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a b s t r a c t

Certain clinical reports and researches have shown that acupuncture effects can sustain a period during
the post-stimulation state, and modulate the default mode network (DMN). In this study, partial corre-
lation approach was utilized to investigate whether or not electro-acupuncture stimulation (EAS) at the
three acupoints (GB37 (Guangming), BL60 (Kunlun) and KI8 (Jiaoxin)) and one sham point on the left leg
eywords:
he default mode network
cupuncture
artial correlation
MRI

modulated the DMN and how to change the intrinsic connectivity of the DMN. The results indicated that
DMN could be modulated after EAS, and there existed different modulation patterns of the four points.
Meanwhile, we found that the posterior cingulate cortex and precuneus (PCC/pC) strongly interacted
with other nodes during the pre- and post-stimulation states. The correlation was interrupted between
the PCC/pC and anterior cingulate cortex (ACC). The orbital prefrontal cortex (OFC) negatively interacted
with the left medial temporal cortex (lMTC) at the acupoints. We suggested that the distinct modulation

buted
patterns to the DMN attri

. Introduction

Acupuncture, an ancient therapeutic modality in Eastern
edicines, has been selected as a complementary therapy in the
estern world to [6,7]. However, little is known about the neural
echanisms underlying acupuncture. In the past decade, noninva-

ive functional magnetic resonance imaging (fMRI) techniques have
rovided us with more direct information about the anatomy and
hysiological function involved in acupuncture [4,16,17,19,21].

Previous acupuncture studies investigated the topography of
rain activity during the short period of acupuncture stimulation
ith block designs and the help of fMRI [8,16,17,19,34]. However,

ertain clinical reports have indicated that the therapeutic effects

f acupuncture can last several minutes/hours/days. For example,
he effective therapeutic effects last 10 weeks in the treatment
f childhood persistent allergic rhinitis [24]. Price et al. demon-
trated that the analgesic effects of acupuncture actually peaked
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to the different effects evoked by the three acupoints and one sham point.
© 2009 Elsevier Ireland Ltd. All rights reserved.

long after acupuncture stimulation [28]. Therefore, the sustained
effects of acupuncture are really a key point for acupuncture stud-
ies. However, it is ignored by previous acupuncture studies with
fMRI. Fortunately, there have been more and more neuroscience
researches focusing on the sustained effects of acupuncture. One
study of our group demonstrated that the time-varied effects of
acupuncture could sustain during the multi-block design [35], and
we also reported that sustained acupuncture effects modulated the
brain networks associated with amygdala [29]. In addition, the DMN
has also received attention in the internal activities to cognition and
fMRI signal changes in certain diseases [2,9,15]. While, few reports
on the modulation to the DMN has been investigated in the field
of acupuncture studies. Dhond et al. reported that the sustained
effects of acupuncture can alter the DMN [5]. Nevertheless, Dhond
et al. adopted one acupoint PC6 (Neiguan), and their study provided
little information regarding the differences of the functional inter-
actions in the DMN at different acupoints. Therefore, this raised
the questions: whether or not the DMN could be modulated by

stimulation at other acupoints. If so, how to change the intrinsic
connectivity in the DMN by sustained effects of different acupoints.

In the present study, we adopted partial correlation approach
to investigate the changes of the intrinsic connectivity in the DMN
at the three acupoints. Partial correlation can evaluate the relation

http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
mailto:tian@ieee.org
dx.doi.org/10.1016/j.neulet.2009.07.015
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groups: 3 and df of within-groups: 52) showed that there were
not significant differences in intensity of soreness, fullness and dull
pain among the four acupoints (soreness: F = 0.81, p = 0.49; fullness:
F = 1.91, p = 0.14 and dull pain: F = 0.50, p = 0.69). Nevertheless, the
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etween any two network nodes under the circumstance of the
emoval of the common influences from all other nodes [23]. In
ther words, if adopting the partial correlation analysis of DMN,
e can remove mutual dependencies among related brain areas
ithout taking into account losing potentially interesting informa-

ion. Furthermore, partial correlation has been implicated in the
MRI data analysis to investigate functional connectivity [22,23,31].
hereby, partial correlation was applied in the current study.

. Materials and methods

Fifty-six right-handed volunteers participated in the present
tudy (28 females; 28 males; mean age: 23.8 ± 2.7). Subjects were
cupuncture naïve and given informed consent approved by a local
eview board for human studies.

