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I TRE 

MOSCHETTIERI

2

LA STORIA E IL CONTESTO

“Navigant quidam et labores peregrinationis longissimae

una mercede perpetiuntur cognoscendi aliquid abditum

remotumque.”

Alcuni si mettono in mare e sopportano i travagli di un 

lunghissimo viaggio per la sola ricompensa di conoscere qualcosa 

di nascosto e lontano

Seneca, De Otio
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LA PRODUZIONE SCIENTIFICA
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L’INTUIZIONE

ASMUSSEN & BONDE-PETERSEN Storage of elastic energy 
in skeletal muscles in man.  Acta physiol. scand. 1974.91. 
385-392.

Cavagna GA, Dusman B, Margaria R. Positive work done 
by a previously stretched muscle. J Appl Physiol. 
1968;24(1):21-32. doi:10.1152/jappl.1968.24.1.21
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SSC – CICLO ALLUNGAMENTO-ACCORCIAMENTO
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SIMPLE METHODS
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INTERAZIONE MUSCOLO

E SISTEMA ORMONALE

9



6/13/20

4

VIBRAZIONI
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DALLA SCIENZA ALLE APPLICAZIONI
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L’IMPATTO INTERNAZIONALE

13

LA SCIENZA SI EVOLVE

D e nt JR , F letch e r D K , M cG u igan  M R . Ev id e n ce  fo r a  N o n -G e n o m ic  A c? o n  o f 

Te sto ste ro n e  in  Ske leta l M u sc le  W h ich  m ay Im p ro ve  Ath le? c Pe rfo rm an ce : 

Im p lica? o n s fo r th e  Fe m ale  Ath lete . J  Sp o rts Sci M ed . 2 0 1 2 ;1 1 (3 ):3 6 3 -3 7 0 . 

P u b lish e d  2 0 1 2  Se p  1 .

Crewther BT, Cook C, Cardinale M, Weatherby RP, Lowe T. Two 

emerging concepts for elite athletes: the short-term effects of 
testosterone and corCsol on the neuromuscular system and the dose-
response training role of these endogenous hormones. Sports Med. 
2011;41(2):103-123.

West DW, Phillips SM. Anabolic processes in human skeletal 
muscle: restoring the identities of growth hormone and 
testosterone. Phys Sportsmed. 2010;38(3):97-104. 
doi:10.3810/psm.2010.10.1814
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LE 
CONVINZIONI
CAMBIANO

Kordi AM, Folland J, Goodall S, et al. Cycling-specific isometric resistance training improves peak power output in elite sprint cyclists 

[published online ahead of print, 2020 Jun 9]. Scand J Med Sci Sports. 2020;10.1111/sms.13742. doi:10.1111/sms.13742
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“Doping begins when harm from their heavy training workload becomes 

more dangerous than harm from using doping.” Grigory Rodhenckov

Rivalutare sempre il passato
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MA ANCHE IL PRESENTE…

17

PORTARE LA SCIENZA SUL

CAMPO
“Un allenamento senza valutazione e misurazione é come un viaggio senza meta.” (Carmelo Bosco)
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SCIENZA DELLO SPORT
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THE PERFORMANCE MODEL
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“IF YOU DON’T 
KNOW WHERE YOU 
ARE GOING, HOW 
DO YOU PLAN THE 
JOURNEY?” 
[FRANK DICK, OBE]
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Identify what it takes to 

succeed

• Results/Score/distance from 
top performers

Define the performance 

model

• Physiological demands

• Technical Demands

• Tactical Demands

• Nutritional aspects

• Psychological Skills

• Equipment

• Competition Strategies

Determine KPIs

• What do I need to measure?

Assess the athlete

• Strengths and Weaknesses

Plan/deploy the 

programme of 
interventions

• Detailed training plan

• Detailed interventions (e.g. 
Nutrition/Warm-up/Recovery)

Review

BUILDING THE PLAN: WITTW MODEL

Cardinale	M .	(2020).	Key	performance	Indicators.	In	French	D.	&	Torres	L.	(Eds.) NSCAs	Essentials	of	Sport	Science .	Champaign,	IL:	Human	Kinetics
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Physiological 

