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Abstract

Primary objective: To report rehabilitation of neglect in a child through task contexts.

Methods and procedures: A 7-month-old boy with hemiparesis and neglect following neonatal stroke was evaluated with
standard assessments during the first year of intervention. The intervention included timely training of each upper limb’s
movement (reaching, grasping, lifting, rotating, releasing, etc.), balance training and Constraint-Induced Movement
Therapy (CIMT). We promoted the storing of spatial representation through enriched environment by meaningful sensory
inputs engaging spatial localization/orientation and eye movements.

Main outcomes: During intervention the child developed reaching and grasping and other new motor behaviours (holding,
releasing, lifting, rotating, transferring, pulling, manipulating objects, gesturing, self-feeding, walking). In parallel he also
exhibited a decrease of neglect.

Conclusion: Infants with stroke should be routinely checked for neglect. Especially those with hemiparesis and neglect
challenge the rehabilitation team for the complexity of the treatment directly focused on addressing integration at more
conscious levels of upper limb paresis and neglect.
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Introduction stimuli on the contralesional side [4] that cannot be
attributed to primary sensory and motor deficits [5].
Neglect is a frequent sequel to unilateral brain injury
in adults and can also be diagnosed in children [6].
Nevertheless, there are few studies on neglect in
children [6-17] and, even though research on adults
emphasizes the importance of prompt rehabilitation
intervention [18, 19], no studies report neglect
rehabilitation in children.

Further, it has been demonstrated that task-
specific, repetitive, training regimens can determine
cortical changes and functional improvements [20],

Neonatal stroke is defined as acute focal neurological
deficit of >24h duration occurring in the first
28 days of postnatal age [1]. Current studies on
neonatal stroke focus mainly on prevalence, diag-
nosis and clinical outcomes [2]; however, limited
information is available on the rehabilitation treat-
ment of these children.

Generally, infants who suffer from neonatal stroke
develop varying degrees of hemiparesis, which is
usually characterized by reduced strength and speed
of movement, impaired motor control and spasticity thus confirming the value of exercise and training.
of the affected limb [3]. Unilateral spatial, or Effective outpatient therapies, such as Constraint-

hemispatial, neglect is a multicomponent syndrome Induced Movement Therapy (CIMT), have been
defined as failure to report, respond or orient to developed [21] as a result of these observations.
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Figure 1. T1 and T2 MRI scans show left hemi-brain atrophy with large porencephaly involving temporo-parieto-occipital lobes and

posterior region of frontal lobe.

In the last 10 years CIMT, based on the learned
non-use theory, has demonstrated benefits for both
adults and children with hemiparesis in terms of
increased use of the affected upper limb in daily life
activities [22, 23]. Nevertheless, few studies have
described the task context of rehabilitation treatment
in hemiparetic children [24, 25].

This case study presents a young child who
suffered from hemiparesis and hemispatial neglect
following early focal brain damage. We describe
functional recovery during the first year of treatment
including improvements in the quality of reaching
and grasping movements and in basic activities and
intentional movements. We also describe the reha-
bilitation procedures related to direct perception
theoretical approach [26] chosen by us to maximize
the high potential of plasticity in the child’s devel-
oping brain.

Case report

Our patient was a 7-month-old boy with
right hemiparesis and neglect following neonatal
haemorrhagic stroke. His neonatal course

was characterized by a haemorrhage in the left
hemisphere when he was 6 days old. Haemophilia
A was diagnosed.

Head magnetic resonance imaging (MRI), per-
formed at 5 months of age, showed signal abnorm-
alities in temporo-parietal-occipital lobes and
posterior region of the frontal lobe of the left
hemisphere, associated with severe enlargement of
subarachnoid space and of lateral ventricle
(Figure 1). When the child was admitted to our
Department at 7 months of age, he displayed
hemiparesis and signs of right-sided spatial neglect,
which correspond with Ferber and Karnath’s [27]
behavioural diagnostic criteria for neglect. He
underwent a neuro-ophthalmological assessment to
evaluate possible visual disorders. Fundus examina-
tion was normal. Flash visual evoked potentials
(VEPs) recorded normal amplitudes and latencies of
VEP components, prolonged duration and abnormal
morphology of P2 component. Kinetic perimetry,
performed at 7, 12 and 24 months of age using a
double-arc perimeter developed by van Hof-van
Duin [28] for use in infants and young children
with normative data, revealed hemianopia. At 4
years of age, when reliability cooperation in visual
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Figure 2. Assessment task for neglect at the baseline. (A) The moving object does not evoke the child’s orientation towards the right side.

