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Abstract
Previous work from our team and others has shown that manual acupuncture at LI4 (hegu), ST36
(zusanli), and LV3 (taichong) deactivates a limbic-paralimbic-neocortical brain network, and at
the same time activates somatosensory regions of the brain. The objective of the present study was
to explore the specificity and commonality of the brain response to manual acupuncture at LI4,
ST36, and LV3, acupoints that are located on different meridians and are used to treat pain
disorders. We used functional magnetic resonance imaging (fMRI) to monitor the brain responses
to acupuncture at 3 different acupoints; we examined 46 healthy subjects who, according to their
psychophysical responses, experienced deqi sensation during acupuncture. Brain responses to
stimulation at each of the acupoints were displayed in conjunction with one another to show the
spatial distribution. We found clusters of deactivation in the medial prefrontal, medial parietal and
medial temporal lobes showing significant convergence of two or all three of the acupoints. The
largest regions showing common responses to all three acupoints were the right subgenual BA25,
right subgenual cingulate, right isthmus of the cingulum bundle, and right BA31. We also noted
differences in major sections of the medial prefrontal and medial temporal lobes, with LI4
predominating in the pregenual cingulate and hippocampal formation, ST36 predominating in the
subgenual cingulate, and LV3 predominating in the posterior hippocampus and posterior
cingulate. The results suggest that although these acupoints commonly used for anti-pain and
modulatory effects may mobilize the same intrinsic global networks, with substantial overlap of
common brain regions to mediate its actions, our findings showing preferential response of certain
limbic-paralimbic structures suggests acupoints may also exhibit relative specificity.
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INTRODUCTION
Whether specific acupoints elicit responses in specific regions of the brain is a fundamental
question in acupuncture research, as well as a point of some controversy within the field.
Whereas some investigators have reported results that deny such specificity (Ulett, 1992)
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others points are evidenced of high specificity, in agreement with traditional Chinese
medicine (TCM) meridian theory (Cheng, 2000). While many different acupoints are used
for common clinical purposes, empirical experience suggests some acupoints are preferred
to others for treatment of specific disorders. Our work during the past decade has focused on
the commonality of brain responses to three acupoints: LI4 (Large Intestine 4 or Hegu) on
the hand, ST36 (Stomach 36 or Zusanli) on the leg, and LV3 (Liver 3 or Taichong) on the
foot. Each of these three acupoints has clinical functions at specific body locations, but they
are used to treat pain disorders. LI4 has pain relief function in the head, neck and large
intestine, ST36 in the gastrointestinal tract, and LV3 in the pelvic region. These three
acupoints are located on different meridians according to the TCM literature.

We and others have shown that manual acupuncture at these three acupoints deactivates a
limbic-paralimbic-neocortical brain network (LPNN) and activates somatosensory brain
regions (Wu et al., 1999; Wu et al., 2002; Hui et al., 2005; Napadow et al., 2005; Yan et al.,
2005; Fang et al., 2006; Wang et al., 2007; Fang et al., 2009). Furthermore, clusters of other
deactivated regions in the medial prefrontal, medial parietal and medial temporal regions in
response to acupuncture have been shown to be nearly identical to the default mode network
(Dhond et al., 2008; Hui et al., 2009; Liu et al., 2009). The integrity of default mode
network has been postulated to be central to the balance of global neurological function and
the maintenance of health (Buckner et al., 2008). Together these findings suggested that
acupuncture mobilizes anti-correlated functional networks (Hui et al., 2009) of the brain to
mediate its holistic effects. Such pronounced modulatory brain effects of acupuncture agrees
with the diverse physiological and clinical effects of acupuncture treatment (Napadow et al.,
2004; Hui et al., 2010).

