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Abstract: Because tool naming activates motor-related areas in the posterior parietal cortex, it has been
suggested that conceptual knowledge of tools relies on their unique manipulation patterns. However,
this view is questioned by the finding that some patients impaired in retrieving manipulation knowl-
edge of man-made objects are still able to perform conceptual judgments on them. To address this
issue, we used repetitive transcranial magnetic stimulation (rTMS) to interfere with the functioning of
the anterior part of the right or left supramarginalis gyrus (SMG), a region critically involved in object-
directed actions. rTMS was delivered in healthy participants performing four judgment tasks designed
to explore different aspects of manipulation and conceptual knowledge of man-made objects. The two
manipulation judgment tasks consisted in determining whether (1) two objects displayed on a com-
puter screen are normally used by adopting a comparable hand posture, or (2) a given hand posture is
appropriate to use an object. In the two conceptual judgment tasks, subjects had to decide whether (1)
two objects displayed on the computer screen are normally used in the same context or (2) they are
functionally related. We found that virtual lesions of left SMG interfere only with the performance of
the manipulation judgment task in which subjects had to decide whether two different objects are
used by adopting the same hand posture, all the other tasks being unaltered. rTMS applied over the
right SMG had no effect. These results challenge the assumption that conceptual knowledge of tools is
grounded upon motor representations. Hum Brain Mapp 32:1802–1810, 2011. VC 2010 Wiley Periodicals, Inc.
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INTRODUCTION

Since the contributions of early philosophers, the inde-
pendence between conceptual processing and body
experience is still a matter of debate [Barsalou, 1999].
Embodied, or sensorimotor, theories of cognition postulate
that the organization of conceptual knowledge of man-
made objects evolves from the motor and sensory experi-
ences associated with their use [Warrington and Shallice,
1984]. Some authors even proposed that retrieving tool
conceptual knowledge requires one to simulate mentally
their utilization by reactivating these sensorimotor repre-
sentations [Barsalou, 2008]. For example, according to this
view, retrieving the concept of a hammer would entail
accessing the visual features and action-related properties
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of this tool via the reactivation of the sensorimotor experi-
ence associated with its use. The most radical versions of
sensorimotor theories predict that conceptual knowledge
of manipulable man-made objects is fully represented, or
embodied, in the sensorimotor system [Gallese and Lakoff,
2005].

In monkeys, canonical neurons in the anterior intrapar-
ietal area (AIP) have been regarded as a possible compo-
nent of the neural system responsible for mental
simulation of object-directed action [Gallese and Lakoff,
2005]. Indeed, these canonical neurons discharge both
when the monkey performs an action directed to a manip-
ulable object, and when the monkey observes the object
without acting on it. Reversible inactivation of AIP with
muscimol has been shown to cause a visuomotor deficit in
grasping movements, despite a preserved ability to move
hands and fingers [Gallese et al., 1994]. The activity of
some canonical neurons is correlated with the general pur-
pose of actions (e.g., grasping and tearing apart), whereas
others are tuned with the hand posture used to grasp the
object (e.g., precision grip vs. power grip). For example,
canonical neurons that respond to the execution of a preci-
sion grip will respond maximally during the observation
of small or oblong objects [Murata et al., 2000; Sakata and
Taira, 1994]. Canonical neurons therefore fire for a given
manipulation pattern as well as for the observation of an
object that, if grasped, would require the same hand con-
figuration, suggesting that the motor system is endowed
with a mechanism allowing the reactivation of the associ-
ated action while viewing an object [Gallese and Lakoff,
2005].

In humans, recent studies have indicated that the parie-
tal network underlying tool use involves a phylogeneti-
cally recent area, that is, the supramarginal gyrus (SMG)
[Peeters et al., 2009]. Left SMG damage leads to apraxia,
an impairment of object utilization that cannot be
explained by difficulties in visual recognition or low-level
motor skills [Goldenberg and Spatt, 2009; Heilman and
Rothi, 1985; Mahon et al., 2007]. The involvement of the
left SMG in object use is also supported by functional
magnetic resonance imaging (fMRI) studies showing its
activation during the planning and execution of object-ori-
ented actions [Johnson-Frey et al., 2005]. In line with the
behavior of canonical neurons, increased activation in left
SMG has also been reported during tool naming [Chao
and Martin, 2000], tool observation [Grezes et al., 2003a;
Vingerhoets, 2008], and conceptual judgment on tool use
[Boronat et al., 2005; Canessa et al., 2008; Kellenbach et al.,
2003]. The finding that both the use and observation of
tools lead to an increased SMG activation suggests that
action representations may be reactivated in the absence of
actual movements, providing support for embodied cogni-
tion [Gallese and Lakoff, 2005]. It is unclear, however,
whether the reactivation of object-directed action mediates
explicit judgments about their use.

