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a b s t r a c t

Previous studies using transcranial magnetic stimulation (TMS) have shown that during the observation
of actions performed by others, the observer’s primary motor cortex (M1) becomes facilitated in a highly
muscle specific fashion. Here, we used TMS to explore the effect of posture, perspective and body side
on muscle specific facilitation of left M1. Subjects viewed video’s showing left and right hand extension
(palm-down) movements from a first person or third person perspective with their hand posture either
congruent (palm-down) or incongruent (palm-up) to the posture of the observed model.

Data indicated that facilitation of left M1 was substantially different for observing actions executed
with the right (contralateral) or left (ipsilateral) hand. For right hand actions, facilitation of left M1 was
shown to be highly specific to the muscle used in the observed action (‘intrinsic mapping’). During the
observation of left hand stimuli, only half of the subjects displayed this muscle specific facilitation, whereas
aterality in the other half, M1 was facilitated according to the observed movement direction (‘extrinsic mapping’).
Absolute effect magnitude was particularly high when right hand actions were observed from a first person
perspective, whereas, for left hand actions, the third person perspective was more efficient. The degree
of postural congruency between body parts of the observer and observed model only mildly influenced
M1 facilitation. Since action observation is increasingly considered in rehabilitation therapies, the present
findings may help identifying the most effective conditions for stimulating the motor system during action
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observation.

. Introduction

In a socially dynamic world, basic understanding and imitation
f others’ gestures and movements is fundamental to human com-
unicative behaviour and observational learning. A neural circuitry

hat is associated with these cognitive functions has been discov-
red in the macaque brain (Di Pellegrino, Fadiga, Fogassi, Gallese,

Rizzolatti, 1992). The cells of this circuitry, the so-called ‘mir-
or neurons’ have the striking property not only to fire when the

onkey performs an action, but also when the monkey observes a

imilar action performed by someone else (Gallese, Fadiga, Fogassi,
Rizzolatti, 1996; Rizzolatti & Craighero, 2004; Rizzolatti, Fadiga,
allese, & Fogassi, 1996a).

Abbreviations: ECR, extensor carpi radialis; EMG, electromyography; FCR, flexor
arpi radialis; M1, primary motor cortex; MEP, motor-evoked potential; RMSE,
oot-mean-square error; rMT, rest motor threshold; TMS, transcranial magnetic
timulation.
∗ Corresponding author. Tel.: +32 16 32 91 57; fax: +32 16 32 91 97.

E-mail address: Nici.Wenderoth@faber.kuleuven.be (N. Wenderoth).
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A similar fronto-parietal ‘mirror neuron system’ has also been
dentified in the human brain (Buccino et al., 2001; Iacoboni et
l., 1999; Rizzolatti et al., 1996b). With single-pulse transcranial
agnetic stimulation (TMS), it was also shown that the observer’s
otor system ‘resonates’ with the observed movements such that
uscles involved in a certain action become facilitated by merely

bserving this action (Brighina, La Bua, Oliveri, Piazza, & Fierro,
000; Fadiga, Craighero, & Olivier, 2005; Fadiga, Fogassi, Pavesi,
Rizzolatti, 1995; Gangitano, Mottaghy, & Pascual-Leone, 2001;

trafella & Paus, 2000). Recent research has shown that this res-
nating activity might provide a window into how the observed
ovement is mapped onto the observer’s body scheme (Lamm,

ischer, & Decety, 2007). In daily life, the actions of others are
ften observed in different ways, which can roughly be charac-
erized according to three distinct dimensions. First, the presence
r absence of postural congruency between the observer’s and

ctor’s physical state might influence the effectiveness of move-
ent observation. For example, observing another person typing

t a keyboard might induce more resonating activity when the
bserver’s hand is in pronation instead of supination. Second, peers
an be perceived from different perspectives. Here, we will refer

http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:Nici.Wenderoth@faber.kuleuven.be
dx.doi.org/10.1016/j.neuropsychologia.2008.09.012
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o an egocentric perspective (Ego) when the observed movement
rientation corresponds to that of the observer (as if the action
ould be performed by the observer him/herself). In the allo-

entric perspective (Allo), the observed movement orientation is
pposed to that of the observer (i.e., when an action is performed
y another person facing the observer). Third, the observed action
ight exhibit congruency in terms of the observed body side (i.e.,

bserving a right hand movement is anatomically congruent with
he observer’s right but not left hand).

