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Abstract
This doctoral thesis is divided in six chapters anesents the results of four experiments. It
investigates the use of prism adaptation (PA) exrgthabilitation of spatial neglect, how PA
may affect spatial cognition, and the specific natdms that are influenced by PA. Knowing
more about the systems responsive to PA may helpmderstanding of which symptoms,
and which patients, improve optimally after PA tiag.
The Introduction explains concepts and backgroumsksful for the understanding of the
experimental projects. First, the definition an@decteristics of Unilateral Spatial Neglect are
introduced, followed by a review of the distinctiom the variety of spatial neglect that
separates “perceptual” versus “premotor” neglectl ahe anatomical and functional
dissociation between brain areas associated widsethtwo subtypes of neglect. The
Introduction summarizes paradigms that have beed s disentangle the perceptual and
premotor components of spatial neglect and theepettof perceptual and premotor biases
reported in neglect patients. A description ofeléint methods that have previously been used
in the rehabilitation of spatial neglect is alsmyded. Among them, the PA technique is
described in detail, including the background inchhPA has been used, measures to assess
the presence of adaptation and aftereffects fotigwhe adaptation procedure, processes that
have been proposed to be involved in the sensorni@nsformation that occurs during PA,
the beneficial effects reported after PA paradigmseglect patients, and the effects of PA in
healthy individuals. Finally, the Introduction gs/@n overview of the cerebral circuits that
appear to be involved in PA based on data derivemh brain imaging studies, studies with
brain-damaged patients, and studies with primates.
The next four chapters report the results of foypegiments. These chapters are divided in
two main parts. The first section focuses on tresifality of using ecological visuo-motor

activities, based on diverse and engaging visuamntasks, during adaptation to prism.



In Experiment 1, 10 neglect patients were submiteetdoth a standard pointing adaptation
training (Frassinetti et al., 2002) and a trainimgplving diverse ecological visuo-motor tasks
(Ecological procedure). The effect of the two tneamts was compared in a large assessment
including a variety of neuropsychological testsvadl as functional scales.

In Experiment 2, the presence of adaptation andreffects was assessed during the
ecological procedure, and these measures were cethpéth those obtained during the
traditional pointing task.

In Experiment 3, we used a modified version ofiheadigm of Schwartz et al. (1997) and Na
et al., (1998) to decouple perceptual-attention e€xehh and motor-intention “aiming”
components in visuo-motor tasks (line bisectiofe Teffects of PA on where and aiming
components were tested in a large group of neuicdthg healthy individuals.

In Experiment 4, the same effects were testedgroap of five neglect patients.

Lastly, the General Discussion summarizes and riateg the results of the four experiments,
highlighting the implications for the rehabilitati@f spatial neglect.

Results from these experiments show that PA trgiraesociated with varied visuomotor
activities is an effective tool to ameliorate soaspects of spatial neglect as well as functional
disabilities, being as effective as the more eshbd pointing task.

In the four experiments, measures of adaptation edteteffects were obtained using three
different adaptation procedures: pointing, ecolagiand line bisection tasks. It is argued that
these measures, especially the aftereffect measmna@g be important for establishing the
effectiveness of adaptation procedures in neglebtbilitation. It appears that the three
adaptation procedures (pointing, ecological, lingettion) can all induce error correction
during the exposure phase. However, the ecologiu@lthe pointing procedure seem to create
strong and prolonged aftereffects, with the ecalalgiask even better in inducing aftereffects
than the pointing task. By contrast, the line Wisec task appears to induce weaker

aftereffects, suggesting that its use may not kignap in prism paradigms. Reasons for such
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differences are explored, focusing on the motivetitor the increased aftereffects during the
ecological procedure. Indeed, exposure to prismedsed the aiming bias after PA in both
studies. In the group of healthy individuals, timéial left aiming bias was reduced after
exposure to left-shifting prisms (Experiment 3).dnsimilar way, in the group of neglect
patients the initial right aiming bias improved eaftexposure to right-shifting prisms
(Experiment 4). In addition, in the healthy pagents no changes in the aiming bias were
found after exposure to right-shifting prisms amdhteol goggles, indicating that the effect of
left-shifting prisms was not due to increased faritly with the task (Experiment 3). These
results are interpreted and integrated in lighteaent findings.

Experiments 1 and 4 also showed the cortical asssciated with neglect in our patients and
the responsiveness to the PA paradigm. Resultsrowd that patients with right-sided brain
lesions in the frontal-parietal cortical and sulbical areas are still able to adapt to the lateral
shift induced by prism, and further suggested #ddption to prism and improvement in
neglect symptoms can occur even in the presenae o€cipital lesion.

Finally, the Discussion addresses the question ¥ o differentiate the effect of the
experimental manipulation from spontaneous recowemyle testing the efficacy of new
rehabilitation methods in brain-damaged individudlserefore, evidence for the specificity of
our intervention is provided. It is argued that ijameous recovery cannot fully account for
the present findings of improvement in neglect stonms after PA treatment (Experiment 1
and 4). It is also suggested that performing studimploying neurologically healthy subjects
can help in providing evidence for the effect oftraatment on cognitive function. In
particular, testing healthy subjects to better wstd@d the functioning of PA in neglect
patients is facilitated by the fact that healthgiunduals show biases in spatial cognition that

mirror the biases in neglect patients.



INTRODUCTION

1.1 Unilateral spatial neglect

1.1.1 Definition and characteristics

Spatial neglect is a neuropsychological disordezrehy patients fail to report sensory events
occurring in the portion of extra-personal spacg @fnthe body contralateral to the side of the
hemispheric lesion, and to explore that part otepa the absence of primary sensory or
motor impairments (Heilman, Watson, and Valenste@7,9; Vallar, 1998; Husain, 2008;
Driver and Mattingley, 1998; Halligan et al., 20G&ilman et al., 2003).

Spatial neglect is more frequent and severe atienadje to the right cerebral hemisphere,
involving the left side of space (Bisiach and Vgll2000; Halligan, Fink, Marshall, and
Vallar, 2003; Heilman, Watson, and Valenstein, 2003t right neglect has also been
reported after left-hemisphere lesions (Beis ¢t24l04; Pia et al., 2009; Bultitude and Rafal,
2010). The rate of occurrence after stroke var@ssicerably across studies (from 13% to
82% with a median of 43% in the review of Bowen,Kdana, and Tallis, 1999), mainly
depending on the test batteries adopted. Groupestuddicate that left USN is a frequent
deficit after right brain damage (moderate to sewer36% of the patients reported by Azouivi
et al., 2002, with some degree of neglect in 85%hefpatients; 48% occurrence rate in the
patients reported by Buxbaum et al., 2004).

In every daily life, patients with severe negleotldwing right hemisphere damage may
behave as if the left side of the world no longests: they may forget to dress the left side of

their body or ignore objects and people when |atate their left. When walking or



propelling the wheelchair, they may collide withirfilure that is placed on the left side of the
room.

In a similar way, when neglect patients are tesigld paper and pencil diagnostic tests they
may fail to cancel items on the contralesional siflehe paper. Even when they mark all
targets, the qualitative features of their perfatoeamay reveal spatial bias as patients with
left spatial neglect typically begin to explore thisual display at the right side, contrary to the
performance of healthy subjects or patients withHemisphere damage (Gainotti, D’Erme,
and Bartolomeo, 1991; Jalas, Lindell, Brunila, Term & Hamalainen, 2002; Azouvi et al.,
2002). Similarly, they tend to draw the right sidka scene and deviate rightward when
bisecting a line. Spatial neglect is also frequerdksociated to phenomena such as
“extinction”, in which patients exhibit a preservedility to detect a contralesional single
stimuli but fail to report it when it is presentsidnultaneously with a second stimuli (Brozzoli
et al., 2006; Driver et al., 1997), and to “anosmgja”’ defined as the unawareness of neglect
symptoms (Bisiach and Gimiani, 1991; Marshall aradliglan, 1988; Berti, 2002).
Right-brain-damaged neglect patients typically enéswith a more severe sensorimotor
impairment than right-brain-damaged patients withoeglect (Buxbaum, et al., 2004;
Paolucci, Antonucci, Grasso, and Pizzamglio, 20@&Ihough neglect symptoms tend to
spontaneously improve during the acute phase ofdibease, they may persist severe and
chronic in many patients and become an obstacléhforoutcome of rehabilitation training
(Farné et al., 2004; Sameulsson, Jensen, EkholmerNand Blomstrand, 1997; Katz,
Hartmann-Maeir, Ring, and Soroker, 1999; Hier, Mook, and Caplan, 1983). Indeed,
spatial neglect is associated with a more seveeeativdisability, and the presence of neglect
iIs a predictor of poor functional outcome and lo§sndependence after right hemispheric
stroke (Denes, Semenza, Stoppa, and Lis, 1982pdehk Laihosalo, Kettunen, 2006; Katz,

et al., 1999; Paolucci, et al., 2001).



Spatial neglect itself is not generally consideegednitary condition (but see Corbetta and
Shulman, 2011 and Karnath and Rorden, 2011). It afégct different sensory modalities,
reference frames, or spatial domains to differagrees in different patients (Halligan, et al.,
2003; Vallar, 1998; Vallar, Bottini, and Paules®03). Neglect symptoms may appear in
visual, auditory and proprioceptive-somatosensoogdatities (Cubelli, Nichelli, Bonito, De
Tanti, and Inzaghi, 1991), and may be relativegocentric frames, with reference to the mid-
sagittal plane of the patients’ body (for example-bead, and trunk-centered) and/or to
allocentric and stimulus-centered frames (for eXampelative to the principal axes of
objects) independent of the patient’s body perspe¢Marsh and Hillis, 2008; Bisiach, 1997;
Farah and Buxbaum, 1997; see Walker, 1995 for i@wgv Selective neglect symptoms may
be observed in the personal space, relative t@dtients’ body, or in the near and far extra-
personal space, behaviourally defined as the spébén and behind arms’ reach (Bisiach,
Perani, Vallar, and Berti, 1986; Guariglia and Antoci, 1992; Halligan and Marshall, 1991;
Vuilleumier, Valenza, Mayer, Reverdin, and Landi898; Berti, Smania, and Allport, 2001,
Vallar and Maravita, 2009).

The heterogeneity of the neglect manifestationgesig that spatial neglect does not derive
from the impairment of a unitary monolithic supradal system and that multiple
components are involved in spatial cognition. Sppateglect may derive from unawareness of
stimuli in contralesional space due to an inabititydisengage attention from ipsilesional
stimuli (Posner, Walker, Friedrich, and Rafal, 198iom deficits in re-orienting attentional
resources towards the contralesional space dubetaasymmetric competence of the two
hemispheres (Heilman and Van Den Abell, 1980), romf the rivalry between the two
hemispheric attentional vectors (Kinsbourne, 199R8glect deficits may also be caused by
defective directional motor programs (Heilman, Basy&oslett, Whelan, and Watson, 1985)
or an impaired internal representation of spacsiéBh, 1993). The spatial-attentional, motor,

and representational models are not mutually inaiile and the combination of their
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selectively damaged components may give rise tbdéhavioural dissociations that have been
observed in neglect patients.

Finally, the severity of the neglect syndrome cam dxacerbated by non-lateralized

mechanisms impaired by nearby brain lesions (sees&im and Rorden, 2003 for a

comprehensive review). For example, impairmentemmporal attention (i.e., attentional blink

paradigm; Husain, Shapiro, Martin, and Kennard, 7)98ustained attention (Samuelsson,
Hjelmquist, Jensen, Ekholm, and Blomstrand, 199&ltdson, Tegner, Tham, Levander, and
Ericson, 1996; Robertson et al., 1997), detectioth® salience of stimuli among distractors,

or trans-saccadic spatial working memory (Husaialgt2001) may all increase the severity

of spatial neglect.

1.1.2 Perceptual and premotor spatial neglect

Linked to the above chapter, a main distinctiontha variety of spatial neglect separates
“perceptual” vs “premotor” neglect (Bisiach, Genaini, Berti, and Rusconi, 1990). This

distinction may not be seen as a clear dichotonthusion but more as a continuum of

impairments that affect primarily the input versugput components of goal-directed visuo-
motor responses. The “failure to perceive” conteakl events may be a consequence of
reduced perceptual resources and unawarenessnodisti contralesional space. On the other
hand, the “failure to reach” objects located in toatralesional part of the space may depend
on specific impairments in the planning, initiati@md execution of actions toward the

contralesional hemispace. In the literature, ottenims have also been used such as
“attentional” vs. “intentional”, or “where” vs. “ening” types of neglect (Barrett, Beversdorf,

Crucian, and Heilman, 1998; Barrett, Crucian, Bsglerf, and Heilman, 2001; Rapcsak,

Verfaellie, Fleet, and Heilman, 1989).

Premotor/intentional/aiming disorders refer to impents in actions toward the

contralesional side of the space that cannot bebascto a primary motor impairment. In

7



right-brain-damage patients, these deficits aratedl to movements performed with the right
unimpaired arm when directed toward the left silehe space. Within this disorder, a
distinction has been made between the slowneseinnitiation of the actions, defined as
“directional hypokinesia” (Watson, Miller, and Hain, 1978; Heilman et al., 1979; Heilman,
et al., 1985; Coslett, Bowers, Fitzpatrick, Hawsg &eilman, 1990), and the slowness in the
execution of such movements, defined as “directibnadykinesia” (Mark, 1996; Heilman,
2004; Fink and Marshall, 2005). Selective prematgrairments have also been demonstrated
in eye movements, with slowness in the initiatidnsaccades toward the left hemifield
(Behrmann, Black, McKeeff, and Barton, 2002). Indle@meglect patients may exhibit
ipsilesional right gaze deviation (De Renzi, Colami~aglioni, and Gibertoni, 1982;
Ringman, Saver, Woolson, and Adams, 2005; Karna@97) and right ocular fixation
(Barton et al., 1998) in association with feweretrd fixation, fewer and smaller leftward
saccades, and shorter inspection times on theatesitvnal left side of the space (Chedru,
Leblanc, and Lhermitte, 1973; Girotti, Casazza, Wk and Avanzini, 1983; Ishiai,
Sugishita, Mitani, Ishizawa, 1992; Behrmann, WBtgck, and Barton, 1997; Ro, Rorden,
Driver, and Rafal, 2001; Niemeier and Karnath, 2088e Ishiai, 2006 for a review).
Similarly, neglect patients can exhibit rightwargvaition during navigation through
locomotion, for example when asked to pass thraudbor, suggesting premotor impairments
involving body movements (Robertson, Tegner, Gabgrand Wilson, 1994; Tromp, Dinkla,

and Mulder, 1995; Berti et al., 2002).

1.1.2.1 Anatomical dissociation

The presence of dissociated perceptual and prendatficits in neglect patients has been
suggested to reflect an anatomical and functioisglodiation between brain areas (Vallar and
Perani, 1986). For example, Mesulam (1981) propasechodel in which anatomically

posterior brain lesions, located in the parietdleloare hypothesized to be more associated
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with perceptual-attentional impairments, while mauaterior brain lesions, located in the
frontal lobe, are more associated with motor impaits. Several studies involving different
paradigms to disentangle the perceptual and prencoimponents in neglect patients have
provided evidence in support of this hypothesigggesting an association with frontal-
subcortical lesions in premotor types of neglectl gosterior parietal-temporal-occipital
lesions in perceptual-attentional types of neg(Btsiach, et al., 1990: Coslett, et al., 1990;
Tegner and Levander, 1991; Bottini, Sterzi, andarall992; Ladavas, Umilta, Ziani, Brogi,
and Minarini, 1993; Na et al.,, 1998; Bisiach et, d995; Daffner, Ahern, Weintraub,
Mesulam, 1990; Liu, Bolton, Price, and WeintrauB92; Behrmann and Meegan, 1998).
Further evidence was recently reported in a stugysapir et al. (2007) in which neglect
patients with damage in subcortical regions (cau@daid putamen/basal ganglia), and in the
white matter underlying the dorsal and ventral pyemn cortex in the frontal lobe, showed
premotor spatial impairments. Consistent with thésdings, Bartolomeo et al. (1998)
reported that 14 right-brain-damaged neglect pttiemho had no damage to frontal-
subcortical areas all showed the perceptual-atteakitype of neglect.

The premotor type of neglect may be relatively mivegjuent following left brain damage
than following right brain damage, which may dependthe more frequent anterior location
of left hemisphere lesions, whereas more frequastepior lesions occur in right brain
damage (Ogden, 1985). However, it is also posdifide premotor factors may be more
relevant for left brain damage than for right bralamage since the left hemisphere is
dominant in programming actions (Schluter, KramsistiRvorth, and Passingham, 2001,
Rushworth, Johansen-Berg, Gobel, and Devlin, 2003).

Although the neuro-anatomical distinction betweencpptual and premotor types of neglect
is well documented, it is not as clean-cut as orghtiike; conflicting evidence has also been
reported (Bisiach, Ricci, Lualdi, and Colombo, 199Blattingley, Bradshaw, and

Phillips,1992; Mattingley, Husain, Rorden, Kennaadd Driver, 1998; Husain, Mattingley,
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Rorden, Kennard, and Driver, 2000; Ishiai, Watabllee, Kanouchi, and Odajima, 1994;
Vossel, Eschenbeck, Weiss, and Fink). Bisiach et(E98) for example, showed an
association between the perceptual-attentional liaa Landmark test (Milner, Harvey,
Roberts, and Forster, 1993) and frontal damagereslsethe motor bias was more associated
with subcortical damage. Other studies (Mattingéeyal., 1998; Husain et al., 2000) have
showed premotor impairments such as directionalokiyyesia (slower initiation time) in
neglect patients following selective parietal lesiowhereas selective frontal and subcortical
lesions were more correlated with directional bkaadgsia (slower movement time) or with a
combination of directional bradykinesia and hype@sia. Finally, some other authors failed to
identify any clear anatomo-clinical correlationngithe Landmark test (Harvey Milner, and
Roberts, 1995a; Harvey, Milner, and Roberts, 199&bdther clinical tests (McGlinchey-
Berroth, et al., 1996) to differentiate subtypesdtial neglect.

A possible interpretation of the presence of simitehavioural impairments following
different brain lesion sites is related to the gaesconnections between brain areas, such that
a lesion in one node of the network may affect otizegles of the same network. For example,
the directional motor disorders recorded after ciele parietal lesions as well as after
selective frontal lesions may depend on the presearicvisuo-motor streams connecting
parietal (e.g., the superior parietal cortex) arehptor areas (in the frontal and subcortical
areas; Bartolomeo et al., 1998). It is also possthat multiple brain areas may underlie
similar tasks (e.g., motor exploration of the Isitie of the space) and may create similar

behavioural deficits after selectively impairment.

1.1.2.2 Paradigms to identify perceptual and preonbiases

Several paradigms have been used to disentangfgetheptual and premotor components of

spatial neglect (see Vallar and Mancini, 2010 fopenprehensive review).
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In a first study, the side of the motor responss diasociated from the side to which visual
attention was directed, asking neglect patientscdatrol their line bisection movement
through a TV video that was placed either in tiglatrior left hemispace (Coslett et al., 1990).
However, as Bisiach et al. (1990) pointed out,ahthors did not uncouple the direction of the
movement performed from the image projected onsitreen so that the left side of each
stimulus was always positioned on the left sidetli# screen. Therefore in successive
experiments, the two spatial biases were assesgatydhe execution of clinical tests (e.qg.,
line bisection and cancellation tasks) contrasting subject's performance in a standard
natural view condition versus an incongruent res@rsondition (Bisiach et al., 1990; Tegner
and Lavander, 1991; Nico, 1996; Na et al., 1998aiAdNa, Schwartz, and Heilman, 1998;
Schwartz, Adair, Na, Williamson, and Heilman, 198&rrett and Burkholder, 2006; Garza,
Eslinger, and Barrett, 2008). In the incongruemdition, the view of the movement was
right-left reversed relative to the direction okthction performed, using devices such as a
pulley, a mirror, an epidiascope, a video-mixerd @ computer program. In the study of
Bisiach et al. (1990), a line bisection task wagquened using a pointer to determine the
midpoint of the line (Fig. 1). The pointer could im®ved directly along the line or indirectly
through a pulley device that moved the pointehm@pposite direction to that of the patient’s

hand.
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Fig. 1 - Pulley to separate the vision of the movemepgréeptual component”, from the direction of the
movement performed, “motor component” (Bisiach let 8990). In the natural condition, the pointemsved
directly (performed with the triangle) and the mgtual and motor components are congruent. Indhersed
condition, the pointer had to be indirectly movhobtigh the rectangle, so that it is lateral disptaent requires

movement in the opposite direction.

Using a similar logic, Tegner and Levander (19919 Bisiach et al. (1995) used a 90° angled
mirror to reverse the image of the stimuli in tbgarsed condition, while Nico (1996) used an
overhead projector (epidiascope) to present theomieversed viewing condition. Finally, in
the paradigm of Schwartz et al. (1997) subjectdopmied a line bisection task via a TV
screen. The image of the stimuli was presenteckritn the natural or right-left reversed
condition through a video camera (Fig. 2, from Naale, 1998). The same paradigm was

applied in other studies (Na et al., 1998; Adaialket 1998; Barrett, Crucian, Schwartz, and

Heilman, 1999; Barrett et al., 2001; Barrett andkBolder, 2006; Garza et al., 2008).

Fig. 2 - Video apparatus (from Barrett et al., 2006, Hase Na et al., 1998) - The camera above recorls th
work-space in a right-left natural condition. Themera below records the work-space in a left-rightrsed

condition. The black panel prevents subjects tl& lE®their own hand during the line bisection task.

12



The logic of the natural-reversed paradigms lies iseparate, quantitative measurement of
two different sources of error when subjects penftlhe same task under two different visual-
motor conditions. In the natural condition, thewakfeedback of the movement is congruent
with the movement performed, so that rightward hamovements appear rightward, and
leftward hand movements appear leftward. Howewvethe incongruent condition, the display
is horizontally reversed so that visual feedbackigiitward movements appeared leftward,
and vice versa. If a participant errs toward theesaide (for example, moving toward the
right side of the workspace) under both natural swérsed viewing conditions, it suggests
that the participant’s bias is relatively insengtito visual feedback and thus may be an
output-related motor-intentional aiming bias. Warticipant’s error changes direction between
the natural and reversed viewing conditions (elge, participant makes rightward responses
under natural viewing, but leftward responses unigereversed viewing), it suggests that the
bias is dependent on visual input, and thus mag perceptual-attentional where spatial bias
(Schwartz, et al., 1997). Directly comparing periance in natural and reversed viewing
conditions allows one to determine whether spatiairs are primarily perceptual or premotor
in nature (Bisiach et al., 1990; Na et al., 1998hwartz, et al., 1997). Furthermore, both
perceptual-attentional where and premotor-intemfiaiming biases may contribute to line
bisection errors in the natural and reversed vigwionditions. Thus, Barrett and Burkholder
(2006) quantified the two biases using Equationantl 2 reported below. In the Natural
condition these biases are aligned and orientédeirsame direction, and thus may contribute
additively to performance (Equation 1). In the Reee condition, the perceptual-attentional
where bias acts in the direction opposite the ptemiatentional aiming bias, since the visual

feedback is 180-degrees reversed (Equation 2).

Natural Error = Aiming Component + Where Component [Equation 1]

Reversed Error = Aiming Component — Where Component  [Equation 2]

13



Algebraically solving these two equations using &mns 3 and 4 allows for the

quantification of both bias components:

Where Component = (Natural Error — Reversed Efrar) [Equation 3]

Aiming Component = (Natural Error + Reversed Er/dt) [Equation 4]

Several studies have supported the validity of fhastionation method by showing that
perceptual-attentional and motor-intentional cueiognditions selectively affected the
respective biases in healthy individuals (Garzdingsr, and Barrett, 2008). As predicted,
visual distraction modified the perceptual-attemiiowhere, but not the motor-intentional
aiming bias. Conversely, motor cueing modified thetor-intentional aiming, but not the
perceptual-attentional where bias components. Thlkdity of the natural/reversed line
bisection procedure was also supported by studiegeglect patients receiving interventions
expected to affect primarily perceptual-attentionv@rsus motor-intentional spatial bias
(Barrett and Burkholder, 2006; Barrett et al., 1,9BArrett et al., 2001).

However, the use of paradigms with reversed-inaoggr view conditions requires the ability
to adjust to incompatible sources of informatiorchsas visual versus kinaesthetic inputs.
Some authors have suggested that these paradiggmeeni@o demanding for brain lesion
patients who have difficulties with incompatiblespenses (Mattingley et al., 1998; Hussain et
al., 2000). Therefore, other paradigms have attechgb dissociate the perceptual and
premotor components of the spatial bias withoutgighcompatible conditions. Some studies
for example (Mattingley et al., 1992; Mattingleyagt, 1998; Hussain et al., 2000; Sapir et al.,
2007) have used a reaching task in which subjesisonded to a target horizontally located in
right, center and left positions with respect te tubject. The direction of the reaching

movement towards the target was manipulated (rigidws leftward) using different starting
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positions. The studies assessed the presence rabfmevs perceptual biases by comparing
the latencies of movement initiation in the difigrdirections. Thus, when the hand starts in a
central position, perceptual and premotor biasexambined since left targets that appear in
the left hemifield required leftward movement. Thetical situation for evaluating the
presence of motor vs perceptual impairment arisenvsubjects have to reach the target from
the left starting position. In this situation, tatg appear in the left visual field but require
rightward movements. Performance can then be iattavith conditions requiring leftward
movements. However, also the reaching task is matune to criticisms. In contrast to the
natural-reversed paradigms, in the reaching taslexiecution of the movement is commanded
by the appearance of the visual target that cuesirtitiation of the reaching movement.
Therefore, the response time to initiate the mowvemmay include both perceptual
components (i.e., the detection of the target) motbr components (i.e., planning and motor
execution) and thus, the perceptual and the mespanse may not be entirely disentangled.
To address this concern, a recent study has intemtla new paradigm based on a delayed-
reaching task in which a memory-guided responsea ttarget location was required
(Shimodozono et al., 2006). In this paradigm, thection time of the target (the perceptual-
attentional component) was separated from theatrot time of the movement (the premotor-
intentional component), and from the execution tohthe movement.

Other studies have attempted at separating theeppesad-attentional and motor-intentional
factors by comparing patterns of responses in plaltasks. For example, some studies have
directly compared the performance in tasks thatuireqonly a perceptual-attentional
component and not a motor response (i.e. verbabre) versus the performance in tasks
that required a motor manual response (i.e. paperpancil tasks; Chiba, Yamaguchi, and
Eto, 2005; Bottini et al., 1992).

Similarly, another study compared the performamsgiessed in reaction time to the stimuli)

in a perceptual task, characterized by lateraliedal stimuli and central motor responses
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versus a motor task based on a “traffic light” testsisting of central stimuli and lateralized
motor responses (Bartolomeo et al.,, 1998). Howewasp this paradigm has possible
problems, such that in the perceptual task a dimegk oculomotor deficit may also play a role
in the response time to stimuli presented in tiftehkemifield, since subjects may be slower to
move their eyes toward the left. In a similar wiythe motor task a deficit in the perceptual
encoding of the left side may also impair the reseotime for leftward movements. Finally,
other paradigms have contrasted patterns of regpdnsa line bisection task comparing the
performance in the Landmark test (Milner et al.93) in which a perceptual verbal
estimation of the length of pre-bisected lines égjuired, versus a line bisection task
performed manually by the subject (i.e., marking tienter of the line or pointing to the
shorter-or-longer segment of the line; Harvey etE95a; Harvey et al., 1995b; Harvey and
Milner, 1999; Ishiai, Koyoma, Seki, and Nakayam@98; Bisiach, Ricci, Lualdi, et al., 1998;

Bisiach, Ricci, and Modona, 1998).

1.1.2.3 Patterns of perceptual and premotor biasegeglect patients

From a review of the literature of the studies ttligsociated the perceptual-attentional bias
from the motor-intentional bias, assessed withedgiit methodology and paradigms, it
appears that spatial neglect may affect primamdsceptual-attentional bias, primarily motor-
intentional bias, or a combination of the two comguuis. By comparing the results obtained
in group studies (¥ 10), it is evident that there is still not an agrent regarding the most
common pattern of impairment in spatial neglectigmas. Some studies reported the
perceptual-attentional factors as more prevalesm the motor-intentional factors in neglect
patients (Bisiach et al., 1990; Tegnér and Levanii®®1; Sapir et al., 2007; Nico, 1996;
Bartolomeo et al., 1998; Shimodozono et al., 20@B8)e study reported a predominance of
motor-intentional impairments (Na et al., 1998, the line bisection task), whereas other

studies showed a mixed pattern of impairment (Cleibal., 2005) or a comparable rate of
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occurrence of the two types of deficits (Adair &t 4998; Na et al., 1998 for the target
cancellation task; Bisiach et al., 1995).

However, the presence of different frequency distion of subtypes of neglect may not be
surprising. Indeed, some studies have shown thatstime patient may present different
patterns of biases (perceptual or premotor biag, combination of them) depending on the
type of task performed (i.e., line bisection versaacellation task: Na et al., 1998; Adair et
al., 1998; Hamilton, Coslett, Buxbaum, Whyte, aretr&ro, 2008) or the type of response
required (i.e., verbal versus manual in a Landnbesk Bisiach, Ricci, Lualdi, et al., 1998).
Similarly, some authors who have attempted to flatise same set of neglect patients into
perceptual or premotor categories using multiplekgahave failed to find a consistent
categorization across tasks (Harvey, Kramer-Mc@gffBow, Murphy, and Gilchrist, 2002;
Harvey and OIk, 2004). This result suggests thahepparently minor variations of the same
task may involve different perceptual or premotpate&al components. For example, no
consistent perceptual and premotor biases weredfanmeglect patients tested with two
similar versions of the Landmark test, in whichgathents of centrally pre-bisected lines or
asymmetrically pre-bisected lines were requiredrgiela and Olk, 2004). In this study, the
subtype of neglect of only 3 out of 13 neglect gratis was consistently classified across both
tests. Similarly, in another study (Harvey et 2D02) just 1 out of 12 neglect patients was
consistently categorized as having a primarily @ptgal bias across three tasks used to
separate the perceptual and premotor componertistifierent methods involving the pulley
device (Bisiach et al., 1990), the epidiascope gNik996), and the Landmark test (Milner et
al., 1993) previously described. These results eupfhe idea that the perceptual and
premotor subtypes of spatial neglect should natdresidered as rigid categories. However, it
is also possible that a robust and consistent ipiadiverse tasks as well as a consistent
performance in diverse time assessment procedurag reflect relatively selective

dysfunction in the perceptual versus the motoriapalystem. It may be useful in future
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investigation to test a large group of patientsaaiange of cognitive tasks over time to better
understand whether perceptual versus motor spm#ialcan be seen as a functionally constant

state in individual subjects (Buxbaum et al., 2004)

1.1.3 Rehabilitation techniques: description ofatiént methods

Several approaches have attempted to improve bpaglect (Luaute, Halligan, Rode,
Rossetti, and Boisson, 2006; Adair and Barrett,82@®arton, Malhotra, and Husain, 2004,
Arene and Hillis, 2007). A main classification @habilitation treatments distinguishes top-
down techniques, in which voluntary strategies ased, from bottom-up stimulus-based
techniques. These different rehabilitation proceduwill be briefly summarized below,
together with the evidence for their efficacy rapdrin the literature. It should be noted,
however, that a recent Cochrane review (Bowen andoln, 2007) concluded that there is
still insufficient evidence to either support ofute the efficacy of particular rehabilitation
procedures in reducing disabilities or enhancimgpendence of neglect patients.

