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MEG

Functional Imaging



MEG's primary response is to 
tangential fields, whereas EEG can 
be used to measure radial fields. 
Furthermore, MEG measures 
intercellular current while EEG 
measures volume extracellular 
currents. The information that is 
contained with these two measures 
is complementary. 

A close group of neurons  can act as a 
single current source, which in turn 
gives rise to a magnetic field over the 
surface of the head. 



Figure 2. Flux transformers used to transport flux to the SQUID loop.

 (a) shows a simple one coil flux transformer, (b) a first order gradiometer.



CTF 151 Channel array









MEG example

Epileptic spike associated with muscle twitch







Development Project: RealTime Head Localization display
  
Facilitates repositioning subject in helmet

Target boxes indicate current 
position relative to previous 
head localization 



Time Series Analysis
– What are we looking for?

 Individual spikes or complex waveforms
 Oscillations at particular frequency bands  e.g. theta (4-8Hz), 

alpha (8-13Hz), beta (14-30Hz), gamma (30-50Hz)
– Magnetoencephalogram (MEG)

 Raw time series unrelated to a stimulus
 e.g. epileptic spikes / sleep stages

– Evoked Fields
 Time series averaged around an event
 Generic early sensory or motor responses 

– Event-related Fields (ERFs)
 Late cognitive responses (>150ms)
 Vary depending on experimental context



Source Analysis Techniques
(two of many)

– Dipole Fits
 Used to find one or a few focal sources
 Best for primary sensorimotor evoked fields

– SAM (synthetic aperture magnetometry)
 Produces whole brain estimates of source power 

for specified frequency bands
 Best for cognitive event-related experiments



Dipole Fit

Auditory 
N100m
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DipoleFit for 7.5Hz Flicker

Left Hemisphere                              Right Hemisphere



SAM Beamformer Principle
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Time-Frequency (Stockwell): 
Evoked Components

Novel vs Repeated



Dual-State Beamformer 
Imaging using SAMimg
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Pseudo-T:
The picture can't be displayed.

Pseudo-F:
The picture can't be 
displayed.





   Methods: N-Back Task   
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DataEditor window with marks in the stimulus and ADC channels



Task Details

 Sixteen 22 sec blocks of alternating 0-
back and 2-back

 Stim: one of four numbers (0.5 
duration, 1.8 sec ITI)

 normal volunteers strongly right handed
 2-back accuracy greater than 65%



Data Analysis
 SAM: Synthetic Aperture Magnetometry
 Optimum spatial filter for each .75 cm 

voxel calculated from dual state freq 
domain covariance matrix

 Time windows:block(14 sec), stim (500 
msec), resp (500 msec)

 Theta, alpha, beta, gamma, freq bands
 Group 3d map from Talairach aligned 

volumes using AFNI, n=18 NC
 Blue=desynch;  Red=power increase



Group Analysis

 MRI’s Talairach aligned in AFNI
 SAM image z-score normalized by 

pooled variance
 AFNI 3dmean averaged warped SAM 

volumes
 Normalized t statistic (3dttest) to 

threshold group mean map



fMRI Processing

 3T GE EPI-RT, 24 slices, TE 30, TR 
2000, FOV 24 cm, voxel 3.75x3.75x6 
mm, 64 x 64 matrix

 Structurally aligned, smoothed and 
normalized to MNI space, SPM99

 Single subj block design contrast for 
2back > 0back

 Group second level analysis at approx 
p>.001



MEG and fMRI
2-back vs 0-back memory task, Block design

 same 12 subjects, group map at p approx <.001

SPM T map 2b>0b {SPM99 t ~ 
4.0; Z≡ ~ 3.10, p ~0.001, k > 10}

SAM  500 msec window on 
response, Beta desynchronization

CBDB and NIMH MEG Core







Top-down modulation during object priming   (Gilbert et al)



NIMH Sibling Study

Working Hypotheses:
 Different domains of cognitive impairment are heritable
 Define impairment on the basis of cognition, not 

diagnosis
 Schizophrenia qua schizophrenia is not inherited; 

impaired information processing is inherited and 
schizophrenia is emergent

 Investigate cognition via the n-back working memory 
task: compare probands, unaffected siblings, and 
normal controls



