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Abstract. The enhancement of cognitive function in healthy subjects by medication, training or intervention yields increasing
political, social and ethical attention. In this paper facilitatory effects of single-pulse TMS and repetitive TMS on a simple
picture naming task are presented. A significant shortening of picture naming latencies was observed after single-pulse TMS
over Wernicke’s area. The accuracy of the response was not affected by this speed effect. After TMS over the dominant
motor cortex or over the non-dominant temporal lobe, however, no facilitation of picture naming was observed. In the rTMS
experiments only rTMS of Wernicke’s area had an impact on picture naming latencies resulting in a shortening of naming latencies
without affecting the accuracy of the response. rTMS over the visual cortex, Broca’s area or over the corresponding sites in the
non-dominant hemisphere had no effect. Single-pulse TMS is able to facilitate lexical processes due to a general preactivation
of language-related neuronal networks when delivered over Wernicke’s area. Repetitive transcranial magnetic stimulation over
Wernicke’s area also leads to a brief facilitation of picture naming possibly by shortening linguistic processing time. Whether
TMS or rTMS can be used to aid linguistic therapy in the rehabilitation phase of aphasic patients should be subject of further
investigations.

1. Introduction

A number of recent papers have addressed the poten-
tial of transcranial magnetic stimulation TMS to inter-
fere with linguistic processes or speech production [7,
9,17,18,26]. TMS can be used to identify the language
dominant hemisphere by targeting the language rele-
vant areas (i.e. temporal, parietal or prefrontal cortex)
of both sides. This approach is based on the assump-
tion that TMS can disrupt normal brain function. An-
other series of experiments studied specific linguistic
functions such as verb or noun production, object nam-
ing or grammatical decisions etc. These studies, which
are primarily addressing the functional localization of
language-related networks in the brain, also explored

∗Corresponding author: Felix M. Mottaghy, MD PhD, University
Hospital Ulm, Robert-Koch-Str. 8, 89081 Ulm, Germany. Tel.: +49
731 50033807; Fax: +49 731 50024512; E-mail: felixmottaghy@
yahoo.de.

the possibility to enhance or inhibit definite linguistic
functions.

The so called virtual lesion approach, i.e. the TMS-
induced inhibition of function is meanwhile a well
accepted method in cognitive neuroscience. The en-
hancement of function [3] by TMS or rTMS, how-
ever, has received some criticism [33]. Some claim
that enhancement of function at least in part might be
an unspecific effect of brain stimulation. Critics ar-
gue that the improvement of specific functions could
be due to intersensory facilitation, unspecific arousal
reactions or enhancement of attention [6]. If TMS can
improve function this would have an impact in neuro-
rehabilitation of brain-damaged patients. In addition it
is intriguing to speculate that TMS could in the future
also be used in healthy subjects to enhance function.

It is generally accepted that TMS or rTMS applied
to a circumscribed cortical area has not only a local ef-
fect but can also influence functionally connected brain
regions. TMS therefore seems to be able to modulate
areas which are remote from the site of stimulation.
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In this paper we will review some data on short-term
effects of TMS and repetitive TMS in healthy male
subjects on a simple object naming task.

The first study inducing speech arrest by high-
frequency rTMS in epileptic patients showed a signifi-
cant correlation to the WADA test [42], suggesting the
inauguration ofa new non-invasive tool to test hemi-
spheric laterality [26]. The exact identification of the
language-dominant hemisphere is, however, not possi-
ble in all subjects [21]. Some researchers claim that
in almost all subjects a speech arrest can be achieved
by stimulating the prefrontal cortex or the facial mo-
tor cortex of the dominant hemisphere [7]. However,
it seems that lateralization is less clear using this ap-
proach since an unexpectedly high number of subjects
also show effects with bilateral or non-dominant hemi-
sphere stimulation [7]. This is possibly due to the
fact that in a general population a graded continuum
of lateralization from left to right for language func-
tions can be found [18]. In a very elegant approach
a clear correlation between the lateralization index as
determined by functional transcranial Doppler sonog-
raphy and rTMS interference with language function
(i.e. picture-word verification) has been shown [18].
Interestingly subjects with a more bilateral distribution
of language function were less susceptible to rTMS
interference.

