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a b s t r a c t

Viewing the body affects somatosensory processing, even when entirely non-informative about stimu-
lation. While several studies have reported effects of viewing the body on cortical processing of touch
and pain, the neural locus of this modulation remains unclear. We investigated whether seeing the body
modulates processing in primary somatosensory cortex (SI) by measuring short-latency somatosensory
ccepted 6 December 2010
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I
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ody representation

evoked-potentials (SEPs) elicited by electrical stimulation of the median nerve while participants looked
directly at their stimulated hand or at a non-hand object. Vision of the body produced a clear reduction
of the P27 component of the SEP recorded over contralateral parietal channels, which is known to reflect
processing in SI. These results provide the first direct evidence that seeing the body modulates processing
in SI and demonstrate that vision can affect even the earliest stages of cortical somatosensory processing.
ision of the body alters somatosensation, even when entirely non-
nformative about stimulation. Viewing the body speeds tactile
eaction time [59], improves tactile acuity [32], reduces intensity of
cute pain [33], and heightens therapeutic effects of tactile training
n chronic pain [40]. It also modulates amplitude of both tactile
omatosensory evoked potentials (SEPs [17,50,54]), and nocicep-
ive laser evoked potentials (LEPs [33]). The neural mechanisms
nderlying such effects, however, are unclear. Transcranial mag-
etic stimulation (TMS) applied to contralateral primary (SI) –
ut not secondary (SII) – somatosensory cortex reduced the visual
nhancement of touch [16], suggesting that vision may modulate
I processing. However, similar disruption has also been reported
rom TMS applied over more posterior parietal regions, such as
he intraparietal sulcus [48], known to be involved in visuo-tactile
nteractions [35] and related to tactile acuity [52].

Allison et al. [1–3] distinguished short- and long-latency SEPs.
hort-latency components, up to around 40 ms, are generated
xclusively within area 3b of SI [2]; long-latency components, after
0 ms, are generated by several areas in addition to SI [3] (for
eview, see [2]). Previous studies of seeing the body on SEPs [50,54]

sed tactile stimuli, which commonly fail to produce clear compo-
ents before 50 ms, and thus have demonstrated effects only on

ong-latency components. Taylor-Clarke et al. [54] found modu-
ation of the N80 and N140 components, while Sambo et al. [50]
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found that seeing the hand modulates effects of tactile attention on
the P100 and N140. Further, we [33] found that seeing one’s hand
reduces the amplitude of the N2/P2 LEP complex (peaking between
200 and 400 ms). This complex has been observed in intracranial
recordings from SI [41], but is also associated with other brain
regions such as the anterior cingulate and SII [20]. Thus, while exist-
ing findings are consistent with modulation of SI, none implicate SI
directly.

We investigated the effects of seeing the body on processing in
SI using short-latency SEPs. Participants looked either directly at
their right hand or a non-hand object (a piece of wood) while we
stimulated their right median nerve. We investigated the effects of
vision on the early 20 and 30 ms potentials, specifically the N20 and
P27, commonly taken to unambiguously implicate SI [1,2,63].

Fourteen healthy volunteers (13 males) between 18 and 30 years
of age were tested. All but one were right-handed as assessed by the
Edinburgh Inventory [42]. Data from two additional participants
were excluded due to excessive noise in the EEG. Procedures were
approved by the local research ethics committee.

Square-wave electrical pulses (amplitude 10 mA) were deliv-
ered transcutaneously to the right median nerve at the wrist using a
neuromuscular stimulator at 4 Hz. Pulse duration was manipulated
so stimuli generated small, but clear, thumb twitches (M: 138 �s;
range: 70–210).
To ensure maintained tactile attention, participants performed
a tactile discrimination task interleaved with electrical stimula-
tion. Tactile stimuli were square-wave gratings applied manually
to the right index fingertip. Participants judged whether the grat-
ing ran along or across the finger [60]. Thresholds were obtained
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http://www.sciencedirect.com/science/journal/03043940
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or each participant starting with the largest ridge-width (1.5 mm)
nd working down until accuracy was approximately 60%. A card-
oard skirt was placed around stimuli so that orientation could not
e seen.

