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Abstract

Objective: Unilateral Spatial Neglect (USN) commonly occurs after lesions in the right hemisphere. This complex
syndrome can be defined as a failure to report, respond, or orient to contralateral stimuli. Patients show several
symptoms in everyday life, such as eating only on the right side of the plate, or forgetting to look left before crossing
the street.

Among the different bottom-up treatments, prisms adaptation has found considerable application, producing a
high number of scientific papers, even if these are not always consistent in their conclusions.

The aim of this randomized single blind study was to verify the efficacy of prisms in improving neglect syndrome
when compared to neutral lenses in a group of stroke in patients with neglect.

Methods: All patients were randomized into two groups: Experimental Group (EG) and Control Group (CG). The
EG was treated with pointing exercises wearing prismatic lenses producing a deviation of the visual field of 10° to
the right, while the CG was treated with pointing exercises wearing neutral lenses that did not produce any deviation
of the visual field. Both groups were treated for two weeks.

We compared with Analysis of Variance the two groups of stroke patients at two different treatment times, at the
enrollment time (TO) and after two weeks (T1).

Results: We have compared the EG and CG at TO and T1 time: both groups show a significant improvement in
outcome measure. The analysis between groups highlights that this effect can be related to the time rather than to
the group of treatment.

Conclusion: According to our results we can conclude that pointing with no visible arm is useful in neglect
treatment and that prisms produce some further benefits even if the low number of subjects enrolled is still

insufficient to give clear evidence in the use of prisms.
L J

Keywords: Neglect; Prismatic lenses; Rehabilitation; Stroke; —superior parietal lobes, some portions of the frontal lobe [1,2] and the
Inattention; Neuropsychology; Outcome white matter that connects these parietal and prefrontal regions [3-5].

Unilateral Spatial Neglect (USN) commonly occurs after lesions in
Introduction the right hemisphere (90% of cases), particularly in the parietal
(inferior), temporal (superior), and/or frontal (ventral) cortex and
sometimes in subcortical nuclei [6]. This complex syndrome can be
defined as “a failure to report, respond, or orient to contralateral

The unilateral spatial neglect results from a unilateral hemispheric
lesion (most often in the right hemisphere) that involves inferior and
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stimuli that is not caused by an elemental sensorimotor deficit” [7].
Patients with USN may show several symptoms in everyday life, such
as eating food only on the right side of the plate, putting make-up only
on the right side of their face and, forgetting to look left before crossing
the street [8,9].

It is generally agreed that this syndrome is a common consequence
of the right hemisphere stroke [10] but it can also be observed in
patients with left hemisphere lesions [11-12]. When left hemiplegia is
associated with neglect, motor deficit is more severe than in patients
without hemi-spatial inattention [13].

The presence of USN affects negatively both motor and cognitive
rehabilitation outcomes [14,15].

Anosognosia, when present, significantly worsens the outcome
[16,17]. Several researchers have highlighted that neglect predicts poor
functional recovery more than aphasia [15,18] and as patients are often
impaired in daily living activities (i.e. eating, washing, shaving or
dressing left side of their body), they need continuous care with a
significant loss of quality of life.

The different rehabilitative treatments can be divided into two
different categories: top-down and bottom-up. The application of the
former requires a good voluntary control of attentional awareness,
while the latter does not need these components as it automatically
changes the behavior of the patient [19].

In the last years, among the different bottom-up treatments, prisms
adaptation [20] has found considerable application, producing a high
number of scientific papers, even if these are not always consistent in
their conclusions [21]. This method is easy in administration, and due
to the presence of adaptation, it is easy to predict the effectiveness of
the treatment from the early sessions [22]. Adaptation is the ability of
the patient to adapt to the new visual condition wearing prismatic
lenses.

