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Action observation in infancy: implications for
neuro-rehabilitation
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Action observation therapy has been found to be effective in improving hand motor function

in both adults with stroke and children with unilateral cerebral palsy. We here propose a

provocative hypothesis arguing that the same therapy might be effective in very early inter-

vention in infants with unilateral or asymmetric brain damage, but through a different under-

lying mechanism. If the activation of motor networks induced in infancy by action

observation enhances the excitability of the damaged sensorimotor cortex, it could also

accelerate the maturation of the corticospinal tract and the adaptive shaping of the spinal

motor circuits. This hypothesis should be explored carefully in prospective studies and, if

confirmed, might support the use of action observation therapy at a much earlier time than

experimented so far.

In recent years, several pieces of evidence have con-
tributed to supporting the hypothesis that the motor sys-
tem is part of a wider simulation network activated by a
variety of conditions related to action, including motor
imagery and action observation.1 In the adult human brain,
existence of a system matching the observation and the
execution of actions, defined by most as the mirror neuron
system, is well established.2 Surprisingly, very little is
known about its emergence and early development. Indeed,
indirect evidence from ethological and behavioural studies
suggests that learning through observation of others is a
key mechanism for developing social-emotional functions
for communication and bonding, and cognitive functions
for motor learning and goal prediction.3 Non-invasive
tools to assess brain representation of complex functions,
such as near-infrared spectroscopy or electroencephalogra-
phy, allow for more direct demonstrations of the presence
of a sensory-motor matching system in infancy.4–7

Studies on brain representation of action observation in
infancy support the notion that mechanisms matching
action and perception might be present shortly after birth,
and that their neural substrate might involve a network
centred on central, frontal, and parietal nodes, consistent
with evidence in human adults and animal models.8 An
increasing number of reports demonstrate that, irrespective
of the technique and methodology applied, the brain cen-
tral regions react to both action execution and action
observation as early as the first months of life, as shown by
comparing the effects of observing an action with a neutral
rest condition.8 Infant studies confirm the key role of expe-
rience in modelling the action observation network and

underline the importance of this system in infants with
typical motor development as well as in functional reorga-
nization following early brain damage.9

Existence of the mirror neuron system is gaining interest
in the clinical community since the first reports of the
effects of a novel therapeutic approach based on action
observation in the rehabilitation of individuals with unilat-
eral brain damage. In the first part of this paper, we will
briefly review the studies on action observation therapy in
adults with stroke and in children with spastic cerebral
palsy (CP). In the second part of the paper, we will report
on an ongoing multicentre study using action observation
therapy in young infants and discuss its underlying ratio-
nale.10

ACTION OBSERVATION THERAPY IN ADULTS AND
CHILDREN
Basic neuroscience research on mirror neurons has sug-
gested highly appealing features for functional motor reha-
bilitation in individuals with focal brain lesions, which are
now being confirmed by clinical studies. In 2007, Ertelt
et al.11 examined a new neuro-rehabilitative programme in
adult patients with stroke, called action observation ther-
apy, combining physical training with observations of vari-
ous hand actions. The experimental group demonstrated
significant improvement in motor functions compared with
their pre-treatment baseline and with controls. These find-
ings were supported by a degree of functional reorganiza-
tion of the motor system, as seen in significant
modifications in functional magnetic resonance imaging
activations during an object manipulation task.11
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Recently, several studies in stroke patients focussed on
action observation as a promising tool for motor rehabili-
tation by allowing patients to train their motor functions
when voluntary movement is impaired, also investigating
the effects on biological parameters using brain imaging
and neurophysiological techniques. In 2008, Celnik et al.12

used transcranial magnetic stimulation to assess the effect
of action observation therapy on motor memory formation
in patients with chronic stroke, demonstrating differential
and specific modifications in corticomotor excitability
within the hand motor representation of the primary
motor cortex. These results supported a potential use of
action observation as a strategy to enhance motor rehabili-
tation in adults with stroke.

Action observation therapy has been also investigated
during childhood. Sgandurra et al.13 enrolled 24 school-
aged children with unilateral CP and mild to moderate
hand impairment in a randomized, evaluator-blinded,
block-design trial, with two groups. For 1 hour/day for
three consecutive weeks, the experimental group observed
video sequences of unimanual or bimanual goal-directed
actions and subsequently executed those observed actions
with the hemiparetic limb or both upper limbs. The con-
trol group performed the same actions in the same order
as the experimental group, but performed the actions after
the observation of computer games free of biological
motion. Interestingly, after the training, the experimental

group had greater improvement than the control group on
the Assisting Hand Assessment, a scale for bimanual evalu-
ation used as the primary outcome measure. Buccino
et al.14 extended these findings to children with different
types of CP, by assigning 15 children with unilateral or
bilateral CP to either a case or a control group. Again, the
only difference in the treatment received was the content
of the video clips: cases observed videos with motor con-
tent, whereas controls observed videos without motor con-
tent. The functional score gains following treatment, as
assessed by the Melbourne Assessment Scale for unimanual
evaluation, were significantly higher in the case group
compared with that of the controls. Similarly, Kim et al.15

found greater positive effects on upper extremity function
in children with CP in response to action observation
physical training compared with standard physical training.
Taken together, these studies provide preliminary evidence
of the efficacy of action observation therapy in children
with unilateral or bilateral CP, suggesting that this
approach could be an effective part of paediatric neuro-
rehabilitation programmes.