Genes:

multiple 
susceptibility 

alleles each of 
small effect

Cells:

subtle 
molecular 

abnormalities

Systems:

abnormal 
information 
processing

behavioral
phenotypes

Behavior:

complex functional 
interactions and 

emergent 
phenomena

The path from here to there…

The Wisconsin Card Sorting Task

temperament

cognition



NC 
Mean

Unaffected 
Mean

Proband 
Mean

p≤.001, amp≥.5

p≤.001, amp≥.5

p≤.001, amp≥.5

Sagittal CoronalAxial

Group Means, 2-back vs. 0-back



Mean Desynchronization Amplitude and Standard Error 
for ANOVA peak (L. Brodmann 6)

-1

-0.9
-0.8

-0.7
-0.6

-0.5

-0.4
-0.3

-0.2
-0.1

0
NC PRUN

p≤.01

NC: sd    =  .959587
       amp = -.815649
UN: sd    =  .994324
       amp = -.334542
PR: sd    =  .920169
       amp = -.087885
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Candidate genes for working memory

Prelimbic Cortex

Dorsolateral striatum

Sesack et al.1998

D1

COMT



valval valmet metmet

Group means  2-back activation  p < .001 
beta band, NC’s n=66

Left Rodmann 9 significant at p < .05 for genotype







Frequency-band specific changes in cortical MEG activation 
during a working memory task   Carver et al SFN 2014













Midbrain dopamine differentially predicts neural response to happy and fearful 
facial expressions: 18FDOPA PET, fMRI, and MEG Findings
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INTRODUCTION

METHODS

Figure 4. 
Example MB mask.  

RESULTS

DISCUSSION

•Positron emission tomography (PET)  
•Two sixty-second, 12 mCi [15O]H2O rCBF emission scans, and a 90-
minute series of dynamic 16 mCi 18F-DOPA emission scans were 
acquired following oral administration of carbidopa to decrease peripheral 
metabolism. 
•Using a voxel-wise Patlak method with a cerebellum reference region, 
FDOPA Ki, reflecting presynaptic DA synthesis, was determined for every 
voxel in the brain. 
•A midbrain volume of interest was manually delineated on each 
individual’s structural MRI (Figure 4) and coregistered to the native space 
FDOPA PET scans for extraction of average midbrain Ki values. 

DA-Modulated Neural Response to Positive Stimuli

DA-Modulated Neural Response to Negative Stimuli

DA differentially mediated neural response to environmentally-relevant stimulus attributes in a valence-specific fashion.  While there was a largely 
positive DA-mediated neural response for happy expressions, negative relations were apparent between DA and neural response for fearful 
stimuli.  These results suggest that happy and fearful facial expressions may provoke reward and aversion, respectively, and are in line with 
previous studies demonstrating an excitatory role of DA in response to reward and an inhibitory role in response to aversive stimuli.    

Our results support previous research on the role of DA in reward coding and fear processing8, and confirm a role for DA in modulation of 
emotions.  The DA modulated gamma oscillatory findings may reflect faster, more transient neural coding of emotional information, which may not 
have been captured by fMRI’s coarser temporal resolution9.  These differential findings for negative and positive emotions offer potential insight for 
studies of affective disorders.    

Figure 7. 
MB DA Correlates with BOLD in left 
hippocampus (p=1.79x10-4), left NAcc 
(p=1.88x10-4), right NAcc (p=2.29x10-
4)

Dynamics Duration

Dynamics

DA-Gamma Coupling During 
Viewing of Short Fear

Duration

•Magnetoencephalography (MEG)
•Data acquired for 16 of the 21 participants (4 females; mean 
age=34.2).
•CTF 275 MEG system with a whole-head array of 275 radial 1st 
order gradiometer/SQUID channels7.
•Coregistration of subjects’ MEG scans to their anatomical MRIs 
(Figure 3).
•Synthetic aperture magnetometry, a method for estimation of 
source power for each voxel of the brain using a beamformer, 
was carried out.  