The 42 subjects participated in the verum acupuncture treat-
ent and were randomly divided into three groups and variances

cross subjects have been counterbalanced across groups. Each
roup was only associated with one acupoint. Another 14 subjects
ere recruited to complement this study as a control group with

ham acupuncture treatment. And the control group was matched
ith each acupoint group by gender, age, handedness and educa-

ion. A non-repeated event-related (NRER) fMRI design [29] was
pplied in the current study. The experiment lasted 18 min, which
onsisted of a 6 min natural resting scan, a 6 min EAS treatment
can and another 6 min resting scan after EAS with needle removed.
ccording to grouping, acupuncture was separately performed at
cupoint GB37, BL60, KI8 or sham on the left leg (GB37 on the lat-
ral side of the left leg, 5 cun superior to the prominence of the
ateral malleolus, BL60 on the lateral ankle, in the depression mid-

ay between the external malleolus and the tendon calcaneus, KI8
ocated on posterior to the medial border of the tibia, and sham
ocated out any of GB, BL or KI meridian). A professional acupunc-
urist operated the whole treatment on each subject for 6 min with
AS at 2 Hz pulses and 2–3 mA. After fMRI scanning, each subject
as asked to complete a questionnaire that used a 10-point visual

nalogue scale to rate their experience (or “Deqi”) during scanning,
s determined by Hui et al. [17].

Subjects were scanned in a GE 3T Signa scanner. Func-
ional images were acquired with a single-shot gradient-recalled
cho planar imaging (EPI) sequence. (TR/TE = 2000 ms/30 ms,
OV = 240 mm × 240 mm, matrix size = 64 × 64, flip angle = 90◦,
lice thickness = 5 mm thick with no gaps, 32 sagittal slices). A
et of T1-weighted high-resolution structural images was also
ollected (TR/TE = 5.7 ms/2.2 ms, FOV = 256 mm × 256 mm, matrix
ize = 256 × 256, flip angle = 12◦, slice thickness = 1 mm with no
aps).

To test the behavioral data, the analysis of variance (ANOVA)
as adopted to estimate the differences in each sensation intensity

mong the three different acupoint and sham groups (p < 0.01).
The first 5 time points were discarded to avoid the instability

f the initial MRI signal. Data sets were preprocessed using SPM5
www.fil.ion.ucl.ac.uk/spm). Images were realigned to the first
mage. The images were then normalized to Montreal Neurological
nstitute (MNI) template and re-sampled to 3 mm × 3 mm × 3 mm.
he resting scans before EAS (R1) contained the images from
.5 to 5.5 min and the scans from 12.5 to 17.5 min during the
ost-stimulation sate were extracted and named as R2. R1 and
2 were then processed with a bandpass-filter of 0.01–0.1 Hz.
inally, the filtered images were smoothed with a Gaussian kernel

mm × 6 mm × 6 mm FWHM.

The region of interest (ROI) was located in the posterior cingulate
ortex and precuneus (PCC/pC), which was widely reported to be
onnected with other brain regions of the DMN [1,12]. The mean
OLD time course was then extracted from a 6 mm sphere in the
ers 462 (2009) 183–187

PCC/pC (centered Motreal Neuorlogical Institute (MNI) coordinates:
0, −56, 25) of each subject’s R1, which was used as a regressor in
functional correlation analysis.

The brain network nodes of the DMN were defined from a one
sample t-test of functional correlation analysis mentioned above
(p < 0.005, uncorrected). The center MNI coordinates of the 6 mm
sphere DMN nodes were on the base of the peak t score and each
center of the clusters was in the targeted cortical region. The similar
analysis steps were depicted in the studies from Buchel and Friston
[3] and Greicius et al. [12].

For each subject, the mean fMRI time courses of the network
nodes were separately extracted from R1 and R2. The functional
interactions of the nodes were investigated by partial correlation
approach during both the resting state and the post-stimulation
state. And partial correlation coefficients were at a threshold
p < 0.05 under the null hypothesis that no interaction between pairs
of network nodes exists, as determined by Marrelec et al. [23] and
Fransson and Marrelec [10]. We then used the mean interregional
partial coefficients to measure the group-level connectivity related
to each of the brain nodes.

