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Abstract

Rightward prismatic adaptation (RPA) can reduce neglect symptoms in patients whereas
adaptation to leftward deviating prisms (LPA) can induce neglect-like behavior in healthy subjects.
One influential anatomo-functional model of PA postulates that it inhibits activity of the posterior
parietal cortex (PPC) contralateral to the prismatic deviation. By hypo-activating the PPC and thus
eventually acting on interhemispheric balance, both LPA and RPA could possibly affect
visuospatial perception in healthy subjects, however, such behavioral modulation has seldom been
reported after RPA. In the light of recent evidence showing that LPA-induced visuospatial shift
need time to develop we hypothesised that RPA might induce significant changes in visuospatial
cognition on a longer time scale. We thus assessed the Landmark task, as well as sensorimotor
aftereffects, several times over eight hours after a single session of either LPA or RPA. In
agreement with previous reports, sensorimotor effects were symmetrical and long-lasting, with
both LPA and RPA inducing shifts of comparable amplitudes in the direction opposite to the
deviation that lasted up to 8 hours. Visuospatial cognition assessed by Landmark performance, was
also significantly modulated for up to 8 hours, but only after LPA. Interestingly, the timing and
direction of this modulation differed according to participants’ baseline bias. An initial leftward
bias led to a rapid, but short-lasting rightward shift, whereas an initial rightward bias led to a
slower-developing and longer-lasting leftward shift. These findings shed new light on a so-far
relatively overlooked feature of spatial cognition that may interact with the effect of PA: the state
of the visuospatial system prior to PA should be taken into account when attempting to understand
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and modulate visuospatial cognition in healthy and brain-damaged populations. This highlights the
need for refining current models of PA’s mechanisms of action.

Keywords
Line bisection; pseudoneglect; visuospatial cognition; plasticity; prism adaptation

1. Introduction

Hemispheric rivalry is a widely acknowledged model of the orientation of spatial attention.
Its main tenet is that spatial attention results from the balancing of two competitive and
contralaterally-directed hemispheric vectors whose weights depend on the activation level of
each hemisphere (Kinsbourne, 1977). According to this theory, neglect results from the
breakdown of interhemispheric equilibrium, an idea that has gathered increasing support
over time as it can explain both spontaneous (Corbetta et al., 2005) and stimulation-induced
neglect recovery (Oliveri et al., 2001; Brighina et al., 2003; Koch et al., 2008; Sparing et al.,
2009). The rivalry theory also accounts for visuospatial orienting biases in healthy subjects
and their modulation by single-pulse transcranial magnetic stimulation (TMS) (Szczepanski
and Kastner, 2013). One of the most promising treatments for neglect to date is rightward
prismatic adaptation (RPA) (Farne et al., 2002; Luauté et al., 2006; Serino et al., 2009;
Nijboer et al., 2011; Kerkhoff and Schenk, 2012; Newport and Schenk, 2012; Jacquin-
Courtois et al., 2013), which alters the activation level of both hemispheres (Saj et al., 2013).

