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ABSTRACT

Lloyd, RS, Oliver, JL, Faigenbaum, AD, Howard, R, De Ste
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Long-term athletic development: Part 2: Barriers to success
and potential solutions. J Strength Cond Res XX(X): 000—
000, 2015—The first installment of this two-part
commentary reviewed existing models of long-term athletic
development. However, irrespective of the model that is
adopted by practitioners, existing structures within competi-
tive youth sports in addition to the prevalence of physical
inactivity in a growing number of modern-day youth may serve
as potential barriers to the success of any developmental
pathway. The second part of this commentary will first
highlight common issues that are likely to impede the success
of long-term athletic development programs and then
propose solutions that will address the negative impact of
such issues.
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INTRODUCTION

Ithough longitudinal data are needgdvalidate

the desigrof existing pathwaysf either talenbr

athletic developmentt is generally considered

more beneficiato have a progressive system
situ rather than haveo structureat all. However, although
long-term athletic development programs continte
evolve, a numbeof contraindicating factors associated with
modern-day lifestylesf youth are becomingn increasing
causefor concern. Enhancing practitioner’s knowledge and
understandingf how exercise prescription for youth should
align with training age, technical competency, growthf-
uration, and developmeigtcrucialto the progressioof our
field (89). However, without addressing currentissues facin
the developmertf today’s youth, practitioners will likelype
working in a compromised environment. Specifically, this
article will examinehow long-term athletic development
programs are negatively impactby (1) inactive lifestyles
of youth, (2) the prevalenc# obese and overweight youth,
(3) early sport specialization and associated injury risk, (4)
high workloadsof young athletes, and (5) the limitatioof
existing education curricula.

OPERATIONAL TERMS

For the purposesf this commentary, the terms youth and
young athletes represent both children (genergilyo the
ageof 11 yearsn girls andl3yearsn boys) and adolescents
(typically including girls aged.2-18 years and boys aged
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14-18 years). he term athletic development refes the
physical developmemtf youth that encompassthe training
of hedth-, skill-, and performance-retad components ofi t-
ness. The age-related integratioof these compmnents ove
time is designed to enheeperformance, reduce injury kis
and enhace the canfidence ad competene of all youth.
Practitiorer denoéesan individual responsile for the athlat
developmentof youth and indudes: youth sport coachke
sports administrators, strggh and conditionng coaches,
physical education teachgrthletc traines, physiotherapist,
and other bdth care providess. Resistance &ining refers to
a specialized methaaf conditioning, vihereby anindividualis
working agaist a wide rage of resistive load4o enhawce
healh, fitnes, and performanceji$7 Forms of resistirce
training include heuseof bady weight, weight machines gfe
weights (barbells and dumbbgllslastic bands, and medicine
balls. Theterm physical literacy refer® theability of anindi-
vidual to use cognitive processes such as anticipatiem-m
ory, and decision-makingp hdp move with poise, econog
and coffidercein a ramge of physically demanding environ-
ments (@81). Fundamerimovemat skills represent locadtive
(running, skipping, &ad hopping), maniplative (catching,
throwing, grasping, and striking), and stabilization (bakgn
rotatian, and antirotation, r&d bracirg) skills (64).

Problem 1: Physical Inactivity

practitioners responsible for the health awdll-being of
youth are cognizantf the importanceof these contributing
lifestyle factors and progressively use targeted programming
with appropriate interventions.

Cohen et al. ( 8 indicated that there has bean
recent and sustained decliivethe muscular strength levels
of chil- dren within the United Kingdom, reporting 26%
decline in arm strength and &% drop in handgrip
strength between 1998 and B00Additionally, 1 in 10
children couldnot support their own body weighbn a
wall bar ([#8). fie authors suggested that the decline in
strength levelsvas likely becauseof reductionsin physical
activity levels. Data from other countries shows a similar
trend of strength def- icits in  youth, highlighting
declines in both handgrip strength and bent-arm hang
performancein Spanish adoles- centsfi77 ) and a decline
in the neuromotor fitness ofpre- pubescent Dutch
children ( #@#8). Cumulatively, these data indicate that
modern-day youthdo not possess sufficient levelsf
muscular strength largelgue to physical inactivity. Thisis
an issue that requires immediate attention.

The increased prevalenaef deconditioned youths likely
to have a direct impacbn the current requireménand future
structuring of long-term athletic developrmenprograns.
Youth require coordinated musaulstrengh for the success-
ful performanceof fundamental movement dkil(28J6%). It is

It canbe observed from longitudinal data that fitness levelsalso establiskd that fundamental movement skill competen

of youthin general have deteriorated over the past320

years (JM0N8I25) Recent evidence now indicates
that a large proportionof children and adolescents
routinely fail to accumulate recommended physical
activity guidelines proposelly leading health authorities (

is associated with long-term engageman physical activity
(88). Therefoe, given he recent declne in both of these
fitnes paramete; any long-term strategy should prioritize
the development of muscle strengtimdamotr skill profi-
ciercy during the primary sclod yeas. It is imperatve that

B6M2). Of particular concern, researchers have shown thatouth engagein training modalitiesto devebp muscular

physical activity levels appear to peakapproximately 6
yearsof age, after which theris a consistent decline into
adolescence and adulthod@ifil 26). Additionally, iasesin

the amountof time viewing televisionor playing video
games (), reductionsr the removabf time devotedo
recess [B), reduced time during the school day for physical
education (@), reductions in the numbesf youth who
use active transportatiorto school (Jil}, poor dietary
behaviors (EI2II0Y, and insufficient levelof sleep
(37,69,10) are some other lifestyle factors that contribtate
reducti@fisin daily physical activity among youth (86).
Failure to address negative trends lifestyle factors such
as insufficient sleepor poor dietary behaviorgn youth
will undoubtedly reduceor blunt the beneficial effectsf
exercise and potentially increase the rigksport- related
injury. Additionally, researchers have shown that
participating in moderateto-vigorous physical activity
(MVPA) igjgositively associated with emotional stat@do-
lescents (115). Combined, these factors will limitagtebr
postpone athletic development irrespecti¥éhe innate tal-
ent of the young athlete. Recognizing that daily physical
activity early in life is a critical component of &ing-term
athletic development models, it is impemt that

2 JBurnal of Strengtard Conditioning Reeach

strengh and fundameal movement skis in early childhad
to maximize thie modifiable neuromuscait systems Z8i92).
These evidence-basd guidelires challemge previaus athletc
developmat modds (8) and courgr preconceived concerns
surounding structwed resistance trainingof children.