Action observation is increasingly considered in rehabilitation
ontexts (Buccino, Solodkin, & Small, 2006; Ertelt et al., 2007;
ulder, 2007; Pomeroy et al., 2005), such that a deeper under-

tanding of the effects of body side, posture, and perspective is
rucial for identifying the most effective conditions for stimulation
f the motor system during action observation. Moreover, observa-
ional training programs in ergonomics and recreational contexts

ay also benefit from this knowledge.
Here, we aimed to explore the effects of these three factors,

osture, perspective and body side, on muscular motor facilitation
uring action observation. For this purpose, TMS was used to mea-
ure the level of motor facilitation of the right flexor and extensor
arpi radialis muscles (FCR/ECR) during the passive observation
f several video clips showing simple extension movements of a
odel’s wrist. In a previous study, it was already established that

his action observation paradigm is suited to reveal a coherent
icture of muscle specific facilitation of the observer’s motor sys-
em, i.e., a stronger facilitation of the extensor muscle compared to
he flexor as a result of extension movement observation (Alaerts,
winnen, & Wenderoth, in press). Overall, we expected the general
uscle specific facilitation response to be preserved, but its mag-

itude to vary as a function of posture, body side and perspective.
The effect of posture was assessed by varying the observer’s

and position from palm-down to palm-up, i.e., postures were
ongruent when extension movements were observed with palm-
own posture, and incongruent for observation with palm-up
osture. To assess the effect of the observer’s perspective, video
lips were observed from either an egocentric or allocentric per-
pective. To assess the effect of body side, both left and right hand
xtension movements were shown. Since cortico-spinal excitability
as measured only in right ECR and FCR muscles, body sides were

ongruent for observing right hand and incongruent for observing
eft hand movements.

We hypothesized that muscle specific facilitation is reduced:
i) when the postures of model and observer are incongruent,
ii) when the actions are observed from an allocentric as com-
ared to egocentric perspective, and (iii) when ‘incongruent’ left
and actions are observed (Aziz-Zadeh, Maeda, Zaidel, Mazziotta,
Iacoboni, 2002). However, an alternative hypothesis is that left

and actions shown from an allocentric perspective are particu-
arly beneficial in facilitating left M1, as suggested by a large body
f behavioural work showing that mirror imitation is a more natu-
al behaviour than anatomical imitation in many daily live tasks
Bekkering, Wohlschlager, & Gattis, 2000; Gleissner, Meltzoff, &
ekkering, 2000; Wapner & Cirillo, 1968).

. Materials and methods

.1. Subjects

Participants were 4 male and 10 female university students (age range 20–28)
ithout any known neuromuscular disorders. None were involved in neuroscience

rograms. All participants were right-handed, as assessed with the Edinburgh Hand-
dness Questionnaire (Oldfield, 1971) and were naive about the purpose of the
xperiment. Written informed consent was obtained before the experiment and
ll subjects were screened for potential risk of adverse effects during TMS. The
xperimental procedure as well as the informed consent were approved by the local
thics Committee for Biomedical Research at the Katholieke Universiteit Leuven in
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ccordance to The Code of Ethics of the World Medical Association (Declaration of
elsinki) (Rickham, 1964).

.2. Electromyographic recording and TMS

Motor-evoked potentials (MEPs) were recorded simultaneously from the flexor
FCR) and extensor (ECR) carpi radialis muscles of the right forearm. Elec-
romyographic (EMG) recordings were performed with disposable Ag–AgCl surface
lectrodes (Blue Sensor SP), placed over the middle portion of the muscle belly
nd aligned with the longitudinal axis of the muscles. Responses were sampled at
000 Hz (CED Power 1401, Cambridge Electronic Design, UK) amplified, band-pass
ltered (30–1500 Hz), and stored on a PC for off-line analysis. Pre-stimulus EMG
ecordings were used to assess the presence of unwanted background EMG activity
n the 50 ms preceding the magnetic pulse.