The top-down therapies require patients’ active participation lgarn strategies for
compensating their deficits. Since neglect patients often unaware of their impairments
(anosognosia), the efficacy and applicability oésh methods may be limited. The most
widely used top-down method is based on visual sogntraining (VST), in which explicit
instructions are given to the patients to orieentitoward the neglect side. The VST consists
of long-term training for 40 sessions over 8 weékss therapy can include verbal, tactile,
auditory and visual prompts and it has shown torawe some neglect disorders; one study
reported generalization of improvements to every di@ing situations (Pizzamiglio,
Guariglia, Antonucci, and Zoccolotti, 2006).

In the bottom-uptherapies, instead, patients have a more passige The effects of these
methods seem to depend on the enhancement of doesging of external stimuli through
reconfiguration of correct spatial representatighsarge group of bottom-up interventions is
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based on lateralized physiological stimulation. Sehemethods have been shown to
temporarily decrease neglect symptoms during andlghafter application (typically last not
more than 30 min).

Examples include:

. Vestibular stimulation (Silberfenning, 1941; Rubeth885; Cappa, Sterzi, Vallar, and
Bisiach, 1987; Bisiach, Rusconi, and Vallar, 19Bbde and Perenin, 1984; Karnath,1994;
Vallar, Papagno, Rusconi, and Bisiach, 1995)

. Optokinetic, TENS and neck muscle vibration (Pizigdim, Frasca, Guariglia, Incoccia,
and Antonucci, 1990; Bisiach, Pizzamiglio, Nico,daAntonucci, 1996; Vallar, Guariglia,
Magnotti, and Pizzamilgio, 1995; Vallar, Ruscorti,aé, 1995; Vallar, Guariglia, Nico, and
Pizzamiglio,1997; Karnath, Christ, and Hartje, 1998arnath, 1994; Karnath, 1995;
Schindler, Kerkhoff, Karnath, Keller, and Golderdye2002; Schroder, Wist, and Homberg,
2008)

. Trunk rotation (Karnath et al, 1993)

. Repetitive Transcranial Magnetic Stimulation -- rSMBrighina, et al., 2003; Fierro,
Brighina, and Bisiach, 2006)

. Direct current brain polarization (Ko, Han, ParleoSand Kim, 2008; Sparing et al.,
2009; see also Kerkhoff, 2003 and Rossetti and R2@l@? for review).

Other bottom-up methods are:

. Eye-patching (Butter and Kirsch, 1992; Walker, Yguand Lincoln, 1996; Soroker,
Cohen, Baratz, Glicksohn, and Myslobosky, 1994;r&aret al.,, 2001; Beis, Andre,
Baumgarten, and Challier, 1999; Zeloni, Farné, Backtini, 2002)

. Pharmacological treatment (Fleet, Valenstein, Watsamd Heilman, 1987 Hurford,
Stringer, and Jann, 1998; Geminiani, Bottini, aners, 1998; Grujic et al., 1998; Barrett et
al., 1999; Malhotra, Parton, Greenwood, and Hus006; Husain and Rorden, 2003).

. Prism adaptation and Fresnel prisms lenses (deskcnibdetail in the next chapter).
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The monocular patching technique is based on theagBp effect (Sprague, 1991).
Obstructing visual input to the ipsilesional eygglit) reduces the input to the contralesional
superior colliculus (left), which increases theeeffveness of the ipsilesional superior
colliculus (right), resulting in more eye movemeirit the neglected contralesional visual
field (left; Rafal and Posner, 1987; Butter andsilr, 1992). Previous investigations have
applied this therapy to neglect patients, but haported contrasting finding. Some authors
reported amelioration of neglect symptoms (Butted &irsch, 1992), whereas others have
shown a decrease of them, and even provided ewadiiat eye-patching of the opposite left
eye can produce similar results (Walker, Young, amtoln, 1996; Soroker et al., 1994;
Barrett et al., 2001). A more promising approadnsethe hemi-blinding technique, in which
eye-patching occludes the ipsilesional (right) sidevision in each eye (Beis et al., 1999;
Zeloni, Farné, and Baccini, 2002). This method ltesn a suppression of visual inputs from
the ipsilesional hemispace and appears to incréaseoccurrence of contralesional eye
movements. Improvement in some neglect symptombéeas described using this technique
(Beis et al., 1999; Zeloni et al., 2002).

Pharmacological interventions have also been usétkirehabilitation of spatial neglect, with
conflicting results. Two main classes of drugs h#esn tested: dopamine agonists and
noraepinefrine modulators. For dopamine agonistgh sas bromocriptine, temporary
improvements of neglect symptoms are reported mesoases (Fleet et al., 1987 Hurford,
Stringer, and Jann, 1998; Geminiani, Bottini, anerd, 1998), but also exacerbation of the
symptoms has been reported (Grujic et al., 1998eBaet al., 1999). For the noradrenergic
agonist (noraepinefrine modulators), such as Guwairia, a positive result has been reported
in increasing sustained attention and vigilanceelewith improvement in leftward visual
space exploration in some patients (Malhotra e2806; Husain and Rorden, 2003).

Finally, other authors (e.g., Hussain and Rord@032 have suggested that rehabilitation of

spatial neglect should also include training of +tetteralized mechanisms (for example
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training of alertness or sustained attention) theg often impaired in conjunction with
lateralized deficits in neglect patients. Thesehoés are based on training in which attention
to the task performed is increased by a periodicl lexternal noise, followed by training in
which the prompt is shifted to the patient who I@asverbally “self-alert” himself. These
techniques have shown to lead to improvementspniyt at the level of sustained attention,
but also in lateralized spatial impairments (Radmrt Tegner, Tham, Lo, and Nimmo-Smith,
1995; Robertson, Mattingley, Rorden, and Driver9&,9Thimm, Fink, Kust, Karbe, and

Sturm, 2006).

1.2. Prism Adaptation

Fig. 3 - Rightward-shifting prism inducing a 10° latesaift of the visual image

The human brain has a remarkable ability to quidelgrn and adapt to environmental
changes. One such change — perturbation of thalMigld — has been studied using wedge
prisms for the last two centuries (Stratton, 18®Xposure to lateral shifting prisms induces
an optical deviation that causes objects to apléanally deviated from their actual location.
Two types of lenses have been used in this kinelodbilitation: the Fresnel lenses and the
wedge prism lenses.

The Fresnel lenses are typically used for rehakiih of visual deficits, such as hemianopia.
This type of lens is very flexible since it is maafea static vinyl that allows the lenses to be
directly attached to the spectacles (Fresnel pyaysand to be easily cut to custom shape.

Fresnel lenses can also induce lateral deviatioes(fel prism lenses) similar to the wedge
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prism. Two previous studies applied Fresnel prismsés (both inducing a lateral deviation
of 15 degrees to the right) for rehabilitation efgtect patients, demonstrating improvements
of some neglect symptoms (Rossi, Kheyfets, andrigedi990; Keane, Turner, Sherrington,
and Beard, 2006). The study of Rossi et al (1980plved 39 patients affected either by
hemianopia or spatial neglect. The Fresnel prismds were cut in half and applied only to
the affected hemifield. In a second study involvihgieglect patients, the Fresnel prism
lenses were applied to the entire visual field ased with a similar paradigm that has been
previously reported for prism adaptation technig{kgsane et al., 2006). A limitation of this
kind of lenses, however, is that the flexibility tife material may reduce the contrast of
objects viewed through the lens. By contrast, tleelge prism are made of rigid glass or
plastic and do not alter the visual image.

Wedge prism typically used in interventions in meglpatients induce a lateral deviation of
the visual field that ranges between 10-15 degesesng studies. The standard procedure
employed in prism interventions in neglect patieatsnprises the repetition of pointing
movements toward visual targets (Rossetti et @981 Serino, Angeli, Frassinetti, and
Ladavas, 2006; Serino, Bonifazi, Pierfederici, aadavas, 2007; Serino, Barbiani, Rinaldesi,
and Ladavas, 2009; Frassinetti, Angeli, Menegh&li@nzi, and Ladavas, 2002; Humphreys,
Watelet, and Riddoch, 2006; Nijboer, Nys, van deragt, van der Stigchel, and Dijkerman,
2010; Ladavas, Bonifazi, Catena, and Serino, 2Midgno et al., 2011).

The same procedure has been used in studies of pdsptation (PA) in neurologically
healthy individuals (see Redding, Rossetti, andl&¢al 2005 and Michel, 2006 for reviews,
and Kornheiser, 1976 for older works). When a sttbp@ints to a target during exposure to
prism, she initially performs a pointing error imetdirection of the optical deviation (e.qg.,
rightward deviation for rightward shifting prism#daptationto prisms is demonstrated by a
gradual error correction of the pointing movemeshising the exposure phasiftereffects

refer to the appearance of contralateral pointingre once prisms are removed (e.g.,
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leftward deviation for rightward shifting prismgi the literature (see Redding and Wallace,
2006 for a review and fig. 4 for an example of tibgt), such aftereffects have been assessed
through the proprioceptive test, in which blindiedd subjects direct their pointing
movements to the subjective straight ahead, andvigwal-proprioceptive test, in which
subjects direct their pointing movements towarcduaigargets in the absence of vision of
their arm. An additional measure of aftereffectagsessed through the visual test, in which
subjects verbally estimate the position of a vigaeet. Contrary to the shift induced in the
pointing movements, the prism aftereffect obsenvethe visual test is oriented in the same
direction as the optical displacement (e.g., rigitthdeviation for rightward shifting prisms;

Redding and Wallace, 2010).

Proprioceptive test Visual-proprioeptive test Visual Test

Fig. 4 - Schematic of the 3 aftereffect measures: Proppitice test (left panel), subjects blindfolded hawve
point straight-ahead, Visual-proprioceptive tesidgte panel), with the arm covered to view, sulgdwve to
point to a visual stimulus (red dot); Visual tesglit panel), subjects have to verbally stop thezenoent of

the visual stimulus (red dot) when in front of them

Several factors can affect the size of the aftect$t For example, aftereffects change with the
amount of visible movement during the pointing tetevious studies have demonstrated that
minor changes in the adaptation procedure (i.ectgxaow much of the arm a person can see
during the adaptation task) can influence the @&ffeness of PA For example, concurrent
exposure conditions, in which simultaneous visuall groprioceptive feedback of the

pointing movement is available, have been showninduce mostly proprioceptive
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aftereffects. By contrast, terminal exposure cood#, in which the vision of the limb is
available only at the terminus of the pointing moeat, induce mostly visual aftereffects (see
Redding and Wallace, 1990; Redding and Wallace,71%=dding and Wallace, 2010;

Ladavas et al., 2011).

1.2.1 Strategic recalibration and adaptive realigemhprocesses

Two distinct processes have been proposed to lodview in the sensori-motor transformation
that occurs during PA: a strategic re-calibratiod a spatially adaptive realignment (Redding,
et al., 2005; Redding and Wallace 2006; Newport dackson, 2006). Thstrategic re-
calibration is responsible for the correction of the movemegregormed during the initial
phase of prism exposure. During exposure to rigtdvghifting prism, the perceived location
of the target is shifted towards the right of theettarget location. The initial pointing
movements result in lateral off-target endpointgiated in the same direction as the prismatic
shift. In order to reach the true target positiobjscts have to redirect the movement more
leftward with respect to the perceived target lmcatFeedback signals generate a visuo-motor
correction to the path of the movement, which spomsible for the gradual improvement of
the performance. This process is based on plansattiipate the error and minimize the
perturbation (Weiner, Hallett, and Funkenstein, 398/elch, Choe and Heinrich, 1974;
Redding and Wallace, 1993; Redding and Wallace6)199ue to the flexibility of the visuo-
motor system, repetition of movements allows tal@gth new sensorimotor correlations.
More recently, this process has been depicted esalibration” (Redding, et al., 2005,
Rossetti and Wallace, 2006) meaning that the momtsnare recalibrated over subsequent
trials. This mechanism was described as a tempaady local rearrangement of spatial
representations that can occur quickly and canbserged within a few trials (5 to 15 trials,

depending on the particular conditions employed).
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When the visuo-motor interactions are further penied, anadaptive realignmenof visual
and proprioceptive spatial reference frames ocfRossetti, Koga, and Mano, 1993). When
exposed to lateral shifting prism, the visual angppioceptive reference frames are no longer
aligned. For example, the eye-centered referemredin which visual information is coded is
shifted relative to the shoulder-centered referdremme that constrains the range of pointing
movements. The perceived target location is sgetily oculocentric coordinates. In order to
reach the target the limb has to be moved away ttwmperceived deviated target location
toward the real target location. Therefore, the angbrogram planned on the visual
coordinates of the perceived target location hasdore-directed to an incorrect motor
program that is planed in limb-based coordinatatingd to the veridical target location. The
redirection of the movement constitutes the spdistrepancy signal required to update the
visual and proprioceptive reference frame systeisewport and Jackson, 2006). The
discordance between the visual and proprioceptif@mation motivates the gradual sensory-
motor adjustment of the two reference frames anasponsible for the appearance of the
aftereffects during the post-exposure phase (Rgddimd Wallace, 1993; Redding et al.,
2005). While the detection of pointing errors caccwr in the first few trials of prism
exposure, triggering strategic recalibration, tlemive realignment takes much longer to
occur. Reliable contralateral aftereffects are ralynseen after 30 or more pointing trials
(Newport and Jackson, 2006).

However, strategic recalibration and adaptive geatient are not necessarily serially
dependent mechanisms. Indeed, these two compoaenmtthought to be interrelated and
interactive (Michel, Pisella, Prablanc, Rode, aru$etti, 2007; Newport and Jackson, 2006;
Redding et al., 2005; Fernandez-Ruiz et al., 208@jne studies have shown that when the
role of one component is enhanced, the role ofother one is reduced or even cancelled.
Strategic recalibration was enhanced in paradigmshich awareness of the presence of the

optical distortion was increased, for example plong explicit information about the lateral
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deviation induced by prisms during the experimedak¢bson and Goodale, 1989).
Accordingly, the adaptive realignment was redu@dshown by reduced aftereffects in the
post-exposure condition. Similarly, reducing awassn of the optical displacement is
associated with an increased adaptive realignnmantg robust aftereffects), as shown in a
study in which the detection of the prism deviatiwas reduced (Michel et al., 2007). A
greater and longer-lasting aftereffect has alsals®wn in neglect patients compared to
neurological healthy individuals (Rossetti et 4698; Farné, Rossetti, Toniolo, and Ladavas,
2002; Mcintosh, Rossetti, and Milner, 2002; PisefRode, Farné, Boisson, and Rossetti,
2002).

A possible explanation for the increased afterédf@ét neglect patients derives from the fact
that neglect patients are usually unaware of tteali perturbation generated by prism
exposure. Indeed, when neglect patients are direpikestioned about their performance
during prism adaptation, they have the inclinatiorself-attribute prism-induced errors (e.g.
“hypernosognosia”; Rode, Pisella, Rossetti, Faraggd Boisson, 2003). Other authors
demonstrated that neglect patients had reducedcskiductance modification when prisms
were unexpectedly introduced during the pointirgkt@ompared to healthy subjects or right-
brain damaged patients without neglect (Calabrial.et2004). Another possible explanation
of the larger aftereffects observed in neglectgras may be related to differences in cerebral
plasticity or brain asymmetry following brain daneagather than to the mere reduction of the
strategic component. Strategic recalibration hanlshown to decrease with age, such that
elderly people exhibits a slower error reductiomimy prism exposure (Weiner et al, 1983).
Consistent with the idea that when one componetrtedses the other one increases, elderly
people also demonstrated greater and longer-laaftegeffects than young people (Weiner et

al., 1983; Fernanedez-Ruiz, Hall, Vergara, and [2890).
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1.2.2 Effects of prism adaptation in neglect pasen

Prism Adaptation (PA) appears to be a particularigmising technique for rehabilitating
neglect. In the pioneering study of Rossetti e{(E98), improvements in paper and pencil
tests (drawing, cancellation and line bisectiortsjesvere observed following just a few
minutes (2-5 min.) of exposure to prism glassesiéimy a rightward deviation of the visual
field (10 degrees). The beneficial effect of PAwsuo-spatial tasks has subsequently been
replicated (Farne et al., 2002; Pisella et al.,2@aeversson, Kristjansson, Hildebrandt, and
Halsband, 2009), and extended to other tasks imglmental imagery (Rode, Rossetti, Li,
and Boisson, 1998; Rode, Rossetti, and Boissonl;2B0ssetti et al., 2004), attentional
orienting (Striemer, Sablatnig, and Danckert, 2088iemer and Danckert; 2007; Nijboer,
Mclintosh, Nys, Dijkerman, and Milner, 2008), andhfmral order judgments (Berberovic,
Pisella, Morris, and Mattingley, 2004). Improvemeafter PA has been reported in
exploratory eye movements (Dijkerman et al., 208&;ber, Danckert, Joanisse, Goltz, and
Goodale, 2003; Serino et al., 2006; Serino e28D;7), postural control and balance (Tilikete
et al., 2001; Shiraishi, Yamakawa, Itou, Muraki,daAsada, 2008), and wheelchair
navigation (Michel, Rossetti, Rode, and Tiliket®é02; Rossetti, Rode, Pisella, and Boisson,
1999).

Beneficial effects of PA have also been recordedifferent sensory modalities including
tactile (Maravita et al., 2003) and auditory extioc (Jacquin-Courtois et al., 2010), and
somato-sensory (Dijkerman, Webeling, ter Wal, Graatl van Zandvoort, 2004) and haptic
perception (Girardi, McIntosh, Michel, Vallar, aRibssetti, 2004; Mcintosh et al., 2002). In
addition, prism adaptation may also reduce drawiagseveration (Vallar, Zilli, Gandola,
and Bottini, 2006, nine right-brain-damaged pasemtith left neglect), a phenomenon
frequently associated with neglect (Na et al., 19@sconi, Maravita, Bottini, and Vallar,
2002), although in one right-brain-damaged patiaeglect symptoms decreased, but

perseveration increased after prism exposure (8ggrinck, and Dijkerman, 2008).
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Long-term benefits have frequently been shown hantseven days after a single PA session
(Rossetti et al.,, 1998; Farne et al., 2002; Pisataal., Dijkerman et al., 2004; Jacquin-
Courtois, Rode, Pisella, Boisson, and Rossetti32@&dde, Klos, Courtois-Jacquin, Rossetti,
and Pisella, 2006), but also months and even oae aker long-term training of multiple
sessions (Frassinetti et al., 2002; Serino eR@0EG; Serino et al., 2007; Shiraishi et al., 2008;
Humphreys et al., 2006; Ladavas et al., 2011; Nijled al., 2010; Mizuno et al., 2011).

One study, in right-brain-damaged stroke patiergported that four consecutive days of
pointing sessions during prism exposure improvdt dpatial neglect, as assessed by a
cancellation task, although at a one month assegsmedifference was found compared to a
control group of patients who had worn neutral deggNys et al., 2008). Other studies
(Frassinetti et al., 2002; Serino et al., 2006jrteeet al., 2007; Serino et al., 2009; Ladavas et
al., 2011) found that a two-week treatment withhtvgard shifting prisms decreased left
spatial neglect, as assessed by visuo-spatial. td3te improvement involved both
peripersonal (Frassinetti et al., 2002; Ladavaal.e2011), and personal space (Serino et al.
2007), tactile extinction (Serino et al., 2006; iBeret al., 2007), and persisted up to six
months (Serino et al., 2007). Spatial neglect Wwsas decreased after ten pointing sessions in
which right-brain-damaged patients wore neutral geg) Importantly, however, the
improvement was greater when patients pointed saalitargets while wearing prisms that
produced a rightward shift (Serino et al., 2009zdo et al., 2011). This suggests a specific
role of prism adaptation, over and above the pasiéffects of visuomotor activity per se.
Amelioration of the detection of contralesionahstli (measured by visual field perimetry)
was also reported in one patient with chronic neigiéter right-brain lesion (patient LZ) that
received a long-term rehabilitation training witi Por 3 months (Nijboer et al., 2010).
Similarly, a group of 7 right-brain-damaged patsentith a chronic left neglect showed

improved in the leftward deviation of their eye reawvents and a standing task (measured as
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centre of pressure) after performing PA for a pewd eight weeks, 50 minutes per day. The

improvement was maintained for at least 6 weekgdhi et al., 2008).

1.2.2.1 Evidences of no amelioration after prismaadtion

Some studies have reported no significant amei@mrah some visual-spatial tasks in neglect
patients after prism exposure. For example, Roussd2ernati, Saj, and Kozlowski (2006)
showed no effect in a group of neglect patientsath cancellation and drawing tests after a
single prism exposure. Luaute, Michel, et al. (90@ported improvement after a single PA
session in five neglect patients only in the cdatieh tasks of the BIT (lines, stars and
letters) whereas the figure and shape copying digests remained unchanged. Another
negative finding was recently reported in a grotifdright-brain-damaged patients (16 with
prisms, 18 sham) that participated in a singleebliandomized study; no different effects of
the prism and the sham treatment on self care eitdspatial neglect was found (Turton,
O’Leary, Gabb, Woodward, and Gilchrist, 2010). Hoes this negative finding may reflect
the use of prisms producing a minor rightward sbiifthe visual field (6 instead of 10 degrees
rightward displacing prisms).

Some other studies revealed a relatively weak effeBA particularly in perceptual tasks. For
example, while eye movements were more leftwardatied after prism exposure in two
neglect patients (patient RD in Dijkerman et all02, one patient in Ferber, et al., 2003), the
two patients did not show changes in perceptuahtitinal tasks after PA involving,
respectively, a perceptual size estimation of arggac figure (Dijkerman, et al., 2003), and
detection of chimeric faces (Ferber et al., 20833imilar finding was reported in the study of
Ferber and Murray (2005) involving 22 healthy saotge The baseline leftward oculomotor
bias decreased after PA, whereas the detectiohiwfecic faces remained leftward biased in
the post-exposure condition. A lack of improvemamthe perceptual bias after PA in neglect

patients was also shown by Sarri and collaboratorstwo different tasks: detection of
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chimeric faces (Sarri, Kalra, Greenwood, and Drin&B06; Sarri, Greenwood, Kalra, and
Driver, 2010) as previously reported by Ferberle{(2003), and a grayscale gradients task
(Sarri et al., 2010).

However, in the same sample of patients, improvésnenthe detection of chimeric objects
(Sarri et al., 2006) and in tliscriminationof chimeric faces were also shown (Sarri et al.,
2010). A null effect of PA on the attentional otiey bias was reported in the study of Morris
and collaborators (2004) in three out of four negfmatients. The task required the detection
of targets mixed with distracters and did not imeokpatially directed motor responses. No
improvements were found in the search time and mundd left-side target omissions
following adaptation. Interestingly, one subjec@)#howed a worsening of perceptual neglect
symptoms after PA, as indicated by a reductionearch times for targets located on the
(intact) right side of the display together witlvigger percentage of errors for targets located
on the (neglected) left side of the display. Fipnadinother recent study, involving a group of
neglect patients (Eramudugolla, Boyle, Irvine, amattingley, 2010), showed an
improvement in the target detection efficiency athovisual and auditory dual tasks but not in
the ipsilesional attentional bias of both condisiomhese results suggest that PA may in some
cases worsen the ipsilesional perceptual bias glene patients (but see Saeversson et al.,

2009; Sarri et al., 2006; Sarri et al., 2010 fopiovement in perceptual tasks post-PA).

1.2.3 Lateralized effects of prism adaptation ialttey individuals

Several studies have indicated that neurologicdlBalthy individuals err subtly but

systematically to the left in many spatial taskfisTphenomenon is commonly termed
“pseudoneglettbecause it mirrors the asymmetrical aspects afiagbneglect and it appears
to stem from an overestimation of the stimulus praps located on the left relative to those
on the right hemispace (Bowers and Heilman, 1980)contrast to neglect patients, who

neglect the left hemispace, healthy subjects shewb#le but systematic neglect of the right
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hemispace. Leftward errors have been recordedsks tsuch as: 1) line bisection (Jewell and
McCourt, 2000; Nicholls and Roberts, 2002; McCant Jewell 1999; Nicholls, Bradshaw,
and Mattingley, 1999), even when performed in laand kinaesthetic modalities (Bowers
and Heilman, 1980); 2) judgements of luminositgesand numerosity (Nicholls, et al., 1999;
Nicholls, Mattingley, Berberovic, Smith, and Bradsh 2004); 3) mental alphabet and mental
number lines (Nicholls and Loftus, 2007; Longo dmirenco, 2007); 4) recall of familiar
scenes (McGeorge, Beschin, Colnaghi, Rusconi, all Bala, 2007).

Amongst the various mechanisms that have been peopto explain pseudoneglect, one
explanation suggests that the leftward bias derifresn attentional biases due to a
neurological asymmetry between the right and lefiisphere. In particular, the right
hemisphere specialization for spatial attentionil(hign, Bowers, Valenstein, and Watson,
1987; Mattingley et al., 1992; Spiers et al., 198&holls et al., 2004; Bultitude and Aimola-
Davies 2006) may explain the contralateral attewatidoias, towards the left hemispace (see
Kinsbourne, 1970). Consistent with this accountduation of right hemisphere activation
may reduce pseudoneglect (see Bultitude and AiDaldes 2006 for a review). Other
authors (see Nicholls and Roberts, 2002 for a vévieave suggested that an overestimation
of the left side could derive from motor factorgiswas the limb used to perform the task or
the starting point of the manual scanning (Heilmard Valenstein, 1979; Brodie and
Pettigrew; 1996; Bradshaw, Bradshaw, Nathan, Nettleand Wilson, 1986; Sampaio and
Chokron, 1992; McCourt, Freeman, Tahmahkera-Stevand Chausse, 2001; Halligan,
Manning, and Marshall, 1991), or oculomotor direatiof visual scanning, in which left to
right eye movements may play a role in moving ditbenover the left starting position side
(Halligan et al., 1991; Chokron, Bartolomeo, Pememelft, and Imbert, 1998; Chokron and
Bartolomeo, 1997; Brodie and Pettigrew, 1996; Chokand Imbert, 1993; Chokron and De

Agostini, 1995; Sakhuja., Gupta, Singh, and VaR@b6; Vaid and Singh, 1989).
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While in neglect patients right- but not left-shiff prisms seems to improve a rightward
spatial bias (Rossetti, et al., 1998; Rossettl.e2@04), in unimpaired individuals left- but not
right-shifting prisms appears to reduce a leftwgpdtial bias, thus mirroring the effects of PA
in neglect patients. In the initial study of Colamid colleagues (2000), an asymmetrical effect
of PA was found in a perceptual line bisection taBRrticipants showed post-adaptation
effects only after training with left-shifting pnss, and failed to demonstrate any significant
shift after training with right-shifting prisms. Beerovic and Mattingley (2003) replicated the
same asymmetrical finding in the peri-personal spblowever, they also found that both left-
and right-shifting prisms induced a post-PA rightdvahift on the perceptual task for stimuli
appearing in extra-personal space. Effects of aft-not right-shifting prisms have also been
demonstrated in several other tasks, includingpdrlicipants’ body posture, measured as
center of pressure while standing (Michel et @03); 2) haptic and visual estimation of the
center of a circle (Girardi et al., 2004); 3) pgttal greyscale task (Loftus, Vijayakumar, and
Nicholls, 2009); 4) mental number line bisectiosktgLoftus, Nicholls, Mattingley, and
Bradshaw, 2008); 5) mental alphabet bisection {&kholas and Loftus, 2007); and 6)

global interference effect during local level idéoation (Bultitude and Woods, 2010).

1.2.4 Cerebral circuits involved in PA

Different brain areas are involved in prism adaptatCurrent data derive from brain imaging
studies, studies with brain-damaged patients, &amdies with primates. These studies have
revealed that the anatomical regions that areyliteebe responsible for adaptation consist of a
network of areas involving the parietal, the celiebe and the frontal cortex (Redding and
Wallace, 1993; Redding and Wallace, 1996; Reddmgd Wallace, 2006; Michel, 2006;
Michel, et al., 2007; Fernandez-Ruiz, et al., 209&ywport and Jackson, 2006; Pisella, Rode,
Farne, Tilikete, and Rossetti, 2006). Studies wmtbnkeys have revealed that these three

broad areas (parietal, frontal and cerebellum) hawemerous neuroanatomical
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interconnections. For example, the cerebellum ptsj® areas of the parietal lobe such as the
posterior parietal cortex (PPC) via the dentatdeiClower, West, Lynch, and Strick, 2001,
Dum and Strick, 2003; Krienen and Buckner, 2009nRani, 2006). The PPC is directly and
indirectly connected to the primary motor areashdon, Ferraina, Bianchi, and Caminiti,
1996; Rossetti, Pisella, and Pellisson, 2000; \Beejssaoud, Johnson, and Caminiti, 1997).
The cerebellum has projections to frontal areak siscthe ventral premotor cortex (PMv), via
the thalamus (Dum and Strick, 2003; Middleton andclks 1997). In addition, the lateral
cerebellar cortex receives input both from the P&@ the PMv via the cortico-ponto-
cerebellar pathway (Brodal and Bjaalie, 1997; diekn, May, and Merciet, 1985). A
speculative model of the connections and functiohshese areas has recently been put
forward by Newport and Jackson, 2006 (Fig. 5). @béhors suggested that the cerebellum
might be the principle region underlying the adaptirealignment process, creating a
reconfiguration of the relationship between the chamd the target; this process may be
started and triggered by the PMv area (magentavajrdn addition, they hypothesized that
the on-line correction of the pointing movement nh&yrealized in a parieto-cerebellar loop
(blue arrows) that allows continuously detectind gnickly correcting movements. Finally, a
parieto-PMv loop (green arrows) may underlie th&atsegic component process of prism
adaptation. Thus, the PMv area detects the diseogpbetween the finger position and the
target location, whereas the PPC provides the semstor transformation necessary to realize
the subsequent correct reaching movement aftegrtbe detection. Below follows a summary
of currently available evidence for the role ofiptal, cerebellar and frontal areas in prism

adaptation.
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Fig. 5- Areas involved in prism adaptation (model fromviyport and Jackson, 2006).
PPC = posterior parietal cortex; M1= primary matortex; PMv = ventral premotor cortex; Th = thalani© =

inferior olive; Pn = pontine nuclei; IM = inverseondtels; FM= forward models

1.2.4.1 Parietal Areas

The parietal lobe and in particular the posteriarigial cortex (PPC) has been shown to be
implicated in sensory-motor transformation and e integration of multisensory inputs
(Anderson, Snyder, Bradley, and Xing, 1997). PPCeixe@s projections from areas that
contain eye-, head- and body-centered represemsatib the space (Anderson et al., 1997;
Xing and Andresen, 2000; Milner and Goodale, 198%) it has been suggested to be an ideal
area to trigger online modification of goal direttsmovements (Newport, Brown, Husain,
Mort, and Jackson, 2006).

Several brain imaging studies have suggested thelviement of the parietal lobe, in
particular the PPC, as mainly responsible for tingtesgic component of prism adaptation as
shown by its selective activation in the first Igi@f prism exposure where the initial error
correction takes place (Clower et al., 1996; Dartckeerber, and Goodale, 2008; Luaute et
al., 2009).