Following a train of 1-Hz rTMS over the left pre-
frontal cortex a differentiation of verb and noun pro-
cessing within the left prefrontal cortex has been
shown [36]. In this study it appeared that low-
frequency trains, applied over a portion of the left mid-
frontal gyrus, had a disproportionately large impact
on the retrieval of information relating to the gram-
matical role of verbs in comparison to the category
noun. This is consistent with reports of verb production
deficits associated with left frontal lesions in aphasic
patients [36].

An evolutionary concept of language that traces the
origin of language back to gestures could explain the
observation that aphasic right-handed patients can im-
prove object naming by movements of their right up-
per extremity, i.e. pointing towards the location where
the object will be presented or activating the proximal
muscles of the upper extremity if the arm is paretic [12,
13]. Several studies demonstrated an increased motor
cortical excitability specifically pronounced within the
hand motor cortex induced by speech listening under-
lining the strong link between gesture and language [8,
9]. Strong evidence for the evolutionary link between
the motor cortex, gesture and speech was demonstrated

in several TMS studies [19,20,35,40]. TMS could iden-
tify an increased excitability in the left hand motor cor-
tex during speech production in healthy subjects [20]
whereas in patients recovering from aphasia the ex-
citability of the right hemisphere increased during loud
reading [19]. One explanation for the effect of speech
listening could be a modulation of inhibiting connec-
tions between mirror neurons within Broca’s area and
the primary motor cortex [32].

These observations were the basis for some of our
experiments on language functions using TMS [41] and
rTMS [23,38]. Initially the experiments were concep-
tually build upon the idea that enhancement of motor
cortex excitability might facilitate language function
in a manner analagous to the effects seen in aphasic
patients when they moved their right upper extremity.

Additionally we focused on a cortical region known
to be involved in language perception, initiation and
processing (i.e. Wernicke’s area). Our hypothesis was
that by interfering with modules of the language net-
work, a modulation of task performance could be
achieved. Since pointing towards a presented object
seems to be beneficial for aphasic patients, we postu-
lated that TMS or rTMS given prior to the presentation
onset could have the potential to facilitate processing
within the language network. A simple naming task
using black and white line drawings presented sequen-
tially on a computer screen was used to test this hy-
pothesis in a series of two different experimental se-
quences [23,38,41]. In the first series the chronometry
of this postulated naming facilitation effect was tested
with single-pulse TMS at varying time-points with re-
spect to picture onset [41], while the second series fo-
cused on the immediate effect of repetitive TMS using
different intensities and frequencies [23,38].

2. Methods

Across the differentexperiments [23,38,41] the nam-
ing task remained basically unchanged. Subjects were
instructed to name as fast as possible objects pre-
sented on a computer screen. Pictures were presented
for 1 s followed by a blank screen interval of 0.5 s.
Each recording session lasted approximately 30 min-
utes (Fig. 1).

Stimuli were taken out of a set standardized for fre-
quency and visual complexity [37]. These pictures
show common every day life objects, such as animals,
tools etc. Since not all objects are equally familiar to
German subjects (e.g. baseball bat) 160 pictures were
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Fig. 1. Experimental design:A Black-and-white line drawings [37] were presented to the subjects. Naming latency was defined as the latency
between picture onset and the first detectable amplitude in the digitized speech-wave envelopes. B In the single pulse-experiments [41] TMS
was applied prior to and post picture onset, defined as negative and positive values of the interstimulus interval (ISI), respectively.C In the
rTMS experiments [23,38] subjects had to name blocks of 20 pictures immediately and 2 min after the end of the high-frequency (20 Hz) or
low-frequency (1 Hz) trains.

selected out of the original 240. These were then sub-
divided into 8 sets of 20 pictures each which were bal-
anced according to familiarity, complexity, semantic
content, and syllable length of their word label. In
the single-pulse TMS experiments [41] the sequence
of pictures within a set was systematically varied. In
addition, the sequence of the sets of pictures in a se-
ries of experiments was also varied systematically be-
tween different subjects in the single-pulse TMS ex-
periments. In the rTMS experiments [23,38] only 10
black and white line drawings of objects, having the
smallest standard deviation in naming latency across
individuals in the control group, were chosen (further
details see below).

