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INTRODUCTION

The mirror neuron system was discovered by chance,

just as Fleming happened upon penicillin in 1928,

when a group of researchers led by Rizzolatti came

across a particular set of neurons in the inferior fron-

tal gyrus and the inferior parietal lobule able to activate

whether the subject was performing or observing a

motor action(41). They made this discovery while they

were studying the activity of specialised neurons

active in the control of hand actions (object manipu-

lation) in the ventral premotor cortex of the monkey.

This prompted the publication of reams of literature

documenting the search for an equivalent system in

humans(6,20,40,42,44), but, since Rizzolatti’s initial paper

was rejected by a famous international research

journal because of its “lack of general interest”(42), the

MNS has been dogged by controversy(12,43).

Among the list of its theoretical functions, the MNS

is reputed to be involved in “action understanding”,

where self-generated actions possess inherent meaning,

which can also be accessed by observing the same
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action in others(24). Mirror neurons were hypothesized

to support action understanding based on findings by

Gallese et al.(18), who recorded neuronal activity from

certain cells in the F5 area of the frontal cortex of

macaques during action observation, but not when

the objects where merely observed. To rule out any

visually imperceptible movement, the neuronal

activity of the hand area of the primary motor cortex

and the electromyographic activity of several hand

and mouth muscles were recorded during obser-

vation, which elicited no response in either case. This

appeared to make it clear that something was going

on in the brain when the monkey observed a

“meaningful” action, i.e., someone picking up a

banana, rather than just the piece of fruit itself,

appearing to suggest that F5 is involved in sensori-

motor associations. However, proving that this so-

called action understanding actually exists is far

easier said than done. In fact, as Fogassi et al.(15)

stated, although knocking out the F5 area in

macaques does in fact prevent them physically

grasping the banana, it may be impossible to prove

whether they are still able to “understand” the action

performed by others. Furthermore, mirror neurons

have since been found in the primary motor cortex of

macaques, undermining Fogassi et al.’s control and

suggesting that rather than being concerned with

meaning, these cells in fact act as facilitators of the

motor response through learned response(46).

Kohler tried to come at the issue in another way,

hypothesizing that action understanding would also

be triggered by the sound related to the action in

question, and found that this was indeed the case in a

small minority of F5 neurons, which fired when

exposed to the sound of cracking peanut shells(29).

Umiltà also showed that while monkey mirror

neurons do not respond to the act of picking up an

imaginary banana, some of them do if the banana is

real but hidden in some way (in this case behind a

screen), provided, of course that the monkey knows it

is there(47). Both of these tests would appear to

indicate that it is not the gesture itself that is

important, but the meaning of the gesture. However,

whether these responses are sensitive to the meaning

or, once again, the working memory of the action, as

many sceptics believe(24), is far less easy to

demonstrate. That being said, the entire theory cannot

be dismissed out of hand, particularly as Fogassi et

al.(14), in another study, showed that some neurons in

the simian inferior parietal lobule, another mirror-

neuron-rich area, responded when the banana was

picked up for the purposes of eating, but not when it

was picked up to be put in a box in a similar location

to the monkey’s mouth. This led them to conclude

that it was the purpose, or goal, of the action that was

crucial, and that mirror neurons allow the monkey to

understand the intention behind the action, although

it may be the case that the monkey is responding to a

feedback loop wherein the sensory event is merely

associated with particular motor actions(24). Indeed,

non-mirror neurons in the STS of macaques respond

to several observed gestures, but not when the act

itself is performed(42), suggesting that mirror neurons

are not in fact necessary for action understanding.

Nevertheless, it is interesting to note that the STS is

connected to the inferior parietal cortex, where mirror

neurons projecting to the motor system F5 are

present...

It is clear that further investigation, rather than heated

debate, will be necessary to clarify the situation. In

fact, as the methods used so far have been somewhat

subjective(37), we are almost back to square one, and

that is even before we come to discuss the question in

humans, in whom the presence of mirror neurons has

not even been definitively demonstrated(7,10,11). If it

does exist, however, it is starting to become evident

that the human mirror system does not function in a

similar way to that of macaques. Indeed, as Catmur et

al. demonstrated(5) using motor-evoked potentials in

the abductor muscles of the human hand, we can be

trained to produce mirror effects by adaptive sensori-

motor association, rather than action understanding(24).

What is more, according to a meta-analysis by Molen-

berghs(33), damaging the human F5 area provokes no

correlated deficit in action understanding, and

imitation of a meaningful action triggers regions in

the superior and inferior parietal lobules and the

dorsal premotor cortex instead of the F5 area.

Plus, Gallese(18) and Rizzolatti(39) et al.’s early hypothesis

that mirroring is involved in speech perception,

prompting a fervent revival of the motor theory, has

also been disproved by the evidence, which suggests

that although speech recognition may in some way be

modulated by sensorimotor circuits, action under-
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standing is not involved(24). Nonetheless, it may be,

say the advocates, that the mirror system is merely

more complex, more evolved in humans than in

monkeys. Indeed, although quite distinct in humans,

a correlation between action understanding and action

production has been found by several Authors(24). 

