	[image: image6.wmf]400

450

500

550

600

650

700

750

hand area stim.

leg area stim

hand words

leg words

color/form words


	MirrorBot

IST-2001-35282

Biomimetic multimodal learning in a mirror neuron-based robot


	Effects of Repetitive Transcranial Magnetic Stimulation of Primary Motor Cortex on the Processing of Action Related Words. Authors: Giovanni Buccino, Olaf Hauk, Luigi Cattaneo, Friedmann Pulvermueller, Giacomo Rizzolatti i
Covering period 1.3.2003-1.12.2003
 

MirrorBot Report 11
Report Version: 1

Report Preparation Date: 1. Nov. 2003
Classification: Public

Contract Start Date: 1st June 2002                          Duration: Three Years

Project Co-ordinator: Professor Stefan Wermter

Partners: University of Sunderland, Institut National de Recherche en Informatique et en Automatique at Nancy, Universität Ulm, Medical Research Council at Cambridge, Università degli Studi di Parma



	[image: image2.png]



	Project funded by the European Community under the “Information Society Technologies Programme“
	


	Table of Contents


0.
Introduction







3

1.
Method








4
2.
Statistical Analysis and ResultS 



6
3.
CONCLUSION







9
4.
REFERENCES








10

	0. Introduction


The mechanisms underlying the processing of action related words are largely unknown. Two main theories have been so far proposed to explain it. According to a classical view, the meaning of action is reached using abstract and amodal units. An alternative hypothesis assumes that understanding words semantically related to actions relies on the motor structures involved in the execution of those same actions (For a review see Gallese and Lakoff, in press). If this is the case, then one should expect a modulation of the motor system during the processing of action related sentences, parallel to that found during action observation in humans (Buccino et al, 2001).
 Previous studies have shown an early activation of primary motor cortex in the processing of verbal material semantically related to action. Such an activation seems to have a topographic pattern specific for the effector of the action (Pulvermueller et al, 2000, 2001). If the cortical motor system is actually involved in coding the semantics of action related words, the inhibition of this system should lead to an impairment in processing this kind of words.
Inhibition of motor areas can be obtained by a train of pulses applied on these areas by means of repetitive transcranial magnetic stimulation (rTMS) at a frequency equal to or lower than 1 Hz. Such an inhibition has been demonstrated by showing an amplitude reduction of motor evoked potentials (MEPs) recorded from hand muscles and by a change in the shape of the intracortical ihibition/activation curve using the paired stimulus paradigm (Chen et al. 1997; Maeda et al. 2000).  The duration of such an effect after rTMS is equivalent to the duration of rTMS application itself, and the degree of inhibition seems to be dependent on the intensity of rTMS.
The hypothesis of the present study is that rTMS applied on the hand motor representation of the primary motor cortex should selectively affect the processing of words related to hand actions, and rTMS applied on the foot/leg motor representation of the primary motor cortex should selectively affect the processing of words related to foot/leg actions. To test this hypothesis a speeded lexical decision task has been used, following rTMS.

	1. METHODS 


1.1 Subjects

Eleven native English speakers (aged 22-49 years, mean age: 37,3 years) entered the study. They all were right handed as tested by the Edinburgh Handedness Inventory (Oldfield, 1971). All participants had normal or corrected- to normal vision and no history of neurological illness. They all gave their informed consent to the experimental procedure, which was preventively approved by the Ethics Committee of the University of Parma.

1.2 Experimental protocol
All participants underwent two experimental sessions. The two sessions were separated by an interval of at least 24 hours. In each session 1 Hz rTMS for a period of 8 minutes was applied either on the hand motor representation or on the foot/leg motor representation of the left primary motor cortex. After rTMS the participants had to perform a behavioural task, consisting of a lexical decision task. They gave their responses moving upwards a lever with their lips.