Neuropsychological data indicate that conceptual proc-
essing of manipulable objects is independent of tool

manipulation knowledge [Buxbaum et al., 2000; Cara-
mazza and Mahon, 2003]. Indeed, semantic dementia can
yield deficits in conceptual knowledge of objects while
leaving unaffected the ability to use them appropriately
[Buxbaum, 1997; Hodges et al., 2000; Negri et al., 2007a]. In
some apraxic patients, conceptual knowledge of manipula-
ble objects has been shown to be preserved, suggesting that
the integrity of manipulation knowledge representations is
not a prerequisite to perform conceptual judgments [Mor-
eaud et al., 1998; Negri et al., 2007b; Rapcsak et al., 1995].
This double dissociation found in patients indicates that the
activation of SMG when looking at an object may not reflect
its contribution to conceptual processing.

Because fMRI studies provide correlation data, which
are inadequate to address the causal relationship between
SMG activation and tool processing, here, we used repeti-
tive transcranial magnetic stimulation (rTMS) to perform a
virtual lesion of left or right SMG in healthy subjects per-
forming conceptual and manipulation judgments on man-
made manipulable objects. These tasks started with the
display of a pair of pictures on a computer screen and
consisted of determining whether (1) two different objects
are normally used by adopting a comparable hand pos-
ture, (2) a given hand posture is suitable for using a partic-
ular object, (3) two objects are normally used in the same
context, or (4) two objects are functionally related. Because
left SMG is known to play a crucial role in selecting the
appropriate hand posture to use a given object, we pre-
dicted that tasks 1 and 2, because they rely on manipula-
tion judgments, should be affected by left SMG virtual
lesion [Buxbaum et al., 2003, 2006; Grezes et al., 2003b;
Tunik et al., 2008]. Additionally, according to the most
radical version of the sensorimotor theories [Gallese and
Lakoff, 2005; Rizzolatti et al., 2001], if SMG virtual lesions
impair manipulation knowledge, the retrieval of tool con-
ceptual knowledge should also be affected, which should
result in degraded performance during tasks 3 and 4.

MATERIALS AND METHODS

Participants

Sixteen volunteers (mean age � SD: 26.1 � 5.4 years)
without any history of neurological problems participated
in the experiment. They were all right handed according
to the Edinburgh handedness inventory [Oldfield, 1971].
The experimental procedure was approved by the Ethics
Committee of the Université catholique de Louvain, and
all subjects gave their written informed consent.

Tasks Description

The experiment was performed in a dimly illuminated
room. Subjects sat comfortably in an armchair, 60 cm in
front of a computer screen, with their elbows flexed, and
their hands half-pronated in a relaxed position. They were
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instructed to remain as relaxed as possible throughout the
experiment. They wore earplugs to attenuate the sound of
the TMS.

Stimuli consisted of a pair of grayscale pictures (maxi-
mum 5� of visual angle) vertically arranged on a light
gray background and displayed on a computer screen.
Twenty-two pairs of stimuli were selected for each task
from a set of 101 pictures of familiar and manipulable
man-made objects and 22 pictures of right hands in differ-
ent postures. A given picture was never presented more
than once in the same task but could be used again in
another task, so that, on average, 33% of pictures over-
lapped across tasks.