Potential Solutiongo the Problem. Considering the existing
levels of inactive youth ([J86@2lland that childhood
inactivity typically leadsto sedentary lifestyle behaviors in
adolescence and -egfyiadulihiggd (20,100,121,1#3)is
imperative that youth engage regularly in strength-
building and skill- enhancing activitie an early age.
Researchers havere- viously stated that becausé the
neural plasticity associatedvith preadolescence, early
engagemenin integrative neuro- muscular training (INT)
(which comprises of both health- and  skill-related
components of fitness) is instrumental in developing long-
lasting fundamental movement competency and enhanced
physical, psychological, and social develop- mefitd]. 8
Although it is difficult to identify a definitive ageat which

to start formalized training, most 7 and 8 year olds are
ready for some type of structured training as qfrt
fitlless recreation, sports practice; physical education
(31). However, younger childre€7 years of age) should
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still beencouragetb engage with less formalized structured
and unstructured activities (e.qg., introductory gystita and
playground activities that promote kinesthetic depment
and physical literacy). Of note, authors of the 201drira-
tional consensus statemeah youth resistance training
stated that the child shoultk emotionally mature enough
to accept and follow instructions and possess compete
levelsof balance and postural contrdlifj5

Despite global physical activity guidelines recommending
youth accumulate 60 minutesf MVPA per day (882),

TasLe 1. Recommendations for reducing
physical inactivity in youth.

Starting early in life, all boys and girls should be
encouraged to accumulate at least 60 min of
MVPA daily as part of active transportation, free
play, recreation, physical education, recess and
sport

The building blocks of MVPA, namely muscular
strength and fundamental movement skills,

should serve as the foundation for youth
development programs

Practitioner's need to value both health and skill-
related components of physical fithess to avoid
negative trajectories in physical and psychosocial
well-being in children and adolescents over time

Participation in physical activity should not begin
with sports practice and competition but rather
evolve out of general preparatory conditioning

details outlining what should comprise 60 minutes of
MVPA are somewhat general. The WHO (g2}
suggested that daily physical activity guidelines fei75
year olds should com- prise mainly aerobic exercigih
higher intensity training thdtstrengthens muscle andone,”
being performed 3 times per week. Although these
guidelines offer support for youtto engagewith physical
training, it is noteworthy that a greater emphakss
placed on aerobic exercisén compar- isonwith exercise
that promotes‘muscle and bone strengthening” or skill-
building activities. Conversely, practitioners should
acknowledge that developing fundamental move- ment
skills and muscular fitness within weell-rounded train- ing  areill-prepared for the physical demanafssports [§7), ulti-
program shouldbe the priority for youth, as these mately placing them at an increased risk of injury (
physical qualities ultimately provide the foundations for{i@8) Specifically, low fatigue resistance, laokpostural and
MVPA and helpto enhance performance and reduce sportneu- romuscular control, inadequate strength levels, and
and physical activity-related injuries. This contentisrre-  reduced motor control development have all  been
inforced by research that shows children with high aerobicproposed as potential mechanisms that increase injury
fitness and low muscle strength area significantly greater risk within this population {@i2). Considering the increased
risk of skeletal fracture than youtwith higher levelsof  demandsof con- trolling an excessively large body mass
muscle strength and lower aerobic fitness @ 1 in responseto the unpredictable and dynamic nature of
Additionally, a recent position statement from thesporting activities, overweight and obese youth should
American  Medical Society for  Sports  Medicine engagein preparatory training, inclusive of both health-
highlighted that a wealth of researchnow exists that and skill-related fithess components before participating
shows neuromuscular trainingan reduce injury risk, organized sport. A sim- ilar approach should be taken
especially injuriesto the lower limb ( B#J. Clinical for those youth who aref normal weightbut inactive.
researchers have indicated that the ridkoveruse injury Of note, normal weight inac- tive youth may appear ready
can be reduced in youth pgpulationsif children and to engagein sport; however, their musculoskeletal systems
adolescents engageith appropriately prescribed andgell- are likely to require general preparatioto meet the
supervised training programs (75,114). Furthermdteis demands of sports practice and competition.
purported that training programs inclusivef resistance Practitioners and parents alike should recognize that
training that target risk factors associated with injury riskparticipationin sport practices will not necessarily provide
(e.g., muscle imbalances) have the poterttialeduce over- enoughof a training stimuluso suitably prepare overweight
use injuriesby as muchas50% in youth ([SHZB). and obese youth for the loadings encountered withintsp
Table 1 summarizes the recommended solutionsduce  Researchers have shown that engagenenbrganized
the negative impadaf physical inactivityon the succesef  sports doesiot guarantee youth attain recommended daily
long-term athletic development programs. physical activity guideline§li{55), nor enable indival needs
to beaddressed, su@sexcess body mass, muscle imbalan-
ces, dysfunctional movement patterns, and strength a
power deficiencies. Similarlyt has been suggested that the
risk of acute traumatic injury (e.g., ankle spramanterior