3. Results

The prevalence of Deqi sensations was expressed as the percent-
age of individuals in the group that reported the given sensations
(Fig. 1A). And the intensity of sensations was expressed as the mean
score ± SD (Fig. 1B). Soreness, numbness and fullness were primary
Deqi sensations in the present study. When estimating the differ-
ence in the intensity for each sensation among the four groups,
the one-way ANOVA results (degree of freedom (df) of between-
Fig. 1. Results of psychophysical analysis. (A) Soreness, numbness and fullness were
primary Deqi sensation. (B) The intensity of each sensation was measured by mean
score with standard error bars on a scale from 0 denoting no sensation to 10 denoting
an unbearable sensation.

http://www.fil.ion.ucl.ac.uk/spm
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ig. 2. The functional correlation map associated with PCC/pC as the seed region d
ith warm color.

ifference of numbness sensation was detected to be significant
F = 8.29, p < 0.01).

At the second level, intrinsic connectivity of the DMN was
epresented by the functional connectivity approach as shown in
ig. 2. The default mode network mainly consisted of the medial
refrontal cortex (MPFC), medial orbital prefrontal cortex (OFC),
nterior cingulate cortex (ACC) and bilateral medial temporal cor-
ex (MTC) and PCC/pC, which were associated with our network
nalysis. On the ground of the peak t score, we chose the MPFC
MNI: (−4, 66, 25), t = 16.42), OFC (MNI: (5, 58, −6), t = 11.32), ACC
MNI: (−3, 44, 12), t = 5.38), and bilateral MTC (MNI: (−51, −66,
1), t = 11.80; (48, −57, 27), t = 9.70) and PCC/pC (MNI: (0, −56, 25),
= 30.63) as our DMN nodes.

During the resting state, the PCC/pC fully interacted with other
odes. After EAS, the patterns of intrinsic connectivity were differ-
nt. However, PCC/pC still strongly correlated with certain nodes.
he correlation was interrupted between the PCC/pC and ACC.
lthough EAS was utilized at the different acupoints, OFC nega-

ively correlated with left MTC (lMTC), which was not examined in
he sham group. In addition, the lMTC extensively associated with
ther nodes compared to the right MTC (rMTC) (Fig. 3).

. Discussion

In this pilot study, we used partial correlation approach to inves-
igate the intrinsic connectivity changes of the DMN by stimulation
t the three different acupoints and one sham point. We reported
hat the DMN could be modulated after EAS, and the results indi-
ated that there existed different modulation pattern. Meanwhile,
e found that PCC/pC strongly interacted with other nodes dur-

ng the pre-and post-stimulation states. After EAS, the correlation
f ACC to certain nodes was significantly changed. OFC negatively

nteracted with left MTC, and the left MTC more extensively asso-
iated with other nodes.

The varieties of the intrinsic connectivity in the DMN were
etected after EAS. It is reported that several interesting differences
f the patients’ DMN are observed during the process of com-
aring with healthy control group [11,13,14], which resulted from
he variation of the cytoarchitectonics or topographical anatomy.

he physiology variation finally disrupts the balance of the DMN.
ur present study provided evidence that acupuncture effects also
isrupted or modulated the DMN. However, unlike the patients’ dis-
uption the acupuncture stimulation was more likely to integrate or
egregate the resource of the brain, rather than alter physiological
the resting state. Positive functional connectivity to the seed region was indicated

construct. Moreover, the distinct modulation patterns of the intrin-
sic connectivity may attribute to the different effects of different
acupoints. We suggested that different effects of acupoints might
lead to the resource redistributions because of different function-
guide actions.

The DMN studies have shown that the metabolic is higher in the
cingulate cortex and the spontaneous signal changes are stronger
in the PCC/pC [30]. In the researches of disease, it was reported that
fMRI signal fluctuations in the PCC/pC was altered in schizophrenia
[2]. And He et al. indicated that the reductions of the low fre-
quent signal fluctuations are shown in the pC at the early stages
of Alzheimer’s disease [15]. In the present study, the PCC/pC inter-
acted with all the other nodes during the resting state, and this
finding provided another positive evidence to support such a con-
clusion that PCC/pC plays a pivotal role in the default mode network.
In a way, PCC/pC was strongly interacted with other nodes during
the post-stimulation state. Moreover, previous acupuncture studies
have detected that the PCC/pC is often activated during acupuncture
experiments [17,20]. Taken together, we proposed that the PCC/pC
might be an important brain area associated with sustained effects
modulation of acupuncture.