Verbal responses of subjects were recorded by a mi-
crophone attached to the subject’s shirt collar. Acoustic
information was digitised at an 8-bit resolution and a
sampling rate of 22 kHz and presented as speech wave
envelopes. The latency of the verbal responses was
measured using the speech wave envelopes. To deter-
mine the acoustic onset of the verbal response an ampli-
tude filter was used which removed all acoustic signals
with an amplitude of less than 7.5% of the maximum
sound level (for a detailed description see [41]).

The semantic correctness of each verbal response
was checked off-line. Semantically incorrect re-
sponses, as well as responses which were preceded by
verbal searching were marked and excluded from fur-
ther statistical analysis. Verbal searching which is also
known as “tip of the tongue phenomenon” can be seen
in pauses filled by interjections such as “uh..uh..uh”
or by self-commenting phrases as well as by outstand-

ingly prolonged empty pauses. Obviously, such “tip of
the tongue phenomena” can have an impact on picture
naming latencies and therefore potentially obscure spe-
cific facilitatory or inhibitory effects of TMS. There-
fore, all responses with “tip of the tongue phenomena”
were excluded. Extreme delay was defined as a nam-
ing latency which exceeded the control group’s average
naming latency for a particular picture by more than
two standard deviations. Three different categories of
exclusions were defined: 1. semantically incorrect re-
sponses, 2. responses with multiple onset due to verbal
searching and 3. extremely delayed responses. Since
TMS could induce semantic errors or be responsible
for extreme delays the number of exclusions was calcu-
lated and compared between experimental conditions.

The naming latencies of all pictures used in the fol-
lowing experiments were standardized in a first group
of 10 subjects (aged between 23 and 29; mean 25.5
years). In all experiments only male native speakers
of German were included. None had a history of neu-
rological diseases. All individuals were right-handed
according to the Edinburgh handedness inventory [25]
and had normal, or corrected to normal, vision. Volun-
teers gave informed consent to the studies [23,38,41],
which were approved by the local institutional review
board.

3. Data analysis

In order to measure potential facilitatory or inhibitory
effects of rTMS, the measured naming latency in a
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particular experiment was compared to the individual
baseline condition of naming without TMS or rTMS.
In the single-pulse TMS experiment the standardized
naming latency for each picture was additionally taken
into account (for a detailed description see [41]). In
the rTMS experiment blocks of 20 pictures were pre-
sented twice for each stimulation condition as well as
for the baseline condition. Mean values were calcu-
lated from the pooled data for each condition. To com-
pare between the various stimulation sites and the base-
line condition several statistical methods were applied.
First an analysis of variance across all conditions was
performed (p < 0.05). Post-hoc, a Student’s paired
t-test was performed. The level of significance was
set atp < 0.05. In addition the nonparametric Fried-
man two-way rank test was carried out to look for a
significance in the mean value of the single conditions
(p < 0.05). In the Wilcoxon matched-pairs signed
rank test the effect of the mean value of single subjects
for each conditions (p < 0.05) was explored. Finally
the data of the rTMS experiment were tested for se-
quence effects, i.e. a correlation between the order of
stimuli and naming latency across the sequence of the
presented pictures (Pearson correlation).

4. Single pulse TMS in picture naming

In order to study the influence of single-pulse TMS
on picture naming latencies the left motor cortex or
Wernicke‘s area (BA 22) were stimulated. Different
time intervals between picture onset and TMS appli-
cation were chosen to investigate the chronometry of
a potential facilitatory or inhibitory effect (Fig. 1B).
Additionally the effect of TMS intensity was tested by
modulating the intensity of the given TMS between
35% and 95% of maximum stimulator output.