Problem 2: Prevalence of Overweight and Obese Youth

The conceptof “underuse” injuries suggests that inactivity
and a lackof preparatory conditionings a likely risk factor
for the etiologyof a numberof sports- and physical activity- cruciate ligament injury)s decreasedn overweight and
related injuries (@@@8) In comparison with normal obese individuals who participaite age-appropriate prepa-
weight youth, data show that overweight and obeseatory neuromuscular conditioning activities Jl5#,72)
children and adolescents are twiae likely to experience Impor- tantly, this riskis reducedto a greater extent
an injury when participatingin sportsor general physical when

activity ( ). Con- sequently,it is suggested that

overweight and obese youth VOLUME 00 | NUMBER 00 | MONTH 2015 | 3
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conditioning activities are introduced youth at an early  differentiate activities within training sessions (and overall
age (J@2). Collectively, the data support the premisetraining programs)to help enable all youthto achieve
that a training philosophy basesh targeting muscular success irrespectivef their body mass. This approawtill
strength and fundamental movement skills within ahelp fosteran approachto exercise that encourages self-
well-rounded training prograris a suitable approach for improvement and positive social interactions.

obese and over- weight youth, much in the same way Table 2 summarizes key guidelines for practitionéos
training prescriptionis viewed for normal weight children consider when working with overweigbt obese youth.

and adolescents [@#0). Cruciallyp maximize their
participation in physical activity into adulthood, obese,
and overweight youth shoulthe encouragedo adhere
to the hallmarks of existingl] long- term athletic
development theory & as an ongoing lifestyle
commitment.

Problem 3: Early Sport Specialization

Although the injury risks associatedith overweight and
obese youth arise from insufficient exposure to sports
and physical activity l{f 2)of growing concern for children
and adolescents are the injury risks associaitid excessive
exposureto specific sport(s) [{248). Early sport specializa-
tion refersto the engagemerin intensive year-round train-
ing within a single sportl@ and likely limits thechild’s
exposureto a breadthof sporting activities.lt is acknowl-
edged that certain sports traditionally favor early specializa-
tion (i.e., gymnasticsr figure skating) becauss the relative
advantage for a young athlete perform extreme special-
ized posturing and rotatiof the torso and extremities.
However, these young athletes should dsaengagedwith

an integrative strength and conditioning program focuted
diversify motor skill development and enhance muscle
atrengthto maximize performance and reduce their relative

Potential Solutionthe Problem. Historically, physical activity
interventions aimedt preventingor treating overweight and
obese youth (especially children) have focusadierobic
exercise [(43#10). However, such training modalitasbe
problematicin termsof compliance and adherencglifl10).
Conversely, training interventions inclusieé motor skill
training, strength and power training, and sprint tragnin
have all shown relatively high adherence ratesraining
interventions ranging fron8 to 2 weeks in duration

( BTI0A2IE8). fie increased adherence rates

associated with neuromuscular training for obese an . . .
. . . . . fisk of injury. Unfortunately,an increasing numbeof sports

overweight youthis not surprising given the heightened - . . .
are focusingon exposing childrerio high levelsof formal-

imposed demand®f handling excess body mass for . L .
) ) . L ized sports trainingit younger ages, evein sports that are
prolonged periodsof weight- bearing exercise,in

. . . - . typically classifiedas late specialization sports (e.g., football
comparison with their normal weight peers. Exposing . . .
. ; . and rugby) without supportive training to enhance motor
overweight and obese youtio aerobic exer- cise (e.g.,
prolonged period®f running within a physical education
class) may actually increase their risK injury and
reduce their self-esteem becausk the natureof peer
comparison within school-age youth. Researchers have
shown that overweight youth exXperience greater lewels

TasLe 2. Recommendations for practitioners
working with overweight or obese youth.

criticism during physical activity (35), and such critiois
may limit subsequent engagemeint physical activity.
Although peer comparison méga negative process during
aerobic exercisan contrast, resistance training offers over-
weight and obese youth the opportunity to outperforair th
peers with respedio absolute strength performance. For
example, Deforchet al. (|28 ) showed that overweight
youth performed better than normal weight youth
activities requiring muscular strength. Although overgig
and obese youth carry excéasmass, they typically possess
a large fat- free mass also, thus increasing their paten
for absolute strength performanceli.10). Consequentl
overweight and obese youth mag more compliant and
enthused to regu- larly participate in integrative
neuromuscular-based training programs.

Irrespectiveof the potential additive benefitsf resistance
training programs for overweight and obese youth, practi-
tioners must remain sensitive the potentially heightened
concerns that these populations may have about their
increased body mass, especially when overweight and obese
youth exercise within the same settiag normal weight
youth. Consequently, practitioners will likely neé¢ad

4 JBurnal of Strengtand Conditioning Reeach

Create age-related and body size-sensitive
opportunities for overweight and obese youth to
gain competence and confidence in their general
physical abilities before they attempt to
participate in sports practice and competition

Encourage overweight and obese youth to
participate in supervised resistance training
activities because this type of conditioning can
enhance a range of physical performance
measures and indices of health

Overweight and obese youth are more likely to
experience personal success during resistance
training sessions in comparison with prolonged
continuous aerobic training