Participants sat at a table with their right arm resting palm-up. In
he view hand condition, participants focused visual attention and
aze directly on their stimulated right hand. A baffle blocked view of
he experimenter. In the view object condition, the baffle was moved
n front of the hand and a small wooden block (approximately hand-
ized) was seen and fixated.

One thousand median nerve stimuli were delivered in each
lock. Twenty square-wave gratings (half along, half across) were
pplied periodically during the block. Nerve stimulation stopped
uring the tactile stimuli. The number of electrical stimuli between
ouches was varied (30, 40, 50, 60, or 70) to make the timing of
ouch unpredictable. The experimenter held the grating directly
bove the finger and saw a timer countdown, so touch began imme-
iately following nerve stimulation, preventing participants from
aiting until after nerve stimulation to orient tactile attention. In

he view object condition, a second grating was held above the
bject and pressed down at the same time as the actual stimulus,
o temporal cueing was equivalent across conditions. Participants
ade unspeeded judgments of grating orientation by pressing one

f two buttons with their left hand. The grating remained pressed
o the fingertip until the response, when electrical stimuli resumed.

Blocks alternated between view hand and view object con-
itions (initial condition counterbalanced across participants).
articipants completed up to four blocks (mean 3.2 blocks) of each
isual condition (some chose to end the experiment before com-
letion).

A SynAmp amplifiers system and Scan 4.3 software (Neuroscan,
l Paso, TX) were used to record electroencephalographic (EEG)
ata. Recordings were obtained from 14 scalp electrodes, (Fz, C3,
z, C4, CP5, CP3, CPz, CP4, CP6, P3, Pz, P4, O1, and O2), placed accord-

ng to the 10–20 System. Horizontal electroculogram was recorded
ipolarly from electrodes on the outer canthi of each eye, and ver-
ical electroculogram was recorded from an electrode below the
ight eye. The reference electrode was AFz. Electrode impedances
ere kept below 5 k�. EEG signals were amplified, bandpass fil-

ered from 0.05 to 1000 Hz (slope: 12 dB/octave), and digitized at
KHz.

EEG data were analyzed with EEGLAB [10]. Data were seg-
ented into epochs timelocked to electrical pulses (−10 to 95 ms)

nd visually inspected to remove obvious artifact. Because the large
lectrical artifact induced by stimulation affected digital filtering,
he first 6 ms after stimulation in each epoch were cut and linearly
nterpolated. Data were then re-referenced to the average of the
eft and right mastoids, digitally low-pass filtered at 400 Hz, and
he interval between −10 and 0 ms was used for baseline correc-
ion. Epochs in which voltage exceeded ±80 �V at any channel were
liminated (M = 10.3% of trials rejected, SD = 9.9%).

We focused on the short-latency 20 and 30 ms components.
oth pairs of components reverse polarity across the central sul-
us, resulting in N20 and P27 (sometimes called P30) over parietal
hannels and P20 and N30 over frontal channels [2,11]. The relation
etween frontal and parietal components is controversial. Some
esearchers argue that they reflect opposite poles of single tangen-
ial generators in SI [1,2,4,38,63]; others claim they are generated
y separate, radial generators in SI and motor cortex, respec-
ively [11,37,43,49,61]. Clearly, this latter ‘dual-radial’ hypothesis
ontradicts the suggestion that short-latency SEPs unambigu-

usly implicate SI. Crucially for present purposes, however, these
ypotheses differ only with regard to the frontal P20 and N30;
oth agree that the parietal N20 and P27 originate in area 3b. Thus,
e focus on the N20 and P27, widely agreed to reflect SI process-

ng.
etters 489 (2011) 159–163

We computed mean and peak amplitude for each participant
in both visual conditions for the N20, P27, and the later P45 com-
ponent. N20 amplitude was calculated as the mean (or minimum)
voltage between 17 and 23 ms, the P27 as the mean (or maximum)
between 22 and 32 ms, and the P45 as the mean (or maximum)
between 40 and 50 ms. For simplicity, we averaged the three con-
tralateral parietal channels (CP3, CP5, and P3). We also analyzed
these same components, with opposite valence, at Fz, to assess
‘frontal’ SEP components.

