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Acupuncture-induced sensations have historically been associated with clinical efficacy. These sensations are
atypical, arising from sub-dermal receptors, and their neural encoding is not well known. In this fMRI study,
subjects were stimulated at acupoint PC-6, while rating sensation with a custom-built, MR-compatible
potentiometer. Separate runs included real (ACUP) and sham (SHAM) acupuncture, the latter characterized
by non-insertive, cutaneous stimulation. FMRI data analysis was guided by the on-line rating timeseries,
thereby localizing brain correlates of acupuncture sensation. Sensation ratings correlated with stimulation
more (pb0.001) for SHAM (r=0.63) than for ACUP (r=0.32). ACUP induced stronger and more varied
sensations with significant persistence into no-stimulation blocks, leading to more run-time spent rating low
and moderate sensations compared to SHAM. ACUP sensation correlated with activation in regions associated
with sensorimotor (SII, insula) and cognitive (dorsomedial prefrontal cortex (dmPFC)) processing, and
deactivation in default-mode network (DMN) regions (posterior cingulate, precuneus). Compared to SHAM,
ACUP yielded greater activity in both anterior and posterior dmPFC and dlPFC. In contrast, SHAM produced
greater activation in sensorimotor (SI, SII, insula) and greater deactivation in DMN regions. Thus, brain
encoding of ACUP sensation (more persistent and varied, leading to increased cognitive load) demonstrated
greater activity in both cognitive/evaluative (posterior dmPFC) and emotional/interoceptive (anterior
dmPFC) cortical regions. Increased cognitive load and dmPFC activity may be a salient component of
acupuncture analgesia — sensations focus attention and accentuate bodily awareness, contributing to
enhanced top-down modulation of any nociceptive afference and central pain networks. Hence, acupuncture
may function as a somatosensory-guided mind–body therapy.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Acupuncture therapy originated in China over 2500 years ago, but
its mechanisms of action are not well understood. Acupuncture
involves puncture of the skin with a thin, solid shaft needle.
Subsequent manipulation of this needle can then be accomplished
by twisting the needle handle between two fingers. The associated
sub-dermal trauma serves to stimulate nerve receptors both directly
and indirectly through mechanical coupling via the connective tissue
surrounding the needle (Langevin et al., 2002). The sensations
induced by acupuncture needling are one of its unique characteristics.
These sensations, sometimes referred to as deqi (Kong et al., 2007a;
Park et al., 2002; Vincent et al., 1989), include aching, numbness,
tingling, and even warmth, encompassing several different psycho-

physical categories, including both pain and non-pain qualities.
Importantly, the attainment of these sensations in a clinical setting
has been linked in many traditional Chinese medicine texts (Cheng,
1996) with successful therapeutic outcomes. Deqi sensation produces
greater local blood flow at the needle site compared to simple needle
insertion (Sandberg et al., 2003). Furthermore, experimental studies
have found correlation between the intensity of different acupuncture
sensations and subsequent analgesia (Kong et al., 2005). The brain
correlates of acupuncture sensation might suggest how and why this
sensation is connected to therapeutic outcome — a connection that is
currently unknown.

The varied sensations evoked by acupuncture may arise following
distinct combinations of afferent signaling. For instance, Wang et al.
used electrophysiology to associate different sensations (“numb-
ness,” “distention,” and “soreness”) to different fiber types (II, III, and
IV respectively) (Wang et al., 1985). Moreover, as acupuncture
sensations arise from deeper receptors located in fascia and/or
muscle tissue, they are likely to have different somatosensory
qualities and thus a relatively greater “novelty” compared to the
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more pedestrian sensations elicited by tactile stimulation of
cutaneous receptors. While brain response to acupuncture likely
plays an important role in therapeutic outcome, the specific neural
correlates of acupuncture sensation have not been evaluated in an
explicit manner.