The correlation was interrupted between the PCC/pC and ACC,
which might result from acupuncture stimulation administration.
Anatomical studies have detected that ACC connects with several
thalamic subnuclei, receiving nociceptive input from the spinal cord
[33]. ACC is associated with information processing and regulation
in the brain including attention, emotion, visuospatial functions
and nociception. Moreover, ACC is a crucial cortical area implicated
in cognitive modulation of pain processing [25,26]. Compared to
the control group, the correlation patterns and intensity associ-
ated with ACC were different among the three acupoint groups.
Therefore, we suggested that certain changes related with ACC
indicated that sustained effects of acupuncture were involved in
both high cognitive networks.After EAS, the negative connectiv-
ity between OFC and lMTC was detected at the three acupoints,
which did not present in the sham group. Despite the underly-
ing mechanism of acupuncture has not been clear, it is generally
accepted that mediation on endogenous opioid is a key compo-
nent of acupuncture analgesia. Kong et al. found signal changes of
[11C] diprenorphine positron emission tomography in the OFC dur-

ing acupuncture administration [18]. In addition, OFC is implicated
in sensory integration, autonomic reactions and certain emotion
processing [27,32]. In this study, it was common that OFC neg-
atively interacted with lMTC at the three acupoints during the
post-stimulation states, which reflected the general non-specific of
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cupuncture needling. We further suggested that EAS at the three
cupoints were all involved in the task linking with mediation on
ndogenous opioid and sensory/emotion processing by acupunc-
ure, which was associated with the OFC and lMTC.

Compared to the correlation analysis of the rMTC, the lMTC
xtensively interacted with certain other nodes, which was due to

ur acupuncture stimulation on the leg. We speculated that this
ttributed to the cerebral functional lateralization.

One limitation in the current study was that we only analyzed
he network nodes in the DMN but in the whole brain. Although

ig. 3. (A) Partial correlation coefficients were shown in a network graph format, which w
timulation states. The correlation strength between any two nodes was color-coded in
atrixes were shown during the different sates.
ers 462 (2009) 183–187

we found that the distinct modulation patterns to the DMN, there
was little information about changes of the whole brain network
involved in acupuncture modulation. We speculated if more brain
network nodes were recruited, more worthy results were indicated.
Further study is needed at the point.

Overall, we assessed the interregional interactions related with

the DMN before and after acupuncture stimulation by partial cor-
relation approach. We found the distinct modulation patterns of
the three acupoints and one sham point. The present results pro-
vide neuroimaging data to investigate the relationships between

as for the six brain regions (network nodes) of the DMN during the pre-and post-
accord to the partial correlation matrix (p < 0.05). (B) The mean partial correlation
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he intrinsic connectivity in the DMN and the stimulation of differ-
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ham point mentioned in the current study.

cknowledgements

This study is supported by Changjiang Scholars and Innovative
esearch Team in University (PCSIRT) under Grant No. IRT0645,
hair Professors of Cheung Kong Scholars Program, CAS Hundred
alents Program, the Joint Research Fund for Overseas Chinese
oung Scholars under Grant No. 30528027, the National Natural Sci-
nce Foundation of China under Grant Nos. 30873462, 90209008,
0870685, 30672690, 30600151, 60532050, 60621001, the Beijing
atural Science Fund under Grant No. 4071003, the Project for

he National Key Basic Research and Development Program (973)
nder Grant No. 2006CB705700, and 863 program under Grant No.
008AA01Z411.

eferences

[1] R. Bluhm, E. Osuch, R. Lanius, K. Boksman, R. Neufeld, J. Théberge, P. Williamson,
Default mode network connectivity: effects of age, sex, and analytic approach,
NeuroReport 19 (2008) 887–891.

[2] R.L. Bluhm, J. Miller, R.A. Lanius, E.A. Osuch, K. Boksman, R.W.J. Neufeld, J. The-
berge, B. Schaefer, P. Williamson, Spontaneous low-frequency fluctuations in
the BOLD signal in schizophrenic patients: anomalies in the default network,
Schizophrenia Bulletin 33 (2007) 1004–1012.

[3] C. Buchel, K. Friston, Modulation of connectivity in visual pathways by atten-
tion: cortical interactions evaluated with structural equation modelling and
fMRI, Cerebral Cortex 7 (1997) 768–778.

