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…E NON VOGLIO PARLARE DEL CALCIO

“QUANDO HO LAVORATO CON LA FORZA”



TROVA LE DIFFERENZE



GINNASTICA ARTISTICA

Vertical ground reaction forces
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0
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walking

running

Time (s)

•walking: 

–long duration 

–double “active” peaks 

–+/-20% body weight 

•running/sprinting: 
–brief durations 

–single “active” peak 

–3 times BW 

–heel-toe landing 

•jump landings: 
–Very brief duration 

–up to 10+ times BW 

–forefoot landing

FORCES DURING WALKING VS. RUNNING



Io faccio la forza
Anche io devo 

fare la forza

Non 
posso essere 

l’unica a non fare  
la forza

Se loro la 

forza
…

Fammi fare  la 

forza

😊CHE FORZA: TUTTI FANNO LA FORZA!😊

CORRERE IL PIÙ VELOCEMENTE POSSIBILE 42KM



QUALCHE DOMANDA BUTTATA LA…



ENDURANCE RUNNING
COSA VUOL DIRE “FARE LA FORZA”?



FARE SPRINT È FARE FORZA?

CORRERE IL PIÙ VELOCEMENTE POSSIBILE 42KM



LE ANDATURE "È FARE 
FORZA”?

L’EDUCAZIONE DEL PIEDE, IL 
SENTIRE L’APPOGGIO



FARE LE SALITE CHE  
FORZA È?

L'ENFASI SUL LAVORO 
CONCENTRICO



…E LE DISCESE?

L'ENFASI SUL LAVORO 
ECCENTRICO
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ESERCITAZIONI A CARATTERE 
PLIOMETRICO
PREVIO STIRAMENTO  
E SSC CICLO STIRAMENTO-
ACCORCIAMENTO 
PLIOMETRIA LENTA E VELOCE 
DROP JUMP …E QUALE 

PLIOMETRIA?



…E I CIRCUITI  DI 
“FORZA FUNZIONALE”?

ESERCITAZIONI A CARATTERE: 
“FUNZIONANO PER ANTONOMASIA”



“VUOI DIRE  
CHE PER DIVENTARE UN 
FORTE  MARATONETA 
DEVO  
FARE LO SQUAT?”

INTANTO IN KENYA…



NON FANNO FORZA!
I KENYAN MARATHON RUNNERS



PERÒ…

NEL STESSO MOMENTO A 
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NELLE NANDI HILLS - KENYA

2 RUNNING CLUB 
TRAINING CAMP
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CONDIZIONA
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TRAINING 
ENDURANCE  
RUNNING
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TIPO COORDINATIVO 
CHE CONDIZIONALI
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TRAINING 

ENDURANCE  
RUNNING
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1. LBP LOW BACK PAIN 

2. ACHILLES TENDINOPATHY 
3. KNEE RUNNER ITS & KNEE JUMPER 

4. KENYAN’S SPAR  

5. STRESS FRATCTURE TIBIA & 
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ABSTRACT
Background Physical activity is important in both
prevention and treatment of many common diseases, but
sports injuries can pose serious problems.
Objective To determine whether physical activity
exercises can reduce sports injuries and perform stratified
analyses of strength training, stretching, proprioception and
combinations of these, and provide separate acute and
overuse injury estimates.
Material and methods PubMed, EMBASE, Web of
Science and SPORTDiscus were searched and yielded 3462
results. Two independent authors selected relevant
randomised, controlled trials and quality assessments were
conducted by all authors of this paper using the Cochrane
collaboration domain-based quality assessment tool.
Twelve studies that neglected to account for clustering
effects were adjusted. Quantitative analyses were
performed in STATAV.12 and sensitivity analysed by
intention-to-treat. Heterogeneity (I2) and publication bias
(Harbord’s small-study effects) were formally tested.
Results 25 trials, including 26 610 participants with
3464 injuries, were analysed. The overall effect estimate on
injury prevention was heterogeneous. Stratified exposure
analyses proved no beneficial effect for stretching (RR
0.963 (0.846–1.095)), whereas studies with multiple
exposures (RR 0.655 (0.520–0.826)), proprioception
training (RR 0.550 (0.347–0.869)), and strength training
(RR 0.315 (0.207–0.480)) showed a tendency towards
increasing effect. Both acute injuries (RR 0.647 (0.502–
0.836)) and overuse injuries (RR 0.527 (0.373–0.746))
could be reduced by physical activity programmes.
Intention-to-treat sensitivity analyses consistently revealed
even more robust effect estimates.
Conclusions Despite a few outlying studies, consistently
favourable estimates were obtained for all injury prevention
measures except for stretching. Strength training reduced
sports injuries to less than 1/3 and overuse injuries could
be almost halved.