(B) The child tracks the object in the left hemispace.

field tests is present, hemianopia was confirmed by
standard Goldmann apparatus.

Since he was 7 months old he has received a
modified version of the CIMT protocol. It involves
training of the affected upper limb for 2 hours a day
with restraint of the intact upper limb for 4 hours a
day. CIMT was administered for 1 year with two
2-month intervals during which training was carried
out without constraining the intact upper limb. The
protocol used is in accordance with recent studies
advocating an adapted model of CIMT for small
children [29, 30].

Baseline examination

The child spontaneously deviated his eyes and head
towards the left side. We detected a deficit in right
visual field scanning and tracking (Figure 2).
Prolonged tactile stimulation permitted him to
orient himself towards the right side and to activate
his right arm. The patient’s visual exploration of the
object improved after hand contact (suggesting a
dissociation between visual and tactile information);
however, he did not generally see the hand manip-
ulating the object. He held his right arm in a
stereotypical position of shoulder adduction and
internal rotation, with his elbow semi-flexed and his
hand semi-opened. He performed reaching tasks
using the left arm, executing arm trajectories in the
left and sometimes in the right peripersonal hemi-
spaces. Occasionally he used the right arm only
when the left one was blocked. Right reaching/
touching objects of different size (located one at a
time first at the centre and then at 45° from the
centre) was evident on the left and, less frequently,
on the right hemispaces. Both hand-preshaping and
shaping deficits were evident. In fact he could not
conform his hand to the shape of the object before
touching (preshaping deficit) and when touching
(shaping deficit) it. However, he used to open
spontaneously his fingers before hand/object contact
and he was able to touch an object for a few seconds.

His right grip was also affected; he touched the
object but did not grasp it. Grasping with his left
unaffected hand was executed using a radial grip and
a correct hand-preshaping and shaping, compatibly
with his age.

Moreover, he did not look for objects that used to
fall from his hand. He was also unable to perform
transitions, crawling, rolling and to remain seated
alone.

Baseline evaluation

Several tests were used to evaluate the child’s
performance before and during the first year of
intervention. These outcome measures included: (i)
Peabody Developmental Motor Scales (PDMS-2)
[31], (1) Pediatric Motor Activity Log (PMAL) [23],
(iii) MacArthur Communicative Development
Inventory (CDI) [32], (iv) Pediatric Evaluation
of Disability Inventory (PEDI) [33], and (v) Gross
Motor Function Measure (GMFM) [34].
Furthermore, Gaze Orientation Scale [35] and Two
Object-Removal Preference Task [6] were employed
to assess neglect.

The patient’s results before the intervention are
shown in Table I.

The PDMS-2 is a standardized assessment to
quantify motor skills in children with motor impair-
ment. The PDMS-2 Fine Motor Scale assesses
reaching, grasping, manipulation, removing, releas-
ing objects and visual-motor integration. The
patient’s scores, according to age equivalent in
months, were 1 and 2 on the grasping and visual-
motor integration subtests of the PDMS-2 Fine
Motor Scale. Those scores were obtained by his
ability of touching or scratching a toy and tracking it
on his left side.

The PMAL is a scale developed specifically for
Pediatric CIMT protocol. It consists of 2 subscales
to assess 17 common daily tasks performed with the
affected upper limb: (a) the Amount subscale (how
often the child uses the upper limb) and (b) the How
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Table I. The child’s results on standard assessments during the first year of intervention.

Scale Baseline 1 month 2 months 3 months 6 months 12 months
PDMS-2 Fine Motor Scale (Age equivalent in months score)

Grasping 1 4 5 6 7 8
Visual-Motor Integration 2 4 5 5 7 8
PMAL (Mean score)

How often 0.2 1.4 1.9
How well 0.2 1.4 2.0
CDI (Age equivalent in months score) <8 <8 8
PEDI (Scaled score)

Self-care 11.8 30.7 31.9
Mobility 11.4 33.4 52.2
Social function 3.1 14.7 31.6
GMFM (% score)

Lying & rolling 43.1 58.8 74.5 92.2 98
Sitting 13.3 23.3 48.3 70 96.7
Crawling & kneeling 0 0 2.4 42.9 73.8
Standing 0 0 10.3 20.5 61.5
Walking, running & jumping 0 0 0 8.3 29.2
Total 11.3 16.4 27.1 46.8 71.8
Gaze Orientation Scale (Level) 3 2 2 2 1 1
Two Object-Removal Preference Task (Raw score) 0 0 2 3 5 7

Well subscale (how well the child uses the upper
limb). The PMAL is a 6-point rating subscales
(0=no use, 5=normal use). The patient’s mean
PMAL scores on both the Amount and the How
Well subscales was 0.2, corresponding to no use of
paretic upper limb according to parents’ report.

