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1. Introduction
Acupuncture is an ancient Chinese healing modality
with putative therapeutic eﬀects for clinical pain management. However, it is often dismissed by mainstream
allopathic medicine due to a paucity of data demonstrating its neurophysiological diﬀerentiation from placebo.
Functional neuroimaging provides a means to determine
which brain networks support acupuncture as well as
map the diﬀerences between its speciﬁc and non-speciﬁc
neural correlates. It is important to remember that
although placebo eﬀects can occur with all forms of
medical treatment their neurophysiological basis may
diﬀer with the type of treatment being given (Colloca
and Benedetti, 2005). In general, placebo eﬀects are
believed to arise from unconscious conditioning (Voudouris et al., 1990; Wickramasekera, 1999), changes in
(verbal) expectancy (Montgomery and Kirsch, 1997),
and/or diﬀerences in practitioner suggestion and patient
suggestibility (Wickramasekera, 1999; De Pascalis et al.,
2002). However, these eﬀects likely overlap and there is
strong evidence that expectancy is the major contributor
to increasing treatment eﬃcacy (Montgomery and
Kirsch, 1997). Thus, acupuncture speciﬁc brain activity
must at the least be diﬀerentiated from non-speciﬁc
activity supporting subject expectations for treatment.
2. Therapeutic acupuncture is at least partially mediated
by endogenous anti-nociceptive brain networks
Neuroimaging data demonstrate that acupuncture
recruits a distributed cortical and subcortical brain net*
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work. Although some evidence exists for speciﬁcity of
brain response to acupoint vs. non-acupoint treatment
(Wu et al., 2002) as well as Traditional Chinese Medicine (TCM) applications (Cho et al., 1998; Li et al.,
2003), clear acupoint speciﬁcity has been diﬃcult to replicate (Gareus et al., 2002; Cho et al., 2006) and many
points may elicit overlapping responses within multiple
brain areas. Indeed, it is highly likely that acupuncture
elicits a common, distributed network of brain regions
and that the neurophysiological eﬀects related to acupoint speciﬁcity are subtle as well as subject and/or state
dependent.
Data from animal research provide strong support
for the hypothesis that therapeutic acupuncture is mediated, at least partially, by opioidergic and/or monoaminergic neurotransmission involving the brainstem,
thalamus, and/or hypothalamic as well as pituitary
action (Pomeranz and Chiu, 1976; Zhou et al., 1981;
Stux and Hammerschlag, 2001). Aﬀerent spinal gating
and, in the case of painful needling, stress induced analgesia and diﬀuse noxious inhibitory control (DNIC)
may support short-term analgesic eﬀects (Carlsson,
2002). Human neuroimaging data demonstrate that acupuncture stimulation modulates a wide network of brain
regions including the primary somatosensory (SI), secondary somatosensory (SII), anterior cingulate (ACC),
prefrontal (PFC), and insular cortices, amygdala, hippocampus, hypothalamus, periaquaductal gray (PAG),
and cerebellar vermis (Wu et al., 1999; Hui et al.,
2000, 2005; Zhang et al., 2003; Liu et al., 2004; Yoo
et al., 2004; Napadow et al., 2005). Furthermore, many
investigators have noted fMRI deactivation in limbic
regions when contrasting acupuncture needle stimulation with non-stimulation baseline (Fig. 1), attributing
this phenomenon to decreased neuronal activity (Wu
et al., 1999; Hui et al., 2000; Zhang et al., 2003; Napa-
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Fig. 1. fMRI evaluation of acupuncture stimulation and its eﬀects on somatosensory processing. (A) Acupuncture induced fMRI signal decreases in
the amygdala within healthy adults: Both manual (MA) and electro-acupuncture (EA) but not tactile control stimulation at ST-36 induce fMRI signal
decrease in the amygdala as evidence by fMRI signal time-courses during stimulation blocks (gray). (adapted from Napadow et al., 2005). (B) fMRI of
somatosensory processing in carpal tunnel syndrome (CTS) patients before and after therapeutic acupuncture: In CTS, the brain demonstrates
sensorimotor hyperactivation to innocuous stimulation of the 3rd ﬁnger (median nerve innervated) of the aﬀected hand. After a 5-week course of
acupuncture treatment, CTS patients demonstrated less hyperactivation, and more focused SI ﬁnger representation (adapted from Napadow et al.,
2007b). (C) Eﬀects of acupuncture treatment on somatotopy in CTS patients: Compared to healthy controls (HC), CTS patients demonstrated less
separation of somatotopic representations for the 2nd and 3rd ﬁngers (both median nerve innervated). After acupuncture treatment, the 2nd and 3rd
ﬁnger representations were more separated, approximating normal somatotopy in HC (adapted from Napadow et al., 2007b).