Figs. 1 and 2 show scalp maps and SEPs from contralateral
parietal channels. There was no significant difference in N20
amplitude when viewing the hand compared to the object, mean
amplitude: −.33 vs. −.20 �V, t(13) = −1.57, p > .10; peak ampli-
tude: −1.23 vs. −1.11 �V, t(13) = −1.34, p > .10. However, seeing
the hand did produce a clear reduction of P27 amplitude, mean
amplitude: .14 vs. .43 �V, t(13) = −2.67, p < .02; peak amplitude:
1.05 vs. 1.37 �V, t(13) = −2.39, p < .05. There was also a marginally
significant reduction of P45 amplitude, mean amplitude: 1.21 vs.
1.41 �V, t(13) = −2.00, p = .067; peak amplitude: 1.93 vs. 2.15 �V,
t(13) = −2.05, p = .062. Fig. 2 (right panel) shows a difference wave-
form; the negativity produced by seeing the hand peaks in the time
window of the P27, but extends substantially later, though this dif-
ference is only marginally significant by the time window of the
P45.

No effects of vision were apparent on SEPs measured at Fz, for
the N20, P27, or P45 time windows (all ps > .20).

Analysis of grating orientation judgments revealed that per-
formance had, indeed, been kept near 60%, but that participants
were above chance both when looking at the hand (61.2% correct),
t(13) = 3.57, p < .005, and the object (58.5% correct), t(13) = 3.66,
p < .005. Performance did not differ significantly between the two
conditions, t(13) = .82.

Seeing the body modulates processing in primary somatosen-
sory cortex. The short-latency P27 SEP component was reduced
when participants looked directly at their stimulated hand, com-
pared to an object. These results are consistent with previous
findings of modulation of longer-latency SEPs [50,54] and LEPs [33],
but show for the first time effects on a component unambiguously
implicating SI. Our findings also complement the finding [16] that
TMS applied to SI reduces visual enhancement of touch.

Could our results reflect processing in SII? Most studies
have failed to identify SII activation prior to 60 ms, whether
with intracranial recordings [1,18], scalp EEG [24,61], or MEG
[25,26,30,36]. Two studies, however, report SII activations before
50 ms, one using intracranial recordings [7] one with MEG [31].
This fits into a larger debate concerning whether the organisa-
tion of SI and SII is serial and hierarchical [28,29,45] or largely
parallel [44,46,64], which is beyond the scope of this paper. Nev-
ertheless, we consider it unlikely that SII activation underlies the
present effects. First, such early signals are small and only infre-
quently observed (never to our knowledge with EEG). Second, the
early activity observed in SII with MEG [31] was an increase in root
mean-squared “system noise,” not evoked responses. Such activa-
tion would not show up on averaged SEPs. Indeed, Karhu and Tesche
[31] reported evoked activation in SII only around 40 ms, consid-
erably later than our effects. Similarly, evoked-responses in other
regions, like the pre-SMA [6], have not been reported before 50 ms.

Can our results be explained by spatial attention? While par-
ticipants fixated their index fingertip in the view hand condition,
there was no specific focus in the view object condition. We con-
sider it unlikely, however, that spatial attention can account for

our results. Studies of spatial attention on SEPs report that direct-
ing within-hand spatial attention to specific fingers modulates the
P100 and subsequent activity, but not earlier components [15]. Fur-
ther, directing attention to the hand generally produces voltage
increases in the P27 time window [12,19], exactly opposite to the
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Fig. 1. Topographic maps of EEG activity at the peak of the N20, P27, and P45 components.

