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PHYSIOLOGY 101
Bone Structure and Metabolism
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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)
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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

“Slow” twitch
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

“Fast/Slow” twitch hybrid
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

“Fast” twitch
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:
 Attention to “heme Fe” in diet.

 Moderate Fe supplementation

• 120-130 mg “elemental Fe” divided into 2 doses

• taken with Vitamin C

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

• taken dailyFerrous sulfate

IRON SUPPLEMENTATION



IRON SUPPLEMENTATION

Hemoglobin
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From CHILDHOOD to ADOLESCENCE to ADULTHOOD

Pre-Puberty
Age 6-10

A slow and balanced 
development when 

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 

development with 
functional maturation. 

Young Adulthood
Age 19-25

Full growth and 
maturation of 

physiological and 
physical traits.  Athletic 

and psychological 
potentials are 

maximized. 
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From CHILDHOOD to ADOLESCENCE to ADULTHOOD

Pre-Puberty
Age 7-11

A slow and balanced 
development when 

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 

development with 
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)
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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 Nardo Maffazioli, Hannah Clark, Hang Lee, and Madhusmita Misra

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

“I used to really like this sport . . . but I don’t want to do it anymore!”

INCREASED RISK of INJURY: Psychological 



INCREASED RISK of INJURY:  Prevention

Soft Surface Training Aquatic Training

Resistance Training

Don’t Overschedule Meets
(or # Events in Meet)

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

Be Knowledgeable of Symptoms 

Vitamin D HealthOrthotics / Arch Supports
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“WINDOWS OF OPPORTUNITY”



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

“WINDOWS OF OPPORTUNITY”



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

“Diversified sports training during early and middle adolescence  
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.  DiFiori et al.  Clin J Sport Med 24: 3-20, 2014.  



Milorad Cavic 
(SER) 50.59

Michael Phelps 
(USA) 50.58

100m Butterfly

“The difference between being on

the Wheaties box . . . and eating 

from one!”



SPECIALIZATION vs DIVERSIFICATION

TALENT 

TRANSFER

Lauryn Williams

Lauryn Williams



Average Age = 26
(20-31)

Average Age = 28
(25-30)  

Average Age = 27
(22-31)  

SPECIALIZATION vs DIVERSIFICATION
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18

18

17

SPECIALIZATION vs DIVERSIFICATION
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Average Age = 27
(19-34)  

Average Age = 25
22-26  

Average Age = 27
19-30  

SPECIALIZATION vs DIVERSIFICATION

Decathlon



16

17

17

18

19

SPECIALIZATION vs DIVERSIFICATION

Decathlon



TRAINING CONSIDERATIONS:  Thermoregulation



TRAINING CONSIDERATIONS:  Thermoregulation
Cooling Strategies:  Hydration for Training/Competition < 1hr

Example: Sprints, Hurdles, Jumps, Throws

Exercise intensity: 80 – 130% VO2max

Primary concern: Fluid:
1.  to negate the rise in core temp
2.  to replace H2O lost via sweat

Fluid ingestion: Pre = 1 x 8-10 oz. CHO-E 

During / After= 2 x 8-10 oz. H2O (or CHO-E)

CHO-E = Carbohydrate-Electrolyte drink (eg, Gatorade, Powerade)



Example: Middle distance, Long distance

Exercise intensity: 60 – 90% VO2max

Primary concerns:    Fluid:
1.  to negate the rise in core temp

2.  to replace H2O lost via sweat

Electrolytes:
1. to replace Na+, CL-, K+ lost via sweat 

CHO:
1. to maintain blood Glucose for immediate energy
2. to replenish liver/muscle glycogen post-exercise

Fluid ingestion: Pre = 1 x 8-10 oz. CHO-E ~ 30-60 min pre 
During = 2 x 8-10 oz. CHO-E per hour

After = 1-2 x 8-10 oz. CHO-E-PRO within 30-60 min post 

CHO-E-PRO = Carbohydrate-Electrolyte-Protein drink (eg, Gatorade, Powerade, LF chocolate milk)

TRAINING CONSIDERATIONS:  Thermoregulation
Cooling Strategies:  Hydration for Training/Competition 1-3+ hr



Arterio-venous anastomoses (AVAs)

Automobile cooling system

TRAINING CONSIDERATIONS:  Thermoregulation



Arterio-venous anastomoses (AVAs)

TRAINING CONSIDERATIONS:  Thermoregulation



Arterio-venous anastomoses (AVAs)

TRAINING CONSIDERATIONS:  Thermoregulation



TRAINING CONSIDERATIONS:  Thermoregulation



TRAINING CONSIDERATIONS:  Thermoregulation



Med Sci Sports Exerc 4:717-725, 2010

SLURPEE = 7.5 g/kg TBM
Ingested equally over 30 min prior to run
Run to exhaustion @ VT1
93º F / 55% RH

TRAINING CONSIDERATIONS:  Thermoregulation



TRAINING CONSIDERATIONS:  Thermoregulation

Arctic Heat®
$200

XS, S, M, L, XL

Freezer
~3 hr

Transport and keep frozen in ice chest 

Wear during warmup and cooldown
Stays frozen 30-60 min



TRAINING CONSIDERATIONS:  Sleep



J Pediatr Orthop 34: 129-133, 2014

5 6 8 97
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RECOVERY
+ 

REFUELING

SLEEP

TRAINING



Ergogenic Aids for Air Travel 

Melatonin

Pineal gland



Ergogenic Aids for Air Travel 

Melatonin

Pineal gland



Ergogenic Aids for Air Travel 

Melatonin

Pineal gland









Sleep 34: 943-950, 2011

Normal Sleep
[2-4 weeks]