dow et al., 2005). Whether these modulations result
from opioidergic and/or monoaminergic anti-nociceptive neurotransmission is unclear. However, other imaging studies have not found limbic deactivations (Yoo
et al., 2004) and it is possible that the lack of consensus
arises from variability in needling technique, data processing methods, or perhaps most importantly, the type
of ‘deqi1’ sensations elicited (Hui et al., 2005). Speciﬁcally, brain response may diﬀer when deep needle stimulation evokes dull, aching sensations as opposed to sharp
pain (Hui et al., 2005).
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Translates as ‘‘obtaining qi’’ and traditionally refers to sensations
(e.g. soreness, aching, warmth, etc.) that have been used to indicate
accurate localization of an acupoint.

While many of these studies have mapped brain
response to acupuncture stimulation, other studies have
explored how brain response to a pain stimulus is
altered by acupuncture. For example, both verum and
sham acupuncture have been found to reduce fMRI
pain responses in the thalamus and insula of ﬁbromyalgia patients; PET data using carfentanil in this same
population also support l-opioid receptor involvement
in acupuncture and/or sham analgesia (Harris et al.,
2006; Napadow et al., 2006). Other studies demonstrate
similar fMRI activity reductions in pain response within
the sensory thalamus, ACC and premotor cortex after
acupuncture stimulation at either real or sham (nonclassical) acupoints (Cho et al., 2002). Furthermore,
EEG studies have found that acupuncture modulates
painful somatosensory evoked potential amplitude at
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both short and long latencies following stimulation, suggesting that acupuncture may have both humorally and
neurally mediated eﬀects on pain (Xu et al., 1993). Collectively, there is an abundance of neuroimaging data
showing that acupuncture modulates brain responses
in distributed cortical, limbic and brainstem centers.
Many of these areas including SI, SII, ACC, PFC, insula, thalamus, hypothalamus, amygdala, and hippocampus, support both sensory and aﬀective pain
perception and are also implicated in endogenous antinociceptive signaling (Zubieta et al., 2006). Thus, questions remain as to which brain responses support acupuncture speciﬁc vs. non-speciﬁc eﬀects.
3. Neuroimaging placebo eﬀects in the brain
Early work with naloxone suggests that placebo analgesia is partially mediated by opioidergic (Levine et al.,
1978) limbic and brainstem networks (Hoﬀman et al.,
2005), which may be activated during sustained pain
and modulated by sensory and aﬀective dimensions of
pain perception (Zubieta et al., 2005, 2006). Recently,
Wager et al. used fMRI to explore how the cortical
and subcortical pain neuromatrix is modulated by
expectancy (i.e. placebo disguised as viable pain treatment) (Wager et al., 2004). Decreased pain rating during
covert placebo was accompanied by decreased brain
activity in the insula, ACC and thalamus. Placebo eﬀects
following conditioning with surreptitious variation of
heat pain also resulted in decreased activity within the
pain neuromatrix. Furthermore, the anticipation of pain
was associated with increased activity in the prefrontal
cortex. The authors hypothesized that placebo analgesia
may arise from changes in the expectation of pain within
higher cognitive centers such as the prefrontal cortex
and ACC. A similar study with PET used noxious thermal stimuli with covert placebo (saline I.V.) and active
treatment I.V. (opioid receptor agonist remifentanil)
(Petrovic et al., 2002). In both conditions, analgesia
was accompanied by changes in rostral ACC activity
that correlated with activity in the brainstem PAG and
pons. Increased activity was also noted in orbitofrontal
regions. The authors suggested that the prefrontal cortex and ACC may support top down regulation of pain.