In the early study of Clower et al. (1996), a selecactivation of PPC was found during an
ongoing adaptation task in which neurologically Itileasubjects were exposed to alternated

right- or left-shifting prism (one eye was exposedightward and one eye to leftward shifting
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prism). This procedure allows for a comparison vgttidies involving bilateral shifting prism
paradigms since the same adaptation effect occitts monocular and binocular vision
(Redding and Wallace, 2005). When exposed to prssiojects adapted in around 5-10 trials
of pointing movements, and the prismatic displaggnveas regularly reversed in order to
obtain an ongoing adaptation. The adaptation cmmdivas compared to a control condition
(without prism exposure) in which error detectioasvstill present since the target was moved
by an amount equivalent to the displacement indumegrism. The authors used positron
emission tomography (PET) to localize changes gioreal blood flow (rCBF). Irrespective of
the prism direction, a selective activation of te PPC (contralateral to the reaching limb)
was found. The region of activation was locatedr@nlateral bank of the intraparietal sulcus.
The authors hypothesized that the PPC may be redgperior the detection of the mismatch
between the seen and the felt positions of the hatiter than being involved in prism
adaptation itself. Recently, Danckert et al. (20p8)formed an fMRI study to explore the
areas active during the initial phase of exposaraghtward shifting prism (first 3 pointing
trials) in comparison with later trials of the espioe condition (10 trials). They confirmed that
the parietal lobe was involved in the earlier phakgrism exposure in which a larger error
correction took place. In particular, the authogparted a stronger activation of the left
anterior intraparietal sulcus (IPS) and a concuraetivation of the vermis of the cerebellum
during the first 3 trials of prism exposure. In dideh, they registered activation in the left
primary motor cortex and the anterior cingulateimyithe early and late trials. Similarly,
another recent event-related fMRI study investigdke entire adaptation process (Luaute et
al., 2009). The procedure was based on a triakblanalysis to explore the neural activation
over the time course of the adaptation processjeisbwere adapted to a leftward shifting
prism. The authors again confirmed the role of R in the initial phase of prism exposure
as demonstrated by activation in the left antefi®8. Moreover, they found activation in the

left posterior occipital sulcus (POS) and suggesiad IPS is involved in the error detection
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and POS in the error correction during the earlgpsation process. Lastly, a recent study
employed a blocked fMRI design to test brain adibra during the strategic component
associated with adaptation to left-shifting pris(@hapman et al., 2010). Once again, the
authors confirmed the role of the parietal lobethe early stage of prism adaptation and
defined two additional sites involved in the pracethe right superior parietal lobule (SPL)
and the right inferior parietal lobule (IPL). Inditlon, they found a concurrent activation in
the posterior region of the left cerebellum andahterior part of the right cerebellum.

Further evidence for the involvement of parietadaar in the strategic component of prism
adaptation is provided by patients with bilatergidons of the parietal lobe. In three case
studies, patients exhibited impairment in on-lim@rections of hand movements during PA
(patient JJ, Newport and Jackson, 2006; patientPiGella et al., 2004; Grea et al., 2002),
while they still presented a contralateral aftexefffin the post-exposure phase. In addition, a
study applying transcranial magnetic stimulatioM@) over the PPC has provided evidence
for its role in the on-line correction of hand mownts during PA (Desmurget et al., 1999).
Taken together, these studies indicate a critmablvement of the parietal lobe in detecting
and correcting errors associated with the initiglasure to prismatic displacement.

Parietal areas have also been implicated in théiasp&alignment component of prism
adaptation (Michel, 2006; Luaute et al., 2009; Ghap et al., 2010). In particular, brain
activation studies have shown activation in parieteeas during later stages of prism
exposure. For example, Chapman et al. (2010) shawtedation in the right inferior parietal
lobe (IPL) and in the right angular gyrus concutisewith activation in the right cerebellum
during the second half of prism exposure (see bébova full description of the putative role
of the cerebellum in prism adaptation). The authysothesized that the right angular gyrus
may be responsible for modulation of the activatbrother areas involved in the later phase
of prism adaptation, such as the cerebellum. Silpjlauaute et al. (2009) showed activation

in the left IPL during the de-adaptation phaseefaffects), in which the spatial realignment
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component is thought to be involved. Moreover, & BRidy in neglect patients exposed to
one session of prism adaptation (Luaute, Michelalet 2006) suggested that the parietal
cortex is involved in neglect improvement afterspriadaptation (Pisella et al., 2006). The
study showed activity in a network of areas inahgdihe right PPC and right cerebellar
hemisphere as well as the thalamus, the temporpitaiccortex, and the medial temporal
cortex during the post-exposure condition, whenroupment of neglect symptoms was

recorded.

1.2.4.2 Cerebellum areas

The cerebellum has been implicated in several rdiffietasks that are relevant for PA: 1) the
initiation of movements toward visual targets (Bast Martin, Keating, and Thach, 1996;

Stein, 1986); 2) eye-hand coordination (Miall, Imam and Miyauchi, 2000); 3) visuo-motor

learning tasks during short- and long-term learmingcesses (Gilbert and Thach, 1977; Ito
1989; Friston et al., 1992; Martin, Keating, GoagkiBastian, and Thach,1996; Imamizu et
al., 2000); 4) correction of limb movements towarsual targets during perturbation of the
visual field (Baizer and Glickstein, 1974; Weindrat., 1983); 5) comparing the predicted
consequence of an action with the actual sensagbfeck from the movement performed
(Held, 1961; Blakemore, Frith, and Wolpert, 20(89me studies in patients with cerebellum
lesions reported the inability of the patients ¢orect their limb movements during the whole
phase of prism exposure (Thach, 1998; Morton andti®a 2004). Another study also

reported impairment in the correction of the lateleviation induced in a walking task after
prism adaptation in subjects with cerebellar dam@gerton and Bastian, 2004). The lateral
deviation persisted much longer in the patient gramompared to a control group of

neurological healthy subjects and never came badké baseline level, as in the control

group. Similarly, lack of error correction duringgm adaptation was shown in studies with
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monkeys after a focal lesion in the vermal and yemaal region of the cerebellum (Baizer,

Kralj-Hans, and Glickstein, 1999; Lewis and Tam&a)1; Stein and Glickstein, 1992).

A recent event-related fMRI study also provideddevice for the involvement of the vermis

of the cerebellum in the early stage of prism exp®sn neurologically healthy subjects

(Danckert et al., 2008). The cerebellum may alsoy @ role in the later phase of prism

exposure, when error corrections have already oedwand adaptive realignment components
are predicted to happen. For example, patients hesions in cerebellar areas did not exhibit
contralateral aftereffects during the post-expogirase (Martin et al., 1996). In the study of
Luauté and collaborators (2009) activation of tatedal part of the right cerebellum (the

culmen) was observed during later trials of lefidvprism exposure. Similarly, Chapman and
collaborators (2010) found increased activationrduthe last half of prism exposure in the

posterior region of the right cerebellum.

1.2.4.3 Frontal areas

In the fMRI study of Danckert et al. (2008), actiea of the left primary motor cortex (M1)
was found during exposure to rightward shiftingspriin the initial (3 trials) and late (10
trials) phase of prism exposure. In addition, théhars detected activation in the anterior
cingulate cortex (AC). The AC region is known toibeolved in conflicting monitoring tasks
in which error detection, error correction and angamonitoring of performance is required
to ensure continued accuracy (Van Veen and Ca@®2a, 2002b). Another study has shown
the involvement of associative motor areas, locatethe frontal lobe, in sensory-motor
adjustments during prism adaptation (Kurata andhHd®90). In this study, monkeys were
exposed either to left- (left eye) or right- (rightte) shifting prism and they showed adaptation
to the lateral displacement within 10-20 trialsvidually guided reaching movements. The
authors reported a selective role of the ventrahymtor cortex (PMv) during adaptation to

prism. In particular, monkeys lost the ability torect the errors during the exposure
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condition when the PMv area (contralateral to thift snduced by prism) was blocked by a
muscimol injection. By contrast, this deficit wastrobserved when the dorsal premotor
cortex (PMd) or the ipsilateral PMv area were ineted. Finally, activation in motor areas
was also observed in a preliminary PET study ind8mal subjects in which pointing

movements performed under exposure to rightwarkkfoward prisms were contrasted with

pointing movements performed without prisms (Zeffit995).

Table 1 A-B. Summary of brain regions implicated in PA paradighasng the early and late phase of prism exposure

1A. Early phase

Studies Prisms Method Parietal lobe Cerebellum Frlgggal Others
Luaute et al., 2009 Lx fMRI Lxant. IPS |  Medial uss) M1 P'-és
Clower etal., 1996 "X~ | peT | LxPPClat. IPS

alternate
Danckert et al., . . Lx M1,
2008 Rx fMRI Lx ant. IPS Medial (vermis) AC
Chapman et al., Lx MRI Rx ant. IPS, Lx post. areas,
2010 Rx SPL, Rx IPL Rx ant. areas
1B. Late phase
Studies Prisms Method Parietal lobe Cerebellum F:ggteal Others
Luaute et al., 2009 Lx MR Lx IPL Rx areas
(culmen)
Danckert et al., Lx M1,
2008 Rx fMRI AC
Chapman et al Rx IPL,
p " Lx fMRI Rx angular gyrus| Rx post. areas
2010
Kurata and Hoshi, . Lx and Rx
Rx — Lx | Muscimol
1990 L PMv
alternate | injection
(contraLat)
Zeffiro, 1995 Rx - Lx PET Lat. areas preF VL Th
alternate
Rx areas Lx Th
Luaute et al., 2006 Rx PET Rx PPC (dentate nc, '
Lx TO
lobule V)

Prisms: direction of the deviation induced by tlwggle; PPC: Posterior Parietal Cortex; IPS: Inteaid®al Sulcus;
SPL: Superior Parietal Lobule; IPL: Inferior Paaietobule; M1: Primary Motor Cortex; AC: Anteriorif@ulate
cortex; preF: pre Frontal cortex; PMv: ventral Rfetor cortex; POS: Posterior Occipital Sulcus; Tialamus; VL
Th: VentroLateral Thalamus; TO: Temporo-Occipita@rtex; post: posterior; ant: anterior; lat: laterabntralLat:
contralateral to the deviation induced by prism; Left; Rx: Right
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FIRST PART

PRISM ADAPTATION AND ECOLOGICAL VISUO-MOTOR ACTIVIT IES

Prism adaptation (PA) appears to be a particulamging technique since it has been shown
to improve an extensive range of neglect defiditee standard procedure employed in prism
adaptation paradigm in neglect patients comprisedasao-motor activity based on the
repetition of pointing movements toward visual &sg(Rossetti et al., 1998). Although this
procedure is widely used in PA studies in negletignts, it may not be optimal for long-term
rehabilitation interventions due to the repetitared tedious nature of the pointing movements.
Various alternative tasks have been applied inissuithvestigating the effects of a single PA
session. For example, activities involving linedgison movements, ball and dart throwing
tasks, and walking trajectories have been usechgUPA in neglect patients and healthy
neurological individuals (Goedert, Leblanc, TsandaBarrett, 2010; Micheal, Vernet,
Courtine, Ballay, and Pozzo, 2008; Morton and Basti2004; Fernandez-Ruiz and Diaz,
1999; Fernandez-Ruiz et al., 2000; Fernandez-Ru&.e2003; Martin, Keating, Goodkin,
Bastian, and Thach, 1996a; Martin, Keating, GoodRastian, and Thach, 1996b; see also the
review of Kornheiser, 1976 for older works).

The first aim of this PhD work was to verify if meodiverse and engaging visuo-motor tasks,
performed during the exposure phase of the PA itiginmight be as effective as the
traditional pointing task in ameliorating neglegimptoms. Therefore, in Experiment 1 we
submitted 10 neglect patients to both a standandtipg adaptation training and a training

involving diverse ecological visuo-motor tasks (egical procedure). We compared the
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effect of the two treatments in a large assessimehiding a variety of neuropsychological
tests as well as functional scales.

In Experiment 2 we assessed the presence of aapi@id aftereffects during the new
ecological activities. Such measures are consideree key indicators of the effectiveness of
PA (Welch, 1978; Redding and Wallace, 1993). Erpmdormed during the exposure phase
(adaptation effect) and after prisms were removatereffects) were assessed when 48
neurologically healthy subjects performed the egioll adaptation procedure and the
standard pointing procedure. We then compared dhetation effect and aftereffects during
the ecological procedure with those during the iti@mhl pointing task. In the next two

chapters we will present the methods and resultiseofwo experiments.
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EXPERIMENT 1
Rehabilitating patients with left spatial neglecy prism exposure during a

visuo-motor activity

[With kind permission from American Psychologicasdciation:
Fortis, P., Maravita, A., Gallucci, M., Ronchi, R., Grassi, Eenna, |., Olgiati, E., Perucca,
L., Banco, E., Posteraro, L., Tesio, L., Vallar, @010). Neuropsychology, 24(6), 681-97.

http://www.apa.org/pubs/journals/neu/index.aspx]

2.1 Aim of the study

The aim of the present study was to verify thecaffy of a new adaptation task in improving
neglect symptoms. The new procedure was based seri@s of visuo-motor activities,
involving a variety of actions that are common wly life and performed with different
everyday objects. We compared the effect of onekvegePA training with the traditional
pointing task with the effect of one week of PAnmag with the novel ecological approach in
a group of 10 neglect patients. We assessed whetlmdogical visuomotor training was at
least as effective as the standard pointing trginile used a crossover design: the one-week
pointing adaptation treatment served as the comadition and the one-week ecological
visuomotor activities as the experimental condititor a total of two weeks of treatment,
following previous studies (Frassinetti et al., 208erino et al., 2007). Recent studies have
also provided evidence that PA intervention migiwéhbeneficial effects in behavioural and
ecological tasks in neglect patients exposed tatr@ling (Vangkilde and Habekost, 2010;
Frassinetti et al., 2002; Serino et al., 2006;r&edt al., 2009; Serino et al., 2007; Ladavas et
al., 2011; Mizuno et al., 2011). Therefore, thecaify of the two adaptation procedures was

tested through an assessment based on traditienebpsychological tests and through scales
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that measured the patients’ ability and indepenelencdaily-life activities (CBS and FIM
scales).

Finally, some authors have suggested that the to@lefmpact of PA on neglect symptoms
might be related to the patients’ ability to ad@pprism in terms of error correction during the
exposure phase (Serino et al, 2006; Serino e2@0D.7 Ladavas et al., 2011), or magnitude of
aftereffect in the post-exposure phase (Sarri, 26a8é et al., 2002). Therefore, we assessed
whether the amount and duration of the adaptatiod/oa aftereffect could predict the
improvement of patients’ neglect symptoms. The tatagn effect and the aftereffect of the
present study were recorded during the week in hvipiatients received the pointing task

procedure since the ecological task did not prowigasures of error performance.

2.2 Materials and methods

Participants

A continuous series of ten right-hemisphere-damagaiients (seven females, and three
males) with left USN entered this study. Patiengsenselected from the inpatient population
of the Neurorehabilitation Unit of the Istituto Aolegico Italiano IRCCS, Milan, Italy, and
the Neurorehabilitation Unit of the “Carlo Poma” $fatal, Bozzolo, Mantova, Italy. Patients
gave informed consent to the study. The patienesanmage was 72.7 years (SD +5.19, range
66-82), and their mean education was 9.1 years £8[8; range 5-17). Patients were
recruited during an 18-months period (November 20§ 2008). Twelve right-brain-
damaged patients with left spatial neglect diderder the study, being unable to complete the
baseline assessment, due to the severity of tkeeiergl medical condition. Four patients did
not complete the study due to worsening of theiregal medical condition, and to incapacity
to cooperate (one patient). The 10 patients’ awetaggth of illness was 3.4 months (SD+
3.13, range 1-10). All patients were right-handeztording to a standard interview (Oldfield,
1971), and had no history or evidence of previoasrological or psychiatric diseases. All
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patients had a normal or corrected-to-normal visidre presence of visual field deficits was
evaluated by a confrontation test (Bisiach etl#186), and, in four out of ten patients, also by
computerized perimetry. The etiology of the les\as vascular in nine patients (eight
ischemic, one hemorrhagic stroke), and neoplastane patient (an operated benign tumor).
The patients’ lesions were assessed by CT scaménpatients, and MRI scan in one patient.
In patient FE the CT scan images, not availablenfapping, showed an extensive cortico-
subcortical ischemic fronto-temporo-parietal lesimwolving the basal ganglia and the insula.
In nine out of ten patients, the extent and theatioo of the lesions were defined and
visualized using MRIcro software (Rorden and Br2@00). Lesions were drawn manually on
an MRI template, using the closest matching trarsgvslice for each patient. Combining all
slices produced a 3D lesion ROI for each patieiguie 6 shows the transverse sections of the
ROIs. The patients’ lesions overlapped in the amteand central white matter, and in the
basal ganglia (head of the caudate nucleus, andiglahucleus). The demographic and

neurological features of the patients are summehiizd able 2.
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Table 2. Demographic and neurological features of ten righin-damaged patients with left USN. M/F: maleiéde. I/H/N: ischemic/hemorrhagic/neoplastic.

M/SS/VHF: motor/somatosensory/visual half-fieldidif -/+/++/+++/: absent/mild/moderate/severe digfie: extinction to double simultaneous stimulati

Patient Age/  Lesion Education Duabf Neurological Group
Sex Etiology (years) disease Impairment
(months) M SS VHF

BA 71/F H 13 2 + - - CE
BG 79/M I 5 1 - ++ +++ CE
TA 71/F I 13 2 +++ ++ ++/e CE
SG 82/F I 13 2 +++ ++ e CE
PF 66/F N 5 2* - e e CE
CF 75/M I 17 7 +++ +++ +++ EC
FE 69/M I 5 1 +++ ++ ++ EC
MF 71/F I 7 10 +++ e e EC
RD 76/F I 8 1 - - - EC
GMT 67/F | 5 6 +++ +++ e EC

* After neurosurgery
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Figure 6. Lesion localization in nine right-hemisphere-dgexh patients, and overlay lesion plots (bottom row:

frequencies of overlapping lesions, from dark iote= 1, to orange, N=8).
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Neuropsychological assessment and functional scales

Spatial neglect was assessed by standardized #fdbktdisplays were presented with their
centre aligned with the mid-sagittal plane of thenk of participants, who used their right
hand in the visuomotor tasks. Spatial neglect nsudti-component syndrome (Vallar, 1998),
with the defective visuomotor exploration of neattra-personal space being its more
frequently and extensively assessed manifestadisn,in rehabilitation settings (Frassinetti et
al., 2002; Pizzamiglio et al., 2006; Serino et 2007). Accordingly, patients were classified
as showing left neglect, when a defective perforeamas observed in at least three out of the
four tests of Cancellation, and Drawing. The nesyopological battery included the
following tests:

Cancellation tasks:Letter (Diller and Weinberg, 1977), Star (Wilso@ockburn, and
Halligan, 1987), and Bell (Gauthier, Dehaut, andn&ite, 1989). In the Letter task the score
was the number of “H” letter targets crossed oueagh participant (53 on the left-hand side,
and 51 on the right-hand side of the sheet). Negrchlly unimpaired participants made a
mean of 0.13 (0.12%, SD *0.45, range 0-4) omissioors out of 104 targets, with the
maximum difference between omissions on the twessidf the sheet being two targets
(Vallar, Rusconi, Fontana, and Musicco, 1994).Hea Bell task the score was the number of
"bell” targets crossed out by each participant ¢b8the left-hand side, and 17 on the right-
hand side of the sheet). Neurologically unimpapedicipants made a mean of 0.47 (1.3%,
SD #0.83, range 0-4) omission errors out of 35dtwgwith the maximum difference between
omissions on the two sides of the sheet beingtirgets (Vallar et al., 1994). In the Star task
the score was the number of small “star” targetss®d out by each participant (30 on the
left-hand side, and 26 on the right-hand side). Mearologically unimpaired participants
(mean age 72.2, SD 5.27, range 67-82; mean yeashobling 9.2, SD £6.21, range 3-18)
scored 0.5 average omissions (0.9%, SD +0.7, r&@g with the maximum difference

between omission errors on the two sides of thetdiwing one target.
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Five-element complex drawir{@ainotti, Messerli, and Tissot, 1972). The pasetdsk was

to copy a complex five-element figure: from leftright, two trees, a house, and two pine
trees. Each element was scored 2 (flawless cody)partial omission of the left-hand side of
an element), 1 (complete omission of the left-hamke of an element), 0.5 (complete
omission of the left-hand side of an element, togetvith partial omission of the right-hand
side of the same element), or 0 (no drawing, oretmgnizable element). The total score
ranged from O to 10. According to normative datarir148 neurologically unimpaired
participants (age: range 40-79; education: rand@8 years of schooling) a score lower than
10 indicated a defective performance (Valeria Cagheinpublished thesis).

Line Bisection The patients’ task was to mark with a pencil thiel-point of six horizontal
black lines (two 10 cm, two 15 cm, and two 25 cnheimgth, all 2 mm in width), presented in
a random fixed order. Each line was printed indéetre of an A4 sheet, aligned with the mid-
sagittal plane of the participant’s body. The Iéngt the left-hand side of the line (i.e., from
the left end of the line to the participant’'s makas measured to the nearest mm. This
measure was converted into a standardized scoreefgedeviation), namely: measured left
half minus objective half/objective half x 100 (RpdViichel, Rossetti, Boisson, and Vallar,
2006). This transformation yields positive numbérs marks placed to the right of the
physical centre, negative numbers for marks plawedhe left of it. The mean percent
deviation score of 65 neurologically unimpairedtiggrants, matched for age (mean 72.2, SD
1+5.16, range 65 — 83), and years of education (MeanSD +4.48, range 5-18) was -1.21%
(SD +3.48, range -16.2% +6.2%; Valeria Corbettguloished thesis).

Word non-word reading tesiThe test included two lists of 19 words (Listrhean letter
length 7.00, SD +2.38; List-2: mean letter lengthi97 SD +2.48), and 19 pronounceable non-
words (List-1: mean letter length 7.47, SD £2.6ikt12: mean letter length 7.37, SD £2.36),
taken from the set of Vallar, Guariglia, Nico anab®ssi (1996). Each stimulus was printed in

18-point Arial font, uppercase, on a 13 x 18 cmstauction paper. For each list, the score
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was the number of incorrect responses (total r&xg8, for words and non-words). Errors
were classified as neglect-related errors by a lgoegpoint” measure (Ellis, Flude, and
Young, 1987), namely: errors in which target andrestimuli were identical to the right of an
identifiable "neglect” point in each item, but skdrno letters in common to the left of that
point. Errors which did not meet the criteria foe theglect category were classified as “other”
errors. The two lists were alternately given totipgrants. Ten neurologically unimpaired
participants, matched for age (mean 72.8 yearst&80, range 61-87), and education (mean
11.2 years, SD +4.85, range 5-18) made no "negleetrs on this test, and 0.95 (SD +1.43,
range 0-5) "other” errors.

Sentence reading tefPizzamiglio et al., 1992). The test included sentences. The score
was the number of incorrectly read sentences (r@rgje The “neglect point” score described
above was used to classify reading errors as “n€génd “other”. Ten control participants
(see above, star cancellation) made no “negleatl, @3 (5%, SD +0.64, range 0-2) "other”
errors.

Personal Neglect Tegafter Bisiach et al., 1986). In this test patseewere asked to reach six
left-sided body parts (ear, shoulder, elbow, wngijst, knee), using their right hand. Each
response was scored 0 (“no movement”), 1 (“searithowt reaching”), 2 (“reaching with
hesitation and search”), or 3 (“immediate reachingiith a 0-18 score range. Ten control
participants (see above, star cancellation) madermaos.

CBS scaleThis sensitive and reliable 10-item scale (seeukkret al., 2003 for a description
of the psychometric properties) included: a) thesembation of the patients’ behavior in
standardized daily-life tasks, and b) a parallelf-agministered form, designed as a
guestionnaire for an auto-evaluation made by theema themselves. The scale aimed at
comparing activities in the right-hand and the-hedhd sides of the patient’s body (e.qg.,
“forgets to shave or groom the left part of his/fere”), and of extra-personal space (e.g.,

“collides with people or objects on the left sideBach item was rated from 0 (“severe
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neglect”) to 3 (“no neglect”), with a total maximuseore of 30. The cumulative score was
further classified as “severe” (score 1: 0-10), tlmmte” (2: 11-20), and “mild” (3: 21-30)
neglect. The difference between the scores recardéde parallel versions should provide,
according to the authors’ suggestion, an indexmafsagnosia for USN (see Azouvi et al.,
2003).

NIH stroke scalgBrott et al., 1989). This was a 15-item scaleeassg sensory-motor and
cognitive functions, with scores (items 1-13) ranggirom O (“normal”) — to 2 or 3 (“maximal
impairment”), for a total maximum score of 36.

FIM™ scale (property of UB Foundation Inc., SUNY Buffalo NYThis scale rated the
patient’s independence in daily life (Tesio et 2002). The FIM scale included 13 “Motor”
(e.g., dressing and walking), and five “Cognitie’g., comprehension) items. Each item was
rated from 1 (“requiring total assistance”) to tdfnpletely independent”). The scale gives
rise to three cumulative scores: a) the “total’rec(d8 items, range 18-126), b) the “motor”
score, assessing mobility and locomotion (13 iteragge 13-91), and c) the “cognitive”
score, assessing communication and social cogr{@idems, score 5-35).

The NIH and the FIM scales were administered byysjeian, the CBS by an occupational
therapist, both blind to the purpose of the stutlye neuropsychological assessments were
performed by a psychologist, distinct from the #pést or psychologist who administered the
treatments, and blind as to them. Throughout time tof the study all patients received a

physical rehabilitation treatment.

Rehabilitation treatments

Pointing control treatmengFrassinetti et al., 2002)

The treatment consisted in repeated pointing momsnewards a visual target (the top of a
red pen), using the right upper limb, placed insad& cm high wooden box (Figure 7). The

lower and the upper surfaces of the box had a gentd shape (74 cm large on the patient’s
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side, 19 cm high on the two sides, and 36 cm oncHmre). The box was open on the
patient’s side (proximal). On the experimenterdesidistal) it could be made either open

(visible) or closed by a removable Plexiglas (iftMis condition).

>

Figure 7 - The box used for the poinitng control treatmenbset by the removable Plexiglas, seen from the

examiner’s side. Marks for the recording of theguas’ pointing errors are shown.

The target was presented in three positions ormlidtal side (straight-ahead, 21° rightwards,
21° leftwards). In all conditions, the three pamis of the target were assessed in a random
fixed order, with the same number of trials. Théqmds’ task was to point to the target on the
distal side of the box with their right index fingdPatients made a movement from the
proximal side with their right upper limb insideettbox, starting from the middle of their
chest, with no visual feedback. Pointing was penfsdt in two conditions. In the visible
condition, the distal side of the box was open, patients saw their index finger emerging
from it. In the invisible condition, the distal sigvas closed, and the index finger did not show
up. In both conditions, the vision of the proxin@rt of the patients’ upper limb was
prevented by a cloth attached from the patientskrte the proximal side of the box. The
distal edge of the box and the removable Plexiglasee marked, on the examiner’s side, in

order to measure the patients’ pointing accuracygtar degrees, °), namely the distance
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between their finger and the target. A positiversadenoted a rightward displacement with
respect to the position of the target, a negatreeesa leftward displacement.

On the first day only, patients made 30 visiblengpiag trials, before starting the treatment.
The pointing treatment consisted of ten sessiame (h the morning, five in the afternoon,
two per day), each including three conditions:

- Pre-exposurgimmediately before wearing the prismatic goggBsinvisible pointing trials.
The experimenter recorded the patient’s performatweng the beginning (1-3), and the end
(28-30) three trials, each including one instaricin® three target positions.

- Exposurg(wearing the prismatic goggles): 90 visible paigtirials, while the patients wore
base-left wedge prisms (Optique Peter, Lyon), ithdliced a 10° rightward shift of the visual
field. The experimenter recorded the performanceash patient during the beginning (1-3),
middle (44-46), and end (88-90) three trials.

- Post-exposurdimmediately after the prismatic goggles had bemmoved): 30 invisible
pointing trials. The experimenter recorded thequdis performance during the beginning (1-
3) and the end (28-30) three trials.

The adaptation effect(the correction of the prism-induced lateral biaspointing) was
assessed comparing the errors in the beginningjlejidnd end triplets of pointing trials in
the exposure visible condition. The completenesadafptation (whether or not, at the end of
the exposure visible condition, the error score wamparable to that made in the pre-
exposure baseline) was assessed comparing thengoémtors in the beginning three trials of
the pre-exposure visible condition, and in the #mde trials of the exposure visible condition.
The aftereffect{namely, the error observed immediately after tgetward-displacing prisms
were taken off) were assessed comparing the pgimtiror in three invisible conditions: the
beginning three trials of the pre-exposure condijtihe beginning and the end three trials of

the post-exposure condition. Thersistencef the aftereffects was the mean deviation in the
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beginning (1-3) post-exposure invisible trials nanilhe mean deviation in the end (28-30)
post-exposure invisible trials.

In addition to the adaptation and aftereffects messfor each of the ten sessions, 10-session
effects measures were computed, averaging the atapteffect, the aftereffects, and the
persistence of the aftereffects scores acrosethpdinting sessions.

Finally, to assess thlmng-term effectsof prism exposure, across sessions, the difference
between the mean pointing error in the 1st sesswhin the last (10th) session of the pre-
exposure invisible trials was computed for eaclepatIf the aftereffects of prism adaptation
build up across sessions, the leftward pointingreshould be greater in the 10th session,
compared to the 1st (“long-term aftereffects”).

The adaptation and aftereffects scores were redaadeoss the ten sessions of the control
treatment with pointing, namely in th@ontrol-Experimental(CE) group during the first
week, and in th&xperimental-Contro(EC) group during the second week.

In order to investigate the relationships betwdenadaptation and the aftereffects scores and
the changes in the scores in the tests and soalegydhe C (pointing) treatment, mediational
analyses for repeated-measures designs were pedorfimese analyses were performed on
the C treatment scores, since only for the pointilegk complete adaptation and aftereffects
measures were available. This method, based oas®gg the change score of a test or scale,
during the week in which patients received the €atiment, on the patients’ adaptation or
aftereffect scores (the mediator variable), allowstimating the degree by which the effect of
time (i.e., the improvement of the test or scalgdgumance) was related to the size of the
adaptation or aftereffects. Based on the mediaggnession, the response to treatment (i.e.,
the score change during the treatment period) wasidered as a mediator when the B
coefficient associated with it was statisticallgrsficant; the constant term of the regression
(a) estimated the amount of improvement for a tneat response equal to zero, namely, the

amount of improvement not due to the treatmentaesp (Judd, Kenny, and McClelland,
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2001). The mediational analyses were performedhentésts where a change during the C

treatment was found.

Experimental treatment

Patients sat at a table in front of the experinre@ied wore the base-left wedge prisms, while
performing daily-life activities. The number of sems (n= 10), and the time of exposure to
the prismatic goggles for each session (20 min)ewexfual to those used in the pointing
treatment. Patients were treated for one weekgtwér day (morning and afternoon). Patients
performed 12 activities, consisting in the manigola of common objects, according to the
following sequence: 1) collecting coins on the ¢éabhd putting them in a money box, 2)
dressing rings and bracelets, 3) opening and dofrs with the corresponding lids, 4)
assembling three jigsaw puzzles, 5) assemblinglesiZzmom the WAIS (Wechsler, 1997), 6)
box and block, 7) sorting and playing cards, 8galdiing a necklace with 12 spools and a rope,
9) copying a chessboard pattern on an empty chassbb0) serving a cup of tea, 11) WAIS
Block Design, 12) composing a dictated word uskttets printed on squares (see Figure 8
for some examples). Typically, not all of the 12iaties could be completed in one session.
Accordingly, the next session started with thewastifollowing the last performed in the
sequence. The maximum time allotted to each task fiva minutes, so that each patient
performed at least four activities. If the patieompleted the task in less than five minutes,
the next activity was performed. When patients géolperforming the task, or were unable to
complete one activity, the experimenter providethakand manual support for a maximum
of three times each. If verbal prompts were indifes the examiner moved the patient’s hand

close to the objects to-be-manipulated, but didtoth them.
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Figure 8 - Some examples of the visuo-motor activities pergdrduring the experimental ecological treatment.

Procedure

The neuropsychological and functional assessmemie v@dministered according to the
following schedule:

. Assessments #1-3 (baseline, before the beginninfeotreatment): #1 and #&ven
days before the study (one in the morning, andinriee afternoon), #3 seven days later, in
the same day when the treatment was initiatedcales were administered in #2.

. Assessment #4: at the end of the first week otrireat (week-1).

. Assessment #5: on the first day of the second \fwekk-2).

. Assessment #6: at the end of week-2.

. Assessment #7: at the beginning of the third week.