Focal transcranial magnetic stimulation (TMS) was applied by means of a 70-
m figure of eight coil connected to a Magstim 200 stimulator (Magstim, Whitland,
yfed, UK). The coil was positioned over the left hemisphere, tangentially to the

calp with the handle pointing backward and laterally at 45◦ away from the mid-
agittal line, such that the induced current flow was in a posterior-anterior direction,
pproximately perpendicular to the central sulcus. The optimal scalp position was
efined as the position from which MEPs with maximal amplitude were recorded

n the right FCR. The rest motor threshold (rMT) was defined as the lowest stimulus
ntensity required to evoke MEPs in the right FCR of at least 50 �V of amplitude
n 5 out of 10 consecutive stimuli (Rossini et al., 1994). For all experimental tri-
ls, the stimulation intensity was 130% of the subjects’ rMT and ranged from 43 to
9% (mean 54%) of the maximum stimulator output. Though the parameter setting
rocedures were prioritised for FCR, MEPs were simultaneously obtained for the
CR. ECR stimulation parameters were assumed to be satisfactorily similar, due to
he overlapping representations of forearm flexors and extensors (Scheiber, 1990),
nd the lower threshold of the forearm extensor muscles. Signal Software (2.02
ersion, Cambridge Electronic Design, UK) was used for TMS triggering and EMG
ecordings.

.3. Stimuli and procedure

Two digital video clips showing extension movements of a left or right wrist were
resented randomly to the subjects from the egocentric (i.e., hand oriented away
rom the observer) (Fig. 1A) and allocentric perspective (i.e., hand oriented towards
he observer) (Fig. 1B). To explore possible effects of congruency between the hand
osture of the observer and the observed model, participants were instructed to
osition their hand either with palm-down (congruent posture) or with palm-up
incongruent posture) while observing the extension movements. Vision of their
wn hands and forearms was never allowed. The participants were instructed to
elax their forearm muscles while resting on a soft cushion directly underneath the
ideo-screen. Muscle relaxation was monitored and whenever EMG activity became
pparent during data collection, the trial was discarded and repeated.

Only the hand was seen in the video clips and the hand action was such that the
rist was rhythmically moved up (by approximately 30◦) and down from the table

urface with a frequency of 1.0 Hz for a total duration of 10 s (Fig. 1). Since exper-
mental video conditions (8) were compared with each other, a low-level control
ondition was included as baseline, i.e., a video showing only a yellow background
ithout any limb movement (BASELINE). Participants sat in front of a Dell 1707
onitor (resolution, 1152 × 870 pixels; refresh frequency, 60 Hz) on which the AVI-

ideo-files (audio–video interleaved) were displayed with a frame rate of 25 Hz (or
rames per seconds). Video presentation timing was controlled by Blaxton Video
apture software (South Yorkshire, UK). The computer screen was mounted directly
bove the subject’s hand such that the observed movement could easily be incor-
orated into the body scheme of the observer. For each perspective (Ego and Allo),
he two video clips were presented 16 times in random order for each subject: 8
imes with the observer’s hand in palm-down posture, 8 times in palm-up pos-
ure. The control video was presented 32 times (16 times in palm-down posture/16
imes in palm-up posture). During the observation of each video clip, two single TMS
ulses were delivered at pseudo-random movement cycles, such that both stimu-

ations were applied when the hand in the video reached the extreme ‘up’ position.
he ‘up’ position was chosen because excitability of the observer’s ECR was reli-
bly increased when observed from the egocentric perspective even though similar
esults were obtained for the extreme ‘down’ position (Alaerts et al., in press). In
otal, 192 MEPs were recorded for each subject. The experimental session lasted
pproximately 90 min with a pause every 30 min. Participants were instructed to
ay full attention to the videos, such that they could report the type of video after
ach trial. After the experiment, participants scored their subjective level of atten-
ion by means of a questionnaire. An average score of 4 ± 0.7 on a value scale ranging
rom 0 to 5 was reported.
.4. Data analysis

From the EMG data, peak-to-peak amplitudes of the MEPs were determined.
ormalized MEP amplitudes (normMEP) were calculated as the percentage of the
ASELINE MEP amplitude for each muscle and posture. This procedure controlled
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ig. 1. Illustration of the digital video clips presented to the subjects. The experim
ovement was presented (ego centric (A) versus allocentric (B) perspective) and th

or potential confounds due to posture specific differences in the pre-innervation
evel of the recorded muscles and reduced inter-subject variability.

Background EMG was quantified by calculating the root-mean-square error
RMSE) across the 50 ms interval prior to TMS stimulation to ensure that subjects
ere completely relaxed during stimulation. Trials were removed from the analysis
hen EMG RMSE scores were larger than Q3+1.5(Q3 − Q1) with Q1, Q3 being the
rst and third quartile (computed separately for each observation condition and
ubject). One subject was excluded due to extremely high EMG activity in the FCR
124% of baseline RMSE). For the remaining subjects, 6% of all trials were discarded
rom further analyses. RMSE scores of the movement observation conditions were
ormalized relative to BASELINE scores.

