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Thank you!
Kamsa hamnida (Korean)
Danke schon (German)
Ameseginalhu (Ethiopia)
Cnacubo (Russian)
Arigato (Japanese)
Asante sana( Swahili/Kenyan)
Meitaki Ma’ata (Maori)
Paldies (Latvian)
Fa’afetai (Samoan)
Dziekuje (Polish)

Terima kasih (Malaysian + Indonesian)
Gracias (Spanish)
¢=IdTe (Hindi)

Dank u wel (Dutch)
Merci beaucoup (French)
S s 1S5 (Arabic)
Kiitoksia (Finnish)
guyaplotw (Greek)
Bnaropaps (Bulgarian)
Grazie (ltalian)
Obrigado (Portuguese/Brazilian)
Cheers (Australian / New Zealand)
Mahalo (Hawaiian)
Xie xie (Chinese)
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PHYSIOLOGY 101
Bone Structure and Metabolism

Articular cartilage

Cancellous bone Marrow cavity

[ Epiphyseal plate ]




PHYSIOLOGY 101

Endocrine/Hormone Response
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PHYSIOLOGY 101
Endocrine/Hormone Response

REPRODUCTION

Follicle-stimulating h. (FSH) \
Luteinizing h. (LH) [ Pituitary gland | Pineal gland
Prolactin N

GROWTH / DEVELOPMENT

Growth h. (GH :
(GH) [ Thyroid gland ' Parathyroid | BONE DEVELOPMENT
= glands Parathyroid h. (PTH)
GROWTH / DEVELOPMENT
ENERGY METABOLISM
Triiodothyronine (T3)
Thyroxine (T4) \

BONE DEVELOPMENT Adrenal
Calcitonin gland
G:Z,J Pancreas

o {Ovaryl REPRODUCTION
( 7. Estrogen
§ Progesterone
Testis
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PHYSIOLOGY 101 d
Endocrine/Hormone Response

REPRODUCTION

Follicle-stimulating h. (FSH)
Luteinizing h. (LH) [ Pituitary gland | A Pineal gland
GROWTH / DEVELOPMENT \ ‘ X
Growth h. (GH) . |
| Thyroid gland Parathyroid | BONE DEVELOPMENT
‘ glands Parathyroid h. (PTH)
GROWTH / DEVELOPMENT
ENERGY METABOLISM

Triiodothyronine (T3)
Thyroxine (T4)

BONE DEVELOPMENT Adrenal
Calcitonin gland
C:l:j Pancreas

o Ovary

REPRODUCTION ) \
T Testis
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PHYSIOLOGY 101
Skeletal Muscle Fiber Types

o

Type |

“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

g
Nt

Type lla

“Fast/slow” twitch hybrid
Pale red in color
Fatigue slowly

Glycolysis (lactate)
Oxidative Phosphorylation

400 mH
800 m
1000 m
1500 m




PHYSIOLOGY 101
Skeletal Muscle Fiber Types

g
Nt

Type lIx

“Fast” twitch
White in color
Fatigue quickly

ATP / CP
Glycolysis (lactate)

60 m
100 m
100mH /110 mH
200 m
400 m
LJ, TJ, PV
SP, D, J, HT




PHYSIOLOGY 101
Iron Metabolism

Fe atom structure
The Atomium
Brussels
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Stage 1: IRON-DEPLETION

