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Understanding the neural mechanisms
that enable people to choose and perform
appropriate actions when pursuing a goal
is an intricate challenge for contemporary
neuroscience. This human behavior is
thought to rely in part on excitatory influ-
ences increasing the neural activity associ-
ated with each potential action, but also
on inhibitory mechanisms modulating
the related motor representations (Mu-
rakami and Mainen, 2015). Indeed, recent
behavioral and electrophysiological stud-
ies have revealed that the primary motor
cortex is transiently inhibited when pre-
paring an action (Tandonnet et al., 2011;
Labruna et al., 2014). What is the function
of these inhibitory influences during ac-
tion preparation?

Based on a collection of empirical
findings (for review, see Bestmann and
Duque, 2015), it has been proposed that
motor inhibition during action preparation
reflects the co-occurrence of two different
mechanisms. On the one hand, a reduction
of corticospinal excitability has been re-
ported in effectors that are not selected for
the forthcoming action, but which are part
of the alternative response options—lead-
ing to the suggestion of a mechanism re-
ferred to as “competition resolution”

(Duque et al., 2010, 2012). Such a process
would help ensure the desired action is se-
lected by suppressing the alternative op-
tions, possibly through modulation of
mutual inhibitory interactions between rep-
resentations of potential actions (Labruna et
al., 2014). On the other hand, inhibition has
also been recorded in muscles required to
perform the planned action. This suppres-
sion of activity would rely on a second
mechanism called “impulse control,” which
would aim at preventing actions from being
released prematurely (Duque et al., 2010;
2012).

In a recent paper in The Journal of Neu-
roscience, Greenhouse et al. (2015b) fur-
ther explored the functional significance
of preparatory inhibition through three
separate experiments. Single-pulse trans-
cranial magnetic stimulation (TMS) was
applied over the right primary motor cor-
tex when subjects were performing a sim-
ple or a choice reaction-time task (SRT
and CRT tasks, respectively). In the CRT
task, subjects had to respond with the left
or the right index finger depending on an
informative cue they were shown. In con-
trast, selection was not required in the
SRT task, as only one type of cue was
presented within a block. Consequently,
while both fingers were potential re-
sponders in the CRT task, only one index
finger was relevant for the SRT task. TMS-
induced motor-evoked potentials (MEPs)
were recorded in the left first dorsal in-
terosseous (FDI) muscle either at baseline
or during a delay period, i.e., when partic-
ipants were preparing to make a specific

movement based on the informative cue,
but had to withhold their response until
an imperative signal was given. As MEP
amplitudes depend on the level of cortico-
spinal excitability in specific motor repre-
sentations, inhibition targeted at either
selected or nonselected muscles would be
reflected by smaller MEPs in these mus-
cles during the delay period (i.e., com-
pared with baseline).

Overall, the results in the CRT task
were in agreement with previous studies
using the same type of paradigm (Duque
and Ivry, 2009; Duque et al., 2010; Lebon
et al., 2015). That is, left FDI MEPs re-
corded during the delay period were sup-
pressed when either the left or the right
hand was cued for the forthcoming re-
sponse, confirming the presence of inhi-
bition in both selected and nonselected
hands during action preparation. Most
importantly, these results extended previ-
ous research by revealing a significant
MEP suppression in the left FDI muscle
when subjects had only to respond with
the right hand in the SRT task. Hence,
preparatory inhibition was reported in a
task-irrelevant muscle outside the cont-
ext of an action choice. Based on these
findings, the authors question the rele-
vance of the dual model of inhibition
described above, upholding that neither
the competition resolution nor the im-
pulse control can explain the reduction of
MEP amplitudes in a task-irrelevant mus-
cle observed in the SRT task. Instead, they
propose a unitary model of motor inhibi-
tory changes during action preparation.

Received Oct. 5, 2015; revised Nov. 4, 2015; accepted Nov. 10, 2015.
The authors declare no competing financial interests.
Correspondence should be addressed to Dr. Caroline Quoilin, Cognition

and Actions Laboratory, Institute of Neuroscience, Université Catholique de
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According to this hypothesis, inhibition
broadly influences the motor system dur-
ing action preparation, targeting all motor
representations regardless of their rele-
vance for the task.

The proposition of a unitary model of
preparatory inhibition is extremely inter-
esting and fairly accounts for the new
findings made by Greenhouse et al.
(2015b). In fact, compared with the dual
model, the unitary model could better ex-
plain the observation of inhibition in
muscles that are outside the range of alter-
native response options. As such, an in-
hibitory process would be solicited as
soon as an action has to be prepared,
whether or not this preparation requires
selecting among different action options.
Importantly, the strength of this global in-
hibition is likely to be influenced by the
difficulty of the task, which might notably
increase with the need to choose between
several actions, the presence of conflict, or
the complexity of movements to be per-
formed (Klein et al., 2014; Greenhouse et
al., 2015a).