.5. Statistics

.5.1. Normalized MEP amplitudes
To explore condition-induced modulations in normMEP for the ECR and FCR,

ata were averaged for each muscle, observation condition (4 experimental and 1
aseline videos) and observer’s posture (palm-up, palm-down) and subjected to
three-way analysis of variance (ANOVA) with repeated measurements. Within-

ubjects factors were ‘Posture’ (palm-down, palm-up), ‘Perspective’ (Ego, Allo), and
Body side’ (Left, Right). To test whether the overall MEP response recorded from the
CR or FCR differed significantly from baseline, normMEPs from each muscle were
veraged across observation conditions (for each subject) and a one-sample t-test
as performed.

.5.2. �MEP scores
Because we were primarily interested in the assessment of ‘muscle-specific’

hanges in excitability during each observation condition, differences in response
ize were calculated between muscles (�MEP) by subtracting the averaged norm-
EP values recorded from the FCR from those of the ECR (i.e., a positive �MEP indi-

ates higher ECR than FCR excitability). The calculation of �MEP scores is illustrated
n the basis of exemplary data of a typical subject in Fig. 2. In addition to the norm-
EP results, �MEP scores can be interpreted as a measurement of ‘muscle-specific

esponses’ or ‘muscular mapping’ induced by the movement observation conditions.

o difference between flexor and extensor facilitation (�MEP = 0), would imply poor
uscular mapping whereas a large positive value reflects a selective ECR response to

he observed extension movement. Previous findings from our lab (Alaerts et al., in
ress) have shown that observing extension movements from an egocentric perspec-
ive leads to a highly muscle specific facilitation, i.e., positive �MEP scores (Fig. 2).

ith the present design, we expected muscle specific facilitation to be preserved

a
s
o

M

video clips varied according to the perspective from which the model’s extension
y side of the hand shown in the video clip (left versus right).

or each observation condition (positive �MEP scores), but its magnitude to vary
s a function of posture, perspective and body side. �MEP values were calculated
eparately for each subject and each experimental observation condition. Statis-
ics were calculated by means of planned comparisons using the non-parametric

ilcoxon Matched Pairs Test because data were not normally distributed. Bon-
erroni correction was applied when multiple, dependent comparisons were
erformed.

.5.3. RMSE scores
To assess whether the MEP scores were confounded by modulations in back-

round EMG, RMSE scores were expressed as the percentage difference from
aseline. Data were averaged separately for each muscle, observation condition (4
xperimental and 1 baseline videos) and observer’s posture (palm-up, palm-down)
nd subjected to an ANOVA with repeated measures using the same factors as above.
or all analyses, the level of statistical significance was set to ˛ = 0.05.

. Results

Normalized MEP amplitudes recorded from the ECR and FCR
re reported in Table 1 for each observation condition. The ANOVA
evealed a two-way interaction of ‘Posture × Body side’ for the
ormMEPs recorded from the FCR [F(1,12) = 9.01, p = 0.01], which

ndicated that MEP responses of the FCR were higher for observing
eft hand actions with incongruent postures than with congru-
nt postures. Overall, FCR excitability was low for observing right
ands with either posture (Table 1). For the normMEPs recorded

rom the ECR muscle, a significant two-way interaction of ‘Perspec-
ive × Body side’ was found [F(1,12) = 6.81, p = 0.02], which indicated
hat ECR facilitation was higher when right hand actions were
bserved from the egocentric perspective as compared to the

llocentric perspective. On the other hand, the observational per-
pective did not influence ECR facilitation when left hands were
bserved (Table 1).

An additional one-sample t-test was applied after norm-
EPs were averaged across conditions. It revealed that, overall,
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ig. 2. MEPs from the ECR and FCR recorded in a typical subject during the observa
ith respect to the baseline condition for each muscle. Each panel shows the superim

y subtracting the averaged peak-to-peak amplitude of the FCR from those of the ECR
igher FCR excitability.

CR excitability was significantly increased compared to base-
ine [t = 2.6, p = 0.02], whereas no significant over-all change was
bserved for FCR excitability [t = 0.5, p = 0.62].

Based on the significant interactions revealed by the origi-
al normMEP responses, we tested analogue interactions for the
MEP scores using planned comparisons. �MEP represents the

ifference in corticospinal facilitation of flexor and extensor of the
bserver and is considered to reflect the effectiveness of muscle
pecific mapping of the observed movement onto the motor sys-
em. Because the results can best be understood in light of all three
actors, Fig. 3 shows �MEP scores for all observation conditions.