As described by Rossettl in 1998 and experimented in Italy for the
first time in 2002 by Frassinetti, prisms method consists in asking the
patient to point towards a visual target, with the right upper limb,
wearing prismatic lenses of 20 diopters. The treatment with prismatic
lensesis normally conducted for 10 daily sessions, lasting about 30
minutes each, distributed over 2 weeks [20,23]. According to literature,
the improvement can be due to a reorganization of spatial
representation at a higher level mediated by the "recalibration" of the
visual-motor coordinates, induced by prismatic lenses [22,23], and the
effect seems to be persistent for many weeks [24,25]. A lot of papers
show that, whereas there is a significant consensus in evaluating
symptoms, there is still little agreement on which are the best methods
to treat neglect syndrome. At the moment there are a lot of methods to
treat neglect syndrome [26,27] but unfortunately there is poor
evidence on the their efficacy. This can be correlated to the different
methodologies used in comparing the various approaches and to the
fact that most researches fail to correctly document the effects of
treatments on daily living activities. The paper and pen
neuropsychological tests that neuropsychologists normally used to
measure the outcome are less sensitive to highlight the real effect of the
rehabilitation treatment on the patients' daily abilities. In fact, papers
which consider different outcome measures such as the use of the
wheelchair [28] are rare and, moreover, the sample size of treated
patients is not sufficient for valid statistic evaluation.

The aim of this randomized single blind study was to verify the
efficacy of prisms [23] in improving neglect syndrome when compared
to neutral lenses in a group of stroke in patients with neglect.

Methods

All patients were randomized by the coordinating center, into two
groups: Experimental Group (EG) and Control Group (CG). The EG
was treated with pointing exercises wearing prismatic lenses producing
a deviation of the visual field of 10° to the right, while the CG was
treated with pointing exercises wearing neutral lenses that did not
produce any deviation of the visual field.

The two groups were assessed at baseline (T0) and at the end of
treatment (T1) after two weeks. In order to understand if prisms
application produce a therapeutic effect in neglect treatment, we
compared with Analysis of Variance the two groups of stroke patients
at two different treatment times, TO at the enrollment time and T1
after two weeks of pointing treatment with prisms (EG) or with neutral
lenses (CG).

Participants

For our study we enrolled from 9 different Italian rehabilitation
centers 52 stroke patients affected by neglect syndrome.

All patients signed informed consent before participating in the
study, conducted according to principles of the Declaration of Helsinki.
The protocol was approved by the Ethics Committee of the
coordinating center.

Inclusion criteria were: brain vascular lesion in the right hemisphere
documented with CT scan, diagnosis of neglect resulting from clinical
assessment and a span of time of less than 6 months from the onset of
brain lesion.

The presence of cognitive impairment (Mini-Mental State
Examination score less than 21 points), a prior brain injury, severe
impairment of vision or severe hemianopsia, psychiatric disorders and
alcohol and/or drugs abuse led to exclusion from the study.

Procedure

All patients who met the inclusion criteria were randomized by the
coordinating center, into two groups: Experimental Group (EG)
treated with pointing exercises, wearing prismatic lenses producing a
deviation of the visual field of 10° to the right, and Control Group (CG)
treated with pointing exercises, wearing neutral lenses which produce
no effect on the visual field.

Independent variables (gender, age and education level) were
collected for each participant. The MMSE was administered to exclude
cognitive decline. All enrolled patients were assessed with specific
batteries for neglect assessment and Bamford classification.

The two groups were evaluated at baseline (T0) and at the end (T1)
after two weeks of treatment. All patients assigned to EG or CG was
not informed of the effect of the lenses they were wearing during the
treatment.

Treatment procedure

Prism Adaptation: Both groups of patients were exposed to two
daily sessions of treatment from Monday to Friday over a period of 2
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weeks with sessions lasting 20 minutes each, giving a total of 20
sessions.

According to the method presented by Rossetti and Frassinetti
[20,23], patients were sitting at the table in front of a wooden box
(height 30 cm, depth 34 cm in the middle and 18 cm at the edge, width
72 cm). The external edge on the patient side of the wooden box was
straight while on the opposite side, facing the experimenter, the edge
was convex. On the curved side there is a graduated line (in
centimeters) with three possible positions: a central position straight
ahead in front of the patient (0°) and a lateral position to the left or to
the right of the patient’s body midline (-21° and +21° respectively).