Subjects performed two manipulation and two concep-
tual judgment tasks. The two manipulation judgment tasks
required subjects to access their manipulation knowledge
of objects to determine the appropriate hand posture nor-
mally adopted to use them. More specifically, in the Hand
Configuration task (Task 1), the subjects had to decide
whether the same hand posture is normally adopted to
use the two objects displayed on the computer screen (e.g.,
a saw and pitcher). In the Object–Hand task (Task 2), an
object was presented on the screen together with the pic-
ture of a hand in a given posture, and the subjects had to
decide whether the hand posture was compatible with
using the object. It is noteworthy that the manipulation
judgment tasks concerned the relative position of the fin-
gers and not the global hand posture, defined by some
authors as the relative position of the hand with respect to
the body [Goldenberg, 1999]. Moreover, the hand posture
appropriate for the use of two distinct objects was never
exactly the same but could be very similar. These two points
were emphasized in the instructions given to the subjects,
and they received feedback about their response accuracy
during a preliminary training session (see below). Our pre-
diction was that these two manipulation judgment tasks
should be impaired by a lesion of left SMG, known to be
involved in manipulation knowledge underlying object use.

The two conceptual judgment tasks related either to the
contextual or the functional relationship between the two
objects displayed on the screen. In the Contextual task
(Task 3), subjects had to decide whether the two objects
displayed on the computer screen are normally used in
the same context (e.g., a wing compass and a set square),
whereas the Functional task (Task 4) consisted in deciding
whether the two objects are used together to achieve a
common goal (e.g., a knife and a fork, see Fig. 1A). By def-
inition, all pairs of objects associated to a common goal in
the Functional task also shared the same context of use.
However, distinct instructions were given to participants
to test different levels of conceptual processing. In the Con-
textual task, participants were asked to judge the co-occur-
rence of two objects in the same activity without
considering their functional relationship, whereas, in the
functional task, they had to determine whether the two
objects are used together and simultaneously to achieve a
common goal. In the Hand Configuration task, the objects of

each pair were carefully selected to avoid a possible con-
textual or functional relationship between them. Likewise,
none of the objects constituting the pairs in the Contextual
and Functional tasks had the same manipulatory pattern
(for a list of the stimuli used in this study, see Supporting
Information).

To avoid any possible ambiguity in the responses that
the subjects had to provide in the different tasks, a pilot
study was performed in which we asked 10 participants to
perform a compatibility judgment for the 44 pairs (22 com-
patible and 22 incompatible pairs) of objects/hands ini-
tially created for all four tasks following the same
procedure as for the TMS experiment; only the pairs
judged correctly by at least 80% of the participants were
selected for the main TMS experiment. Because this crite-
rion was met for 22 pairs (11 compatible and 11 incompat-
ible pairs) in the Hand Configuration task and for more in
other tasks, we selected the 22 pairs (22 compatible and 22
incompatible pairs) with the largest rate of intersubject
agreement in the Object–Hand, the Contextual, and the
Functional tasks. The frequency of use and the familiarity
of the objects was also assessed by two other groups of 15
naive subjects by using a Likert scale [frequency of use: (1)

Figure 1.

A: Examples of compatible and incompatible trials for the motor

(Hand Configuration; Object–Hand) and conceptual (Contextual;

Functional) tasks. B: Time course of the stimulus display and the

TMS train in the main experiment.
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never used; (5) used every day; familiarity: (1) unknown;
(5) very familiar]. The different objects used in the four
tasks did not differ in frequency of use (Hand Configuration
task: 2.55 � 0.25; Object–Hand task: 2.63 � 0.36; Contextual
task: 2.51 � 0.32; Functional task: 2.72 � 0.3, Friedman
ANOVA, F(3, 42) ¼ 1.568; P > 0.211) or in familiarity (Hand
Configuration task: 4.69 � 0.44; Object–Hand task: 4.71 �
0.42; Contextual task: 4.67 � 0.48; Functional task: 4.67 �
0.41, Friedman ANOVA, F(3,42) ¼ 0.677; P > 0.571).

Experimental Procedure

None of the subjects who participated in the pilot stud-
ies was included in the TMS experiment. Before the TMS
experiment, each participant had to perform a naming
task on all objects displayed during the training and TMS
sessions to familiarize subjects with those objects. Then,
before the first block of each task, subjects performed 10
training trials on pairs of pictures distinct from those used
in the TMS experiment. The name as well as a brief re-
minder of the instructions of each task was given for each
experimental block.

The TMS experiment consisted of 12 blocks resulting
from the combination of the four tasks and three TMS sites
(left SMG, right SMG, and vertex, see below). Each task
was repeated three times, once per stimulation site. The
order of the four tasks was counterbalanced across sub-
jects. For each task repetition, the same set of 22 pairs was
used, including the same number of compatible (11) and
incompatible (11) trials; the order of the 22 trials was dif-
ferent in each task repetition and was pseudo-randomized,
so that the same response (‘‘yes’’ or ‘‘no’’) never occurred
more than three times in a row.