INTRODUCTION
Increasing evidence exists, for all age groups, that
physical activity is important in both prevention and
treatment of some of the most sizable conditions of
our time,1–3 including cardiovascular disease, dia-
betes, cancer, hypertension, obesity, osteoporosis,
and depression. Although overall population levels of
physical activity is a general concern, increasing levels
of leisure time physical activity and sports participa-
tion have been reported in some population groups.4

Injuries are virtually the sole drawback of exercise,
but may be a common consequence of physical activ-
ity and have been shown to pose substantial pro-
blems.5 –7 Management of sports injuries is difficult,

time-consuming and expensive, both for the society
and for the individual.8 –10 However, sports injury
prevention by different kinds of strength training,
proprioception exercises, stretching activities, and
combinations of these, is accessible to essentially
everyone and requires limited medical staff assistance.
This adds several interesting aspects regarding the
potential dispersion, applicability, and compliance to
these programmes.
Most studies on musculoskeletal injuries have

focused on one particular intervention, injury type/
location, sport or studied other relatively narrowly
defined research questions. This applies to most
reviews and meta-analyses as well.11–18 However,
Parkkari et al19 described 16 controlled trials in a
narrative review. Central concepts of sports injury
prevention such as extrinsic (including exposures,
environment, equipment) and intrinsic (including
physical characteristics, fitness, ability, age, gender,
psychology) risk factors and the ‘sequence of preven-
tion’ model of van Mechelen20 were summarised.
Aaltonen et al21 presented an overview of all sports
injury prevention measures, but as in the literature up
until their search in January 2006, the focus of this
review was primarily on extrinsic risk factors.22

Recently, and with less restrictive exclusion criteria,
Schiff et al23 covered the same topic with additional
studies. Aaltonen et al and Schiff et al were unable to
obtain full quantification of intervention effect esti-
mates. Steffen et al24 presented a narrative review of
acute sports injury prevention written by field
experts for each location of injury, but an examin-
ation and quantification of specific training exposures
and a differentiation of acute and overuse outcome
effect estimates is still lacking.
This review and meta-analysis will broaden the

scope of previous reviews and meta-analyses on
sports injury prevention and focus on the preventive
effect of several different forms of physical activity
programmes and complement the existing summative
literature on extrinsic risk factor reduction. Valuable
summary literature exists for both neuromuscular
proprioception14 15 and stretching exercises.17 18

However, aggregation of effect estimates and com-
parison with the effect of strength training and an
intervention group with multiple exposures (combin-
ing ex strength, proprioception, stretch etc) could
reveal new and interesting information, enabling pro-
posals for future directions in the field of sports
injury prevention. This study consequently aimed at
performing stratified analyses of different injury pre-
vention exercise programmes and additionally pro-
vides separate effect estimates for acute and overuse
injuries.
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L'ANALISI DELLA LETTERATURA SCIENTIFICA SUGLI ESERCIZI DI STABILITÀ DEL 
CORE MOSTRA CHE GLI ADATTAMENTI NEL SISTEMA NERVOSO CENTRALE 
(ATTIVAZIONE VOLONTARIA DEI MUSCOLI DEL TRONCO) SONO STATI USATI PER 
GIUSTIFICARE LE LINEE GUIDA DELL'ESERCIZIO.  

GLI ADATTAMENTI DELLE STRUTTURE MORFOLOGICHE, IMPORTANTI PER LA 
STABILITÀ DEL TRONCO E QUINDI LA SALUTE DELL'ATLETA, NON SONO STATI 
ADEGUATAMENTE AFFRONTATI NEGLI STUDI SPERIMENTALI O NELLE REVISIONI.  

IN QUESTO ARTICOLO, SI SPIEGA PERCHÉ LE LINEE GUIDA 
CREATE PER LA RIABILITAZIONE DEL MAL DI SCHIENA SONO 
INSUFFICIENTI PER L'ALLENAMENTO DELLA FORZA NEGLI 
ATLETI PROFESSIONISTI.  
VENGONO ANALIZZATI CRITICAMENTE CONCETTI COMUNI COME 
"ATTIVAZIONE SELETTIVA" E ADDESTRAMENTO SU SUPERFICI 
INSTABILI.