In the different single pulse TMS experiments 44
healthy right-handed men aged between 20 and 30
(mean age 24.3± 1.9 yrs± std.) took part overall.
TMS was performed using a Magstim 200 stimulator
with a maximum output of 2,0 Tesla (Magstim Co.,
UK). A figure of eight magnetic coil (dual 70 mm coil)
was used for focal stimulation. The coil was positioned
tangentially to the skull with a handle orientation par-
allel to the sagittal axis.

For each subject the optimal scalp location for induc-
tion of motor evoked potentials in the contralateral bi-
ceps brachii muscle was identified. Single pulse TMS
was then applied at decreasing intensities to determine
motor threshold, following the guidelines established

by the International Federation of Clinical Neurophys-
iology [34]. For Wernicke’s area stimulation CP 5 in
the International 10–20 System was chosen. This site
correlates fairly well with the location of Wernicke’s
area [14,17]. In a subgroup CP5 location over the pos-
terior temporal cortex was additionally verified using
a commercially available MRI-based neuronavigation
system (Fig. 2).

To measure the influence of TMS on picture nam-
ing latencies, magnetic stimuli were given to the motor
cortex or to Wernicke’s area at systematically varied
time points prior to and post picture onset. The time
interval from picture onset to stimulation was defined
as the interstimulus interval (ISI), with negative values
of ISI signifying that TMS preceded picture presenta-
tion. Since naming latencies decrease with repeated
presentation of the same pictures [22] a new group of
age-matched subjects was deployed for each part of the
experiment. Intensity of TMS was set at 10% above
motor threshold (MT) for evoking an EMG response
in the biceps brachii muscle (between 55 and 65% of
maximum output). Since it has been shown that MT
is not related to the excitability of non-motor cortical
areas [4] intensity of magnetic stimulation was set ar-
bitrarily at 55% of stimulator output for stimulation of
Wernicke’s area.

To exclude that the discharge of the magnetic
stimulator influences naming latencies in the present
paradigm the potential facilitatory effects of the dis-
charge click alone was explored. In these experiments
the magnetic stimulator was discharged with the coil
held perpendicular to the skull surface in order to pre-
vent effective brain stimulation (“click alone“ condi-
tion). The effects of the click alone on naming laten-
cies were compared to TMS over the motor cortex or
Wernicke’s area (for details see [41]).

Single-pulse TMS was applied to the left motor cor-
tex at the following time points in different groups of
subject: ISI:−3000,−1000,−500, −100, −50, 0,
+100, +200, +300 ms; baseline condition: naming
without TMS (Fig. 1B). The detailed description of the
experiments is given in [41]. Wernicke’s area was stim-
ulated at the following time bins: ISI –5000−3000,
−1000,−500−100,−50, 0,+100,+200,+300 ms
baseline condition: naming without TMS and sham
stimulation. Additionally at –500 ms TMS intensity
was varied (35%, 55%, 75%, 95%).

4.1. Results

Accuracy of naming was unaffected by TMS over
any of the stimulated areas. Approximately 5% of the
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Fig. 2. Using a commercially available frameless stereotactic systems anatomical locations of CP5 and CP6, as well as the intermediate position
between F5 and F7, were verified in a small subgroup of subjects to be over the posterior third of the superior temporal cortex (CP5, 6) or the
inferior frontal cortex respectively.

items had to be excluded. Neither preceding nor con-
secutive TMS over the motor cortex with respect to
picture onset revealed a significant influence on picture
naming latencies. Single-pulse TMS over Wernicke’s
area resulted in a significant reduction of naming la-
tencies with rTMS given at negative ISIs of 500 and
1000 ms (Fig. 3). Higher intensities (75%, 95%) had
no effect. The TMS influence on naming latencies was
specific to the dominant hemisphere since TMS of the
Wernicke’s homologue area of the right hemisphere
had no impact on naming latency (detailed results are
presented in [41]).