One of many compelling reasons for using neuroimaging to investigate the commonality and
specificity of three different acupoints is the potential to use one acupoint as a control for
another. The question of how to select the proper control is an extremely important question
in modern acupuncture research. Rong and Zhu (Rong et al., 2002) suggested the interesting
approach of using an acupoint on the lung meridian as a control to examine the acupuncture
effect of an acupoint on the heart meridian, assuming that clinically distinct acupoints (as
defined by TCM) could control for one another. This control paradigm could be used to
address expectation (placebo) effects, as subjects do not have knowledge of the anticipated
clinical effects particular to each acupoint; furthermore, it avoids some of the controversy
associated with using sham (simulated) acupuncture as control. The sham approaches
include 1) superficial Streitberger needling (no skin penetration) at verum (real) acupoints,
2) needling of non-classical body points that neighbor verum acupoints, which can include
both superficial needling at non-acupoints and shallow needling of non-acupoints, and 3)
deep needling of non-acupoints (Langevin et al., 2011). Not only does each of these sham
approaches has ardent proponents and opponents, there is also no general agreement on how
to identify a sham acupoint. As such, it is not surprising that studies involving sham
acupuncture have produced conflicting results. For example, while one German study of
acupuncture on back pain (Haake et al., 2007) showed that sham and verum acupoints
yielded similar therapeutic effects, another German study of acupuncture effects on shoulder
pain (Molsberger et al., 2010) showed that acupuncture at verum acupoints elicited superior
treatment results compared to sham acupoints. Therefore, if our three chosen acupoints (LI4,
ST36 and LV3) can be shown to demonstrate any specificity based on distinct MRI features,
we would have provided new data not only potentially useful for the evaluation of the
TCM’s claim of special clinical efficacy for each acupoint, but also for the consideration of
a future alternative of the control paradigm.

In our ongoing work to image and map the brain effects of acupuncture at verum acupoints,
we, in collaboration with colleagues in the acupuncture imaging community, have rigorously
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investigated sham acupuncture as a control. In our neuroimaging studies over many years,
we employed tactile non-penetrating stimulation using von Frey monofilaments at verum
acupoints, as described in several of our previous publications (Napadow et al., 2005;
Napadow et al., 2007; Hui et al., 2009). Tactile stimulation is useful for addressing
nonspecific acupuncture effects, including placebo effects (Kaptchuk et al., 2008; Langevin
et al., 2011), and needle-specific (depth-specific) physiological effects for extraction of the
acupuncture-specific brain responses (Ho et al., 2008; Langevin et al., 2011). Together these
studies showed that tactile stimulation at verum acupoints elicits reponses significantly
different from those associated with acupuncture at the same verum acupoints. The
differences were striking. Not only did the blood oxygenation level dependent (BOLD)
fMRI signal go in opposite directions for acupuncture and tactile stimulation, but the brain
regions prominently modulated by acupuncture were far more extensive than those that
showed response to tactile stimulation (Hui et al., 2009). Acupuncture showed significantly
reduced BOLD signal in the frontal pole, pregenual cingulate, medial temporal lobe and
temporal pole. In contrast, we observed that, compared to tactile stimulation, acupuncture
elicited marked increase in the BOLD signal in subcortical and paralimbic structures
including the thalamus, right anterior insula, anterior middle cingulate and posterior
cingulate BA23 dorsal (Hui et al., 2009). Only some minor overlap was observed in the
responses to acupuncture and tactile stimulation in the medial prefrontal cortex and medial
parietal cortex. Our findings of the different brain responses to acupuncture and tactile
stimulation agree with the recent German Randomized Acupuncture Trial for Chronic
Shoulder Pain (GRASP), which reported that verum acupuncture (65% of responders) was
more effective than sham acupuncture (24% of responders) for treating chronic shoulder
pain. The findings from this large-scale, multi-center, patient-blinded acupuncture clinical
trial, which examined 424 chronic shoulder pain patients (Molsberger et al., 2010), differ
from those of a 2007 study on back pain (Haake et al., 2007), which suggested little
difference in the therapeutic effectiveness of verum and sham acupuncture. Since the
findings from tactile stimulation at LI4, ST36 and LV3 as experimental control were already
reported in our previous study (Hui et al., 2009), they will be referred to but not repeated
here in the manuscript.

