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movement was also observed over the right sensorimotor cortex.
Interestingly, in the current study, beta ERD over the right sensori-
motor cortex did not start immediately but about 800 ms before
movement (see Fig. 3b, top right plot). We postulate that this ERD
was not an epiphenomenon of volitional movement, nor reflected
brain activations for supporting the weight as the same ERD was
not observed during the control task (see Fig. 3b, bottom right
plot). It is likely that the beta ERD observed over the right sensorimo-
tor cortex in BMLL was related to the control of APA. In a recent EEG

study of BMLL, Barlaam et al. (2011) showed that mu rhythm
desynchronization over the same brain region was associated with
APA. Further work is needed to evaluate the role of mu and beta
ERD in the generation of APA.

Fig. 3. (a) Scalp topography of grand mean source power maps. (b) Grand mean source power maps recorded at two sensors over the left (bold arrows) and right (dotted arrows)
sensorimotor regions during BMLL and the control task. Modulation of source power was normalized to a baseline (red lines) after the onset of unloading. Over the right sensori-
motor cortex, premovement beta ERD was observed only prior to BMLL (red arrow).

Table 1
MNI coordinates and anatomical labels of FWER-corrected brain sources thresholded at
T>8.25 as revealed by task-baseline contrast.

Coordinates (mm)

Brain region T value P value x y z

BMLL-Baseline
Frontal lobe
Precentral gyrus 8.26 b0.01 −38 −18 56

Control-Baseline
Frontal lobe
Precentral gyrus 10.19 b0.01 −34 −30 62

Table 2
MNI coordinates and anatomical labels of FWER-corrected brain sources thresholded at
T>2.72 as revealed by between-task contrast.

Coordinates
(mm)

Brain region T value P value x y z

Frontal lobe
Precentral gyrus/BA 6 5.72 b0.01 56 −8 36
Precentral gyrus 5.52 0.01 52 −8 26
Precentral gyrus/SMAa 3.25 0.02 14 −20 68
Sub-gyral/SMAa 3.24 0.02 12 −20 62
Medial frontal gyrus/SMAa 3.07 0.03 8 −20 56

Sub-lobar
Basal ganglia
Lentiform nucleus/putamena 3.56 0.01 28 −16 −2
Extra-nuclear/putamena 3.54 0.02 34 −12 4
Caudate/caudate heada 3.34 0.02 6 8 −4
Lentiform nucleus/lateral globus pallidusa 2.89 0.03 22 −12 2

Extra-nuclear/thalamusa 2.73 0.04 18 −12 4
a Significant sources after small volume correction.
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Beta ERD in source space

Beamforming analyses performed on a premovement epoch 400 ms
preceding the onset of unloading revealed significant desynchronization
of beta-frequency oscillations in the right SMA and three specific com-
ponents of the basal ganglia; the putamen, caudate, and globus pallidus.
These findings are consistent with our previous MEG results. Crucially,
we are now able to confirm that the involvement of these brain regions
in BMLL is specifically related to the APA component of pre-movement
brain activity. The current data also concur with findings of impaired
APA in patients with Parkinson's disease or lesions involving the SMA
(Viallet et al., 1987, 1992). Together, they provide converging evidence
that the basal ganglia, SMA, and thalamus play a critical role in the
central organization of APA (cf. Viallet et al., 1992).

These brain regions represent component nodes of the canonical
basal ganglia-thalamo-cortical ‘motor’ network (Alexander et al., 1986,
1990). In this network, the putamen receives extensive cortical input
from the motor and somatosensory cortices, premotor areas, and SMA
(Alexander and Crutcher, 1990; Brooks, 1995) and connects to the thala-
mus (Devito and Anderson, 1982; Illinsky et al., 1985) via the globus
pallidus (Johnson andRosvold, 1971; Parent et al., 1984). In turn, the thal-
amus projects back to a number ofmotor areas including the SMA (Schell
and Strick, 1984; Strick, 1976; Wiesendanger and Wiesendanger, 1985).

A number of studies have implicated themotor network in the selec-
tion and preparation of motor programmes (Deiber et al., 1991; Tanji
and Shima, 1994) and the suppression of inappropriate actions before

implementation (Kita, 1994; Marsden and Obeso, 1994; Mink and
Thach, 1991; Wichmann and DeLong, 1994). More recently, findings
fromneuroimaging studies suggest a central role in the implementation
of well-learned movements. Using positron emission tomography,
Boecker et al. (1998) found widespread activation of the motor-,
premotor-, and parietal cortical areas, alongwith basal ganglia and thal-
amus during performance of well-learned, sequential finger move-
ments. Using functional magnetic resonance imaging (fMRI), Doyon et
al. (2002) also found significant activations of the striatum, SMA, and
cortical association areas during advanced stages of learning amotor se-
quence. Given that APA iswell learned and automatic in adults (Schmitz
et al., 2002), the current results suggest that this canonical networkmay
also be involved in the mediation of APA.