The wooden box was open on the front and on the rear side and the
patient could operate the pointing movements towards a simple target
like a pencil, showed by the therapist on the convex side. The targets
were presented randomly in the central or in the lateral positions. The
random sequence, previously defined, was the same for all the patients.

The patients were positioned in front of the box at a distance of 15
cm from the table. The therapist asked the patients to point with their
index finger towards the target with the right arm starting every time
from her/his chest at the level of the sternum (starting position), and to
point the target with the index finger as fast as possible. The reaching
movement was executed below the upper side of the box, in order to
hide the arm’s trajectory.

Each performance was recorded from the therapist on an
appropriate form.

Each pointing task was performed in three different conditions: Pre-
exposure, Exposure and Post-exposure.

Pre-exposure condition: At the beginning of the treatment, only
during the first session, we asked the patients to point 60 targets
randomly in one of the three possible positions (20 on the center, 20 on
the right and 20 on the left) in order to train the patients to the
procedure. Half of the 60 pointing are conducted with the visible hand
and half are conducted with the hidden hand.

Starting from the second session, and for each following one, at the
beginning of the treatment, we asked the patients to perform 30
pointing with the hidden hand in order to verify the after effect (the
leftward visuomotor bias induced by prims) [20] or, in other words,
what patients retained from the previous treatment.

Exposure condition: Patients were asked to point, as rapidly as
possible with their right index finger, to 90 targets presented in
random order in each of the three possible positions (30 on the center,
30 on the right and 30 on the left). All the pointing were performed
wearing prismatic goggles inducing a 10° shift of the visual field to the
right. All movements were performed with the arm below the top face
of the wooden box in order to hide the arms’ trajectory. The main goal
of the Exposure Condition was to induce an adaptation to the
rightward deviation. (Prism adaptation).

Post-exposure: The patients had to point 30 targets (10 on the
center, 10 on the right and 10 on the left) without prism. The pointing
was performed below the top of the box in order to hide the arm
movement and also the index finger. The aim of this phase was to
evaluate the persistence of the rightward deviation after the prism
exposition (after effect).

Instruments

Neuropsychological tests
We administered the following battery of tests to the patients:

Bells Test: 315 small figures are randomly distributed on an A4
sheet. Patients have to select and tick the scattered 35 bells. The
maximum score is 35 [29].

Behavioral Inattention Test-BIT: total score range from 0 to 146. The
cut off is 129 points.

BIT sub tests: Line crossing test: 40 segments are randomly
distributed with different inclination on an A4 sheet. Of these, 18 are
on the left side of the sheet, 18 on the right side and 4 at the center. The
patient has to cross out all lines on sheet. The maximum score is 36, as
the four central lines are not counted.

Letter cancellation test: Patients have to cross out with a pencil all
the letters "E" and "R" among a series of letters arranged in five rows on
an A4 sheet. The maximum score for this test is 40 points (one point
for each letter correctly crossed).

Star cancellation test: Patients have to cross out with a pencil all the
small stars among letters, words, and larger stars distributed in
scattered order on an A4 sheet. The maximum score is 54.

Figure and shape copying: The task is divided into two sub-tests. In
the first subtest the patient has to copy three figures (a four-pointed
star, a cube and a flower) vertically drawn on the left side of an A4
sheet. Each figure has to be copied on the corresponding quadrant on
the right side. One point is given for each drawing copied in a
symmetrical manner. The second sub-test consists in copying on
another A4 sheet three geometric shapes (triangle, rectangle, rhombus
divided in two, isosceles triangle). One point is given if the patients
copy all three figures in the space below. The maximum total score is 4.

Line bisection: It consists in three lines of equal length drawn on an
A4 sheet. The highest is shifted to the right, the lowest to the left and
the intermediate to the center of the sheet. The patients have to halve
the lines with a sign. The score, ranging from 0 to 3 points, depends on
the distance of the patient's sign from the middle of each line.
Maximum score is 9.