Each trial began by displaying a cross on the screen
centre for 200 ms, followed by a 500-ms blank screen.
Stimuli were then displayed in pairs, vertically, apart from
the screen center, until the subject gave a response (see
Fig. 1B). Subjects were asked to respond as quickly as pos-
sible, by ‘‘oui’’ (yes) or ‘‘non’’ (no). A microphone was
used to detect verbal responses, and the RT was measured
online by using E-Prime V1.0 [Psychological Software
Tools, 2002]. Verbal responses were preferred over manual
responses to prevent possible TMS interference in-hand
response programming [Johnson-Frey et al., 2005]. The ex-
perimenter made a note of all errors.

Transcranial Magnetic Stimulation

rTMS (10 Hz, 5 pulses, and 400 ms) was delivered using
Rapid Magstim model 200 stimulator (Magstim Company,
Whitland, UK) through a 35-mm inner diameter figure-of-
eight coil. The coil was held tangentially to the skull with
the handle pointing laterally and backward and located ei-
ther over left or right SMG; the vertex was used as a con-
trol site. The TMS intensity was set arbitrarily to 65% of
the stimulator output, and rTMS trains were separated by
at least 6 s. In each trial, the rTMS was delivered 100 ms

after the picture display on the computer screen. This
delay was chosen so that TMS would interfere optimally
with the conceptual and manipulation processing. Indeed,
regarding the conceptual processing, it has been shown to
start as soon as 160 ms after the stimuli presentation, as
indicated by the timing of interference or facilitation
induced by action verbs on reaching movements [Boulenger
et al., 2006]. An indication of the timing of the manipulation
judgement is provided by a MEG study showing that the
activation of the inferior parietal lobule may be observed as
soon as 130 ms after the stimuli presentation during a hand
laterality judgment [Kawamichi et al., 1998]. Congruently,
in a previous study, a similar TMS protocol was used suc-
cessfully to interfere with a motor imagery task requiring a
verbal response [Pelgrims et al., 2009].

During the whole experiment, the subjects wore a
closely fitting EEG cap used to mark the different stimula-
tion sites located by means of an online neuronavigation
technique using individual anatomical magnetic resonance
images (MRI) [Noirhomme et al., 2004]. We targeted the
anterosuperior part of SMG based on previous functional
imaging studies showing an increased activation in this
region during manipulation judgments [Canessa et al., 2008;
Johnson-Frey et al., 2005; Mahon et al., 2007]. After the
experiment, individual coordinates of the TMS sites were
normalized with respect to the Montreal Neurological Insti-
tute (MNI) brain atlas [Andres et al., 2005; Collignon et al.,
2008; Davare et al., 2006]. The mean-normalized MNI coor-
dinates were 60 � 4, �28 � 7, and 47 � 6 mm (x, y, z �
SD) for the right SMG site and �59 � 3, �32 � 11, and 46
� 6 mm for the left SMG site (see Fig. 2); those coordinates
are comparable to the spots of activations observed in SMG
during manipulation judgments [Canessa et al., 2008; John-
son-Frey et al., 2005; Mahon et al., 2007].

Data Analysis

Statistical analyses were performed on both error rates
and RT and defined as the delay between the picture pre-
sentation and the onset of verbal responses. For the RT
analysis, all error trials (4.7%) and trials with an RT falling
outside a 500–3500-ms range (0.6%) were discarded. The
mean RT and SE were calculated on the remaining trials
(more than 93% of trials in each task, all subjects taken
into account) for each subject and condition. The effects of
rTMS on error rate and RT were analyzed by means of a
repeated measure (RM) ANOVA with TASK (Hand Config-
uration, Object–Hand, Contextual, and Functional) and SITE
(left SMG, right SMG, and vertex) as within-subject factors.
Post hoc comparisons were performed using Tukey’s
paired t-tests. Table I gives the mean RT gathered during
each TMS session for each task.