. Assessments #8, #9, and #10: one, two, and threghs)after the end of the treatment.

Patients were assigned to two groups: the CE grecgived the pointing task (control) in the
first week, and the experimental treatment in tbeoad week, the EC group vice versa.
Patients were alternately assigned to one of tleegwups, starting with the EC condition.
Before starting the experimental treatment, the patients in the EC group received one half-
session of the pointing task: 1) pre-exposure hasyiointing (15 trials), 2) pre-exposure
invisible pointing (15 trials), 3) exposure visibgb@inting (45 trials), and 4) post-exposure

invisible pointing (15 trials). This session asselsshe presence of prism adaptation and

55



aftereffects in the week in which the EC patiemiseived the experimental treatment. At the
end of the two weeks patients were asked to conoatewhether they had any preference

concerning the two treatments.

Statistical design

In general, the effects of the two treatments dirae were assessed by repeated-measures
analyses of variance (ANOVASs). To normalize thdrihstion of the patients’ scores in each
test, percent correct responses were convertetieimatcsin of the square root of the raw
values. The transformation improved the normalityhe score distribution, as evidenced by
skewness and kurtosis values. For the NIH and thed€ales the standard summary score
was used (Millis, Straube, Iramaneerat, Smith, Byden, 2007). Nonparametric statistical
analyses (Siegel and Castellan, 1988) were pertbionethe CBS scores due to the presence
of ordinal scaling, and on the personal negled de® to distributional concerns. For the
ANOVAs, Group (CE, EC) was the main between-subjefetctor, and Time (average
baseline, week-1, and week-2) was the main withbjexts factor. The week-1 and week-2
scores were the means of the assessments perfamgw end of each week (week-1:
assessments #4-5; week-2: assessments #6-7). Hntesicand scale, significant differences
were found neither in the week-1 (#4-5) nor inweek-2 (#6-7) assessments.

The adaptation and aftereffects were analyzed b@¥As, with the between-subjects main
factor Group, and these within-subjects main factBointing error [in the different exposure
conditions, and in the different phases of thd s#&muence (beginning, middle, end), averaged
across the three positions of the target], Segdid®).

Significant differences were explored by Newmandkepost-hoc multiple comparisons.
Effects were evaluated also according to theirdsedized effect size index. The partial eta-

squared (pn2) was selected as the index (Cohen, 1973).
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One-week stability of the deficit before treatment

The enrolment of the patients in the present stwdg pseudo-randomized, based on the
alternate assignment to one of the two groups (GbRixperimental (CE), Experimental-
Control (EC). A limited matching between the twagps, particularly for USN and stroke
severity, is of concern. In order to assess thbilgjaof USN before treatment, one-way
repeated-measures ANOVAs were performed on thelibasscores (percent correct
responses, converted into the arcsin of the squateof the raw values) of the diagnostic
tests. No differences were found for the Letter2[8)= 1.58,P= 0.23,n2= 0.150], Star
[F(2,5)= 0.51, P= 0.61), n2= 0.16], and Bell [F(2,9)= 2.93, P= 0.0852= 0.245]
cancellation, as well as for the drawing [F(2,9)95] P= 0.37, y2= 0.104] tests. No
differences in the baseline scores were foundnfemIH [F(1,9)= 1.00, P= 0.34n@= 0.100],
FIM [F(1,9)= 1.01; P=0.34,12= 0.100], and CBS scales (Wilcoxon matched past T= 0,
P=0.10).

However, differences between groups cannot be cetedpl ruled out, because the limited
number of participants in each group might providgufficient power to detect a significant
difference. In order to further control for possildffects of the baseline level of performance
on the outcome of the treatment, the baseline seaseused as a covariate variable. For each
test and scale (summary scores), a one-way repesadures analysis of covariance
(ANCOVA) was performed on Time (scores of week+id aveek-2), with the baseline score
(the centered mean score of the three baselines) leear and interactive covariate. The
interaction term was introduced to test for theliappility of the ANCOVA model (Cohen,
West, Cohen, and Aiken, 2002; Rogosa, 1980). Tharc@te was centered to its mean to
allow interpreting the treatment effect in the rese of the interaction term (Aiken and West,
1991). Finally, two ANCOVAs were performed on theoies obtained by the two patients’
groups (EC, CE) in the two weeks of treatment (lr@se week-1, week-2), using the

standardized NIH scale baseline score and theidaoraf disease as linear and interactive
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covariates. These analyses explored the possilhildy baseline, neurological severity, and
duration of disease influenced changes of the pigtiscores in the tests and scales during the

treatment.

2.3 Results

Neuropsychological tests and neurological and funicnal scales

Results of patients’ performances in the threesssgents, in the Cancellation tasks, in the
Complex drawing, and Sentence reading tasks, attteibNNIH and FIM scales are reported in
Tables 3 and 4. Patients’ performance improvedndutine two weeks of treatment (i.e., the
Time main factor was significant in all analysesylependent of their assignment to the CE or
EC group (i.e., the Group factor and the Time bguprinteraction were not significant). In
the Line bisection task the patients’ performanak ribt change during the two weeks of
treatment.

For thereading testone out of ten patients showed left neglect dyaléor single words and
nonwords. FE made an average of 22 “neglect” eroatsof the 38 word and non-word
stimuli (57%) in the baseline sessions, five er(@2%) at the end of week-}4(1)= 14.71,
P< 0.001], and zero at the end of weelgZ1)= 28.21, P< 0.001].

For thepersonal neglect testour out of ten patients (three in the CE graamd one in the EC
group) exhibited personal USN in the baseline, ianall of them the deficit had improved at
the end of week-2. The scores of the ten patieete W7.32 (SD +1.46) out of 18 (96.2%),
17.85 (SD £0.33) (99.1%), and 17.95 (SD £0.15) {99, in the baseline, week-1 and week-2
assessments. A Friedman analysis of variance shavekflerence among these assessments
[x2(2)= 9.5, P< 0.01]. The scores of the four pasiemith personal USN were 15.74 (SD
+1.62) (87.4%), 17.63 (SD +0.48) (97.94%), and 88D +0.25) (99.33%) in the baseline,

week-1 and week-2 assessments.
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The CBS scalewvas administered to nine out of ten patients. pagents’ scores were 1.77
(SD £0.83) in the baseline, 2.33 (SD +0.87) atwleek-1, and 2.55 (SD +0.53) at the week-2
assessments. A Friedman analysis of variance mVeal significant difference among
assessmentg? (2)= 11.14, P< 0.01]. Multiple comparisons shoveesignificant difference
between baseline and week-2 (P< 0.05). In the in@sdUSN was severe in four patients,
moderate in three, and mild in two. After one weasktreatment, two patients showed a
severe, two a moderate, and five a mild USN. Atiser weeks USN was mild in five patients,
and moderate in four, with no patient showing aesewWJSN. In sum, in seven out of nine
patients USN improved after the two weeks, beingaaly mild in the baseline in two patients.
The difference between the score of the CBS saadetlae questionnaire of self-evaluation
provided an index of the patients’ awareness of UBMo out of nine patients (MF, RD)
proved to be aware of USN, as indexed by a scaverlan the self-rated, compared to the
observer-rated version of the test. The seven gmosic patients scored 15.78 (SD +9.17) in
the baseline, 10.71 (SD +8.12) at the week-1, a6d &D £6.39) at the week-2 assessments.
A Friedman analysis of variance showed a significdifference {2 (2)= 6, P= 0.05].
Multiple comparisons revealed a significant diffeze between baseline and week-2 (P=
0.05). A perusal of the individual data showed thagix out of seven patients the anosognosia
score diminished from the baseline to week-1, aochfweek-1 to week-2. One patient (CF)

did not show any improvement of the anosognosiaesco
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Table 3. Neuropsychological scores (SEM in brackets) stthseline (B) week-1 (W1), and week-2 (W2) assestsnby Group (CE, EC). LC/BC/SC (Letter/Bell/Star
cancellation, percent correct), CD (Complex drawimgrcent correct), SR (Sentence reading, percemt)eLB (Line bisection, percent deviation). AN@Ydf (2, 16)
for the Time main factor, and for the Time by Granteraction; (1, 8) for the Group main factor. RE, df (2, 10; 1, 5). Post hoc Newman-Keuls coispas: +P=
0.06; *P< 0.05; *P < 0.01; *** P< 0.001.

Time ANOVA

TASK B w1l w2 Time Group Time Post
by Group hoc

LC F=14.82 F=3.02 F=1.77, B-W1**
CE 0.65(0.04)  0.70(0.03)  0.86(0.03) P<0.001  P=0.12 P =0.20 B-W 2%+
EC 0.32(0.03)  0.56(0.05)  0.67(0.05) n1%p 0.65 m*= 0.27 p?=0.18  WI1-W2*
BC F=13.89 F=0.37 F=2.52 B-W1*
CE 0.45(0.07)  0.52(0.07)  0.59(0.06) P<0.001  P=0.06 P=0.11 B-W2#++
EC 0.23(0.03)  0.41(0.04)  0.59(0.06) n1%p 0.63 PM’=0.04 pP’=024  WI-W2*
SC F=6.00 F=0.02 F=1.86 B-W2*
CE 0.55(0.08)  0.63(0.09)  0.66(0.07) P<0.05 P=0.89 P=0.21
EC 0.57(0.13)  0.60(0.10)  0.74(0.13) nw’p0.55  P*=0.003 m?=0.27
CD F=8.52 F=3.99 F=1.03 B-W2**
CE 0.92(0.01)  0.90(0.02)  0.98(0.004)P< 0.01 P=0.08 P=0.38 W1-W2**
EC 0.55(0.07)  0.65(0.07) 0.76(0.05) n*p0.52 pP*=0.33 p’=0.11
SR F=5.00 F=1.60 F=2.10 B-W1+
CE 0.12(0.03)  0.02(0.01)  0.05(0.01) P< 0.05 P=0.24 P=0.16 B-W2*
EC 0.34(0.08)  0.30(0.07)  0.18(0.07) 1% 0.38 m’= 0.17 m’=0.21
LB F=0.48 F=3.26 F=0.82
CE 0.057(0.025) 0.028(0.036) 0.031(0.01BF 0.63 P=0.11 P=0.46
EC 0.098(0.046) 0.128(0.036) 0.085(0.021)°0.056 m*=0.29 M= 0.092
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Table 4. NIH and FIM summary scores. B, W1, and W2, sgene to Table 3.

Time ANOVA

TASK B w1l w2 Time Group Time Post
by Group hoc

NIH F=5.00 F=1.21 F=0.89, B-W1*
CE 14.51(1.57) 12.40(2.42) 10.60(2.18pP< 0.05 P=0.30 P=0.43 BW2*
EC 9.80(1.28) 8.60(1.83) 7.60(1.75) 1*90.35 m>=0.13 p*=0.10
FIM
Motor F=15.31 F=0.16 F=0.75, B-W1*
CE 32.60(8.91) 37.60(9.53) 39.20(9.93P<0.001  P=0.70 P=0.49 B-W 2+
EC 35.10(6.23) 38.34(8.06) 42.90(9.95) n’p0.66  P=0.02 P’=0.09  WI1-W2*
Cognitive F=4.73 F=3.90 F=10.94, B-W2*
CE 18.60(2.25) 20.21(2.27) 22.80(3.48pP< 0.05 P=0.08 P=0.41
EC 28.00(1.76) 28.54(1.92) 28.80(0.97)n’p0.37 pm’=0.33 p*=0.11
Total F=14.45 F=0.75 F=0.38, B-W1*
CE 51.20(7.52) 57.81(8.06) 62.00(7.39P<0.001  P=0.41 P=0.68 B-W 2+
EC 63.10(7.43) 66.88(9.12) 71.70(10.53)°p0.65 m?=0.09  p’=0.05  WI1-W2*
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Baseline performance and treatment effects

Table 5 shows the main effects of Time, and Grolug,Time by Group interaction, the effect
of Baseline, and the Time by Baseline interactieor. the Letter and Bell cancellations, and
the Complex drawing tasks, and for the CBS and Btdles, the main effect of Time was
significant, while the Time by Group interactiondancrucially, the Baseline by Time
interaction were not. The non-significant Baselimg Time interaction indicates that the
improvement during the week 1-week 2 time periodreatment (i.e., the Time effect) was
not dependent on the baseline level of performahicerefore, any group difference present at
the baseline time did not influence the improvenoaar the week 1-week 2 time period.

For the Sentence reading test not only the Timenrfagtor, but also the Time by Group
interaction was significant, while the Time by Blase interaction was not. This result shows
a differential improvement in the two groups (EE)®etween week-1 and week-2. This may
be traced back to differences in the performaneeldeof the two groups. The mean number
of errors at the end of week-1 and week-2 were B&o56 for group CE, 30% and 18% for
group EC (see Table 3). These scores, howeverit aibierent, were not affected by the
baseline scores. For the Star cancellation taskniii@ effect of Time, the Group by Time,
and the Baseline by Time interactions were notiaggmt. This test was given to only seven
participants (four patients in the CE group, thireehe EC group), possibly reducing the
power to detect significant differences. For thad_bisection task, the ANCOVA confirmed
the lack of improvement during the treatment.

For the NIH scale, the main effect of Time was sighificant, while the Time by Baseline,
and the Time by Group interactions were significantmarginally significant. These findings
indicate that the improvement of the NIH scale esaduring the week 1-week 2 treatment
period depended on the baseline level. A perustideoflata showed that the improvement was
larger for the higher baseline NIH scores, namelthe patients with a more severe deficit. In

sum, these findings show that the patients’ impnomet in the NIH scale was dependent on

62



the baseline level of performance, suggesting ttiatscores’ changes in the week 1-week 2
treatment period reflect factors different from thasm treatment, such as spontaneous
recovery. This was not the case of the patientpravement in the neuropsychological tests

and in the FIM and CBS scales, which were unaftebiethe baseline level of performance.

63



Table 5. Repeated-measures ANCOVAs with a within-subjeetstar, Time (scores W1, and W2), and a betweeresthjfactor, Group (CE and EC), with the

standardized baseline mean score as a linear sarddtive covariate. df : 1,7 for all analyses, that Star test (1,4, Time main factor and the adgons; 1,3, Baseline

covariate). Tests and scales: see legend to Table 3

Time Time

Test Time Group Baseline by Group by Baseline
LC F=8.03,P< 0.05 F=0.65,P=0.45 F=5.85P<0.05 F=0.26P=0.88 F=0.142P=0.72
BC F=7.59,P< 0.05 F=2.21,P=0.18 F=20.98P< 0.05 F=0.93P=0.37 F=0.04P=0.86
SC F=3.46,P= 0.136 F=0.14P=0.91 F=39.65P< 0.05 F=2.55P=0.19 F=0.08P=0.79
CD F=7.75P< 0.05 F=0.11,P=0.75 F=22.85P< 0.05 F=0.36P= 0.57 F=0.85P=0.39
SR F=5.95P< 0.05 F=0.78P=0.41 F=35.12P<0.05 F=23.1P< 0.01 F=0.24P=0.64
LB F=1.33,P=0.29 F=3.03,P=0.12 F=1.64P=0.24 F=7.58P=0.41 F=1.00P=0.35
CBS F=14.77P<0.05 F=0.30,P=0.60 F=20.47P<0.05 F=1.80P=0.22 F=1.58P=0.25
FIM F=12.42P<0.05 F=0.81,P=0.40 F=59.54P< 0.001 F=0.12P=0.74 F=0.02P=0.88
NIH F=0.74P =0.74 F=2.80,P=0.14 F=16.33P<0.01 F=5.13P=0.06 F=6.65P< 0.05
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Neurological factors and recovery from USN after pism adaptation: NIH scale

To control whether the baseline level of neurolaguerity may have influenced the outcome
of the two-week prism adaptation treatment, theddedized baseline NIH score was used as
a covariate variable. For each test and scaleateganeasures ANCOVAs were performed,

with Time (scores at baseline, week-1, and wee&s2p within-subjects factor, and Group

(EC, CE) as a between-subjects factor. As Tabladvs, for each test and scale the main
effect of Time was significant, while the Group biyne, and the Time by NIH baseline score

interactions were not significant. These resulsstipularly the lack of interaction between the

Time and NIH baseline factors, show that both gsouagproved over time, independent of the

patients’ initial neurologic severity. This makeslikely an interpretation of the recovery of

USN during the prism adaptation treatment as ae@sg general neurologic recovery.
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Table 6.Repeated-measures ANCOVAs with a within-subjestsor, Time (scores B, W1, and W2), and a betwesbijests factor, Group (CE and EC), with the baselin

NIH score as a linear and interactive covariate2df4 for the Time main factor, and the interaasiol,7 for the Group main factor and the NIH c@atar, for the Star test

df 2,8, and 1,4. Tests and scales: see legendiie Ba

Time Time
Test Time Group NIH Score by Group by NIH Score
LC F=14.49P< 0.001 F=5.75,P=0.05 F=2.30,P=0.17 F=1.78P=0.20 F=0.79P=0.47
BC F=12.55P<0.01 F=5.38,P=0.054 F=7.07,P<0.05 F=0.73P=0.50 F=0.36P=0.70
SC F=4.95P< 0.05 F=0.476P=0.53 F=0.97,P=0.38 F=1.13P=0.37 F=1.00P=0.41
CD F=9.27,P<0.01 F=2.41pP=0.16 F=0.03,P=0.87 F=2.59P=0.11 F=0.25P=0.21
SR F=4.86,P< 0.05 F=1.68,P=0.24 F=0.34,P=0.58 F=3.27P=0.07 F=0.21P=0.81
LB F=0.45,P=0.65 F=1.13P=0.32 F=0.17,P=0.69 F=0.59P= 0.57 F=0.56P= 0.58
CBS F=24.89P< 0.001 F=0.12P=0.91 F=0.20,P= 0.67 F=2.23P=0.14 F=2.95P=0.08
FIM F=15.73P< 0.001 F=0.44,P=0.53 F=5.70,P< 0.05 F=1.54P =0.25 F=1.44P=0.27
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Duration of disease

In order to control whether the distance from tiheeat of the neurological disease may have
influenced the outcome of the two-week prism adaptatreatment, the standardized
Duration of disease, expressed in months, was asedcovariate variable. For each test and
scale, repeated-measures ANCOVAs were performet, ttve Time and Group factors used
in the ANCOVAs reported above. Table 7 shows timathie Letter and Star cancellation,
Complex drawing, Sentence reading tasks, and irstlades, the main effect of Time was
significant, while the Time by Group and the TimeDuration of disease interactions were
not significant. For the Bell task, the main effe€fTime, and the Time by Group interaction
were significant, while the Time by Duration of eise interaction was not significant. This
result suggests that Duration of disease did rilatence the patients’ improvement in the Bell
task, while a different effect of Time was foundthe two groups (CE and EC). This might
have been caused by baseline differences betweemthgroups. To test for this hypothesis,
a repeated-measures ANCOVA with Time (scores akvteand week-2) as a within-subjects
factor, and Group as a between-subjects factompeesrmed, with the standardized Duration
of disease and the standardized Baseline as cteardmiables. The main effect of Time
[F(1,7)=8.23, P= 0.05] was still significant, whilee main effect of Group (F(1,6)= 5.27, P=
0.61) was not significant, as well as, cruciallye tGroup by Time interaction [F(1,7)= 1.59,
P= 0.26]. These results show that also in the Bt both groups improved over time,

independent of the duration of disease.
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Table 7. Repeated-measures ANCOVAs with Duration of disessa linear and interactive covariate. Main faxemd df as in Table 5. Tests and scales: seeddgen

Table 3.
Time
Group Duration of Time by Duration of

Test Time disease by Group disease
LC F=14.22P< 0.001 F=1.43P=0.27 F=0.10P=0.76 F=9.82P=0.40 F=0.64P=0.54
BC F=16.44P<0.001 F=0.11P=0.75 F=0.82P=0.78 F=5.42P< 0.05 F=2.64P=0.11
SC F=8.17,P<0.05 F=0.60P= 0.82 F=0.50P= 0.83 F=2.99P=0.11 F=1.94P=0.21
CD F=9.27P<0.01 F=3.58P=0.10 F=0.29P=0.61 F=0.89P=0.43 F=1.72P=0.21
SR F=4.75P<0.05 F=3.12P=0.12 F=1.61P=0.24 F=2.45P=0.12 F=0.05P=0.95
LB F=0.54,P=0.60 F=1.31P=0.29 F=0.32P=0.59 F=2.33P=0.13 F=2.06P=0.16
CBS F=22.83P<0.001 F=0.05P=0.94 F=0.23P=0.65 F=0.30P=0.75 F=2.13%=0.16
FIM F=14.92P< 0.001 F=4.88P= 0.06 F=5.73P=0.05 F=0.00P=0.10 F=1.00P=0.39
NIH F=4.76,P< 0.05 F=2.34P=0.17 F=1.23P =0.30 F=0.23P=0.80 F=0.69P = 0.52
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Control pointing task

Adaptation

Figure 9 shows that adaptation took place in tret fi5 pointing trials of each session, with a
reduction of the rightward error. An analysis ofrimace with the between-subjects factor
Group, and two within-subjects factors [Sessiotreditment (1-10); Pointing error: beginning
(1-3), middle (44-46), and end (88-90) trials] slkeomthat the main effect of Pointing error
was significant [F(2,16)= 17.74, P< 0.00)2p 0.680], while neither the Group [F(1,8)=
0.06, P=0.81,y®2= 0.007], nor the Session [F(9,72)= 0.48, P= 0pg&= 0.056] main effects
were significant, as well as the Group by Sessk(d,[2)= 0.86, P= 0.56 2= 0.097], the
Group by Pointing error [F(2,16)= 0.33, P= 0.782p 0.039], the Pointing error by Session
[F(18,144)= 0.59, P= 0.90,n@= 0.068], and the Group by Session by PointingorErr
[F(18,144)= 1.03, P= 0.42n@= 0.114] interactions. Multiple comparisons showggphificant
differences between the beginning and middle (F91), and the beginning and end (P<
0.001) trials. The difference between the middld and trials was not significant (P= 0.68).
The completeness of adaptation was assessed byiagalvhether the pointing error in the
visible condition was comparable before adaptatéong at the end of it. The error scores in
the beginning trials (1-3) of the pre-exposurehlesicondition, and in the end trials (88-90) of
the exposure visible condition, averaged across téme visible exposure sessions, were
compared in the two groups. The main effects ofu@rd-(1,8)= 0.14, P= 0.71n@= 0.017],
and of Pointing error [F(10,80)= 0.57, P= 0.882p 0.065], were not significant, as well as
the Group by Pointing error interaction [F(10,8@)38, P= 0.20,y= 0.147]. The scores in
the beginning trials of the pre-exposure visibladibon were -0.93° (SEM %0.36) in group
CE, and 2.73° (SEM 0.80) in group EC. The sconethe end trials of the exposure visible
condition were 2.02 (SEM %0.06) in group CE, and02(SEM %0.07) in group EC. No
differences in prism adaptation related to the qumes/absence of visual half-field deficits

were found. An analysis of variance with the betwsebjects factor Group [patients with
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(N= 4) and without (N= 6) a left visual half-fieltkficit, see Table 2], and two within-subjects
factors [Session of treatment (1-10); Pointing efaeginning, middle, and end trials of the
exposure visible condition)] showed a significandim effect of Pointing error [F(2,16)=
16.20, P< 0.001,72= 0.669]. The main effects of Group [F(1,8)= 0.B2,0.52, p2= 0.049],
and of Session [F(9,72)= 0.50, P= 0.8429 0.058) were not significant, as well as the @rou
by Pointing error [F(2,16)= 0.48, P= 0.62y2= 0.056], the Pointing error by Session
[F(18,144)= 0.70, P= 0.81n@= 0.086], the Group by Session [F(9,72)= 1.200E398, ;2=
0.130], and the Group by Session by Pointing Efff¢t8,144)= 1.61, P= 0.06ng= 0.167]

interactions.

* emor

Adaptation Group EC ‘

" emor

Adaptation Group CE

£ 4 6 8 10

Figure 9. Adaptation effect: visible condition. Pointingrer (°, SEM; positive/negative scores indicate

rightward/leftward errors) in the beginning, middéad end trials, by group (EC, CE).

70



Aftereffects

As Figure 10 shows, the aftereffects after the nahof the prisms (namely the difference
between the pointing errors during invisible paigti before and after adaptation) were
comparable in the two groups. An analysis of vamamvith the between-subjects factor
Group, and two within-subjects factors [Sessiord@)- Pointing error: beginning (1-3) trials
of the pre-exposure invisible condition, beginnifig3) and end trials (28-30) of the post-
exposure invisible condition] showed a significanain effect of Pointing error [F(2,16)=
26.20, P< 0.001,42= 0.766]. The main effects of Group [F(1,8)= 0.D8,0.35, p2= 0.109],
and of Session [F(9,72)= 1.96, P= 0.062% 0.196] were not significant. The Group by
Session [F(9,72)= 1.27, P= 0.26,2= 0.137], the Group by Pointing error [F(2,16)8®.P=
0.46, m2= 0.090], the Pointing error by Session [F(1,8)H0P= 0.71, 2= 0.017], and the
Group by Session by Pointing Error [F(18,144)= 1B4 0.17, 2= 0.143] interactions were
not significant. Multiple comparisons revealed tha mean error in the beginning trials of
the post-exposure invisible condition (-4.54°, SE®L95) differed from those of both the
beginning trials of the pre-exposure invisible dtnd (-2.26°, SEM #0.76; P< 0.001), and
the end trials (-3.3°, SEM £0.99) of the post-expesinvisible condition (P< 0.01). The
difference between the beginning trials of the gxposure condition and the end trials of the
post-exposure condition was also significant (P81)). Exposure to prisms displacing the
visual scene rightwards brought about aftereffactthe opposite leftward direction, which
diminished in size during the post-exposure periddvariance with the present findings,
Frassinetti et al. (2002) found no difference ie thze of the aftereffects between the first
three (-1.7°) and the last three (-1.8°) trialsh@f post-exposure invisible condition. The size
of the leftward aftereffects was however largethi@ present study (first three trials: -4.5°, last
three trials: -3.3°). The aftereffects were noteféd by the presence/absence of visual half-
field deficits. An analysis of variance with thetlween-subjects factor Group (patients with

and without a left visual half-field deficit), artd/o within-subjects factors [Session (1-10);
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Pointing error: beginning trials of the pre-expasimvisible condition, beginning, and end
trials of the post-exposure invisible conditionjpaled a significant main effect of Pointing
error [F(2,16)= 23.62, P< 0.001y®= 0.747]. The main effects of Group [F(1,8)= 0.8,
0.46, m2= 0.068], and of Session [F(9,72)= 1.62, P= O0ph2= 0.168] were not significant.
The Group by Session [F(9,72)= 0.93, P= 0.5(20.104], the Group by Pointing error
[F(2,16)= 0.80, P= 0.47n2= 0.090], and the Pointing error by Session [F(48)= 0.76, P=
0.74, m2= 0.086], as well as the Group by Session by RgjriError [F(18,184)= 1.36, P=
0.16, ;2= 0.117] interactions were not significant. As floe long-term aftereffects, the error
in the invisible pre-exposure pointing trials w&s43° (SEM +0.46) in the 1st session, and

-2.73 (SEM £0.27), more leftward, in the 10th sesgpaired t test: t(9)= 2.66, P< 0.05].

3 * Error After effect Group EC

Pre-1-1-3
—¥— Post-I-1-3
1 ®  Post--28-30

-1 ° Error After effect Group CE

Pre-I-1-3
2 —%— Post-I-1-3
—&— Posl-1-28-30

2 4 6 8 10
Session

Figure 10. Aftereffects: invisible condition. Pointing errégee Figure 9) in the pre-adaptation beginnindstria

and in the post-adaptation beginning and end tiglgroup (EC, CE).
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Group EC: single pointing half-session

Adaptation

The patients’ average scores in the beginning (tid¥y of the pre-exposure visible condition,
in the beginning (1-3) and in the end (43-45) #riaf the exposure visible condition were
0.47° (SEM= £0.38), 7.13° (SEM= £0.64), and 1.88EM= +0.37), respectively, showing
adaptation. A one-way analysis of variance showsijaificant difference among conditions
[F(2,8)= 13.05, P< 0.01,n2= 0.765]. Post-hoc multiple comparison revealeghificant
differences between the beginning and the endtahthe exposure condition (P< 0.01), and
between the beginning trials of the pre-exposuneditmn and the beginning trials of the
exposure condition (P< 0.01). The difference betwtbe beginning trials of the pre-exposure
condition and the end trials of the exposure camuivas not significant (P= 0.36).
Aftereffects

The patients’ average scores in the beginning (1+38)s of the pre-exposure invisible
condition, in the beginning (1-3) and in the en8-(b) trials of the post-exposure invisible
condition were 0.40° (SEM= £0.81), -3.00° (SEM= 43), and -1.40° (SEM= 1.17),
respectively, showing leftward aftereffects. A omay analysis of variance showed a
significant difference among conditions [F(2,8)28B. P< 0.05, §2= 0.608]. Post-hoc
multiple comparison revealed a significant differerbetween the beginning trials of the pre-

exposure invisible condition and the beginningsrf the post-exposure condition (P< 0.05).

Patients’ reports

All patients reported that the ecological treatmgas more varied and less repetitive. During
the pointing treatment, all patients spontaneowsignplained of some minor stiffness or

numbness in the right upper limb, particularlyts €nd of the daily session. The examiners
consistently reported that it was generally easidrave the patients go through the whole of

the ecological than the pointing treatment.
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Mediational analyses

For these analyses, an Overall cancellation semergge of the scores in the Letter, Bell, and
Star cancellation tasks), the Complex drawing s;oilee Sentence reading scores, and the
FIM and NIH scale scores were used. The mediatagse:.wa) the average 10-session
aftereffects, b) the average 10-session persist@ficthe aftereffects, c) the long-term
aftereffects, and d) the average 10-session adaptttect.

A preliminary analysis by paired t-tests assessbeéther the patients’ performance had
improved in the week in which the pointing treatingras administered, comparing their
scores before and after this treatment: overallc€dation score [t(9)= -2.68, P< 0.05];
Complex drawing test [t(9)= -1.003, P= 0.34]; Seotereading test [t(9)= -3.05, P< 0.05];
NIH scale [t(9)= 2.86, P< 0.05]; FIM scale [t(9)4.71, P< 0.01]. Accordingly, the
mediational analyses were performed on the Oveeaitellation, the Sentence reading test,
the NIH and the FIM scale scores.

For the overallCancellation scorgthe effect of the aftereffects on the patiemgbiovement
was significant [B= 0.08, t(8)= 2.65, P< 0.05], wdwms the non-mediated improvement
resulted not significant [a= 0.08, t(8)= 1.19, P27A). The mediational role of prism exposure
was replicated using the persistence of the aftsrisf[B= 0.15, t(8)= 3.12, P< 0.05; a= 0.08,
t(8)= 1.35, P= 0.21], and the long-term afteree@= 0.03, t(8)= -3.58, P< 0.01; a= -0.02,
t(8)=-0.54, P= 0.60]. These results indicate hrhddiational effect (Baron and Kenny, 1986)
of prism exposure, as indexed by the aftereffeots,the improvement of cancellation
performance, with larger aftereffects predictingg@eater improvement. By contrast, no
mediational effect was found for adaptation [B=10.68)= 0.42, P= 0.69; a= -0.07, t(8)=-
1.14, P=0.29].

For theSentence reading testo mediational effects were found: aftereffe@s .04, t(8)=
0.69, P=0.51; a= -0.06, t(8)= -0.44, P= 0.15] spzence of the aftereffects [B=-0.06, t(8)= -

0.61, P=0.56; a= -0.23, t(8)= -1.74, P= 0.12]glverm aftereffects [B= -0.01, t(8)=-0.60, P=
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0.57; a= -0.18, t(8)= -2.56, P= 0.03], and adaptafB= 0.05, t(8)= 1.44, P= 0.19; a= -0.06,
t(8)=- 0.70, P= 0.50].