We previously reported our fMRI study of the effects of acupuncture at LI4, ST36 and LV3
on the limbic system and anti-correlated networks of the human brain (Hui et al., 2009).
Whereas that paper focus on the commonality of the brain response to these three acupoints,
we now extend our work to explore specificity as well as the commonality of response to
acupuncture stimulation at these acupoints that lie on different meridians and belong to
different segmental innervations. We used conjunction analysis to visualize the preferential
distributions and regional overlap of the brain responses, hypothesizing that the overall
LPNN and its anti-correlated somatosensory network would be mobilized by all three
acupoints, but that the response of some brain structures would be specific to individual
acupuncture points, hence suggesting relative specificity of acupoint effects. We expect that
these findings carry relevance for clinical acupuncture practice, and can offer greater
direction for designing control paradigms for future acupuncture studies.

METHODS
Subjects

This study included data from 46 acupuncture-naïve subjects (20–47 years old, mean
±SD=29.1±7.63, 19M, 27F) who had participated in the imaging studies at the Athinoula A.
Martinos Center for Biomedical Imaging at Massachusetts General Hospital, in compliance
with the Code of Ethics of the World Medical Association (Declaration of Helsinki) and the
standards established by the Institutional Review Board of the hospital and the National
Center of Complementary and Alternative Medicine (NCCAM) of the NIH. Subjects were
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screened to exclude neurological, mental and medical disorders, drug abuse, history of head
trauma with loss of consciousness, and contraindications for exposure to high magnetic
field. All experimental procedures were explained to the subjects, and signed informed
consent was obtained prior to participation in the study.

Acupuncture
During a single session, we administered acupuncture to classical acupoints on the right side
of the body, at LI4 on the hand, LV3 on the foot and ST36 on the lower leg using sterile,
single-use acupuncture needles. The order in which we administered acupuncture to these
acupoints was randomized for each subject. We used stainless steel needles for LV3 (0.20
mm diameter) and ST36 (0.22 mm diameter) (KINGLI Medical Appliance Co., Wuxi,
China), but silver needles (0.23 mm diameter) for LI4 (Matsuka, Tokyo, Japan) because of
the proximity of the acupoint to the static magnetic field of the MR scanner. The depth of
needle insertion ranged from 0.5–1 cm (for LV3 and LI4) to 2–3 cm (for ST36). Stimulation
was enhanced with manipulation of the needle to elicit deqi, the composite of unique
sensations related to efficacy according to TCM (Hui et al., 2007). To avoid noxious pain,
we tested the subject’s tolerance to needle manipulation after inserting the needle at the
acupoint. During the ten-minute scan, the needle was rotated approximately 180° in each
direction, with even motion at the rate of 1Hz, for two minutes during the two stimulation
periods and left in place during the three rest periods (Fig. 1). To reduce the after effects of
acupuncture between 2 consecutive acupoints demonstrated with fMRI (Dhond et al., 2008;
Bai et al., 2009), the subjects were asked to rest in the scanner for five to ten minutes. A
licensed acupuncturist (JL) with more than 25 years of clinical acupuncture experience
administered acupuncture for all subjects. Tactile stimulation over the acupoints was used as
a control for expectation and superficial sensory evaluation, as reported previously (Hui et
al., 2005; Hui et al., 2007; Hui et al., 2009).

The participants were blinded to the study, and told that acupuncture would be performed at
different anatomical points using different techniques; while lying in the supine position in
the scanner subjects were not able to see where the acupuncturist was working. At the
completion of each scan, the subject was asked to report any sensations of aching, soreness,
pressure, heaviness, fullness or distension, warmth or coolness, numbness, tingling, dull
pain, sharp pain, and to rate each sensation, if it was experiences, on a scale of 1 to 10. A
deqi response was defined as a total score of 3 or higher for the 9 sensations other than sharp
pain. Only data from scans in which the subjects reported deqi responses were included in
analysis. To avoid the confounding effect of noxious stimulation (Hui et al., 2000; Hui et al.,
2005; Hui et al., 2007; White et al., 2008; Hui et al., 2009), scans during which the subjects
reported inadvertent sharp pain lasting more than 1 second were excluded from analysis.

fMRI acquisition
fMRI was performed on a 1.5 Tesla scanner (Siemens Sonata, Erlangen, Germany) equipped
with a standard quadratic head coil. The subjects lay supine with earplugs to suppress
scanner noise and cushions to immobilize the head. We acquired 1) standard high-resolution
sagittal images with a T1-weighted 3D-MPRAGE sequence, and 2) whole-brain BOLD
fMRI images encompassing the brain stem with a gradient-echo echo planar imaging (EPI)
sequence (TR=4000ms, TE=30ms, flip angle=90°, FOV=200mm, matrix=64×64,
thickness=3mm, gap=0.6mm) while the subject was administered acupuncture at the LI4,
ST36 or LV3 acupoint. Each fMRI run lasted 10 minutes.