TUTTI GLI ATLETI 
HANNO BISOGNO DI 
SVILUPPARE FORZA



ABBIAMO SCELTO

IL NOSTRO OBIETTIVO È FAR 
CORRERE VELOCE GLI ATLETI

TRANSFERT ESERCITAZIONI 
FORZA-PERFORMANCE SPORTIVA 
ESEMPIO DI ESCLUSIONE 
DELL’ESERCIZIO 



L'ANNO 2015 È STATO ECCEZIONALE PER LO 
STACCO PER LA RICERCA SULLA 
LOMBALGIA.  
UNO STUDIO SUGLI EFFETTI DI UN 
ALLENAMENTO DI RESISTENZA A 16 
SETTIMANE DI PESO LIBERO SU PAZIENTI 
CON DOLORE LOMBARE DA PIÙ DI 3 MESI. 

SOLLEVAVANO CARICHI TRA I LORO 6 E 10 REPS MAX

LOW 
BACK 
PAIN 

PERCHÉ IL DEAD LIFT : 
COSA DICE LA SCIENZA
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lumbar fat infiltration and functional
cross-sectional area in those with
chronic low back

Neil Welch,1,2,3 Kieran Moran,2,4 Joseph Antony,2 Chris Richter,2

Brendan Marshall,1,4 Joe Coyle,1 Eanna Falvey,1,5 Andrew Franklyn-Miller1,6

To cite: Welch N, Moran K,
Antony J, et al. The effects of
a free-weight-based
resistance training
intervention on pain, squat
biomechanics and MRI-
defined lumbar fat infiltration
and functional cross-
sectional area in those with
chronic low back. BMJ Open
Sport Exerc Med
2015;1:000050. doi:10.1136/
bmjsem-2015-000050

▸ Prepublication history and
additional material is
available. To view please visit
the journal (http://dx.doi.org/
10.1136/bmjsem-2015-
000050).

Accepted 11 September 2015

For numbered affiliations see
end of article.

Correspondence to
Neil Welch;
neilwelch@
sportssurgeryclinic.com

ABSTRACT
Background: Low back pain is one of the most
prevalent musculoskeletal conditions in the world. Many
exercise treatment options exist but few interventions
have utilised free-weight resistance training. To
investigate the effects of a free-weight-based resistance
training intervention on pain and lumbar fat infiltration
in those with chronic low back pain.
Methods: Thirty participants entered the study, 11
females (age=39.6±12.4 years, height=164 cm±5.3 cm,
body mass=70.9±8.2 kg,) and 19 males (age=39.7
±9.7 years, height=179±5.9 cm, body mass=86.6
±15.9 kg). A 16-week, progressive, free-weight-based
resistance training intervention was used. Participants
completed three training sessions per week.
Participants completed a Visual Analogue Pain Scale,
Oswestry Disability Index and Euro-Qol V2 quality of life
measure at baseline and every 4 weeks throughout the
study. Three-dimensional kinematic and kinetic
measures were used for biomechanical analysis of a
bodyweight squat movement. Maximum strength was
measured using an isometric mid-thigh pull, and
lumbar paraspinal endurance was measured using a
Biering-Sorensen test. Lumbar paraspinal fat infiltration
was measured preintervention and postintervention
using MRIs.
Results: Postintervention pain, disability and quality of
life were all significantly improved. In addition, there
was a significant reduction in fat infiltration at the L3L4
and L4L5 levels and increase in lumbar extension time
to exhaustion of 18%.
Conclusions: A free-weight-based resistance training
intervention can be successfully utilised to improve pain,
disability and quality of life in those with low back pain.

