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Summary
As a complementary medical procedure, acupuncture
has a significant impact on the treatment of acute and
chronic pain. Though the physiological mechanisms behind this method are still unclear, acupuncture has been
claimed to rely also on changes in the central nervous
system. Recent functional imaging studies indicate that
the so-called default mode network (DMN) which consists of cortical midline structures and lateral parietal regions plays an important role in these processes. This
brief overview describes the effects of analgesic acupuncture on the DMN architecture. The stronger interplay between systems dedicated to endogenous analgesia (periaqueductal gray), affective processing (anterior
cingulate cortex, amygdala), memory (hippocampus),
and self-projective thinking (DMN) following this therapy
supports the notion that acupuncture is a mind-body
therapy which helps to reintegrate important neural dimensions of inner life and to establish psychophysical
pain homeostasis.

Zusammenfassung
Als komplentäres medizinisches Verfahren hat die Akupunktur einen signifikanten Einfluss auf die Behandlung
von akuten und chronischen Schmerzen. Obwohl die
physiologischen Mechanismen dieser Methode nach wie
vor nicht hinreichend geklärt sind, scheint die Wirkung
von Akupunktur auch auf Veränderungen im zentralen
Nervensystem zu beruhen. Aktuelle funktionelle Bildgebungsstudien zeigen insbesondere, dass das sogenannte
Default Mode Network (DMN), welches kortikale Mittellinienstrukturen und lateral-parietale Regionen umfasst,
eine wichtige Rolle in der akupunkturinduzierten
Schmerzbeeinflussung spielt. Diese Übersichtsarbeit beschreibt die Wirkung von schmerztherapeutisch intendierter Akupunktur auf die DMN-Architektur. Indem es
im Anschluss an erfolgreiche Akupunktursitzungen zu
einer stärkeren Wechselwirkung zwischen Systemen der
endogenen Analgesie (periaquäduktales Grau), affektiven Prozessierung (anteriorer cingulärer Cortex, Amygdala), Gedächtnisbildung (Hippocampus) und selbst-projektivem Denken (DMN) kommt, mag die Vorstellung
naheliegen, dass Akupunktur hilfreich sein kann, die
wichtigen neuralen Dimensionen der Innenwelt zu (re)integrieren und damit eine psychophysische Schmerzhomöostase wiederherzustellen.
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Acupuncture has been used in China and other Asian countries for the past 3,000 years. In recent decades, this technique
has gained increasing popularity among patients and physicians in the Western world as part of Traditional Chinese
Medicine (TCM) [1]. A relatively mature literature suggests
that acupuncture and other forms of acustimulation are effective in the short-term management of low back pain, neck
pain, and osteoarthritis involving the knee. On the other
hand, the ‘German Acupuncture Trials’ (GERAC), ‘Acupuncture in Routine Care Studies’ (ARC), and ‘Acupuncture
Randomized Trials’ (ART) have shown that acupuncture and
sham or minimal acupuncture were equally effective in reducing chronic pain symptoms [2, 3]. Data on the efficacy of acupuncture for intraoperative analgesia [4], colonoscopy pain,
and dental pain are inconclusive. Finally, the effects of acupuncture on postoperative or cancer pain [5] are under debate
and, last but not least, depend on the timing of the intervention and the patient’s level of consciousness [6]. These results
have prompted an ongoing discussion as to whether acupuncture exerts its effects through a placebo response [7]. In this
context it has been proposed that acupuncture analgesia is
manifested only when the intricate feeling (soreness, numbness, heaviness, and distension) of acupuncture in patients occurs following needle manipulation [8]. Nevertheless, it seems
that – at least in some cases – the analgesic response observed
during genuine acupuncture cannot be exclusively explained
by a placebo effect and does not occur equally following sham
acupuncture.

