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In the last decade, considerable efforts
have been devoted to the description of
motor resonance, a process by which ob-
servation of a goal-directed action triggers
brain activation highly similar to that as-
sociated with the execution of the same
action. The seminal discovery at the root
of the resurgent interest in the neural
mechanism underlying motor resonance
was the description of mirror neurons in
area F5 of the macaque monkey. Mirror
neurons discharge when an individual
performs and/or sees an action (see Rizzo-
latti and Craighero, 2004), and they are
part of a complex frontoparietal “mirror”
network that includes area F5 of the ven-
tral premotor cortex and area PF of the
inferior parietal lobule.

Until now, the primary motor cortex
(M1), despite its crucial role in motor per-
formance, was not considered to be part
of this mirroring system, because it was
not thought to respond to the passive ob-
servation of actions. In a study recently
published in The Journal of Neuroscience,
however, Tkach et al. (2007) provide the
first demonstration of the existence of sin-
gle neurons in monkey M1 that behave

like mirror neurons. The authors re-
corded single-neuron activity in M1 dur-
ing a task requiring trained monkeys to
guide a cursor to a target location using a
robotic manipulandum. Subsequently,
the animals passively watched a replay of
the cursor-to-target action sequence. Re-
sults showed that M1 neurons encode a
considerable amount of information re-
garding action production that was also
present during the passive observation of
the action sequence, such as sensitivity to
preferred direction and oscillatory power
modulation. Spike responses clearly dem-
onstrated that the observation of cursor
movement toward the target modulates
neural activity in the same way as the exe-
cution task [Tkach et al. (2007), their Fig.
2 (http://www.jneurosci.org/cgi/content/
full/27/48/13241/F2)]: many neurons that
showed increases or decreases in mean fir-
ing rate displayed similar profile during
action observation. Importantly, control
tasks revealed that the presence of a target
during observation was necessary for M1
neurons to display firing patterns similar
to those elicited by execution of the task.

An interesting, albeit briefly discussed,
aspect of the data is the analysis of oscilla-
tory power, which allows comparisons be-
tween local field potentials recorded in
monkeys and scalp EEG recordings in hu-
mans. It is difficult, from the data shown,
to draw firm conclusions regarding the
correspondence between beta band
(10 –25 Hz) activity reported in the Tkach
et al. [2007; their Fig. 5 (http://www.

jneurosci.org/cgi/content/full/27/48/
13241/F5)] study and human EEG find-
ings. Integrated power during all observa-
tion conditions, including the simulta-
neous observation of cursor and target,
was larger than during the active move-
ment condition. It is unclear, however,
whether observation of the target or cur-
sor movement alone produced signifi-
cantly different beta activity than cursor-
to-target interactions, a pattern that
would appear to be necessary to replicate
human EEG findings (Muthukuma-
raswamy and Johnson, 2004). This incon-
sistency is probably attributable to the
large frequency band (10 –25 Hz) that was
selected for analysis. Indeed, human stud-
ies have consistently showed decreased
spectral power during execution and ob-
servation of action in relatively narrow
and specific frequency bands [EEG, 8 –12
Hz (Muthukumaraswamy and Johnson,
2004); MEG, �20 Hz (Hari, 2006)].

Traditionally, mirror neurons proper-
ties have been studied in situations in
which monkeys observe biological move-
ment performed by a human model or
conspecific (typically object-oriented
grasping). Hence, a novel aspect of the
Tkach et al. (2007) experiment was the use
of an inanimate effector to execute the ac-
tion. Interestingly, the authors argue that
such a design prevents the classification of
M1 cells as mirror neurons because of the
absence of an object– effector interaction.
It is unclear why this should the case be-
cause, for example, visual perception of an
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action is not necessary for mirror neurons
to fire. Indeed, Umiltà et al. (2001) have
shown that a mental representation of
what the observed action means is suffi-
cient to elicit activation of mirror neurons
circuits. They showed that even when the
final part of the grasping movement was
hidden, and could hence only be inferred,
some mirror neurons still responded, im-
plying that an internally generated motor
representation was sufficient to trigger a
response. In the present case, we would
suggest that a mirror neuron designation
is justified because (1) the cells respond to
both the execution and observation of the
results of an action; and (2) a clear inter-
action between the action and its goal (the
target) is necessary for congruent activity
to occur in M1. It is, however, clear that
confirmation of M1 spiking patterns dur-
ing observation and execution of natural-
istic biological actions would consider-
ably strengthen the contention that
mirror neurons are indeed found in pri-
mary motor cortex.

Congruent patterns of activity during
execution and observation of action have
been measured in human primary motor
cortex, most notably with transcranial
magnetic stimulation (Fadiga et al., 2005),
but until now, the origin of this activity
remained elusive. It had been suggested
that M1 corticospinal facilitation result-

ing from passive observation of biological
actions was a consequence of the cortico-
cortical connections originating in mirror
neuron-rich premotor cortex (Fadiga et
al., 2005). Although it is probably true
that frontal mirror neuron areas exert a
modulatory influence on M1 excitability
during action observation, it now appears
likely that at least some of this activity is
attributable to a local, active motor-
matching process. Temporally sensitive
imaging methods such as MEG can offer
insight into the time course of this activity
while at the same time providing impor-
tant clues about the specific role of M1 in
the complex chain of neural events that
underlies action understanding. Indeed,
Nishitani and Hari (2000) have shown
that activity in human primary motor cor-
tex during observation of hand actions oc-
curs later than inferior frontal gyrus acti-
vation (presumably the homolog of
monkey F5). This suggests that the contri-
bution of M1 to the understanding of oth-
ers’ actions may be near the end of the
activation sequence that accompanies ac-
tion observation. Although additional
studies are needed to pinpoint the exact
role of M1 in this complex process, espe-
cially at the single-neuron level, it is
tempting to speculate that specific infor-
mation about the dynamics of effector se-
lection and use when observing a conspe-

cific performing an action is computed in
the newly discovered cells of Tkach et al.
(2007). Finally, these new data show that
exciting times are ahead for M1 research,
and only time will tell what new functions
(going beyond simple motor command)
will end up being associated with primary
motor cortex.
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