INTRODUCTION
Chronic low back pain (LBP) is a prevalent
musculoskeletal diagnosis affecting a broad
range of ages and educational and income

levels; a mean prevalence rate of 18.1% has
been reported in the literature.1 Existing
classification systems demonstrating the wide
range of possible symptoms highlight the
complexity of the condition and offer a
method of categorising patients by pathology
and or psychological and social factors.2

In LBP cases where surgery is not appro-
priate, genetic, psychological, social and
physical factors need to be considered as
part of a biopsychosocial approach to treat-
ment.3 When considering physical factors,
exercise interventions have been recom-
mended as a conservative treatment.4 5

In instances where pathology results in
neurological deficit or pain, surgical inter-
vention may be considered. These interven-
tions include fusion for LBP due to disc
degeneration, discectomy for radicular symp-
toms due to disc herniation or bulging and
laminectomy for symptomatic stenosis.6

Another treatment for radicular symptoms is
transforaminal steroid injection which has
mixed outcomes.7

Multiple non-surgical interventions are
described.8 It has been suggested that

Strengths and limitations of this study

▪ Free weight resistance training is effective in
rehabilitating patients with chronic low back
pain.

▪ Lumbar paraspinal muscle fat infiltration was
significantly reduced following free weight resist-
ance training without isolated lumbar extension
exercise.

▪ The biomechanics of the squat movement were
altered following the intervention.
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LOW 
BACK 
PAIN 

TEST DI BIERING-SORENSEN E SCALA VAS

DALL’ANALISI, I PAZIENTI CON MINORE INTENSITÀ DEL DOLORE (<60 SUL DOLORE VAS) 
E CON UNA MIGLIORE RESISTENZA DELLA COLONNA VERTEBRALE LOMBARE (> 60 
SECONDI SUL TEST BIERING-SORENSEN) HANNO AVUTO MIGLIORAMENTI MAGGIORI 
CON UN PROGRAMMA DI RIABILITAZIONE BASATO SU DEADLIFT RISPETTO A QUELLI CHE 
NON SODDISFANO GLI STESSI CRITERI.



CANE DA 
CACCIA  

SQUAT 
LATERALE 

CURL UP 
MODIFICATO

THE BIG THREE BY  
STUART MCGILL  
PHD



IN BIBLIOGRAFIA NON ESISTONO 
STUDI CHE AFFERMANO CHE 
ALL’AUMENTO DELLA 1RM 
CORRISPONDE UN 
MIGLIORAMENTO DEL PB IN UNA 
DISCIPLINA SPECIFICA ES: 800M

TRANSFERT ESERCITAZIONI 
FORZA-PERFORMANCE SPORTIVA 



LE ALZATE DI POTENZA

ALCUNI ESERCIZI (MOVIMENTI) SONO 
MOLTO PIÙ ADATTI ALLA MANIPOLAZIONE 
DEL CARICO… INTESO COME RAPPORTO 
SPOSTAMENTO NEL TEMPO
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ON THE PLYOMETRIC NATURE OF OLYMPIC WEIGHTLIFTING 

 BIOMECHANICAL CONSIDERATIONS FOR PRACTICAL 
APPLICATIONS IN STRENGTH AND CONDITIONING FOR SPORT 

 
Antonio Squillantei 

CSCS *D – Department of Kinesiology, 
 A.T. Still University, Mesa (AZ), USA 

 
Abstract: 
Olympic-style weightlifting exercises have found their place in the training of speed 
and power athletes. A systematic review of the most accredited academic literature 
provides kinetic and kinematic data to define the relationship between change in 
vertical ground reaction force (GRF), peak vertical bar velocity, average joint angular 
displacement and average joint angular velocity during the snatch, clean and jerk. 
Important similarities between jumping mechanics - the paradigm of power 
development in sport - and the pull in Olympic weightlifting have provided insight on 
the plyometric nature of these explosive movements, supporting the use of full lifts - 
snatch, clean and jerk - in the training of elite level athletes.  
 
Keywords: snatch, clean and jerk, weighted pull, speed, power, agility  
 
Introduction 
 
Olympic-style weightlifting exercises have found their place in the training of speed 
and power athletes. Evidence in the most recent academic literature seems to suggest 
underlying similarities between performance in Olympic weightlifting and 
performance in sports (Storey & Smith, 2012; Hori, et al., 2008); however, the 
assumption that Olympic-style weightlifting derivatives - hang pulls and high pulls, 
shrugs and hang snatch, clean and jerk - can be as effective, if not more effective, in 
improving performance on the field and on the court of play (Suchomel, Comfort, & 
Stone, 2015) has resulted in a tendency to overlook some of the “unique aspects in 
competitive weightlifting” that can further benefit the development of well-rounded 
athletes (Storey & Smith, 2012). A better understanding of the nature of these explosive 
movements can provide more insights on the use of Olympic-style weightlifting 
exercises and their derivatives in the training of athletes.  
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IL CERVELLO NON SA NULLA DEI 
MUSCOLI, CONOSCE SOLO IL 
MOVIMENTO

