented and discussed by panelists and 
organizational representatives. 

RESULTS: 
Most intervention studies used supervised programs of moderate to vigorous physical activity of 30 to 45 minutes duration 3 to 5 days 
per week. The panel believed that a greater amount of physical activity would be necessary to achieve similar beneficial effects on 
health and behavioral outcomes in ordinary daily circumstances (typically intermittent and unsupervised activity). 

CONCLUSION: 
School-age youth should participate daily in 60 minutes or more of moderate to vigorous physical activity that is developmentally 
appropriate, enjoyable, and involves a variety of activities. 

The Effects of Hydraulic Resistance Strength Training in Pre-Pubertal Males. 
Weltman A, Janney C, Rians CB, Strand K, Berg B, Tippitt S, Wise J, Cahill BR, Katch FI.  

Abstract 
 
In order to examine the effectiveness and safety of hydraulic resistance strength training in young males, 26 pre-pubertal males (mean 
age = 8.2 +/- 1.3 yr) completed a 14-wk strength training study. Subjects were evaluated before and after the 14-wk experimental 
period for pubertal state (Tanner's sexual maturity rating, serum testosterone, and serum dihydroepiandrosterone sulfate). 
Effectiveness of the strength training program was determined by measuring pre-post differences in: isokinetic strength for flexion and 
extension at the knee and elbow joints at two speeds (30 degrees and 90 degrees X s-1) (KIN COM, Chattecx, Inc., Chattanooga, TN), 
flexibility, standing long jump, vertical jump, body composition parameters, maximal oxygen consumption, and creatinine 



phosphokinase. Safety of strength training was assessed by biphasic musculoskeletal scintigraphy before and after the program and by 
physician evaluation of complaints by subjects. Strength training subjects (N = 16) participated in a 45 min/session, 3 session/wk, 14-
wk supervised strength training program with an attendance rate of 91.5%. Participants performed concentric work using hydraulic 
resistance equipment (Hydra-Fitness Industries, Belton, TX). Eccentric work was not performed. Control subjects (N = 10) did not 
strength train but did participate in sport activities and activities of daily living. Results indicated that strength training subjects 
increased isokinetic strength as a result of strength training (average concentric work/repetition increases by 18.5 to 36.6% for the 
eight motions tested; torque scores over the first 90% of the range of motion increases by 13.1 to 45.1% for the eight motions tested). 
These changes were significantly greater than changes seen in the control group (P less than 0.05). Strength training subjects also 
demonstrated significant improvements (as compared to control subjects) in vertical jump (+10.4%), flexibility (+8.4%), and maximal 
oxygen consumption [+19.4% (l X min-1), +13.8% (ml X kg X min-1)] after the experimental period. Musculoskeletal scintigraphy 
revealed no evidence of damage to epiphyses, bone, or muscle as a result of strength training. Only one strength training-related injury 
was reported (left shoulder pain, 3 strength training sessions missed). In contrast, six strength training subjects sustained injuries 
during activities of daily living, resulting in 47 missed strength training sessions. It was concluded that, in the short term, supervised 
concentric strength training using hydraulic resistance equipment is safe and effective in pre-pubertal boys. 

 
Additional Notes:  

This is by no means meant to be an exhaustive list of all the studies ever conducted on the topic of children and resistance training. 
Please feel free to ask for the PDF versions of any of the studies mentioned above if you would like to read them in their entirety and 
in their fuller context.  

I hope this provides a basis of understanding on your part into why I do what I do and the evidence and research behind the specifics 
of the training programs that I coach and teach your athlete through each week.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