The CDI is a standardized instrument to examine
child’s communication growth. We used the sym-
bolic and communicative gestures subscale to report
progress in this area. Initially the child did not use
his paretic hand for gesturing.

The PEDI was used as an additional standar-
dized assessment to measure function in daily life
tasks in three domains: (i) self-care, (i) mobility,
and (iii) social function. The infant’s PEDI scaled
score in the self-care domain was 11.8 for eating
pureed foods; it was 11.4 and 3.1 in mobility and
social function domains for keeping a supported
sitting  position and orienting to sound,
respectively.

The GMFM is a standardized observational tool
designed to evaluate quantitative aspects of gross
motor function. The infant’s GMFM total score was
11.3 concerning the acquisition of reaching with his
left arm crossing the midline in order to grasp a toy,
and head stabilization.

The Gaze Orientation Scale assesses spontaneous
gaze and head orientation for neglect; it is a 4-level
rating scale (0O =no deviation, 3 = permanent devia-
tion of gaze and head towards the ipsilesional
hemispace). The patient presented at the Gaze
Orientation Scale level 3, indicating practically
permanent leftward deviation of gaze and head.

The neglect task administered was the Two
Object-Removal Preference Task used by Trauner
[6] to evaluate neglect in young children. In this task
20 small toys (cars, cows, boats, and dinosaurs),
were arranged, on a corkboard (30 x 45cm), in a
fixed random array such that each toy was on both
sides. The board was located in front of the child,
seated on his mother’s lap. The child’s execution of
the tasks was videotaped to measure retrospectively
the objects touched or grasped. The number of
objects touched or grasped in the right hemispace
was rated. The child touched or grasped no objects
on the right hemispace.

Intervention

Rehabilitation  procedures:  Selective contexts and
training. Rehabilitation procedures included train-
ing of upper limb movements progressively more
complex in relation to the child’s acquisition of skills.
Specifically, space localization and orientation,
visual exploration and eye/head co-ordination were
trained independently and within the upper limb
movements training. Moreover, rehabilitation pro-
cedures comprised unilateral/bilateral activity and
balancing.

Selective contexts (objects/visual or tactile back-
ground) were used during the whole treatment to
evoke movements into play actions. Movements
evoked by actions in selective structured contexts
guided residual abilities in the recovery of spatial
neural networks of eye, head, arm, hand and trunk
actions in the child’s right hemispace. The visual
background consisted of a black and white
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]

Figure 3. Note the visual background has a coloured toy on it. The context is set up on the right side. (A) The child gazes at the toy.
(B) He tracks the toy that is moving away from the midline. (C) He holds his gaze on the toy at 90° from the midline.

Figure 4. Note the tactile background containing a coloured toy. The context is set up on the right side. (A) The child does not activate
reaching/grasping in the right hemispace. (B) He activates reaching/grasping when the toy is shifted near the midline. The background is
used as a tactile guide to facilitate reaching/grasping. (C) He also activates reaching/grasping in right-sided sectors after experimenting with

tactile guide near the midline.

checkerboard, measuring 100 x 100 cm, with high
colour contrast and 5 x 5 cm squares (Figure 3). The
tactile background was a wood or plastic board
consisting of a showcase (space broken up into
sections) containing objects located on a horizontal
or vertical surfaces. Boards had from 9 to 17 holes
located at a distance of 0.5-2cm from each other,
arranged in several horizontal rows and columns
(Figure 4). The boards had three different sizes of
holes: 7 x5, 9 x 7, 18 x 10 cm. The organization of
space on this tactile background helped the child in
reaching and grasping an object with his hand, using
visuo-tactile exploration. The objects, placed either
on the checkerboard or inside the showcase, had a
multisensory stimulation role (visual 4 auditory +
tactile information: e.g., a squeezable coloured
rubber animal in contact with the child’s hand or
face producing a sound).