For theNIH scaleno significant mediational effects were foundeedffects [B= 0.01, t(8)=
0.44, P= 0.67; a= 0.08, t(8)= 1.41, P= 0.20], mtesice of the aftereffects [B= 0.04, t(8)=
1.14, P= 0.29; a= 0.11, t(8)= 2.21, P= 0.06], loegn aftereffects [B= 0.01, t(8)= 1.22, P=
0.26; a= 0.08, t(8)= 2.99, P= 0.02], and adaptaftim-0.001, t(8)= -0.08, P= 0.94; a= 0.05,
t(8)= 1.50, P= 0.17].

For theFIM scalg the mediational role of the aftereffects measuesslted weaker than those
found for the Overall cancellation score. No madial effect of the aftereffects was found
[B= 0.001, t(8)= 0.47, P= 0.96; a= -0.051, t(8)=59, P= 0.15]. The average 10-session
persistence of the aftereffects mediated weaklyFtvMeimprovement [B= 0.41, t(8)= 2.22, P=
0.06; a= -0.005, t(8)= -0.229, P= 0.82]. Finalljie tmediational effect of the long-term
aftereffects on the FIM improvement score was $icgmt [B= 0.010, t(8)= 2.502, P< 0.05],
even though also the not-mediated improvement meadasignificant [a= -.032, t(8)= -2.64,
P< 0.05]. No mediational effect was found for thiagtation effect [B= -0.002, t(8)= -0.25,
P= 0.81; a= -0.06, t(8)= - 2,79, P= 0.02]. In sisome measures of aftereffects exerted a

significant mediational effect on the improvemehthe FIM score.

Follow up

Seven patients were examined at month-1, and fotineaend of the 2nd and 3rd month
(respectively, assessments #8, #9, and #10). Hagents (BA, BG, and GMT) did not enter
the follow up.

Visuomotor exploratory taskhe Cancellation score (average of the patiesustes in the
Letter, Bell, and Star cancellation tasks) was u3ée percent average scores of the seven
patients at the month-1 (0.74, SD +0.26) were coalga to those at the week-2 assessment

(0.67, SD =0.25) [F(1,6)= 2.16, P= 0.1%23 0.26]. The scores of the four patients at the
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month-1 (0.76, SD +0.30), month-2 (0.69, SD +0.3@hd month-3 (0.73, SD +0.32)
assessments were also comparable [F(2,6)= 0.50,98=m2= 0.16].

Functional scalesFor the CBS scale, the patients’ average scoees %55 (SD £0.53) at the
week-2, and 2.80 (SD +0.33) at the month-1 assessfWélcoxon matched pairs test, T= 0,
P=0.10). The scores of four patients assesseaithr2 and month-3 did not change. In five
patients the anosognosia CBS scores were 6.10 &00¢at the week-2, and 4.60 (SD
+4.20) at the month-1 assessment (Wilcoxon matglaéd test: z= 0.73, P= 0.46). The CBS
and anosognosia scores did not change in the fallpwFor the NIH scale, the patients’
average scores were 9.84 (SD 15.34) at the week@,9.84 (SD £5.08) at the month-1
assessment [F(1,5)= 0.02, P= 0.8¥2p¢ 0.004]. For the FIM scale, the patients’ average
“total” scores were 63.58 (SD %25.15) at week-2d &8.49 (SD +29.39) at month-1
[F(1,5)=2.19, P= 0.20,12 = 0.30]. The NIH and FIM scores of the four patseassessed at

month-2 and month-3 did not change.

2.1 Conclusion

Experiment 1 provided evidence that the ecologickptation procedure is equally effective
in ameliorating neglect symptoms as the more f@uit pointing adaptation procedure.
Patients received 20 sessions of PA during a p@idado weeks in which they performed the
pointing task (one week) and the ecological procedthe other week). Improvement of
patients’ visuo-spatial deficits took place aftbe tfirst week and continued in the second
week of treatment, with no difference between tt@agical and the pointing procedure. The
Effect-size indices supported this conclusion. Whbk exception of the line bisection task,
which showed no changes, the patients’ improvenreiihe tasks assessing spatial neglect
was testified by the large effect-size indices esded with time (average effect size 0.55,
range 0.38-0.65). By contrast, group differencesewever significant or remarkable (average
effect size 0.16, range 0.003-0.33), and groupshdidshow a differential improvement over
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time (the average effect size of the Group by Tinteraction equals to 0.20, range 0.11-
0.27). The patients’ improvement was unrelatedasebne level of performance, neurological
impairment, as assessed by the NIH scale, andionimait disease (see tables 6-7).

In this experiment, we did not find positive effecf the prism adaptation treatment on line
bisection performance. While prism adaptation hesrall positive effects on the patients’
performance, as assessed by different tasks, Hrerelifferences among studies as for the
specific tasks affected by the procedure. Candatigberformance, however, appears to be
consistently improved. The lack of effects on libesection, as well as the absence of
mediational effects of aftereffects on sentencdirgpperformance, suggests some specificity
of the effects of prism adaptation in a rehabilitatsetting.

Since a cross-over design was used, the data fnensdécond week of treatment might be
biased by a carryover effect from the first weekkmg it difficult to disentangle the specific
contribution of each treatment. The results, howedsiel not indicate a carryover effect. First,
across the different tasks and indicators, thassitsl interaction between the Group and
Time main factors was not significant (see Tables@ 4), showing that the improvement of
the patients’ performances was not affected bypduicular treatment in the first session
(Jones and Kenward, 2003). Secondly, the improverattar the first week (Bowen and
Lincoln, 2007), with no differences between the tyvoups, indicated an equivalence of the
treatments even before any possible carryover teffigght take place. The decrease of spatial
neglect during the second week was shown both ByANOVAs using the three time
intervals (Baseline, Week-1, and Week-2) as a withibjects main factor (see Tables 3 and
4), and by the ANCOVASs using as covariate the nszames of the three baselines (see Table
5). Taken together, these results strongly sugtest the experimental treatment is as
effective as the control treatment in amelioraspgtial neglect symptoms.

One limitation of the present study is that theiglesdid not compare the effects of the

ecological treatment with a control group receivimg treatment. However, in a previous
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controlled study it was already established thanpradaptation with the pointing task is
effective (Frassinetti et al., 2002). Similarly, early study using Fresnel prisms found that
patients wearing the prisms showed a greater ingonent of USN and hemianopia, as
compared with a control untreated group (Rossil.et1890). Furthermore, recent reports
show that ten sessions of visuomotor pointing @gtiglone decrease left USN, yet the
improvement is lower than the one achievable bgnpradaptation through repeated pointing
(Serino et al., 2009; Mizuno et al., 2011). Our exxpent also provided evidence for the
presence of adaptation and aftereffects (see reviawRedding et al., 2005; Redding and
Wallace, 2006; Redding and Wallace, 2010) durimgviieek of the pointing task, as expected
from previous studies (Frassinetti et al., 2002jr®eet al., 2006; Serino et al., 2007; Ladavas
et al., 2011). In every session, we recorded thmeebed rightward bias that was corrected
during the exposure condition (see figure 9, adegptaeffect), followed by the leftward
deviation in each post-exposure condition (seeréidhD, aftereffect). The current study also
showed, for the first time, the presence of longateaftereffect as demonstrated by the
increasing error recorded in the pre-exposure tmmdihat became more leftward in each
session.

In the present study, the improvement of the ptiereurological impairment, as assessed by
the NIH scale, was unrelated to the effects ofnpredaptation, as suggested by both the
ANCOVA using the baseline NIH score as a covar(see Table 6), and the mediational
analysis. Conversely, the improvement of the p&lescores in a widely used measure of
independence in everyday activities (i.e., the FHbhle) was partly accounted for by the
aftereffects, as indicated by the mediational asedy Thus, the benefit of a prism adaptation
treatment did not extend to neurologic severity iieffect appears to be specific to neglect
symptoms. Improvement following prism adaptationynadso generalize to whole-person
activities and independence in daily life, as ass@ésn an inpatient setting. A similar result

was recently replicated in a controlled study, imck the group of neglect patients that was
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submitted to ten sessions of PA pointing treatmsrgroved significantly more than the
control group who received neutral goggle. The mrpment was recorded both in the CBS
and in the FIM scales (Mizuno et al., 2011).

Results from the mediational analysis also suppatte hypothesis (Sarri et al., 2008; Farne
et al., 2002) that the beneficial impact of prisdaptation on neglect symptoms might be
related to the magnitude of the aftereffect inpbst-exposure phase. Indeed, on the different
mediators that we tested (adaptation and afterteffetexes), only the aftereffect measures
could predict the improvement. Larger and more@rgéd aftereffects were related to greater
improvements in the cancellation tasks and in getFIM scores. By contrast, we did not
find any evidence that improvement was relatechtogatients’ ability to adapt to prism in
terms of error correction during the exposure phasepreviously reported by other authors
(Serino et al, 2006; Serino et al, 2007 Ladavaslet2011). The mediational analyses
provided evidence both for positive effects of asmor adaptation treatment, and for an
advantage of at least ten repeated sessions.

Finally, and importantly for rehabilitation purpasepatients reported a preference for the
ecological activities, which could be better toteth allowing a higher number of brain-

damaged participants to go through the whole tngini
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EXPERIMENT 2
Ecological activities during prism exposure indlamger aftereffects than

pointing task in healthy individuals

[Fortis P, Ronchi R, Calzolari E, and Vallar Gn freparation)]

3.1. Aim of the study

In the first study (Experiment 1), we demonstratieel effectiveness of the new ecological
procedure in ameliorating a wide range of visudigpdisorders in neglect patients. Since we
did not provide measurements of adaptation andedfitets during the ecological task, in this
second experiment we tested if the ecological adiapt procedure results in adaptation and
aftereffects that are comparable to those prewodsmonstrated in the traditional pointing
task (e.g., Redding and Wallace, 2010). If reséitsn our study show adaptation and
aftereffects following the ecological task, this W@ increase our confidence in the
effectiveness of this procedure and make it a weiabption for long-term neglect
rehabilitation. We submitted 48 neurologically hieglsubjects to two consecutive days of
exposure to rightward shifting prisms in which sdb$ performed the ecological task and the
pointing task in separate days. In order to readbrerror correction occurred during the
adaptation phase we modified the ecological proeegueviously employed in the neglect
study (Experiment 1). We added 4 pointing movemeéeefsre and after the execution of the
visuo-motor activities. In addition, we tested firesence of aftereffects in each day through
three tests that are widely used in literaturerafp adaptation: the proprioceptive, visual and
visual-proprioceptive tests. We tested subjectditbérent ages, representative of young and
aged populations. The young participants were taleo allow for comparisons with studies
of PA in healthy subjects, typically involving yogindividuals (see for example Berberovic

and Mattingley, 2003; Michel, Pisella, et al., 200Q3ftus et al., 2008; Loftus et al., 2009,
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Michel et al., 2008). To make our result comparakii studies of PA in neglect patients,
often involving older individuals, we included aogp of elderly subjects. Similar to
Experiment 1, we also administered a questionnairehe end of each adaptation task to
assess participants’ level of satisfaction in penfog the adaptation procedures and the

possible difficulties they encountered in executimgm.

3.2 Materials and methods

Participants

Two groups of healthy right-handed subjects (yoand aged) were tested. The young group
consisted of twenty-four undergraduate studentsf¢rfales, mean age: 24 years, SD: 2.67,
range 19-30; mean education: 15 years, SD: 1.8¢era3-17), enrolled in the Department of
Psychology, University of Milano-Bicocca, Italy. @haged group consisted of twenty-four
elder subjects (12 females, mean age: 68 years5SB; range 57-79; mean education: 13
years, SD: 5.60, range 5-18), recruited from thepaiient population of the
Neurorehabilitation Unit of the Istituto Auxologicikaliano IRCCS, Milan, Italy, with no
history or evidence of neurological or psychiatdisease. Each subject had normal or
corrected to normal vision and was naive to thepse of the study. All subjects gave their
informed consent prior to participating in the stwhd the students received course credits.
The study was approved by the university and trspital ethics committee.

Prism adaptation procedure

Subjects received two sessions of prism exposurévonconsecutive days in which they
completed a paradigm including 1) a pre-exposur@uation; 2) exposure to a base-left
wedge prisms (Optique Peter, Lyon, France) disptathe visual field horizontally by 10° to
the right; 3) a post-exposure evaluation identicahe pre-exposure one.

During the exposure condition, subjects perfornted gointing adaptation task on one day,
and the ecological adaptation tasks on the othgr @he order of the two adaptation
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procedures was counterbalanced: twenty-four subjd@@ young and 12 aged) performed the
pointing adaptation task in the first day and tkelegical task on the following day; the
other twenty-four participants (12 young and 12dgeerformed the adaptation tasks in the
reverse order. Each adaptation task was carriedvititthe right arm. The exposure phase
lasted about 20 minutes

Exposure condition: Pointing adaptation task

Participants sat at a table and positioned thgit upper limb inside a two-layer wooden box
(32 cm high, 74 cm wide). The lower and upper sigfaf the box had a pentagonal shape
with the base facing the participants’ side (segrifd 7, Experiment 1). The pentagon’s depth
at the center (distance between the base and ttex\a the box) was 32 cm, and 19 cm at
the lateral sides. Participants were asked to puaihit their right index finger to a target (the
top of a red pen) presented by the examiner atiigtal side of the box. They were instructed
to perform one quick out-and-back motion. After leacovement, the participant returned
her hand to the starting position at body centeblakk cloth attached from the participant’s
neck to the upper surface of the box occluded thierv of the starting position of the arm.
The pentagonal shape of the box occluded the vidgtveoarm’s movement until the terminal
part, such that only the right index finger emegginom the distal side of the box was
visible. Ninety pointing movements were made. Tdrgdt was presented in a pseudorandom
fixed order 10° to the right or left of the parpants’ mid-sagittal plane (MSP). The same
number of trials was presented for each of the tavget positions. The initial and last four
pointing trials included two instances of the riginid left target positions. The distal edge of
the box was marked with angular gradations (degrjesittached on the upper side of the
box on the examiner’s side, which was not visilolehe participants. The distance between
the target and the participants’ finger was meakufepositive score denoted a rightward
displacement with respect to the position of thegdg a negative score a leftward

displacement.
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Exposure condition: Ecological adaptation task

During the ecological adaptation task participape&formed 10 of the 12 visuo-motor
activities used in Experiment 1. Two activities werxcluded since they required material
from a neuropsychological test (WAIS; Wechsler, Z)9®at was not available in the present
study. The instructions how to perform each taskewsandardized and the activities were
presented in the following order: 1) collectingre®on the table and putting them in a money
box, 2) dressing rings and bracelets, 3) closing jaith the corresponding lids, 4)
assembling jigsaw puzzles, 5) box and block, 6)irsgprcards, 7) threading a necklace with
12 spools and rope, 8) copying a chessboard pattersin empty chessboard, 9) serving a
cup of tea, 10) composing a dictated word usintgdeprinted on a square. During the
ecological procedure the vision of the arm waslafbe for the entire movement path. Prior
to and after the execution of the ecological ati&si participants performed four pointing
movements that were administered with an idenficatedure as the one employed during
the pointing adaptation task.

Pre and Post-exposure evaluation: aftereffect meases

Participants sat at a table with their head aligngt the body’s MPS and stabilised by a
chin-rest attached to the table. A transparent reqpanel (50 cm side) marked with a
goniometry with lines radiating from -90° to + 9@/fas placed on the table centered with
participants’ MPS (see Fig. 11). During the pred goost-exposure evaluation, three
aftereffect measures were administered: propriosepwisual, and visual-proprioceptive
tests. The three tests were presented in counderded order across participants. For the
proprioceptive and the visual-proprioceptive tgstgicipants were asked to perform fast and
accurate pointing movements with their right uplpab. Participant’'s arm was positioned at
the center of the panel with the right hand restinga starting location near their body. This

served as a starting point for all movements.
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1. Proprioceptive Test Participants were blindfolded and instructed talicate the
subjectively estimated position of their body mmélion the panel surface. They performed
10 straight-ahead pointing movements. On each thalexperimenter recorded the deviation
of the finger position from the true objective badidline (°, degrees of visual angle).

2. Visual Test A red LED was mounted on a pulley (120 cm lendt®, cm deep) placed
horizontally at the top of a black wooden box (8% ltigh, 75 cm wide, and 20 cm deep, see
Fig. 11). The box was positioned in a darkened raanthe distance of 85 cm from
participants’ MPS. Two strings placed on both LE@es were used to move the LED on the
pulley. The speed of the LED movement was varigd/éen trials in order to avoid counting
strategies. The visual test did not involve arm ements: participants were instructed to
verbally stop the movement of the LED, when itsifpms corresponded to their MPS. The
LED was moved ten times: 5 times from right to kefitd 5 times in the opposite direction,
starting with the right to left movement first, iaspect to participants’ view. A centimetre
attached to the pulley on the experimenter’s sidevad for the recording of the deviation of
the LED position from the center of the pulley esponding to the true objective
participants’ MPS (cm). Each measurement was trersformed in degrees of visual angle
().

3. Visual-Proprioceptive Test.The same pulley-mounted LED box of the visual teas
used. With eyes open, participants performed 16tjmg movements on the panel surface to
indicate the downward projected position of the LEIh each trial, the LED was placed in
front of the participants’ MPS but participants wemaware of its position. The movement
of the arm was occluded from vision by a two-lay@oden box (30 cm high, 75 cm wide,
and 50 cm deep) and by a black cloth attached fitmenparticipant’s neck to the upper
surface of the box. Participants were instructeddse their eyes between each trial to allow

the experimenter to re-position the light.
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To minimize the de-adaptation effect participanesevasked to close their eyes at the end of
the adaptation phase and between each test pedfonntige post-exposure evaluation.

The difference between the deviation on the iniad last four trials of the exposure
condition was used to evaluate the extent to wharticipants were able to correct the lateral
deviation induced by the prismatic displacemenggaation effect). The difference between
post- and pre- exposure measures was computedotessxthe relative shift in estimate for
each test and quantify the presence of aftereffgutsprioceptive shift, visual shift, and

visual-proprioceptive shift.

Figure 11 Box used in the Visual and Visual-proprioceptigsts. On the table, the goniometry board to record
the error of the pointing movement

Questionnaire

A Likert-scale questionnaire was administered ateghd of each day of the experiment and
assessed how participants subjectively experiemeéorming the adaptation tasks (see
Appendix at the end of the chapter). Participangsewrequired to indicate their level of
agreement with each of the thirteen questionnaia¢erments. The scale ranged from 1

(“totally disagree”) to 7 (“totally agree”).

85



Statistical analysis

The adaptation effect, the proprioceptive, visuad aisual-proprioceptive aftereffects and
the participants’ responses in the questionnaineassessed through parametric statistical
analyses (ANOVAs). Significant differences were lexgd by Newman-Keuls' post-hoc

multiple comparisons.

3.3 Results

Adaptation as error correction effect

The difference between the initial and last fouinpng trials of the exposure condition
(shift) was examined to assess whether participaate able to correct the lateral deviation
induced by the prisms. A mixed-design ANOVA with yD&ayl/day2) as the within-
subjects factor and Order of adaptation task (RwrEcological/Ecological-Pointing) and
Age (Young/Aged) as the between-subjects factors warformed. The effect of the
Intercept [F(1,46)= 51.94, p< 0.001] was significagvealing that a significant shift was
induced by prisms during prism exposure. The mé#eceof Day [F(1,44)= 7.34, p< 0.01]
was also significant showing that a larger shifsypaesent in the first day compared to the
second day of prism exposure. No other significatifferences were found in the analysis.
As can be seen in Figure 12, participants showediaal rightward pointing error deviated
in the same direction as the lateral shift induicggrisms. The error was reduced at the end
of the exposure phase with a same amount of eaweation following the ecological and

the pointing tasks. This result was consistenh@young and aged group of subjects.
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Young ——Ecological Task
=— Pointing Task

Deviation (°)

Initial Last

Aged

Deviation (7)

Initial Last

Figure 12. Adaptation effect in the young group (above paraid in the aged group (below panel) of
participants. Values represent the mean pointingrgx°, error bars are 1 SEM) in the first and tatials of the
exposure condition during the ecological (blacke)irand the pointing (grey line) adaptation procedur

Positive/negative scores indicate rightward/leftvarrors.

A subsequent analysis was performed to investifaedifferent magnitude of the lateral
shift induced in the two days of prism exposuregw&-way ANOVA with Time (mean first

4 trials/ mean last 4 trials) and Day (dayl/day®}re within-subjects factors revealed that
the main effect of Time [F(1,47)= 561,21 p< 0.0ahg main effect of Day [F(1,47)= 44.21,
p<0.001], and the interaction of Time by Day [F&)A7.74, p< 0.01] were significant. Post-
hoc comparisons revealed that subjects were aladapt to the lateral deviation induced by
prism in both days as shown by a reduced latenghtien in the last pointing trials of the
exposure condition (p’s <0.001 for dayl and dag2 able 8). In addition, the comparison
between the errors performed in the initial poigtirials of the two days of prism exposure
was significant (p<0.001). Participants’ initialiptng errors of the second day were less
rightward deviated than the initial pointing erroo$ the first day of prism exposure.
Similarly, the comparison between the errors pentat in the last pointing trials of the two
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days of prism exposure was significant (p<0.01)ti€lpants’ final pointing movements of

the first day of PA was still rightward deviatedrn the true target position (M = 0.34°, SD =
0.74; t test against zero = 3.22, p = 0.002) wisetba final pointing movements of the
second day were closer to the target position (M1-°, SD = 0.68; t test against zero = -

1.12, p =0.27; see Table 8).

Table 8. Mean deviation of the Initial and Last four triad$ the exposure condition in each day of prism
exposure. Values represent the deviation (expraasgeigree) from the target: positive values ingiagghtward

deviation, and negative values indicate leftwardat®n. Values in parentheses are standard dewti

Day 1 Day 2

Initial 4 trials 4.09 3.00
(1.39) (1.34)

Last 4 trials 0.34 -0.11
(0.74) (0.68)

Pre-post test differences: aftereffect measures

Analysis of the proprioceptive shift, visual shifind visual-proprioceptive shift were
assessed to test the presence and magnitude afténeffects following the ecological and
the pointing adaptation tasks. Mixed-design ANOW#th Task (ecological/pointing) as the
within-subjects factor and Order of adaptation ta@kointing-Ecological/Ecological-
Pointing) and Age (Young/Aged) as the between-sibjefactors were performed.
Furthermore, because the effects of prisms may w#as a participant performs multiple
post-test assessments, all analyses of shift diffezs were initially carried out with the
inclusion of Test-order (first, second, or third) @ factor. For the proprioceptive and visual
tests there were no main effects or interactiomsluing Test-order (all ps > 0.22). Thus, for
simplicity, the order factor was dropped from thasalyses. Effect of order occurred in the

visual-proprioceptive test and is reported below.
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Proprioceptive Test

A mixed-design ANOVA on the proprioceptive shiftosted a significant effect of the
Intercept [F(1,46)= 51.94, p< 0.001], revealingttbaposure to rightward shifting prisms
induced a significant leftward deviation in the rioceptive measures (M = -2.35°;, SD =
2.26). In addition, the main effect of Task wasgigant [F(1,46)= 4.84, p= 0.03] showing
that the amount of aftereffect varied accordingh® task performed during the adaptation
phase. Inspection of the means revealed a gresiteratd deviation after the ecological
adaptation tasks (M = -2.93°; SD = 3.32) than tbeging adaptation task (M = -1.77°; SD =
2.43). The main effect of Age [F(1,46)= 1.68, p20).and the interaction of Task and Age
[F(1,46)= 0.56, p= 0.46] were not significant. A@ncbe seen in Figure 13, the ecological
adaptation task created a greater leftward dewiabioth in the young and aged group of
subjects.

Visual Test

A mixed-design ANOVA on the visual shift showed ignfficant effect of the Intercept
[F(1,46)= 28.45, p< 0.001], revealing that exposiareéightward shifting prisms induced a
significant rightward deviation in the visual messssi(M = 1.08°; SD = 1.83). In addition,
the main effect of Task approached significancé )= 3.91, p= 0.05], suggesting that the
amount of aftereffect varied according to the tpskformed during the adaptation phase.
Inspection of the means (Figure 13) revealed greggktward deviation after the ecological
adaptation tasks (M = 1.41°; ES = 0.27) than thantpg adaptation task (M = 0.76°;
ES=0.26). The main effect of Age [F(1,46)= 0.00,360] and the interaction of Task and
Age [F(1,46)= 0.96, p= 0.33] were not significant.

Visual-Proprioceptive test

A mixed-design ANOVA on the visual-proprioceptiviefs including the factor of Test-order
revealed a significant interaction of Task by A§€1[36)= 4.99, p< 0.05], and an interaction

of Task by Age by Test-Order [F(2,36)= 3.74, p=3).0’he Intercept [F(1,46)= 120.39, p<
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0.001] was also significant, showing that expodoreightward shifting prisms induced a
significant leftward deviation in the visual-propeceptive measures (M = -3.78°; SD = 3.52).
No other significance differences were found irs tanalysis. To follow up on the three-way
interaction, two separate analyses were perfornredhe young and aged group of
participants using mixed-design ANOVAs on the viguaprioceptive shift with Task
(ecological/pointing) as the within-subjects factord Order of adaptation task (Pointing-
Ecological/Ecological-Pointing) and Test-order ffirsecond and third) as the between-
subjects factors. For the young group, analysieakd a significant effect of the Intercept
[F(1,18)= 63.00, p< 0.001], and of the main effecTask [F(1,18)= 8.67, p< 0.01]. No other
significance differences were found in this anayshowing that the amount of leftward
deviation in the visuo-proprioceptive test variet@ding to the task performed during the
adaptation phase. As can be seen in Figure 1&aeayrieftward deviation was recorded after
the ecological adaptation task (M = -5.48°; SD @64 than the pointing adaptation task (M =
-2.93°; SD = 2.44) for young participants.

For the aged group, analysis revealed a signifieeiatt of the Intercept [F(1,18)= 59.38, p<
0.001], and of the interaction of Task by Test-@rf{g2,18)= 3.90, p< 0.05]. No other
significance differences were found in this anay#is can be seen in Figure 13, the main
effect of Task [F(1,18)= 0.20, p< 0.66] was noin#igant and the same amount of leftward
deviation was recorded after both the ecological txe pointing adaptation tasks. Post-hoc
comparisons revealed no order effect during thetpw adaptation task: a mean leftward
shift of -3.31°, -4.48°, and -2.96° was recorded those performing the visual-
proprioceptive test as first, second and thirdpeetively. During the ecological adaptation
task a mean leftward shift of -3.14°, -0.36°, ahd7° was recorded for those performing the
test as first, second and third, respectively. iostcomparisons revealed a reduced leftward

deviation for those performing the test in the secqosition compared to those who
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performed the task in the third position (p< 0.0B)e other pair wise comparisons were not

significant.

Young BEcologic task
OPeinting task

Degrees (°)

Aged

Degrees (°)

Figure 13. Aftereffects in the young group (above panel) anthe aged group (below panel) of participants, i
the proprioceptive test (P, left panel), visualt 85 middle panel), and visual-proprioceptive t€gP, right
panel). Results refer to the shift (mean valuethefpost-exposure condition — mean values of thesgposure
condition) induced by prism in the 3 aftereffeciteduring the ecological (grey column) and thenpiog (white
column) adaptation procedures. Positive/negativeescindicate rightward/leftward errors (°, err@ard are 1
SEM).

Questionnaire

The 13 items of the questionnaire (see Appendixevgeouped into 5 topics to assess how
participants experienced performing the adaptatiask. The topics referred to the
pleasantness (items 1-3) or monotony (items 4-5heftask and to the presence of side
effects potentially caused by the motor activi{igsms 6-7) or the prism (items 8-12). The

last topic tested how participants could experiet@werepeat or extend the adaptation

procedure over time (items 13 -14). The resulthén5 topics are presented in Figure 14.
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Participants’ mean responses for each topic weaéyzed by mixed-design ANOVAs with
Task (ecological/pointing) as the within-subjecectér and Order of adaptation task
(Pointing-Ecological/Ecological-Pointing) and Ag¥olung/Aged) as the between-subjects
factors.

For the pleasantness of the task, the main effetask was significant [F(1,44)= 34.32, p<
0.001] showing that the ecological task (mean I@fehgreement = 6.04, SD = 0.90) was
considered more pleasant than the pointing a tasarnf level of agreement = 5.20, SD =
1.18). No other significance differences were founthe analysis.

For the monotony of the task, the main effect ektfF(1,44)= 20.71, p< 0.001], and the
interaction of Task by Order of adaptation taskl[E4)= 4.43, p< 0.05] were significant.
Post-hoc comparisons revealed that the ecologidaptation task was considered less
repetitive than the pointing adaptation task in gheup who performed the pointing task in
the first day followed by the ecological task ire thecond day (p < 0.001). A similar trend
was found in the group who performed the task i dpposite order (p = 0.09). This
suggests that the pointing task was considered tedreus than the ecological tasks.

For the side effects due to the motor activities,significant main effects or interactions
were found. Young and aged participants did noeegrpce pain in the arm or in the body
neither after the ecological (mean level of agresme 1.79, SD = 1.30) nor after the
pointing adaptation task (mean level of agreemeh9, SD = 1.28).

For the side effects due to the prism, the maiecefdf Task [F(1,44)= 16.02, p< 0.001], the
main effect of Age [F(1,44)= 7.00, p< 0.05], aneé ihteraction of Task by Age [F(1,44)=
4.90, p< 0.05] were significant. Post-hoc comparssoevealed that young participants
experienced more side effects of prism after thaogical adaptation task (mean level of
agreement = 2.72, SD = 1.63) than the pointing tdiap task (mean level of agreement =
2.23, SD = 1.34). This difference was not foundhi@& aged group of subjects (mean level of

agreement ecological task = 1.76, SD = 1.13; meeaal lof agreement pointing task = 1.62,
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SD = 0.93). However, the responses remained atlifagreement level suggesting that the

execution of both adaptation procedures was wedrdated in the young and aged group of

subjects.

Lastly, for the items that assessed how particparduld experience the extension of the

adaptation procedure over time, the main effeciTask [F(1,44)= 9.62, p< 0.001] was

significant. No other significance difference wei@nd in the analysis, showing that

participants would prefer to perform the ecologitzaks (mean level of agreement = 4.07,

SD = 1.48) than the pointing task (mean level okament = 3.43, SD = 1.38) for a longer

period of time.

Young B Ecological task
OPointing task
Pleasantness T ]
1
Monotony ]
Motor side EI]
effects
Prism side E
effects
Repetition |
overtime [ |
1 2 3 4 6 7
Old
Pl ntness '| 1
1
Monotony 1
Motor side E
effects
Prism side T
effects |
Repetition ]
overtime [ |
1 2 3 4 6 7

Figure 14 - The mean scores of the ecological and the pgjréidaptation procedures on the 5 topics of the

questionnaire in the young group (above panel)iarntie aged group (below panel) of participantse Ehale

ranged from 1 (“totally disagree”) to 7 (“totallgeee”).
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3.4 Conclusion

In this experiment, we showed that performing tbel@gical tasks during the prism exposure
phase induces the same error correction as perigrthe pointing adaptation task, both in the
young and old group of subjects. Indeed, in thdéiainitrials of the exposure condition,
participants made pointing errors that were rightivdeviated from the target location as a
consequence of the optical displacement. The ewers similarly reduced at the end of the
exposure phase following both adaptation taskslaisdesult was recorded consistently in the
young and aged subjects. The mean deviation imttial trials was about 40% of the optical
displacement in the first day and 30% in the seatmd whereas the final trials of both days
were closer to the target.