1.3 Repetitive Transcranial Magnetic Stimulation
A Magstim Rapid (The Magstim Corp.,UK) magnetic stimulator device connected to a eight-shaped coil, with a diameter of 7 cm, was used. During the experiment participants were sitting on a comfortable armchair. Before each experimental session the hand motor representation or the foot/leg motor representation was localised by moving the coil centimetre by centimetre on a grid, positioned on the scalp over the left hemisphere. Motor evoked potentials (MEPs) were recorded from the right Opponens Pollicis (OP) and Tibialis Anterioris (TA) bilaterally, by means of surface Ag/AgCl pre-gelled disposable electrodes. Orbicularis Oris (OO) was also recorded and served as a control for the absence of stimulation on the mouth motor representation. The hot spot for the hand motor area was considered to be the point on the scalp where a minimum output intensity of the stimulator was able to evoke the MEP of greater amplitude in the correspondent muscle (OP). The same criterion was used to assess the hot spot for the foot/leg motor area. Motor threshold at rest, defined as the minimum stimulator output intensity able to evoke a MEP greater than 50 µV in 4 out of 8 consecutive trials, was then calculated on the hot spot of both hand and foot/leg motor area.
After assessing the hot spot and motor threshold at rest, rTMS was applied. The train was 8 minutes long (480 stimuli) and the intensity of stimulation was 110% of motor threshold at rest. Coil handle was oriented 45° laterally and posteriorly for the hand motor area and antero-posteriorly for the foot/leg motor area. During rTMS we monitored continuously the signals from the four recording muscles, with special attention to the absence of MEPs in OO muscle during rTMS applied on the hand motor area.

1.4 Behavioral task
During this task participants were sitting in front of a computer screen, 50 centimetres distant from their eyes. During each trial a fixation-cross, which was successively replaced by stimuli, appeared in the middle of the screen. Word and pseudo word stimuli were tachistoscopically presented for 100 ms, in pseudo-random order with a stimulus onset asynchrony between 2.5-3 s. Letter strings were presented in white capital letters on a grey background in the centre of the computer screen. 

The total amount of stimuli was 276, including:
a) 138 words:

-
46 words semantically related to arm actions

-
46 words semantically related to leg actions

-
46 words semantically related to color/form.

b) 138 pseudowords.
Participants were instructed to focus their attention on the centre of the screen, and to respond as quickly and accurately as possible by moving upwards a lever with their mouth only when the presented stimulus was a word. The experimental session lasted for about 8 minutes. For each experimental session, a different list of stimuli was used. Each participant performed a test run prior to each experimental session, consisting of 10 stimuli. Only motor responses obtained during the experimental trials were recorded and analysed.


	2. Statistical Analysis and Results 


We calculated the mean and median values of RTs for every word category in all participants. The reaction times for each word category were averaged in every participant. Mean and median values expressed in ms for each participant are reported in Tables 1 and 2 and Figures 1 and 2, respectively.

Two analyses of variance (ANOVAs) with site of stimulation and word category as within- subjects factors were carried out. The first ANOVA concerned mean RTs and the second one  median RTs for each combination of the experimental variables. No significant effect of rTMS on the processing of different word categories was detected. Stimulation site and word category interaction: p=0,5821 for mean values; p= 0,3113 for median values. 

	Subject
	Arm area stimulation
	Leg Area stimulation

	
	Arm words
	Leg words
	Color/Form words
	Arm words
	Leg words
	Color/Form words

	1
	537,25
	534,425
	516,409
	482,878
	463,035
	602,235

	2
	625,609
	590,583
	680,014
	540,189
	570,52
	581,81

	3
	645,287
	623,013
	587,81
	696,441
	741,448
	732,022

	4
	538,523
	564,965
	594,615
	560,252
	603,219
	526,3

	5
	620,324
	594,986
	615,757
	649,582
	629,705
	609,838

	6
	615,062
	664,878
	647,082
	719,687
	726,891
	694,455

	7
	486,352
	505,861
	533,716
	535,376
	478,605
	584,219

	8
	533,841
	560,724
	588,443
	465,395
	478,848
	549,25

	9
	867,026
	850,557
	851,471
	922,119
	921,613
	996,205

	10
	812,3
	926,555
	828,068
	914,291
	915,357
	918,165

	Mean
	656,040
	680,348
	671,501
	648,621
	652,924
	679,450


Table 1: Mean values of RTs in each participant for each word category after rTMS on the two motor sites.