.1. Interaction between body side and posture

The data in Fig. 3A and C show that the �MEP scores dif-
ered substantially when left as compared to right hand actions
ere observed. More specifically, �MEP scores were substantially

arger for congruent than for incongruent postures when the video
howed left hand movements (Fig. 3A), whereas no difference
etween postures was observed when right hand actions were dis-
layed in the video (Fig. 3C). This observation was confirmed by a
lanned comparison for the ‘Body side × Posture’ interaction on the
MEP data [Z = 2.13, p = 0.03].

For left hand observation with incongruent postures, �MEP

cores were shown to be close to 0 (Fig. 3A). This may reflect
wo different mechanisms: First, it is possible that observing left
and extension did not selectively increase ECR excitability over

able 1
ormalized peak-to-peak MEP amplitude scores recorded during the observation
f video clips showing extension movements of a left or right hand [expressed as
ean changes from baseline MEP size (in %) ±standard errors]. Clips were observed

rom an ego- or allo-centric perspective, with the observer’s hand positioned with
ongruent or incongruent postures. Data for each condition were subjected to one-
ample t-tests with Bonferroni correction to determine whether excitability differed
ignificantly from baseline. Significance (p < 0.05) is indicated by *.

ody side Perspective Posture ECR FCR

eft
Egocentric

Congruent 11.26 ± 6.11 −4.27 ± 3.65
Incongruent 4.51 ± 4.20 8.41 ± 5.87

Allocentric
Congruent 13.37 ± 7.23 0.01 ± 5.04
Incongruent 6.63 ± 6.11 12.20 ± 5.81

ight
Egocentric

Congruent 19.17 ± 4.51* 0.17 ± 5.32
Incongruent 8.84 ± 6.40 −9.79 ± 2.64*

Allocentric
Congruent 7.29 ± 3.90 4.84 ± 4.00
Incongruent 1.36 ± 4.37 0.26 ± 4.65

m
(

p
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f extension movements of the right hand. Note that the amplitudes are normalized
d responses (n = 8) evoked from the indicated muscle. �MEP values were calculated
positive �MEP indicates higher ECR excitability whereas a negative �MEP indicates

nd above FCR excitability indicating poor resonating activity of
he observer’s M1. Second, it might be that the mapping of the
bserved movement onto the observer’s motor system differed
cross subjects such that some exhibited a muscle specific facil-
tation (i.e., selective ECR facilitation) whereas others exhibited
he converse facilitation pattern (i.e., FCR facilitation). To analyse
he behaviour of the individual subjects, the distribution of �MEP
cores recorded during the observation of left hands with incon-
ruent postures was determined (Fig. 3B). The distribution was
imodal and deviated significantly from normality [Shapiro Wilk

test, p = 0.01] as most subjects exhibited large �MEP values
hich were either negative or positive. Thus, for approximately
alf of the subjects, ECR excitability was larger than FCR excitabil-

ty, indicating a muscle specific facilitation pattern. By contrast, in
he remaining half, excitability was clearly higher in the FCR than
he ECR, even when the model in the video activated the exten-
or muscle. This finding suggests that the latter subjects obeyed
different mapping between the observed movement and their

wn motor system which resonated with respect to the observed
ovement direction of the hand (‘extrinsic mapping’), rather than

o the observed muscle activation (‘intrinsic mapping’). By anal-
gy, the ‘Posture × Body side’ interaction on the normMEP data
ecorded from the FCR already indicated that FCR excitability was
aximal for observing left hand motion with incongruent postures

Table 1).
We further explored this unexpected result by performing a

lanned comparison between congruent and incongruent pos-
ures on the absolute �MEP values recorded during the left hand
bservation conditions. Note that this analysis is not sensitive to
etween-subjects differences in the observation-to-observer map-
ing strategy (i.e., intrinsic or extrinsic), but tests whether the
esponse magnitude was similar for congruent or incongruent pos-
ures. We found that the absolute �MEP responses were only
lightly smaller for incongruent (23 ± 4%) as compared to congru-
nt postures (25 ± 4%) such that no significant posture effect was
ound [planned comparisons, Z = 0.24, p = 0.8].