COLLECTED: NOT GIVEN REPORTED: 07/17/2004  PAGE: 1
REQUESTS RESULTS UNITS REFERENCE RANGES  LOC
FERRITIN, SERUM 7 NG /ML 10-154 DE
IRON & TIBC, SERUM
IRON, SERUM 63 MCG /DL 35=175 DE
IRON BINDING CAPACITY 386 MCG /DL 250-400 DE
% SATURATION 16 % 15-50 DE
CBC (INC. DIFF & PLT)
WBC 6.2 THOUS/MCL  3.8-10.8 DE
RBC 4.50 MILL/MCL 3.80-5.10 DE
HEMOGLOBIN 198 GM/DL 11.7-15.5 DE
HEMATOCRIT 40.7 % 35.0-45.0 DE
MCV 90.4 FL 80.0-100.0 DE USA CYCLING
MCH 30.1 PG 27.0-33.0 DE
MCHC 33.3 GM/DL 32.0-36.0 DE
RDW 14.9 % 11.0-15.0 DE |
PLATELET COUNT 288 THOUS/MCL  140-400 DE Fema e
MPV 8.0 FL 7.5-11.5 DE
ABSOLUTE NEUTROPHILS 2730 CELLS/MCL  1500~-7800 DE 22 yr
ABSOLUTE LYMPHOCYTES 2877 CELLS/MCL  850-3900 DE
ABSOLUTE MONOCYTES 434 CELLS/MCL  200-950 DE
ABSOLUTE EOSINOPHILS 87 CELLS/MCL  0-500 DE
ABSOLUTE BASOPHILS iz CELLS/MCL  0-200 DE
NEUTROPHILS 45.0 % 457 DE
LYMPHOCYTES 46.4 A % e DE
MONOCYTES 70 % &3 DE e
EOSINOPHILS 1.4 % gl DE -y
BASOPHILS 0.2 o G 1d DE ?_,""""""




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

REQUESTS RESULTS
FERRITIN, SERUM 9
IRON & TIBC, SERUM
IRON, SERUM 32
TRON BINDING CAPACITY 444
% SATURATION 7

CBC (INC. DIFF & PLT)
WBC 7.2
RBC 4.64
HEMOGLOBIN 14.1
HEMATOCRIT 42.5
MCV. 8.5
MCH 30.5
MCHC 33.3
RDW 15.8
PLATELET COUNT 270
MPV 7.9
ABSOLUTE NEUTROPHILS 4936
ABSOLUTE LYMPHOCYTES 1987
ABSOLUTE MONOCYTES 616
ABSOLUTE EOSINOPHILS 131
ABSOLUTE BASOPHILS 31
NEUTROPHILS 64.1
LYMPHOCYTES 25.8
MONOCYTES 8.0
EOSINOPHILS .
BASOPHILS 0.4

UNITS REFERENCE RANGES
NG/ML 10-143
MCG /DL 35=175
MCG /DL 250-400

% 15-50
THOUS /MCL 3.8-10.8
MILL/MCL 3.80=5.10
GM/DL 11.9-15.9
% 35.0-49.0
FL 80.0-100.0
PG 27.:0=33.0
GM/DL 32 .0=36.0
% Il JO0=15.0
THOUS /MCL 140-400
FL 7.5=11:5
CELLS/MCL 1500~-7800
CELLS/MCL 850-3900
CELLS/MCL 200-950
CELLS/MCL 0-500
CELLS/MCL 0-200

% 957/

A A8 = A5

% &-73

pA &3

A TR

USA TRIATHLON

Female
18 yr

USA

TRIATHLON




IRON SUPPLEMENTATION

Ferrous sulfate

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 Gl distress

taken daily
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Impact of Iron Depletion Without Anemia on Performance SRS
in Trained Endurance Athletes at the Beginning of a Training NG
Season: A Study of Female Collegiate Rowers

Diane M. DellaValle and Jere D. Haas International Journal of Sport Nutrition and Exercise Metabolism, 2011, 21, 501-506
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From CHILDHOOD to ADOLESCENCE to ADULTHOOD \_

.
3

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 d

Pre-Puberty
Age 7-11

A slow and balanced

development when
the function of

some organs
becomes more
efficient.

P ET
L

Puberty
Age 12-14

Fast growth and
development in height,
weight, and the
efficiency of some
organs. Sexual
maturation with change
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in interests and
behaviors.
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Post-Puberty /

Adolescence
Age 15-18

A slow, balanced and

o5 ,

S

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
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80-in. win’gspan

Michael Phelps (20 yr) Coach Bob Bowman Michael Phelps (10 yr)




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




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




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

'-K‘Aﬁ;

Portland, OR
Galen Rupp

OF ANMERICA

Miami, FL
LeBron James [
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INCREASED RISK of INJURY: Skeletal (Stress Fracture)

Articular cartilage

Cancellous bone Marrow cavity

[ Epiphyseal plate ]

Epiphysis
Head

H
X-TABLE




INCREASED RISK of INJURY: Skeletal (Stress Fracture)

COMPRESSION




INCREASED RISK of INJURY: Skeletal (Stress Fracture)

COMPRESSION TENSION




INCREASED RISK of INJURY: Skeletal (Stress Fracture)
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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

Osteoporosis

g -_Female
- Athlete




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.