Representational drawing: The patient has to draw a clock, a human
figure and a butterfly on three different sheets. The score, ranging from
0 to 1 for each drawing, depends on whether it is complete and
symmetrical. 0 points if there are missing elements. The maximum
score is 3 [30].

Clinical scales

Bamford Classification: It allows clustering patients with cerebral
infarction into four groups on the basis of signs and symptoms
according to some distinctive features.

Total anterior circulation infarcts (TACI): It involves the proximal
stem of the middle cerebral artery. Patients present contralateral
hemiplegia, hemianopsia and cognitive impairment.

Lacunar infarcts (LACI): Tt consists in occlusion of the deep
perforating artery, with involvement of the lenticulo-striate arteries.
These patients show hemiparesis, pure sensory deficit, dysarthria
associated with deficient contralateral limb motor coordination and
association of ataxia and hemiparesis.
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Partial anterior circulation infarcts (PACI): produced by the | q4s5 M 71 | missing data PACI
occlusion of a branch of the middle cerebral artery with predominantly
cortical involvement. Patients show motor, sensory and cognitive | EG16 M 62 | 13 PACI
impairment.
P EG17 F 68 missing data LACI
Posterior circulation infarcts (POCI): It consists of the obstruction
of the arteries in the vertebro-basilar territory. Patients could present EC18 F 0 17 TACI
bilateral motor and sensory deficits [31]. EG19 M 74 |17 TACI
Functional scales EG20 M T LACI
Behavioral Bergego Scale: This is a functional scale based on a direct | E¢?1 M 8 |5 LACI
observation of the patient's functional abilities in everyday activities, | ggoo M a8 |13 LACI
such as caring for hair and face, dressing or using a wheelchair. Each
task scores from 0 to 3. The total score ranges from 0 (no disability) to EG23 M 7 |8 PACI
isabili 2].
30 (severe disability) [32] oG v 2 |s TACH
Statistical analysis CG2 M 60 | 13 LACI
We used Wilcoxon test to compare the two groups according to age, | CG3 M 74 |13 PACI
gender, education level, onset days and neglect impairment. A mixed G s |8 c
within subjects and between groups ANOVA was applied in order to 4 M ! TACI
compare the two groups of stroke patients at the enrollment time (T0) CcG5 M 66 | 13 TACI
and after two weeks (T1) of pointing treatment with prisms (EG) or
with neutral lenses (CG). Statistical analyses were carried out by the | CG6 F 70 15 TACI
stat{stlc c.enter ICT-NHS of (_}rosseto, using the Sta.tlstlcal Package for | ., M 73 |5 PACI
Social Sciences software, version 18.0 (SPSS Inc, Chicago, IL).
CG8 M 59 1 PACI
Results CcG9 M 67 |5 PACI
For the present study we enrolled 52 stroke patients, 33 malesand | 5540 . 56 | 13 PACI
19 females, ranged from 36 to 83 years of age, with an average of 65.93
(SD=10.95). The average period of education was 9.95 years (SD=4.32). CG11 M 36 |13 PACI
Patients were enrolled at an average of 1.99 months (DS=1.25) from
CG12 F 61 5 PACI
stroke onset (Table 1).
CG13 F 79 |5 TACI
Gender | Age | Education (years) | Lesion site (Bamford)
CG14 M 57 5 LACI
EG1 F 60 12 LACI
CG15 F 61 8 TACI
EG2 M 53 17 LACI
CG16 M 66 | 13 PACI
EG3 M 66 | 13 LACI
CG17 F 56 16 TACI
EG4 M 74 8 TACI
EG5 M 60 |17 TACI Table 1: Reports a description of the sample (age, gender, education
level and Bamford classification).
EG6 M 60 |8 PACI
EG7 M 64 | 5 PACI Due to their worsening clinical conditions, 2 patients assigned to
EG and 4 patients assigned to CG did not complete the treatment so
EG8 M 68 |5 TACI were excluded. Moreover we excluded 6 patients (3 patients in the EG
EGo M & |13 TAC] group ar_ld_3 patients in the CG group) because of outliers. At the end
the statistical analysis were conducted on a sample of 40 neglect
EG10 F 82 |4 PACI patients (23 for EG and 17 for CG).
EG11 F 65 | 5 PACI At the basal condition the two groups were comparable for age,
gender, education, onset days, and neglect impairment measured with
EG12 M 53 | 13 PACI the Behavioral Inattention Test (Wilcoxon Z=-0,881 p=0.378) (Table
EG13 F 74 1 LACI 2).
EG14 M 78 missing data PACI
Variable group average st.dev ‘ t ‘ p
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CG 62.88

