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Thank you!
Kamsa hamnida(Korean)
Dankeschön (German)

Ameseginalhu(Ethiopia)
˿͙ͨ͊ͫ͋ (ͦRussian)
Arigato (Japanese)

Asante sana( Swahili/Kenyan)
MeitakiaŀΩŀǘŀ(Maori)

Paldies(Latvian)
CŀΩŀŦŜǘŀƛ(Samoan)
5ȊƛťƪǳƧť(Polish)

Terimakasih(Malaysian + Indonesian)
Gracias (Spanish)
Ðę×ÛɟÏ(Hindi)

Dank u wel (Dutch)  
Merci beaucoup (French)
 ̯ытϾϮ ̯ϜϼЪІ(Arabic)
Kiitoksia(Finnish) 
ʶˎ˔ʰˊʽˋˍ˗(Greek)
ˣ͎͊ͦ͒͊ͪ͡Ύ(Bulgarian)

Grazie (Italian)
Obrigado (Portuguese/Brazilian)

Cheers (Australian / New Zealand)
Mahalo (Hawaiian) 

Xiexie(Chinese)



US Olympic Training Center
Colorado Springs

Colorado Springs (1885m / 6180ft)

Pikes Peak (4300m / 14,115ft)



TRACK/CC COACH (1976-1993)
ÅPennsylvania
ÅWisconsin
ÅFlorida

Randall L. Wilber, PhD, FACSM
US Olympic Committee

SPORT PHYSIOLOGIST (1993-present)
US Olympic Committee
ÅSalt Lake City 2002
ÅAthens 2004
ÅTorino 2006
ÅBeijing 2008
ÅVancouver 2010
ÅLondon 2012
ÅSochi 2014



US Olympic Training Center
Colorado Springs



Environmental

Physiology



Â Introduction / Physiology 101

ÂFrom Childhood to Adolescence to Adulthood

Â Increased Risk of Injury

ÂTraining Considerations

ÂOvertraining

ÂSummary and Q/A

THE JUNIOR ELITE ATHLETE: 
Physiological Characteristics and Training Considerations



Â Introduction / Physiology 101

ÂFrom Childhood to Adolescence to Adulthood

Â Increased Risk of Injury

ÂTraining Considerations

ÂOvertraining

ÂSummary and Q/A

Bone Structure & Metabolism
Endocrine/Hormone Response
Skeletal Muscle Fiber Types
Iron Metabolism
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PHYSIOLOGY 101
Bone Structure and Metabolism



PHYSIOLOGY 101
Endocrine/Hormone Response



PHYSIOLOGY 101
Endocrine/Hormone Response

REPRODUCTION
Estrogen

Progesterone

REPRODUCTION
Follicle-stimulating h.  (FSH)

Luteinizing h. (LH)
Prolactin

GROWTH / DEVELOPMENT
Growth h. (GH)

GROWTH / DEVELOPMENT
ENERGY METABOLISM
Triiodothyronine(T3)

Thyroxine(T4)

BONE DEVELOPMENT
Calcitonin

BONE DEVELOPMENT
Parathyroid h. (PTH)

http://www.google.com/imgres?imgurl=http://www.clipartbest.com/cliparts/RcA/GXE/RcAGXEjcL.jpeg&imgrefurl=http://www.clipartbest.com/female-male-symbol&h=1310&w=1600&tbnid=FQ-q6L0jhXuGvM:&zoom=1&docid=2NKA0-Ky2dFiYM&hl=en&ei=ExazU4zPEte0yATigoGQBA&tbm=isch&ved=0CFUQMygfMB8&iact=rc&uact=3&dur=5089&page=2&start=17&ndsp=28
http://www.google.com/imgres?imgurl=http://www.clipartbest.com/cliparts/RcA/GXE/RcAGXEjcL.jpeg&imgrefurl=http://www.clipartbest.com/female-male-symbol&h=1310&w=1600&tbnid=FQ-q6L0jhXuGvM:&zoom=1&docid=2NKA0-Ky2dFiYM&hl=en&ei=ExazU4zPEte0yATigoGQBA&tbm=isch&ved=0CFUQMygfMB8&iact=rc&uact=3&dur=5089&page=2&start=17&ndsp=28


PHYSIOLOGY 101
Endocrine/Hormone Response

REPRODUCTION
Testosterone

REPRODUCTION
Follicle-stimulating h.  (FSH)

Luteinizing h. (LH)

GROWTH / DEVELOPMENT
Growth h. (GH)

GROWTH / DEVELOPMENT
ENERGY METABOLISM
Triiodothyronine(T3)

Thyroxine(T4)

BONE DEVELOPMENT
Calcitonin

BONE DEVELOPMENT
Parathyroid h. (PTH)