Percentage of Fractures

50

45

40

35

30

25

20

15

10

Medicinem& Science
p=0.0002 @ess Fr@ Sports & Exercise

® Non Stress Fracture
M Stress and Non-Stress

Fractures
_'Unknown Fracture Type

N

Amenorrheic Athletes Eumenorrheic Non-athletes
Athletes




INCREASED RISK of INJURY: Psychological

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 and/or Burnout

14
!

“l used to really like this sport. .. but | don’t want to do it anymore




INCREASED RISK of INJURY: Prevention

Conservative Training Load Don’t Overschedule Meets Soft Surface Training
(Volume, Intensity, # D/W) (or # Events in Meet)

)
y e ),
)
Cheese, butter,
margarine, @ v/
g fortified milk, .

Aquatic Training

The body itself makes
vitamin D when it is
exposed to the sun

= \;_‘ : ’ :
ﬁlfe:male AthlquTriad /)

Be Knowledgeable of Symptoms fish, and fortified

cereals are food sources
of vitamin D

Orthotics / Arch Supports Vitamin D Health

Resistance Training
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“WINDOWS OF OPPORTUNITY”

Sport Diversification Sport Specialization

CHILD ADOLESCENT ADOLESCENT YOUNG ADULT
Pre-Puberty Puberty Post-Puberty Maturity
Age 6-10 Age 11-14 Age 15-18 Age 19-25

Speed 1: Central Nervous System (qguickness, change of direction, segmental speed, agility) Istvan Balyi
Richard Way

Speed 2: Anaerobic power + Anaerobic capacity (interval training) ol iggs




“WINDOWS OF OPPORTUNITY”

Sport Diversification Sport Specialization

CHILD ADOLESCENT ADOLESCENT YOUNG ADULT
Pre-Puberty Puberty Post-Puberty Maturity
Age 7-11 Age 12-13 Age 13-18 Age 19-25

LONG-TERM

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




SPECIALIZATION vs DIVERSIFICATION

k.

Outliers
@

'He STORY or SUCCESS

L e e cme

¢ ¢ N

MALCOLM
GLADWELL

( The Tipping Point woa Blink

Iten, Kenya




SPECIALIZATION vs DIVERSIFICATION




SPECIALIZATION vs DIVERSIFICATION

1st Olympic Medal: age 19

o) E‘ oo

Ewsma




SPECIALIZATION vs DIVERSIFICATION

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

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




Sports-Specialized Intensive Training e
and the Risk of Injury in Young Athletes Vledicine

Am J Sports Med 43:794-801, 2015

Neeru A. Jayanthi,"t MD, Cynthia R. LaBella,*$ MD, Daniel Fischer,! Jacqueline Pasulka,*

and Lara R. Dugas,’ PhD, MPH

1
I

Degree of Specialization
1.5

Uninjured Acute Oweruse Serious Uninjured Acute Overuse Serious
Overuse Overuse

Figure 2. Degree of sports specialization by injury type and
Sex.




SPECIALIZATION vs DIVERSIFICATION

60%

Multilateral training

T
20%

1 |

1 |
14 16 18 20
Chronological age

T ; ¥ |
22 24 26 28

LONG-TERM




SPECIALIZATION vs DIVERSIFICATION

60%

Specialized training
Multilateral training

20%

! | | { 1 |

1 |
6 8 0 12 14 16 18 20
Chronological age

T ; ¥
22 24 26 28




SPECIALIZATION vs DIVERSIFICATION

Agility Balance Coordination Speed Jumping Climbing

“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. ClinJ Sport Med 24: 3-20, 2014.