Visual targets, placed at about 30° from the
midline of the right hemispace, were also utilized
to involve localization and activation of reaching and
grasping movements. These targets had different
spatial properties (size, shape and orientation) and
nonspatial ones (fragility, texture and weight); they

were fixed in various sectors of right hemispace or
mobile in different spatial directions.

Only objects with a diameter >3 cm in relation to
the child’s hand size were used to facilitate his hand
opening and finger straightening. During the
presentation of these objects we put the child in
different positions (supine, on his side, prone,
suspended and sitting) in order to enhance the
adaptation of motor patterns.

A white board was placed in the left hemispace to
reduce its competitive advantage. Indeed, sensory
events within the neglected hemispace seem to lose
their impact on awareness when competing events
are taking place in the preserved hemispace [36].

Training for recovery of active limb
movements. Passive and active limb movements
were supported by the selective contexts described
above. The child was involved in playing activity in
the right hemispace, with passive movements pro-
voking events on the affected side (e.g., moving a toy
car from the neglected field, ringing a bell by
physical guidance etc.). These experiences were
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also carried out in different sectors of the intact left
hemispace to facilitate recognition of the interplay.
To this aim, passive movements of the upper limb
evoked pleasurable events that were repeated with an
unvarying cause-effect relationship. This training of
passive movements was conducted for half an hour
every day in the first month of treatment, then
suspended for movement amelioration.

Training of active movements consisted of the use
of appropriate toys or objects that have perceptual
characteristics (visual, acoustic and tactile) and
motivational attraction to evoke movements of the
affected upper limb and thus organize functional
abilities. To rehabilitate the motor-intentional
impairment, the initial tasks aimed at evoking three
movements in a repetitive, fixed sequence (reaching,
grasping and releasing an object), by varying the
interjoint co-ordination. These tasks were performed
half an hour every day in the first month of
intervention.

Training of simple actions. Subsequent tasks, starting
at the second month of intervention for one hour
daily, aimed at consolidating sequences of emerged
actions. In the cookie removal task [37], the child
had to take each cookie off the board, first using his
right and then his left hand. The tactile board,
separated by a midline, was placed in front of the
child occupying both hemispaces. Long fingered
cookies (3.5 x 9cm) were fixed vertically in each
hole of the board. A similar task consisted of
removing, picking up, hollow geometric-shaped
objects (cylinders and cubes), stacked on rigid,
parallel, vertical pegs [37]. Geometric-shaped
objects were constructed of solid plastic and wood,
and measured from 3.5-5.5cm in diameter-side
(weight varying from 8-35g). Pegs, fixed on a
stable surface and distant 10 cm from one another,
had various heights (7, 10, 15, 18 cm).

In another task the child had to move his right arm
from peripersonal to personal space (e.g., by bring-
ing a spoon to his mouth). Objects to be grasped
were located at four angles from the midline (0°, 30°,
60°, 90°) and at two distances (10, 20 cm) from the
initial hand location in the workplane.

Training of more complex actions. After 3 months of
intervention, in relation to child’s improvement on
the scales, more complex tasks were used. Two
objects were simultaneously put in both hemispaces;
these objects were meaningful for the child and
belonged to the same or to different categories (food,
pacifier).

In the cylinders and cubes stacked up on the pegs
task the child had to pick up and replace the objects,
thus training pointing, grasping, lifting, replacing

and releasing. In one task he had to move his arm
from peripersonal and extrapersonal to personal
space and vice versa (e.g., bringing the spoon to
his mouth and then offering it to his mother). His
mother was at three distances (20, 30, 40 cm) from
the initial hand location in the workplane. From this
point on we always presented the child with new
tasks to facilitate the acquisition of new complex
sequences (e.g., pulling a toy train toward himself
using the attached string). These tasks were con-
ducted for half an hour, every day, until 12 months
of treatment.

Training of bilateral activiry. Specific tasks for
bilateral manipulation were performed: opening a
can (6 cm in diameter), catching and rolling a ball
(>15cm in diameter) on a black and white striped
carpet, using geometrical brick toys (wood, foam
rubber, etc). Geometrical brick toys were approxi-
mately the same size, measuring 4 cm in width and
6 cm in height. This training was performed from 3
to 12 months of treatment, daily, for half an hour.