12.55

1.269 0.215

Age

EG 67.48

CG 9.35

3.92

0.777 0.443

Education

EG 1.45

4.67

CG 51.24

26.67

Onset from stroke (days)

EG 66.30

-1.261 0.215

43.52

Bit-total score CG

100.47

30.77 0.953

Table 2: Comparability of the two study groups.

Error reduction effect between groups

In order to verify the effect of prisms on neglect syndrome we
evaluated the improvement in neuropsychological tests comparing the
two groups before and after the treatment with a mixed within subjects
and between groups ANOVA.

We have compared the EG and CG at T0 and T1 time, highlighting
a correlation only with the timing. Indeed, data show that there is no
significative correlation with the kind of treatment for all the outcome
measures. At the Bells Test the within-subjects analysis shows that at
Tl time, the number of targets for CG (T0=17.18+/-7.86;
T1=22.24+/-8.05) and for EG (T0=22.65+/-7.25; T1=28.83+/-6.06),
have significantly improved (F=32.45, p=0.000) (Figure 1). The analysis
between groups shows no effect related to the kind of treatment
(F=0.320, p=0.575).

e 25

[ Chart Area ]

Bellstotal

BTO Time

ET1 Time

Figure 1: Bells total score at TO and T1 time. Even if the difference
between TO and T1 time is significative for both groups (F=32.451,
p=0.000), no significant effect related to the kind of treatment is
found (F=0.320 p=0.575).

Also for the Behavioral Inattention Test the with-in subjects analysis
shows that at T1 time, EG and CG have significantly improved their
performance with respect to TO time. The number of targets for both
CG (T0=100.47+/-30.77; T1=112.12+/-30.09) and for EG
(T0=99.87+/-32.13; T1=124.78+/-22.02) are significantly improved
(F=22.033, p=0.000) (Figure 2).
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Figure 2: BIT total score at TO and T1 time. Even if the difference
between the times of treatment (T0-T1) is significative for both
groups (F=22.033, p=0.000), no significant effect related to the kind
of treatment is found (F=2.936 p=0.095).

Between groups analysis shows no effect related to the prisms
treatment (F=2.936 p=0.095).

The Bergego scale with-in subjects analysis shows that at T1 time,
EG and CG have significantly improved their performance respect to
TO time. The number of targets both for CG (T0=17.00+/-9.825;
T1=11.56+/-8.222) and for EG (T0=17.77+/-7.224; T1=9.45+/-7.156)
are significantly improved (F=25.354, p=0.000) (Figure 3). The analysis
between groups show no significant effect related to prisms treatment
(F=1.112 p=0.299).
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Figure 3: Bergego total score at TO and T1 time. Even if the
difference between the times of treatment (T0-T1) is significative
for both groups (F=25.35, p=0.000), between groups analysis show
no significant effect related to the kind of treatment (F=1.112
p=0.299).

Discussion

In a previous random single blind study [33] we compared neutral
lenses with 10 dioptric prismatic lenses that produce a deviation of 5
degrees of the fixation point of visual field toward the right side, in
order to verify if it was possible to obtain a therapeutic effect with less
discomfort to patients. Since we obtained the same improvement for
both groups (5 prismatic dioptric lenses and neutral lenses), we
concluded that prisms of less than 10 dioptric degrees did not produce
any therapeutic effect, while the improvement of both groups was
considered as a result of the pointing exercises.