Throwing Dribbling




THE BREAKFAST OF CHAMPIONS

MICHAEL
P eSS

SWIMMING
CHAMPION

Michael Phelps Milorad Cavic
(SER) 50.59

(USA) 50.58

PR ey
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SPECIALIZATION vs DIVERSIFICATION

: .
Lam"yn Williams
TALENT n

) —>

TRANSFER

Lauryn Williams

ATHENSZO]SE
QOO
& sochl.cfU
201y




SPECIALIZATION vs DIVERSIFICATION

A

Average Age = 26

(25-30)

rage Age = 27
(22-31)

EVENT
100

200

400

800

1500
3000 sC
5000
10,000
100 H
400 H
Marathon
20 km RW

LJ
TJ
HJ
PV

SP
D
)
HT

Heptathlon

WOMEN
Fraser-Pryce
Felix
Richards-Ross
Savinova
Cakir Alptekin
Zaripova
Defar

Dibaba
Pearson
Antyukh
Gelana
Lashmanaova

Reese
Rypakova
Chicherova
Suhr

Adams
Perkovic
Spotakova
Lysenko

Ennis

Nation
JAM
USA
USA
RUS
TUR
RUS
ETH
ETH
AUS
RUS
ETH
RUS

USA
KAZ
RUS
USA

NZL
CRO
CZE
RUS

GBR

Performance
10.75
21.88
49,55

1:56.19
4:10.23
9:06.72
15:04.25
30:20.75
12.35
52.70
2:23:07
1:25:02

7.12
14.98
2.05
4.75

20.70
69.11
69.55
78.18

6955

Age
25

25
27
30
30

27
22
31
28

26
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SPECIALIZATION vs DIVERSIFICATION

e o
Q'D
EVENT WOMEN Nation Performance Age
100 Fraser-Pryce JAM 10.75 25
200 Felix USA 21.88 26
400 Richards-Ross USA 4955 27
800 Savinova RUS 1:56.19 27
1500 Cakir Alptekin TUR 4:10.23 27
3000 5C Zaripova RUS 9:06.72 26
5000 Defar ETH 15:04.25 28
10,000 Dibaba ETH 30:20.75 27
100 H Pearson AUS 12.35 25
400 H Antyukh RUS 52.70 31
Marathon Gelana ETH 2:23:07 24
20 km RW Lashmanova RUS 1:25:02 20
LJ Reese USA 7.12 25
TJ Rypakova KAZ 14.98 27
HJ Chicherova RUS 2.05 30
PV Suhr USA 4.75 30
SP Adams NZL 20.70 27
D Perkovic CRO 69.11 22
J Spotakova CZE 69.55 31
HT Lysenko RUS 78.18 28
Heptathlon Ennis GBR 6955 26
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SPECIALIZATION vs DIVERSIFICATION

d

A

Average Age = 27

Average Age = 25
22-26

age Age =27
19-30

EVENT
100

200

400

800
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TRAINING CONSIDERATIONS: Thermoregulation
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TRAINING CONSIDERATIONS: Thermoregulatior@

Cooling Strategies: Hydration for Training/Competitio

Example: Sprints, Hurdles, Jumps, Throws

Exercise intensity: 80-130% VO

2max

Primary concern: Fluid:

1. to negate the rise in core temp
2. to replace H,0 lost via sweat

Fluid ingestion: Pre = 1 x 8-10 oz. CHO-E
During / After= 2 x 8-10 oz. H,0 (or CHO-E)

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




TRAINING CONSIDERATIONS: Thermoregulation

Cooling Strategies: Hydration for Training/Competitio

Example:
Exercise intensity:

Primary concerns:

Fluid ingestion:

Middle distance, Long distance

60 -90% VO

2max

Fluid:

1. to negate the rise in core temp

2. to replace H,O 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

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

Automobile cooling system

Arterio-venous anastomoses (AVAs)




TRAINING CONSIDERATIONS: Thermoregulation

Arterio-venous anastomoses (AVAs)




TRAINING CONSIDERATIONS: Thermoregulation

Arterio-venous anastomoses (AVAs)
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TRAINING CONSIDERATIONS: Thermoregulation
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Ice Slurry Ingestion Increases Core
Temperature Capacity and Running Time
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TRAINING CONSIDERATIONS: Thermoregulation

Arctic Heat®
$200
XS, S, M, L, XL

Freezer i \
~3 hr _

Wear during warmup and cooldown
Stays frozen 30-60 min




TRAINING CONSIDERATIONS: Sleep




Chronic Lack of Sleep is Associated With Increased

Sports Injuries in Adolescent Athletes
Matthew D. Milewski, MD,* David L. Skaggs, MD, MMM ¥
Gregory A. Bishop, MS,} J. Lee Pace, MD,¥ David A. Ihrahim, MD,T
Tishya A.L. Wren, PhD,{ and Audrius Barzdukas, MEd}