Training of balance. We trained balance from the
beginning of the treatment. The patient was seated
on his mother’s lap, and she induced perturbations
on his bottom using her knees. A balance platform
was used to train the patient, first creating slight
perturbations when he was sitting (on a small seat,
based on the length of the child’s lower limbs) and
then standing (during attempts to make reaching
and grasping movements). Training for sitting
balance was conducted for the first 3 months,
followed by the one for standing balance until 12
months of treatment. Both of them lasted half an
hour every day.

Outcomes

After one month of trearment. The child’s visual
performance and attention to the right hemispace
were slightly improved (he passed from level 3 to 2
on the Gaze Orientation Scale and from age 2 to 4
months on the visual-motor integration subscale of
the PDMS-2 Fine Motor Scale). He held his head in
the correct position. The reaching task with the right
affected arm succeeded, even when his other arm
was not blocked, by using a tactile board (showcase).
We observed attempts to grasp objects with the right
hand. Objects of various sizes evoked whole hand
prehension; medium and small objects were also
grasped by finger prehension.

After two months of trearment. The child increased
his visual scanning and tracking to the right side; he
was able to track an object from left to right
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(his score on the visual-motor integration subscale of
the PDMS-2 Fine Motor Scale improved from age 4
to 5 months). Objects with acoustic and dynamic
characteristics (e.g., a noisy rolling ball, a toy train
running on a track) evoked visual tracking towards
the right hemispace. The child’s attention was
attracted towards the right hemispace when his
mother caressed and kissed him on the right side of
his face. Instead, his attention was rarely attracted
when he heard his mother’s voice or when she was in
his right hemispace. More often than before, he used
to look at objects falling from the showcase. Gaze
and reach-grasp association became more frequent.
The child was able to roll from a prone to a supine
position only on his left side and from a supine to a
sitting position always leaning on his left. He could
remain in a sitting position by himself. His right arm
was activated more easily even without the tactile
board, and he always managed to grasp objects.
Object transferring and releasing emerged; he
released objects, but only after several attempts
with his right hand. Regarding the left unaffected
hand grasping, lateral pincer grip and wrist orienta-
tion to the object developed consistently with the
age; hand-preshaping and shaping were absolutely
correct.

After three months of treatment. Visual performances
and attention to the right hemispace were substan-
tially unchanged. The patient could roll from a
supine to a prone position on both sides and he
assumed a prone position on his elbows; he started
to crawl holding his right arm back. Right arm
reaching movements towards a target located in all
sectors of peripersonal space became purposeful.
The child’s right hand grasping behaviour was less
impaired: preshaping and wrist orientation were
usually congruent with the objects. However, some-
times he opened his fingers only after touching the
object; finger closing always followed finger opening.
Then he acquired the ability to rotate an object he
was holding. In manipulation tasks he often passed
objects from one hand to the other and vice versa.
When the patient clapped his hands he was able to
move both of them, but only one at a time and only if
one hand was assisted by the other. He easily
released the object. Left hand grasping evolved
fairly with the child’s age: precision grip emerged.

After six months of treatment. The child improved
his orientation towards the right side (he passed from
level 2 to 1 on the Gaze Orientation Scale and from
age 5 to 7 months on the visual-motor integration
subscale of the PDMS-2 Fine Motor Scale). He
adopted bottom-shuffling to get a toy. He took steps
when supported by someone holding his hand.

Rehabilitation of neglect after neonatal stroke 87

He began to lift and pull objects as well as perform
some bilateral activities (e.g., holding a cup using
both hands).

After twelve months of treatment. The patient showed
spontaneous tracking and visual scanning towards
the right side; however, he continued to prefer visual
exploration on the left side. He could rise to a
standing position using a solid object for support and
could stand up without support and keep his
balance. He walked alone with an asymmetric gait
pattern; though his left arm preference remained.
A large object permitted him to use his right arm
for some bilateral activity (e.g., holding a ball).
Furthermore, movements requiring the transfer and
placement of objects facilitated his right hand
function in bilateral tasks.

Results of outcome measures

The patient’s results over the first year of interven-
tion can be seen in Table I.

Upper limb function. The patient’s PDMS-2 raw
score on the Fine Motor Scale (grasping and visual-
motor integration subtests) revealed some improve-
ment from baseline to 12 months of treatment
(Table I). Specifically he became able to reach and
grasp toys, like moving them from one side to the
other and vice versa, able to pull a string to get a toy,
to track a rattle on both sides, and to transfer a cube
from one hand to another.