Develop innovative opportunities for normal weight
and overweight/obese youth to exercise together
in a supportive environment in which all
participants have an opportunity to experience
success and feel good about their
accomplishments in a socially supportive
environment
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skill competency. Researchers have indicated that youtthe talent developnmé of a young team sport athde(e.g,
who do specialize earlyin a sport areat an increased risk soccer playgr Although socer may be the primary spet that
of overtraining, overuse injury, and burnout (i.e., stresstihe child participasin, they are likly to devebp perceptal
induced withdrawal) (§26045). Talented youth whaand decision-makig skills sich as visual scannin, anticipa-
are selected for a sporting team during late adolesdaumice tion, and movement pattern recognitiomrfr paticipating in
have not engagedin age-appropriate conditioning during similar invasion-basd sports (e.g basketbl or rugby).
their childhood years are more liketg presentwith poor  Researchs have also shown that a divefisiation approach
funda- mental movement skillsofFexample, I@@t al. (48)  to sanpling many different sports during childhood optimal
showed that the muscle-loading patterns associattd  for the developmentof gross motor coordinatn (88) and
youth soc- cer can lead to alterations in functional subsequet athletc performace later in life (B6J6). Such
hamstringsto quad- riceps strength ratios about the kneereseach refuies the misnomer of the “10,000-hour rulé,
and that untrained young soccer players presented witlvhich is underpinnedby an individual seekingo acquie
greater quadriceps dominance than those who havexpetisein a given activity needs to erggin 10,000 hours
participated in formalized resistance training. Recently, (or 10 years)of delibeate practice, a theory that hasebe
researchers have proposed that for those athletes who haagoped by previaus athleic developmat modds (8). Con-
specializedn a single sporait an early age, physical training verseY, the reseach of Moeschet al. (#6) and Fraes et d.
should concentrat®n enhancing generic movement skills (88) shows that accumulating 10@hoursof spedfic practice
and addressing muscle weakness imbalances ([i59), does not guaramte succss and nay not be neededto reach
instead of being exposedto sport-specific performance- elite performane levds laterin life.
driven training. Providing progressive and mul- tifaceted Fromanathletic development perspectiitésimportanto
training opportunities for such athletds develop more expose youtho a varietyof movement pattern®o ensure
fundamental movement skills may overcome the prothat a childcan competently perform a breadti move-
pensity for early specializing athletés be at [li@f€ased risk ment skillsin a rangef different activities and environments
for a sports-related injury, illnessr burnout 4592). before specializingn specific movement patterns within
It is accepted thatot all acute injuries are unavoidakile  a single sport. Children also need to be thtced to
sport; however, practitioners shoulte cognizantof risk  a breadthof activitiesas a high proportiorof youth who
factors that may predispose youtbh overuse injuries. specialize early wilhot successfully reach the highest level
Overuse injuries are definesan injury causedy repetitive  of elite sport and will therefore require a requisite lexfel
submaximal loadingof the musculoskeletal systemith athleticismto support lifelong participatiom recreational
inadequate recovery time for subsequent adaptatiogport and physical activity. Specifically, a young leith
(2@a). 1t is suggested that the proportiof acute versus shouldbeableto repeatedly produce a rangthigh quality
overuse injuriesn youthis approximately 8:50; however,it movement capacities (e.g., pushing, pulling, rotgtimacing,
is feared that the numbesf overuse injuriesis rising (  jumping and landing, rolling, twisting, hopping, rungj and
2). conditions suchas patellofemoral pain (W88  stabilizing) with requisite force production and attation
Osgood Schlattéfj disease (41), calcane@l apophysitis (96hefore being exposed to the rigas repetitious sport-
little league elbow {@8I2 ) anlittle league shoulder @),  specific training.
gpondylolysis (53), and osteochondritis dissecariSll( 101)
are all common overuse injuries seén children and Potential Solutionsto the Problem. Encouragyy youth to
adolescents subjedb repetitive sports trainingAs youth  paticipate in a variety of sports during tlegrowing years
engage earlierin formal- ized sport and specialize in can hé them develop more divee motor skils (82). Sports
sport(s) at younger ages, they maye at increased rislof  specializationin youth may underle reduced diversityin
experiencing overuse injury ([@#5). Of concern, ismotor skill poficiency as young athleds focus on sport-
researchers have shown that the cyolereduced activity specific skills, whie ignoring moor skills developed thrazh
after an acute injury can initiate overweight and obesity a diversfied paticipation portfolio [88. Although speculative,
markersin youth (J88). if sports specialization occursot eaty in children and if
Irrespectiveof whether long-term modelingg focusedon  young athlets contirue to progress thie level of competitia,
developing talentor athleticism, existing literatureis thar opportunities for patrticipationin “fun”-focused age-
unequivocal that experiencing a rangg activities during relaed physical activities are likg to be limited, which fur-
childhoodis an important componentdf youth development ther stiles diversityin motor skils and limits current rad
(B122140558) . From a talentdevelopment perspective, researchelsng-term physial activity and health lif9). Consequently,
have shown that expert decision-making processesbe  comprehensive mot skill development Wi be sifled, which
enhanced when young athletes are expdses breadth and can also increse risk of future njury and potentially redie
depth of sporting experiencesl(7). Additionally, was sug-  opportunitiesto achieve optiral spat performace (4SJ£9).
gested that exposute a varietyof activities where generic Children whodo participatein specialized sport activities
pattern recognition, hand-eye coordination, and decisionmore thanl6 hours aweekof intense sport-specific focused
making skills can be developed, will ultimately avoid the
need for early specializatior (7). This exemplified from VOLUME 00 | NUMBER 00 | MONTH 2015 | O
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training should be closely monitored for indicatasé
burnout, overuse injuryor potential decrements perfor-
mance from overtraining (). In addition, with the
compet- itive demands typically higher for
specializedin a single sport, intrinsic risk factosf acute
injury that are higher during competition comparetith

training shouldbe monitored during accumulated games,

matches, meetsor tournaments (J4782). Specialized
athletes involvedn intense competition shoulde allowed
for sufficient recovery time between
same day (J0M8). Before pro- longed competitions,
athletescan also benefit from limiting intgRAse training 48
hours before competition (66). Continued reseascheeded

to better delineate the threshold compe- tition volume

relative to the emergencef risk factors asso- ciated with
overschedulingto better establish formal guideline®
optimize safe youth sport performancgig)s