Taken together, the initial comparison between congruent ver-
us incongruent postures unmasked that subjects mapped the
bserved movements differently to their own body scheme (intrin-
ic versus extrinsic coordinate frame) (Fig. 3B), but only when

eft hand actions were observed, not right hand actions. However,

hen the extrinsic versus intrinsic nature of the mapping was
isregarded, the absolute response magnitude was similar across
ostures and substantially larger than baseline. This unexpected
nding will be discussed further in Section 4.
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Fig. 3. (A and C) �MEP values for observation of left (A) or right (C) hand extension movements. Vertical bars denote ±standard errors. Pictures with white backgrounds
s bolize
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ymbolize the observed movement in the video. Pictures with grey background sym
o the observed model. Positive �MEP scores indicate higher ECR facilitation (ECR
FCR>) compared to ECR facilitation. (B and D) Distribution of the individual subject
B), and right hand movements from the allocentric perspective (D). �MEP percent
etween 5 and 15, larger than 15).

.2. Interaction between body side and perspective

For right hand movements, �MEP scores were substantially
igher for observing videos from the egocentric, compared to the
llocentric perspective (Fig. 3C). By contrast, the factor ‘perspec-
ive’ did not modulate �MEP scores when left hand actions were
bserved (Fig. 3A). This observation was only partly supported
y the statistics revealing a trend towards significance [Z = 1.71
= 0.08] when the ‘Body side × Perspective’ interaction was tested
ith planned comparisons. �MEP scores close to 0 indicate either

hat there was no differential facilitation for ECR and FCR or that
ubjects mapped the observed movement differently onto their
wn motor system (i.e., intrinsic or extrinsic). The distribution
f the individual subjects’ �MEP values (Fig. 3D) shows that the

ajority of the subjects exhibited �MEP scores close to 0, indicat-

ng no difference in facilitation of either the ECR or FCR (Fig. 3D).
nspecting Table 1, it can be seen that corticospinal excitability of
he ECR and FCR was relatively close to baseline when subjects
bserved right hand movements from an allocentric perspective

3

m

the posture of the observer, i.e., congruent (palm-down) or incongruent (palm-up)
mpared to FCR facilitation, negative �MEP scores indicate higher FCR facilitation
EP values (in %) for observation of left hand movements with incongruent postures
ere assigned to 5 bins (smaller than −15, between −15 and −5, between −5 and 5,

nd, particularly, when they were additionally positioned in incon-
ruent postures. Thus, observing right hand movements from an
llocentric perspective did not substantially increase corticospinal
xcitability of neither the ECR nor the FCR (Table 1).

Considering that watching left hand actions resulted in dif-
erential observation-to-observer mappings across subjects, we
erformed a planned comparison for ‘Body side × Perspective’
ffects on the absolute �MEP scores recorded during left and right
and observation (Fig. 4). This revealed a significant interaction
ffect [Z = 2.97, p < 0.003] such that, for observing left hand move-
ents, response magnitude was higher for the allocentric (29 ± 2%)

han for the egocentric perspective (20 ± 3%), whereas for observing
ight hand movements, the opposite effect was found (egocentric
erspective 24 ± 4% > allocentric perspective 15 ± 2%) (Fig. 4).
.3. Background EMG data

Background EMG was generally small and condition specific
odulations were minimal. This was tested by conducting similar
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Fig. 4. Absolute �MEP scores for observation of left and right hand extension move-
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ents. Vertical bars denote ±standard errors. The significant ‘Perspective × Body
ide’ interaction indicated that left hand actions evoke larger absolute responses
hen observed from an allocentric perspective, whereas for right hand actions,

bsolute responses were maximal when observed from an egocentric perspective.

NOVA’s (within factors, ‘Posture’, ‘Perspective’ and ‘Body
ide’) to the corresponding background EMG data (normalized
MSE-scores). None of the above Posture × Body side or Perspec-
ive × Body Side interaction effects were found significant [all
< 2.5, p > 0.15], which indicated that the MEP amplitude scores
ere not confounded by modulations in background EMG.

. Discussion

The influence of posture, perspective, and body side on
ovement observation was investigated by means of a full fac-

orial design. The analyses revealed substantial differences in the
esponses of the observers’ left M1 when right (contralateral) ver-
us left (ipsilateral) hand actions were observed.

1) When observing right hand actions, all subjects mapped the
observed movements in a highly muscle specific way to their
own body (intrinsic mapping). By contrast, when left hand
actions were observed, the observation-to-observer mapping
differed across subjects, such that approximately half of the
subjects appeared to exhibit a muscle specific (intrinsic) and
the other half a direction specific (extrinsic) mapping.

