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Meditation state space
In the present case the complete result of the analysis  may be 
illustrated as a 3D state space constituted by the three components as well as 
their 2D projections. The resulting figures do however not reveal any obviously 
regular patterns.
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Introduction
This study continues previously presented 
studies of brain processes supporting both the 
onset1,2,4,5 and the continuous activity3,4 of 
meditation. This report concerns a case study 
of continuous uninterrupted meditation.
 
 

Subject
The subject was a normal, 58 years old right 
handed male, with 25 years experience as a 
teacher of meditation. He usually meditates 
more than two times pr. day, and more than 
two ours pr. session. Normally his meditation 
is characterized by highly increased  alertness, 
and very intense concentration without any 
thoughts or experiences.

Scanning
The subject was scanned during 15 minutes 
(14½ minutes of uninterrupted meditation 
preceded by ½ minute normal relaxation) as 
part of a more comprehensive study. He was 
allowed to meditate in accordance with his 
own particular tradition. During meditation the 
pulse rate was measured every 10.th second. 
Due to equipment failure respiration was not 
measured.

The scans were made on a GE Signa 1.5 T 
scanner, (Gradient EPI, TE=40 msec., TR=3.5 
sec., 32 axial slices).

Data analysis

Data analysis was done with FSL3.27, and with a locally produced program 
(Correlations) for analysis of correlation between time series, and finally with 
SPM26. 

Initial analysis of the data from continuous meditation was done with FSL3.2, using 
slice time  correction, realignment, and smoothing with FWHM of 5 mm. 

FSL3.2 extracted 31 components, that were subsequently examined with 
Correlations for their temporal self-correlation, and their correlation with  SPM2 
realignment parameters. In addition, their frequency characteristics were 
compared to known cardiac and resting state parameters8. Assuming that 
psychologically relevant components reflect BOLD effects, those displaying a 
temporal selfcorrelation of at least r=0.3 (Pearson) across two phases of acquisition 
were selected. Among these components those having a correlation with SPM 
realignment parameters of less than r=0.2 were picked out. From the remaining 
components, three IC’s (# 5, 18, 29) with Fourier transforms not resembling 
cardiac processes were selected for use as regressors in SPM2 analysis.

In the SPM2 analysis data were preprocessed (slice time correction, realignment, 
normalisation to Talairach space, and smoothing using an FWHM of 5 mm). Then 
standard FFX analysis was carried out in order to find brain areas positively and 
negatively correlated with the selected components (FWE corrected, p<0.0005, one 
sided t-tests; k=10 voxels). Anatomical localisations were established using the 
MNI Space Utility (MSU)9 and the Talairach Daemon10. 

Conclusion

Results from the present and previous studies1,2,4,5 show involvement of the 
basal ganglia during meditation. This case study also demonstrates the major 
involvement of the thalamus in the organisation of anticorrelated cerebral activities 
in large cortical-subcortical loops11,12,13 during continuous meditation. 

The present case study demonstrate the possibility of analysing the continuous 
psychological process of meditation with fMRI by using a combination of 
independent component analysis, analysis of time series correlations, and statistical 
parametric mapping. It also reveal some limits of the method. Although the ICA 
method is able to separate component signals, these are all comprised of areas 
displaying correlated variations through the full time series, whereas possible 
shifting patterns of coordinated activities may not be revealed. 

The generalisability of the method to data from group studies also remains to be 
demonstrated. Due to interindividual differences in the pace of activities and in 
cognitive strategies, it may be expected, that simple correlations of time series 
are unsatisfactory. Some kind of higher order pattern analysis seems needed to 
uncover commonalities in the cerebral activities realising comparable psychological 
processes in different individuals.
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RESULTS  

Subjective report
The meditation in the scanner was characterized by the subject as being a little less intense and stable than 
normal. He was to some extent disturbed by the scanner noises, and the lying position. 

Physiological measurement
During resting state prior to meditation, average pulse rate was 62 bpm (beats pr. minute) (max.65, min.60). 
During the continuous meditation the average pulse rate was 58 bpm (max. 64,min. 54), and during resting 
state after the meditation the average pulse rate was  61 bpm (max.64, min. 57). 
Due to equipment failure respiration was not measured.

Areas of the brain showing activity variations positively correlated with IC5 
comprised a total of 2112 voxels. The main part was found in a cluster in the 
superior parietal lobule (BA 7), stretching bilaterally into the precuneus. Other 
parietal areas, and areas in the cingulate, and the superior and middle frontal 
gyri were also involved. Areas with anticorrelated activity comprised 1919 vox-
els that were found mainly in the superior, middle and inferior frontal gyri, in 
precuneus, as well as in the basal ganglia (nucleus caudatus). (Fig. 1-5).

Figure 3: IC 5 Main cluster of correlated brain areas. Figure 4: IC 5 Main cluster of anti-correlated brain areas. Figure 5: IC 5 Correlated (yellow & red) and anti-
correlated (blue) areas of the brain.
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Table 1: Main areas involved in component IC 05 during meditation. (FWE corrected p < 0.001)

Cluster size
(KE)

Talairach Anatomical localisation

x y z hemis-
phere lobe gyrus or nucleus area

Correlated:
1002 -32 -64 56 Left Parietal Superior Parietal Lobule BA 7, BA 40, BA 5

-28 -56 64 Left Parietal Superior Parietal Lobule BA 7
6 -66 56 Right Parietal Precuneus BA 7

174 46 14 44 Right Frontal Middle Frontal Gyrus BA 9, BA 8
58 34 24 -18 Right Frontal Inferior Frontal Gyrus BA 47

Anticorrelated:
71 -40 -14 32 Left Frontal Precentral Gyrus BA 6

-44 -24 34 Left Parietal Postcentral Gyrus BA 2
126 -60 6 14 Left Frontal Inferior Frontal Gyrus BA 44
165 56 26 28 Right Frontal Middle Frontal Gyrus BA 46, BA 45
136 22 30 46 Right Frontal Superior Frontal Gyrus BA 8, BA 6

Figure 1: IC 5 Time series. Figure 2: IC 5 Fourier transform.