5. Influence of repetitive TMS on picture naming

The experiments using rTMS were build up on the
previously demonstrated results. In these experiments
trains of rTMS were applied at high or low frequencies,
respectively (Fig. 1C). Additionally stimulus intensity
was varied. We intended to investigate whether rTMS
is capable of modulating language networks. Based
on the finding of longer-lasting effects following motor
or visual cortex stimulation [2,5] we postulated that
rTMS over language related cortical areas may result
in a more prolonged facilitatory effect on subsequent
language function.

36 healthy men aged between 22 and 38 years (mean
age 28.6± 3.2) participated overall in the rTMS ex-
periments [23,38]. To study the influence of rTMS on
picture naming latencies, stimulation was applied over
either Wernicke’s area (n = 10; BA22), the right hemi-
sphere homologue of Wernicke’s area (n = 10; BA22),
Broca’s area (n = 10; BA44) or the primary visual
cortex (n = 6; BA17/18) as a control side. rTMS was

applied using a Magstim Rapid stimulator (Magstim
Co., UK). Since motor cortex stimulation in the pre-
vious single-pulse TMS experiments had no effect on
naming latencies this site was omitted in the last parts
of our studies.

rTMS trains with a frequency of 20 Hz and a dura-
tion of 2 s were delivered with a focal figure-of-eight
magnetic coil (dual 70 mm coil). Since threshold is
difficult to determine for a cortical areas outside the pri-
mary motor cortex as stated before, we again decided
to use with rTMS a fixed stimulation intensity of 55%
of the maximal output [4]. The coil was positioned
tangentially to the skull, with the handle parallel to the
sagittal axis and pointing occipitally. For the stimu-
lation of Wernicke’s area (W1, W2) – i.e. Brodmann
area 22 or in anatomical terms the posterior third of the
superior temporal gyrus – the coil was centered over
CP5 of the international 10–20 system (Fig. 2). The
homologous area of the right hemisphere (R1, R2) was
stimulated over CP6. For Broca’s area stimulation (B1,
B2) – i.e. Brodmann area 44 or in anatomical terms
frontal operculum of the inferior frontal gyrus – a site
intermediate between F5 and F7 of the international
10–20 System was chosen. In an earlier study a disrup-
tion of ongoing speech processes was described after
stimulation of this site [26]. The primary visual cor-
tex (V1, V2) was stimulated at the occiput [1]. Com-
pared to the discharge click of single-pulse TMS the
discharge of the rapid stimulator is less loud. The pos-
sibility however remains, that the rTMS train acts as a
warning stimulus, and influences the naming latencies.
The potential facilitatory effects of the discharge clicks
without concomitant TMS was therefore explored sep-
arately in 13 individuals [23]. The magnetic stimula-
tor was discharged with the coil held perpendicular to
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Fig. 3. Pooled results of all single-pulse TMS experiments [41] are shown. Interestingly a general unspecific reduction of naming latency was
seen independent of the ISI, however a significant reduction (p < 0.05) of naming latencies was observed only if TMS preceded picture naming
by 500 or 1000 ms.

the skull surface in order to prevent brain stimulation
(sham stimulation: S1, S2).

To study the effect of stimulation intensity on the
observed facilitatory effect seen in the first part of the
rTMS studies with 55% of maximum stimulator output
two additional stimulation intensities at 45% and 35%,
respectively, were applied. Trains of 40 stimuli with a
duration of 2 s were applied over Wernicke’s area.

Finally the effect of low-frequency (1-Hz) rTMS on
picture naming was investigated. In order to keep the
number of stimuli in a single train constant compared
to the high frequency trains, rTMS was carried out with
a frequency of 1-Hz and with a train duration of 40 s
at 55%, 45% or 35%, respectively, of the stimulator’s
maximal output.