One of the most influential anatomo-functional models of the effects of PA hypothesizes that
both RPA and leftward prismatic adaptation (LPA) modulate the activity of the contralateral
posterior parietal cortex (PPC) via bottom up signals from the cerebellum ipsilateral to the
prismatic deviation (Pisella et al., 2005; Newport and Schenk, 2012), which in turn possibly
acts upon (healthy or pathological) interhemispheric equilibrium (Pisella et al., 2006;
Striemer and Danckert, 2010; Newport and Schenk, 2012). This model provides a
compelling theoretical framework for understanding the mechanism of action of PA because
it evokes the same mechanism to explain both RPA’s therapeutic effects in neglect (Rossetti
et al., 1998) and the induction of rightward (neglect-like) biases following LPA in healthy
subjects (Colent et al., 2000). For example, RPA would ameliorate neglect symptoms by
inhibiting the left PPC and decreasing its pathological hyperactivity caused by the right
hemisphere lesion (Koch et al. 2008), while in healthy subjects LPA would simulate neglect-
like behavior by inhibiting the right PPC (Pisella, Rode, Farné, Tilikete, & Rossetti, 2006).
In the context of inter-hemispheric rivalry, rather than right hemisphere specialization for
visuo-spatial cognition (Kinsbourne, 1977; Szczepanski and Kastner, 2013), this model
would predict that both LPA and RPA should produce opposite effects on visuospatial
cognition in healthy subjects. The published data, however, are in sharp contrast with this, as
reports of significant changes in visuospatial cognition after RPA in healthy subjects are so
rare that RPA has become the gold-standard control for the effects of LPA. Indeed, most
studies showing a significant visuospatial modulation following LPA report no behavioral
modulation after RPA (Colent et al., 2000; Michel et al., 2003; Loftus et al., 2009; Bultitude
et al., 2013; Reed and Dassonville, 2014; Schintu et al., 2014). The two studies that have
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reported RPA-induced visuospatial behavioral modulations found it either in the unexpected
direction (Berberovic and Mattingley, 2003), or in only the sub-population displaying a
rightward bias before PA (Goedert et al., 2010), typically smaller than that displaying a
leftward bias (pseudoneglect, see Jewell and McCourt, 2000 for a review).

In addition to the participants’ initial visusopatial bias, time might also be important for
modulating visuospatial behaviour. In a previous study, we measured both the Landmark
task and the sensorimotor aftereffect of PA every five minutes for 40 minutes after a single
PA session. We observed that, compared with the sensorimotor aftereffect, the visusopatial
shift induced by LPA (no shift was observed after RPA) needed some time to fully develop
and fluctuated across time (Schintu et al., 2014). If these fluctuations result from the
perturbation of the balance of competitive, contralaterally-directed hemispheric vectors, then
RPA might also perturb this balance and induce significant changes in visuospatial cognition
in healthy subjects. RPA’s visuospatial effects might require more time than those of LPA,
due to asymmetries in interhemispheric inhibition between the parietal cortices (Koch et al.,
2011). Here we investigated this possiblity by examining over 8 hours the aftereffects
induced by a single session of left or right PA in healthy subjects who had either a leftward
or rightward bias on the landmark task prior to PA.

2. Materials and Methods

2.1. Participants

Eighty-one healthy volunteers participated in the study. Participants were assigned to either
the LPA (n=40, 23 females, mean age = 24.47 standard error of the mean (SEM) = 0.63) or
RPA group (n=40, 26 females, mean age = 23.6 SEM = 0.52; one participant was excluded
and his data were not analyzed as he did not comply with the instructions). Participants were
classified on the basis of their leftward (=) or rightward (+) bias at baseline, thus giving rise
to 4 subgroups: LPA- (N=25), LPA+ (N=15), RPA- (N=30) and RPA+ (N=10). All
participants had normal or corrected-to-normal vision and were right-handed according to
the Edinburgh Handedness Inventory (Oldfield, 1971). They gave informed consent and
were paid for their participation in the experiment. The study was approved by the local
ethics committee and was conducted in accordance with the ethical standards of the 1964
Declaration of Helsinki (World Medical Association, 2013).

2.2. Procedure

The experiment consisted of seven blocks: one before and six after PA. The first block
occurred before PA and the post adaptation blocks were administered 2 minutes, 1, 2, 4, 6,
and 8 hours (TO to T8) after PA. Between each block participants were free to do whatever
they chose (such as writing, reading, sleeping...etc.).

Each experimental block included four different tasks which measured four different
parameters:

- Landmark (LM) — visuospatial shift;

- Open-loop pointing (OL) — sensorimotor shift;
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- Straight-ahead pointing (SA) — proprioceptive shift;
- Visual judgment (VJ) - visual shift.

The four tasks were presented in one of two sequences and participants were randomly
assigned to one of the two sequences (Sequence A: SA - VJ - LM - OL; Sequence B: OL -
SA - VJ- LM). Based upon the previous study from our group showing that the visuospatial
shift was not significant until 5 minutes after LPA (Schintu et al., 2014), the Landmark task
was always the third or fourth task in the sequence such that it started between 5 and 10
minutes after the onset of the block. Care was taken to ensure that each experimental block
started at the correct time after PA, but since response times during each task varied slightly
across participants (and for a given participant across blocks), block duration ranged
between 10 and 12 minutes. For each task the block before adaptation provided a baseline
measurement which was then compared with each of the six post-adaptation blocks.