Basedon the current evidenceye encourage youtto
engagein preparatory NT before the initiatiorof compet-
itive sport participation. Integrative neuromuscular tragni
includes general (e.g., strength-building exercised)saa-
cific (e.g., exercises targeted address motor control
deficits) conditioning activities that are desigrne@nhance
both health- andskill-related related fitness [(J84. In

termsof physical conditioning, youth sport practice and

games may not enable the young athtetaccumulate the
recom- mended amoumf moderateto-vigorous physical
activity, asa large proportiof timein practice (and even
compe- tition)can be spentin sedentaryor low-intensity

physical activities ( J2I8IB5). A youngathlete’s
participation in sport should evolveout of preparatory

athletes

repeated bouts of

TasLe 3. Recommendations for practitioners to
reduce the risks of early sport specialization.*

Children should be encouraged to participate in
a variety of sports during their growing years to
influence the development of diverse motor skills

Practitioners should not subscribe to the notion
that children and adolescents must accumulate
10,000 h of deliberate practice to achieve
sporting expertise

Children who participate in excess of 16 h of
specialized sports activities per week should be
closely monitored for indicators of burnout,
overuse injury, or potential decrements in
performance through overtraining

Although all youth should be involved in preparatory
INT before the initiation of competitive sport
participation, practitioners should ensure that INT
is sensibly integrated into an annual plan that also
includes periods of reduced sport-specific
training to enhance diverse motor skill
development and reduce injury risk factors

*INT = integrative neuromuscular training.

of the child or adolescent. Withat reguar communication
between practitionser youth may be at risk for excesse
training workload, contraindicating traimig method, insuf-
ficient restand recoveyr, and additional antraining stressa.
Practitiones shoud alsobe aware that although children will
often recover mare quickly than adults &m exercse (espe-

conditioning and instruc- tional practice sessionst thacially high-intensity exercise)) becaseof their underly-

address individual deficits and prepare their motoresgyst
for the demandsf practice and competition [(IS78).
Properly designedNT implemented in preseason aoff-
season periodsanbe especially beneficialo athleteswho
have specialized in sports and may not have dastjuate
exposure to developmental motor skill activi- ti¢<SI8).
Integrative neuromuscular training provides sppstive
conditioning thatcan reduce inj@iyaliiskigand enhance
performanceén all athletes (2,34,82,88-90).

In athletes,it would sem that success at young agesedo
not predict long-term succgsand in some cases, dgrsport
specialization ray limit the potential to achieve elite status
(82). These data provide symrt to the concept of edy sport
diversfication ad recognizes that wia deliberate @y and
practice and formalized sportsaining is certairty necessary
for succesin sports,it is not likely sufiicientto achieve max-
imum performace with reduced njury risk without integra-
tion of appropriate long-term athletic training programggj.

Table 3 summarizes key recommendatitmseduce the
negative impaodf early sport specialization.

Problem 4: Training Workloads of Youth

For the welfare and well-being of youtlpnigterm athletic
development pathways uds be administered and monitored
carefully by practitioners respsible forthe overall @vebpment

6 JBurnal of Strengtard Conditioning Reeach

ing physiology, the effds of accumulaed fatigue on
neuromuscular control and functionaftepeatd exposure
to exercisen youth remaisunclear. Combined, these factors
can theoreticé lead to excessive workddaccumulation and
youth experiencing nonfuncti@overreachg (g), overtran-
ing syndrome ({4 or burnaut (61).

Dataon youth fom the Unied Kingdom hae shown tlat
a relativéy high proportionof young athlegs have reported
expeiencing overtraining anonfunctional ovareaching §8).
Specfically, 29% of 376 yong athletes competyg at clubto
international level fom 19 diferent spats reporédexperienc-
ing overtrainng or nonfunctioral overeahing at least once
(68). Although Matos etla(@8) indicated that overtraining o
nonfunctioral ovareachngwere not sollg a resit of phystcd
training loal, it is likely that a long-term delopment plan
thatfails to allow sufficient time for ecovery, adaptatio, and
natuml growth processes Ivincrease the likelitod of nega-
tive health outcmes for youh (28). When considéng the
overall workload of e child or aldescent,it is imperative
that practitionersaluethequalty of practice and cmpetition,
asopposdto thequantiy of training @ competiton time.

Researchers have shown that parergal coach-led
pressurecan positively or negatively influence youth [{ 9
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Such external pressute performin multiple competitions
or to train or play when injuredo make selection for higher
level competitions (i.e., national team rostens securing
professional contractsgan also contributeto the risk of

intolerable workloads. Consequently,

from sport-specific trainingrealso essentigb ensure that
the child has sufficient tim rest and recover artd enable
normal growth and maturation processesoccur. These
phases are also importantsafeguard against the negative

balancing exposureffectsof accumulated fatigue and potential risk®veruse

between competitive events and time dedicated towardsjury. An exampleof thisis apparentn recent recommen-

physical preparation mudte an integral componenbf any
long-term athletic development model.

Possible Solutiont the Problem. fie objective of the strength
and caodtioning coachis to carefuly manipulate training
loads to achieve long-term adafmins in physical perfor-
mance. Although practition® will intuitively adopt the
prefered philosophy of periodization (e,grogressive cycling
of various aspectsof training, it is generdly accepéd that
planning sequential bl&s of training is crucial to elicit the
gredest adaptve respons. Recently, Hiff (44) suggestd that
for young childen entering a long-term athietdevelopment
model, he majority of thér time engaged within the sgsh
should be devoed to geneal preparatory training andhé
developmat of fundamerdl movement ski. However, as
the child moves throgh the long-term athlét developmat
pathway, a greater emplgshouldbe placed on competition,
sothat by the tira they reach adulthood (approximbte
20 yearsof age, they wil spend 2535% of their timein
training and 6575% of their time in competition g4).
Although theseratios ae estimations ah do not accoot
for individual differences, the notioof prioritizing geneal
preparatory training and developmentalagices during he
early stages of childlod is essentia Such an approach will