Frederick Matthias  Alexander

FUNCTIONAL MOVEMENT SYSTEM FMS - SELECTIVE FUNCTIONAL MOVEMENT ASSESSMENT SFMA 



FMS - SFMA 
↕ 

PROPRIOCEPTION 
↕ 

STRENGTH TRAINING  

LA NOSTRA FORMULA 



ENTROPIA: IL GRADO DEL DISORDINE

MINORE È L’ENTROPIA MAGGIORE È L’ENERGIA A DISPOSIZIONE DEL SISTEMA



QLC CI DICE CHE SIAMO SULLA 
STRADA GIUSTA!  
…SI MA SEMPRE IN SALITA!

LA NOSTRA STRATEGIA NON È 
COMPLESSA MA È  RAGIONATA
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2 RUNNING CLUB

KENYAN RUNNERS:  
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NON È SOLO UNA QUESTIONE DI 
“THE FINAL SPRINT” P. AAGAARD1, J. L. ANDERSEN  - 2010
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“EXERCICE IS MEDICE”
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• Why: Problem 
• Below a Standard Acceptable Level 
• Durability / Training / Return to Participation 

 
• How: Solution 

• Improve Movement 
• Increase Durability 

 
• What: Call to Action 

• Corrective Strategies as a SUPPLEMENT 
• Progression and Plan 

 
 
 

Movement Competency 

  
 
 
 

Get Back to the Basics 
 How Did We Learn to Move? 

38 

Movement Competency 

ID Corrective Pattern 

Mobility Competency 

Static Motor Control Competency 

Dynamic Motor Control Competency 

1 - Basic Mobility 

ID Corrective Pattern 
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1. ASSISTED UNLOADED - FEEDBACK

2. UNLOADED - DEMOSTRATE
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LOAD IS OUR 
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Turkish Get Up 

• Supine – Quadruped – 
Kneeling - Standing 

• Resistance 

1X4 2X4 3X4 4X4 

Reset 

Re-Enforce 

Reload 
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Functional Exercise Progressions  
The 4X4 Matrix 

1 - Non-Weight Bearing 

2 - Quadruped 

3 - Kneeling 

4 - Standing 

1 - No-Resistance - PA 

2 - No Resistance 

3 - Resistance - PA 

4 - Resistance 

PA = Pattern Assistance 

PA = Pattern Assistance 

74 

 
Place person in posture and position 
where it can only be done correctly 

 
 
 

Higher level postures (standing) can 
hide dysfunction 

 
Don’t rely on verbal coaching 

Action Point #3 Practical Implementation 

• Work on the inputs, not the muscle 
– Create a sensory rich environment  the elicits the 

movement pattern you want 

 
• Train randomly for optimal adaptation of 

movement skill 
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MATRIX PROGRESSION EXAMPLE  

1x3

1x4

2x3

2x4
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2x3

2x4

SECOND INTERVENTIONCONSOLINI - CAMPIONE ITALIANO PARKOUR 
ALLENATORE: FRANCESCO VENTURELLI 
NAZIONALE ITALIANA PARKOUR CON R. 
CARMINUCCI - M. BISCIAIO  

LE AQUILE BRIXIA TEAM -E. CASELLA  



HIGHT QUALITY MOVEMENT 
H.Q.M.

EVALUATION 

Time of our intervention

Inflammation moment

Pain condiction (VAS)

Biomechanical caratteristics

Biological situation
CORRECTIVE 
STRATEGIES

MOTOR CONTROL DEVELOPEMENT

NEUROLOGICAL LAWS



RECOVERY
3R 
concept 

Movement 

Indiba Activ

Delos rocking board

Normatech press

Massage

Ice

Nutrion 

Pshicologic support

Sleep and rest

Reinforce 

Reset

Reload 

how?

Hight quality 
Movement 

H.Q.M.