2.3. Apparatus

The same experimental setup was used throughout the whole experiment (baseline
measurement, prism adaptation, and post-adaptation measurements). Participants were
comfortably seated with their head positioned on a chinrest in front of a horizontal board
that measured the landing position of the finger during the open-loop and straight-ahead
pointing tasks with an accuracy of 1 degree (similar to that used in Rossetti et al., 1998), and
on which three target dots (8 mm diameter) were positioned at 0, —10 and +10 degrees from
their body midline approximately 57 cm from their nasion. During both the open-loop and
straight-ahead pointing tasks and the adaptation procedure, participants rested their left hand
on their left thigh and pointed with their right index finger perpendicular to the board while
wearing a thimble-mounted sensor which permitted the position of the index finger to be
measured in angular degrees from the mid-sagittal axis. The right index finger’s (unseen)
starting position was marked by a home-pad close to the chest aligned with the body’s mid-
sagittal axis. Participants were instructed to point at a fast but comfortable speed during the
PA procedure, and as uniformly as possible throughout the experiment in terms of speed and
distance from their chest. During the visual judgment and Landmark tasks a computer screen
(22 inches, resolution 1680x%1050, refresh rate 60 HZ) was positioned 35 cm from the eyes
with its center aligned with the mid-sagittal axis. During these tasks, participants placed
their hands on their lap beneath the table.

2.4. Prism adaptation

Participants were fitted with prismatic goggles that deviated their visual field by 15 degrees
either leftward or rightward. They were seated in front of the board described above and
performed a total of 150 verbally-instructed pointing movements with their right index
finger towards the right (+10°) and left (-=10°) targets in a pseudorandom order. Before
pointing they placed their right index finger on the starting position. Participants could not
see their hand when it was at the starting position, nor during the first third of the pointing
movement. They were instructed to point with the index finger perpendicular to the board, to
execute a one-shot movement at a fast but comfortable speed, and to return their hand to the
starting position when instructed by the experimenter. After 150 pointing movements the

Cortex. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schintu et al. Page 5

prismatic goggles were removed and performance on the four tasks mentioned above and
described in detail below was measured six times.

2.5. Experimental tasks

2.5.1. Landmark to measure visuospatial shift—The Landmark task (a modified
version of the Landmark task Milner et al., 1992) was used to measure the visuospatial shift
induced by PA. We chose the Landmark task because the original work by Colent and
colleagues (2000) showed that line bisection judgment in healthy subjects can be modified
by LEFT prisms only as measured by the Landmark task (no manual line bisection) which
quantifies the perceptual rather than the motor component of the visuospatial bias (Milner et
al., 1992). The Landmark task consisted of a series of pre-bisected lines that were displayed
centrally on the computer screen. Participants were instructed to fully inspect each pre-
bisected line and judge whether the mark (transector) was closer to the left or right end of
the line. In this two-alternative forced-choice paradigm participants answered by pressing
the pedal under their left foot if the transector was perceived as being closer to the left end
and under their right foot if they thought it was closer to the right end. Response by pedals
was chosen to limit the use of the right hand, which was used to adapt to the prisms, since
any feedback from that hand could contribute to de-adaptation. They were instructed to
respond accurately and quickly. Prior to the baseline measure at least ten practice trials were
given to ensure that participants properly understood the instructions and were confident
answering with the pedals. The stimuli were white lines (350 mm x ~2 mm) and were
displayed on a black screen positioned 35 cm from the eyes. Lines were transected at the
true center and at 2, 4, 6, 8, and 10 mm toward the left and right of the true center. Each of
the 11 different pre-bisected lines was presented six times in a random order, yielding a total
of 66 trials, which took approximately three minutes to complete. Each pre-bisected line was
displayed for a maximum of five seconds or until a response was made, and was then
replaced by a black-and-white patterned mask which stayed on the screen for one second
before the next pre-bisected line was displayed. Presentation software (Neurobehavioral
Systems, Inc., USA) was used to generate the stimuli, record responses, and control the
timing of stimulus presentation throughout the task. For each participant, the percentage of
‘right” responses was plotted as a function of the position of the transector. These data were
then fitted with a sigmoid function and the value on the x-axis corresponding to the point at
which the participant responded ‘right’ 50% of the time was taken as the point of subjective
equality (PSE). PSE values smaller than O (i.e. negative values) indicated the presence of
pseudoneglect, which is the tendency to perceive the center of the line leftward of the true
center (i.e. perceiving the transector mark closer to the right end of the line and thus
implying an overestimation of the left segment). PSE values larger than O (i.e. positive
value) indicated the presence of a right bias, which is the tendency to perceive the center of
the line rightward of the true center (i.e. perceiving the transector mark closer to the left end
of the line and thus implying an overestimation of the right segment).