In addition, we also demonstrated that the laatstof the exposure condition of the first day,
although more correct than the initial trials, wet@ relatively rightward deviated from the
true target position (mean pointing errors = 0.30M the contrary, a complete accuracy was
achieved in the final trials of the second day imclk the pointing movements were centred
on the target (M= -0.11°). This result is consisteith recent findings in a group study of 20
neglect patients exposed to 10 consecutive sessf@rssm adaptation (Ladavas et al., 2011).
In that study, patients performed a pointing adaégiaask during the exposure condition and
the pointing errors diminished progressively oviee ten sessions. It is possible that the
correction of the error induced by prism becomeseradficient in consecutive sessions of
PA. Therefore, the more accurate performance record the pointing movements of the
second day of our experiment may derive from aefaghd more efficient correction of the
deviation induced by prism. It is also possibld tihe result reflects a carry-over effect of the
contralateral deviation induced by prism during fitet day of PA. Indeed, in the post-
exposure phase of the first day, subjects perforpwdting movements that were leftward
deviated from the target (see below the aftereffecthe visual-proprioceptive test). The
leftward deviation of the pointing movements maill die present during the exposure
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condition of the second day and may have reducedigintward shift induced by prism. In
support of this hypothesis, several studies inthgaleurological individuals and in primates
have demonstrated long-lasting aftereffects thasigied for several days and even weeks
following a single day of prism exposure (HataddaalM and Rossetti, 2006; Lackner and
Lobovits, 1977; Klapp, Nordell, Hoekenga, and Ratth974; Yin and Kitazawa, 2001). A
similar persistence of aftereffect over time wasakecorded in Experiment 1, when patients
were exposed to ten consecutive sessions of PAthéipointing adaptation task. During the
pre-exposure condition of each PA session, patgerf®rmed pointing movements to a visual
target without vision of their arm (as in the vispeoprioceptive test of the second
experiment). As we previously reported (Experimépt the errors recorded in the pre-
exposure condition were progressively increasedatdwhe left side over the 10 sessions
suggesting a persistent and additive effect ottrdralateral deviation induced by prism.

In sum, performing ecological or pointing adaptattasks can similarly induce correction of
the movements during prism exposure that resulépatially accurate performance at the end
of the exposure phase (adaptation effect). Addalign our result further suggests that the
duration of the aftereffects can be increased itipia sessions of pointing or ecological tasks
during PA are performed.

Results from the second experiment also providedeece that the ecological and the
pointing procedures both induced a significant degon in three aftereffects measures
recorded in the young and aged group of particgpaAfter exposure to prism with both
adaptation procedures, the pointing movements aof throprioceptive and visual-
proprioceptive tests were leftward deviated, arel gRerceptual judgments of the visual test
were rightward deviated. Thus, the visually-guidedvements performed by participants
during the ecological tasks induced a deviatiothmthree aftereffects measures in the same
direction that has previously been reported aftg@osure to rightward shifting prism through

the pointing task (see Redding and Wallace 201@ faview).
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Strikingly, when we compared the magnitude of thét generated by the two adaptation
procedures we recorded even stronger aftereffedtswing the ecological procedure. In
particular, in the proprioceptive test, the ecatafjitasks induced a larger leftward deviation
than the pointing task in both the young and ag#xests. Similarly, in the visual test a trend
toward a greater rightward deviation was foundrafite ecological procedure in both the
young and aged subjects. Finally, in the visuappozeptive test, a greater leftward deviation
was recorded for the young group after the ecolddask than the pointing task. In the aged
group a similar amount of shift was found after tin adaptation procedures but the
magnitude was dependent on the order in which é¢bts twere administered. These results
may have implications for neglect interventionscsimesults from Experiment 1 and previous
reports (Sarri et al., 2008; Farne et al., 2002ehghown that the magnitude and duration of
the aftereffects can, at least in some cases,qbribdi neglect recovery.

Finally, results from the questionnaire indicathdttthe ecological procedure was preferred
over the pointing task, as it was considered asneajoyable, interesting, easy to perform,
and less repetitive than the pointing task. In laabditation setting, this difference can be
expected to translate in a greater compliance thrtherapy.

Taking together these results suggest that theogical procedure is a good tool to induce
adaptation and aftereffects to prism in healthyividdals. The presence of stronger
aftereffects and a subjective preference for thelogocal procedure suggest that this

procedure is preferable for rehabilitating negjestients.
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3.5 Appendix

Questionnaires performed after the ecological pohee (version A) and after the pointing

procedure (version B).

A: How did you experience wearing the goggles wlalewere manipulating the objects?

B: How did you experience wearing the goggles whalewere pointing to the pen?

1. It was enjoyable

2. It was interesting

3. It was easy to perform

4. It was boring

5. It was repetitive

6. It was painful for my arm

7. It was tiring to maintain the posture
8. My eyes were getting tired

9. It made me dizzy

10. It made me sick

11. I visually perceived objects distorted
13. I would have liked to continue the activity

14. 1 would like to participate in future experimi@mvith the same procedure
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SECOND PART

PRISM ADAPTATION AND SPATIAL BIAS

The second aim of my PhD work was to clarify hovsipr adaptation may affect spatial
cognition and which are the mechanisms that araaoiiy influenced by the exposure to the
goggle. Knowing more about the systems responsiv@rism adaptation may help our
understanding of which symptoms, or which patientaprove optimally after prism
adaptation training. As reported in the Introductiof this thesis, not all neglect-related
symptoms, nor treated patients, improve (e.g. Rmusset al., 2006; Dijkerman, et al., 2003;
Ferber et al., 2003; Ferber and Murray, 2005; Mogtial., 2004; Sarri et al., 2006; Sarri et al.,
2010), and the mechanism through which PA amebgrapatial neglect still remains unclear.
A main distinction within spatial cognition is tleeparation between the ability to perceive
and allocate attention to stimuli versus the abitib respond and orient to stimuli. An
interesting question is whether prism adaptatidferdintially modifies these two processes.
As reviewed in the Introduction, different methdusve been used to decouple perceptual-
attention where and motor-intention aiming compasen visuo-motor tasks, such as with
video (Adair et al., 1998; Coslett et al., 1990; &al., 1998; Schwartz et al., 1997; Barrett, et
al., 2001; Barrett, et al., 1999; Barrett and Buikler, 2006), mirrors (Tegner and Levander,
1991), and an epidiascope (Nico, 1996). All of &hesethods reverse the orientation of
visually-viewed hand movements relative to the adiom of actual hand movement in the
workspace. In our experiments, we used a modifegdion of the paradigm of Schwartz et al.
(1997) and Na et al., (1998) in which participaptsformed a line bisection task while
viewing their hand and the line via a TV screenhea than directly (see the Introduction

paragraph 1.1.2.2 for a full explanation). In aopistudy (Fortis et al., 2009 - Abstract
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presentation), we submitted 3 neglect patientfi¢oTiV line bisection task before and after a
single session of prism adaptation with right-shiftprism. We found a selective reduction of
the motor-intention aiming component in 2 out giaients (in 1 patient there was no change
of the aiming component), whereas the perceptuah@dn where bias got worse for all the
patients, increasing toward the right-side aftez girism exposure session. A functional
improvement of neglect deficits (tested with theSC&ale) was observed only in those two
patients who showed the reduction in the aiming ls@mponent. In addition, a recent study
from Striemer and Danckert (2010a) similarly showleat 3 neglect patients improved in a
manual line bisection task (consisting of both matdentional and perceptual components),
whereas the performance on a purely perceptualrarid test remained unchanged after
rightward prism exposure. IBxperiment 3and Experiment 4we further investigated the

effects of prism adaptation on where and aiming maments of spatial cognition, both in a
large group of neurologically healthy individuaBxperiment 3) and in a group of neglect
patients (Experiment 4). We hypothesized that teeelicial effect of prism adaptation in

neglect patients may be at least partly due tanélneince on motor-intentional aiming errors
(i.e., planning and executing actions towards tbetralesional hemispace), rather than on

perceptual-attentional where errors.
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EXPERIMENT 3
Prism adaptation differently affects motor-intentb and perceptual-attentional

bias in healthy individuals

With kind permission from Elsevier:
[Fortis P., Goedert, K.M., and Barrett, A.M. (201 Neuropsychologia, 49 (9) 2718-27.

www.elsevier.com/locate/neuropsycholdgia

4.1 Aim of the study

In Experiment 3, we wished to learn whether a primeffect of PA on spatial motor-
intentional aiming component could be observed igr@aup of healthy young subjects. In
addition, we tested the effect of both left- anghtishifting prisms. Several studies have
detected an asymmetric effect of adaptation te &ftl right-shifting prisms in healthy young
adults mirroring that of neglect patients, with Ii®a young adults showing greater
generalization of aftereffects after exposure tit-,leas opposed to right-shifting prisms
(Berberovic and Mattingley, 2003; Michel, et al003; Loftus et al., 2008; Loftus et al., 2009,
but see Michel et al.,, 2008; Morton and BastianQ4)0 Because these effects may be
mediated in part by the a priori leftward baselinas of young healthy individuals on
visuomotor tasks (Goedert et al., 2010), they andar to PA effects in neglect patients who
have an a priori rightward baseline bias on visummmtasks, and show adaptation to right-,
but not left-, shifting prisms (Rossetti et al.,98). Therefore, in the present study, we
exposed healthy participants to right- or leftwaldfting prisms or control goggles fitted with
plain glass lenses. We used a computerized linectiis task to decouple the perceptual-
attentional where and motor-intentional aiming comgnts of their line bisection errors. If
the aiming hypothesis of the therapeutic effect®Afwere correct, we would expect to see

dissociable effects on motor-intentional aiming gretceptual-attentional performance. In
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addition, consistent with previous findings, we esjed that adaptation to leftward shifting
prisms would affect the motor-intentional “aimingbmponent of the computerized line

bisection task, whereas no change was expecteddarght-shifting group.

4.2 Materials and methods

Participants

Eighty-four right-handed participants (35 males,fdfhales, mean age: 19 years; SD: 2.11;
range 18-31), naive to the purpose of the studyewanrolled from the Department of
Psychology of Seton Hall University, South Oranijew Jersey and gave their informed
consent prior to participating in the study. Tweaight participants were exposed to right-
shifting prisms (13 male, mean age: 19 years, SD5,1range 18-23), 28 to left-shifting
prisms (11 male, mean age: 20 years, SD: 3.18eraB¢31), and 28 to control goggles fitted
with plain glass lenses (11 male, mean age: 1%y&: 1.36, range 18-25). All participants
were right handed and had normal or corrected tmabvision.

Prism Adaptation Procedure

Participants completed the following tasks in tbisler: 1) a pre-exposure evaluation; 2)
exposure condition to either rightward or leftwdateral shift, or to control goggles fitted
with plain glass lenses, and 3) a post-exposurtiatian identical to the pre-adaptation one.
During prism adaptation with right- or left-latershift, participants wore Bern&ll Deluxe
Prism Training Glasses fitted with optical wedgésmis shifting participants’ vision 12.4°
laterally. During adaptation with control gogglesnd during pre- and post-adaptation
evaluation, participants wore Berf&Iframes fitted with plain glass lenses. The glasse®
inserted into a light-proof goggle that preventetipipants from seeing any undistorted

portion of the peripheral visual field.
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Exposure condition

Participants sat at a table with their right handifioned on top of the table near the center of
their body. This served as a starting point fomadvements. A narrow shelf (19 cm high X 14
cm wide) occluded the participant’s view of thelgaart of any arm movements and a black
cloth attached from the participant’s neck to thelisblocked the view of the starting position
of the arm. The adaptation procedure consistedlioieabisection task. The arm’s movement
remained occluded to vision for most of its patkl diecame available in the last part of the
trajectory. Depending on the length of the indigbparticipants’ arms, participants could see
the distal third of their handpath (approximatet/td 22 cm including the hand, wrist, and
early part of the arm). Participants were askeuaok the perceived center of a horizontal line
by performing one quick out-and-back motion. Thegrevalso instructed to not correct the
movement trajectory in the last part, when the Hagxhme visible. After each movement, the
participant returned her hand to the starting posit body center. Sixty horizontal lines (240
mm length, 2.0 mm thick) were presented one ana tin sheets of standard letter size paper.
The lines were placed in the right, center, or ledisition relative to the participant’s
midsagittal plane. The right/left position deviat&édm center by 21 cm. The lines were
presented twenty times in each position in a pseudiom order, such that each group of 6
trials included two instances of the three posgimght, center, and left). The exposure phase
lasted about 10 minutes. The difference betweemlé¢veation on the initial and last six trials
was used to index the extent to which participavese able to correct the lateral deviation
induced by the prismatic displacement.

Pre- and Post-exposure evaluation

During the pre- and post-exposure evaluation, twiereffect measurements (visual-
proprioceptive and proprioceptive tests), and apmaerized line bisection fractionation task

were administered.
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Proprioceptive Test

Participants were blindfolded and used their righiex finger to point straight ahead 5 times
to indicate the subjectively estimated positiothair body midline. After each movement, the
experimenter prompted them to return to the stanpiosition in the middle of their chest. A
transparent panel (1.0 m long, 0.5 m high) markét @ ruler was placed at the distance of
55 cm, aligned with the center of participants’ p¢Mark and Heilman, 1990), allowing the
experimenter to record the deviation of the fingesition from the true objective body
midline. Rightward errors were recorded as positwel leftward errors as negative (in
degrees).

Visual-Proprioceptive Test

Participants sat at a table in front of a wooder (85 cm high, 100 cm width, and 28 cm
deep). A black cloth attached from the participaumieck to the upper side of the box blocked
the initial view of arm movements and the shelfhilbded participants from viewing the
remainder of their pointing movement. With eyesmpearticipants performed six pointing
movements toward a visual target (pen) presentdtidgxperimenter at the distal edge of the
top face of the box. The target was presented twest in each of three positions (straight-
ahead, 21° rightwards, and 21° leftwards), in augeeandom order. After each movement,
the experimenter prompted participants to returthéostarting position in the middle of their
chest. The distal side of the box was closed bgrasparent panel marked with a ruler visible
only from the experimenter's side, such that pogerror could be recorded. Pointing errors
were measured in degrees of distance between nigerfiand the target: a positive score
denoted a rightward displacement with respect égpibsition of the target, a negative score a
leftward error.

Computerized line bisection task

Participants were seated at a table in front obmputer screen (set to 640 X 480 pixel

resolution). The screen was positioned at the ntst@f 50 cm and aligned with the center of
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the participant’s body. The participants’ task wasnark the center of twenty horizontal lines
(265 mm length, 3 mm thick). Each line was presttatene and displayed at the center of the
screen at participants’ eye level. Between eaah liisection trial a random-dot visual mask
appeared for 500 ms. Participants used a computesento click on the location that they
believed to be the center of the line. The rigmh @nd hand movement was occluded from
view via a wooden box covering the arm and handc(@5high, 80 cm wide, and 25 cm deep)
and via a black cloth attached from the participaneck to the proximal side of the box.
During the first half of the trials (10 lines, nedlicondition), the movement of the mouse and
the pointer on the video screen was congruenttwigtd movement of the mouse moved the
pointer rightward and leftward movement, leftwaldl.the other half of the trials (10 lines,
reversed condition) the right-left video feedba€khe pointer movement was reversed. Thus,
in the reversed condition, rightward movement & thouse moved the pointer leftward on
the video screen and vice versa.

The deviation from the objective midpoint of thadipresented in the natural and reversed
conditions was scored by transforming from pixestihe nearest mm: a positive value
denoted a rightward error, a negative value, aviefl error. Using Equations 1 and 2 and
their algebraic equivalents (Equation 3 and 4),fraetioned individual participants’ error in
the natural and reversed conditions into its wiaer aiming spatial bias components (Barrett
et al., 2001; Barrett and Burkholder, 2006; Chedakl, and Barrett, 2009; Garza et al., 2008;

see Introduction for a full explanation).

Natural Error = Aiming Component + Where Component [Equation 1]

Reversed Error = Aiming Component — Where Component  [Equation 2]

Where Component = (Natural Error — Reversed Efrar) [Equation 3]

Aiming Component = (Natural Error + Reversed Er/dt) [Equation 4]
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4.3 Results

We adopted an alpha)(of 0.05. We followed up all significant interamtis with orthogonal,
single degree-of-freedom, simple main effects tafiey Keppel and Wickens (2004, p. 520)

and used a Bonferroni-corrected alpha when makinlgipte means comparisons with t tests.

. - 2 .
Where appropriate, we reported the partial etateguig ;) measure of effect size.

Pre-test / Baseline
Separate one-way ANOVAs with group (right- and-ktfting prisms, and control goggles)

as a factor revealed that the groups were simildmaseline for all tests: proprioceptive test,

F(2,81) = 0.57, p = O.566}§= 0.01; visual-proprioceptive test, F(2,81) = Q.p6= 0.851,
n;= 0.01]; natural, F(2,81) = 2.12, p = 0.124= 0.05, and reversed, F(2,81) = 1.10, p =
O.332,/7$: 0.03, computerized line bisection tasks; “whefg2,81) = 1.71, p = 0.209;§:

0.04, and “aiming”, F(2, 81) =1.40,p = 0.261);: 0.03, fractionated bias components.

We performed separate single-sample t tests vemsigs on the measures to determine the
accuracy of performance at baseline using the Bomfecorrecteda of 0.01. For the
proprioceptive and visual-proprioceptive tests, tipgrants’ baseline performance was
accurate (ts < 1.3, ps0.200). Consistent with the leftward bias of Healfoung participants
observed in previous studies, the natural linedtige performance (M = -2.69, SD = 3.6),
and the fractionated “where” (M = -2.16, SD = 3a6)d “aiming” biases (M = -0.52, SD =
1.4) were significantly leftward biased at basel{tee> 3.4 and ps< 0.001, for all tests; all
errors in mm).

Prism Exposure

The difference between the initial and last sial$riof the exposure condition was examined to
assess whether participants were able to corredataral deviation induced by the prisms. As

can be seen in Table 9, participants exposed kt-rag left-shifting prisms showed an initial
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line bisection error deviated in the direction bé tlateral shift induced by prisms, but this
error was reduced at the end of adaptation. A 3x2dnANOVA with Prisms (left, right or

control) and Time (first six trials, last six t$dlas factors revealed a main effect of Prisms,

F(2,81)= 28.9, p< O.OO]{7§2 0.42 and a Prisms by Time interaction, F(2,8234, p<
0.001,/7‘2,: 0.37. Simple main effects tests on the effeciliohe at each level of Prism
revealed that both the left-shifting, F(1,81) =25 < 0.001/7,32 0.24, and right-shifting,

F(1, 81) = 20.5, p < 0.00Iﬁ): 0.20, prism groups reduced their prism-inducetre

between the first and last six trials of adaptatibime leftward deviation of the control group,

however, did not significantly change between tirst fand last trials of the exposure

condition, F(1,81)=2.9,p = 0.092§= 0.04.

Table 9 Adaptation effect. Mean deviation of the Initaaid Last six trials of the exposure condition asribe
three groups: right- and left-shifting prisms, ammhtrol plain goggle. Values represent the deuwa{expressed
in mm) from the objective center of the line: po@tvalues indicate rightward deviation, and negatralues
indicate leftward deviation. Shift represents thifecence between the first and last six trialsttod exposure
condition. Values in parentheses are standard tievga Asterisks denote a significant reductips € 0.001) in

error from the first to the last six trials.

Initial Last Error
6 trials 6 trials Reduction
Right-shifting Prism (3_215) (?122) (227856)
left-shifting prism 6.57 3:52 3.047
(3.56) (3.17) (3.88)
Control goggle -1.93 -0.89 1.04
(3.67) (3.54) (2.84)

Pre-Post Test Differences
Analyses of pre- versus post-test differences vpendormed using mixed ANOVAs with
Prisms (left, right and control) and Pre/Post (pest) as factors. Furthermore, because the

effects of prisms may wear off as a participantfqgens multiple post-test assessments, all
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analyses of pre-post differences were initiallyriegk out with the inclusion of Test-order
(first, second, or third) as a factor. For the pirageptive, visual-proprioceptive, natural line
bisection, and “aiming” bias there were no maireef§ nor interactions involving Test-order
(all ps > 0.09). Thus, for simplicity of reportinthe order factor was dropped from these
analyses. Effects of order on “where” bias and r&ae line bisection are discussed below.
Proprioceptive test

Pointing movement deviations in the proprioceptwne visual-proprioceptive tests before and
after exposure to the prisms were examined to assesther participants adapted to the
prisms. As can be seen in Figure 15a, accuratenset proprioceptive pointing performance

moved in the direction opposite the prism shifteaftraining with the prism. Analyses

revealed a significant main effect of Prisms, F{2583.89, p = 0.02/,7§= 0.09, and a Prisms
by Pre/Post interaction, F(2,81)= 5.85, p = 0.0ﬁ)gl; 0.13. Simple main effects tests of pre-
post differences at each level of Prism revealetl phoprioceptive straight-ahead was shifted
significantly rightward after left prism adaptatioR(1, 81) = 4.4, p = .039;,3: 0.05, and
significantly leftward after right prism adaptatijoR(1, 81) = 6.6, p = 0.012]E= 0.08.
However, there was no significant change in pramive straight-ahead for the control
group, F(1,81)=1.8,p = 0.184§= 0.02.

Visual-proprioceptive test
Pre-post performance on the visual-proprioceptest ts depicted in Figure 15b. As can be
seen in the figure, both left and right-shiftingspns induced aftereffects in the direction

opposite the prism shift. Analyses revealed a fggmit main effect of Prisms, F(2,81)=

30.85, p < 0.001/,7§= 0.45, and a Prisms by Pre/Post interaction, Ej2,89.39, p < 0.001,

/7‘2): 0.62. Simple main effects tests revealed thatHerright-prism group, the initial pre-

exposure error in the pointing movements was mefedeviated in the post-exposure
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condition, F(1, 81) =51.2, p < o.oocz;: 0.39. Similarly, for the left-prism group, thetial
pre-exposure error was more rightward deviatechen gost-exposure condition, F(1, 81) =

77.4,p< .0020§= 0.49. The amount of error in the pointing movetseri the control group
did not change from pre to post, F(1, 81) = 1.@,Cp167,/7§= 0.02.

Taken together, these results demonstrate that fighhr and left-shifting prisms induced
contralateral aftereffects in the proprioceptivel afisual-proprioceptive tests, showing that
participants adapted to the lateral displacemedtidad by both prisms. Inspection of the
effect sizes suggests these effects were of simiégnitude for the left and right prisms (0.49
and 0.39 on the visual-proprioceptive and 0.05@08 on the proprioceptive for the left and

right groups, respectively).

a Proprioceptive b Visual-proprioceptive
OBefore PA : OBefore PA
3 O After PA 8 O After PA

2 1 2 1
11 1
0 ] I ; —+ fam ]
1 . ==
-1 -1 4
2 1 -2 1
Left Right Control Left Right Control
Group Group

Deviation (°)
Deviation (°)
o

Figure 15 a Proprioceptive test anlot visual-proprioceptive test. Values representghanting errors (°, error
bars are 1 SEM): in the proprioceptive test fromttiue objective body midline; in the visual-prameptive test
from the visual target. Results refer to the averafjthe group of participants before (white colyrand after
(grey column) exposure to left-shifting prisms (lpénel), right-shifting prisms (middle panel), @antrol plain

goggles (right panel). Positive/negative scoregcate rightward/leftward errors.

Fractionated Where and Aiming Components of Computezed Line Bisection
The fractionated where and aiming biases were oemsores of primary interest as these
represent a quantification of motor-intentional getceptual-attentional errors assessed while

a person is performing a visually-guided actiorrtiBipants’ average aiming bias is depicted
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in Figure 16a. Consistent with our hypothesis, Wweeoved a significant interaction between

Prisms and Pre/Post for the “aiming” bias, F(2,83)35, p = 0.007/,7,2): 0.12, and no other
effects ps> 0.23. Simple main effects tests of Pre/Post ah daeel of Prism revealed a
significant rightward shift only for the left prisgroup, F(1, 81) = 9.6, p = 0.00BE: 0.11.

By contrast, no pre-post difference was found far ight-shifting prism, F(1, 81) = 1.5, p =

O.222,/7ﬁ: 0.02, and control groups, F </7.§= 0.00. Thus, a motor-intentional aiming bias

was significantly affected only in the group expmbse left-shifting prisms.

Preliminary analyses of the where bias including fédctor of Test-order revealed a Pre/Post

by Prism by Test-order interaction, F(4, 75) = 445 0.003,n§= 0.19. Inspection of the

means revealed that for both left and right-shiftprisms, a general rightward pre-post shift
was observable for those performing the computerize bisection task first or second, but
was absent in those who performed the task lagt.tik® left prism, there was a mean
rightward shift of 1.53, 1.62, and 0.09 mm for thqserforming the task first, second and
third, respectively. For the right prism there veamean rightward shift of 0.68 and 2.73 for
those performing the task first and second, buteamleftward shift of 0.50 for those
performing the task third. Due to this order effeetnaining analyses of the where bias were
performed on the subset of participants who peréatithe task either first or second (N =
43, as the effects of the prism may have worn offfarticipants performing the task last.

The where bias for those who performed the tasit fir second appears in Figure 16b.

Analyses revealed a significant main effect of Post, F(1,40) = 12.69, p = 0.007.,%: 0.24

and a significant Pre/Post by Prisms interactiq@, B0) = 7.5, p = 0.0027§= 0.27. Simple

main effects tests of Pre/Post at each level afnfPrievealed a significant rightward shift for

Y An error in assignment to the conditions led to pE8ticipants performing the line bisection taskt lasd 43
participants performing it either first or second.
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both the left, F(1, 40) = 10.9, p = 0.002§= 0.21, and right prism groups, F(1, 40) = 13.6, p
= 0.00l,nf)z 0.26. There was no pre-post difference obsemélea control group, F(1, 40) =

1.1, p = 0.294572=0.03.

a Aiming bias b Where bias
i OBefore PA : OBefore PA
1 O After PA 1 B After PA
1
B3 I 3
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2 4
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Figure 16 a Motor-intentional “aiming” bias and: perceptual-attentional “where” bias. “Where” dat@ming”
biases were derived from the fragmentation of treumal and reversed line bisection errors (mm,
positive/negative scores indicate rightward/lefavarrors, error bars are 1 SEM). Results refeh¢oaverage of
the group of participants before (white column) after (grey column) exposure to left-shifting pms (left
panel), right-shifting prisms (middle panel), omtwl plain goggles (right panel). Note that foe thvhere” bias,
these averages exclude participants who perforhreddmputerized line bisection last.

Computerized Line bisection Performance in Naturaland Reversed Condition

Performance in the natural and reversed line b@eatonditions, by themselves, do not
indicate the extent of participants’ where and agrbiases, but they do give a picture of the
resultant performance when these biases are wotkigpgther, as is the case in a visually-
guided movement. Table 10 contains the mean eorothe natural and reversed conditions

before and after prism exposure. Analysis of thieinah condition revealed a main effect of

Pre/Post, F(1,81)=5.31, p = 0.02}@: 0.06, and a Prisms by Pre/Post interaction, Ej2,8
3.04,p= 0.05047,2): 0.07. Simple main effects tests revealed a st rightward deviation

after exposure to left-shifting prisms, F(1, 81} &0, p = 0.00147,32 0.12. By contrast, there

was no significant change in the line bisectiorfgranance of the right-shifting prisms, F < 1,
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fyf): 0.01, and control groups, F < 3],’2)= 0.00. Thus, only the left-shifting prisms

significantly affected the line bisection perforrsarunder natural viewing conditions.

Preliminary analysis of the performance in the rsed condition revealed a Prisms by

Pre/Post by Test-order interaction, F(4, 75) = 4.5 0.00S,/]ﬁ: 0.18. Inspection of the

means revealed that for both left and right-shyftprisms, a general leftward pre-post shift
was observable for those performing the computérize bisection task first or second, but
this shift deviated rightward for those who perfedithe task last. For the left prism, there
were mean leftward shifts of 0.998 and 0.84 fasthperforming the task first and second,
and a 0.858 mean rightward shift for those perfagnit third. Similarly for the right prism,

there were mean leftward shifts of 0.585 and 3.fof2hose performing the task first and
second, but a mean rightward shift of 0.260 forséthperforming the task third. Thus, the
effect of the prisms on reversed line bisectiorfggarance seems to wear off for those who
performed the computerized line bisection task lashiting the analyses of the reversed line

bisection condition to those who performed the cotapzed bisection task either first or

second, revealed a main effect of Pre/Post, F(l=48)2, p = 0.017/,7E: 0.18 and a Pre/Post

by Prisms interaction, F(2, 40) = 4.0, p = 0.02?,: 0.17. Simple main effects tests revealed

a significant leftward pre-post shift in reversesegtion errors for the right prism group, F(1,

40) = 11.0, p = 0.0027§= 0.22 and no significant pre-post change in thersrof the left

prism, F(1,40) = 2.0, p =0.162,= 0.05 and control groups, F </,=0.01.
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Table 10. Computerized Line Bisection. Mean error in theudal and Reversed conditions of the computerized
line bisection task pre and post prism exposuréudérepresent the mean deviation (expressed infrom)the
objective center of the line: positive values irdé rightward deviation, and negative values irtdidaftward
deviation. Shift represents the difference betwiberpre and post exposure errors. Standard deviasippear in
parentheses. Note that for the reversed conditibese averages exclude participants who perforrhed t

computerized line bisection last. Asterisks dermsigaificant pre-post shifts in performanges& 0.01).

Pre Post Shift

Line bisection - Right-shifting -3.75 -3.46 0.29
Natural condition prism (3.62) (3.99) (2.55)
Left-shifting -2.51 -0.97 1.54*

prism (3.84) (4.84) (2.19)

Control goggle -1.79 -1.77 0.03

(3.24) (3.64) (2.61)

Line bisection - Right-shifting 1.18 -0.90 -2.08*
Reversed condition prism (3.99) (4.22) (3.30)
Left-shifting 1.76 0.83 -0.93

prism (3.18) (3.23) (1.56)

Control goggle 1.09 1.42 0.33

(2.97) (3.39) (1.80)

Correlation analysis

To test whether the change in the aiming motomind@al bias was related to the degree of
adaptation, we computed Pearsons’ correlations detwthe mean lateral deviation (post
exposure — pre exposure) in the aiming bias angtberioceptive and visual-proprioceptive

measures of participants exposed to left-shiftingnps. Neither the correlation between the
deviation in the aiming bias and the visual-propejative shift (r = -0.24, p= 0.22), nor the

correlation between the deviation in the “aimingddand the proprioceptive shift (r = 0.05,

p= 0.80) approached significance.
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4.4 Conclusion

In this experiment, we showed that exposure todeiting prisms decreased the leftward
aiming bias in a group of healthy young subjecésd@monstrated by a more central bisection
performance in the post-exposure condition. In i@mttto the effects of PA on the aiming
bias, the effect of PA on the where bias was nishpsspecific: both participants who adapted
to left-shifting prisms and participants who adapte right-shifting prisms showed a more
rightward deviated where bias after prism exposOng. results support the idea that, at least
in this experimental design, prism adaptation priltpaaffects motor-intentional aiming
spatial systems.