In this study, we used the same procedure, as described by
Frassinetti and coworkers [20], comparing neutral lenses with 20
dioptric prismatic lenses that produce a deviation of degrees of fixation
point of visual field toward the right side.

Comparing two groups at the T0 and T1 times, both groups show a
significant improvement in administered neuropsychological tests, but
the analysis between groups highlights that this effect can be related to
the time of treatment rather than to the group (prisms or neutral
lenses).

In the last 10 years, many papers have highlighted the effectiveness
of prisms treatment [23,34] but others researchers have highlighted
opposite conclusions from their data [35].

Among the studies in which we can observe an improvement
induced by pointing using hidden limb and prismatic lenses,
Dijkerman and colleagues reported an improvement of
somatosensorial function in a patient, a 31-years-old, right-handed
woman, included in the study after 3 months from the onset of an
ischemic stroke [36]. In this work, unfortunately, the main aim was
only to exclude spontaneous improvements so we cannot understand if
a similar result could be obtained also without prismatic lenses.

Farné and colleagues studied 6 subjects with neglect, finding
improvements in both the tasks they used, which required the
combined use of eyes and hands. Unfortunately, also in this case, there
was not a control group treated with neutral lenses, so we cannot
attribute the observed effect to the prismatic lenses rather than to the
pointing training [37].

Rode and colleagues evaluated the effect of the training on 2
patients treated with prisms, on a drawing copy and on
representational tasks. The data highlighted a significant improvement
on both the tasks, but also in this case, the treatment was not
compared with neutral lenses treatment [39].

Frassinetti and colleagues in 2002, evaluated 7 subjects treated with
prismatic lenses compared with 6 untreated patients in order to
exclude that their improvement was only due to a spontaneous
evolution. The authors concluded that the improvement was due to the
prismatic lenses, but also in this study the prisms treatment was not
compared with neutral lenses treatment [20].

As in our previous study, other researchers have highlighted a
significant improvement in neglect impairment using both neutral
lenses and prisms, but also in these cases the prisms power was lower
than 10 prismatic dioptrics [39].

In 2006, Rousseaux and coworkers, involved 10 neglect patients
randomly treated with prismatic or neutral lenses. The results
highlighted a significant neglect improvement in both groups without
statistical differences between the two groups. The authors argue that
the effect of the improvement observed could be related to a learning
effect or to an increase in vigilance or sustained attention [21].

In 2009 Serino compared 10 neglect patients treated with prisms,
and 10 neglect patients treated with neutral lenses, highlighting an
improvement for both groups, but higher for prisms. The authors
explained the improvement observed for the neutral lenses group as a
consequence of the procedure that requires the patient to plan and
perform a series of movements toward a visual stimulus, which is
occasionally placed within the neglected field [40].

Ladavas and colleagues in 2011, administered the pointing exercise
comparing two types of prisms treatments based on two different
procedures consisting of the presence or absence of visual feedback in
target pointing. These two methods were also compared with neutral
lenses. The results highlighted that the repetition of pointing
movements toward visual stimuli can improve visuospatial
performance both in patients treated with prisms and with neutral
lenses. Neglect amelioration was significantly greater when the
pointing was performed under the influence of prisms. The application
of the procedure named “Terminal Exposure” (i.e. the patient cannot
see his/her hand before the movement has reached its end) highlighted
the importance of hiding the arm movement during the pointing task
[34].