dations, whereby young baseball pitchers are encoditage
pitch for no more than 8 months within H2-month time
frameto reduce the rislof overuse injunyin the shoulder (
B). General preparation should alg® viewed as an
opportunityto regain,or improve on, precompetition levels
of fitness that would typically have plateawediecreaseds
a resultof the demandsf the competitive season.of-
example, duringan enforced transition/preparation phase,
a practitioner may neetb rectify muscle imbalancesr
decrementsn motor skill proficiency that have developed
through  exposure to competition and reduced
opportunities for preparatory con- ditioning. Youth who
specializein a single sport shouldbe encouraged even
more to participate in planned periodsof enforced
preparationto allow exposure to isolated and focused
INT, to enhance diverse motaskill development, and
reduce injury risk factors [#@). Suchan approach re-
quires a high degreef cohesion between practitiones$
different sports/teams, which mighe challenging. How-
ever, for the long-term welfare and well-beifghe childor
adolescent adequate preparation time niesviewed as
a critical componentf any athletic development model.
Several ppminent internatind organzatons have recom-
mended that the training of wuth ahletes should be

hopefuly avoid excessive competitive workloads and negativanonitored to avoid thenegative cansequerces of excessive

experiences, whh may ultimatéy lead to premature disen-
gagement m the sprt during early adolescare (88). Sich
an approach shdd also hdp enaure the holist development
of youh (@F). Inerestingy, Matos et d. (68) repored that
level of competition \as signficantly corelaed with the inci-
derce of nonfunctioml overreachingor overtraining; and
therebre, practitioners working with youth nstiensure that
long-term athletic developmeid driven by process (athlete-
centered) as opped to outcones (results-oriergd), espe-
cially at the younger agesf competition.

The need for a comprehensive approach thatonsid-
erateof all demandgo long-term athletic developmeig
emphasized for youth who participate multiple sports.

training (@2781). Whether these recommendatimadeing
implemerted is unknown, but the continued rg@otting of con-
sisert levels of staleness, burnout, and overtrainingaaty
sports suggest that more needs to be done to proteathy
athletes [(SOI68JE). Part of the problem isthe difficulty
of idertifying initial symptoms of oerraining in youths.
Prolonged inparments in performance are a ahifig charac-
teristic of overtraining inadults @3). In youth growth, matu-
ration and dwelopment may obscur¢he ability to identify
decrements in perforrarce cased by overtraining. Perfor-
mance decrementgading months or longemay be caused
by a naturallyoccurring peiod of adolesert awvkwardness as
has been oted in youth sacerplayers(102). Convesaly, over-

Thedesigrof training programs for single-sport athletes will training may cause impairedesponsiveness to training but

typically includean appropriate phasef physical prepara-

with natural growthard maturationproceses 4ill allowing

tion before the onsedf a competitive phase. However, for some level of improvement ormantenance of performance,

youth who participatein multiple sports, competitive
seasons may run synonymously (i.e., 2 winter spans)
overlap (e.g., a fall, winter, and spring sport). Irrespecifve

maskng the negtve consegairces of oertraining. Supporting
the difficulty of identifying ghysical symptoms of overtraining
the American Medical Society for Sports Medicifig (Bdye

the arrangemerntf the seasons, practitioners must avoid thestatal that there seems be more of a psychological compo-

temptationof solely focusingnthe loading stimulus during

nent to burnout andttation in youth sports.

training phases and ensure that adequate transitidn an A holistic approach shdd beadmtedto monitoring yoth

preparation phases exist within the overall long-tettitetic

athletes, considering both physicahd psychosdal perspec-

development plan. Enforced transition/preparation phasetives. In additionto performaege decremers, the maost

prevalem physical symptoms association with nonfunctional
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overreaching and overtrainimg youth spats include bss of
appette, predsposition to njury, frequent tiedness, inability
to cope with training load, frequent respiratory ieftions,
heavy musclg, and sleep probles (@8). Although he most
prevalent psycholbical symptans include gehy, feeling
intimidated by opponerd, bad mad, often feeling sa&, lack
of corfidence in the future andn competition §8). Coacles
shodd educ#e youth athlegsand their parents tde aware of
swch symptons, build a good rappt with their athleg¢s to
hdp identify potential symptoms, kiarobust monitoring sys
tems in place to allow ealy detecton of overtrainirg, and
have appropriate strategisto deal with suspeetl casesof
overtrainng. As an example of psychological monitagin
the pofile of mood state has been wiglaused to identify
overtrainingin adult athlets and a condense@4-question

versin, has ben validaed for use with adolescent popula-

tions (128).

Key considerations for practitionets consider when
managing the training workloadd youth are presentdd
Table 4.

Problem 5: Current Physical Education Provision

During childhood, the neuromuscular systesn highly
“plastic” (B8J92) andis amenableto adaptation owingo
the peakingf brain maturation rate®-8 years and.0-12

years) ([@0M8), synaptic pruning (J5), and overall

strengtheningof the syndptic pathways (16 has also
been established

TasLe 4. Recommendations for managing
fraining workloads of youth.

For young children entering sport(s) development
pathways, focus should be geared towards
preparatory conditioning and fun-based activities,
with a reduced focus on competitive fixtures. As
children mature and develop towards adulthood,
the ratio between training and competition
should change to reflect a greater focus on
competitive performance

Children who engage with competitive sports
should follow a long-term athletic development
plan than includes preparatory conditioning and
transition mesocycles to facilitate recovery,
growth, and to reduce the risk of overuse injury

During preparation and transition mesocycles,
practitioners should endeavor to address any
physical limitations (e.g., reduced muscle
strength and power or decrements in sprint
mechanics) or common injury risk factors (e.g.,
muscle imbalances, inefficient landing
mechanics)

The process of monitoring training workloads must
be holistic in nature and procedures for
identifying overtraining in adults should not
necessarily be applied 10 youtn

8 JBurnal of Strengtard Conditioning Reeach

that fundamental movement skill mastery and motor pro-
ficiency are positively associatedth long-term engagement

in physical activity (JIISIEAER and that childhood is
an opportune time for motor skill development. Resbar

also shows that muscular strengshimportant for motor
skill performance (9,19260,122127), and that children
can make wWorthWHIlEENIfMpPEovements in muscular

strength after appropriate training interventions (9).
Consequently, becausef the neural plasticity associated
with childhood and the responsiveness motor skill and
resistance training, a strong focw$ physical education
curricula  should be basedon developing a breadth and
depth of movement skills and requisite levetdé muscular
strength (EB).