AVG = 6 hr: 41 min

Sleep Supplementation
[5-7 weeks]

AVG = 8 hr: 27 min
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MSSE 32: 317-331, 2000 Sports Med 33: 347-364, 2003 JSCR 18: 185-193, 2004 

Cytokine Hypothesis of Overtraining / Under-Performance

Dr. Lucille Lakier Smith



Excessive Musculoskeletal Stress
[2-3 training sessions / day]

Insufficient Recovery
[sleep, nutrition, psychological down time]

Chronic Musculoskeletal Inflammation

+

Pro-Inflammatory Cytokines

IL-6 IL-1β TNF-α



Pro-Inflammatory Cytokines

IL-6 IL-1β TNF-α

↓ Appetite
Sleep disturbances
Apathy / Depression

↑ Cortisol, E, NE
Immunosuppression

↓ Testosterone, LHRH
↓ Muscle anabolism
↓ Reproductive function

CNS HPA axis HPG axis



OVERTRAINING 
Continuum

http://www.google.ru/imgres?q=stop+light&hl=en&newwindow=1&biw=1366&bih=563&tbm=isch&imgrefurl=http://www.clker.com/clipart-2839.html&tbnid=eAr1I6_Fxe_mAM&docid=f2EtIIE7dUGnOM&ved=0CFAQhRYoAA&ei=tDdNUeiIA6eniQLP94DYCQ&dur=NaN&dur=NaN
http://www.google.ru/imgres?q=stop+light&hl=en&newwindow=1&biw=1366&bih=563&tbm=isch&imgrefurl=http://www.clker.com/clipart-2839.html&tbnid=eAr1I6_Fxe_mAM&docid=f2EtIIE7dUGnOM&ved=0CFAQhRYoAA&ei=tDdNUeiIA6eniQLP94DYCQ&dur=NaN&dur=NaN


Acute TL Chronic TL Chronic TL OVERTRAININGActive Recovery

+ + + + / - -

Rest 
& 

Cross-training

WO Mesocycle
[Moderate V / I]

Mesocycle
[High V / I]

LEGEND
TL = Training Load; WO = Workout; V = Volume; I = Intensity; TS = Training Stimulus; R = Recovery; FOR = Functional Overreaching; 
NFOR = Non-Functional Overreaching; OTS = Overtraining Syndrome; + = Positive Training; - = Negative Training 

FOR NFOR OTS

TS = R TS > R

OVERTRAINING 
Continuum

http://www.google.ru/imgres?q=stop+light&hl=en&newwindow=1&biw=1366&bih=563&tbm=isch&imgrefurl=http://www.clker.com/clipart-2839.html&tbnid=eAr1I6_Fxe_mAM&docid=f2EtIIE7dUGnOM&ved=0CFAQhRYoAA&ei=tDdNUeiIA6eniQLP94DYCQ&dur=NaN&dur=NaN
http://www.google.ru/imgres?q=stop+light&hl=en&newwindow=1&biw=1366&bih=563&tbm=isch&imgrefurl=http://www.clker.com/clipart-2839.html&tbnid=eAr1I6_Fxe_mAM&docid=f2EtIIE7dUGnOM&ved=0CFAQhRYoAA&ei=tDdNUeiIA6eniQLP94DYCQ&dur=NaN&dur=NaN


ACTION PLAN = Reactive / Therapeutic

1. Comprehensive Health Screen

2. Modify training  back to “Active Recovery” Phase

3. Monitor conservative progression from “Active Recovery” 
back to “Chronic TL”

4. Retroactive inspection of Training Log

SCENARIO 1

“I’m currently under-performing . . . what 
can I do to get back to 100% before the 
2015 season ends?”



ACTION PLAN = Proactive / Preventive

1. Recognition of OT “risk factors”

2. Robust DB to monitor negative response to “Chronic TL”

3. Meticulous attention to Recovery

4. Execute a scientifically-based taper

SCENARIO 2

“I think I might have overtrained in 2014
. . . how can I prevent that from happening 
again in the 2015 season?”



February
Diagnosed with IM

January
Chronic “under performance” 
reported by Coach and Athlete

Female
20 yr

2008 Olympian
Modern Pentathlon

2012



Acute TL Chronic TL Chronic TL OVERTRAININGActive Recovery

Rest 
& 

Cross-training

WO Mesocycle
[Moderate V / I]

Mesocycle
[High V / I]



February
Diagnosed with IM

January
Chronic “under performance” 
reported by Coach and Athlete

August 
4th Place (<1 sec out of Bronze)

Female
20 yr

2008 Olympian
Modern Pentathlon

September
Junior World Champion:  INDIVIDUAL
Junior World Champion:  TEAM

June 
Resumed normal training

2012
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SUMMARY

1. Diversification . . . not Specialization

2. Conservative training load (volume, intensity, # days per week)

3. Female vs Male  “windows of opportunity”

4. Individual variability in growth/maturation . . . “late bloomers”

5. Strategies for injury prevention

6. Focus on LT skill development  vs  ST “instant gratification” in performance

7. FUN . . . nurture that  original “passion”
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SUMMARY

1. Diversification . . . not Specialization
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