Peripheral Effects of Acupuncture Analgesia
The mechanism of acupuncture analgesia (AA) itself has
been widely explored since the 1970s. AA is a manifestation
of integrative processes at different levels in the peripheral
and central nervous system between afferent impulses from
pain regions and impulses from acupoints. First, in manual
acupuncture, all types of afferent fibers (A`, Ab and C) are
activated. Second, many brain nuclei composing a complicated network are involved in processing acupuncture analgesia, including mainly the nucleus raphe magnus, periaqueductal gray, locus coeruleus, arcuate nucleus, preoptic area, nucleus submedius, habenular nucleus, accumbens nucleus, caudate nucleus, septal area, and amygdala. Early studies
focussed on the relationship between acupuncture and endogenous opiates like `-endorphin, enkephalin, endomorphin,
and dynorphin [9]. Thus, before 1990, most experts had
agreed on the concept, based on animal models, that lower
frequency electroacupuncture (EA) stimulates the release of
`-endorphin, enkephalin, and endomorphin, which in turn
activates the μ- and b-opioid receptors, and that higher frequency EA stimulates dynorphin which activates the g-opioid
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receptor. Results from experiments on the anti-hyperalgesia
effect of EA have raised a new issue about the influences of
EA on receptors to excitatory amino acids in the spinal cord
level, because various studies have shown that these receptors
play a role in the mechanism of AA. Since the late 1990s, research has turned to the different analgesic effects of EA between normal and hyperalgesic animal models as different
pain conditions and types seem to respond differently to EA.
Research on the autonomic nervous system (ANS) indicates
its connection with acupuncture. The inflammatory reflex (via
the ANS) might be a crucial component of anti-hyperalgesia
elicited by acupuncture, and this reflex, which regulates the
immune system in the organism [10], can elucidate not only
the mechanism of AA, but also the mechanism of acupuncture applied to other inflammatory conditions.
Diverse other signal molecules contribute to mediating
acupuncture analgesia, such as glutamate, 5-hydroxytryptamine, nitric oxide (NO) [11], adenosine [12] and cholecystokinin (CCK) octapeptide (e.g. CCK-8 antagonises AA). Furthermore, the individual differences of AA are associated
with inherited genetic factors and the density of CCK receptors. One should remember here that the balance between the
cholecystokinergic and opioidergic systems is crucial in placebo responsiveness to pain [13], and one might speculate
about the presence of CCK type-2 receptor hyperactivity in
acupuncture non-responders.
PTX-sensitive Gi/o protein- and MAP kinase-mediated
signal pathways as well as NF-gB, c-fos, and c-jun also play
important roles in EA analgesia. The effects of acupuncture
on central glia metabolism in mental disorders are still under
debate [14]. Moreover, EA analgesia is likely associated with
its counter-regulation to spinal glial activation [15–18]. More
recently, besides (neuro)transmitters like serotonin and
cytokines indicating psycho-neuro-endocrino-immunological
links [19], especially nerve growth factors have also been
identified as possible mediators for specific acupuncture effects [20, 21].