FMRI data also suggest that placebo induced rostral
ACC activity is correlated with response within bilateral
amygdala as well as the PAG (Bingel et al., 2006). However, diﬀerences in ACC response during placebo analgesia, for example decreased fMRI activity (Wager
et al.) versus increased rCBF (Petrovic et al.), are diﬃcult to explain but may be due to diﬀerences in task conditions and/or simply imaging modality.
In short, neuroimaging data demonstrate that placebo analgesia recruits subcortical and cortical opioid sensitive brain regions including the PAG, rostral ACC,
thalamus, insula, amygdala, and in some studies PFC.
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Many of these areas overlap with those modulated by
acupuncture. Thus, to better understand how acupuncture speciﬁc eﬀects diﬀer from placebo it may be necessary to study expectancy in the context of verum (real)
and sham acupuncture.
4. Dissociating acupuncture speciﬁc eﬀects from placebo
eﬀects in the brain
Several neuroimaging studies of acupuncture employing expectancy manipulations have utilized sham needles and surreptitious manipulation of pain stimuli in
attempts to dissociate speciﬁc and non-speciﬁc eﬀects
of acupuncture stimulation. Sham needles, such as the
Streitberger needle, employ a blunt tip which recedes
into a hollow shaft when pressed against the skin thus,
simulating penetration (Streitberger and Kleinhenz,
1998). Streitberger needles may be important in clinical
trials where the acupuncture intervention can be
observed but less important in fMRI/PET studies
during which subjects are typically unable to see the
intervention performed. Thus, without explicitly manipulating expectancy, several studies have used non-magnetic von Frey monoﬁlaments (a similarly blunt tipped
probe) for somatosensory control stimulation and found
more extensive modulation of limbic and paralimbic
regions for verum compared to control stimulation
(Hui et al., 2000, 2005; Yoo et al., 2004; Napadow
et al., 2005).
One recent study explored brain processing during
verum, covert sham and overt sham needling at acupoint LI-4 in pain patients using PET (Pariente et al.,
2005). Subjects were reportedly unable to distinguish
between verum and covert sham interventions. However, verum acupuncture induced greater increases in brain
response within ipsilateral insular cortex than covert
sham. Verum acupuncture and covert sham diﬀered
from overt sham in dorsolateral PFC, rostral ACC,
and the midbrain activation. The authors hypothesized
that activity within the insular cortex may support acupuncture speciﬁc eﬀects while modulation of the
DLPFC, rACC and midbrain (PAG) may be related
to expectancy. However, there were no analgesic eﬀects
of any of these treatments on experimental or ongoing
pain which leaves open the question of whether the insula activity is related to acupuncture eﬃcacy.
Another recent study evaluated the diﬀerences in
brain processing of acupuncture stimuli in chronic pain
patients compared to healthy adults controlling for
sham accupuncture (Napadow et al., 2007a). This study
found that, in comparison to healthy controls, carpal
tunnel syndrome CTS patients responded to verum acupuncture with more pronounced signal decrease in the
amygdala and signal increase in the hypothalamus while
controlling for sham acupuncture. The authors hypothesized that these limbic areas may reduce pain through
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cooperative modulation of aﬀective/cognitive and autonomic nervous system (ANS) activity. Others have suggested that amygdala deactivation may support altered
encoding of aﬀective/cognitive dimensions of pain and
foster more eﬀective coping strategies (Petrovic et al.,
2004).