FAI IL MASSIMO CON 
QUELLO CHE HAI

Travel

Injury 

Training 

Race 



Positions 
Quadruped ➡ Kneeling Standing

Prolong seated 
position Running

Poison for movement No time solution

Postural muscles

Proprioception 

Motor controll
Muscles memory

Muscles endurance capacity

Estensor 
antigravity 
muscles 

Affect 
neurol
ogical 
lows

➡

MOVEMENT 



MOVEMENT Positions 

Quadruped 

Non weight  
position 

Kneeling 

Standing

Rolling 
movements 

Cat-camel 

Hip movements 

Disribution of 
body weight

Tone regulation 
of deep muscles 

Sort of massage friction on facceattes  
breathing normalization  

Transfert body weight from arms to limb 
pelvis rolling

Perception of relation hips-LB linking 
movements - Hip Hinge

Perception and distribution of weight 
body flex - est -rotation patterns



Positions 
Quadruped 

Flexing spine

Shift back  
weight body

Target 

Legs  

Arms 

Feet holding 
ground

In vertical 
position 

Creating a big 
curve: 

Flexing spine 
from chin to 

sacrum 

Shoulder 
blades 

abducted

learn to transfer 
body weight from 

hands to feet
arms push on 

the floor

heels raised 
from the 

ground -  feet 
support the 

body

CAT-CAMEL



IPER 
SPECIALIZZAZIONE  
E GESTO RIPETUTO 
DEGRADO DELLE QUALITÀ 
DEL CONTROLLO MOTORIO

CORRERE 42KM IL PIÙ VELOCEMENTE POSSIBILE 
FA BENE?



IL PUSH UP

L’ESEMPIO PERFETTO PER 
SPIEGARE 

LA SCELTA DEGLI ESERCIZI 
DEL CONDITIONING

LA DIPENDENZA  
CERVICALE-CINGOLO 
SCAPOLARE



RX CERVICALE 
SOVRAPPONIBILE A 
PERSONA DI 70ANNI 

MUSCOLATURA È MOLTO INGAGGIATA 
SEMPRE: SOVRACCARICO

IL RACHIDE CERVICALE DEI 
MARATONETI KENIANI 



Our body works on a 
unstable balance

to maintain balance man consumes energy

Foot andAnkle are the key points

ankle sprain 

mobility issuetraumatic event 

TED JMD

F D F D

SMCD

F D



Our body works on a unstable 
balance

to maintain balance man consumes energy

IS THE STARTER 
OF NEURAL LAW

HQM                         
high quality movement Minimun effort Big results

little energy In terms of movement 

Strength 

Volume 

Intensity 

Endurance 

Strength 

Heavy weights lifting 

Hight speed actions

Skills



Death lift x 2RC athletes

after morning run 

Long seated position 

starting point

SFMA law 3R 
concept 

Reset

Reload 

Reinforce 

Warming up protocol  Test Biering-Sorensen  x LBP
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SCREEN

Deep Squat

Hurdle Step

In-Line Lunge

Shoulder Mobility

Active Straight Leg Raise

Trunk Stability Push-Up

Rotary Stability  

FMS SCORING SHEET 
RAW SCORE 
         R/L 
_____2_____ 
 
____2_/_2___ 
 
____3_/_3___ 
 
____3_/_3___ 
 
____3_/_3___ 
 
_____1______ 
 
____2_/_2___ 
            TOTAL 

FINAL SCORE 
 
______2_____ 

 
______2_____ 

 
______3_____ 

 
______3_____ 

 
______3_____ 

 
______1_____ 

 
______2_____ 

16 

21 

3 Corrective Exercises  
 

Adding Sensory Input  
AND 

What is the feedback? 

General Guidelines 

Reset 

Re-Enforce 

Reload 
23 

Ways to stimulate the sensors 
for fitness professionals 

– PNF techniques 
– Trigger Point techniques 

• Foam Rolling 
• Stick Work 

– Vibration 
– Manual contact 
– Massage 

 

 
 

Reset 

Re-Enforce 

Reload 

24 



exercise training in human skeletal muscle [135, 136]. For
example, the availability of muscle glycogen has been

reported to modulate early molecular responses to both

endurance and resistance exercise in a divergent manner
[82, 84, 137]. Low carbohydrate availability appears to

augment early signaling responses governing metabolic

adaptation and mitochondrial biogenesis [84, 137, 138],
whilst low muscle glycogen may compromise anabolic

responses to resistance exercise [82]. However, the latter

effect was recently questioned by a study showing no effect
of muscle glycogen depletion on anabolic responses to

resistance exercise [139]. Low muscle glycogen is associ-

ated with fatigue development [140, 141] and increased
AMPK activity [142], which might inhibit anabolic

responses induced by resistance exercise [82, 92]. It is also

well accepted that essential amino acids can independently
stimulate mTORC1 activation and subsequently increase

protein synthesis rates [73, 143, 144] via interaction with

the Rag GTP-ases (guanosine triphosphate-ases) [74].
Nutrient availability is therefore a potent modulator of

acute molecular responses to exercise and skeletal muscle

adaptations following chronic exercise training [135] and
needs to be considered when interpreting the concurrent

training literature.