The child’s mean PMAL score demonstrated a
moderate increase in the use of his arm-hand in
different daily activities during the first year of
treatment. At 12 months of treatment his upper
limb achieved the possibility of self-initiated use in
some occasions and a moderate quality of use. At the
same time the CDI showed progressive moderate
improvement of manual gestures.

Funcrional skills. The patient’s PEDI scaled score
in the self-care domain increased mostly from
baseline to 6 months of treatment. The child began
to eat chunk/diced food, to use both hands for
feeding and to lift a glass using the affected hand.
After 6 months slight improvements were noted.
The PEDI scaled score in the mobility domain
progressed linearly from baseline to 12 months of
treatment. At 6 months the patient walked with
support for short distances; after 12 months he
walked alone also on uneven ground. The PEDI
scaled score in the social function domain increased
constantly from baseline to 12 months of treatment.
The child understood simple phrases; he was
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interested in other people and tried to communicate
with them.

Gross motor skills. The patient’s GMFM total score
progressively increased during the first year of
treatment. The GMFM score in the lying/rolling
and sitting dimensions progressed from baseline to
12 months. In particular, the following abilities
improved in the first 3 months: rolling from a
supine to a prone position, initially only on the
unaffected side, afterwards on both sides. The
GMFM score for crawling/kneeling and standing
dimensions progressed continuously from baseline
to 12 months of treatment; the score for the walking/
running/jumping dimension from 3-12 months of
treatment.

Neglect assessment. The Two Object-Removal
Preference Task revealed recovery during the first
year of treatment. During this time, progressive
improvement was also noted on the Gaze
Orientation Scale. Neglect recovery proceeded over
time but was not completely resolved after 12
months of treatment.

Discussion

Neglect can be isolated or associated with hemipar-
esis or primary sensory deficits and, in the latter case,
it may be often masked by hemiparesis or primary
sensory deficits [38]. Thus, neglect, even if severe,
may be underestimated in children, especially in very
young ones. In this disorder the motor impairment
may include all aspects of motor act programming
and its performance. In a perspective of rehabilita-
tion, neglect can best be thought as a disorder
characterized by perception/action dissociation
involving perceptual and motor functions.
Spontaneous recovery from neglect is only partial;
in fact our case confirms the findings of previous
studies where neglect can significantly decline only
after re-education aimed at the early identification of
perceptual and motor impairments [18, 19].
Initially, in our child with left hemisphere lesions
right reaching and grasping movements were both
involved. Dissociation was also evident between
action and location/perception of object on the
right side. On the basis of this clinical condition we
practised an asymmetric constraint training, rein-
forced by CIMT, in order to encourage maximally
the potential of the child’s brain plasticity, during a
period of rapid development. As neglect can be also
considered an unsettling of the spatial representa-
tions between right and left hemispheres responsible
of motor programs [39], this kind of treatment

substantially aimed to activate the perception/action
interaction and moreover to contrast the unbalanced
competition between the two hemispaces in order to
lessen motor and cognitive impairments. For this
reason, our major effort consisted of setting up
sensorimotor exercises enriching the environment
(the child’s training set) trying to prepare the child to
action, according to Gibson theory [26] of direct
perception. In fact, Gibson suggests that direct
perception is the activity of pick up information
(the invariants) from the environment, involving the
exploratory activity of looking and searching around
things. Eye, head, and body movements are part of
this perceptual process. Therefore, the analysis of
the visual information is relevant for action to permit
visually-guided motor behaviour (e.g., reaching,
grasping, manipulating objects, sitting, walking
toward, coming in, stair-climbing etc).

We used enriched visual or tactile backgrounds
(selective contexts) to evoke movements in our
attempt to link the child’s perception with eye,
head and body movements. We emphasize the
consequent storing of spatial representation, built
up from collection of visual and proprioceptive
information coupled with eye, head, and arm
movements.

The child’s movements, at first independent and
dissociated, gradually became more integrated.
Initially, the patient’s association between percep-
tion and movement remained unconscious; subse-
quently, consciousness episodically emerged as
knowledge of action [40] (prediction of incipient
events). First, repetition of game actions produced
movements able to attract the child’s attention in an
externally triggered way (evoked movements) and
further on linked to an internal representation
(intentional movements). Specifically, we identified
altered or missing movements (reaching, grasping,
lifting, rotating, transferring, manipulating, releas-
ing, etc) of his affected upper limb to develop
appropriate exercises for single upper limb move-
ment and compounds of these, with particular
attention to the child’s body positions.