In addition to thebasal ganglia, SMA, and thalamus,we also observed
beta ERD in the lateral aspects of the right precentral gyrus, a region of
the brain commonly referred to as the ventral premotor cortex (vPM).
The functional role of the vPM in APA is not well established. Findings
from primate and human studies suggest that the brain region is
involved in coding locations of somatosensory (visual, auditory, and
tactile) stimuli in extrapersonal space with respect to a body-centered
reference frame (Fogassi et al., 1996; Galati et al., 2001). It is believed
that the formation of spatial maps in the brain enhances perception of
limb position, which in turn guides volitional movements (Graziano and
Gross, 1998; Graziano et al., 1997; Rizzolatti et al., 2002). On the basis of
these findings, the observed activation of the vPMmay be related to spa-
tial coding of tactile information necessary for determining the postural

Fig. 4. (a) APA-related activations, as shown in the template glass brain. (b) Location of beta sources constituting the canonical basal ganglia-thalamo-cortical network in the hemi-
sphere contralateral to the load-bearing arm. SMA — supplementary motor area. Put — putamen. Tha — thalamus. All FWER-corrected maps are thresholded at T>2.72.
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Adults : 9 blocs x 10 trials (40min) 
Child : 7 blocs x 8 trials (25min) 
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Materials & Methods	

MEG analysis	
1. Head motion :  Threshold  > 0.8 mm 	

2. Time-frequency analysis over the sensors : Morlet’s Ondele]e	

Artefacts rejection :  Independant Composante Analysis 	

Opinion T a l l o n - B a u d r y  a n d  B e r t r a n d  –  G a m m a  a c t i v i t y  a n d  o b j e c t  r e p r e s e n t a t i o n

154
T r e n d s  i n  C o g n i t i v e  S c i e n c e s  –  V o l .  3 ,  N o .  4 ,   A p r i l  1 9 9 9

Evoked gamma activity is strictly phase-locked to the stimulus onset and can be
seen in the averaged evoked response, whereas the latency of induced gamma ac-
tivity varies across trials and is therefore canceled out by averaging. Specific meth-
ods are thus necessary to detect and characterize these induced gamma responses. 

One simple possibility is to estimate, on each single-trial, the time-varia-
tion of gamma power in a particular frequency band around 40 Hz (Ref. a).
However, as latency and frequency of gamma activities are not known a pri-
ori, a time-frequency approach should be preferred. This can be achieved by
computing the time-varying spectra of the EEG tapered by a moving window
of fixed duration (Ref. b) (Gabor’s transform). We propose an alternative
method that estimates the time–frequency power of the signals by means of a
complex Morlet’s wavelet transform (Fig. F,G) which provides a better com-
promise between time and frequency resolutions (Ref. c). 

When this analysis is applied to the averaged response, the phase-locked
gamma activity can be clearly identified (Fig. C). When this method is ap-
plied to each single trial, followed by an averaging of the powers across trials
(Fig. E), it becomes possible to identify non-phase-locked activity as long as
the signal-to-noise ratio is high enough and the jitter does not exceed the
wavelet duration.

References

a Pfurtscheller, G. et al. (1993) 40-Hz oscillations during motor behavior in man

Neurosci. Lett. 164, 179–182

b Makeig, S. (1993) Auditory event-related dynamics of the EEG spectrum and

effects of exposure to tones Electroencephalogr. Clin. Neurophysiol. 86, 283B293

c Sinkkonen, J. et al. (1995) Gabor filters: an informative way for analysing event-

related brain activity J. Neurosci. Methods 56, 99–104

Box 2. How to identify evoked and induced gamma activities

Fig. I. (A) Successive EEG trials
(simulated data) with a small
amplitude gamma response
phase-locked to stimulus onset
(blue boxes) and a gamma burst
jittering in latency (green
boxes). (B) Averaging across
single trials leads to the conven-
tional evoked potential. (C)
Time–frequency power repre-
sentation of the evoked gamma
response. The abscissa repre-
sents time, and the ordinate,
frequency. The color scale codes
the variations of power (posi-
tive or negative) with respect to
a pre-stimulus baseline. The
non-phase-locked activity is
cancelled out. When the time-
frequency power is computed
for each singe trial (D), and
then averaged across trials (E),
the induced gamma response is
revealed. (F, G) Principle of the
wavelet transform. (F) The sig-
nal to be analyzed s(t) is con-
voluted by complex Morlet’s
wavelets w(t,f) having a
Gaussian shape both in the time
domain (standard deviation σt),
and in the frequency domain
(σf=1/(2πσt)) around a frequency
f : w ( t , f ) = A . e x p ( – t 2 / 2 σ t

2 ) .
exp(2iπft) with A being a nor-
malization factor: A=1/(σt √π)1/2.
As opposed to the classical 
moving Fourier transform, a
wavelet family is defined by a
constant ratio f/σf (greater than
five in practice). The wavelets
therefore have the same num-
ber of cycles for different fre-
quency bands, resulting in dif-
ferent wavelet durations. The
time-varying power of the signal
around frequency f is the
squared modulus of the con-
volution: P(t,f) = |w(t,f)*s(t)|2.
(G) Repeating this calculation
for a family of wavelets, having
different frequencies f, pro-
vides a time–frequency power
representation of the signal
components.

Tallon-Baudry & Bertrand, 1999 
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«  Sensors analysis in mu and beta rhythms: 	
1.  Lower Frequency spectrum in Children 	
2.  Timing and Amplitude differences 		

	 	Immature anticipatory processes in children	
	
«  Cortical activations: Preliminary results 	

1.  Mu rhythm : ERD in Right motor & somatosensory cortices, Right 
Premotor Cortex, Bilateral Anterior part of the cerebellum 	 		

	Networks involved in the APAs	
	
2. Beta rhythm :  	

	- ERD in Left motor cortex	 	 	Load lifting	
	- ERD in Right SMA 	 	 	 	APAs 	 		
	- Basal ganglia ?	 	Timing between APAs and movement ? 	
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