Image analysis
All fMRI data were analyzed using the Analysis of Functional NeuroImage (AFNI) software
package (Cox, 1996). The first 15 volumes acquired in the first minutes of each functional
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dataset were discarded to eliminate the drifting of MR signals commonly seen in the
beginning of acupuncture fMRI scans. Each functional dataset was motion corrected,
registered onto the subject’s anatomical scan, transformed to the standardized space of
Talairach and Tournoux (Talairach et al., 1988), spatially smoothed with a Gaussian filter of
full-width half-maximum 5.7 mm, and normalized to its mean intensity value across the time
series. Multiple regression analysis was performed to identify brain areas showing change in
the MR signal as a result of needle manipulation during acupuncture periods, using as
reference the needle left in place during the rest periods (REST). Brain volumes with
percentage of MR signal change to acupuncture from different subjects were then grouped
according to the acupoint and analyzed with a mixed effects model for two-factor Analysis
of Variance, where acupoints were treated as fixed effect and participants as a random
effect. Activations in 3 contrasts (LI4-REST, LV3-REST and ST36-REST) were obtained.
To protect against type I error, we set an individual voxel probability threshold of p<0.003
to correct the overall significance level to α<0.05 using Monte Carlo simulation (Gold et al.,
1998). Based on Monte Carlo simulation with 1000 iterations processed with AlphaSim
program (Wald, 1997), the overall corrected threshold of the group activation maps for each
contrast was p<0.05 with cluster volume of 105 mm3, and each voxel consistently active
across the functional datasets at uncorrected p<0.003. Conjunction of activations among 3
contrasts was performed with a step function to examine spatial overlapping and differences
in the brain responses to the three different acupoints, with reference to REST in terms of
location, size and extent. Conjunction of deactivations among 3 contrasts was performed
using the same method as for activations. The conjunction maps were then overlaid on the
high-resolution anatomical map of the cohort in the standardized Talairach space.
Anatomical localization and masking of the functional data were determined by both
Talaraich coordinates and direct inspection. Regions of interest were defined based on
published methods (Filipek et al., 1994; Caviness et al., 1996) and standard atlases
(Talairach et al., 1988; Mai et al., 2004). The cingulate was subdivided according to Vogt
(Vogt et al., 2003; Vogt, 2005; Vogt et al., 2006).

RESULTS
Commonality vs. specificity in the brain activation network

The positive BOLD response of the task-positive network in the limbic and paralimbic
structures appears to be dominant in the left hemisphere (Table 1). In both the left and right
hemispheres ST36 elicited more regional activations relative to LI4 and LV3 (Fig. 2). Task-
positive regions of interest exhibiting increasing signal in response to acupuncture are
shown in the activation network (Fig. 2). The activated structures include the secondary
somatosensory area, dorsolateral prefrontal cortex, dorsomedial prefrontal cortex, anterior
insula and thalamus. The left secondary somatosensory area—contralateral to the sites of
stimulation—showed a small region of commonality, although the activation of the
surrounding areas suggested differences between acupoints. We observed scattered
activations in the left dorsolateral and left dorsomedial prefrontal cortices for all three
acupoints. Overlapping activations for all three acupoints were seen in both the left and right
thalami.