Central Effects of Acupuncture Analgesia and the
Default Mode Network
Restoring the patients’ psychophysical equilibrium is one cornerstone of complementary medicine. Acupuncture is a prime
example for such a holistic mind-body approach [22] and its
undeniable clinical outcome in pain relief cannot solely be
explained by peripheral effects alone. At present, functional
neuroimaging studies via positron emission tomography (PET)
and functional magnetic resonance imaging (fMRI), in particular, enable us to analyze the responses of the cortex to acupuncture on the living human body. However, the results of
these experiments are still controversial.
Over the last decade, research especially on the human
brain’s resting state and its relevance for disease has become
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one of the major topics in modern neuroscience [23, 24]. The
intrinsic neural activity during a task-free period does not reflect random background noise, but represents a complex and
energy-consuming system which consists of the prefrontal cortex, posterior cingulate cortex, and precuneus as well as lateral parietal and temporal regions [25–27]. Activation within
this so-called default mode network (DMN) is decreased by
externally oriented attention, but active whenever the organism comes to focus on its own inner status – e.g during a resting state, remembering the past, prospection, and reasoning
about thoughts and feelings [28–30]. Synoptically describable
as introspective and self-projective in the broadest sense,
these processes seem to establish a neural ‘self’ in terms of a
stable perspective of the individual in relation to its environment [31, 32].
Having said this, it is intuitively clear that a disruption of
the integrity of the DMN caused by exo- and endogenous
noxa such as pain will affect the individual’s inner homeostatis
and its ability to properly regulate internal experiences like
body states, feelings, and emotions, which is especially true
for chronic pain conditions [33, 34]. Very current evidence
from functional imaging studies supports the position that
acupuncture influences the human brain’s resting state and
changes the functional architecture of the DMN.
In this context, genuine acupuncture seems to more
strongly functionally interconnect the DMN and regions
linked to the anti-nociceptive, affective and mnemonic dimension of pain processing. As shown by Zyloney et al. [35], EA
leads to enhanced functional connectivity between precuneus,
which shows the highest glucose consumption within the
DMN, and periaqueductal gray [31]. The former is related to
self-referential processing, the latter plays an important role
in endogenous analgesia and is stimulated by AA [8, 36–39].
Furthermore, acupuncture leads to a stronger interplay between DMN, anterior cingulate cortex (ACC) [40], and amygdala [41]. These regions are involved in the emotional dimension of painful experiences [42] in a gender-related way [43].
Activated by negative affect, pain, and cognitive control, the
dorsal ACC/anterior middle cingulate is a neural hub [44]
which is responsible for expressing affect and executing goaldirected behavior [45]. The amygdala is also activated by
aversive stimuli such as pain and subserves several cognitive
processes relevant for pain, such as the guidance of attention,
emotional learning, and memory retrieval [46].
The hippocampus, which is of particular importance for
mnemonic functions, also seems to be involved in the central
effects of acupuncture [41]. Increased connectivity between
the hippocampus and other regions of the DMN following
acupuncture was associated with decreased sympathetic and
increased parasympathetic modulation, which might explain
the general relaxation and pain relief caused by this kind of
treatment [47–51].
However, not only functional connectivity but also the activation pattern of the DMN is influenced by acupuncture. With

reference to its typical response to external stimulation, DMN
activity was diminished during needling. Interestingly, acupuncture seems to influence the extent of this deactivation.
Bai et al. [52] and Hui et al. [53] report that genuine acupuncture leads to stronger DMN deactivation than sham acupuncture or tactile stimulation [54]. This finding calls for research
on the clinical impact of acupuncture on diseases that are associated with attenuated DMN deactivation in response to an
external task such as depression [33, 34, 55]. Indeed, preliminary results of recent studies indicate a positive effect on at
least certain mental [56, 57] and neurological disorders [58].
Furthermore, when genuine acupuncture causes sharp
pain, DMN deactivation was attenuated in comparison with
cases of acupuncture without pain [53]. If attention to the
stimulus solely accounted for the neural response, DMN deactivation would probably be stronger during painful needling
than during its non-painful equivalent. This finding is remarkable because it provides further evidence for the claim that
attentional processes do not fully explain DMN deactivation
elicited by acupuncture.
In contrast to the aforementioned findings, Napadow et al.
[59] found reduced DMN deactivation during genuine acupuncture as compared to sham acupuncture. The limited
number of studies and partly contradictory findings should
encourage further research.
Interestingly, the main effects of acupuncture seem to be
specific to certain acupoints [60]. As shown by Liu et al. [61],
acupuncture at GB-37, which is one of the important acupoints used to treat eye diseases based on TCM, led to enhanced functional connectivity between the DMN and visual
areas. In contrast, acupuncture at KI-8, which is related to
menstrual pain, irregular menstruation, and gonalgia, led to a
stronger interplay between DMN, the hippocampus, and insula. In another study, the partial correlation approach was
utilized to investigate whether or not EA at 3 acupoints (GB37, BL-60, and KI-8) and 1 sham point on the left leg modulated the DMN and how the intrinsic connectivity of the
DMN changed. The results indicate that the DMN could be
modulated based on EA, and that different modulation patterns of the brain are time-dependent deployed by distinct
acupuncture points [62]. Knowing that the posterior cingulate
cortex and precuneus (PCC/pC) strongly interact with other
nodes during the pre- and post-stimulation states, the correlation between the PCC/pC and ACC though was interrupted in
these states. The orbital prefrontal cortex negatively interacted with the left medial temporal cortex (lMTC) after stimulation of the mentioned acupoints [63].
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After more than 40 years of scientific acupuncture research,
there are still many puzzles left to be solved regarding the
mechanism of AA [8, 64–66]. It is recommendable for future
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clinical trials to at least include potential biomarkers of acupuncture, e.g. measures of the autonomic nervous system
function, in order to verify that acupuncture and sham acupuncture are different despite similar clinical effects [67].
Although preliminary, the neurobiological findings of an
enhanced functional connectivity between the DMN and hippocampus, periaqueductal gray, amygdala, and anterior cingulate in particular suggest that genuine acupuncture (but not
sham acupuncture) is a mind-body therapy that reintegrates
several aspects of inner life such as body states, emotions,
memory, and self-projective thinking and restores the unity
between the body and self. The results of the studies reviewed
in this article show that pain caused by needling attenuates
the deactivation of the aformentioned brain regions. Furthermore, there is first correlative evidence for the specificity of
DMN connectivity to the stimulation of different acupoints.