Fig. 2. Left panel: grand mean SEPs in the two visual conditions over contralateral parietal channels (average of CP3, CP5, and P3). Right panel: difference waveform
(Hand-Object) showing the time course of differences between visual conditions.
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ecreases we report. Further, a recent study found that seeing the
and eliminated effects of within-hand spatial attention on SEPs
ntirely [22]. These findings suggest that it is unlikely that the early
ffects we observe result from spatial attention.

Similarly, gaze angle differed slightly between conditions. Some
tudies report effects of gaze on somatosensation [17,27]. Thus,
t is possible that eye gaze may contribute to the present effects.
evertheless, we consider it unlikely that gaze direction plays an

mportant role. First, gaze effects have generally involved a cate-
orical difference in gaze direction, such as looking at one hand vs.
he other hand (e.g., [17]), while the present study involved only a
light difference. Second, Forster and Eimer [17] found that while
he combined effect of vision and gaze modulated relatively early
EP components (e.g., the P45), effects of gaze alone were restricted
o the substantially later N140 component, suggesting that gaze
irection alone does not modulate early SEPs.

Recent studies have reported multisensory modulation of early
EPs [8,39]. Bernier et al. [8] found reduction of the P27 when
articipants manually traced stimuli with mirror-reversed, rather
han direct vision. Meehan et al. [39], similarly, reported gating of
his component during attention to spatially coincident visual and
ibrotactile stimuli. While the exact relation between those stud-
es and the present results is unclear, it is notable that in each case,
ision selectively reduces the P27, without corresponding effects
n the N20.

Why does seeing the body selectively reduce – rather than
nhance – P27 amplitude? One possibility is that seeing the body
ffects somatosensation by modulating inhibitory interneurons in
I [23,33]. For example, seeing the hand reduces the spatial gra-
ient of tactile masking [23], suggesting it shrinks the effective
ize of tactile receptive fields (RFs). Modulation of RF size depends
n intracortical inhibition [5,14], and reduction of RF size could
ccount for heightened tactile acuity from seeing the body [32].

Consistent with this interpretation, several lines of evidence
uggest that P27 amplitude is inversely related to SI intracorti-
al inhibition. First, increased P27 amplitude (or decreased P27
uppression from paired stimuli) is found in conditions involving
mpaired intracortical inhibition such as focal hand dystonia [53,55]
nd carpal tunnel syndrome [58]. Second, increases of P27 ampli-
ude are found following deafferentation of either adjacent parts
f the stimulated limb [56,57] or the contralateral limb [62], which
re known to reduce intracortical inhibition [9,65]. Third, increased
ntracortical inhibition induced by administration of the GABA ago-
ist benzodiazepines reduced P27 amplitude [47,51]. Thus, the
educed P27 amplitude we observed may reflect increased intra-
ortical inhibition in SI induced by viewing the body.

While several studies have found increased tactile acuity when
iewing the body [16,32,34,54], we found only a non-significant
ffect in the same direction. The reason for this difference is unclear.
ne possibility is stimulating the median nerve, which innervates

he index finger, may interfere with touch, or distract participants.
ndeed, sensory effects such as paraesthesia commonly last sev-
ral second after the offset of nerve stimulation and so overlapped
ouch. Previous studies report substantial subject-to-subject vari-
bility in visual modulation of tactile acuity [34]. Thus, visual
odulation of SI in this study may be functionally unrelated to

ehavioural VET effect observed previously.
In conclusion, our results demonstrate that seeing the body

odulates short-latency SEPs known to originate in area 3b of
I [1,2,63]. These results confirm and extend previous findings
howing effects of seeing the body on somatosensation [33,50,54]

y directly linking such effects to the earliest stages of cortical
omatosensory processing. The involvement of SI is also consistent
ith the hypothesis that visual modulations of somatosensation are
ediated by inhibitory interneurons in SI [23,33]. More generally,

he finding of visual modulation of SI provides further evidence of

[

[

etters 489 (2011) 159–163

the multisensory nature of even early, “sensory-specific” primary
cortices [13,21].
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