Figure 1: Proposed rationale for early intervention in perinatal unilateral brain damage. The top row represents the mechanism leading to a contrale-
sional reorganization, based on the presence of an unbalanced cortical activity of the motor cortices. The bottom row shows the possible mechanism
of early intervention based on the induction of cortical activity also in the affected hemisphere in order to prime the motor cortex to standard therapies
available at a later stage. Lightning signal indicates activation of the motor cortex.

What this paper adds
� A revision of the literature on AOT in children and adults with unilateral

brain damage.

� The discussion of possible mechanisms of AOT in brain damaged indivi-
duals, when applied in early infancy.
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ACTION OBSERVATION THERAPY IN INFANTS WITH
PERINATAL BRAIN DAMAGE
All of the studies in children and adults were aimed at
improving hand function by manipulating cortical plasticity
at a time when key processes of sensorimotor reorganiza-
tion, specific of early brain damage, have already occurred.
Evidence suggests that for infants with perinatal brain
lesions, important phases of sensorimotor reorganization
occur during the first year of life due to greater neuroplas-
ticity in the early stages of brain development but, for the
same reason, maladaptive forms of sensorimotor reorgani-
zation can also occur during this same time period.6 In
adult stroke, the main mechanism to restore a reconnection
of the motor cortex with the spinal cord is the reorganiza-
tion of function within the ipsilesional cortex, within the
primary motor cortex or in non-primary motor areas. In
congenital lesions, however, the specific phase of brain
maturation allows for unique neuroplastic processes of sen-
sorimotor reorganization. These unique processes are
based on the existence of bilateral motor projections origi-
nating in the primary motor areas, which connect each
hemisphere with both sides of the body during the first
weeks of life. These tracts generally withdraw during
development, but can persist in cases of cerebral damage,
giving rise to contralesional reorganization of motor func-
tion, exclusive of early brain damage.16

In congenital brain damage, two different types of brain
reorganization can be observed: ipsilesional reorganization
(i.e. reorganization occurring within spared cortical tissue
of the damaged hemisphere) and contralesional organisa-
tion (i.e. reorganization occurring in the undamaged cor-
tex).17 The latter allows the undamaged cortex to directly
control both upper limbs and often involves dissociation of
the primary sensory and motor pathways,18 resulting in
limited upper limb motor function.17 Consequently, the
first 3 to 6 months of life after an asymmetric brain lesion,
provide a critical window of opportunity for very early
intervention aimed at maintaining cortical motor control
within the affected hemisphere by activating the damaged
sensorimotor cortex.19 We propose the provocative
hypothesis, yet to be demonstrated, that an activation of
the sensorimotor cortex might be obtained by the mecha-
nism of action observation (Fig. 1). Early action observa-
tion might induce a cortical activation of the damaged
hemisphere not based on a motor input, but rather on a
sensory one (mainly visual), therefore less dependent from
the activity (and hence the degree of damage) of the corti-
cospinal tract. This rationale for infant action observation

therapy is notably different from that of child and adult
therapy; however, its potential effect is still unknown.20

If the activation of motor networks can be induced in
infancy by action observation, it would be possible to use
training based on movement observation coupled with
actual hand motor activity (contacting the toy, and later
grasping and reaching) for enhancing the excitability of the
sensorimotor cortex, accelerating the maturation of the
corticospinal tract, and adaptively shaping the spinal motor
circuits. To examine this hypothesis, we have recently
started a multicentre study of two parallel randomized
sham-controlled trials involving: (1) typically developing
infants; and (2) infants with asymmetric brain lesions (e.g.
unilateral arterial stroke or venous infarction and asymmet-
ric periventricular leukomalacia).20 Infants from each group
were randomized to receive either action observation train-
ing or standard toy observation training for 4 weeks, from
the infant’s 9th to 13th post-term weeks of age. Results of
this study, or from other similar prospective studies, will
determine if a novel intervention based on action observa-
tion in infants, similar to what happens in children but
through a fundamentally different mechanism, is able to
affect early development of reaching and grasping in typi-
cally developing infants and to improve upper limb motor
activity in infants with asymmetric brain lesions. In any
case, action observation therapy in infants with perinatal
brain damage would not be meant to replace standard
therapies that have been shown to be effective in early
rehabilitation of upper limb motor function.