Even if one argues that acupuncture is ‘only’ a placebo procedure based on sensoric input, the aformentioned imaging results reinforce the significance of physical touch for inner balance. Thus, acupuncture might lead to an experience of psychophysical wholeness which is one feature of true health. It
remains an open question, however, whether and, if so, how
the dosage of the acupuncture-stimuli influences the intrinsic
connectivity of the human brain’s default mode. Moreover,
the neurobiological underpinnings of long-term effects of acupuncture remain still unclear and are worth to be addressed
by future imaging studies.

Disclosure Statement
The authors declare no conflict of interest.

1 Wang SM, Kain ZN, White P: Acupuncture analgesia: I. The scientific basis. Anesth Analg 2008;
106:602–610.
2 Cummings M: Modellvorhaben Akupunktur – a
summary of the ART, ARC and GERAC trials.
Acupunct Med 2009;27:26–30.
3 Haake M, Müller HH, Schade-Brittinger C, Basler
HD, Schafer H, Maier C, Endres HG, Trampisch
HJ, Molsberger A: German acupuncture trials
(GERAC) for chronic low back pain: randomized,
multicenter, blinded, parallel-group trial with 3
groups. Arch Intern Med 2007;167:1892–1898.
4 Cao X: Scientific bases of acupuncture analgesia.
Acupunct Electrother Res 2002;27:1–14.
5 Paley CA, Johnson MI, Tashani OA, Bagnall AM:
Acupuncture for cancer pain in adults. Cochrane
Database Syst Rev 2011:CD007753.
6 Wang SM, Kain ZN, White PF: Acupuncture analgesia: II. Clinical considerations. Anesth Analg
2008;106:611–621.
7 Musial F, Tao I, Dobos G: Is the analgesic effect
of acupuncture a placebo effect? (in German).
Schmerz 2009;23:341–346.
8 Zhao ZQ: Neural mechanism underlying acupuncture analgesia. Prog Neurobiol 2008;85:355–375.
9 Han JS: Acupuncture and endorphins. Neurosci
Lett 2004;361:258–261.
10 Cabioglu MT, Cetin BE: Acupuncture and immunomodulation. Am J Chin Med 2008;36:25–36.
11 Ma SX: Neurobiology of acupuncture: toward CAM.
Evid Based Complement Alternat Med 2004;1:41–47.
12 Goldman N, Chen M, Fujita T, Xu Q, Peng W, Liu
W, Jensen TK, Pei Y, Wang F, Han X, Chen JF,
Schnermann J, Takano T, Bekar L, Tieu K, Nedergaard M: Adenosine A1 receptors mediate local
anti-nociceptive effects of acupuncture. Nat Neurosci 2010;13:883–888.
13 Benedetti F, Amanzio M, Thoen W: Disruption of
opioid-induced placebo responses by activation of
cholecystokinin type-2 receptors. Psychopharmacology (Berl) 2011;213:791–797.
14 Liu Q, Li B, Zhu HY, Wang YQ, Yu J, Wu GC:
Glia atrophy in the hippocampus of chronic unpredictable stress-induced depression model rats is
reversed by electroacupuncture treatment. J Affect
Disord 2011;128:309–313.