2.5.2. Open-loop pointing to measure sensorimotor shift—The open-loop pointing
task was used to measure the sensorimotor shift induced by PA. Participants performed six

pointing movements to the central target (0°) without visual feedback. Before each of the six
pointing movements participants were instructed to look at the central target (0°), close their
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eyes, point to the target with their right index finger while keeping their eyes closed, and
then return their hand to the starting position. The delay between participants closing their
eyes and pointing to the central target ranged between 1 and 2 seconds. To ensure that
participants had no visual feedback regarding either their movement or their landing
position, vision of the arm and hand was occluded before movement onset. The
sensorimotor shift was measured as the average distance (of the six pointing movements)
between the landing position and the central target.

2.5.3. Straight-ahead pointing to measure proprioceptive shift—The straight-
ahead pointing task was used to measure the proprioceptive shift induced by PA. Participants
performed six pointing movements to their perceived midline. Before each movement they
were verbally instructed to close their eyes and imagine a line splitting their body in half, to
project this line onto the board in front of them, to point to the line while keeping their eyes
closed, and then return their hand to the starting position. As for the open-loop task
described above, the delay between participants closing their eyes and pointing was always
between 1 and 2 seconds, and vision of the arm and hand was occluded before movement
onset. The proprioceptive shift was measured as the average distance (of the six pointing
movements) between the landing position and the true midline.

2.5.4. Visual judgment of body midline to measure visual shift—A novel visual
judgment task was used to measure the visual shift induced by PA. Participants had to judge
whether a white dot (0.3° of diameter) that appeared on the computer screen was on the right
or left side of their body’s midline. In this two-alternative forced-choice paradigm the
experimenter recorded the participant’s verbal responses. The dot was displayed on a black
screen positioned 35 cm from the eyes in total darkness and remained on the screen until a
response was made. We used a simple staircase method with adaptive step size of the
horizontal dot position, and the step size gradually decreased during the course of the
experiment based on the participant’s responses. At the beginning of the experiment the first
stimulus was positioned within a range of 40 degrees centered on the participant’s
midsagittal axis: between —20° (to the left) and +20° (to the right). The left/right side of the
dot’s initial position was alternated across blocks to avoid biases related to the starting
position. After each response, the horizontal space was split in half, and the half space that
included the positive response was selected for the next stimulus presentation. The iterative
process ended when the difference between the two values (maximum and minimum) was
smaller than the step resolution (0.6°). Each measurement, for each time point, was the
average of six staircase procedures. Presentation software (Neurobehavioral Systems, Inc,
USA) was used to generate the stimuli, record responses, and control the timing of stimulus
presentation throughout the task. This task took approximately 5 minutes to complete.

2.5.5 Statistics—Statistical analyses were carried out using the software IBM SPSS
Statistics 20 with significance set at .05 (two-tailed). All data are presented as mean with the
standard error of the mean (SEM) in parentheses. When sphericity was violated Greenhouse-
Geissser corrected values are reported. Each of the four measures indexing sensorimotor
(OL, SA, VJ) and visuospatial (LM) effects of PA was submitted to a repeated measure
ANOVA with Time (7 levels) as a within-subject factor, and PA Direction (LPA or RPA) and
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Bias at Baseline (+ = rightward; — = leftward) as a between-subject factors. By including
Time as a factor and not as a continuous variable we could test non-linear effects over time,
which are the main focus of the subsequent analyses. Since we were interested in comparing
each post-adaptation session to the baseline for a given direction of PA, planned
comparisons (two-tailed, paired t-tests, Bonferroni corrected) were carried out independently
for each PA direction. Effect sizes are reported as Cohen’s d or partial eta squared.