Demands

Performance 

Determinants

Physiological 

Demands

Technical Demands

Tactical Demands

Nutritional 

Demands

Psychological 

Demands

Health

Equipment

Rules

Training Interventions

Key Performance 

Indicators

Aerobic Capacity

Anaerobic Capacity

Sprinting Ability

Buffering Capacity

Anaerobic Speed 

Reserve

Muscle-Tendon 

Tissue Elasticity

Long Runs

Tempo Runs

HIIT sessions

Altitude Training

V ̇O2max

Running Economy

Lactate Threshold

Velocity V ̇O2max

Cardinale	M .	(2020).	Key	performance	Indicators.	In	French	D.	&	Torres	L.	(Eds.) NSCAs	Essentials	of	Sport	Science .	Champaign,	IL:	Human	Kinetics
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Health

Performance 

Determinants

Physiological 

Demands

Technical Demands

Tactical Demands

Nutritional 

Demands

Psychological 

Demands

Health

Equipment

Rules

Interventions Key Performance 

Indicators
Upper Respiratory 

Tract

Lower Limbs Injury 

Risk

Lower Back Injury 

Risk

Anthropometry

Running Technique 

Training

Strength Training

Flexibility Training

Lower Limbs 

Strength/Power

ROM Assessments

Asymmetry 

Assessment

Cardinale	M .	(2020).	Key	performance	Indicators.	In	French	D.	&	Torres	L.	(Eds.) NSCAs	Essentials	of	Sport	Science .	Champaign,	IL:	Human	Kinetics

24



6/13/20

9

E ngage 

and  

co llec t 

ev idence

C o lla te  &  

score

C onduct 

in tegra ted  

ana lys is

Iden tify, p rio ritise  &  

schedu le  ac tions
S et ta rge ts

D e fine  

m easures

D efine  sport 

coach ing  m ode l

R ecord  

m easures

A na lyse  

m easures  &  

feedback

Assess

Part 1: Coaching Im provem ent

Part 2: Athlete im provem ent

D efine  

a th le te  

p ro file

D e fine  

teach ing  

ac tiv ities

D efine  

ta rge t 

p ro file

S chedu le  

ac tiv ities

Plan Review

A
th

le
te

 I
m

p
ro

ve
m

e
n
t

C
o
a
ch

in
g
 I
m

p
ro

ve
m

e
n
t

Coaching Programme Process

O
u
tp

u
t

O
u
tp

u
t

O
u
tp

u
t

Coaching 

Action 
Plan

Coaching 

Knowledge 
Base

Metrics to 

track 
coaching & 

performance
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HOW TO USE SCIENTIFIC SUPPORT

Strength and Conditioning

Nutrition

Biomechanics
Performance Analysis

Physiology

Education

Psychology

Talent Identification

Medicine and Physiotherapy
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A COSA SERVE LA SCIENZA DELLO SPORT?

Tradizione e 

cultura

Sportiva

Programma di 

Allenamento

Supportare l’alta prestazione con le 

conoscenze e il rispetto dei ruoli e 

delle responsabilità

27
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HOW CAN SPORTS SCIENCE MAKE A DIFFERENCE?

“In God we trust. 
All others must 
bring data.” 
(Edwards Deming)

Data

Support in situ to 
enhance coaching 
support

Interaction

Answering 
Questions to 
improve the 
training process

Projects

Continuously reassess the 
training and competition 
support process

Debrief

Collect and Share Training and Competition Data

Special Projects

Day-to-day Interaction and Developm ent of “The Coach Library”

Debrief

28

INTERACTION: 

THE LIBRARY
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ESEMPIO– WARM-UP AND NEW TECH

Ball, D., Brown P., & Cardinale M. (2003). The effects of muscle temperature on 
force/velocity and power/velocity relationship of lower limbs in vivo. Abstract -

Medicine and Science in Sports and Exercise 

C unn iffe B , E llison  M , Loosem ore M , C ard ina le  M .J W arm -up  Practices in  E lite  Box ing A th letes: Im pact 

on  Pow er O utput. S trength  C ond  Res. 2017  Jan ;31(1 ):95-105 .
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ESEMPIO : SKELETON 

Steffi L. Colyer, Keith A. Stokes, James L.J. Bilzon, Marco Cardinale, Aki I.T. Salo. Extracting a set of independent physical predictors of skeleton start performance using a series 
of multivariate analyses. International Journal of Sports Physiology and Performance PMID:  27140284

31

ESEMPIO NUTRIZIONE

Shaw G, Lee-Barthel A, Ross ML, Wang B, Baar K. 2017. Vitamin C-enriched gelatin supplementation 
before intermittent activity augments collagen synthesis. Am J Clin Nutr 105: 136-143.