200

15 Liang LL, Yang JL, Lu N, Gu XY, Zhang YQ, Zhao
ZQ: Synergetic analgesia of propentofylline and
electroacupuncture by interrupting spinal glial function in rats. Neurochem Res 2010;35:1780–1786.
16 Sun S, Cao H, Han M, Li TT, Zhao ZQ, Zhang
YQ: Evidence for suppression of electroacupuncture on spinal glial activation and behavioral hypersensitivity in a rat model of monoarthritis.
Brain Res Bull 2008;75:83–93.
17 Shan S, Qi-Liang MY, Hong C, Tingting L, Mei H,
Haili P, Yan-Qing W, Zhi-Qi Z, Yu-Qiu Z: Is functional state of spinal microglia involved in the antiallodynic and anti-hyperalgesic effects of electroacupuncture in rat model of monoarthritis? Neurobiol Dis 2007;26:558–568.
18 Mi WL, Mao-Ying QL, Wang XW, Li X, Yang CJ,
Jiang JW, Yu J, Wang J, Liu Q, Wang YQ, Wu GC:
Involvement of spinal neurotrophin-3 in electroacupuncture analgesia and inhibition of spinal glial
activation in rat model of monoarthritis. J Pain
2011;12:974–984.
19 Ziemssen T, Kern S: Psychoneuroimmunology –
cross-talk between the immune and nervous systems. J Neurol 2007;254 (suppl 2):II8–11.
20 Manni L, Albanesi M, Guaragna M, Barbaro
Paparo S, Aloe L: Neurotrophins and acupuncture.
Auton Neurosci 2010;157:9–17.
21 Manni L, Rocco ML, Barbaro Paparo S, Guaragna
M: Electroacupucture and nerve growth factor:
potential clinical applications. Arch Ital Biol 2011;
149:247–255.
22 Zukauskas G, Dapsys K: Bioelectrical homeostasis
as a component of acupuncture mechanism. Acupunct Electrother Res 1991;16:117–126.
23 Otti A, Gundel H, Wohlschlager A, Zimmer C,
Sorg C, Noll-Hussong M: Default mode network of
the brain. Neurobiology and clinical significance
(in German). Nervenarzt 2012;83:18–24.
24 Otti A, Noll-Hussong M: Intrinsic brain activity
with pain (in German). Schmerz 2011;25:501–507.
25 Greicius MD, Krasnow B, Reiss AL, Menon V:
Functional connectivity in the resting brain: a network analysis of the default mode hypothesis. Proc
Natl Acad Sci U S A 2003;100:253–258.

Forsch Komplementmed 2012;19:197–201

26 Mazoyer B, Zago L, Mellet E, Bricogne S, Etard
O, Houde O, Crivello F, Joliot M, Petit L, TzourioMazoyer N: Cortical networks for working memory
and executive functions sustain the conscious resting state in man. Brain Res Bull 2001;54:287–298.
27 Shulman GL, Fiez JA, Corbetta M, Buckner RL,
Miezin FM, Raichle ME, Petersen SE: Common
blood flow changes across visual tasks: II. Decreases in cerebral cortex. J Cogn Neurosci 1997;
9:648–663.
28 Raichle ME, MacLeod AM, Snyder AZ, Powers
WJ, Gusnard DA, Shulman GL: A default mode of
brain function. Proc Natl Acad Sci U S A 2001;
98:676–682.
29 Spreng RN, Grady CL: Patterns of brain activity
supporting autobiographical memory, prospection,
and theory-of-mind and their relationship to the
default mode network. J Cogn Neurosci 2010;22:
1112–1123.
30 Spreng RN, Mar RA, Kim AS: The common neural basis of autobiographical memory, prospection,
navigation, theory of mind, and the default mode:
A quantitative meta-analysis. J Cogn Neurosci
2009;21:489–510.
31 Gusnard DA, Raichle ME: Searching for a baseline: functional imaging and the resting human
brain. Nat Rev Neurosci 2001;2:685–694.
32 Otti A, Guendel H, Laer L, Wohlschlaeger AM,
Lane RD, Decety J, Zimmer C, Henningsen P, NollHussong M: I know the pain you feel-how the human
brain’s default mode predicts our resonance to another’s suffering. Neuroscience 2010;169:143–148.
33 Buckner RL, Andrews-Hanna JR, Schacter DL:
The brain’s default network: anatomy, function,
and relevance to disease. Ann N Y Acad Sci 2008;
1124:1–38.
34 Broyd SJ, Demanuele C, Debener S, Helps SK,
James CJ, Sonuga-Barke EJ: Default-mode brain
dysfunction in mental disorders: a systematic review. Neurosci Biobehav Rev 2009;33:279–296.
35 Zyloney CE, Jensen K, Polich G, Loiotile RE,
Cheetham A, LaViolette PS, Tu P, Kaptchuk TJ,
Gollub RL, Kong J: Imaging the functional connectivity of the periaqueductal gray during genuine
and sham electroacupuncture treatment. Mol Pain
2010;6:80.