Regardless of the results of our clinical trial,20 further
studies are needed to elucidate the specific influence over
the effects of action observation by lesion type, post-
lesional reorganization, and degree of involvement of other
systems such as vision, sensation, or cognitive ability.
There have been recent important findings, derived from
both human and non-human studies, regarding the specific
mechanisms of early sensorimotor reorganization.10,19 We
believe that studies should be undertaken aimed at promot-
ing very early bilateral motor activation in infants with
perinatal brain damage.

ACKNOWLEDGEMENTS

This research was funded by an Australian Research Council

(ARC) Discovery Grant (DP110104292) to RB; and by the Mari-

ani Foundation of Milan (Grant R 11-86) to AG, VB, and GT.

The authors have stated that they had no interests that might be

perceived as posing a conflict or bias.

REFERENCES

1. Jeannerod M. Neural simulation of action: a unifying

mechanism for motor cognition. NeuroImage 2001; 14:

S103–9.

2. Molenberghs P, Cunnington R, Mattingley JB. Brain

regions with mirror properties: a meta-analysis of 125

human fMRI studies. Neurosci Biobehav Rev 2012; 36:

341–9.

3. Meltzoff AN, Kuhl PK, Movellan J, Sejnowski TJ.

Foundations for a new science of learning. Science 2009;

325: 284–8.

4. Nystr€om P, Ljunghammar T, Rosander K, von Hofsten

C. Using mu rhythm desynchronization to measure mir-

ror neuron activity in infants. Dev Sci 2011; 14: 327–35.

5. Southgate V, Johnson MH, El Karoui I, Csibra

G. Motor system activation reveals infants’ on-line

76 Developmental Medicine & Child Neurology 2016, 58 (Suppl. 4): 74–77



prediction of others’ goals. Psychol Sci 2010; 21: 355–

9.

6. Shimada S, Hiraki K. Infant’s brain responses to live

and televised action. NeuroImage 2006; 32: 930–9.

7. Grossmann T, Cross ES, Ticini LF, Daum MM. Action

observation in the infant brain: the role of body form

and motion. Soc Neurosci 2013; 8: 22–30.

8. Burzi V, Marchi V, Boyd RN, et al. Brain representa-

tion of action observation in human infants. Dev Med

Child Neurol 2015; 57: 26–30.

9. Virji-Babul N, Rose A, Moiseeva N, Makan N. Neural

correlates of action understanding in infants: influence

of motor experience. Brain Behav 2012; 2: 237–42.

10. Basu AP. Early intervention after perinatal stroke:

opportunities and challenges. Dev Med Child Neurol

2014; 56: 516–21.

11. Ertelt D, Small S, Solodkin A, et al. Action observation

has a positive impact on rehabilitation of motor deficits

after stroke. NeuroImage 2007; 36: T164–73.

12. Celnik P, Webster B, Glasser DM, Cohen LG. Effects

of action observation on physical training after stroke.

Stroke 2008; 39: 1814–20.

13. Sgandurra G, Ferrari A, Cossu G, Guzzetta A, Fogassi

L, Cioni G. Randomized trial of observation and execu-

tion of upper extremity actions versus action alone in

children with unilateral cerebral palsy. Neurorehabil Neu-

ral Repair 2013; 27: 808–15.

14. Buccino G, Arisi D, Gough P, et al. Improving upper

limb motor functions through action observation treat-

ment: a pilot study in children with cerebral palsy. Dev

Med Child Neurol 2012; 54: 822–8.

15. Kim JY, Kim JM, Ko EY. The effect of the action

observation physical training on the upper extremity

function in children with cerebral palsy. J Exerc Rehabil

2014; 10: 176–83.

16. Eyre JA. Corticospinal tract development and its plastic-

ity after perinatal injury. Neurosci Biobehav Rev 2007; 31:

1136–49.

17. Staudt M, Gerloff C, Grodd W, Holthausen H, Nie-

mann G, Kr€ageloh-Mann I. Reorganization in congeni-

tal hemiparesis acquired at different gestational ages.

Ann Neurol 2004; 56: 854–63.

18. Guzzetta A, Bonanni P, Biagi L, et al. Reorganisation of

the somatosensory system after early brain damage. Clin

Neurophysiol 2007; 118: 1110–21.

19. Eyre JA, Smith M, Dabydeen L, et al. Is hemiplegic

cerebral palsy equivalent to amblyopia of the corti-

cospinal system? Ann Neurol 2007; 62: 493–503.

20. Guzzetta A, Boyd RN, Perez M, et al. UP-BEAT

(Upper Limb Baby Early Action-observation Training):

protocol of two parallel randomised controlled trials of

action-observation training for typically developing

infants and infants with asymmetric brain lesions. BMJ

Open 2013; 14: 3.

Review 77