In an fMRI study of experimental pain processing in
healthy subjects, Kong et al., determined that placebo
needle induced analgesia was associated with increased
activity during a pain stimulus. These increases occurred
within multiple pain processing regions including bilateral rostral ACC, lateral PFC, right anterior insula,
supramarginal gyrus and the left inferior parietal lobe
(Kong et al., 2006). Furthermore, pain ratings correlated negatively with bilateral PFC, rostral ACC, cerebellum, right fusiform, parahippocampus and pons. These
results diﬀer from Wager et al. which showed decreased
activity within similar brain regions for placebo. The
authors concluded that placebo needling may evoke different types of brain responses than those typically seen
in studies utilizing creams/pills. Thus, diﬀerences in
brain response with comparison to Wager et al. may
be due to conditioning. However, the study did not
directly image the acupuncture intervention, nor compare sham with a verum treatment.
To further investigate the speciﬁc and non-speciﬁc
eﬀects of acupuncture, it may be most useful to map
brain networks supporting both positive and negative
expectancy conditions for both verum and placebo
treatments. In particular, a ﬁnding that verum acupuncture given in the guise of ‘‘placebo acupuncture’’ has signiﬁcantly greater analgesic eﬀects than placebo/sham
needling would lend strong support for the existence
of acupuncture speciﬁc analgesic eﬀects.
5. Possible acupuncture speciﬁc eﬀects in the brain
So, do the neural correlates of acupuncture and placebo
diﬀer? Neuroimaging studies in humans have validated
that acupuncture modulates a widely distributed network of brain regions also involved in pain perception
including limbic areas, sensorimotor and prefrontal cortices, brainstem nuclei and the cerebellum. Although
these networks demonstrate overlap with those supporting placebo analgesia, diﬀerences in modulation of the
DLPFC and rACC may support non-speciﬁc pain
expectancy while amygdala, insula, and hypothalamus
modulation may demonstrate some acupuncture speciﬁcity (Pariente et al., 2005; Napadow et al., 2007a).
However, future studies that image verum and sham
acupuncture under positive and negative expectancy conditions may more clearly dissociate between speciﬁc and
non-speciﬁc eﬀects.
It is important to remember that placebo eﬀects, in
general, are short lived and that most neuroimaging
work described above involves brain response to a single

application in healthy subjects. However, the clinically
relevant eﬀects of acupuncture analgesia (brain
response) may in fact be cumulative over multiple treatments and gradually extend beyond the length of each
session (Price et al., 1984; Carlsson, 2002). Thus, acupuncture may modulate similar networks as placebo
during the treatment session (short-term) but has prolonged eﬀects on speciﬁc brain areas following multiple
treatments. Indeed, long-term acupuncture treatment in
chronic neuropathic pain patients has been found to
alter cortical somatosensory processing and produce
beneﬁcial changes in somatotopy (Fig. 1, Napadow
et al., 2007b).
Indeed, more work is needed to understand acupuncture speciﬁc eﬀects in the brain. Future studies using
PET imaging may help elucidate the relative contributions of opioidergic and monoaminergic transmission
in therapeutic acupuncture. Studies mapping hypersensitization in chronic pain populations and its modiﬁcation by successive acupuncture treatments may also
prove useful. Importantly, in addition to more studies
in chronic pain populations, longitudinal control studies
in healthy adults that utilize the same acupuncture treatment regimen are needed. Furthermore, imaging studies
should address how activity diﬀers when studies map
acupuncture intervention vs. acupuncture’s eﬀects on
brain response to a pain stimulus. Additional work evaluating the eﬀects of both positive and negative expectancy manipulations in clinical trials must also be done.
Finally, concurrent physiological measurements (e.g.
electrocardiography, pupillometry, electro-dermal activity) during neuroimaging sessions may help correlate
acupuncture related changes in ANS function to brain
activity. Additional neuroimaging research may lead to
a better understanding of acupuncture mechanisms
and help determine acupuncture’s potential as a treatment for chronic pain.
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