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1. Sensorimotor Training and sensorimotor interaction

Injury prevention
Verhagen et al. (2004)

Pain reduction
Beinert & Taube (2013)
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Endurance athlete 

Judith Wyder
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1. Sensorimotor Training and sensorimotor interaction

10

Biomechanical fundament - inverted pendulum (Winter et al. 1998, 1995)

Åvertical projection of the centre of pressure (COP)

ÅTo maintain stability, the projected COP must remain within the 
limits of the support surface

ÅCOP tracks (or "orbits")  to keep it in the desired position
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1. Sensorimotor Training and sensorimotor interaction

Cortical brain areas ςvoluntary activation

Subcortical brain areas ςmotor learning

Sensory organs and receptors

Spinal cord - reflexes

Muscle - motor



2. SMT improves explosive strength and coordination

Application in athletics



6 weeks - Strength Training vs. SMT 

N = 17

Strength Training:   3/week: 6 * 12 * 60-70% MVC

SMT:                          3/week: 6 * 40 sec

2. SMT improves explosive strength and coordination

Application in athletics
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Taube et al.: Int J Sports Med 2007

2. SMT improves explosive strength and coordination

Application in athletics
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2. SMT improves explosive strength and coordination

Application in athletics



Rate of Force 
Development

t

Fmax

RFDmax

Gruber & Gollhofer :
Eur J Appl Phys 2004
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Application in athletics
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ăCortical controlò

After 4 weeks of SMT

SMTBST CON SMTBST CON

SOL

GM
SOL = M. soleus

GM = M. gastrocnemius medialis

MAV Medium Frequency

Gruber et al.: J Strength Cond Res 2007

2. SMT improves explosive strength and coordination

Application in athletics
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1. Sensorimotor Training and 
sensorimotor interaction

AndriRagetti

2. SMT improves explosive strength and coordination

Application in athletics



2. SMT improves explosive strength and coordination

Application in athletics



12 weeks of SMT integrated in 
the warm up
2 sessions per week for20 min

2. SMT improves explosive strength and coordination

Application in athletics



2. SMT improves explosive strength and coordination

Application in athletics



Improves synergistic muscle 
coordination

i.e. within plantar flexors M. 
soleus and M. gastrocnemius 

Improves antagonistic 
muscle coordination

i.e. between plantar flexors 
and dorsal extensors

2. SMT improves explosive strength and coordination

Application in athletics



SMT improves explosive strength in mono- and multiarticular conditions 
throughout an 

ü increase in voluntary activation

ü increase in motor unit recruitment

ü increase in firing frequency

ü increases reflex contribution during eccentrics

üImproves antagonistic and synergistic muscle coordination

These improvements are achieved 

üeven if SMT is performed in addition to strength training

üeven if SMT is only integrated in the warm up

2. SMT improves explosive strength and coordination 



2. SMT improves explosive strength and coordination

Application in athletics
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Injury prevention ςprospective controlled studies
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Injury prevention ςprospective controlled studies
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Injury prevention ςprospective controlled studies
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Injury prevention ςprospective controlled studies

Increased neuromuscular activation

Krause & Ritzmannet al. 2018

Frontiers in Physiol.

Increased ankle joint stiffness

Reduced acceleration and amplitude

3. SMT for injury prevention



Injury prevention ςprospective controlled studies

Clark et al. 2005

Physical Therapy in Sport

3. SMT for injury prevention
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Injury prevention ςprospective controlled studies
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Injury prevention ςprospective controlled studies

3. SMT for injury prevention

Schematic representation of 
the anterior cruciate ligament 
(ACL) reflex. Joint afferents 
detect a stretch stress on the 
ACL. Via an excitatory 
interneuron, the h-
motoneuron of the hamstrings 
is activated and via an 
inhibitory interneuron, the h-
motoneuron of the quadriceps 
is inhibited (mod. after 
WAGNER / SCHABUS 1982 and 
KANDEL ET AL. 1991). 



Injury prevention ςprospective controlled studies
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3. SMT for injury prevention

SMT reduces injury incidences

ü in the ankle joint (-60%)

ü in the knee joint (-80%)

These improvements are achieved

üby an increased motor control in the muscles encompassing the 
respective articulation

üby progressive neuromuscular joint stiffening



VCortical brain areas ςvoluntary activation

VSubcortical brain areas ςmotor learning

X  Sensory organs and receptors

VSpinal cord - reflexes

X   Muscle - motor

3. Sum Up
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What kind of Recovery Strategies are you 
using in your practise?

᷉ Start presenting to display the poll results on this slide.



Training and Injury Recovery 
Strategies in Athletics

Introduction

Recovery is regarded as a 
multifaceted (e.g., physiological, 
psychological) restorative 
process relative to time.

Regeneration in sport and 
exercise refers to the 
physiological aspect of recovery 
and ideally follows physical 
fatigue induced by training or 
competition
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Strategies in Athletics

Conceptsof Recovery

ÅPsychological

ÅPedagogical

ÅMedical

ÅNutritional

ÅPhysical



Training and Injury Recovery 
Strategies in Athletics

PsychologicalRecovery

Its task is to create the right 
atmosphere in a group, team or club 
and shape the mental resistance of
athletes. 

For this purpose, relaxation 
treatments are used to eliminate 
fatigue and minimisepre-start stress. 
It is best when a sports psychology 
specialist is involved in this stage of 
the training work.
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Strategies in Athletics

PedagogicalRecovery

It mainly include individualised
and rational planning of the 
training process, creating 
optimal conditions for study, 
work, training and physical and 
mental relaxation.

A pedagogical means of post-
exerciserecoveryare also 
supplementary classes, which 
are an element of active rest.
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Strategies in Athletics

MedicalRecovery

ÅSupplementingthe deficiency of 
vitamins, minerals and nutrients 
(carbohydrates, proteins)

ÅPharmacologicalsupport (with 
authorisedagents)

ÅHealthcare

ÅOrganisationof sanatorium treatment

ÅPhysicaltreatment
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NutritionalRecovery

Amongthe variouspostexercisestrategies, nutritional interventionsarearguably
basedon the strongestscience. 



Nutritional Recovery

There is relatively consistent evidence for the benefits of:
blackcurrant extract, tart cherry juice, beetroot juice, 
branched chain amino acids, taurine and caffeine. 

Foods and supplements for which there is mixed or 
inconclusive evidence include pineapple, pomegranate 
juice, watermelon juice, green tea, curcumin, creatine, L-
glutamine, b-hydroxy-b-methylbutyrate, vitamin D and n-
3 poly unsaturated fatty acids. 

There is currently insufficient evidence supporting the 
benefits of green algae extract, ginseng and ginger, while 
most research demonstrates no benefits of 
supplementation with protein and vitamins C and E for 
reducing delayed onset muscle soreness. 