During the rehabilitation treatment our child was
able to activate context-dependent movements of
upper limb that were progressively adapted to the
characteristics of the object. Monitoring of scales,
supported by behavioural observations, permits us to
identify differences in time’s recovery of every upper
limb’s movements. For example, during the first
month of treatment the child partially recovered
both reaching and grasping. However, grasping
improved during the second month and reaching
during the third month. Regarding the emergence of
other movements (transferring, releasing, rotating,
lifting and pulling), they appeared only after 2-6
months of treatment. After 3 months of treatment
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bilateral activity was detected, with major involve-
ment of the affected hand in bimanual co-ordina-
tion. This progress was revealed by the PDMS-2
Fine Motor Scale. Continuous improvements were
also noted in all domains of the PEDI and GMFM
during the first year. During this time, we noticed a
moderate improvement in the spontaneous use of
the arm-hand in daily life activities by the PMAL
and in communicative manual gestures by the CDI.
The Two Object-Removal Preference Task and the
Gaze Orientation Scale demonstrated that neglect
was gradually subsiding but was not completely
resolved. Indeed, we were unable to resolve the
upper limb deficit in hand initiative.

Our training initially consisted of passive, guided
reaching movements toward the target and gradually
followed by active movements. In this manner we
tried to increase the flexibility of the child’s
reaching movement organization with simultaneous
covariations between arm force production and
visual-proprioceptive information during movement
trajectories. We adopted this training to facilitate the
interjoint synergies of reaching movements involving
some joints (shoulder and elbow) and blocking
others (wrist) and also to reduce neglect.

In fact, studies of reaching in hemiparetic patients
have demonstrated that the abnormal torque pro-
duction [41] and disrupted interjoint co-ordination
of arm [42] may be due to a deficit in motor control
[43]. Moreover, not only active but also passive
movements are important for an amelioration
of neglect by their somatosensory inputs
production [44].

Furthermore, the training involved the grasping
and manipulation of objects with different spatial
and nonspatial characteristics, providing visual-
tactile-proprioceptive information to improve move-
ment. According to the child’s functional status this
training, as well as the reaching training, initially was
supported by a passive guide during wrist pre-
orientation/orientation, gripping and holding an
object in different grasping and releasing conditions.
Large objects were used to ensure maximum grasp
aperture in accordance with studies [45, 46] showing
that this aperture covaries linearly with the size of the
object. Use of several object shapes and orientations
permitted the experience of many corresponding
hand preshapings/shapings and wrist rotations.
Novel grasping tasks may open the gap to recover
grasping skills.

Finally, we think that a selective re-education of
looking, reaching, grasping and balancing can give
an opportunity of facilitating functional develop-
ment. In particular, selective training involving each
movement (reaching, grasping, lifting, rotating,
releasing, etc) of the affected upper limb can be
relevant. In our case, selective training was used to
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promote the acquisition of movements and to induce
the child’s knowledge of action. A suitable environ-
ment, with structured contexts (multimodal percep-
tual clues and motivating tasks), was helpful in the
recovery of hemiparesis and neglect.

We conclude that infants with stroke should be
routinely checked for neglect. Especially in those
with hemiparesis and neglect, an early intensive
intervention is essential and it is also important to
refer the patient to other rehabilitation professionals.

Our case achieved the activation and enhancement
of sequences of upper limb movements with context-
dependent aims and the emergence of intentional
bilateral activity in which the affected arm had a
useful, assisting, but never primary function (typical
in hemiparesis is the persistence of the child’s deficit
in hand initiative).

Consequently treatment for infants with hemipar-
esis and neglect challenge the rehabilitation team for
the complexity of the treatment directly focused on
addressing integration at more conscious levels of
upper limb paresis and neglect. Brain MRI follow-up
related to clinical assessment could have guaranteed
additional, enlightening information on the possible
plasticity of the developing brain. Unfortunately, we
did not conduct it for practical, clinical limits.
Greater knowledge about the rehabilitation process
can be useful for the rehabilitation team of these
patients, for example in improving management
strategies and ensuring flexibility in rehabilitation
approaches.

A further randomized controlled clinical trial is
needed to demonstrate the effectiveness of our
rehabilitation approach, in order to distinguish its
effectiveness over and above the natural history of
recovery.
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