Commonality vs. specificity in the brain deactivation network
The deactivation network showed marked predominance over the activation network in the
extent of brain region involvement (Table 2). The negative BOLD response of the limbic
and paralimbic structures appeared to be both more widespread and stronger in the right
hemisphere (ipsilateral to the sites of stimulation), particularly in the medial prefrontal
cortex, medial parietal cortex and medial temporal lobe (Fig. 3). LI4 elicited the greatest
regional deactivation in these regions. However, acupuncture at LI4 did not show its own
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specific regional deactivations without involving deactivations due to one or more other
acupoints (Table 2). On the contrary, both LV3 and ST36 showed regional deactivations
specific to their own manipulations.

In the medial prefrontal cortex, the right subgenual BA25 and subgenual cingulate showed a
large overlap in their responses to all acupoints (Fig. 3b). Other structures within the medial
prefrontal cortex showed the greatest spatial variation in response to stimulation at these
acupoints (Fig. 3a–d). Whereas the right pregenual cingulate showed greatest deactivation in
response to LI4 and LV3 stimulation (Fig. 3c), the left subgenual BA25 showed greatest
deactivation for ST36 (Fig. 3a).

In the medial temporal lobe, acupuncture at LI4 created the largest regional deactivation
across subjects (Fig. 3d–f). The response was marked on the right, involving the temporal
pole, amygdala, hippocampus and parahippocampus. There was a small cluster of
deactivation within the amygdala during acupuncture at LV3 but less widespread than at
either of the other two acupoints (Fig. 3f). The cluster of deactivation in the right
hippocampus was large during LV3 stimulation when compared to the LI4 and ST36 (Fig.
3d). At the far posterior portion of the hippocampal formation, toward the isthmus of the
cingulum bundle, there was a sizable region of commonality for all acupoints (Fig. 3d).

In the medial parietal cortex, the right BA31 showed region of commonality for all
acupoints (Fig. 3c). Deactivations resulting from both LI4 and ST36 stimulation were
predominant in the precuneus (Fig. 3c), with LI4 showing more pronounced effects. LV3
appeared to show more deactivation around the posterior cingulate, and extending to the
posterior hippocampus (Fig. 3c,d). By contrast, LI4 showed more deactivation in the
anterior hippocampus (Fig. 3d).

The pons and cerebellar vermis showed widespread deactivation with LI4 stimulation (Fig.
3a–c). Minimal deactivation was seen in the cerebellum with ST36 stimulation (Fig. 3a,b).

DISCUSSION
To our knowledge, this is the largest fMRI study to date to compare multiple classical
acupoints on the same subjects. fMRI acupuncture studies are challenging because of low
signal-to-noise ratios and high inter-subject and inter-session variability—all of which make
the inclusion of large sample sizes important for producing reliable results (Kong et al.,
2007; Kong et al., 2009). The image data we have acquired on 46 subjects provide
significant statistical power.

Our previous work has consistently shown a generalized deactivation of the LPNN as well
as activation of a task-positive network across multiple brain levels during acupuncture (Hui
et al., 2000; Hui et al., 2005; Napadow et al., 2005; Hui et al., 2009). The conjunction
analysis we used in this study has revealed new findings of interest. In addition to
demonstrating regions of commonality in the task-positive network (secondary
somatosensory area and thalamus) and in the task-negative network (right subgenual BA25,
right subgenual cingulate, right isthmus of cingulate bundle and right BA31), this method
revealed regions of relative acupoint specificity in the medial prefrontal cortex, medial
parietal cortex and medial temporal lobe of the task-negative network.