J Pediatr Orthop 34:129-133, 2014
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The Effects of Sleep Extension on the Athletic Performance of Collegiate
Basketball Players

Cheri D. Mah, MS'; Kenneth E. Mah, MD, MS?; Eric J. Kezinan, MD, MPH?; William C. Dement, MD, PhD"

Sleep 34: 943-950, 2011
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Cytokine Hypothesis of Overtraining / Under-Performance

Dr. Lucille Lakier Smit
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TisSUE TRAUMA: THE UNDERLYING CAUSE OF
OVERTRAINING SYNDROME?

Cytokine hypothesis of overtraining:

a physiological adaptation to Overtraining, Excessive Exercise, and e e o ac
excessive stress? Altered Immunity

Is This a T Helper-1 Versus T Helper-2

1TH

thlotic carers By defintion, t cceurs whe

i A, St LL Tirse ragm: e sndesing cusmol ofthe -
LUCILLE LAKIER SMITH Lymphocyte Response? o i Cond. Hee TNTLISETOT athiete e training inenscly ead o smproving
Department of Health, Letsurs, and Exercise Science, Appalachian State University, Boone, NC 2560 cterioration mwrmu ince, even afer an ex.

Lended rest period (1, 26, 27, 29, 47,55, 74, Thia apurte

Lucille Lakier Smith

opecifc decraane fa periorance div
team sports ( raed ea the g <hndm‘d an
‘may extend over a period of weeks or months (39

in some instances, the athl ver recover (1,
55),

6), is roy

ABSTRACT Department of Sport and Physical Rehabilitation Sciences, Techniken Pretoria, Pretoria,
South Africa

SMITHL L L. Cytokone hypotbesis of overtesming. » physological sdsptoton 1 excessive stess? Mes. Sct Sports Evere. Vol 32,

No. 2. pp 317-331, 2000. Overrcang symose (OTS) i condivn whevein 2 atlete i Wainng excewsely, yet prformamce
¢ mumerous signs and symptoms assoiated

desrioates Thas . sl sccoenpansed by oodbelimsor changes and 3 vaney of biochemcal s0d phywiciopeal aberssm

Presently. there 13 90 global hypothess %o account for OTS. The present paper will atiespt 10 provide » voafvmg m.«,w. that w with ﬂl\ (Table lwl 78, may be
it mol B ot il poodce mmack aado shadend s ot o, Ciclntins soavcyn e o ssvotnd by by Abstract Teieforther oot ““““;'ffl""““‘
related cytolanes. and m turs grodice brge quanbies of gromflumasory IL-15. sdior TL-6, sedior TNF-a. peoducang sysiemic 1 and Overtraining Synd thesizes & group of inflam- ity (56) ) ot m?r. -]