Notwithstanding the awarenee$ substandard levelsf
current health and fitnesg modern-day youth, the lack
robust governmentaitrategies for physical activity within
the education sector remains a critical cause for eronc
(@80). Not all modern physical education curricula exclu
sively involve the enhancememtf physical fitness and
have become more divergetermsof subject content and
required learning outcomesorexample, within the United
Kingdom, primary schodh additionto pupils being taught
to play competitive sports, learn dance and rhythmicenov
ment patterns, and participaite outdoor and adventurous
activities; they must alsloe taughtto develop critical think-
ing skills and learmo useinformation technology within the
physical education settingl{25). Despite modern-adigies
leadingto anincreased demarah physical education teach-
ers, it shouldbe noted that the terrfiphysical education”
represents the educating program related to the plg/siq
the human body and should encourage psychomotor-lear
ing in a varietyof settings that promote health and exercise
(8). Therefore, even with such a broad raofeurricula
requirementgo satisfy, physical education programs must
retain a central tenedf offering youth the opportunityo
engagein meaningful physical activity that enhances both
health and skill-related components physical fithess.
Because childhood represents a unique opporttumitstke
advantageof a highly plastic neuromuscular system, expo-
sureto daily primary school physical education curricula
would seento be a critical time frameén whichto develop
athleticism, promote psychosocial development, asdli
motivation for lifelong engagemenn regular physical
activity.

Despite the obvious role for the education setideach
and develop health and skill-related fitnéssschool-age
youth, researchers have shown that current education
systems are failingo develop appropriate standard$
fitness (7JI08HI19). dF example,an examinationof the
national curricula for physical education within tbaited
Kingdom shows that theris minimal referenceo age-
appropriate motor skill development and resistandritrg
for school children, especially for primary school edioca
Furthermorejn the United Kingdomit is recognized that
primary school teachers are poorly prepared through their
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teacher training programe teach physical educatioflifis1
andit has been suggested that the statutory requirenaant:
physical education have often not been achieVEd). (It
would seem that limited subject knowledg®ften the pri-
mary explanation for inadequate standanfighysical edu-
cation teaching in primary schools within the t&di
Kingdom (85).

Similar negative trends are evident within the Uniti
States, with more than halff all states permitting school
districtsto allow studentgo substitute other activities for
their required physical education classd88), 9and ®%
of states allowing required physical education crettits
be earned through online computer-based courSe§. |
Theinability of existing education curricuta appropriately
prepare children for the demanafrecreational fitneser
sporting activitiesvas reflectedin recent data examining the
preparednessf college freshmen for the rigoo$ college-
based strength and conditionin@2@). The researcher.
showed that current college strength and canrditg
coaches believed the areafsathleticism requiring the great-
est improvemendf college freshmen were lower extremit
strength, weightlifting technique, core strength, aneralV
flexibility (@28). It is reasonabléo suggest thaif education
sectors possess more highly skilled practitionerserptio-
visionof athletic development, the numloéyouth entering
college-based programs with substandard levels of ath
cism couldbereduced.

Irrespectiveof the existing concernwith the provisionof
physical education curriculaa recognized and certified
continued professional developme@PRD) pathway does
not currently exist for practitioners to enhanieir
knowledge base and practical skill sets within the figd
youth athletic development. Furthermorejs likely that
a numberof physical education teachers working withi
schools (especially primary schools) magt be willing or
motivatedto actively participatén continuedCPD oppor-
tunities relatedo long-term athletic development, whict
poses a very real probleifh existing education curricula are
to changeto address the current syllabus tlsadeliveredto
school-age youth.df example, recently, it has been show
that high school physical educatiaeachers’ and youth
sportcoaches’ knowledge and understandiofyouth resis-
tance trainings deficient andnot consistent with the rec-
ommended guidelines (39,70). Consequertitlis imperative
that physical education teacher training programsigeov
trainee teachers with the relevant curriculicnensure that,
at least, newly qualified teachers possapgo-date knowl-
edge and the necessary skill getdleliver appropriate ath-
letic development curricul all youth.

Possible Solutiont® the Problem. Cumulativelit,would seem
that the content of existing education curricula amal
knowledgeof practitioners responsible for the delivesly
such curricula are suboptimal for long-term physicadetie
opmentin youth. Despite the short- and long-term benef

of appropriately prescribed physical development interv
tionson the health and fitnesd youth (2,54,62), it would
seem that existing education structures require a di@an
overhaulto enhance their capacitp reverse the cascadin
effects of physical inactivity and its associated nega
health outcomes [(IBIZ¥80).

Within existing physical education curricula, whatitth
be viewed as “athletic development” is often termed health-
related exercise (HRE) arid typically deliveredin discrete
units of work across single school term [95), oftelny
practitioners without the relevant expertiséong-term ath-
letic development. These unitd work are then replacec
with more traditional unitof seasonal sports (e.g., rugb
soccer,or hockey). Adopting such a short-term policy w
blunt the continual developmeuitathleticismof youth, will
likely enable some fornof detrainingto ensue, andot
facilitate the correctiomf key injury risk factors (e.g., pool
landing mechanicsr lack of postural stability). Researcher
have shown that significantimprovemeintphysical fitness
can be achieved from approximatel$ minutes of NT
twice weekly (i80J&). Therefore, some forrof targeted ath
letic development training shoulak creatively incorporated
into all physical education classes (e.g., dynamic wapm
activities) andotjust limitedto independent blocksf HRE
teaching.