MRI scan with 
vitamin E 

capsules marking 
sensor location

Sensor 
placement 
for MEG 

scan

Co-
registration 
of MRI and 
MEG data 
based on 

these 
markers

•functional magnetic resonance imaging (fMRI)
•Twenty-one participants (6 females; mean age= 31.19) viewed 
short (1s) and long (3s) presentations of dynamic and static 
emotional (fear and happiness) or neutral (for dynamic stimuli, 
eye blinks) facial expressions (Figure 2). 
• Data acquired on 3T; TR = 2.21s, TE = 75, number of slices = 
27, FOV = 20 
•Preprocessing and first level analyses of the fMRI response to 
emotions were carried out using SPM5. 

•Correlation analyses were performed using midbrain Ki values as predictors of BOLD response 
and MEG signal response in the gamma frequency band (30-50Hz).  Results are threshold at 
0.005, uncorrected, for display.  Significance is reported for peak voxels.

Figure 2. 
Sample frame of videos.  The static pictures used 
are shown in fourth frame.  

Figure 3. 
Coregistration of MEG and MRI

The midbrain ventral tegmental area and substantia nigra are the main source of striatal and 
mesolimbic dopamine (DA).  Though it is well-documented that DA is involved in motivational 
signaling1, the specific role of midbrain DA in modulating human brain response to emotions remains 
largely unknown.  Because DA differentially codes positive vs. negative signals in a time-dependent 
fashion2,3, we accounted for the dynamics aspect of facial emotional stimuli in the present experiment, 
as they evolve into full blown emotional expressions over time. In line with the excitation or depression 
of DA neurons in response to rewarding and aversive stimuli3, respectively, we predicted dissociable 
influences of midbrain DA synthesis on neural responses to emotional dynamics for positive vs. 
aversive social stimuli.  Further, we anticipated that these influences would be observed in regions 
innervated by midbrain DA (Figure 1).
To test these hypotheses, we investigated the relationship between midbrain 
DA synthesis, measured with 18FDOPA PET, and BOLD response to specific 
stimulus attributes (duration and dynamics) of happy and fearful facial 
expressions. In order to better capture the temporal dynamics of DA-mediated 
neural response—a sub-second response—we examined the oscillatory 
response to the stimuli using magnetoencephalograpy (MEG).  We particularly 
focused on gamma band oscillations, which have been associated with 
emotional processing4, and which have been found to be modulated by DA 
agonists5.  

Figure 1.
Midbrain Dopamine targets6. 

Figure 5. 
MB DA Correlates with BOLD in left 
fusiform (p=2.2x10-5) and midbrain 
(p=0.001)
  

Figure 8. 
a) MB DA correlates with 
gamma power in left STS 
and midbrain (p=0.001)
  

Figure 11. 
a) MB DA correlates with gamma 
power in left caudate (p=0.001)  
  

Figure 9. 
MB DA Correlates with BOLD 
in right STS (p=1.8x10-5) and 
right hippocampus (p=0.001) 
  

DA-BOLD Coupling During 
Viewing of Dynamic Fear

DA-BOLD Coupling During 
Viewing of Short Happiness

DA-Gamma Coupling During 
Viewing of Short Happiness

Figure 6. 
a) MB DA correlates with gamma 
power in ACC (p=0.001)

  

DA-Gamma Coupling During 
Viewing of Static Happiness

DA-BOLD Coupling During 
Viewing of Static Happiness
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L=R
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L=R
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Figure 10. 
a) MB DA correlates with gamma 
power in left caudate (p=0.001), right 
PCC (p=0.001), and right fusiform 
(p=0.002)

DA-Gamma Coupling During 
Viewing of Dynamic Fear
L=R
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Buch et al



Gamma band activity during auditory stimulation
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Fig.2: Benefit of increased channel number using measured brain and sensor 
noise in an unshielded environment with 3rd-order gradiometer noise 
cancellation. Dipole with 20 nA.m moment was inserted into measured brain 
noise, roughly 4.5 cm below the sensors. The half-amplitude 3D contours of 
normalized beamformer power are projected into x1-x2, x1-x3, and x2-x3 
planes. White .+. indicates the exact dipole position. Red shapes . 275 
channel system, volume 6.1 mm3, gray shapes . 275 channel system 
resampled to 138 channels, volume 37.8 mm3