Many studies have shown that healthy individualgeha leftward bias in the line bisection
task (Bowers and Heilman, 1980; Jewell and McCo2000; McCourt and Jewell, 1999;
McCourt et al., 2001), and also in a variety ofesttasks (Nicholls et al., 1999; Nicholls and
Loftus, 2007; Longo and Lourenco, 2007; McGeorgal €t2007). Our sample of participants
confirmed the presence of an a priori leftward lmaghe line bisection task as well as in both
the perceptual-attentional where and motor inteati@iming component. We also replicated
previous findings (Schwarz et al., 1997; Barretpsson, Crucian, and Heilman, 2002; Garza
et al., 2008) of the presence of a primarily petgajpattentional bias in the line bisection
error in young to middle-aged adults, as shown lgrger magnitude of where than aiming
bias in the error recorded in the group of ouripigadnts. Finally, our study supports the idea
of the asymmetrical effect of prism adaptation @althy subjects, since left-shifting but not
right-shifting prisms induced a significant change the participants’ performance
(Berberovic and Mattingley, 2003; Michel, Pisellaag, 2003; Michel et al., 2008; Colent et

al., 2000; Loftus et al., 2008; Loftus et al., 20B¢cholls and Loftus, 2007).
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EXPERIMENT 4

Effects of prism adaptation on motor-intentionahisal bias in neglect

[With kind permission from Elsevier:

Fortis P., Chen P., Goedert, K.M., and Barrett, A.M. (20NN¢uroreport, 22 (14): 700-705]

5.1 Aim of the study

In the fourth study, we wished to learn whetherrianary effect of PA on spatial motor-
intentional aiming component could be observed gnaaup of neglect patients. The procedure
employed in this study was similar to the procedused in Experiment 3. Participants were
submitted to a modified version of the paradignsowartz et al. (1997) and Na et al. (1998)
in order to separate the perceptual-attentionalrevliersus motor-intentional aiming bias of
their line bisection performance. The line bisattiest was assessed before and after two

sessions of exposure to rightward shifting prism.

5.2 Material and methods

Participants

Five consecutive neglect patients with right hemmésp strokes were enrolled from the
inpatient rehabilitation hospital (Kessler Instudor rehabilitation, NJ, USA) after providing
written consent. See Table 11 for patient chareties. Participants were right-handed, with
normal or corrected-to-normal vision and no histofyother neurological or psychiatric
disorders. All participants showed neglect symptaitser on the Behavioural Inattention
Test (Wilson et al., 1987) or the Catherine Berg&gale (Azouvi, Marchal, and Samuel,
1991). The presence of deficits in vision, somaasation, and audition was evaluated by a
double-stimuli confrontation test (Bisiach et 4B86). All participants had ischemic (N=4) or

hemorrhagic (N=1) stroke, confirmed by CT (N=3) MR images (N=2). We visualized
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lesion locations using MRIcro software (Rorden d@rdtt, 2000), drawing manually on an
MRI template, and using the closest matching trarses slice for each patient. Figure 17
shows the regions of interest (ROIs) for each patiehe areas of greatest lesion overlap were

in the frontal-parietal, and frontal-subcorticagji@ns.
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Figure 17. Lesion mapping in five right-hemisphere-damageatiemts, and lesion overlay plots (bottom row:
frequency of overlapping lesions, from violet, N~d yellow, N=5.
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Table 11 Patients’ demographic and clinical data. +/- respnce or absence of deficits. Misual Field + = left homonymous hemianopia; foactile Perceptiont =

hemianestesia at the left hand; Aurditory Sensatior = auditory loss at the left ear; e: presencextihction at double stimuli. The BIT (Behavioutahttention Test),
range 0-146, is rated from 0 (maximum deficit) 46 Xno impairment); cut-off 129. The CBS (CathefBergego Scale), range 0-30; each item is rated @¢no deficit)
to 3 (severe neglect impairment); the cumulativeresés rated as “mild” (score 0-10), “moderate”ofg11-20), and “severe” (21-30) neglect. I/H: keiic/Hemorraegic

lesion; F: Frontal, P: Parietal, T: Temporal, Ocipial, Bg: Basal ganglia.

Patient Age  Gender Education DuratiorVisual Tactile Auditory BIT CBS Etiology, Lesion Site
(Years) (Years) of Disease FieldPerception Sensation
(Weeks)

P1 67 M 12 2 + e e 109 24 H, P-T

P2 52 F 13 5 e e e 31 26 l, F-P-T

P3 78 F 12 2 + + o+ 57 28 I, F-P-Bg

P4 68 M 12 2 + e e 14 27 I, F-P-T-O

PS5 51 M 12 5 - + - 128 25 l, F-P-Bg

116



Procedure

Assessment of Spatial Where versus Aiming Bv@sassessed participants’ where and aiming
biases and prism adaptation aftereffects beforeadied the two consecutive days of prism
adaptation. Participants marked the center of X&twatal lines (240 mm length, 3 mm thick),
each printed alone on a 278 X 216 mm sheet aneémiex$ centrally on a table in front of the
participants (see Figure 18). Similar to the payadof Na et al. (1998), participants’ ability to
view the line and their arm’s movement directly wasvented by a black cloth. A camera
(Sanyo, VCC-5884) positioned 37 cm above the tablesferred the image of the line onto a
video screen centered 80 cm in front of the paudict. Therefore, to bisect lines, participants
monitored their hands and the line indirectly \ha video screen. Participants first bisected 8
lines in the Natural condition, in which visual anfnation displayed on the video screen was
congruent with actual arm movements: rightward muosets appeared rightward and leftward
movements, leftward. Participants then bisecteideéslin the Reversed condition, in which a
video mixer right-left reversed video feedback subht rightward movements appeared
leftward on the video screen, and vice versa. lim lsonditions, we recorded deviation from
the objective midpoint of the line in millimetresnin), with positive values denoting
rightward errors and negative values denoting leftixerrors.

We derived participants’ where and aiming biasesdyyarating Natural and Reversed errors

using Equations 1 and 2 (Garza et al., 2008).

Natural Error = Aiming Component + Where Component  [Equation 1]

Reversed Error = Aiming Component — Where Component [Equation 2]

Both perceptual-attentional where and motor-interdl aiming biases contribute to line
bisection errors in the Natural and Reversed vigwionditions. However, in the Natural

condition these biases are aligned and orientédeirsame direction, and thus may contribute
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additively to performance (Equation 1). In the Reed condition, the where bias acts in the
direction opposite the aiming bias, since the \isigedback is 180-degrees reversed
(Equation 2). Algebraically solving these two egmiag allows quantification of both where
and aiming bias components for each participargviBus work supported the validity of
where and aiming spatial error fractionation irokér survivors and controls (see review and

data in Garza et al., 2008).

Figure 18.Line bisection task performed in the Natural (Liefage) and Reversed (Right image) condition. The
camera, positioned above the table, transferrednthge to the video screen located at 80 cm intfodrthe
participant. A black cloth prevented participamtglirectly view the line and their arm’s movemepdrticipants’

error in the Natural and Reversed condition wasl tis@lecouple the where and aiming spatial biases.

Prism AdaptationDuring prism exposure, participants wore wedgsnps (Bernell¥ Deluxe
Prism Training Glasses, 20-diopter), displacingtseial field horizontally rightward 12.4°.
They performed 60 pointing movements to a visuaeilocated at 0° or 21° to the right or
left distal side of a board aligned with the papant’s midsagittal plane. The three target

positions (center, right, and left) were presenteda pseudorandom order. During target
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pointing, a shelf blocked the view of most of thena path, allowing participants to see only

the distal part of the movement - i.e. the fingaeeging to point to the target. The distal side
of the board was marked with a ruler visible omynfi the experimenter’s side, and pointing

error was recorded (in degrees).

We assessed prism adaptation aftereffects with teets. The visual-proprioceptive test

consisted of 6 pointing movements to a visual tapgesented two times in each of the three
positions (0°, 21° right, 21° left) in a pseudoramdorder. Although the target was in view,

participants could not see their pointing movemaidden under an occluding shelf. For the
proprioceptive test, blindfolded participants peohtlO times to the position they felt was

straight ahead of their body’s center. A transpiapamel marked with a ruler and aligned with

the participants’ body center allowed the experiteeto measure the distance (in degrees)
between indicated and actual target/body centetipogo determine error in the two tasks,

respectively. Rightward errors were recorded agtipesand leftward errors as negative.

5.3 Results

Given the small sample size, we used nonparamstatistical analyses to account for
anticipated non-normal data distribution.

Error reduction. The presence of error reduction during prism esxp® was assessed by
comparing pointing errors in the initial and laist sials of prism exposure. Participants made
a rightward error in the first six trials (day 1: #8.43°, SD = 2.88; day 2: M = 4.67°, SD =
2.34), which was reduced in the last six trialexjposure, on both days (day 1: M = 0.80°, SD
=0.55; day 2: M =0.65°, SD =0.43; z = 2.02, ©43 for both days).

Aftereffects. Participants experienced a significant leftwakdftsin visual-proprioceptive
error after 2 days of prism adaptation (beforerpraglaptation: M = -0.80°, SD = 1.57; after

prism adaptation: M = -7.27°, SD = 1.47; z = 2.2 0.043). Although not significant, the
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group also experienced a leftward proprioceptivereshift after 2 days of prism adaptation
(before prism adaptation: M = 5.07°; SD = 3.30eafirism adaptation: M = -0.60°; SD =
6.76; z = 1.75, p = 0.080). Exploration of indivadiscores revealed that 4 of 5 participants
experienced a leftward shift in proprioceptive egost prism adaptation.

Where versus Aiming Bias.Errors in the Natural and Reversed line bisectionditions
appear in Table 12, and fractionated where andngirbiases are depicted in Figure 19.
Critically, the motor-intentional aiming bias immed after prism adaptation in all
participants. The initial rightward aiming spateator (M = 19.37; SD = 10.27) was reduced
after two days of prism adaptation (M = 2.30; SD4:03; z = 2.02, p = 0.043). In contrast, no
change was detected in pre- (M = 0.53, SD = 14/68us post-prism adaptation (M = 9.58,

SD = 17.11) perceptual-attentional where spatias Iz = 0.40, p = 0.69).

Table 12. Patients’ performance on the Natural and Revelisedisection conditions before and after twoslay

of prism adaptation. Positive value means rightwdediation, and negative value means leftward dievia

(mm).
Natural Reversed
Patient Before After Before After
P1 41.9 17.4 21.0 14.9
P2 -1.8 41.0 234 -33.9
P3 17.1 14.5 3.8 -2.4
P4 30.3 16.3 -0.9 -2.1
P5 12.0 -29.8 46.9 -12.9
Mean 19.9 11.9 18.8 -7.3
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Figure 19. Motor-intentional “aiming” bias (above panel) apérceptual-attentional where bias (below panel).
Where and aiming biases were derived from the feagation of the Natural and Reversed line biseatioors
(mm, positive/negative scores indicate rightwaftllard errors, error bars indicate SEM). Resulfen¢o the
group of five subjects and the average of the grbefore (grey column) and after (black column) thays of
prism adaptation training.
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5.4 Conclusion
In this experiment, we found that the motor-intenél aiming bias of all five neglect patients

improved following two days of prism exposure. Thesult mirrors the result of Experiment
3 in healthy individuals, since adaptation to nghitd shifting prisms primarily affected the
rightward aiming bias in neglect patients, wheradsptation to leftward shifting prisms
affected the leftward aiming bias in the healthigjeats. In this forth experiment, the change
in the where bias was not consistent and the fiaiepts exhibited different patterns of
modification of the perceptual-attentional compdnradter the prism training: in 3 patients it
was more rightward deviated, whereas in 2 patié@ntgsas more leftward deviated. The
dissociation of the two biases after prism expos$uriner supports the hypothesis suggesting
an important role for the motor-intentional aimiggatial systems in response to prism
adaptation. This translates to the clinical pos$igiihat neglect patients primarily disabled as
a result of aiming spatial errors may benefit miogsin prism adaptation training, whereas

those with primarily where bias may benefit less.
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GENERAL DISCUSSION

The experiments described in this doctoral thesiestigated different aspects of the prism
adaptation technique with a focus on its appliéggbito rehabilitating unilateral spatial
neglect. Adaptation to prismatic goggles that ktgrdisplace the visual scene has been
studied for many years in neurologically healthgividuals (Stratton, 1896). Recently, prism
adaptation (PA) has been applied in the rehabditadf spatial neglect (Rossetti et al., 1998),
revealing promising improvements in a wide rangesyhptoms for prolonged amounts of
time. The first section of this thesis focused loa teasibility of new ecological visuo-motor
activities applied during adaptation to prism. Wastéd the efficacy of the ecological
procedure in ameliorating neglect symptoms (Expeniml) and in generating adequate
adaptation and aftereffects (Experiment 2). Todvainderstand which symptoms, or which
patients, improve optimally after prism adaptaticaining, in the second section of the thesis
we investigated the effectiveness of prism adaptabn different aspects of spatial cognition.
We tested the effect of prism exposure in percéatii@ntion where and motor-intention
aiming biases of a line bisection task, both inreug of neurologically healthy individuals
(Experiment 3) and in a group of neglect patiektgperiment 4). In this general discussion, |
will summarize, interpret, and integrate the restribm the four experiments, highlighting the

implications for the rehabilitation of spatial negf.

6.1 Which adaptation task to use during the exposer phase?

The standard procedure employed in prism intergastcomprises the repetition of pointing
movements toward visual targets. This procedure weasl for the first time for improving
neglect symptoms by Rossetti et al. (1998). Theespracedure has also been widely used in
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studies in healthy individuals (see Redding et 2005 and Michel, 2006 for reviews and
Kornheiser, 1976 for older works). Despite its freqt employment, the pointing adaptation
task may not be the optimal choice for prism adaptaparadigms. In three experiments
presented in this thesis, we investigated if odtaptation tasks can - or should - be employed
during prism exposure interventions.

In Experiments 1 and 2, we introduced a new adaptairocedure based on varied visuo-
motor ecological activities. Indeed, the pointirdpptation task appears to be repetitive and
tedious. The use of engaging and diverse visuoimtasks may be preferable for
rehabilitation programs that require consecutivasiems for multiple weeks (Frassinetti et al.,
2002; Serino et al., 2006; Serino et al., 2007;n®eet al., 2009; Ladavas et al., 2011;
Shiraishi et al., 2008; Vangkilde and Habekost,0dlizuno et al., 2011). A more varied
procedure may provide a useful alternative if theme be shown to have similar beneficial
effects.

In Experiment 3, we used a line bisection taskrduthe exposure phase (see also Goedert et
al., 2010). Subjects were requested to mark theeceflines presented in different locations.
The rationale for this choice derives from the fiett during the pointing task, recording of
pointing errors in the exposure condition reliesttom human examiner’s visual assessment of
the patient’s deviation. By contrast, when patidngect lines on standard paper, a record of
their adaptation error is created. Given the paénisefulness of recording patients’
adaptation (Serino et al, 2006) and the ease diritaebisection method, we tested the effect

of the line bisection task during the adaptatioageh

6.1.1 Effectiveness of the ecological adaptatiaacpdure in ameliorating neglect
Importantly, results from Experiment 1 showed ttied ecological procedure was equally
effective as the pointing procedure in ameliorating different manifestations of the neglect

syndrome in the left extra-personal and personaiaio. Both treatment improvements were
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obtained after one week, with a further recovetgrahe second week, making the two-week
prism adaptation treatment a reliable protocolfitenuating spatial neglect symptoms.
Similarly to our study (Experiment 1), a recentdstiexposed chronic neglect patients to 8
consecutive weeks of prism exposure while patievise tossing rings and performing a
pegboard exercise (Shiraishi et al., 2008). Thdysprovided evidence of improving visuo-
spatial deficits, although the lack of comparisaithva group of patients receiving a control
treatment, and the absence of adaptation and étereneasures, limited definite conclusion.
In an early seminal randomized study using prisiposure to rehabilitate hemianopia and
neglect (Rossi et al., 1990), 18 stroke patients whre the prisms for four weeks showed an
improvement of both deficits, assessed by psychaenietsting, as compared with a control
untreated group of 21 patients. However, no diffeeswas found between the control and the
experimental group in activities of daily livingssessed by the Barthel ADL mobility score
(Mahoney and Barthel, 1965). This study, howevat,mbt report information about the site
of the lesion and details concerning the distinctii@tween hemianopia and spatial neglect.
Interestingly, as in the ecological procedure erygdoin Experiment 1, patients were engaged
in everyday activities, although not specificallgvésed in order to enhance visuo-motor
adaptation, and with no measures of adaptatiorafieteffects being recorded.

Taken together, these results strongly suggestpitigih adaptation training associated with

varied visuomotor activities is an effective tomlameliorate some aspects of spatial neglect.

6.1.2 The importance of aftereffects

Adaptation (i.e., error correction during the exgescondition) and aftereffects (i.e., lateral
deviation in the post-exposure condition) measyes/ide evidence that subjects have
adapted to the displacement induced by the prisngaggle (Welch, 1978; Redding and
Wallace, 1993). Three measures of aftereffects Hmen frequently employed in prism

adaptation studies (Redding and Wallace, 2006dhd proprioceptive test, in which subjects
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are blindfolded and direct their pointing movemetttghe subjective straight ahead, 2) the
visual-proprioceptive test, in which subjects dirdweir pointing movements toward visual
targets in the absence of vision of their arm; ) visual test, in which subjects verbally
estimate the position of a visual target. Previoasearch has shown that the visual-
proprioceptive and the proprioceptive pointing moeats are contralateral deviated after
prism exposure (e.g., leftward deviation for rigatds shifting prisms), whereas the visual
perceptual judgment is oriented in the same dwacdds the optical displacement of the prism
(e.g., rightward deviation for rightward shiftingigms; Redding and Wallace, 2010). In the
experiments in this thesis, we measured adaptaiah aftereffects for the three different
adaptation procedures (pointing, ecological, limgettion). Below, | will argue that these
measures, especially the aftereffect measures, bwyimportant for establishing the
effectiveness of adaptation procedures in negédalilitation.

In Experiment 1 (mediational analysis), we foundpasitive correlation between the
aftereffects in the visual-proprioceptive test ahd performance in the cancellation tasks,
with greater improvement in patients who showedatgre and more prolonged leftward
aftereffects. We used different mediators, suchthasaverage 10-session aftereffects, the
average 10-session duration of the aftereffeces|ahg-term aftereffects, and the average 10-
session adaptation effect. The mediational analgbesved that the improvement in the
cancellation tasks (means of letters, bells ands)stand, in part, in the FIM scores was
accounted for by the aftereffects, and not by atept: the larger and more prolonged the
aftereffects, the greater the improvement in théop@mance. These novel findings support the
effectiveness of the prism-based treatments inecegtymptoms and overall disability,
whatever the extent of any concurrent neurologieabvery, either spontaneous or caused by
the on-going physiotherapy. This result is in agreet with the current view that prism
adaptation reduces the ipsilesional rightward thas characterizes left spatial neglect (Rode

et al., 2003). The importance of strong aftereffdtas also been reported in two studies in
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which the magnitude and duration of the aftereffesis essential in establishing neglect
recovery (Sarri et al., 2008; Farné et al., 2082pther study showed that patients, exhibiting
no adaptation, show little improvement in the BAdan ocular exploration, compared with
patients displaying adaptation. The authors didfimot differences related to the size of the
aftereffects (Serino et al., 2007). However, thesedi different, indirect, approaches to
investigate the specific roles of the adaptatiod aftereffects. They split the patient sample
into two groups (showing/not showing adaptationgd aftereffects, around a cut-off score
based on the mean pointing error of the whole grodp% of the 20 patients showed
adaptation or aftereffects.

In a previous study by Frassinetti et al. (2002j)lyane out of seven right-brain-damaged
patients (patient RD) did not show adaptation tismr RD’s improvement was confined to
the conventional tests of the BIT (including catatédn, and copying), and to some reading
tests, but did not extend to the behavioral seatiotme BIT. The findings of Frassinetti et al.
(2002), and of Serino et al. (2007) also indiched the patients’ adaptation to prisms - which
brings about leftward aftereffects - is a necessanyition for recovery from spatial neglect
to take place.

Future investigation in a larger group of negleatignts are needed to assess if prism-induced
leftward bias, measured by the aftereffects, acsofam the patients’ improvement in neglect
symptoms. If aftereffects measures are confirmebetoelated to neglect improvements, the
measure of the lateral deviation induced by prismynbecome a key indicator of
rehabilitation outcome. Thus, rehabilitation sphksis could use aftereffects measures to

predict if PA treatment may improve neglect sympmomtheir patients.
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6.1.3 Adaptation and aftereffects following thenpioig, ecological and line bisection
adaptation procedures

In our experiments, we assessed the presence pfatida and aftereffects generated by the
pointing, the ecological and the line bisectiondaon procedures, and we compared these
effects in order to establish which task inducedrgjer adaptation to prism.

Pointing adaptation procedurdn Experiment 1 and 4, we demonstrated that tieafishe
pointing adaptation task during the exposure pligseerates adaptation and aftereffects in
neglect patients. In Experiment 1, ten patient$opered the pointing adaptation task for ten
consecutive sessions. The aftereffect was asséissmehh the visual-proprioceptive test. In
Experiment 4, five patients performed two conseeutiays of the pointing adaptation task.
The aftereffects were assessed through the vispyaripceptive and proprioceptive tests. In
both experiments, we recorded error correctionacheday of PA, and found that adaptation
had occurred during each exposure phase. Moredkier,presence of aftereffects was
demonstrated in both experiments. In Experimena Eignificant leftward deviation was
recorded in the pointing movements of the visugpoxeptive test in each of the 10 pointing
sessions (see Figure 10). In addition, we showattlie errors recorded in the pre-exposure
condition were progressively increased toward #fe dide over the 10 sessions (long-term
aftereffect), suggesting a persistent and addeifect of the contralateral deviation induced
by prism over time (for similar evidence from age patient study, see Humphreys at al.,
2006). In Experiment 4, we also recorded a sigaficcontralateral deviation in the visuo-
proprioceptive test and a trend towards signifieammcthe proprioceptive test, in which 4 out
of 5 patients exhibited a leftward deviation in gveprioceptive error.

Taking together, these results provide evidencethigapointing task is a useful tool to induce
adaptation to prism in terms of error correctiominiy the exposure phase and aftereffects, in

line with previous work (e.g., Redding and Walla2@06).
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Ecological procedureDuring the ecological procedure of Experiment 1 diek not register
the error induced by prism when patients executed/tsuo-motor activities and we could not
demonstrate the presence of adaptation and atteteffherefore, in Experiment 2, we tested
if the ecological tasks could generate adaptatiwh @ftereffects in healthy individuals, as
previously demonstrated in the pointing task. Tcasuee if error correction (or adaptation
effect) occurred during the exposure phase of ttwogical procedure, we modified the
paradigm used in Experiment 1 introducing 4 pomptimovements before and after the
execution of the ecological activities. We thentddsthe 3 measures of aftereffect: the
proprioceptive, visual-proprioceptive, and viswesdtt In addition, we compared the amount of
adaptation and aftereffects induced by the ecodbgisk with the one induced by the pointing
task. If adaptation and aftereffects following #ological task were similar to those of the
pointing task, this would increase our confidenoethe effectiveness of the ecological
procedure and make it a viable option for long-teeglect rehabilitation.

Results from Experiment 2 provided evidence thatopeing the ecological tasks during the
exposure phase can induce the same amount of @maction as performing the pointing
task, both in the young and elder group of subjéste Figure 12). Interestingly, we
demonstrated that the ecological procedure gemkraten stronger aftereffects than the
pointing adaptation procedure. For both adaptatsks we recorded a leftward deviation in
the pointing movements in the proprioceptive arsli@i-proprioceptive tests, and a rightward
deviation in the perceptual judgment of the visiest. These finding were consistent for the
young and elder group of subjects. Strikingly, asmpared to the pointing procedure, the
ecological procedure resulted in: a) a larger laftivdeviation in the proprioceptive test in
both the young and aged subjects, b) a larger deftwdeviation in the visual-proprioceptive
test in the young group and c) a trend toward atgreightward deviation in the visual test in

both the young and aged subjects (see Figure 13).
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An additional finding of Experiment 2 was that {h@nting movements during the exposure
phase of the second day were more accurate thgothigng movements in the first day, both
for the first and for the last 4 pointing trials.i$ possible that with practice subjects became
more efficient in correcting the lateral deviatiowiuced by prism. It is also possible that, as
previously reported for the 10 sessions of the foggntask in Experiment 1, in the second
session there was a carry-over effect of the claténal deviation induced by prism during the
first session. Several studies in healthy individwand in primates have indeed demonstrated
long-lasting aftereffects that persisted for selvdeays and even weeks following a single day
of prism exposure (Hatada et al., 2006; Lackner lasfabtovis, 1977; Klapp, 1974; Yin and
Kitazawa, 2001).

Similarly, a recent study in neglect patients hasws error reduction of the exposure phase
during 10 consecutive sessions of prism adaptdtiadavas et al., 2011). Taking together,
these results further suggest that the duratioth@faftereffects can be increased if multiple
sessions of pointing or ecological tasks duringaPé performed.

Line bisection adaptation procedurkn Experiment 3, we demonstrated that the use @f th
line bisection adaptation task induced adaptatioth aftereffects in a group of 84 healthy
young individuals. During the exposure conditioastigipants wore either control goggles
fitted with plain glass lenses or left- or rightftihg prisms inducing a 12.4 degree of lateral
visual deviation. The two groups exposed to prisimewved an initial lateral deviation in the
direction of the prismatic shift; this deviation svaot recorded in the group who wore control
goggles. Error correction occurred during the aalagt phase in both prism groups,
demonstrating that the line bisection adaptatiehk tzan induce adaptation effects (see Table
9). The aftereffects were assessed through thealwmsoprioceptive and the proprioceptive
tests. In both measures, subjects exhibited caméral deviation in the post exposure phase:
the group exposed to right-shifting prism showefll p®inting errors, whereas the group

exposed to left-shifting prisms showed right paigterrors after PA (see Figure 15).
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However, despite the presence of significant afiects, the amplitude of the deviation
induced in the two tests was smaller than previotegborted in studies involving a pointing
adaptation task (Redding and Wallace, 2006). Indgedlmagnitude of the shift induced in
the two aftereffects tests ranged from 12% to 18%he prismatic displacement, whereas the
magnitude reported after pointing adaptation taa& been stated to be around 30% of the
prismatic displacement. Thus, although a directmamson of the effect of the pointing and
line bisection adaptation tasks was not made insdree group of participants, our result
suggests that the line bisection task may have ducesl effectiveness in inducing
sensorimotor aftereffects compared to the moratioadl pointing task.

Combining the results from the four experiments,agpears that the three adaptation
procedures, based on pointing, ecological and bisection tasks, can all induce error
correction during the exposure phase. However,ett@ogical and the pointing procedure
seem to create the strongest and most prolongecdktiéicts, with the ecological task even
better in inducing larger aftereffects than thenpiog task. By contrast, the line bisection task
appears to induce weaker aftereffects, suggestiagits use may not be optimal in prism
paradigms. Future investigation would be neededlitectly compare multiple adaptation
tasks. It would also be useful to test if the egadal task induces stronger aftereffects than the

pointing task in neglect patients, as we foundeaarologically healthy individuals.

6.1.4 Characteristics of adaptation procedures timaty enhance adaptation and aftereffects
Our studies showed that different adaptation proeeiinduce diverse amount of aftereffects.
In this paragraph we explore possible reasonsuc glifferences, focusing on the reasons for
the increased aftereffects for the ecological pdace. If improvement of neglect after PA
partly relies on the extension and duration of thigereffects, understanding which
characteristics of the adaptation procedure cresitesg aftereffects becomes important and

can open-up future progress for the rehabilitatibspatial neglect.
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In Experiment 3, we showed a relatively small shift the proprioceptive and visual-
proprioceptive lateral deviations for the line loisen adaptation task. Different from the
pointing task, in the line bisection task ther@dasvisible target because the center of the line
to bisect is estimated by the participant. A reduadaptation was previously recorded when
subjects performed the adaptation task in the aeseha visual target or in conditions in
which the target was simply imagined (Finke, 1938¢ also the works of Welch cited in
Kornisher, 1976 for a review, page 17). Thus, penfog movements to well-defined visual
targets appears important for reliable aftereffegierhaps because the errors in the
movements are more evident when the target islgisib

Next, we consider four possible reasons for theatgreaftereffects observed during the
ecological task.

First, it is possible that the ecological task gates bigger aftereffects becausefater and
more complex visuo-motor interactionserformed during this procedure. Although in
Experiment 2, the time of exposure to prism wasaéquthe two adaptation procedures, it is
possible that during the pointing task participgegormed fewer movements than during the
ecological activities. The pointing task is based tomed and interrupted movements; it
requires to point and return to the rest positiod & wait for the experiment’s signal to
execute the next trial. Conversely, during the egchl task, subjects perform free
movements in which they continuously manipulateesgivcommon objects. Previous studies
have hypothesized that enhancing or reducing themtgqy of visual and proprioceptive
information available to the subjects during th@asure phase can increase or reduce the
magnitude and persistence of the aftereffects.ekample, Fernandez-Ruiz and Diaz (1999)
have showed a greater and prolonged aftereffecggaiticipants who performed the most
numerous throwing movements during the exposuraliton. On the other hand, when
subjects were exposed to prism during passive mer&sror absence of movements, reduced

or lack of aftereffects was demonstrated (Michéela, et al., 2003; Held and Hein, 1958;
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Held and Bossom, 1961; Held and Freedman, 196%&; &id Hay, 1965; Becket, 1980; see
Kornisher, 1976 and Welch, 1986 for reviews).

Second, while the pointing task requires the réipetiof the same out-and-back movements,
the ecological tasks are basedmare varied movementbat involve different muscles and
body parts. Each activity consists of visuo-motattgrns diverse in terms of range of motion,
speed, orientation and, duration. Future investigattould test if the adaptation and
aftereffects change as a function of the number/candariability of the activities and
movemtns performed during the exposure condition.

Third, the ecological task requirggdeater allocation of cognitive resourcésan the pointing
task, such as attentional processes, strategiggotlem solving, and monitoring of the
performance. It is possible that increasing thendoge resources involved in the visuo-motor
adaptation task enhances the adaptation and #&fetref something that can be tested
experimentally in future studies.

Fourth, the ecological task is based ondkecution of meaningful actianghis suggests that
participants may have been more engaged and medivhiring the ecological procedure than
during the pointing procedure. It is likely that aiditive emotional reinforcement is linked to
the result of the ecological activities and thiattimay have prompted quick correction of
errors induced by prism. It could also be possibé¢ adaptation and aftereffects increase as a
function of thereward attached to the accuracy of actions performedndutihe exposure
condition. Future investigation could test if theeaningfulness of visuo-motor actions
performed during the exposure phase modulates daptation and aftereffects, and if
adaptation and aftereffects increase as a funaforeward, for example monetary reward
(Wachter, Lungu, Liu, Willingham, and Ashe, 2009e#er, Aharon, Kahneman, Dale, and
Shizgal, 2001).

Indeed, results from Experiment 1 (informal reparnyl Experiment 2 (Questionnaire) showed

that the ecological procedure was considergae pleasant and interesting to perfothan
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the pointing task. Patients and healthy neuroldgcbjects better tolerated the ecological
tasks and considered them less repetitive and emgogable, interesting and easy to perform.
Increasing patients’ compliance to the therapy miléogw a higher number of brain-damaged
participants to go through the whole training asulieof a greater and active participation of
the subjects to the training. Previous studies liagdeed shown that patient’s participation to
the therapy can improve the rehabilitation outconmeluding measures of functional

independence. This can even result in shorter tihfeospitalization (Lenze et al., 2004; see

Maclean and Pound, 2000 for a review).

6.2 Influence of prism adaptation on perceptual ananotor components

In Experiment 3 and 4, we tested how PA affectgialpeognition and whether it primarily
reduces motor-intentional aiming and/or percepatntional where spatial components. We
investigated this hypothesis by examining decoupkedeptual-attentional where and motor-
intentional aiming contributions to line bisectiperformance, either in a group of healthy
young individuals (Experiment 3), and in a groumeglect patients (Experiment 4).

We found consistent results in the two experimesitswing that, at least in the current
paradigm, PA primarily affects motor-intentionainéing spatial systems. Indeed, exposure to
prism decreased the aiming bias after prism exgosuboth studies. In the group of healthy
individuals, the initial left aiming bias was reduakc after exposure to left-shifting prisms
(Experiment 3). In a similar way, in the group @glect patients the initial right aiming bias
improved after exposure to right-shifting prismsgEriment 4). In addition, in the healthy
participants no changes in the aiming bias weradaafter exposure to right-shifting prisms
and control goggles, indicating that the effecteff-shifting prisms was not due to increased
familiarity with the task (Experiment 3).

