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We thank Dr. Davis and colleagues for taking interest in our recent work. Their comments give us the 

opportunity to better focus on some topics related to the effects of transcranial alternating current 

stimulation (tACS) on the brain’s oscillatory neural activity associated with corticospinal excitability, as well 

as on motor control. 

Their first issue is how to reconcile the fact that 20 Hz tACS applied on the dominant motor cortex slows 

some kinematic details of the voluntary movement in healthy humans (Pogosyan et al., 2009) while 

enhancing the corticospinal system’s excitability, as indexed by the amplitude of motor evoked potentials 

elicited by single-pulse transcranial magnetic stimulation (TMS) of the motor cortex during simultaneous 

tACS application (Feurra et al., 2011a). Davis et al. (2011) suggest that the externally guided 

synchronization of natural brain rhythms (i.e., as in this case, the idling 20 Hz rhythm in the motor cortex) 

could result both in physiologically enhancing and functionally detrimental outcomes. We interpreted this 

apparent discrepancy as a proof of a less selective motoneuronal recruitment in the stimulated motor 

cortex, possibly sustained by several non-mutually exclusive physiological mechanisms triggered by tACS 

synchronous with the resting oscillating natural frequency of the stimulated region (see Feurra et al., 2011, 

discussion section). The hypothesis that tACS at 20 Hz might have recruited many co-activated synergies 

representations, thereby leading to deleterious effects on any one action due to a loss of specificity, is 

attractive, but again it should necessarily be driven by some physiological mechanisms taking place at 

motoneuronal level, either cortical or spinal. Moreover, this hypothesis should be verified while subjects 

are engaged in tasks requiring the activation of the motor system, rather than during a “quiescent” 

muscular (and motoneuronal) condition in which no action at all is required  (Feurra et al. 2011).   

Davis et al. (2011) highlight that the proposed approach, such as combining tACS with TMS on the motor 

cortex, represents a first step towards the definition of the causal role that the 20 Hz oscillatory activity has 

on motor control and offers a new perspective to the general understanding of physiological tACS effects 

on the brain. We fully agree with this statement, which implies that resonance-like mechanisms can be 

induced in the motor domain. This fits well the emerging notion of “entrainment” (Thut and Miniussi, 2009)  

Davis et al. (2011) also proposed several appropriate questions for future research, on which it is difficult to 

disagree: how could the individualization of tACS frequency, according to the participant’s own beta band 

peak, amplify physiological and behavioral effects? What is the somatotopic specificity of tACS on different 

regions of the motor cortex controlling, for example, upper and lower limbs? Is it possible to generate both 

enhancing and impairing of motor outcomes by modulation of the stimulation parameters? 



We are skeptical about the possibility of inducing somatotopic effects by tACS, which would require a 

spatial resolution of a few millimeters within the motor cortex: this dissociate effect seems hard to achieve, 

because of the relatively poor spatial selectivity of the currently available stimulating electrodes (3-7 cm2) 

and to the unavoidable residual spread on the scalp of the induced electric fields. However, the theoretical 

possibility of focalizing tACS effects could better rely on tasks that, engaging selectively discrete sub-regions 

of the motor cortex, might become more prone to a selective entrainment from specific tACS rhythms.     

We are certainly more optimistic about the individual oscillatory activity and the resonance effects that 

synchronous tACS may induce. This reasoning is based on previous studies using repetitive TMS (rTMS), 

another brain stimulation technique based on the principle of electromagnetic induction in the brain (Rossi 

et al. 2009). Beyond modulating the ongoing neural oscillatory activity (Fuggetta et al., 2006; Fuggetta et 

al., 2008; Thut et al., 2005), rTMS may affect behavior when synchronized with individual ongoing 

electroencephalographic rhythms (Klimesch et al., 2003; Rossi and Rossini 2004). A recent study directly 

demonstrated how online rhythmic rTMS may entrain the natural brain oscillatory activity (Thut et al., 

2011). On the other hand, tACS was shown to induce frequency-dependent effects and behavioral changes 

in different conditions, ranging from the visual to the somatosensory system (Feurra et al., 2011b; Kanai et 

al., 2008; Kanai et al., 2010). This may therefore suggest a state-dependency effect of tACS. These premises 

let us suppose that online tACS at individualized frequencies could be used to enhance and impair brain 

activities sustained by specific frequencies within the stimulated neural network. 

Finally, two crucial technological advances will disclose more directly the mechanisms by which tACS may 

“entrain” brain neural oscillations: first, the technical feasibility in healthy humans of the simultaneous 

electroencephalography (EEG)/tACS co-registration on the stimulated brain region and on the 

interconnected cortical areas. Second, the chance to disclose, by experimental settings on animals, that 

oscillatory activity of single neurons may be actually entrained by tACS at different specific frequencies, a 

research we are currently carrying on.      
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