Previous investigations have demonstrated that the
naming latency of an object decreases when the object
is shown several times [22]. The naming of the selected
pictures in the rTMS experiments was therefore over-
trained by presenting each picture eight times prior to
the experiments.

The total set of stimulus pictures had 20 items con-
taining two copies of each of the 10 selected pictures.
The order of items was systematically varied. During
each experimental task the complete set of 20 pictures
was presented. The pictures were presented immedi-
ately (W1, B1, R1, V1 or S1) and two minutes af-
ter (W2, B2, R2, V2 or S2) the rTMS train had been
completed [23,38].

5.1. Results

Accuracy of naming was unaffected by rTMS over
any of the stimulated areas. Approximately 5% of the
items had to be excluded. There was no significant
difference between the number of responses which had
to be excluded across the different conditions among
all subjects due to errors or tip of the tongue phenom-
ena. The variability of naming latencies per condition
was lower than in the single-pulse TMS studies [41].
This was expected given the selection of the stimulus
pictures and the extensive pretraining.

rTMS over Wernicke’s area led to a significant re-
duction in naming latencies immediately after stimula-
tion (Fig. 4). Moreover, there was a significant gradual
decline of this effect over the first block (Fig. 5). In
the second block of pictures presented 2 min after the
end of the rTMS train no facilitatory effect was seen
(detailed presentation of the results in [23]). Naming
accuracy was again not affected. Stimulation of Bro-
ca’s area, the visual cortex or the Wernicke’s homo-
logue had neither an effect on naming latency, nor re-
sulted in an increased number of errors. In contrast
to the results of rTMS at 55% intensity, the statistical
analysis of the measured naming latencies after rTMS
with an intensity of 45% and 35% of maximal output
did not reveal significant differences (Fig. 6) for any
stimulation condition compared to baseline [38]. Low
frequency (1 Hz) rTMS with the given stimulation pa-
rameters revealed no evidence of either an excitatory,
or an inhibitory effect on picture naming latency [38].
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Fig. 4. Results of high-frequency rTMS to different targeted brain regions on picture naming latency. Latency is depicted as percent change relative
to baseline (i.e., non-TMS) naming latency [23,38]. Only high-frequency rTMS over Wernicke’s area (BA 22 left) preceding picture presentation
showed a significant effect. Broca’s area stimulation (BA44), visual cortex (BA 17/18) and right hemispheric homologue to Wernicke’s area (BA
22 right) had no impact on naming latencies.

6. Discussion

A significant shortening of picture naming latencies
was observed after single-pulse TMS over Wernicke’s
area. The accuracy of the response was not affected by
this speed effect. After TMS over the dominant motor
cortex or over the non-dominant temporal lobe, how-
ever, no facilitation of picture naming was observed.

In the rTMS experiments only rTMS of Wernicke’s
area had an impact on picture naming latencies resulting
in a shortening of naming latencies without affecting
the accuracy of the response. This was only detected
immediately after rTMS over Wernicke’s area. This
effect subsequently decreased in strength, but remained
significant for the whole group of pictures presented
within 0.5 min following stimulation. After 2 minutes
this facilitatory effect vanished.

All presented experiments showed a specific effect
of either rTMS or TMS over Wernicke’s area on nam-
ing latency while stimulation of all other areas had no
such effect. For all experiments it has to be taken into
account that we did not initially confirm the site of
stimulation by the use of other methods such as mag-
netic resonance imaging combined with a frameless
stereotactic system. However we subsequently veri-
fied (Fig. 2) that CP5 correlates well with the potential
location of Wernicke’s area in the posterior temporal
lobe by means of MRI-based neuronavigation. The ob-
served effect might nevertheless still be explained by
an inadvertent activation of other cortical areas such as
the inferior parietal cortex, or the sensory cortex. Ad-
ditionally, there is yet no precise knowledge about the

