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Abstract Hypnosis is an effective psychological technology in respiratory motion control. In this study, 

functional magnetic imaging was applied to an intra-subject (n 13) design hypnosis experiment guided by 

hypnotists to analyze the respiratory motion control and neural activity in hypnosis. As a result, increased 

brain activities were observed in visual cortex, sensorimotor cortex, posterior cingulate cortex and middle 

temporal gyrus, and decreased in dorsolateral prefrontal cortex, cerebellum posterior lobe and supramarginal 

gyrus. Moreover, compared with normal state, enhanced correlation of brain activities (normal state, r

0.64; hypnosis state, r 0.80) was observed within large-scale resting-state networks. Increased connectivity 

between sensorimotor cortex and visual cortex in hypnosis was also observed, which implies their critical 
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roles in neural mechanisms of hypnosis for respiration control and involvement of cognitive and perceptual 

processing therein. This study provides new insights for hypnosis study in psychology and cognitive 

neuroscience. 

Keywords functional magnetic resonance imaging (fMRI); hypnosis; respiratory motion control; amplitude 
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Fig. 2 Correlative analysis of ALFF and ReHo within large-scale resting-state networks of two state
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Fig. 1 The T-maps of paired t test of ALFF/ReHo between normal state and hypnosis state

Within gray matter mask, statistical level of P 0.005 and T 3.43, AlphaSim correction with cluster size 13 voxels 351 mm
3

. 

The red indicates higher ALFF/ReHo in hypnosis state, and blue indicates lower in hypnosis state

r 0.64

P 10 4

2.0

1.5

1.0

0.5

0
0.8

mReHo

m
A

L
F

F

1.0 1.2 1.4 1.6

r 0.80

P 10 7

2.0

1.5

1.0

0.5

0
0.60.6 0.8

mReHo

m
A

L
F

F

1.0 1.2 1.4 1.6

. . .



 fMRI 

 2  ROI-wise 

c *  P 0.05 **   P 0.01   

 3  

Fig. 3 ROI-wise functional connectivity 

                          a                                 b  

R1 R2 R3 R4 R5 R6 R7 R8

R1

R2

R3

R4

R5

R6

R7

R8

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2
R1 R2 R3 R4 R5 R6 R7 R8

R1

R2

R3

R4

R5

R6

R7

R8

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2
R1 R2 R3 R4 R5 R6 R7 R8

. . .

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

0.2

R1.R2 R1.R3 R3.R8



                   

4 

  Maquet 

6

Cojan 
13

Blakemore
29

Gruzelier
30

DLPFC

DLPFC 

Dienes  

Hutton
31

 DLPFC 

 DPLFC 

  ALFF  ReHo 

 Huang 
32

 BOLD 

  

 ROI  ALFF 

 ReHo 

  

5 

  



 fMRI 

 DLPFC

 r 0.64  r 0.80

[1]  Zhang TZ, Keller H, Matthew J, et al. Application 

of the spirometer in respiratory gated radiotherapy 

[J]. Medical Physics, 2004, 30(12): 3165-3171.

[2]  .  [D]. : 

, 2011.

[3]  Kich N, Liu HH, Starkschall G, et al. Evaluation 

of internal lung motion for respiratory-gated 

radiotherapy using MEI: part I–correlating 

internal lung motion with skin fiducial motion 

[J]. International Journal of Radiation Oncology, 

Biology, Physics, 2004, 60(5): 1459-1472.

[4]  , , , . 

 [J]. , 2014, 2(1): 77-85.

[5]  Li RM, Deng J, Xie YQ. Control of respiratory 

m o t i o n  b y  h y p n o s i s  i n t e r v e n t i o n  d u r i n g 

radiotherapy of lung cancer I [J]. Radiotherapy & 

Oncology, 2013, 87(2): 574934.

[6]  Maquet P, Faymonville ME, Degueldre C, et al. 

Functional neuroanatomy of the hypnotic state [J]. 

Biological Psychiatry, 1999, 45(3): 327-333.

[7]  Egner T, Jamieson T, Gruzelier T. Hypnosis 

decouples  cogni t ive control  f rom confl ic t 

monitoring processes of the frontal lobe [J]. 

Neuroimage, 2005, 27(4): 969-978.

[8]  Oakley DA, Halligan PW. Hypnotic suggestion and 

cognitive neuroscience [J]. Trends in Cognitive 

Sciences, 2009, 13(6): 264-270.

[9]  Oakley DA, Halligan PW. Hypnotic suggestion: 

opportunities for cognitive neuroscience [J]. Nature 

Reviews Neuroscience, 2013, 14(8): 565-576.

[10]   De Benedittis G. Neural mechanisms of hypnosis 

and meditation [J]. Journal of Physiology-Paris, 

2015, 109(4-6): 152-164.