This has led Casile and colleagues(4) to postulate the

presence of two separate mirror systems underlying

action understanding and imitation in humans. In this

scenario, one adaptable system, already present at

birth, may be involved in the development of an

infant’s ability to imitate facial expressions, creating

a feedback loop about their own facial movements

and thereby evolving according to experience. A

different system, described as a perception-action

coupling, would be used in the case of, say, hand

movements, in which observation of the infant’s own

movements would be essential for their evolution.

Despite all the opposition, it is enormously enticing

to associate the mirror neurons to human complex

behaviour and disorders(34), explaining why many

researchers have jumped on the MNS bandwagon.

Indeed, the desire to provide debilitating neurological

and psychological pathologies with such a simple

explanation - and therefore a potential therapeutic

target down the road - as MNS deficit or dysfunction

is very strong, albeit furiously contested. 

AUTISM IN THE MIRROR

One of the cognitive disorders most eagerly associated

with a potential MNS disruption is autism(25,35,49), or

autistic spectrum disorder. Indeed, ASD subjects, with

their characteristic withdrawal from social interaction

and their wide-ranging cognitive impairments in social

skills, verbal and non-verbal communication, coupled

with restricted and repetitive behaviours(1), and, above

all, their apparent lack of empathy, or understanding of

others’ intentions, would seem to provide fertile

ground for further research into the MNS. Indeed,

autistic behaviours are known to reflect the alteration

of different nervous structures and activities in the

brain, involving the cerebellum and cerebral cortex(32),

as well as information processing and the synaptic

connections between neurons(31). The affective and

emotional deficit in ASD subjects(27), and their impaired

ability to understand others has been tentatively

ascribed to the “broken mirror hypothesis”(38), i.e., an

alteration of the MNS function. 

This hypothesis is backed up by results demonstrating

structural abnormalities in the MNS regions of

individuals with ASD, as well as a delay in the acti-

vation of the core circuit for imitation in individuals

with Asperger syndrome, and a correlation between

reduced MNS activity and severity of the syndrome

in children with ASD(8,16). Moreover, additional evi-

dence for the involvement of MNS in autism derives

from the resting-state suppression of the sensorimotor

cortex (mu waves) during voluntary movement ex-

ecution and the observation of the same movement

made by others, which is absent in ASD(34).

The connections made between MNS function and

autism are many, involving imitation, theory of mind,

empathy and language(17,19,39). During imitation, for

instance, defined as the ability of a person to replicate

an observed motor act or to observe, acquire and repeat

using the same observed movements(9), the posterior

part of the F5 area, which corresponds to the MNS, is

more active during the repetition of an observed

movement(2,3,23,26) and damage to these neurons can

cause impairment in the imitations of some actions(25).

Encouragingly, the activity of mirror neurons involved

in imitation has been found to be less extensive in

ASD subjects(48). 

However, people with autism also show an alteration

in brain activity in regions outside the MNS(21), and

the broken mirror hypothesis fails to explain the

normal behaviour of autistic children when asked to

perform goal-(22) or object-oriented imitation tasks(8, 45),

not to mention their impeccable performance in imi-

tation tasks when explicitly instructed to imitate(22). This

seems to suggest that in autistic subjects the apparent

deficit may arise from not knowing what to imitate or

when, due to their ignorance of less explicit social

cues conveyed, for example, through eye contact(28,30).

The same involvement of visual processing could also

explain the difference in mu wave suppression ob-

served through electroencephalographic measurements

in autistic subjects and controls(45).

Moreover, a recent study on movement selectivity

showed that individuals with autism exhibited not

only normal functional magnetic resonance imaging

responses in MNS areas during observation and

execution of hand movements, but they also exhibited

typical movement-selective adaptation (repetition

suppression) when observing or executing the same

movement repeatedly, another blow to the broken

mirror hypothesis(13).

Once again the experimental protocols thus far used

in support of a link between MNS dysfunction and

ASD are highly controversial(36). For example, EMG
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of the mylohyoid muscle during the execution of

goal-oriented tasks has been used to determine the

time relationship between the opening of the mouth

and the beginning of the movement, and thereby

show a difference between the behavior of the typical

developing children and that of ASD individuals.

Pascolo et al. also claim to provide evidence of a

deficit in action chain organization in ASD subjects

and bolster the hypothesis of a broken MNS for these

individuals. However, the Authors later found that

mylohyoid activation is unable to discriminate bet-

ween typical development and ADS subjects, and

therefore “there is not enough evidence to support a

link between ASD and a broken MNS, and experi-

mental results must be carefully interpreted before

developing therapeutic or rehabilitative protocols”(36).

In the absence of more convincing evidence, we can

only agree. 
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