PHYSIOLOGY 101
Skeletal Muscle Fiber Types

Type I

ά{ƭƻǿέ ǘǿƛǘŎƘ
Bright red in color

Fatigue slowly

Oxidative Phosphorylation

3000 m SC
5000 m

10,000 m
Marathon



PHYSIOLOGY 101
Skeletal Muscle Fiber Types

Type IIa

άCŀǎǘκSlowέ ǘǿƛǘŎƘ ƘȅōǊƛŘ
Pale red in color
Fatigue slowly

Glycolysis (lactate)
Oxidative Phosphorylation

400 m H
800 m
1000 m
1500 m



PHYSIOLOGY 101
Skeletal Muscle Fiber Types

Type IIx

άCŀǎǘέ ǘǿƛǘŎƘ
White in color
Fatigue quickly

ATP / CP
Glycolysis (lactate)

60 m
100 m

100 m H / 110 m H
200 m
400 m

LJ, TJ, PV
SP, D, J, HT



PHYSIOLOGY 101
Iron Metabolism

Fe atom structure
The Atomium

Brussels

Heme



RBC

250 million Hemoglobin
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Stage 1:  IRON-DEPLETION

USA CYCLING
Female
22 yr



USA TRIATHLON
Female
18 yr

Stage 2:  IRON-DEFICIENT NON-ANEMIA (IDNA)



If serum Ferritin is low:
ü !ǘǘŜƴǘƛƻƴ ǘƻ άƘŜƳŜ CŜέ ƛƴ ŘƛŜǘΦ

ü Moderate Fe supplementation

Å 120-130 ƳƎ άŜƭŜƳŜƴǘŀƭ CŜέ ŘƛǾƛŘŜŘ ƛƴǘƻ 2 doses

Å taken with Vitamin C

Å taken 30 min before or 60 min after meals to 
increase absorption and decrease GI distress  

Å taken dailyFerrous sulfate

IRON SUPPLEMENTATION



IRON SUPPLEMENTATION

Hemoglobin
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IDNA



Â Introduction / Physiology 101

ÂFrom Childhood to Adolescence to Adulthood

Â Increased Risk of Injury
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From CHILDHOOD to ADOLESCENCE to ADULTHOOD

Pre-Puberty
Age 6-10

A slow and balanced 
developmentwhen 

the function of 
some organs 

becomes more 
efficient.

Puberty
Age 11-13

Fast growth and 
development in height, 

weight, and the 
efficiency of some 

organs.  Sexual 
maturation with change 

in interests and 
behaviors. 

Post-Puberty /
Adolescence

Age 14-18

A slow, balanced and 
proportional 

developmentwith 
functional maturation. 

Young Adulthood
Age 19-25

Full growth and 
maturation of 

physiological and 
physical traits.  Athletic 

and psychological 
potentials are 
maximized. 

http://www.google.com/imgres?imgurl=http://www.clipartbest.com/cliparts/RcA/GXE/RcAGXEjcL.jpeg&imgrefurl=http://www.clipartbest.com/female-male-symbol&h=1310&w=1600&tbnid=FQ-q6L0jhXuGvM:&zoom=1&docid=2NKA0-Ky2dFiYM&hl=en&ei=ExazU4zPEte0yATigoGQBA&tbm=isch&ved=0CFUQMygfMB8&iact=rc&uact=3&dur=5089&page=2&start=17&ndsp=28
http://www.google.com/imgres?imgurl=http://www.clipartbest.com/cliparts/RcA/GXE/RcAGXEjcL.jpeg&imgrefurl=http://www.clipartbest.com/female-male-symbol&h=1310&w=1600&tbnid=FQ-q6L0jhXuGvM:&zoom=1&docid=2NKA0-Ky2dFiYM&hl=en&ei=ExazU4zPEte0yATigoGQBA&tbm=isch&ved=0CFUQMygfMB8&iact=rc&uact=3&dur=5089&page=2&start=17&ndsp=28


From CHILDHOOD to ADOLESCENCE to ADULTHOOD

Pre-Puberty
Age 7-11

A slow and balanced 
developmentwhen 

the function of 
some organs 

becomes more 
efficient.

Puberty
Age 12-14

Fast growth and 
development in height, 

weight, and the 
efficiency of some 

organs.  Sexual 
maturation with change 

in interests and 
behaviors. 

Post-Puberty /
Adolescence

Age 15-18

A slow, balanced and 
proportional 

developmentwith 
functional maturation. 

Young Adulthood
Age 19-25

Full growth and 
maturation of 

physiological and 
physical traits.  Athletic 

and psychological 
potentials are 
maximized. 