Improvement in the aiming bias can also accountttier amelioration recorded in neglect

patients post-PA in tasks requiring visually guidedtor behaviours involving eye and arm
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movements. Beneficial effects of PA have been tegoon manual motor tasks performed
under visual guidance (e.g., cancellation and drgwior reviews see Luaute, Halligan, et al.,
2006; Striemer and Danckert, 2010a), oculomotonrsicg (Angeli, Benassi, and Ladavas,

2004; Serino, et al., 2004), and in tasks requirangnotor activation such as postural

imbalance (Tilikete et al., 2001), and wheelchavigation (Jacquin-Courtois et al., 2008).

Similarly, a study of seven neglect patients exgdsea long-term prism adaptation training

for 8 weeks found a prolonged improvement (lasforgat least six weeks) in eye movements
and the alignment of the centre of pressure dwistanding task on a force plate (Shiraishi et
al., 2008).

For what concerns the effects of PA on the pereadatiention where bias, we found that the
change in the where spatial errors was not comsisi&oss the five neglect patients after the
prism adaptation training (Experiment 4). Threeigras showed a greater rightward where
bias, whereas the other two exhibited the oppog#tern with greater leftward where

deviation after PA. However, it should be notedt tthee group of five patients we tested

(Experiment 4) had on average a stronger motorvittieal aiming than perceptual-attentional
where spatial bias, before the prism adaptatianitrg (see Figure 19). Therefore, even if our
studies did not show any effect of PA on percepatt@ntional where spatial errors, it is

possible that prism adaptation may also improvera/ispatial bias in patients in whom this
bias is more strongly present than in the curraattepts. Indeed, some improvement on
perceptual tasks following prism adaptation hanlbeeorted in neglect patients (Sarri et al.,
2006; Sarri et al., 2010; Saevarsson et al., 2009).

The results in healthy participants (Experimentd8) not support a directionally-specific

effect of prism adaptation on where spatial bindekd, participants who adapted to both left-
and right-shifting prisms showed a more rightwaavidtion in the where bias after prism

exposure. This effect was observed only in the grofi subjects who performed the

computerized line bisection task as first or sectext, immediately after PA. A possible
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(post-hoc) explanation for a non-specific effecPdt on where bias in healthy individuals (in
which a similar rightward deviation in the post-egpre condition occurs after right- but also
left-shifting prisms) could be that errors obserdeding PA triggers a correction of the initial
leftward where bias through visuo-motor learningriBg the exposure condition, participants
learned to detect and correct the line bisectianrenduced by the prismatic shift. It is
possible that the visuo-motor learning process iaeduduring the exposure condition was
transferred to the computerized line bisection jt&specially when the task was performed
immediately after the adaptation phase. Therefoo#) groups of healthy subjects could have
increased their ability to correct the where brathie post-exposure condition. Berberovic and
Mattingley (2003) similarly found that both leftaé right-shifting prisms induced a post-PA
rightward shift on estimates of visual center fiimsli appearing in extrapersonal space. The
same kind of effect was also observed by BarreattBurkholder (2006) when both right and
left monocular patching reduced leftward where igpatrors in the peripersonal space. More
research is needed to understand non-directiospigific PA effects on the magnitude of
perceptual-attentional where errors.

Our results may account for previous finding indsts recording eye movements in
perceptual tasks such as detection of chimericsf@€erber et al., 2003; Ferber and Murray,
2005), and size estimation (Dijkerman et al., 2008yealing a selective effect of prism
adaptation on the oculomotor bias, without effattperceptual-attentional errors. Results of
Experiment 3 and 4 are also consistent with a teageing in small group of neglect patients
in which three neglect patients improved in a méahna bisection task (consisting of both
motor-intentional and perceptual components), wdgeréhe performance on a purely
perceptual landmark test remained unchanged affetward prism exposure (Striemer and
Danckert, 2010a).

A specific neuroanatomic-behavioral mechanism fér Was recently hypothesized in a

review by Striemer and Danckert (2010b). The awhsuggested that adaptation to prisms
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may primarily influence the visuomotor circuitstbe dorsal visual stream (specifically, in the
superior parietal lobule and in the intraparietalcgs) that mediate motor-related and
attentional processes (Corbetta and Shulman, 20WRer and Goodale, 2006). On this
account, PA might also influence perceptual praeggsdirectly through connections between
dorsal and ventral stream areas, mediated by feaan parietal lobe (IPL) and the superior
temporal gyrus (STG). Since the IPL and the STG aitical sites for neglect (Karnath,
Ferber, and Himmelbach, 2001; Mort et al., 200®jilare to alter perceptual biases in neglect
patients may be partly a consequence of the lesibrise connections between dorsal and
ventral stream areas.

The interpretation of a primary influence of PAtbie visuomotor circuits of the dorsal visual
stream can also account for attentional improvemeetorded after PA, since it has been
demonstrated that the dorsal visual stream medmatesnly motor-related but also attentional
processes (Corbetta and Shulman, 2002; Milner andd&@e, 2006). Several studies in
neglect patients have shown that prism adaptataon atso improve covert attention tasks
requiring a shift of visual attention without eyeowements. For example, four right-brain
damaged patients, two of them with neglect, exbibd faster detection of targets located in
the left field performing an exogenous version e Posner task (Striemer and Danckert,
2007). Similarly, two neglect patients showed adiasletection of leftward stimuli in an
endogenous version of the Posner task (Nijboel,2@08).

Finally, some authors have suggested that pati@seeb profiles should be used to categorize
subtypes of spatial neglect across tasks (Buxbauah,e2004; Hamilton et al., 2008). Prior
studies have failed to validate where/aiming subsypf spatial neglect as rigid categories
across different spatial assessment procedure® siyglect patients have shown a great deal
of variation in the types of spatial errors whemfgening different tasks (see for example
Harvey et al., 2002). However, it is also possitiiat robust where versus aiming biases

among different tasks may also reflect relativefalystion in distinct where versus aiming
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anatomical and functional brain networks. Taskspaents) with a primarily impairment in
the motor-intentional aiming bias may benefit frains therapy, whereas tasks (or patients)

with a primarily perceptual bias may not.

6.3 Which neglect manifestations are improved by PA tre@nent?

6.3.1 Neuropsychological and Functional Assessments

Results from the experiments performed in the gsonipneglect patients of this PhD thesis
(Experiment 1 and 4) showed that PA improved a wiglege of symptoms. In the first
experiment, we tested ten right-brain-damaged mpiatithat were exposed to a two-week
prism adaptation treatment, combining a pointirgk té-rassinetti, et al., 2002), and a novel
ecological task. We demonstrated amelioration dfedint manifestations of the neglect
syndrome in the left extra-personal and persoratespimprovement was recorded both in the
neuropsychological assessment and in the functiscales after one week, with a further
recovery after the second week. Indeed, a bettéorpgance was observed in:

a) all the visuo-spatial paper-and-pencil testsgepk the line bisection task, such as
cancellation tasks (letters, bells and, stars))ycopdrawings, and reading of words and
sentences

b) performance in daily-live activities (CBS scale)

c) patients’ independence in motor and cognitivecfions (FIM scale).

Previous investigations have also demonstratedawgonent in standard psychometric tests
(such as the Behavioral Inattention Test, Wilsonalet 1987) after two weeks of prism
adaptation training through a pointing adaptatiaskt(Frassinetti et al., 2002; Serino et al.,
2006; Serino et al., 2007; Ladavas et al., 2011zuwlo et al., 2011). Also, a study with a
shorter (four days) period of treatment showed owpment in neglect-specific tasks (such as

line bisection and cancellation tests; Nys, de Haaal., 2008).
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In Experiment 1, however, we did not show posigfiects of the prism adaptation treatment
on the line bisection performance. The influencd?éfin line bisection tasks appears to be
quite variable among studies. For example, adaptatiay reduce the rightward error in line
bisection (e.g., Pisella, Rode, Farne, et al., 20@2ne out of two patients; Rossetti et al.,
1998, in a group study including 16 patients). ire study, two right-brain-damaged neglect
patients (#1, and #4) showed the expected leftwhifid in line bisection after adaptation to
rightward-displacing prisms, but one patient (#8ibited a paradoxical rightward deviation
(Morris et al., 2004). Results from our Experimdntalso showed a leftward deviation post
PA in the line bisection task (Natural condition)three patients (P1 — P4 — P5), whereas one
patient was unaffected (P3), and one patient (Ripeed a paradoxical rightward deviation.
In another study in five left neglect patients, @ddon improved performance in some
cancellation subtests (BIT score; Wilson et al.87)9 but neither in line bisection, nor in
copying (Luaute et al., 2006; see also Nys, de Haial., 2008 for similar evidence). Three
prism adaptation rehabilitation studies (Frassimtal., 2002; Serino et al., 2007; Ladavas et
al., 2011; Mizuno et al., 2011) reported an oveiralbrovement of the BIT scores, without
distinguishing among the different subtests. Thus|e prism adaptation has overall positive
effects on the patients’ performance, as assesgedifierent tasks, there are differences
among studies as for the specific tasks affectethbyprocedure. Cancellation performance,
however, appears to be consistently improved. Eumbre, the lack of effects on line
bisection, as well as the absence of mediatiorfaktsf of aftereffects on sentence reading
performance (Experiment 1), suggests some spdgibfithe effects of prism adaptation in a
rehabilitation setting. Results from Experimentn8 & also suggest a selective effect of prism
adaptation on the motor-aiming spatial bias. Tioeefit is possible to speculate that the
diverse responses recorded in PA studies in diffetests may depend on the type of the

initial spatial bias in that specific task (for finer discussion, see paragraph 6.2).
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6.3.2 Every-day disabilities

A relevant issue to rehabilitation medicine is et improvement of spatial neglect,
however obtained, generalizes and extends to dityain daily-life (Bowen and Lincoln,
2007). Previous studies investigating the effedtswmn weeks prism adaptation training
through a pointing adaptation task measured an awgonent of neglect symptoms on
ecological tasks (room description, object reachaupboard search test), the behavioral part
of the BIT, and self-report questionnaire of evarydfunctions (Frassinetti et al., 2002; Serino
et al., 2006; Serino et al., 2007; Serino et @02 Ladavas et al., 2011; Vangkilde and
Habekost, 2010). However, two other studies diddstect any quantitative improvement of
activities of daily living, as measured by the Battindex after PA training (Rossi et al.,
1990; Shiraishi et al., 2008).

In our first experiment, we provided evidence tlpaism adaptation contributed to the
recovery of the patients’ functional disability. SRéts showed improvement of the patients’
scores in a widely used measure of independeneeg tfie FIM scale), and in a functional
scale assessing patients’ skills through obsemratib performance in everyday activities
(CBS scale). This result was even confirmed by thediational analyses in which
improvement in functional disabilities (FIM) wasrfg accounted for by the magnitude and
duration of aftereffects. The fact that the prisiteraffect could not explain improvement in
neurological severity (i.e., the NIH scale) alsovdes evidence that the benefits of PA
treatment appear to be specific to spatial negledtmay possibly generalize to whole-person
activities and independence in daily life. The immment in the FIM scale after prism
adaptation is of extreme importance given the distaal evidence that neglect after right-
hemisphere stroke is associated with a more seweeeall disability, and predicts poor
functional outcome (Jehkonen et al., 2006; Katal.¢t1999; Paolucci et al., 2001). Similar to
the result of Experiment 4, in an initial pilot etpnent in three neglect patients, who

underwent a similar paradigm of computerized lingettion under natural and reversed
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conditions, we found a selective reduction of th&onintention aiming component in 2 out
of 3 patients (in 1 patient there was no changéefaiming component; Fortis, Kornitzer,
Goedert and Barrett, 2009; poster presentatiotgrdatingly, we also recorded improvement
of neglect deficits in everyday activities assesbgdthe CBS scale, and the functional
improvement was recorded only in the 2 patientsvirom the aiming bias improved. In
addition, a recent study replicated our resulingbriovement in the CBS and FIM scales after
PA training (Mizuno et al., 2011). The group of le&g patients that was submitted to ten
sessions of PA pointing treatment improved sigaifity more than the control group who
received the same training with neutral goggle.

Future investigation would be needed to assessoibpged and extensive training may
further increase the beneficial effect of PA ontspaneglect symptoms, including daily life
activities. The ecological adaptation procedureosiiced in Experiment 1 opens up new
possibilities for extending rehabilitation of negfigoatients for longer periods. Indeed, these
visuomotor activities may be easily designed fombebased programs, customized to the
domestic environment. This appears to be an edpenigportant development, considering
that it may allow for long-term rehabilitation pragns that are not possible in inpatient

rehabilitation facilities due to the typically shatay of the patient.

6.4 Cortical areas associated with neglect and regpsiveness to PA

treatment

6.4.1 Frontal and parietal brain lesions
As reported in the Introduction, several authongehiaypothesized that the presence of distinct
perceptual and pre-motor components in spatial eségimay reflect neuro-anatomical

dissociations (Vallar and Perani, 1986). This notieas first proposed by Mesulam (1981),
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with posterior versus anterior anatomical brainioles mapping onto perceptual versus
premotor deficits in neglect patients.

In Experiment 1, we tested 10 neglect patientsamutlid not specifically separate perceptual
and premotor subtypes of errors in this sampleexXperiment 4, however, we explicitly
dissociated pre-motor and perceptual spatial bi&sea line bisection task in 5 neglect
patients. All our patients exhibited a mixed pattef both intentional and perceptual biases in
the line bisection task (see Figure 19). Exploratb the brain lesion sites showed that 4 out
of 5 patients had parietal and frontal lesions (Bgg 17), consistent with an anatomical-
clinical association between these regions andepéwal and premotor biases in neglect
patients. However, one patient (P1) had an extent@gion involving the parietal and
temporal areas that did not extend to the fromtiaél Contrary, to the anatomical association
suggested above, the patient exhibited a large mmtentional bias in the line bisection task.
Previous studies have similarly found an associatietween directional bradikinesia
impairments and parietal lesions in neglect pagigdMattingley et al., 1998; Husain et al.,
2000).

Our result however, is limited by the small numbépatients involved in the study and by
the presence of mixed perceptual and attentiorza in each of them. To further extend our
knowledge about a frontal versus parietal dissmrian subtypes of neglect patients, future
investigations involving a large group of patier@sange of spatial cognitive tasks, and using
both a priori and post-hoc radiological analyticheiques, would be useful to better explain
whether perceptual versus premotor spatial biasbeaseen as anatomically and functionally

dissociated.

6.4.2 Brain lesions and adaptation to prism
In the Introduction of this thesis, we reviewed therent literature on the neural circuits

involved in prism adaptation studies. On the babithese data, a network of areas involving
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the cerebellum, the parietal, and the frontal codppears to be involved when adaptation to
prism occurs (see Table 1 for some evidences).r8@esteidies have investigated adaptation to
prism in humans and primates with brain lesionsesehstudies have shown that selective
cerebellar lesions impair the ability to adapt tsm during the exposure phase in patients
(Gauthier et al., 1989; Thach, 1998; Martin et 896a; Morton and Bastian, 2004; Pisella et
al., 2005) and in monkeys (Baizer et al., 1999; iseamd Tamago, 2001; Stein and Glickstein,
1992). Similar findings were found in patients wibilateral parietal lesions (patient JJ,
Newport and Jackson, 2006, NPS; patient IG, Pisllal. 2004; Grea et al., 2002) and in
studies in monkey with selective lesions in thexfab premotor vental areas (PMv; Kurata and
Hoshi, 1999).

In the experiments performed in this thesis, weete45 neglect patients (10 in Experiment 1,
and 5 in Experiment 4). In our sample of patients did not observe any impairment in
adapting to the lateral displacement induced bsnpriindeed, each patient in our studies was
able to correct the error induced by prism durihg exposure phase in each session
performed and showed the expected aftereffect iemiaOnly one participant (P2) showed a
paradoxical rightward deviation in one of the twitegeffect tests (proprioceptive test),
whereas in the other (visual-proprioceptive test) Wwas leftward deviated after prism
adaptation. Exploration of the brain lesion sitethe 10 patients (Experiment 1) showed that
the areas of greatest lesion overlap were in therian and central white matter, and in the
basal ganglia (head of the caudate nucleus, aralgahucleus); whereas in the other 5
patients (Experiment 4), they were in the frontatigtal, and frontal-subcortical regions.
None of the patients had a bilateral parietal blason or a selective lesion in the cerebellum
or the PMv areas. Our result confirms that patievita unilateral right side brain lesions in
the frontal-parietal cortical and subcortical areas still able to adapt to the lateral shift

induced by prism.
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A previous study provided some evidence that otalipiamage may reduce prism adaptation
and diminish recovery from spatial neglect (Semtal., 2006). In this study, patients with
occipital lesions were slower in correcting thedinging errors than patients without occipital
lesions. After one week of PA training, they alsdibited less improvement in neglect
symptoms, as measured by the BIT score and byawiattbn in the eye movement. However,
in another study in which neglect patients wereosegd to two consecutive weeks of PA
training, this association was not recorded, sinoe patient (RD) who did not show
adaptation did not have an occipital lesion, whese patient (BM) exhibited adaptation and
recovery from left spatial neglect, with a lesiotemsively involving the right occipital lobe
(Frassinetti et al., 2002).

In our sample of 15 neglect patients, only onegmat(P4, Experiment 4) showed a lesion in
the right occipital lobe. Our result confirmed thla¢ patient was able to correct for the error
induced by prism during the exposure phase of bays of PA and showed the expected
contralateral deviation in the aftereffects measud the visual-proprioceptive and
proprioceptive tests. In addition, the same patisnbwed improvement in the motor-
intentional aiming spatial bias of the line bisenttask as the other patients without occipital
lesion. Our results further suggest that adaptionptism and improvement in neglect
symptoms can occur even in the presence of anitaldgsion.

Related to this issue, in another study (Serired.e2007), it was suggested that hemianopia is
potentially problematic for adapting to prism. Hamopia is a visual disorder that causes a
loss of vision in either the whole left or the wleight half of the field of vision in both eyes.
It can derive from lesions involving the contraftatevisual cortex (geniculo-calcarine lesion)
or from lesions that occur from the visual cortexthe optic tract. It has also been suggested
that the failure to report a stimulus presentethencontralateral visual field in neglect patients
may be, at least in part, related to the neglegairment, such as visual inattention for an

hemispace, rather than representing primary sendefigit (Kooistra and Heilman, 1989;
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Vallar, Sandroni, Rusconi, and Barbieri, 1991)tHa series of patients tested by Serino et al.
(2007), five out of the nine patients with occipithmage did not show left hemianopia,
which was present in two patients with lesions isigathe occipital lobe. Results from this
study found that the proportion of patients witft llemianopia was higher in the group not
showing adaptation (4 out of 5 patients), tharhi group exhibiting the effect (2 out of 13).
However, this association also indicates that ona-hemianopic patient did not show
adaptation effects, while two hemianopic patients thus weakening the inference of a
conflict between hemianopia and adaptation.

Results from our Experiment 1 and 4 did not findaasociation between hemianopia and lack
of adaptation. Indeed, in Experiment 1, adaptat@mul aftereffects were achieved in a
comparable way by hemianopic and non-hemianopiemat In Experiment 4, the small
number of patients did not allow for a direct comgan of the results in the hemianopic (3
out of 5) and non-hemianopic patients (2 out ofHlQwever, exploration of the individual
data suggests that, if anything, the opposite patias observed. The mean lateral deviation
induced in the visual-proprioceptive test was great the hemianopic patients (shift = 7.50°)
than in the non-hemianopic patients (shift = 4.92Phe same result was found in the
proprioceptive test (hemianopic patients: shift Z88; non-hemianopic: shift = 1.00°).

Our results are in line with other previous stud@2gkerman et al. (2003) reported adaptation
and aftereffects (“informally” assessed) in twohtidprain-damaged patients with left neglect
and hemianopia. Five right brain-damaged patients gft neglect (three with a complete
left homonymous hemianopia, and two with no visiigd deficits, but visual extinction)
showed leftward aftereffects (Rossetti et al., 200¢b patients; Sarri et al., 2006, three
patients). Similarly, Nys et al. (2008) mention g@eved adaptation and aftereffects in two

right-brain-damaged patients with left neglect Aedchianopia.
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In sum, the compatibility between left hemianopia anormal aftereffects seems to be the
prevailing finding. Future investigation, comparitige effect of PA training in larger sample

of neglect patients with or without hemianopia baip to clarify this issue.

6.5 How to separate spontaneous recovery from treaent improvement in

studies in acute stroke patients?

Assessing the efficacy of new rehabilitation methodstroke patients is not easy. One of the
main problems is how to differentiate the effecttbé experimental manipulation from
spontaneous recovery. Spontaneous improvementgieatepatients, for example, has been
shown to occur between two (Pizzamiglio et al.,&0ind six months (Jehkonen, Laihosalo,
Koivisto, Dastidar, and Ahonen, 2007) after injuAssessing the effect of PA training in
chronic patients (> 6 moths) is therefore recomrmednéiowever, rehabilitation services have
to deal with patients in a more acute phase (imatelyi after the stroke) and distinguish
between the two types of effects becomes a prohiensaue for clinicians. The best way to
control the efficacy of a treatment, in patientamearly stage from stroke onset, is to use a
control group of patients who do not receive argatiment over time, and compare their
outcome with group of patients that are submittedhe experimental paradigm. However,
there are ethical implications of leaving hospziadl patients without a specific treatment. In
our Experiment 1 we compensated for the lack obrtrol group by using an experimental
design that included a control treatment alreadiglaBed. A previous study (Frassinetti et al.,
2002) showed the efficacy of the pointing treatmentalleviate symptoms of left-spatial
neglect in right-brain-damage patients, relativeatoontrol group. Below, we will provide
further arguments against spontaneous recovergteffe Experiment 1 and 4, and conclude
with a section highlighting the usefulness of sugipg studies in healthy individuals

(Experiment 2 and 3).

146



6.5.1 Spontaneous recovery does not explain etbéEs

Neglect patients involved in our studies (Experitnerand 4) were still in a relatively early

phase after the stroke (3.4 months in Experimentarid 3.2 weeks in Experiment 4).

Therefore, it can be argued that the improvemetsrded in our experiments could be partly

due to spontaneous recovery of spatial functiomsvéver, for both experiments we provided

evidence for the specificity of our intervention.

In Experiment 1 we showed improvement in neuropshadical tests and functional scales in

10 neglect patients that underwent two weeks oft@iking. Improvement was recorded in

the first week and continued in the second of wetkreatment. In order to show that

patients’ improvement was related to a specifiedaffof the prism exposure treatment we
performed several analyses. Indeed, the improvemedch test and scale was not dependent
on:

a) The baseline level, since we showed that the chamghe score obtained during the
treatment was not correlated with the improvemdasieoved during the week of baseline.
Any improvement observed during the baseline wea& primarily related to spontaneous
recovery because the patients did not receiveraayment during this time.

b) The severity of the pathology, provided by the peledence between the level of the
neurological impairment, assessed by the NIH seaid, the change in the score in the
neuropsychological assessment and functional scétesther words, the treatment
specifically improved the visuo-spatial deficits darwas not related to a general
neurological improvement.

c) The duration of disease, since the benefit obtathethg the treatment was not related to
the time of stroke onset, and the chronic patiBngoved as well as the acute patients. If
spontaneous recovery was the main factor involvedhe improvement observed, we
would expect a bigger improvement in the more agatigents, in whom the short time

from the lesion favoured a spontaneous recovery.
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d)

Finally, results showed that the improvement int Ispatial neglect and functional
disabilities was related to the size of the prissmm&ftward aftereffects. Indeed, the
magnitude of the aftereffects and its extensiorr timee could predict the improvement in

the cancellation tasks and partly in the functiatalities as assessed by the FIM scale.

Together, these results suggest a causal effguisph exposure on the recovery of left spatial

neglect and speak against spontaneous recoveheasdjor factor that improved patients’

symptoms.

In Experiment 4, we recorded improvement in theiagbias of a line bisection task in five

neglect patients exposed to two days of prism exgosBased on the following

considerations, it is unlikely that the effects aled in this experiment are entirely

attributable to spontaneous recovery:

a)

b)

If the motor-intentional aiming bias reduction wasmarily related to a spontaneous
recovery effect, we would have expected a biggeravement in the patients with the
most recent stroke (2 weeks post stroke, n=3) thahose with a less recent stroke (5
weeks post stroke, n=2). However, if anything, tpposite pattern was observed: the
aiming bias reduced more in the 5 weeks post stgpkap (mean pre —PA = 20.1 mm;
mean post —PA = -8.9 mm); shift = 21.9 mm) tharhimm 2 weeks post stroke group (mean
pre —PA = 18.9 mm; mean post —PA = 9.8 mm; shBtE=mm). Thus, the results suggest
that the improvement in the motor intentional bress not related to the time distance
from the stroke onset.

We observed an immediate strong improvement in eac¢he five patients’ aiming bias
after just two days of PA during the pointing addion task. The two days of PA training
dramatically reduced the leftward motor intentiobials by 86% of its originally value. On
the contrary, no consistent effects were foundHerpatients’ where bias. The robustness
and selectivity of this effect over such a shontiquk of time speaks against spontaneous

recovery as its primary cause.
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c) Others have observed that the most common pattespomtaneous change in the bias of
neglect patients is either persistence or incr@aseotor-intentional aiming biases, with
no discernable pattern in the stability of the pptaal-attentional where biases (Hamilton,
et al., 2008). Consistent with what Hamilton etaserved under natural recovery, we
observed inconsistent changes in the where bigsaténts. However, contrary to the
increase in aiming bias Hamilton et al. observed,faund a consistent decrease in the
motor-intentional aiming bias of all our patients.

d) Finally, our results are in agreement with receatknshowing selective improvement of
visuo-motor biases in neglect patients after alsisgssion of PA (Striemer and Danckert,
2010a). The immediate improvement recorded in Baibies is once more in support of a
selective effect of PA on the aiming system andirsgaspontaneous recovery as its
primary cause.

Nonetheless, further studies fractionating whereé aiming components of spatial errors in

neglect patients during a more chronic phase poskes (e.g., 6 months) may be useful to

determine if the effect of PA may be different ocute versus chronic phase of the disease.

In sum, we argue that spontaneous recovery cantigtaficcount for the present findings of

improvement in neglect symptoms after prism adaptatreatment (Experiment 1 and 4).

However, we also acknowledge that group data omtapeous recovery in neglect patients

would strengthen the conclusions of our studies.

6.5.2 Studies in healthy individuals as supportdibects in neglect patients

Performing studies employing healthy neurologicabjects can also help in providing
evidence for the effect of a treatment on cognifiugction. For example, in the present thesis
we performed two studies in healthy subjects tlefpdd to support and better understand our
results in neurological patients. In Experiment vz demonstrated that the ecological

procedure induces adaptation and aftereffectsatteait least as large as those of the pointing
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task in a group of 48 young and older healthy stibjén Experiment 3 we provided evidence
for the specific effect of PA on the motor-aimingatial bias in a group of 84 young healthy
participants.

Testing healthy neurological subjects to betterewsidind the functioning of PA in neglect
patients is facilitated by the fact that healthgliwduals show biases in spatial cognition that
mirror the biases in neglect patients. As repoieithe Introduction, healthy individuals show
a systematic leftward bias when performing a lireedtion task (Bowers and Heilman, 1980;
Jewell and McCourt, 2000; McCourt and Jewell, 199@Court, 2001). In accordance with
these findings, we also found an initial leftwaiidsin the line bisection task in the group of
our healthy participants (line bisection task, natwcondition Experiment 3). Similarly, a
leftward perceptual where bias and a leftward mot@ntional aiming bias were also
recorded when the two components where decouplkeglicating previous findings of
leftward motor and perceptual biases in the lireedtion task in healthy individuals (Garza et
al., 2008). An a priori leftward bias has also bebeerved in numerous other spatial tasks in
healthy individuals (Nicholls et al., 1999; Nicloland Loftus, 2007; Longo and Lourenco,
2007; McGeorge et al., 2007). Thus, in contrashwigglect patients, who show a rightward
spatial bias, healthy individuals appear to shaulatle but systematic leftward spatial bias.
Previous research in healthy individuals providedience for a lateralized effect of PA after
left- but not right-shifting prisms (Berberovic amdattingley, 2003; Michel et al., 2003;
Michel et al., 2008; Colent et al., 2000; Loftusaét 2008; Loftus et al., 2009; Nicholls and
Loftus, 2007). This result mirrors the effect irghext patients, in whom a selective lateralized
effect of PA has also been demonstrated by imprentmof the rightward bias after right- but
not left-shifting prisms (Rossetti et al., 1998;sRetti et al., 2004). We replicated a similar
lateralized effect of PA in healthy individuals Experiment 3. We showed a selective
reduction of the leftward bias in the natural caioti of the computerized line bisection task

as well as of the motor-intentional aiming biagafxposure to left-shifting prisms, whereas
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the same two tasks were not affected by rightisigifprisms. The similarity of the results of
PA paradigms in healthy individuals and neglectgmais supports the idea that PA studies in
healthy individuals can help to better understdmedeffect of PA in neglect patients.

A possible explanation for the similarity of thesuéts in healthy subjects and neglect patients
is that PA may influence cognitive functions for ieth the baseline performance is biased
(Goedert et al., 2010; Striemer et al., 2006; Bude and Woods, 2010). For example,
Bultitude and collaborators provided evidence tRat can reverse hierarchical perceptual
processing, depending on the bias at the basele. INeglect patients, who typically show a
local processing bias, acquired a more global msing bias after exposure to rightward
shifting prisms (Bultitude, Rafal, and List, 2009y contrast, neurologically healthy
individuals, who typically show a global processinigs, acquired a more local processing
bias after exposure to left-shifting prisms (Bultie and Woods, 2010). This interpretation
could also account for the result we recorded anrtversed condition of the computerized
line bisection task (Experiment 3), in which thesual feedback was right-left horizontally
inverted. In this task the initial bias from therid&cal center of the line was deviated
rightward, mirroring the initial leftward bias reck®d in the natural condition. As suggested
from the baseline bias interpretation, we recoraaselective lateralized effect of PA: the bias
was reduced in the group of subjects who perforthedtask immediately after exposure to

right-shifting prisms, whereas exposure to lefftghg prisms did not affect the performance.
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6.6 Final conclusions

In sum, results from Experiment 1 and 2 demongiréit@t the ecological procedure is an
effective tool for ameliorating spatial neglectdéed, in Experiment 1 we found that the
ecological procedure improved various neglect spmgt as well as functional disabilities,
being as effective as the more established pointasl. In addition, both the patients
(Experiment 1) as well as the group of neurolodychéalthy young individuals (Experiment
2) preferred the ecological procedure over the tpgintask in terms of enjoyment in
performing it, declaring it less repetitive andfprable to perform for prolonged time periods.
In Experiment 2, we provided measures of adaptadod aftereffects during the new
ecological procedure in the group of healthy pgréiots, showing that the ecological visuo-
motor tasks induced the same error correction @pdinting task during the exposure phase
(adaptation effect). We also showed that the dftmts were larger in magnitude than those
recorded during the pointing task. Since previdudiss (Sarri et al., 2008; Farne et al., 2002)
and our Experiment 1 showed positive correlatiogisvben the magnitude of the aftereffects
and the improvement in neglect symptoms, this tesydarticular promising for rehabilitation
of spatial neglect.

Results from Experiment 3 and 4 suggested thampedaptation might act primarily on
motor-intentional aiming spatial bias. A primary fect on aiming components of spatial
errors was recorded consistently in both neurokdbyichealthy participants (Experiment 3)
and neglect patients (Experiment 4). This resulty rhave major implications for the
feasibility of PA as a therapy for stroke survivavgh left neglect because it implies that
neglect patients who are primarily disabled assalteof aiming spatial errors may be better

candidates for PA training than those with primyawhere spatial errors.
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