RESULTS

The error rate was comparable in all four tasks, and
TMS had no effects on this parameter. Indeed, in the Hand

r Conceptual and Manipulation Knowledge r

r 1805 r



Configuration task, the percentage of errors was 5.3% and
3.8% in the Object–Hand task; it was 3.8 and 6.2% in the
Contextual and Functional tasks, respectively. Neither the
TASK [RM ANOVA, F(3,45) ¼ 2.1; P > 0.1] nor the SITE
[F(2,30) ¼ 1.8; P > 0.1] had a main effect on error rate, and
no interaction was found between these two factors
[F(6,90) ¼ 0.98; P > 0.1].

As far as the RT is concerned, an RM ANOVA showed
a main effect of the TASK [F(3,45) ¼ 17.161; P < 0.001] on

RT and a significant two-way interaction between TASK
and SITE [F(6,90) ¼ 5.879, P < 0.001]. The decomposition
of this interaction by the TASK revealed an effect of TMS
only during the Hand Configuration task [F(2,30) ¼ 7.17;
P < 0.003]. As illustrated in Figure 3, in the Hand Configu-
ration task, the RT increased significantly following virtual
lesions of left SMG (1329 � 91 ms, mean � SE) when com-
pared with the vertex [1052 � 54 ms; t(15) ¼ 5.197, P <
0.003] and with the right SMG conditions [1130 � 62 ms;
t(15) ¼ 3.729, P < 0.034]. No RT increase was found in the
Hand Configuration task following a right SMG virtual
lesion when compared with the control condition [vertex,
t(15) < 1; see Table I]. In contrast to our predictions, TMS
failed to impair the Object–Hand task. Indeed, the mean RT
observed in the left (943 � 23 ms), right SMG (972 �
45 ms), and vertex (976 � 52 ms) conditions did not differ
significantly [F(2,30) ¼ 0.335; P > 0.1] (see Fig. 3).

Furthermore, post hoc analysis showed that the diffi-
culty of the four tasks was identical. Indeed, we found no
significant difference between the RT gathered in the four

TABLE I. Mean RTs and SE for each TMS condition, as

a function of the task

Site/task

Hand
configuration

(ms)

Object–
Hand
(ms)

Contextual
(ms)

Functional
(ms)

Vertex 1052 � 54 976 � 52 1017 � 41 1024 � 60
Left SMG 1329 � 91 943 � 23 1062 � 38 1012 � 43
Right SMG 1130 � 62 972 � 45 1061 � 53 1011 � 61

Figure 2.

Coregistration of the stimulation sites over the right (green) and left (red) SMG. Each ellipse is

centred on the mean MNI coordinates (x, y, z, mean � SD; n ¼ 16) of the stimulation sites in

the right (60 � 4, �28 � 7, and 47 � 6 mm) and left (�59 � 3, �32 � 11, and 46 � 6 mm)

hemisphere. The ellipse surface shows the 95% confidence interval of the normalized coordi-

nates calculated for each subject.
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tasks in the control condition, that is, when TMS was
applied over the vertex [Hand Configuration: 1052 � 54 ms;
Object–Hand: 976 � 52 ms; Contextual: 1017 � 41 ms; Func-
tional: 1024 � 60 ms, F(3,15) ¼ 1.581, P > 0.1].

Finally, we also performed an RM ANOVA with SITE
(left vs. right SMG) and TASK as within-subject factors on
the RT difference (dRT) relative to the control condition
(vertex TMS). The results showed a significant two-way
interaction [F(3,45) ¼ 4.945, P < 0.004] that corroborated
the specific effect of left SMG virtual lesions on the Hand
Configuration task [F(3,45) ¼ 10.798, P < 0.001]. Indeed, we
confirmed that in the left SMG condition, the dRT was
larger in the Hand Configuration task than in the three
other tasks (all P < 0.001). These additional analyses also
confirm the absence of effects of right SMG virtual lesions
on the performance of any of the four tasks [F(3,45) ¼
1.201, P > 0.1].