[11]   Ray  WJ .  EEG concomi t an t s  o f  hypno t i c 

susceptibility [J]. International Journal of Clinical 

and Experimental Hypnosis, 1997, 45(3): 301-313.

[12]   Jensen MP,  Adachi  T,  Hakimian S .  Bra in 

oscillations, hypnosis, and hypnotizability [J]. The 

American Journal of Clinical Hypnosis, 2015, 

57(3): 230-253.

[13]   Cojan Y, Waber L, Schwartz S, et al. The brain 

under self-control: modulation of inhibitory cortical 

networks during hypnotic paralysis [J]. Neuron, 

2009, 62(6): 862-875.

[14]   Del Casale A, Ferracuti S, Rapinesi C, et al. Pain 

perception and hypnosis: findings from recent 

functional neuroimaging studies [J]. International 

Journal of Clinical and Experimental Hypnosis, 

2015, 63(2): 144-170.

[15]  Mendelsohn A, Chalamish Y, Solomonovich A, 

et al. Mesmerizing memories: brain substrates 

of episodic memory suppression in posthypnotic 

amnesia [J]. Neuron, 2008, 57(1): 159-170.

[16]   Logothet is  NK, Pauls  J ,  Augath M, e t  a l . 

Neurophysiological investigation of the basis of 

the fMRI signal [J]. Nature, 2001, 412(6843): 150-

157.

[17]   Goldman RI, Stern JM, Engel J, et al. Simultaneous 

EEG and  fMRI  o f  t he  a lpha  rhy thm [ J ] . 

Neuroreport, 2002, 13(18): 2487-2492.

[18]   Lu H, Zou Y, Gu H, et al. Synchronized delta 

oscillations correlate with the resting-state 

functional MRI signal [J]. Proceedings of the 

National Academy Sciences, 2007, 104(46): 18265-

18269.

[19]   Mantini D, Perrucci MG, Del Gratta C, et al. 

Electrophysiological signatures of resting state 

networks in the human brain [J]. Proceedings of the 

National Academy Sciences, 2007, 104(32): 13170-



                   

13175.

[20]   Biswal B, Yetkin FZ, Haughton VM, et al. 

Functional connectivity in the motor cortex of 

resting human brain using echo-planar MRI [J]. 

Magnetic Resonance in Medicine, 1995, 34(4): 

537-541.

[21]   Zang YF, He Y, Zhu CZ, et al. Altered baseline 

brain activity in children with ADHD revealed 

by resting-state functional MRI [J]. Brain & 

Development, 2007, 29(2): 83-91. 

[22]   Zang YF, Jiang TZ, Lu YL, et al. Regional 

homogeneity approach to fMRI data analysis [J]. 

Neuroimage, 2004, 22(1): 394-400.

[23]   Song XW, Dong ZY, Long XY, et al. REST: 

a toolkit for resting-state functional magnetic 

resonance imaging [J]. PloS One, 2011, 6(9): 

e25031.

[24]   Kendall MG, Gibbons JD. Rank Correlation 

Methods (5th edition) [M]. London: Oxford 

University Press, 1990.

[25]   Cox RW. AFNI:  software for  analysis  and 

visualization of functional magnetic resonance 

neuroimages [J]. Computer & Biomedical Research, 

1996, 29(3): 162-173.

[26]   Cui X, Li J, Song X. xjView toolbox [EB/OL]. 

[2016-11-15]. http://www.alivelearn. net/xjview.

[27]   He BJ, Zempel JM, Snyder AZ, et al. The temporal 

brain activity [J]. Neuron, 2010, 66(3): 353-369.

[28]   Friston KJ, Holmes AP, Worsley KJ, et al. Statistical 

parametric maps in functional imaging: a general 

linear approach [J]. Human Brain Mapping, 1995, 

2(4): 189-210.

[29]   Blakemore SJ. Deluding the motor system [J]. 

Consciousness & Cognition, 2003, 12(4): 647-655.

[30]   Gruzelier JH. Frontal functions, connectivity 

and neural efficiency underpinning hypnosis and 

hypnotic susceptibility [J]. Contemporary Hypnosis, 

2006, 23(1): 15-32.

[31]   Dienes Z, Hutton S. Understanding hypnosis 

metacognitively: rTMS applied to left DLPFC 

increases hypnotic suggestibility [J]. Cortex, 2013, 

49(2): 386-392.

[32]   Huang Z, Zhang J,  Wu J,  et  al .  Decoupled 

temporal variability and signal synchronization of 

spontaneous brain activity in loss of consciousness: 

an fMRI study in anesthesia [J]. Neuroimage, 2016, 

124(Pt A): 693-703.