spatial resolution of rTMS and therefore, it is difficult
to translate the observed functional effects into exact
anatomical localizations. Mapping studies within the
motor or visual cortex using single pulse TMS have
demonstrated a spatial resolution of around 0.5 to 1 cm
at the scalp surface (for review see [16,43]). During
a prolonged train of rTMS, spread of the effects along
cortico-cortical connections may well lead to less focal
effects [27]. Furthermore, several studies using com-
binations of TMS and different neuroimaging meth-
ods [11,15,29,30] have demonstrated that in addition
to local effects in the directly targeted cortex, TMS can
exert transsynaptic effects onto functionally connected
brain regions. Whether such transsynaptic distant ef-
fects are behaviorally relevant is unclear. Nevertheless,
rTMS might affect an undeterminable volume in which
the effects of the rTMS tail off (similar to a Gaussian
distribution) over an area larger than the spatial resolu-
tion at the scalp surface.

The facilitatory effect appeared to be specific for
stimulation of Wernicke’s area as no changes in naming
latencies were found following stimulation of Broca’s
area, the right hemisphere homologues to Wernicke’s
area, or the primary visual cortex. Furthermore, we
were able to exclude the possibility that TMS or rTMS
might function as a warning stimulus leading to an
increase of attention and thereby resulting in a shorter
reaction time by showing that the noise produced by the
stimulator (sham stimulation) had no impact on naming
latencies.

Facilitatory effects on simple reaction times might
be explained by intersensory facilitation [39]. The phe-
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Fig. 5. The observed facilitatory effect on naming latency [23]
vanished in a gradual manner over the first 30 s after the end of the
high-frequency train (p < 0.05).

Fig. 6. The observed rTMS effect on naming is intensity depen-
dent [38].

nomenon of intersensory facilitation describes the fact
that simple reaction times can be shortened if the cue
signal is accompanied by a second stimulus of vari-
ous modalities at a maximal interstimulus interval of
50 ms [24]. In the present studies, intersensory facilita-
tion cannot explain the observed facilitation of picture
naming since in the present experiments significant fa-
cilitation was only found when TMS preceded picture
presentation by at least 500 ms. Furthermore, inter-
sensory facilitation increases with the intensity of the
second signal. Therefore an increase of the facilitatory
effect should be expected with increasing stimulus in-
tensity of TMS. With rTMS this was true for the stud-

ied intensities, however for single pulse TMS the oppo-
site, was observed for higher intensities (75 and 95% of
stimulator output) [41]. Since intersensory facilitation
is not modality-specific, the differential effects of TMS
over Wernicke’s area and the motor cortex cannot be
explained by this hypothesis. A “non-TMS specific“
increase in the subject’s ability to react to a given stimu-
lus is therefore an unlikely explanation of the observed
facilitation of picture naming latencies after TMS over
Wernicke’s area.

The theory that neuronal networks rather than cir-
cumscribed cortical centers underlie cognitive function
is nowadays widely accepted. In this regard we be-
lieve that TMS and rTMS have the potential to facil-
itate the neuronal network for language. Our results
suggest that focal TMS leads to a lasting facilitation of
local neuronal networks resulting in a general preac-
tivation of consequent cortical activities. Since TMS
leads to a simultaneous depolarization of a rather large
population of neurons and interneurons, respectively,
we postulate that these neurons might be rectified to
certain extent. This alignment may result in a more
time efficient processing within the local sensory lan-
guage module. rTMS has the potential to synchronize
neuronal activity [31]. Thus, an explanation for the
observed rTMS effects on naming could be a compara-
ble synchronization in the neuronal language network
leading to a more efficient processing and throughput.

Since magnetic stimulation had an effect only fol-
lowing stimulation of Wernicke’s area magnetic stim-
ulation seems to be capable of inducing a facilitation
only at the point of lexical search in the proposed neu-
ronal network for speech generation. The processing of
information in these neurons might be more effective
when they are firing in unison. On the other hand neu-
rons in Broca’s area are not benefitted by this kind of
facilitation as the motor program for speech generation
is probably highly optimized already in adults.
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