[4] Z.H. Cho, S.C. Chung, J.P. Jones, J.B. Park, H.J. Park, H.J. Lee, E.K. Wong, B.I. Min,
New findings of the correlation between acupoints and corresponding brain
cortices using functional MRI, in: Proceeding of the National Academy of Sci-
ences of the United States of America 95, 1998, pp. 2670–2673.

[5] R.P. Dhond, C. Yeh, K. Park, N. Kettner, V. Napadow, Acupuncture modulates
resting state connectivity in default and sensorimotor brain networks, Pain 136
(2008) 407–418.

[6] D.L. Diehl, G. Kaplan, I. Coulter, D. Glik, E.L. Hurwitz, Use of acupuncture by
American physicians, The Journal of Alternative and Complementary Medicine
3 (1997) 119–126.

[7] D.M. Eisenberg, R.C. Kessler, C. Foster, F.E. Norlock, D.R. Calkins, T.L. Delbanco,
Unconventional medicine in the United States, The England Journal of Medicine
328 (1993) 246–252.

[8] J. Fang, Z. Jin, Y. Wang, K. Li, J. Kong, E.E. Nixon, Y. Zeng, Y. Ren, H. Tong, P.
Wang, The salient characteristics of the central effects of acupuncture needling:
limbic–paralimbic–neocortical network modulation, Human Brain Mapping 30
(2009) 1196–1206.

[9] M. Fox, M. Raichle, Spontaneous fluctuations in brain activity observed with
functional magnetic resonance imaging, Nature Reviews Neuroscience 8 (2007)
700–711.

10] P. Fransson, G. Marrelec, The precuneus/posterior cingulate cortex plays a piv-
otal role in the default mode network: evidence from a partial correlation
network analysis, Neuroimage 42 (2008) 1178–1184.

11] A.G. Garrity, G.D. Pearlson, K. McKiernan, D. Lloyd, K.A. Kiehl, V.D. Calhoun,
Aberrant “default mode” functional connectivity in schizophrenia, American
Journal of Psychiatry 164 (2007) 450–457.

12] M. Greicius, B. Krasnow, A. Reiss, V. Menon, Functional connectivity in the rest-
ing brain: a network analysis of the default mode hypothesis, in: Proceeding of

the National Academy of Sciences of the United States of America 100, 2003,
pp. 253–258.

13] M.D. Greicius, B.H. Flores, V. Menon, G.H. Glover, H.B. Solvason, H. Kenna, A.L.
Reiss, A.F. Schatzberg, Resting-state functional connectivity in major depres-
sion: abnormally increased contributions from subgenual cingulate cortex and
thalamus, Biological Psychiatry 62 (2007) 429–437.

[

[

rs 462 (2009) 183–187 187

14] M.D. Greicius, G. Srivastava, A.L. Reiss, V. Menon, Default-mode network activity
distinguishes Alzheimer’s disease from healthy aging: evidence from functional
MRI, in: Proceeding of the National Academy of Sciences of the United States of
America 101, 2004, pp. 4637–4642.

15] Y. He, L. Wang, Y. Zang, L. Tian, X. Zhang, K. Li, T. Jiang, Regional coherence
changes in the early stages of Alzheimer’s disease: a combined structural and
resting-state functional MRI study, Neuroimage 35 (2007) 488–500.

16] K.K. Hui, J. Liu, N. Makris, R.L. Gollub, A.J.W. Chen, C.I. Moore, D.N. Kennedy,
B.R. Rosen, K.K. Kwong, Acupuncture modulates the limbic system and subcor-
tical gray structures of the human brain: evidence from fMRI studies in normal
subjects, Human Brain Mapping 9 (2000) 13–25.

17] K.K. Hui, J. Liu, O. Marina, V. Napadow, C. Haselgrove, K.K. Kwong, D.N. Kennedy,
N. Makris, The integrated response of the human cerebro-cerebellar and limbic
systems to acupuncture stimulation at ST36 as evidenced by fMRI, Neuroimage
27 (2005) 479–496.

18] J. Kong, T.J. Kaptchuk, G. Polich, I. Kirsch, M. Vangel, C. Zyloney, B. Rosen,
R. Gollub, Expectancy and treatment interactions: a dissociation between
acupuncture analgesia and expectancy evoked placebo analgesia, Neuroimage
15 (2008) 940–949.