Yet, contrary to what Greenhouse et al.
(2015b) suggest in their article, their find-
ings do not exclude the existence of addi-
tional inhibitory mechanisms during action
preparation, such as those described by the
dual model. In fact, in the CRT task, greater
MEP suppression was reported for the hand
selected for the forthcoming movement
relative to the nonselected one. The authors
explained this difference by specifying that
the global preparatory inhibition they
observed might function as a spotlight
centered on the selected cortical motor rep-
resentation. Although attractive, this hy-
pothesis could be considered as a mere
alternative interpretation of their data,
which does not invalidate the co-occurrence
of multiple inhibitory mechanisms during
action preparation. In fact, albeit not dis-
cussed by the authors, other works on the
neurophysiological underpinnings of MEP
changes in selected and nonselected muscles
strongly suggest the existence of multiple
inhibitory mechanisms. Indeed, higher
cortical activity in a selected motor repre-
sentation (i.e., compared with a nonselected
motor representation) has been observed
despite peripheral MEP suppression, sug-
gesting that excitability of selected responses
is modulated beyond the cortex in this spe-
cific condition (Duque et al., 2012). Acc-
ordingly, a reduction of Hoffman-reflexes,
which provide a measure of spinal excitabil-
ity, has been specifically reported in selected
hand muscle representations (Hasbroucq et
al., 1999; Duque et al., 2010). Moreover,
whereas a virtual lesion to the lateral pre-

frontal cortex reduces MEP suppression in
both selected and nonselected effectors,
supporting the involvement of this area in a
nonspecific motor inhibition mechanism, a
virtual lesion to the dorsal premotor cortex
specifically affects MEP suppression in the
selected effector, suggesting a distinct source
for the inhibition observed in that effector
(Duque et al., 2012). Hence, it is reasonable
to assume that a specific inhibitory mecha-
nism, which would selectively reduce the ac-
tivity of selected responses at the spinal level,
would occur in parallel with the global pro-
cess proposed by Greenhouse et al. (2015b).
While the latter inhibitory mechanism
would broadly influence the motor system
during action preparation, the former
would be targeted at selected motor repre-
sentations and could further explain the
spotlight-shaped inhibition observed by
Greenhouse et al. (2015b). Of note, both
global (Snyder and Foxe, 2010) and specific
(Kelly et al., 2006) processes have already
been identified in other fields, notably in re-
search on inhibition of the visual system
during selective attention. Based on the
functional and anatomical similarities be-
tween the visual and the motor neural
structures (Friston, 2005), a comparable ex-
istence of multiple forms of inhibition
within the motor system during response
preparation would not be startling.

Alternatively, the strong inhibition ob-
served in task-irrelevant muscles during
the SRT task in Greenhouse et al. (2015b)
could be due to the inclusion of a rela-
tively large amount of catch trials. Small
numbers of these trials are typically in-
cluded to prevent participants from initi-
ating their response before the imperative
signal but they rarely account for �5– 8%
of trials (Duque and Ivry, 2009; Duque et
al., 2012). In contrast, in Greenhouse et al.
(2015b), almost 20% of trials in the SRT
and CRT blocks were catch trials. Conse-
quently, the observed MEP suppression in
task-irrelevant muscles may have been re-
lated to processes recruited in anticipa-
tion of the need to abort the prepared
action in the presence of a catch signal
rather than reflecting preparatory inhibi-
tion. The neural processes associated with
such stopping behavior is typically as-
sessed through Go/No-Go and stop-
signal tasks, in which participants have to
suppress their response after the presenta-
tion of a specific cue, which occurs in
�25% of trials (Verbruggen and Logan,
2008). Successful performance on such
tasks has been shown to rely on global in-
hibitory effects on the motor system
(Badry et al., 2009; Wessel et al., 2013).
Therefore, the high number of catch trials

used in Greenhouse et al. (2015b) may
have led participants to anticipate the po-
tential need to withhold their response,
which resulted in a global inhibitory ef-
fect. In agreement with this hypothesis,
MEP suppression in task-irrelevant mus-
cles was not reported in the absence of
catch trials (Duque et al., 2010). Finally,
although the impact of catch trials was ad-
dressed in Greenhouse et al. (2015b), it
only concerned relevant muscles in a CRT
task, which is not the experimental condi-
tion used by the authors to draw their con-
clusions (i.e., a SRT task). To clarify this
point, future research should involve
within-subject comparisons of MEP sup-
pression during stop-signal and instructed-
delay SRT tasks.

In conclusion, the work by Greenhouse
et al. (2015b) relaunches the question of the
functional significance of inhibitory pro-
cesses at play during action preparation in
humans. Based on their findings, the au-
thors propose a new model of motor inhibi-
tion, putting the emphasis on the global
nature of inhibitory changes during action
preparation. On this basis, and in accor-
dance with previous studies, we discussed
the possible co-occurrence of separate pro-
cesses exerting both global and specific in-
fluences over the motor system during
action preparation. The current study opens
the way toward future research projects
aiming to better understand the specificity
of neurophysiological mechanisms under-
lying different facets of motor inhibition,
such as the ones involved in action prepara-
tion and action stopping.
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