Otti/Noll-Hussong

Downloaded by:
173.67.243.100 - 1/18/2014 6:26:46 PM

References

Acupuncture and the Default Mode Network

48 La Touche R, Goddard G, De-la-Hoz JL, Wang K,
Paris-Alemany A, Angulo-Diaz-Parreno S, Mesa J,
Hernandez M: Acupuncture in the treatment of
pain in temporomandibular disorders: a systematic
review and meta-analysis of randomized controlled
trials. Clin J Pain 2010;26:541–550.
49 Weidenhammer W, Streng A, Linde K, Hoppe A,
Melchart D: Acupuncture for chronic pain within
the research program of 10 German health insurance funds – basic results from an observational
study. Complement Ther Med 2007;15:238–246.
50 Madsen MV, Gotzsche PC, Hrobjartsson A: Acupuncture treatment for pain: systematic review of
randomised clinical trials with acupuncture, placebo acupuncture, and no acupuncture groups.
BMJ 2009;338:a3115.
51 Linde K, Allais G, Brinkhaus B, Manheimer E,
Vickers A, White AR: Acupuncture for migraine
prophylaxis. Cochrane Database Syst Rev 2009:
CD001218.
52 Bai L, Qin W, Tian J, Dong M, Pan X, Chen P, Dai
J, Yang W, Liu Y: Acupuncture modulates spontaneous activities in the anticorrelated resting brain
networks. Brain Res 2009;1279:37–49.
53 Hui KK, Marina O, Claunch JD, Nixon EE, Fang J,
Liu J, Li M, Napadow V, Vangel M, Makris N,
Chan ST, Kwong KK, Rosen BR: Acupuncture
mobilizes the brain’s default mode and its anti-correlated network in healthy subjects. Brain Res
2009;1287:84–103.
54 Hui KK, Marina O, Liu J, Rosen BR, Kwong KK:
Acupuncture, the limbic system, and the anticorrelated networks of the brain. Auton Neurosci 2010;
157:81–90.
55 Sheline YI, Barch DM, Price JL, Rundle MM,
Vaishnavi SN, Snyder AZ, Mintun MA, Wang S,
Coalson RS, Raichle ME: The default mode network and self-referential processes in depression.
Proc Natl Acad Sci U S A 2009;106:1942–1947.
56 Leo RJ, Ligot JS Jr: A systematic review of randomized controlled trials of acupuncture in the
treatment of depression. J Affect Disord 2007;97:
13–22.