	Subject
	Arm area stimulation
	Leg Area stimulation

	
	Arm words
	Leg words
	Color/Form words
	Arm words
	Leg words
	Color/Form words

	1
	498,85
	527,6
	490
	452,6
	442,85
	495,4

	2
	599,8
	591,4
	596,9
	538,3
	518,05
	530,3

	3
	610,6
	590,1
	560,55
	638,85
	688,7
	736,7

	4
	490,75
	507,5
	520,85
	526,5
	589,8
	516,2

	5
	598
	534,1
	580,9
	625,7
	583,55
	576,5

	6
	586,8
	619,6
	611,6
	692
	665,4
	647,65

	7
	471,9
	488,7
	514,5
	533,8
	450,8
	522,2

	8
	504,7
	508,7
	529,3
	431,1
	441,5
	503,45

	9
	820,7
	791
	841,6
	908,4
	867
	971,6

	10
	807,5
	876,35
	794,3
	820,65
	836
	917,75

	Mean
	656,040
	680,348
	671,501
	648,621
	652,924
	679,450


Table 2: Median values of RTs in each participant for each word category after rTMS on the two motor sites.

A two factor ANOVA on error rates showed no significant difference between stimulation sites and different word category (p=0,5122). Error percentage is shown in Table 3.

	
	ArmS
	ArmS
	ArmS
	ArmS
	LegS
	LegS
	LegS
	LegS

	Subject
	Arm
	Leg
	ColForm
	PseudoW
	Arm
	Leg
	ColForm
	PseudoW

	
	4,30
	13,00
	0,00
	5,80
	4,30
	13,00
	13,00
	2,90

	
	0,00
	0,00
	8,70
	1,40
	0,00
	13,00
	13,00
	0,00

	
	0,00
	0,00
	13,00
	0,00
	0,00
	0,00
	0,00
	1,40

	
	4,30
	0,00
	13,00
	0,00
	4,30
	8,70
	8,70
	0,00

	
	8,70
	4,30
	8,70
	2,90
	8,70
	13,00
	8,70
	0,00

	
	8,70
	0,00
	4,30
	1,40
	8,70
	0,00
	13,00
	2,90

	
	8,70
	21,70
	17,40
	2,90
	8,70
	17,40
	8,70
	7,20

	
	4,30
	8,70
	8,70
	4,30
	4,30
	8,70
	4,30
	2,90

	
	0,00
	0,00
	8,70
	1,40
	0,00
	0,00
	4,30
	2,90

	
	8,70
	4,30
	4,30
	1,40
	13,00
	8,70
	13,00
	1,40

	Mean
	5,53
	5,53
	8,69
	1,97
	5,21
	8,26
	8,69
	2,17


Table 3: Error percentage in each participant for each word category after rTMS on the two motor sites.
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Figure 1: Mean values of RTs in all participants for each word category after rTMS on the two motor sites.

Figure 2: Median values of RTs in all participants for each word category after rTMS on the two motor sites.

MEP amplitude (positive peak to negative peak) values obtained after rTMS were significantly lower than MEP amplitude values obtained before rTMS (Table 4)

	
	Opponens pollicis muscle
	Tibialis anterior muscle

	pre rTMS (mV)
	1,73
	2,34

	post rTMS (mV)
	1,23
	1,78


Table 4: Mean amplitude of MEPs obtained before and after rTMS on hand motor representation and foot motor representation, respectively.
	3. CONCLUSION 


In the present study rTMS applied on the hand motor representation or on the foot/leg motor representation in the primary motor cortex did not specifically affect the processing of words semantically related to action executed with the hand or the foot/leg, respectively. Further and possibly more specific studies are necessary to assess the role of the motor system in coding the semantics of action related words.
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