Identification of commonality and specificity characterized in the task-negative network
Common regions with overlapping deactivation elicited by all three acupoints were observed
in the right ventromedial prefrontal cortex (subgenual BA25 and subgenual cingulate) (Fig.
3b), in the right isthmus of the cingulum bundle (Fig. 3d), where the posterior hippocampal
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formation converged into a narrow path before leading to the temporal lobe, and in the right
BA31 (Fig. 3c). Significant areas of overlapping deactivations in response to LI4 and LV3
were found in the right pregenual cingulate (Fig. 3c), while overlapping deactivations from
LI4 and ST36 were seen in the right precuneus (Fig. 3c). Interestingly, another recent study
(Qin et al., 2011)(Qin et al., 2011)(Qin et al., 2011)(Qin et al., 2011)(Qin et al., 2011)(Qin et
al., 2011)(Qin et al., 2011)(Qin et al., 2011)(Qin et al., 2011)(Qin et al., 2011)(Qin et al.,
2011)(Qin et al., 2011)(Qin et al., 2011)showed that the precuneus region common to LI4
and ST36 is also a common area for other acupoints including GB37, BL60 and KI8. This
study also used electroacupuncture and a different data analysis approach to compare the
resting states before and after acupuncture (Qin et al., 2011). Image data, especially fMRI
data, on the role of the subgenual BA25 is more limited because of the large concentration
of blood vessels in the region. However, a few studies suggest that the subgenual BA25 has
extensive projections to the amygdala, as well as to the the posteromedial parietal cortex and
medial prefrontal cortex (Vogt, 2005; Buckner et al., 2008). Many studies have
demonstrated that the right posteromedial parietal cortex functions as a hub of the default
mode network (DMN) (Parvizi et al., 2006; Buckner et al., 2008). Perhaps the most
characteristic effect of acupuncture action is deactivation of the medial temporal lobe, which
contains the amygdala and hippocampal formation, both major structures for emotional and
cognition processing. The finding that these key DMN hubs also comprise common regions
of acupuncture action and supports the hypothesis that acupuncture stimulation at different
acupoints may use the same global networks for their neurological effects. It is surprising
that so many different acupoints have been found to elicit acupuncture responses in the same
brain regions. These findings cannot be explained by the effect of sensory input from these
different acupoint locations that belong to completely different segmental innervations. Nor
can these findings be explained by “expectation” or “attention,” as deactivation in these
common brain regions was markedly diminished in response to tactile stimulation (Napadow
et al., 2005; Napadow et al., 2007; Hui et al., 2009).

Although broadly speaking these regions showed common responses, we also observed
evidence of relative acupoint specificity in the ventral and mid-levels of the medial
prefrontal cortex. Deactivation of the pregenual cingulate was most prominent during
acupuncture at LI4 (Fig. 3b,c); this region, which is activated by emotions of both negative
and positive valence (Vogt et al., 2003; Vogt, 2005), has been reported to be involved in
attention deficit hyperactivity disorder (Seidman et al., 2006), major depression (Fu et al.,
2004; Anand et al., 2007) and pain (Vogt et al., 1996; Apkarian et al., 2005). Marked
deactivations were demonstrated in the subgenual cingulate during acupuncture at ST36
(Fig. 3a). The subgenual cingulate has strong connections to the ventral portions of the
posteromedial parietal cortex, and is generally involved in autonomic as well as affective
memory creation and recall (George et al., 1995; Vogt, 2005; Vogt et al., 2006; Yoshimura
et al., 2009). It is a site used for deep brain stimulation in the treatment of major depression
(Lozano et al., 2008).

The temporal lobe shows regions of both commonality and relative acupoint specificity.
Acupuncture at LI4, LV3 and ST36 results in deactivation of the amygdala (Fig. 3f), which
is associated with generalized fear (Birbaumer et al., 1998; LaBar et al., 1998; Whalen et al.,
2001), post-traumatic distress syndrome (PTSD) (Rauch et al., 2000), clinical depression
(Siegle et al., 2002; Drevets, 2007) and borderline personality disorder (Herpertz et al.,
2001). The body of the hippocampal formation is deactivated during acupuncture at all three
points, but most prominently at LI4. It is a key region for memory and affect, with potential
involvement in PTSD (Yang et al., 2004; Sakamoto et al., 2005), panic disorders (Maddock
et al., 2003; Massana et al., 2003), and generalized anxiety disorder (Bremner, 2004).
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While each of these regions in the medial prefrontal cortex and temporal lobe are involved
to some degree in the affective dimension of pain as well as many different mood and
behavior disorders, their subtle roles in these conditions must be further clarified. Further
clinical research must be done to understand how acupuncture at these three acupoints may
vary in general potency and specific efficacy to optimize treatment.

