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Outline 

The placebo effect in the motor domain 
 
1. Definition and mechanisms 
 
2. Behavioral evidence 
 
3. Neurophysiological mechanisms: the role of M1 
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The placebo effect 

«A complex phenomenon whereby an inert treatment can induce a therapeutic benefit if 
the subject is made to believe that it is effective» (Benedetti et al., Nat Neurosci 2004). 

Adapted from Klinger et al., Int Rev Neurobiol 2018 
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Behavioral evidence in athletes 

Well-trained ciclists, who thought to have ingested 
caffeine, showed improved performance, even if they 
received a placebo.  

1.3% power increase 
  
3.1% power increase  

Dose-dependent 
response  

Told to receive:  
low dose caffeine (4.5mg/kg) 
 

high dose caffeine (9.0 mg/kg) 

Improvement 

Beedie et al., 2006 

The role of expectation as a cognitive mechanism that can influence sport 
performance has been extensively demonstrated with placebo manipulations. 



Behavioral evidence in athletes and non-athletes 

Gait  

Resistance to fatigue  

Force Speed 

Balance control 

Goal-directed movement 

Motor learning 

Daily-life motor functions 
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Neurocognitive mechanisms 
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Which are the neurophysiological 
correlates of the placebo effect in 

the motor domain? 

? 



Primary motor  
cortex 

The role of the primary motor cortex 
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Does this neurophysiological effect occur 
even before movement initiation? 

Rossini et al., 1988; Hiraoka et al., 2010; Cirillo et al., 2021  

Premovement facilitation 

«Increase of MEP amplitude after a go signal 
and before movement onset which begins 

approximately 100 ms before the 
EMG/movement onset».  

The role of the primary motor cortex 



Adapted from Cirillo et al., 2021  

Premovement facilitation 

The motor reaction time task 



Groups (n=16 each): 
Placebo group: TENS + positive verbal suggestion  
Control TENS group: TENS + neutral verbal suggestion 
Control NoTENS group: without TENS or verbal suggestion 

Study design 
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Emadi Andani et al., in preparation 



Expectation and belief in the treatment 

Emadi Andani et al., in preparation 



Emadi Andani et al., in preparation 
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Control TENS 
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Pre-movement facilitation 
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Pre-movement facilitation 

Increased corticospinal excitability before 
EMG onset 



M1 SMA 
PM 

DLPFC 

Basal ganglia 

An overall view 

Villa-Sanchez et al., Eur J Neurosci 2018  
Broelz et al., Sci Rep 2019 

Fiorio et al., J Neurosci 2014 
Emadi Andani et al., in prep.  

Piedimonte et al., Eur J Neurosci 2015 

Motor control network 

de la Fuente-Fernandez et al., Science 2001  
de la Fuente-Fernandez et al., Lancet Neurol 2002 
Benedetti et al., Nat Neurosci 2004  
Benedetti et al., J Physiol. 2016 



Physiological changes 

  
 Ventilation  
 Circulation 
 Perfusion 

Benedetti et al., 2018 

Other systems involved? 



The placebo effect works in different sport disciplines and for 
different types of motor functions 

Conclusion 

The placebo effect in the motor domain is associated with 
increased corticospinal excitability that starts before movement 

initiation 

A network of brain regions implicated in motor control may be 
involved 



From the lab to field 



 For practical applications, it is important to know that placebo research yielded ethical 
possibilities to use placebo effects without deception and without the use of placebos. 
 

 The principles are to modulate expectancies by a targeted use of verbal instructions, cues, 
associations, and social learning models in order to foster a use of placebos that not only is 
ethically permissible, but which also supports individuals’ self-efficacy. 

From the lab to the field 

Klinger et al., Int Rev Neurobiol 2018; Colloca & Howick, 2018; Kaptchuk et al., BMJ 2020 

How could we make 
optimal use of 

placebo effects? 
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The role of the primary motor cortex 
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