DISCUSSION

The aim of this study was to test the prediction made
by some sensorimotor theories that motor representations,
which underlie the selection of the appropriate hand pos-
ture(s) to use tools, participate in their conceptual knowl-
edge [Barsalou, 2008; Gallese and Lakoff, 2005]. To
address this issue, we used rTMS to interfere with the
function of SMG, an area known to be critically involved
in object manipulation knowledge [Buxbaum et al., 2003,
2006; Grezes et al., 2003b; Hamilton and Grafton, 2008;
Tunik et al., 2008]. Virtual lesions of SMG were induced in
healthy subjects performing manipulation judgments about
the hand posture required to use a given object and con-
ceptual judgments relying on the retrieval of conceptual
knowledge of object use. The finding that left SMG virtual
lesions impaired the Hand Configuration task corroborated
the key role played by this region in manipulation knowl-
edge. However, the absence of a deficit in the conceptual
tasks following left SMG lesions indicates that manipula-
tion knowledge processed by this area, if any, is not a pre-
requisite for retrieving contextual or functional knowledge
of tool use. In addition, the absence of effects of the right
SMG virtual lesion confirms the left hemisphere domi-
nance in manipulation judgments [Johnson-Frey et al.,
2005], a finding consistent with the well-known left domi-
nance for motor control [Sabate et al., 2004].

Although the role of SMG in tool use is widely accepted
[Buxbaum et al., 2003, 2006; Tunik et al., 2008], the exact
processes performed by this area remain unknown. Given
its distinct position in the dorsal visual stream, it is
unlikely that the left SMG is involved in low-level visual
processes dedicated to action [Kroliczak et al., 2008]. This
hypothesis is further ruled out by the absence of TMS in-
terference in the conceptual judgment tasks, which used
the same display as the Hand Configuration task. A more
plausible hypothesis is that left SMG determines the
appropriate hand posture to handle and uses tools based
on their extrinsic (orientation) and intrinsic (size and

shape) visual properties. This mechanism, known as the
‘‘affordance,’’ is probably automatic and refers to all
actions that are physically possible with the object.

Interestingly, affordances have been shown to be influ-
enced by the context in which an action takes place [Ellis
and Tucker, 2000; Gibson, 1977, 1979]. For example, sub-
jects are slower to respond to the presentation of an object
with a hand movement when this movement is incompati-
ble with the posture adopted to use it (e.g., a power grip
in response to the display of a small object). In a func-
tional neuroimaging study using a comparable task, the
left SMG activation was found larger in incompatible trials
than in compatible ones, suggesting that that region may
play a role in detecting and/or orienting attention to object
affordances when the hand movement initially pro-
grammed is incompatible with the visual properties of the
object [Grezes et al., 2003a]. However, one limitation of
this interpretation is the finding that left SMG is also acti-
vated when an action is performed in the absence of object
vision, for example, in response to its name [Johnson-Frey
et al., 2005]. The hypothesis that left SMG processes the
object affordances is also insufficient to account for the
recent finding that this brain region is more active when
observing familiar than unfamiliar objects with similar
affordance [Vingerhoets, 2008]. On the basis of a compre-
hensive analysis of the cognitive processes underlying
apraxia, some authors have proposed the existence of a
memory of learned gestures whose representation captures
the interactions between the objects and hand [Heilman
et al., 1982; Rothi et al., 1985]. Because of the correlation
between the deficits in producing or discriminating ges-
tures oriented to object use and left SMG lesion [Buxbaum
et al., 2003; Heilman et al., 1982] or activation [Buxbaum
et al., 2003, 2006], left SMG could underlie those represen-
tations. According to this view, the deficit observed in the
Hand Configuration task after a virtual lesion of left SMG
would reflect a transient inability to access, in memory,
the repertoire of gestures underlying tool use.

One puzzling aspect of the results is that, in contrast to
our predictions, virtual lesions of left SMG only altered
the Hand Configuration task, leaving the Object–Hand task
unaffected. This absence of effect of left SMG lesion on the
Object–Hand task is even more surprising that we have al-
ready shown that its performance leads to increased corti-
cospinal excitability, strongly suggesting an involvement
in motor imagery [Pelgrims et al., 2005]. One possible ex-
planation for this apparent discrepancy is that the Object–
Hand task, because of the display of a hand picture, could
be performed by using visual imagery when manipulation
knowledge is impaired. For instance, in a series of neuro-
psychological studies, Tomasino and colleagues [Tomasino
and Rumiati, 2004; Tomasino et al., 2004] have shown that
patients with left hemispheric lesions experience difficul-
ties in doing mental object rotations when perceived as a
result of their own manual activity, whereas they are still
able to perform the task when the instructions emphasize
the use of visual imagery. Accordingly, we recently
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demonstrated that visual imagery relies on distinct brain
areas in the superior parietal lobule [Pelgrims et al., 2009].