Commonality and specificity characterized in the task-positive network of acupuncture
As a form of sensory stimulation, acupuncture is expected to have sensory neurological
correlates. Our study did, in fact, show activation of the sensorimotor association cortices,
and a few paralimbic regions, although the activation network was markedly less extensive
than the deactivation network. The sensorimotor and association cortex effects were found
to predominate on the left, contralateral to the site of stimulation. Overlap of core regions of
the activation network was less extensive than in the deactivation network. Preferential
activation of the right anterior insula with activation at LI4 may indicate relative specificity
of acupuncture action in this region. Several studies have shown that pain and pain
expectancy, as psychological mechanisms, are closely associated with the thalamus and
insula (Davis et al., 1997; Bantick et al., 2002; Wager et al., 2004). The anterior insula plays
a sensory role in visceral sensations and pain, as well as a paralimbic role in emotions such
as empathy for pain (Singer et al., 2004). Interestingly, LI4 elicited the weakest activation of
all three acupoints, but the strongest deactivation in the LPNN. This dichotomy requires
further investigation.

Nature of the acupoints
One possible explanation for the observation of discrete regional brain deactivations and
activations may be the composition of nerve fibers at the three acupoints (Hui et al., 2007;
Hui et al., 2009). One study found that three different components of the deqi sensation
(numbness, distention, and soreness) seemed to correlate with activation of three different
groups of nerve fibers (Wang et al., 1985). It has been proposed that activation of the
sensorimotor cortex and deactivation of limbic structures involve separate afferent tracts
(Willis et al., 1997). A different study showed two sets of afferent pathways were involved
in the detection of sensory stimuli that ascend by separate pathways; one detects pain and
temperature and activates the somatosensory cortices while the other directly activates the
insula (Olausson et al., 2002). That study postulated that the latter pathway may be the one
involved in the so-called “limbic touch” phenomenon that underlies the emotional response
to physical contact in mammals. Although different in meridian origin and segmental
innervations, all of the acupoints used were located in the muscle layers, like most acupoints
in traditional Chinese acupuncture—these findings may also explain the commonalities
observed in our acupuncture studies. Depending on the nature of the stimulus and the
histological nature of the acupoint, the proportion of impulses that ascend by different
pathways will vary; this in turn may lead to differences in the predominant impulses that
reach different brain regions to produce preferential effects and relative specificity.

One potential advantage of the observed relative specificity of brain responses to these
acupoints (LI4, ST36 and LV3) is the possibility of using one acupoint to control for another
on a different meridian, an important topic that will require future research for confirmation.
As noted in the introduction, with this control paradigm, subjects would be unable to relate
the acupuncture sensations they experience to the needling of different acupoints.

The technique used by each acupuncturist can vary. This study used manual acupuncture
with gentle needle rotation that induced deqi but no noxious pain. Differences such as
electroacupuncture, duration of treatment, and number of regions of interest can contribute
to both response similarities (Qin et al., 2011) and discrepancies in reports of acupuncture
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neuroimaging; this is particularly true when examining the effects on the limbic system (Li
et al., 2006; Kong et al., 2009). The use of acupoints with other tissue characteristics and
other stimulation techniques require further study.

CONCLUSION
Our fMRI results have shown that manual acupuncture at the three classical acupoints of
LI4, ST36 and LV3 produced extensive deactivation of the LPNN as well as moderate
activation of its anti-correlated activation network. The use of conjunction analysis
demonstrates common regions of response for these 3 acupoints, with some overlap in the
right subgenual BA25, right subgenual cingulate, right isthmus of the cingulum bundle, and
right BA31. However, we also observed differences in the spatial distribution and degree of
deactivation in the medial prefrontal cortex, medial parietal cortex and medial temporal lobe
in response to these acupoints, which suggests the acupoints elicit brain responses with
relative specificity. Whereas the response to LI4 was predominant in the pregenual cingulate
and hippocampal formation, ST36 response was predominant in the subgenual cingulate,
and LV3 in the posterior hippocampus and posterior cingulate. Although our findings on the
commonality and specificity of acupuncture action in the brain have relevance for clinical
acupuncture treatment, and suggest it may be possible to use different acupoints as controls
in future studies, we concede that the scientific evidence for such fundamental issues is
limited and warrants further investigation.
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