32

NUOVE
TECNOLOGIE

Eric Elenko, Lindsay Underwood & Daphne Zohar

Nature Biotechnology 33, 456–461 (2015) doi:10.1038/nbt.3222

33

http://ajcn.nutrition.org/content/early/2016/11/15/ajcn.116.138594.abstract
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LA REALTÀ IN 
SCIENZA
DELLO SPORT

Cardinale M, Varley MC.Wearable Training-Monitoring Technology: Applications, Challenges, and Opportunities Int J Sports 
Physiol Perform. 2017 Apr;12(Suppl 2):S255-S262. doi: 10.1123/ijspp.2016-0423. Epub 2016 Nov 11

34

UTILIZZARE I DATI

• This is the first study to examine growth rates and skeletal maturation 
as injury risk factors in a relatively large cohort of adolescents involved in 
athletics. 

• Rapid growth in stature and leg length, younger skeletal age, and faster 

maturity tempo were significantly associated with increased risk of bone 
and growth plate injuries. 

• Changes in body mass, BMI, and trunk height were, on the other hand, 

not associated with injury.

Wik EH,  Martínez-Silván D,  Farooq A,  Cardinale M,  Johnson A,  Bahr R. Skeletal maturation and growth rates are related to bone and growth plate injuries in adolescent athletics. Scandinavian Journal of Medicine 
& Science in Sports, 20 Feb 2020, 30(5):894-903. DOI: 10.1111/sms.13635 PMID: 32034797
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L’IMPORTANZA DEI NUMERI

5110
days 
lost 

178

ath/season

exp o su re s p e r/time-loss

280

injuries

sport

78%

related

51%
overuse 
injuries

60%

Prevalence

4.2

Inj/1000AE
s

80

Days lost/1000AEs

Days 
lost/injury

18.2

+ upper lim b injuries (29%)

No injuries in competition along 4 seasons

++ Muscle and joint injuries

Highest incidence= 5.3 inj/1000 AEs. 

↑ severity= 24d (95% CI 14.4 to 33.2) 

38% of all stress fx (++spondylolysis).

69%= overuse injuries. ↑BONE STRESS

84% injuries in the lower limb

Highest training exposure (213±61 AE/season)

+ injured in com petitions (26 inj/1000 CEs)

52% of all muscle strains (71% ham strings).

+ severity in competition (842 DL/1000CEs)

Martinez-Silvan et al. (under evaluation)
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TRADURRE SCIENZA DELLO SPORT IN AZIONE
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SOMMARIO

• Bosco ci ha lasciato una legacy di metodi e modelli che possono essere ancora utilizzati per

valutare atleti e per programmarne l’allenamento.

• Ma la scienza va Avanti, bisogna aggiornarsi [leggere] e si deve avere una mente piû aperta

• Il metodo scientifico, o metodo sperimentale, è la modalità tipica con cui la scienza procede per

raggiungere una conoscenza della realtà oggettiva, affidabile, verificabile e condivisibile. Il metodo

deve restare, le convinzioni cambiano.

• Molte delle tecnologie al momento sul mercato per valutare lo "stato" dell'atleta o per ruiscire a

prevedere infortuni o performance non hanno ALCUNA evidenza scientifica di validita’

• Molti metodi di allenamento ‘venduti’ per validi non hanno alcuna evidenza che funzionino

38

• La scienza dello sport avanza rapidamente, il modello degli istituti di scienza

dello sport inizia a vacillare (vedi AIS/UK/USOC etc).

• Il miglioramento delle conoscenze dei tecnici deve avere la stessa priorita’

dell’innovazione scientifica

• Le universita’ devono modernizzare i programmi e collaborare con le

organizzazioni professionali

• Siamo circondati da disinformazione, scarsa professionalita’, pseudo-esperti

e guru. Bisogna sviluppare il pensiero critico negli operatori del settore

• Come diceva Bosco (e Scoglio), bisogna continuare ad imparare e prepararsi

per evitare di parlare “ad-minchiam”.

QUO VADIS?

39
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Marco.cardinale@aspetar.com

Marco_Cardinale

Grazie dell’attenzione

www.Aspetar.com
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Grazie per gli insegnamenti, le scoperte e le invenzioni che ci permettono
ancora oggi di studiare gli effetti dell’allenamento
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