2) When these differences in observation-to-observer mapping
were disregarded and the absolute response magnitude was
compared, we found that right hand actions induced the
strongest effects when observed from an egocentric perspec-
tive, whereas left hand movements yielded the strongest
responses when observed from an allocentric perspective.

.1. Different observation-to-observer mappings for left but not
or right hand actions

We examined whether the degree of postural congruency
etween the observer’s and model’s hand position influenced the
ffectiveness of muscular motor mapping as indicated by changes
f corticospinal excitability in left M1. To do so, we varied the pos-

ure of the observer from palm-down to palm-up position, while
iewing extension movements (model’s hand in palm-down) of a
odel’s left and right hand. When right hand extension movements
ere observed, highly muscle specific facilitation of the extensor

ver and above the flexor was found, irrespective of whether the

a
a

o

ogia 47 (2009) 415–422

bserver’s posture was congruent or incongruent. These results
re in excellent agreement with previous studies which also found
nly minor influences of posture on the process of muscle specific
apping of observed movements (Urgesi, Moro, Candidi, & Aglioti,

006) (Alaerts et al., in press).
To our surprise, we found a different behaviour when left hand

ovements were observed. More specifically, our posture manipu-
ations unmasked that approximately half of the subjects displayed
he expected muscle congruent facilitation pattern (i.e., maximal
xtensor facilitation during extension movements observation),
hereas the other half exhibited the opposite facilitation pattern,

.e., when postures were incongruent, flexor excitability was larger
han extensor excitability even though an extension movement was
hown in the video. The latter subjects possibly ‘resonated’ with the
bserved movement according to direction in extrinsic space, i.e.,
hen they observed an upward movement; excitability was high-

st in their own upward moving muscle (i.e., the flexor muscle since
ands were positioned in palm-up posture). It is important to note
hat direction specific (extrinsic) versus muscle specific (intrinsic)

apping can only be disentangled with incongruent posture con-
itions. The reason is that for congruent postures, direction and
uscle parameters co-vary, such that both intrinsic and extrinsic
apping result in extensor facilitation.
The directional mapping findings should be interpreted with

aution because it was based on a limited number of observation
onditions (i.e., conditions in which left hands were observed with
ncongruent postures), and it was only found in approximately half
f the subjects. Nevertheless, it is tempting to speculate on the
utative mechanism underlying this finding. Single cell record-

ngs in monkeys have shown that neurons of the inferior frontal
yrus (IFG) encode movements mainly with respect to direction in
xtrinsic space (Kakei, Hoffman, & Strick, 2001) whereas M1 con-
ains additional neurons encoding movements in intrinsic space,
.e., with respect to muscles and joints (Kakei, Hoffman, & Strick,
999; Kakei, Hoffman, & Strick, 2003). We speculate that in our
tudy, the interaction between IFG and M1 may have been dif-
erent when left (ipsilateral) as compared to right (contralateral)
and actions were observed, such that some subjects expressed an
xtrinsic mapping when the left (ipsilateral) hand was observed.
his is in general agreement with a functional imaging study of
ziz-Zadeh, Koski, Zaidel, Mazziotta, and Iacoboni (2006) showing

hat IFG tended to be more activated when ipsilateral as opposed to
ontralateral finger movements were observed (Aziz-Zadeh et al.,
006). It remains puzzling why direction specific facilitation of M1
as only measured in some subjects. One potential explanation is

hat the intrinsic versus extrinsic mapping might depend on the
ubjects’ degree of handedness. However, this was not confirmed
y our data. Alternatively, the subjects’ movement repertoire and
xperience can influence observation-to-observer mappings dur-
ng action observation (Calvo-Merino, Glaser, Grezes, Passingham,

Haggard, 2005; Maeda, Chang, Mazziotta, & Iacoboni, 2001). It
s possible that some of our participants were more experienced
n directional mapping of observed and executed movements, as
ften required during dance or aerobics. By any means, the afore-
entioned interpretations are speculative and further research

s warranted to firmly establish the existence of differential
bservation-to-observer mappings as well as their underlying
echanisms.