Most existing molecular concurrent training studies
have employed designs whereby participants performed

exercise in the fasted state [24, 25, 27, 28, 30], or were not

provided with nutrients upon cessation of exercise [29],
presumably to control for the independent effects of

nutrient availability on acute molecular responses within

skeletal muscle [135]. Performing exercise in the fasted
state undoubtedly presents a heightened metabolic chal-

lenge within the muscle milieu, presumably increasing

energy-sensing kinase activity (e.g., AMPK and eEF2K)
with the capacity to suppress protein synthesis [23, 92], and

promote autophagy [145]. The ability of amino acid

ingestion to independently stimulate activation of anabolic
signaling responses [73, 143, 144] suggests adequate

nutrient availability may be essential for attenuating the

potentially negative impact of endurance exercise and the
associated molecular responses on protein synthesis [146].

Indeed, it is well established that ingestion of sufficient

Fig. 2 Conceptual framework
for the potential role of
individual concurrent training
variables a in exacerbating the
interference effect, either by
b compromising the resistance
exercise stimulus itself via
increasing residual fatigue and/
or substrate depletion, or c by
attenuating the anabolic
response to resistance exercise,
subsequently limiting muscle
fiber hypertrophy. AE aerobic
exercise, AMPK adenosine
monophosphate-activated
protein kinase, eEF2K
eukaryotic elongation factor 2
kinase, MaFbx muscle-atrophy
f-box (atrogin 1), mTORC1
mammalian (mechanistic) target
of rapamycin complex 1,
MuRF-1 muscle ring-finger 1,
RE resistance exercise, :
indicates increased/greater, ;
indicates decreased/less
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123

Author's personal copy

MOLECULAR 
INTERFERENCE

STRENGTH 
TRAINING 

ENDURANCE  
RUNNING

CONCURRENT 
TRAINING



STRENGTH 
TRAINING 
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gested to be >90% 1RM), greater neural adapta-
tions occur.

Schmidtbleicher and Buehle[53] showed that al-
though both low and high intensity strength train-
ing resulted in similar increases in MVC (21 and
18%, respectively) the contribution from neural ad-
aptation and muscle hypertrophy were different
between the 2 loading intensities. High intensity
training resulted in a greater rate of force develop-
ment, considered to reflect neural adaptation (34%
compared with 4%), whereas low intensity training
resulted in a greater increase in muscle size (7%
compared with 3%). Hakkinen et al.[55] also showed
that high intensity training resulted in greater neu-
ral adaptation as reflected by increased electromy-
ogram activity.

In summary, muscular strength can be increased
by changes in the CSA of muscle from protein syn-
thesis and neural adaptations that enhance MUA.
Variations in training intensity and protocol appear
to elicit different neuromuscular adaptations. High
loads (3 to 6RM) and lower volume are associated
with an increase in force generation without an in-
crease in muscle size, and are related to neural adapta-
tions. Muscle hypertrophy is produced with lower
loads (8 to 12RM) and higher volume resistance
training and occurs through increased protein syn-
thesis in the muscle fibre. Consequently, different
training protocols would appear to increase strength
through different physiological adaptations. In ex-
amining the potential interference in simultaneously
training strength and aerobic power it would seem
important to identify the training protocol used to
enhance strength.

2. A Model for the 
‘Interference Phenomenon’

It is apparent that there has been no systematic
approach to investigating the interference phenom-
enon, with particular reference to the components
of strength and aerobic power. It has been sug-
gested that individual laboratories focus on a par-
ticular training model and perform a series of in-
vestigations using their model.[5] Based on the
physiological adaptations that result from the dif-
ferent training protocols used to enhance strength
and aerobic power it is possible to propose a model
that may provide a way in which to systematically
study the question of an ‘interference phenome-
non’.