Critically, our results are at variance with some clinical
studies reporting a relationship between the capacity to
use objects and the ability to retrieve conceptual informa-
tion related to the same objects (e.g. [Coccia et al., 2004;
Hodges et al., 2000; Mahon et al., 2007]). In some studies,
the interpretation of this association was made difficult,
because different objects or gestures were used in recogni-
tion and production tasks (e.g. [Pazzaglia et al., 2008]).
However, if such a relationship between the capacity to
use objects and the ability to retrieve their conceptual
knowledge actually exists, it may reflect the inability for
the patients to use action simulation as a compensatory
strategy for recognizing objects or gestures. That strategy
would rely on the interactions between motor and concep-
tual knowledge, so that the mental simulation of actions
would help to activate the corresponding conceptual rep-
resentation in memory. Accordingly, the performance in
naming objects was found positively correlated with the
ability to use the same objects only in patients whose tem-
poral lesions, responsible for the conceptual impairment,
extended to SMG [Mahon et al., 2007].

The view that, in healthy subjects, conceptual knowl-
edge depends on intact manipulation knowledge is chal-
lenged by the present result that a left SMG virtual lesion
alters access to motor knowledge but not conceptual proc-
esses. This finding questions the interpretation of the SMG
activations reported by many functional neuroimaging
studies in tasks involving conceptual processing (e.g. [Bor-

onat et al., 2005; Chao and Martin, 2000; Vingerhoets,
2008]. We propose that, instead of unveiling an embodied
representation of tool concept, the recruitment of manipu-
lation knowledge during conceptual judgments on object
use could be interpreted in the light of a pragmatic rather
than a semantic theory of tool knowledge [Mahon and
Caramazza, 2009]. Therefore, the activation of motor-
related areas consequent to object observation could reflect
a strategy used by the nervous system to be ready to inter-
act with this object as soon as possible and in any circum-
stances [Negri et al., 2007b].

Because we performed lesions of either left or right
SMG, a last issue raised by our results is the lateralization
of manipulation knowledge. Indeed, the finding that only
left SMG virtual lesions altered the motor judgment task
may seem at odds with some studies showing an equal
contribution of both hemispheres in mental rotation of
hand postures [Pelgrims et al., 2009]. However, except per-
haps for complex movements such as sequential move-
ments involving multiple fingers [Haaland et al., 2004;
Verstynen et al., 2005], an involvement of the two hemi-
spheres seems to be specific to intransitive gestures and
may explain the higher resistance of those movements to
unilateral brain damage [Johnson-Frey et al., 2005]. In con-
trast, processes involving transitive gestures performed on
familiar and novel tools have been recurrently assigned to
the left hemisphere and in particular to a left temporo-
fronto-parietal network [Frey et al., 2005; Goldenberg and
Hagmann, 1998; Johnson-Frey, 2004], whatever the hand-
edness and the hand used [Frey et al., 2005]. The left dom-
inance for tool use has also been demonstrated during
movement planning [Johnson-Frey et al., 2005]. These data
are consistent with the classical observation that ideomotor
apraxia, characterized by a deficit in pantomiming tool use
and, to some extent, in using tools [Leiguarda and Mars-
den, 2000], typically results from a left brain damage
[Zadikoff and Lang, 2005]. Altogether, this suggests that
the lateralization of motor processes in SMG would
depend on the type of movements performed: SMG would
be involved bilaterally to perform or simulate intransitive
gestures, whereas only the left SMG would be concerned
with object–hand interactions.

A central question in contemporary neuroscience is the
role of sensorimotor experience in the representations of
conceptual knowledge of actions and of manipulable
objects. Our results showed that manipulation knowledge
as supported by left SMG is not a prerequisite to access
contextual and functional information about object use,
suggesting that some features of actions performed on
objects can be retrieved without relying on their manipula-
tion knowledge. Although it cannot be excluded that the
contribution of manipulation knowledge to conceptual
processing could take place at a different level and/or in a
different cortical area, such an assumption encourages sen-
sorimotor theories to make more precise hypotheses about
processes shared by manipulation abilities and conceptual
knowledge.

Figure 3.

Mean RT and SE for each task and for different TMS conditions.

Asterisks indicate a significant difference between two condi-

tions (P < 0.05).
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