Talent ID + Development
Stage 1:  Age-Group Competition



Michael Phelps (20 yr)

80-in. wingspan

Size-14

Michael Phelps (10 yr)Coach Bob Bowman



Talent ID + Development
Stage 2:  High School (13-17 yr)



Talent ID + Development
Stage 3:  University (17-21 yr)



Baltimore, MD
Michael Phelps

Portland, OR
Galen Rupp

Miami, FL
LeBron James

Beaumont, TX
W Gymnastics

Talent ID + Development
Stage 4:  Post-University & Professional (22+ yr)



Â Introduction / Physiology 101

ÂFrom Childhood to Adolescence to Adulthood

Â Increased Risk of Injury

ÂTraining Considerations

ÂOvertraining

ÂSummary and Q/A

Skeletal (Stress Fracture)
Female-Specific (Female AT)
Psychological (Early Drop Out)
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INCREASED RISK of INJURY:  Skeletal (Stress Fracture)



INCREASED RISK of INJURY:  Skeletal (Stress Fracture)

COMPRESSION



INCREASED RISK of INJURY:  Skeletal (Stress Fracture)

COMPRESSION TENSION



INCREASED RISK of INJURY:  Skeletal (Stress Fracture)

COMPRESSION TENSION SHEAR



INCREASED RISK of INJURY:  Skeletal (Stress Fracture)

Lower lumbar spine

Anterior hip/groin/thigh

Anterior knee

Anterior lower leg

Medial ankle

Metatarsals

Big toe



INCREASED RISK of INJURY:  Female-Specific



Fractures in Relation to Menstrual Status and Bone Parameters in Young Athletes

Kathryn E. Ackerman, Natalia Cano Sokoloff, Giovanna De NardoMaffazioli, Hannah Clark, Hang Lee, and MadhusmitaMisra

Medicine and Science in Sports and Exercise, 2014. 



SPORT SPECIALIZATION

Extremely high training load (adult level)
Extremely high time demands

Frequent competition and travel
High/Unrealistic performance expectations from coach/parents

Perfectionist personality

Injury Burnoutand/or

άL ǳǎŜŘ ǘƻ ǊŜŀƭƭȅ ƭƛƪŜ ǘƘƛǎ ǎǇƻǊǘ Φ Φ Φ ōǳǘ L ŘƻƴΩǘ ǿŀƴǘ ǘƻ Řƻ ƛǘ ŀƴȅƳƻǊŜΗέ

INCREASED RISK of INJURY: Psychological 



INCREASED RISK of INJURY:  Prevention

Soft Surface Training Aquatic Training

Resistance Training

5ƻƴΩǘ hǾŜǊǎŎƘŜŘǳƭŜ aŜŜǘǎ
(or # Events in Meet)

Conservative Training Load
(Volume, Intensity, # D/W)

Be Knowledgeable of Symptoms 

Vitamin D HealthOrthotics / Arch Supports



Â Introduction / Physiology 101

ÂFrom Childhood to Adolescence to Adulthood

Â Increased Risk of Injury

ÂTraining Considerations

ÂOvertraining

ÂSummary and Q/A

ά²ƛƴŘƻǿǎ ƻŦ hǇǇƻǊǘǳƴƛǘȅέ
Specialization vs Diversification
Thermoregulation
Sleep

THE JUNIOR ELITE ATHLETE: 
Physiological Characteristics and Training Considerations



ά²Lb5h²{ hC htthw¢¦bL¢¸έ



Speed 1:Central Nervous System (quickness, change of direction, segmental speed, agility)
Speed 2:  Anaerobic power + Anaerobic capacity (interval training)

ά²Lb5h²{ hC htthw¢¦bL¢¸έ



SPECIALIZATION vs DIVERSIFICATION

Iten, Kenya



SPECIALIZATION vs DIVERSIFICATION



SPECIALIZATION vs DIVERSIFICATION

1st US Olympic Team: age 15

1st Olympic Medal: age 19



Team USA swimmers who specialized early (< 12 yr) 
spent less time on the US National/Olympic Team  
than swimmers who specialized later (> 16 yr).  

SPECIALIZATION vs DIVERSIFICATION

Team USA swimmers who specialized early (< 12 yr) 
retired from the sport significantly earlier than 
swimmers who specialized later (> 16 yr).  



Am J Sports Med 43:794-801, 2015



SPECIALIZATION vs DIVERSIFICATION



SPECIALIZATION vs DIVERSIFICATION



SPECIALIZATION vs DIVERSIFICATION

ά5ƛǾŜǊǎƛŦƛŜŘ ǎǇƻǊǘǎ ǘǊŀƛƴƛƴƎ ŘǳǊƛƴƎ ŜŀǊƭȅ ŀƴŘ ƳƛŘŘƭŜ ŀŘƻƭŜǎŎŜƴŎŜ  
appears to be a more effective strategy in ultimately developing 
elite-level skills in a specific sport/event due to a positive transfer 
of physical and mental skills. 

Overuse injuries and burnout in youth sports.  DiFioriet al.  ClinJ Sport Med24: 3-20, 2014.  



Milorad Cavic 
(SER) 50.59

Michael Phelps 
(USA) 50.58

100m Butterfly

ñThe difference between being on

the Wheaties box . . . and eating 

from one!ò