.2. Larger absolute responses are evoked when right hand

ctions are observed from an egocentric perspective and left hand
ctions from an allocentric perspective

Realizing that subjects appeared to exhibit different
bservation-to-observer mappings, we disregarded these inter-
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ndividual differences and compared the absolute response
agnitude across conditions. For right hand actions, response
agnitudes of M1 were high when the movies were observed

rom an egocentric perspective, whereas corticospinal excitability
id not change substantially from baseline when observing the
ovies from an allocentric perspective (Fig. 3C and 4). This result

s in agreement with previous findings of Maeda, Kleiner-Fisman,
nd Pascual-Leone (2002).

Conversely, when left hand actions were observed, the response
agnitude of M1 facilitation was larger for the allocentric than

he egocentric perspective (Fig. 4). Why does left M1 respond
ore strongly to left (ipsilateral) than to right (contralateral) hand

ctions when shown from an allocentric perspective? This find-
ng can best be interpreted in the light of previous ‘allocentric’
mitation studies, showing a strong preference towards ‘mirror’ or
o-called ‘specular’ imitation’ of others’ actions (i.e., model moves
he left hand, imitator moves the right hand) as compared to
anatomic’ imitation (i.e., model and imitator move both their left
and) when the actors face each other during imitation (Bekkering
t al., 2000; Gleissner et al., 2000; Schofield, 1976; Wapner &
irillo, 1968). Imaging studies have also emphasized this ‘mirror’

mitation preference by showing that typical ‘mirror areas’ (e.g.,
ilateral inferior frontal and right posterior parietal cortex) are
ore strongly activated during mirror than anatomic imitation

Koski, Iacoboni, Dubeau, Woods, & Mazziotta, 2003). To our best
nowledge, our study revealed the first TMS results supporting this
ypothesis. Indeed, when viewed from the allocentric perspective,

eft hand actions induce a ‘mirror-like’ configuration ensuring that
he general shape or ‘gestalt’ of the hand is congruent between the

odel and observer (Fig. 3A, 3rd bar). As such, our findings extend
hese previous results by showing that the strong tendency toward
mirror-like’ or spectral imitation as opposed to anatomical imita-
ion, is also reflected in the excitability changes measured at the
evel of the primary motor cortex during the mere observation of
ctions. Accordingly, for observation from the allocentric perspec-
ive, left (ipsilateral) movement stimuli appeared to be mapped

ore effectively onto the observer’s motor system than right (con-
ralateral) movements.

.3. Movement observation in rehabilitation

Action observation is increasingly considered in the context of
ehabilitation and motor learning (Buccino et al., 2006; Ertelt et
l., 2007; Mulder, 2007; Pomeroy et al., 2005). To optimize the
ecruitment of cortical motor areas in the lesional hemisphere
uring action observation, our data suggest the utilization of move-
ent stimuli showing the contralateral limb when presented from

n egocentric perspective (first person), and the ipsilateral limb
hen presented from an allocentric perspective (third person).

ntuitively, the incorporation of an observed motion will likely
enefit from a high degree of congruency between the posture of
he observer and that of the observed model. However, based on
he present results, no substantial differences were found in overall

otor activation due to postural variations.
The application of movement observation is theoretically based

n the finding that cortical motor circuits are activated in a similar
ay during movement observation as during execution (Fadiga et

l., 2005; Fadiga et al., 1995; Strafella & Paus, 2000). Conversely,
ncreased inhibition is measured at the spinal level, presumably
o prevent the overt replication of the seen action (Baldissera,

avallari, Craighero, & Fadiga, 2001). Although movement execu-
ion is known to depend on the coordinated interplay of both
xcitatory and inhibitory circuits at the cortical level, it is not clear
hether movement observation also evokes selective cortical inhi-

ition in a similar way as needed during movement execution. This

G

G

ogia 47 (2009) 415–422 421

s an important question for further research and, particularly, in
he context of rehabilitation.

. Summary and conclusions

The present study suggests that M1 of the left hemisphere
esponds to observing actions executed with the right (contralat-
ral) or left (ipsilateral) hand. For right limb stimuli, activations in
eft M1 are highly specific to the muscle used in the observed action
‘intrinsic mapping’). During the observation of left limb stimuli,
nly part of the subjects display this muscle specific activation of
eft M1, whereas in others, primary motor cortex appears to res-
nate with respect to the observed movement direction of the hand
‘extrinsic mapping’). Irrespective of mapping strategy, right limb
timuli evoke the highest responses when observed from an ego-
entric perspective (first person), whereas responses to left stimuli
re maximized when observed from the allocentric perspective
third person). Overall, the degree of postural congruency between
bserver/model body parts only mildly influences M1 responses.
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