Thedevelopmenof athletic potentiain school-age youth
shouldbe viewed as a long-term process. To adopt sor
form of periodization to the school physicalueation
system, practitioners should view the school caségouth
as a sequencef multiyear plans: (1) primary school yeal
and (2) years spenh secondary educatiorBy integrating
a long-term periodized approach within the school syst
practitionerscan structure sequential annual curricuta
progressively build on the athletic potential of all you
Within eachschool year, practitioners can then design ei
term to serve as: structured mesocycle (typically-8
weeks), witheachteaching week representing a structur
microcycle (5-7 days). Although suchn approach may ini-
tially seem complex and unrealistic, using this tgpg@erio-
dized approacto school-based physical education shot
offset the chancesf exposing youthto isolated blocksof
HRE that fails to produce long-term gains abovel ¢
beyond thabf growth and maturation.

Of interestto the practitionelis how philosophies from
athletic development modelinglil8 &anbe integrated withi
school-based physical education. Initially, practition
working within a school system should ensure thatobin
are exposedo varied practices that focusn developing
a broad rangef athletic motor skill competenciddMSC
([@8); Figure 1) and appropriate levels of muscle strenc
Suchanapproachs illustrated within the Composite Youtt
Development (CYD) model presentedpart 1of this com-
mentary. Within the primary education sector, such prac
should be delivered and developed through exploratc
activities that stimulate creativity the child, whichin turn,
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Lower Body
Bilateral
(Concentric and
Eccentric)

Lower Body Upper Body
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Eccentric) Horizontal)

Acceleration, ATHLETIC Upper Body

Deceleration, MOTOR SKILL Pulling
and COMPETENCIES (Vertical and

Reacceleration (AMSC) Horizontal)

Anti-rotation

Throwing,
Catching and and Core
Grasping Bracing

Jumping,
Landing, and
Rebounding

Mechanics

Figure 1. Athletic motor skill competencies (reprinted from Moody et al. ( [Z8)). Adaptations are themselves
works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the
owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.

primary physical education
shouldbe viewedasan oppor-
tunity to teach motor skills that
can facilitate more advanced
training modesat later stages
of development. &r example,
a teacher should attempb
develop fundamental move-
ment patterns and body weight
management abilityn young
children (e.g., through the
use of basic gymnastic type
activities) that will act as the
foundations for more complex
activities (e.g., weightlifting
exercises, advanced plyomet-
rics and high velocity, speed,
and agility activities). Within
the primary school sector
where physical education
budgets mayelimited, practi-
tioners working with youth
should realize that expensive
equipmentis not necessarily
requiredto develop competent
motorskill proficiency and pri-
mal levelsof muscle strengtim

young children. &r example,
there are many different forms
of resistance thatan be used

increases enjoyment and motivation. Teachers should avo#bs on overload stimulugo develop muscle strength (e.g.,

relying purely on sport-specific skill developmerar low-
intensity and prolonged aerobic exercise. Additionally,

10

TasLe 5. Recommendations for practitioners
working within educational systems.

Children should receive targeted integrative
neuromuscular training wherever possible within
each lesson

“Athletic development” should not be constrained
to aspiring young athletes or independent blocks
of health-related exercise for a single school term

Wherever possible, schools should adopt a long-term
periodized approach to physical education to
ensure that youth have the best opportunity to make
continued worthwhile changes in physical fitness

The primary school years offer a unique opportunity to
develop fundamental motor skills, enhance muscular
strength, and improve physical literacy. This should
be recognized within primary school curricula,
whereby youth should be provided with regular
opportunities to develop such qualities within
a creative and supportive learning environment

JBurnal of Sengh ard Condtioning Reseach

body weight, manual resistance, elastic bands, medicine
balls), allof which have proven successiul training inter-
ventionsin youth (&F).

Table 5 provides recommendations for practitiornters
consider when working within existing educational systems.

NEED FOR AN INTERNATIONALLY RECOGNIZED YOUTH
TRAINING CERTIFICATION

Irrespectiveof which modelis adoptedby practitioners, the
successof any youth training plans largely basedn the
suitability of the program design and the pedagogical séflls
the practitioner(s) responsible for its deliveryiSiga).
Although existing models have undoubtedly furthered the
cause of youth training, the deptlof understandingof
growth and maturation influencemn physical performance
and how these influence program design remains highly
varied among practitioners. Consequendy,internationally
recognized youth training certification shoué developed
and endorsedy professional organization® help ensure
the provisionof safe and effective exercise prescriptions for
children and adolescents. Importantly, such a certification
process would require a practitionés be assessed for
knowledge and understandiraj key concepts surrounding
pediatric exercise science, the abilitty design, coach and
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modify developmentally appropriate training programs, and 13
pedagogical skilldo ensure that scientific principlesan be
translated into practice im child-focused approach. Such 14
a certification process should become accepted practice,
not just within sporting administrationisut alsoin the edu-
cation and health care sectors, especiallyight of recent
trendsin MV PA and the increasing prevalenggesport- and
physical activity-related injuriegr youth. The conceptof an
internationally recognized certificatias particularly impor-
tant given the existing knowledge and awarer@ssurrent
guidelines for youth-specific exercise prescription within the

sport, education, and health care systeffiSli82§89,111). Irrel7.

spectiveof whether practitioners are workingith youth in
competitive sports, recreational activity, daily physical edu-
cation classesr organized health-based interventiorzs)
internationally recognized certifications deemedas an
important developmental stefp ensure that philosophies

and practiceof long-term athletic development are geared 19

towards ensuring the holistic developmentall youth.

20.
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