3. RESULTS

3.1. Visuospatial shift

Figure 1 shows the average PSE for each of the seven Landmark task sessions for both the
LPA (left panel) and RPA (right panel) groups, with participants separated according to bias
at baseline.

The repeated measures ANOVA on the PSE data revealed a significant main effect of Time
[F(4.104, 311.903) = 3.212, p=.012, 772/7:.041], a main effect of Bias at Baseline [F(1,76) =
20.53, p<.001, n2p:.213], a Time by Bias at Baseline interaction [F(4.104, 311.903) =
5.126, p<.001, 172p:.063], and a Time by PA Direction by Bias at Baseline interaction
[F(4.104, 311.903) = 3.405, p=.009, 172/7:043’]. No other main effects or interactions were
significant.

The triple interaction was followed-up by two repeated measures ANOVAs for each prism
direction with Time (7) and Bias at Baseline (2) as within-subject factors. The RPA group
showed only a main effect of Bias at Baseline [F(1,38) = 10.71 p < .002, 172p:.220], with no
main effect of Time (p=.077), nor a Time by Bias at Baseline interaction (p=.336). The
LPA group showed a main effect of Time [F(3.803, 144,500) = 3.759 p = .007 r;zp: .090), a
main effect of Bias at Baseline [F(1,38) = 9.710 p < .003, n2p=.204], and a Time by Bias at
Baseline interaction [F(3.803, 144.500) = 8.163 p < .001 nzp: .177]. Bonferroni-corrected t-
tests revealed that, compared to baseline, the line bisection judgments in the LPA- group
were significantly shifted rightward at TO (o =.006, Cohen’s ¢=0.35) (s > .05 at all other
timings), whereas in the LPA+ group the line bisection judgments were significantly shifted
leftward at T1 (p=.024, Cohen’s ¢=0.55), T2 (p=.006, Cohen’s ¢=0.55), T4 (p=.024,
Cohen’s ¢=0.55), T6 (p=.006, Cohen’s ¢=0.55) and T8 (p = .048, Cohen’s ¢=0.72), with
the leftward tendency being already visible at TO (p=.078, Cohen’s ¢=0.28).

The one-way Anova comparing the baseline measurement having PA direction and Bias at
Baseline as a between-subject factors showed only the main effect of Bias at Baseline due to
the classification (i.e., by design), [F(1,76)= 74.157, p < .001, 772,,:.494], importantly the
main effect of PA direction (p=.137) and the PA direction by Bias at Baseline interaction (o
=.079) were not significant.

Finally, since age has been related to the presence (LPA -) or absence (LPA +) of
pseudoneglect (Schmitz and Peigneux, 2011) we compared age across the four sub-groups
and the one-way ANOVA on participant age revealed no significant differences between
subgroups [F(3,79)=1.104, p = .353, qu:.042].
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3.2. Sensorimotor shift

Figure 2A shows the average landing position for the seven open-loop pointing task
sessions. The repeated measures ANOVA on these data revealed a main effect of PA
Direction [F(1, 76) = 171.689, p< .001, 772p:.693], and a Time by PA Direction interaction
[F(3.542, 296.156) = 124.388, p< .001, 7;2p:.621]. No other main effects or interactions
were significant. Bonferroni-corrected t-tests revealed that for both groups (LPA and RPA)
all six post-adaptation sessions differed significantly from the baseline measurement (all ps
<.001, all ds>0.71).

To assess whether there was any correlation between an individual participant’s shift in PSE
(post-adaptation — pre-adaptation) and the amplitude of their sensorimotor aftereffect (shift
in open-loop pointing error), we computed six (one per post-adaptation block) separate
Pearson product moment correlations between the absolute values of the two shifts. None of
these correlations were significant (all s <.106, all ps = .359).