To explain the discrepancy in the results from literature we have
hypothesized that it could depend on one or more of the following
hypotheses:

o different assessment tools used by the researchers
o different application of the prisms method
« differences between enrolled patients

Different assessment tools

Literature seems to show that the effectiveness of this type of
treatment (pointing with non-visible limb and prismatic lenses) is
remarkable and probably has a beneficial effect on the different neglect
symptoms also (e.g. on visual perceptive ones). Indeed, Rode has found
that it seems to be effective on representational neglect [38], Silicate on
postural imbalance [41], Dijkerman on somatosensory function [36],
and Maravita on tactile and auditory extinction [42]. All these articles
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show that the prisms seem to be effective on a large number of neglect
symptoms. It seems unlikely that the effect can be related to the type of
task used to highlight the prisms’ effectiveness. Moreover, Farné and
colleagues in 2002 conducted a research study using tasks requiring the
simultaneous use of eyes and hands compared with tasks that required
the only use of vision (the use of the hand was strongly inhibited when
indicating the pictures that they were describing or the words they
were reading). Comparing the performance of 6 neglect patients before
and after only one session of treatment with prismatic lenses, the
researchers observed a significant improvement on both types of tests.
This could lead the authors to assume that probably the prisms
treatment produces an effect on higher levels of visual-spatial
elaboration, given that the cognitive functions required for the correct
execution of the proposed tasks are very different [37].

Different application of prisms method

It has been proposed by some researchers [34] that the different
results can be attributed to the way in which the researchers apply the
method. This seems to be confirmed by some articles that show that 10
prismatic dioptric lenses are useless to promote significant difference if
compared with neutral lenses [33,39]. Moreover, Ladavas and
colleagues underlined the differences in applying the method with very
late visual feedback in target pointing, compared with visible arm
during the pointing movement, highlighting how a better
improvement can be obtained with the hidden arm during the
pointing movement. However this does not seem to be coherent with
the results highlighted in this study as we have exactly applied the
method described by Rossetti and Frassinetti [20,23].

Differences between enrolled patients

Finally, the type of patients normally involved may account for the
differences between the results reported in the different papers. Serino
has tried to study behavioral and neuroanatomical predictors of
recovery exploring the reorganization of low-order visual-motor
behaviors and high-order visual-spatial representation induced by
prisms [43]. There is no correlation between the reduction of errors
and the after-effect, which suggests that these two are correlated by an
unknown process [44], while the reduction of errors during the first
week can predict an improvement in neglect over time, as well as a
greater ability to quickly adapt to the deviation induced by prisms.

Regarding the neuroanatomical predictors, the extent of the brain
lesion seems to be associated with a lower improvement [45]. Medial
temporal structures play an important role in supporting functional
improvement after prism adaptation treatment [46] and anterior
cerebellar cortex in computation or compensation of ipsidirectional
visual error [47]. Moreover, severe occipital lesions were associated
with a lack of error reduction, poor neglect recovery and reduced
oculo-motor system amelioration [43]. We can assume that the
impairment of greater cortical areas can reduce the restoration of the
higher levels, requiring greater integration, such as visuospatial
representation. While prisms could be effective on these high levels of
visuomotor behavior, the lower-order could be mediated by the
pointing training with no visible limb [43]. Moreover, since pointing
relies on a form of visuomotor coordination between hand and eye
[48] pointing exercises might train the patient to orient the eye-hand
sensory motor system toward the left side of space. This effect can be
strongly reinforced by prism adaptation [36].

Our results show a significant improvement of both groups
throughout the treatment time. Even if it is not possible to demonstrate
a significant difference between the two groups, data show a higher
improvement of the EG in all the outcome measures.

As in this study we have applied the method described by Frassinetti
and coworkers in 2002, we believe that the differences between our
results and those reported in other studies with a more evident prisms
effect can neither be due to the applied treatment nor to the outcome
measures used for the evaluation, but probably it can be correlated
with the gravity of the enrolled patients in our sample [43,45].

Conclusions

According to our results we can conclude that pointing with no
visible arm is useful in neglect treatment and that prisms procedure
produces some further benefits even if the low number of subjects
enrolled is still insufficient to give clear evidence in the use of prisms.
However, as reported from literature, since no adverse effects related to
the use of prisms has ever been reported, it is preferable to choose this
procedure to improve neglect symptoms in clinical settings.
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