19] J. Kong, T.J. Kaptchuk, J.M. Webb, J.T. Kong, Y. Sasaki, G.R. Polich, M.G. Van-
gel, K. Kwong, B. Rosen, R.L. Gollub, Functional neuroanatomical investigation
of vision-related acupuncture point specificity—a multisession fMRI study,
Human Brain Mapping 30 (2009) 38–46.

20] J. Kong, L. Ma, R.L. Gollub, J. Wei, X. Yang, D. Li, X. Weng, F. Jia, C. Wang, F. Li,
A pilot study of functional magnetic resonance imaging of the brain during
manual and electroacupuncture stimulation of acupuncture point (LI-4 Hegu)
in normal subjects reveals differential brain activation between methods, The
Journal of Alternative & Complementary Medicine 8 (2002) 411–419.

21] G. Li, R.T.F. Cheung, Q.Y. Ma, E.S. Yang, Visual cortical activations on fMRI
upon stimulation of the vision-implicated acupoints, NeuroReport 14 (2003)
669–673.

22] G. Marrelec, B. Horwitz, J. Kim, M. Pélégrini-Issac, H. Benali, J. Doyon, Using
partial correlation to enhance structural equation modeling of functional MRI
data, Magnetic Resonance Imaging 25 (2007) 1181–1189.

23] G. Marrelec, A. Krainik, H. Duffau, M. Pélégrini-Issac, S. Lehéricy, J. Doyon,
H. Benali, Partial correlation for functional brain interactivity investigation in
functional MRI, Neuroimage 32 (2006) 228–237.

24] D.K. Ng, P. Chow, S. Ming, S. Hong, S. Lau, D. Tse, W.K. Kwong, M. Wong, W.H.
Wong, Y. Fu, A Double-blind, randomized, placebo-controlled trial of acupunc-
ture for the treatment of childhood persistent allergic rhinitis, Pediatrics 114
(2004) 1242–1247.

25] P. Petrovic, M. Ingvar, Imaging cognitive modulation of pain processing, Pain 95
(2002) 1–5.

26] P. Petrovic, E. Kalso, K. Petersson, M. Ingvar, Placebo and opioid analgesia-
imaging a shared neuronal network, Science 295 (2002) 1737–1740.

27] S. Pichon, B. de Gelder, J. Grezes, Emotional modulation of visual and motor
areas by dynamic body expressions of anger, Social Neuroscience 3 (2008)
199–212.

28] D.D. Price, A. Rafii, L.R. Watkins, B. Buckingham, A psychophysical analysis of
acupuncture analgesia, Pain 19 (1984) 27–42.

29] W. Qin, J. Tian, L. Bai, X. Pan, L. Yang, P. Chen, J. Dai, L. Ai, B. Zhao, Q. Gong, FMRI
connectivity analysis of acupuncture effects on an amygdala-associated brain
network, Molecular Pain 4 (2008) 55, doi:10. 1186/1744-8069-4-55.

30] M.E. Raichle, A.M. MacLeod, A.Z. Snyder, W.J. Powers, D.A. Gusnard, G.L. Shul-
man, A default mode of brain function, in: Proceeding of the National Academy
of Sciences of the United States of America 98, 2001, pp. 676–682.

31] R. Salvador, J. Suckling, M. Coleman, J. Pickard, D. Menon, E. Bullmore, Neuro-
physiological architecture of functional magnetic resonance images of human
brain, Cerebral Cortex 15 (2005) 1332–1342.

32] J. Verhagen, L. Engelen, The neurocognitive bases of human multimodal food
perception: sensory integration, Neuroscience and Biobehavioral Reviews 30
(2006) 613–650.

33] B. Vogt, D. Rosene, D. Pandya, Thalamic and cortical afferents differentiate
anterior from posterior cingulate cortex in the monkey, Science 204 (1979)

205–207.

34] B. Yan, K. Li, J. Xu, W. Wang, K. Li, H. Liu, B. Shan, X. Tang, Acupoint-specific fMRI
patterns in human brain, Neuroscience Letters 383 (2005) 236–240.

35] Y. Zhang, W. Qin, P. Liu, J. Tian, J. Liang, K.M. von Deneen, Y. Liu, An fMRI study
of acupuncture using independent component analysis, Neuroscience Letters
449 (2008) 6–9.


	Partial correlation investigation on the default mode network involved in acupuncture: An fMRI study
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