To check whether participants were adapted to comparable levels, a repeated measures
ANOVA was performed on the absolute value of the sensorimotor shift (post-adaptation —
pre-adaptation) with Time (6 levels) as a within-subject factor, and PA Direction (LPA or
RPA) and Bias at Baseline (+ or —) as between-subject factors. This revealed a main effect of
Time only [F(3.282, 294.447)=127.263 p < .001] (all other ps = .161), meaning that there
was no difference in the amount of adaptation across groups or subgroups.

3.3. Proprioceptive shift

Figure 2B shows the average landing position for the seven straight-ahead pointing task
sessions. The repeated measures ANOVA on these data revealed a main effect of PA
Direction [F(1, 76) = 51.021, p<.001, 172/7:.402], and a Time by PA Direction interaction
[F(3.785,287.648) = 42.687, p < .001, rlzp:.350]. No other main effects or interactions were
significant. Bonferroni corrected t-tests revealed that straight ahead pointing was
significantly shifted rightward at all post-adaptation task sessions in the LPA group (¢s <.
002, all ds>0.35) and leftward at all post-adaptation task sessions in the RPA group (s <.
006, all ds>0.54), with the exception of T8 (p =.078, Cohen’s a=0.24).

3.4. Visual shift

The repeated measures ANOVA on the visual shift data revealed no main effects or
interactions (all other ps > .05).

4. Discussion

Previous studies reported that LPA induces a significant rightward shift in the Landmark
task (e.g Colent et al., 2000; Schintu et al., 2014). In line with this finding, we observed, as
compared to baseline, a significant rightward shift in midline perception 5-to-10 minutes
following LPA (at TO) in the subgroup of participants with a leftward bias (pseudoneglect) at
baseline. The subgroup of participants with a rightward bias at baseline displayed, a
significant /eftward shift in midline perception after LPA, which lasted until the last tested
time point (i.e. 8 hours after adaptation). In contrast, and regardless of the participants’ bias
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at baseline, RPA did not affect visuospatial judgments. The asymmetrical effect of PA on
visuospatial cognition is even more compelling considering that, at the sensorimotor level,
both LPA and RPA induced significant and comparable sensorimotor shifts independent of
the visuospatial bias exhibited at baseline. Hatada et al. (2006) previously showed that a
single session of PA (with a potentiated procedure) induced sensorimotor aftereffects that
were still present on the seventh day after adaptation. Our results, however, are the first to
show that sensorimotor effects can last for up to 8 hours after a regular, single session of PA.
Interestingly, in the same experiment, the visual shift induced by the potentiated PA
procedure lasted only 2 hours, suggesting that the absence of a visual shift in our data might
be because our single-session, non-potentiated, adaptation procedure might not have been
strong enough to elicit a shift and/or that our task was not sensitive enough.

Waiting longer does not reveal visuospatial shifts after RPA

The present results do not support the hypothesis that RPA may affect interhemispheric
balance, and hence visuospatial judgments, on a different time-scale compared with LPA.
Instead, it adds to the previously reported null results regarding the effects of RPA on
cognitive tasks in healthy subjects (Colent et al., 2000; Michel et al., 2003; Loftus et al.,
2009; Bultitude et al., 2013; Reed and Dassonville, 2014; Schintu et al., 2014), extending
these findings to a much longer time scale of 8 hours.

To the best of our knowledge, only two studies have reported modulations of line bisection
performance following RPA in healthy subjects. In one study (Goedert et al., 2010), the
visuospatial modulation was in the expected leftward direction, but limited to the sub-group
of participants who, in a manual line bisection task, showed a rightward baseline bias instead
of the comparatively more frequent pseudoneglect. These authors’ suggestion that the
asymmetrical efficacy of left and right PA in modulating visuospatial cognition may depend
upon the bias shown by the participants at baseline is partially supported by the present
study. We indeed found that the direction of the effect induced by LPA is modulated by the
bias at baseline, while RPA never altered visuospatial cognition. In the only other study
showing a visuospatial modulation after RPA, the effect was opposite to the expected
direction (i.e., rightward) and was limited to far extrapersonal space (Berberovic and
Mattingley, 2003), which is at odds with more recent work reporting similar effects of PA in
both near and far extrapersonal space (Patané et al., 2016).