Figure 3 presents a model which should allow
the development of hypotheses that predict the train-
ing protocols which will minimise or maximise the
interference effect when simultaneously training for
strength and aerobic power. It may also be possible
to construct other models that allow a systematic
study of interference effects between other physi-
ological attributes. Researchers should understand
the need to clearly define the training variables and
deliberately select the training protocols in relation
to each other.

The proposed model for the study of simulta-
neously training for strength and aerobic power has
focused primarily on the manipulation of training
intensity, with some inference that there is an in-
verse relationship between the intensity and vol-
ume of training. Normally, as the training intensity
(resistance and %V. O2max in the context of strength
and aerobic power, respectively) increases, the vol-

MAP training
intensity(<AT)

Central
      ↑ Cardiovascular
            adaption

(95-100% MAP)
Peripheral

Strength training
intensity(>10RM)

Peripheral
(<5RM)

Central
     ↑ Neural adaption

Zone of interference

Fig. 3. Intensity continuums and primary location of adaptations for both maximal aerobic power (MAP) and strength training, and
the possible overlap when the 2 modes of training are combined. AT = anaerobic threshold; RM = repetition maximum; ↑ = increased.
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A Proposed Model for Examining 
the Interference Phenomenon 
between Concurrent Aerobic and
Strength Training
David Docherty and Ben Sporer
School of Physical Education, University of Victoria, Victoria, British Columbia, Canada

Abstract A review of the current research on the interference phenomenon between
concurrent aerobic and strength training indicates modest support for the model
proposed in this article. However, it is clear that without a systematic approach
to the investigation of the phenomenon there is lack of control and manipulation
of the independent variables, which makes it difficult to test the validity of the
model. To enhance the understanding of the interference phenomenon, it is im-
portant that researchers are precise and deliberate in their choice of training pro-
tocols.

Clear definition of the specific training objectives for strength (muscle hyper-
trophy or neural adaptation) and aerobic power (maximal aerobic power or an-
aerobic threshold) are required. In addition, researchers should equate training
volumes as much as possible for all groups. Care needs to be exercised to avoid
overtraining individuals. There should be adequate recovery and regeneration
between the concurrent training sessions as well as during the training cycle. The
model should be initially tested by maintaining the same protocols throughout
the duration of the study. However, it is becoming common practice to use a
periodised approach in a training mesocycle in which there is a shift from high
volume and moderate intensity training to lower volume and higher intensity. The
model should be evaluated in the context of a periodised mesocycle provided the
investigators are sensitive to the potential impact of the loading parameters on
the interference phenomenon. It may be that the periodised approach is one way
of maintaining the training stimulus and minimising the amount of interference.

The effects of gender, training status, duration and frequency of training, and
the mode of training need to be regarded as potential factors effecting the training
response when investigating the interference phenomenon. Other experimental
design factors such as unilateral limb training or training the upper body for one
attribute and the lower body for another attribute, may help establish the validity
of the model.
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Many sports require athletes to develop high
levels of several physical and fitness attributes to
compete at the elite level. Ideally, athletes use a

‘periodised’ approach to training for optimal long
term development which allows them to sequen-
tially develop the fitness requirements for their
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5 APPLICAZIONI  
PRATICHE  

FONDAMENTALI

1. IL GESTO DELL’ESERCITAZIONE DI FORZA DEVE AVERE CARATTERISTICHE 
COME QUELLE DELL’AZIONE SPORTIVA: IMITAZIONE/TRANFERT 

2. RICERCA DELLA RFD ENFATIZZANDO SEMPRE LA FASE CONCENTRICA 
DELL’ESERCIZIO ESEGUENDOLO IL PIÙ VELOCEMENTE POSSIBILE 

3. 2 SESSIONI A SETTIMANA DI TRAINING PER LA FORZA SONO 
SUFFICIENTI PER RAGGIUNGERE LIVELLI UTILI DURANTE UN PROGRAMMA 
DI 12 SETTIMANE 

4. È CONSIGLIATO ESEGUIRE DA 4 A 10 RM PER 2-3 SETS CON 2-3 
MIN REST  

5. È SUFFICIENTE "UNA SEDUTA DI FORZA” DURANTE IL PERIODO 
COMPETITIVO PER MANTENERE I LIVELLI DI FORZA RAGGIUNTI 
PRECEDENTEMENTE. MANTENERE ALTA L’INTENSITÀ DI ESERCIZIO E 
TENERE UN VOLUME DI LAVORO BASSO

RØNNESTAND AND MUJIKA 2014
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