57 Hollifield M, Sinclair-Lian N, Warner TD, Hammerschlag R: Acupuncture for posttraumatic stress
disorder: a randomized controlled pilot trial. J
Nerv Ment Dis 2007;195:504–513.
58 Lee H, Park HJ, Park J, Kim MJ, Hong M, Yang J,
Choi S: Acupuncture application for neurological
disorders. Neurol Res 2007;29 (suppl 1):49–54.
59 Napadow V, Dhond RP, Kim J, LaCount L, Vangel M, Harris RE, Kettner N, Park K: Brain encoding of acupuncture sensation – coupling on-line
rating with fMRI. Neuroimage 2009;47:1055–1065.
60 Qin W, Bai L, Dai J, Liu P, Dong M, Liu J, Sun J,
Yuan K, Chen P, Zhao B, Gong Q, Tian J, Liu Y:
The temporal-spatial encoding of acupuncture effects in the brain. Mol Pain 2011;7:19.
61 Liu P, Qin W, Zhang Y, Tian J, Bai L, Zhou G, Liu
J, Chen P, Dai J, von Deneen KM, Liu Y: Combining spatial and temporal information to explore
function-guide action of acupuncture using fMRI. J
Magn Reson Imaging 2009;30:41–46.
62 Zhong C, Bai L, Dai R, Xue T, Feng Y, Wang H,
Liu Z, You Y, Tian J: Exploring the evolution of
post-acupuncture resting-state networks combining
ICA and multivariate Granger causality. Conf Proc
IEEE Eng Med Biol Soc 2011;2011:2813–2816.
63 Liu P, Zhang Y, Zhou G, Yuan K, Qin W, Zhuo L,
Liang J, Chen P, Dai J, Liu Y, Tian J: Partial correlation investigation on the default mode network
involved in acupuncture: an fMRI study. Neurosci
Lett 2009;462:183–187.
64 Musial F, Michalsen A, Dobos G: Functional
chronic pain syndromes and naturopathic treatments: neurobiological foundations. Forsch Komplementmed 2008;15:97–103.
65 Irnich D, Beyer A: Neurobiological mechanisms of
acupuncture analgesia (in German). Schmerz 2002;
16:93–102.
66 Lin JG, Chen WL: Acupuncture analgesia: a review of its mechanisms of actions. Am J Chin Med
2008;36:635–645.
67 Enck P, Klosterhalfen S, Zipfel S: Acupuncture,
psyche and the placebo response. Auton Neurosci
2010;157:68–73.

Forsch Komplementmed 2012;19:197–201

201

Downloaded by:
173.67.243.100 - 1/18/2014 6:26:46 PM

36 Reynolds DV: Surgery in the rat during electrical
analgesia induced by focal brain stimulation. Science 1969;164:444–445.
37 Loyd DR, Murphy AZ: The role of the periaqueductal gray in the modulation of pain in males and
females: are the anatomy and physiology really
that different? Neural Plast 2009;2009:462879.
38 Cavanna AE: The precuneus and consciousness.
CNS Spectr 2007;12:545–552.
39 Cavanna AE, Trimble MR: The precuneus: a review of its functional anatomy and behavioural
correlates. Brain 2006;129:564–583.
40 Zeng Y, Liang XC, Dai JP, Wang Y, Yang ZL, Li
M, Huang GY, Shi J: Electroacupuncture modulates cortical activities evoked by noxious somatosensory stimulations in human. Brain Res 2006;
1097:90–100.
41 Dhond RP, Yeh C, Park K, Kettner N, Napadow
V: Acupuncture modulates resting state connectivity in default and sensorimotor brain networks.
Pain 2008;136:407–418.
42 Wiech K, Tracey I: The influence of negative emotions on pain: behavioral effects and neural mechanisms. Neuroimage 2009;47:987–994.
43 Qiu WQ, Claunch J, Kong J, Nixon EE, Fang J, Li
M, Vangel M, Hui KK: The effects of acupuncture
on the brain networks for emotion and cognition:
an observation of gender differences. Brain Res
2010;1362:56–67.
44 Pessoa L: On the relationship between emotion
and cognition. Nat Rev Neurosci 2008;9:148–158.
45 Shackman AJ, Salomons TV, Slagter HA, Fox AS,
Winter JJ, Davidson RJ: The integration of negative affect, pain and cognitive control in the cingulate cortex. Nat Rev Neurosci 2011;12:154–167.
46 Phelps EA, LeDoux JE: Contributions of the
amygdala to emotion processing: from animal
models to human behavior. Neuron 2005;48:175–
187.
47 Hopton A, MacPherson H: Acupuncture for
chronic pain: is acupuncture more than an effective
placebo? A systematic review of pooled data from
meta-analyses. Pain Pract 2010;10:94–102.