ol resposse by 3) commmoncaing wolh e CNS 200 2 ’ o Exorciso, O ImmUNCRIDDIGHIOn n dhevn b0 > Aasrti b chins nd tmpioms
vies refeeed o 5 “sckews” bekonwr, which avolve sod s bekavsr chisapes that wogewtsescloon of 21 Hypoheses Proposed 10 BXpic Exorcise Rok munosppression e e e e e, fhat an be damciated with specic spring exnts
et he e of e, vl e v s of 3. Tissue Injury. Overtiaining Synciome. and EXCessive overtrained stblete However it has boensuggestd that there may 7 bo distinct
1 ) mgacrng oo s focon, Thecrteally, OTS 1 sewed 3 3.1 1sThte @ Connection Batween Injury and IMmUNOSUPPIEsson? . . o . dxﬂ-r»n(w betwoen sports regarding which signs and
bem o recoveryureral 354 ot adgeston 20d 1 deet 4 \ation and Cyfokines X, Womon borvou walisinn eselohins; Socsss murinste -dumuum although to date this has not
sogical seem. s o System, T Helper-1 and -2 Lymphocytes, and Related Cylokines actor, depreasion ( Generlly,the it ndiction of
of OTS, based on 2 sy sflrumslory condtion. Key Words: X 15, NTERLECKDN, TUMOR NECROSS 5.1 Cytokine Response fo a Marathon ing O mood ( 47,73), al-
FACTOR.. ACUTE PHASE PROTEINS, TISSUE TRAUMA 6. Stress Hormones and Altered kmmune Funchior PURPOSE g o he decine o pd{vrman«r um uscatly cap.
Stress Hormanes and Cot Modtaied ke Colls ture the atention of the athlee and o
7. Prostagiandan Es and Allered Imrmme Function i ez af e b e o e S OTS should be distinguished fr the condition o
Qs e P derd chaniem that drves the condiion  shortterm overtraining, (ypicall Teferred 1o as “over-
9. Suggestions for Future Research 361 e "g s )“" i Aldnrieath reaching’ or “supercompencation &
=/ This will be achieved by integrating informa  Overreaching” describes an initial temporary deteriora
oL - 5 . tion from a vark of rescarch and pro-  gion in pe kg fow days (27). Wit
he purpose of this paper is fo integrate available  (26.27.45.91). Unfortunately. there is a fine line berwee tion in performance, asting a fow days (27
sing @ nifin Typothests that wil atemn o expiain -
I information pertaining to the overtraining syndrome  improved performance and deterioration. When deteriora- posiog x woily »ﬁ.(ﬁz'...l. that wil atiemgd o cxp et i s performance is regained and fre-
)into one paradigm. which will be referred 1035 tion i performance occurs in association with an arduous quenlly

(OTS)into one paradigm. which will be refered to tion in perfonna assaciation with an arduou Abstract Overtraining syndrome (OTS) ocours where en sihicte is training vigorously, Tormuanl, acd \mmuane’ Gursigs” that o i m .m\ ‘s part of the training stimulusad.

the cytokine hypothesis of overtraining. The following h training schedule. it is referred 10 as ove

ot (66).

ming, staleness

b s
becn associated with OTS. For the sake o brevty, where  oteiaraesy

yet perfonmance deterloraes. One siga of OTS s suppressed immunc function  aocated with OTS. Por he sk
wilh sn incrotacd Iochioni. of pper respiraioey tract infecion (URTI). Aa el o sl e o
increased incidence of URTIs is also associated with high volume/intensity OTS in mﬂ]uv—mwmnn-f] athlet

m orb

pothesis is nof prescaited as complete but s ady
way

CCAUSES OF OVERTRAINING SYNDROME?
Notwithatanding the serioumess and prevalence of OTS,

o focus future research efforts. For brevity, refer- The universal criterion associated with overtraining is a

rated
are generally limited to review articles. The predom-  decrease in performance. However, not all aspects of pes 35, 38), this

mant focus of this paper will be on the systemic i Sinmc: weaeciid sl ity s e U packid training. as well as with excessive exercise (EE), such as & marathon. manifesting @ :lm;‘u‘mvx _K‘:?lyh\ n D«("\"l:;vgrvywm‘\nn\ resatance-  ung despite (,,(, x.m that this condition m» been recorded

iamatory repose. Thave irms e frogunty wed aking preciction and o teprcation Dotwosa. 3 72 botia:gost-rice. Pressally, theet, 8 00 encoaijatilng thedry 1 Crpensgr iy adbsigplios ol dfiodd Tk e 1920 (qoted i 1,75 th adeing
expla and altered in ‘competence. Recer as been conclusively s ooy sl g gl iy causes of C remain unclear. A number of hypotheses

iterchangeably due to their xt ks ol i sl xplain EE and alicred immunc competence. Recently. it has been conclusively e e o of OTS lear. A nuzsber of hypoth

v been proposed, bt fo the most part cach explaing
only one aspect of OTS. For example, the glycogen hy-
poherts sty genera Tt ana conpainta o
‘heavy legs’ are due to reduced muscle glycogen (10, 70).
The central fatigue hypothesis suggests that general com-
plaints of fatigue are due to an excess of a specific amino
acid, tryptophan, in the central nervous system (36). The
lutamine hypothesis suggests that the prevalence of im-
mune-related disorders is due to reduced blood levels o
glutamine, an amino acid crucial to optimal functioning

established that T helper [ymphocytes (Tw). a crucial aspect of immune function,
represent two distinet functional subsets: Tyl and T2 ly
ized phocyles arc associated with cell-mediated immunity (
Xing beyood 8 com-  _ sppetiie. However, i is the decline in pecformance fre- intracellular pathogens, while Tr2 lymphocytes are associated with humoral
ze atbletic abiity ociated with an increased volume o load of immunity and antibody production. When Tyi-precu
fnicg.tat copres the aticton o he st snd cooch. favour of one o the other. Furthermore. the most appropriate