The absence of RPA-dependent visuospatial effects, now extended to a longer time-scale,
cannot be attributed to the rate/level of adaptation, as these did not differ between LPA and
RPA in the present study. An alternative explanation is that while RPA is supposed to act
upon the left PPC, line bisection is thought to rely mostly on the right PPC (Fierro et al.,
2000; Fink et al., 2000). Left-to-right interhemispheric action at the level of the PPC (Koch
et al., 2011) may not be sufficient to allow RPA to induce a large enough imbalance between
the hemispheres to produce overt perceptual changes in line bisection judgements.
Importantly, a recent fMRI study reported significant changes in the BOLD signal in the
inferior parietal cortices of both hemispheres of healthy participants immediately after
adaptation to RPA that were not accompanied by significant changes at the behavioral level
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on a visuospatial detection task (Crottaz-Herbette et al., 2014). Thus, the absence of
behavioral changes does not imply the absence of neural changes.

Another possible explanation for why RPA does not alter visuospatial judgments even up to
8 hours after adaptation could lie in the presence of asymmetrical parieto-parietal
interhemispheric communication, as parietal to parietal interhemispheric inhibition appears
to be stronger from right-to-left than from left-to-right (Koch et al., 2011). Using a triple-
pulse TMS approach, Koch and collaborators showed that a conditioning pulse over the right
PPC induced a greater decrease in parieto-motor connectivity within the left hemisphere
than vice versa. They proposed that these results reflect anatomical and physiological
asymmetries of interhemispheric connections. One such candidate might be the fibers found
in the posterior part of the corpus callosum (the splenium), which are important for
interhemispheric communication between visual areas, including occipital and posterior
parietal cortices (see Berlucchi, 2014 for a review), and appear to contain more right-to-left
than left-to-right connections (Putnam et al., 2010). In addition to this anatomical
asymmetry, there is also evidence for a general asymmetry in the speed of interhemispheric
communication, with communication being faster from right-to-left (see van der Knaap and
van der Ham, 2011 for a review).

The present findings concur with previous reports in suggesting that the right hemisphere
may be more difficult to modulate from the left hemisphere than vice versa. This possibility
is further supported by the results of a recent study from our group showing that changes in
interhemispheric inhibition between the two primary motor cortices occurred after LPA only
and were consistent with a right-to-left modulation of inter-parietal inhibition (Martin-
Arévalo et al., 2016). Based on the anatomo-functional model of PA proposed by Pisella and
colleagues (e.g. Pisella et al., 2006) LPA- by inhibiting the right PPC (and probably
releasing the left PPC from right-to-left inhibition Martin-Arevalo et al., 2016) only affects
visuospatial behavior in healthy because in patients the lesion to the right hemisphere may
prevent PA to act. On the other hand, RPA by inhibiting the left PPC (probably without
releasing efficiently the right PPC from left-to-right inhibition Martin-Arevalo et al., 2016),
significantly modulates behavior solely in patients in which the right hemisphere lesion may
allow RPA to act because it may have induced pathological left PPC hyperactivation (Koch
et al. 2008). Hence, RPA effects might be visible at the behavioral level in patients and not
in healthy subjects likely because of the changes in the strength of interhemispheric
connections caused by the right hemisphere lesion.

Differential effect of LPA based on bias exhibited at baseline

The asymmetrical visuospatial shifts induced by LPA on the two sub-populations of baseline
bias in the landmark task cannot be attributed to differences in the strength or direction of
the sensorimotor adaptation, as the sensorimotor measure we used as a proxy for PA
aftereffects clearly showed, as expected, sensorimotor effects in the same direction and of
comparable size, independent of the baseline bias. Similarly, we can rule out the possible
role of fatigue in the after effect induced by LPA on the landmark task as should fatigue have
played a role we would have expected it to similarly affect the RPA+ and LPA+ groups, but
this was not the case. In addition, the visuospatial modulation in both the LPA+ and LPA-
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groups cannot be attributed to either ‘time on task’ (Benwell et al. 2013) or “regression to
the mean” effects. Indeed, since the experimental design was identical for the left and right
PA groups, if the visuospatial modulation were merely due to an effect of time or repeated
administration of the landmark task, we would have observed similar modulation,
independent of the direction of the prims or the bias at baseline.