Areas with activity positively correlated with IC29 comprised at total of 4529 
voxels that were centered bilaterally in the thalamus, stretching into the pos-
terior cingulate and the parahippocampal gyrus. Areas in the middle frontal 
gyrus, the superior and inferior parietal lobes and the superior temporal gyrus 
were also involved, as were parts of insula and thalamus. Anticorrelated activ-
ity was found in areas comprising 12035 voxels. Most of these were found in 
two clusters consisting of areas in the precentral, the medial frontal and the 
postcentral and inferior parietal gyrus. Other involved ares were parts of lim-
bic, occipital and temporal cortex. (Fig 11-15).

Figure 12: IC 29 Fourier transform.Figure 11: IC 29 Time series.
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Table 3: Main areas involved in component IC 29 during meditation. (FWE corrected p < 0.001)

Cluster size
(KE)

Talairach Anatomical localisation

x y z
hemis-
phere lobe gyrus or nucleus area

Correlated:
2483 -8 -18 10 Left Sub-lobar Thalamus Medial Dorsal Nucleus,

Pulvinar
-4 -46 -4 Left Limbic Parahippocampal Gyrus

Posterior Cingulate Gyrus
BA 30, BA 34

6 -24 6 Right Sub-lobar Thalamus Pulvinar,
Medial Dorsal Nucleus 

12 -12 20 Right Limbic Parahippocampal Gyrus BA 30
293 38 58 10 Right Frontal Middle Frontal Gyrus BA 10

Anticorrelated:
5595 -34 -32 52 Left Parietal Postcentral Gyrus BA 3, BA 2, BA 7, BA 40

-10 -26 56 Left Frontal Medial Frontal Gyrus BA 6, BA 5, BA 7
58 -14 48 Right Parietal Postcentral Gyrus BA 3, BA 4
4 -4 42 Right Limbic Cingulate Gyrus BA 24

2100 28 -58 -2 Right Occipital Lingual Gyrus BA 19BA 20, 37

Figure 14: IC 29 Main cluster of anti-correlated 
brain areas.

Figure 13: IC 29 Main cluster of correlated brain areas. Figure 15: IC 29 Correlated (yellow & red) and anti-
correlated (blue) areas of the brain.
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Figure 16: a) 3D State space constituted by combination 
of IC 5, IC 18 and IC 29 (lower right). 
b) 2D projection of IC 5 and IC 18 (lower left). 
c) 2D projection of IC 5 and IC 29 (upper left). 
d) 2D projection of IC 18 and IC 29 (upper right).

Areas with activity following the pattern of IC18 comprised a total of 11569 
voxels, half of which were found in a large cluster centered in the posterior cin-
gulate (BA 23, 31) and stretching into other parts of cingulum, the occipital 
and parietal cortex, parahippocampal gyrus, the thalamus, and parts of cer-
ebellum. Areas with anticorrelated activity comprised 30590 voxels, most of 
which made up a widespread cluster, centered in the parahippocampal and the 
lingual gyrus (BA 19), but comprising areas in most parts of cortex (BA 1 - BA 
46) except BA 11 and a few other areas. (fig. 6-10).

IC18

Figure 7: IC 18 Fourier transform.Figure 6: IC 18 Time series.
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Table 2: Main areas involved in component IC 18 during meditation. (FWE corrected p < 0.001)

Cluster size
(KE)

Talairach Anatomical Localisation

x y z
hemis-
phere lobe gyrus or nucleus area

Correlated:
7695 0 -40 28 Left Limbic Cingulate Gyrus BA 31,

-36 -74 50 Left Parietal Superior Parietal Lobule BA 7, BA 39, BA 40
-6 -26 8 Left Sub-lobar Thalamus Pulvinar
2 -48 42 Right Limbic Cingulate Gyrus BA 31, BA 29, BA 19
46 -66 48 Right Parietal Inferior Parietal Lobule BA 7, BA 39
6 -44 4 Right Sub-lobar Thalamus Medial Dorsal Nucleus

Anticorrelated:
25336 -34 -22 62 Left Frontal Precentral Gyrus BA 4, BA 6

-56 -18 32 Left Parietal Postcentral Gyrus BA 2
0 -10 30 Left Limbic Cingulate Gyrus BA 24
6 -16 62 Right Frontal Medial Frontal Gyrus BA 6
26 -54 0 Right Limbic Lingual Gyrus

Parahippocampal Gyrus
BA 19, BA 18

2357 -24 -54 0 Left Limbic Lingual Gyrus BA 19, BA 20

Figure 8: IC 18 Main cluster of correlated brain areas. Figure 9: IC 18 Main cluster of anti-correlated brain areas. Figure 10: IC 18 Correlated (yellow & red) and anti-
correlated (blue) areas of the brain.
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