02070 A large mamber of symptoms associated with overtraining.
IENCE IN SPORTS & EXERCISE, have been reported in the literature. Fry et al. (27) bave
ports M categorized these according

ness. the ferm systemic inflammation will be

Albls i ha 1o opimize pecformence. Jberen in
all pro
averload principle, which implies wod
fortable level in order to maxin

phocytes. Tl lym

5 e mpication;of e eoigmiin depression. muscle o f pain.

oo sl traininglcompeing and the induction
ursor cells are activated, the - ision histlen HL X

2 lay athiona, but. T obvies ressons, s et choely
ailing cytokine *patier’. This monitored in these cases.
munosuppression is due fo tissue

ubsct. is by the pi

exercise-related

INTRODUCTION

Copmizht © 2000 by the Asmencan Collge of physiological performance. trauma sustained during intense cxercise, producing cytokines, which drive the of immune clls (51, 76) Thero are additiona hypotheses
Subesined fo publicaion Jamey 1999 psychologicalinformation processing. immmmological. and OTS, alo known as “staleness” or burnout” concering the causes of OTS, including involverment of
Acccpeed e blicsoon November 1999 biochemical parameters (see Table 1), However, there is no tion that afficts ihioias, ahon in the pea  the.sympSthetic nd. purasyespathatc surves syatem

317 185

MSSE 32: 317-331, 2000 Sports Med 33: 347-364, 2003 JSCR 18: 185-193, 2004




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

=k

Insufficient Recovery
[sleep, nutrition, psychological down time]

!

Chronic Musculoskeletal Inflammation




Pro-Inflammatory Cytokines

J Appetite
Sleep disturbances
Apathy / Depression

HPG axis

™ Cortisol, E, NE
Immunosuppression

J Testosterone, LHRH
J' Muscle anabolism
J Reproductive function




OVERTRAINING
Continuum
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OVERTRAINING
Continuum

Rest WO Mesocycle
& [Moderate V /]
Cross-training

TS=R

+ + +

FOR

Chronic TL

Mesocycle
[High V /1]

TS>R

NFOR

OVERTRAINING

OTS

LEGEND

TL = Training Load; WO = Workout; V = Volume; | = Intensity; TS = Training Stimulus; R = Recovery; FOR = Functional Overreaching;
NFOR = Non-Functional Overreaching; OTS = Overtraining Syndrome; + = Positive Training; - = Negative Training
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SCENARIO 1

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

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 2

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

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
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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”

i ” a“ ”
WINDOWS OF OPPORTUNITY WINDOWS OF OPPORTUNITY
Sport Diversification Sport Specialization Sport Diversification Sport Specialization
CHILD ADOLESCENT ADOLESCENT YOUNG ADULT CHILD ADOLESCENT ADOLESCENT YOUNG ADULT
Pre-Puberty Puberty Post-Puberty Maturity Pre-Puberty Puberty Post-Puberty Maturity
Age 6-10 Age 11-14 Age 15-18 Age 19-25 Age 7-11 Age 12-13 Age 13-18 Age 19-25
Speed 1 Speed 2 Speed 1 Speed 2
Age 6-8 Age 11-13 Age 7-9 Age 13-16
Skills skills
Age 8-11 Age 9-11
e
Age9-12 Age 9-12
Strength strength
LONG-TERM LONG-TERM
ATHLETE ATHLETE
Endurance DEVELOPMI e —— DEVELOPMI
Age 11-15 e
? Age 12-16 ,?
' . Speed 1
Speed 2
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SUMMARY

Diversification . . . not Specialization

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

Female vs Male “windows of opportunity”

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

Strategies for injury prevention

Focus on LT skill development vs ST “instant gratification” in performance
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Senior Sport Physiologist
USOC Athlete Performance Lab
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