For LPA to produce a leftward shift on the landmark task in right-biased individuals it could
either i) inhibit the left hemisphere or ii) increase right hemisphere activation. The
possibility that PA could inhibit the PPC ipsilateral to the optical deviation seems unlikely
since an inhibitory effect of LPA on the left PPC would improve performance in neglect
patients who are in fact improved solely by RPA. Similarly, an inhibitory effect of RPA on
the right PPC would alter Landmark performance in healthy subjects, which is not supported
by the present findings. The second possibility, that LPA increases RH activation, seems
more likely. In light of the present results, it would thus appear that PA’s effect on the PPC
contralateral to the optical deviation (at least in the case of LPA) might also depend on the
state of interhemispheric equilibrium at baseline. Further investigations are necessary in
order to clarify why LPA induced such a long-lasting leftward deviation on the Landmark
task in a population with an initial rightward bias while in the pseudoneglect population it
induced a rapid, short-lasting leftward bias. Recent neuroimaging evidence (Zago et al.,
2017) suggests that the Landmark task is an appropriate tool for investigating spatial
lateralization in healthy individuals and is sensitive in determining the factors underlying the
variability of spatial cerebral lateralization. It is possible that differences in functional and
structural connectivity (Thiebaut de Schotten et al., 2011, Chechlacz et al., 2015) are the
neural underpinnings of the presence and strength of these directional biases. Hence,
different brain organization and/or lateralization can be a major source of the high variability
observed in the line bisection tasks (Jewell and McCourt, 2000), as well as in the
responsiveness to PA. We acknowledge a possible limitation in the present study concerning
the single baseline measurement in the Landmark task. Despite recent data showing that the
line bisection judgement is a proper tool to investigate spatial cerebral lateralization (Zago et
al., 2017), in the present work we did not provide multiple measure to categorize the visual
spatial bias at baseline. While this study highlights the effects of PA relative to the
immediately preceding visuospatial bias (i.e., the state bias), further research is needed to
ascertain the stability of such a visuospatial bias (i.e., the trait bias).

In conclusion, this is the first report showing that LPA biases visuospatial cognition in
healthy subjects in opposite directions and with different durations depending on initial
visuospatial bias. These results indicate that the state of the visuospatial system needs to be
taken into account when attempting to understand and modulate the effects induced by PA in
healthy individuals and brain-damaged populations.
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Highlights

Sensorimotor aftereffects of LPA and RPA are symmetrical and last up to 8
hours.

Timing and direction of LPA-induced visuospatial shift depends on baseline
bias.

The initial state of the system should be taken into account to modulate
visuospatial cognition.

RPA does not shift Landmark performance irrespective of healthy subjects’
baseline.
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Figure 1.

Landmark: Average performance of all 80 subjects at baseline before (left of the dotted
vertical line) and after adaptation to leftward (LPA) or rightward-deviating prisms (RPA) at
each of the subsequent testing times (TO = 2 minutes, T1 = lhours, T2 =2 hours, T4 = 4

hours, T6 = 6 hours, and T8 = 8 hours after PA), as a function of the rightward (+) or

leftward (-) Bias at Baseline. Negative and positive values represent leftward or rightward

errors/deviation in PSE judgments. Error bars represent 1 SEM. *p < .05 (Bonferroni-

corrected t-test against pre).
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Figure 2.

A) Open-loop pointing; B) Straight-ahead pointing: Average performance of all 80 subjects
on both tasks before (left of the dotted vertical line) and after adaptation to leftward (LPA)
and rightward-deviating prisms (RPA). Negative and positive values represent leftward or
rightward errors/deviation in both open loop and straight ahead pointing. Error bars
represent 1 SEM. *p < .05 (Bonferroni-corrected t-test against pre).
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