Neuroimaging of acupuncture stimulation using functional MRI
(fMRI) has been typically performed using a block design. The
needle, inserted prior to the scan, is stimulated continuously for a
duration ranging from 30 sec to 2 min during several ON blocks,
interspersed between several OFF, or no-stimulation rest blocks.
When using this block design as a general linear model (GLM)
regressor to the fMRI data, an underlying assumption is that
mechanoreceptor and nociceptor-associated afference, as well as
the conscious perception and evaluation of this afference, is
coincident with needle stimulation. However, recent studies have
begun to question the equivalence of stimulation with sensation in
block-design acupuncture experiments (Ho et al., 2008). As fMRI
response to acupuncture has been found to necessitate conscious
(awake) perception of the stimulation (Wang et al., 2007), the neural
correlates of acupuncture sensation are likely to be important to
brain processing during acupuncture.

Exploring the neural correlates of sensation has been previously
accomplished with percept-related fMRI — a technique wherein the
subject performs on-line rating of sensation with the aid of visual
guidance. The rating timeseries is then used to form GLM regressor(s)
to the concurrently collected fMRI data. This approach has been used
successfully to find the neural correlates of prickle sensation (Davis et
al., 2002), as well as the brain regions encoding both thermal and
spontaneous pain in chronic pain patients (Baliki et al., 2006).

In our study, we have employed percept-related fMRI to evaluate
the neural correlates of acupuncture sensation. We hypothesized that
acupuncture sensation would persist into OFF-blocks following the
stimulation ON-block, and that this persistence would be more robust
for real (both cutaneous and deep receptors), compared to sham
(cutaneous only) acupuncture. We further hypothesized that inher-
ently atypical acupuncture sensations would evoke different rating-
associated brain response compared to that associated with sham
acupuncture, which is characterized bymore conventional cutaneous-
derived afferent input.

Methods

Subjects and experimental design

Fifteen (15) healthy, right-handed (Oldfield, 1971) adults (8
female, 21–33 years of age) received both real manual acupuncture
(ACUP) and sham acupuncture (SHAM) in one experimental session.
Subjects were recruited via fliers/newsletters adhering to MGH
guidelines for distribution at neighboring academic institutions and
hospitals. Subjects were screened to assure their safety and compat-
ibility with MRI recording. All participants in the study provided
written informed consent in accordance with the Human Research
Committee of the Massachusetts General Hospital.

Both ACUP and SHAM runs consisted of a block designwith five 30-
second stimulation blocks (ON), interspersed between six 30-second
rest blocks (OFF). The total time for the block-design run was 5.5 min
(Fig. 1). The order of ACUP and SHAMwas pseudo-randomized across
subjects to mitigate order effects. These two runs were also separated
by structural and rest fMRI scans which ensured at least 25 min
between successive stimulations. While adequate washout for
acupuncture is unknown, sensation ratings taken before needle
insertion (real or sham) in the latter stimulation scan confirmed
that subjects experienced no lasting sensations from the former
stimulation scan. On-line acupuncture sensation was rated through-
out both runs (see below).

All acupuncture was performed by the same licensed (and
experienced) acupuncturist at acupoint PC-6 on the left forearm.
This acupoint, which is on the volar aspect of the forearm, is 2 cun
(approximately 5 cm) proximal to the transverse wrist crease,
between the tendons of the palmaris longus and flexor carpi radialis
muscles. This point has been used clinically for cardiac conditions, as
well as to control nausea and vomiting. It was chosen for this study
due to its location overlying the median nerve and noted sensitivity,
thus making it a good candidate to study interesting acupuncture-
induced sensation patterns. For ACUP, acupuncture was performed by
first inserting a non-magnetic (pure silver), 0.23mmdiameter, 30mm
long acupuncture needle (Asahi Industry, Inc., Kawaguchi, Japan) into
PC-6 to a depth of approximately 1.5 cm. During stimulation, the
needle was manually twirled (∼ ±180°) approximately at 0.5 Hz.

Fig. 1. Experimental protocol. (A) A MR-compatible handheld potentiometer and rating dial was employed for on-line rating of acupuncture sensation. (B) Stimulation location (PC-
6) for both real (ACUP) and sham (SHAM) acupuncture. (C) The fMRI block-design paradigm consisted of alternating 30 s stimulation with 30 s rest blocks for both ACUP and SHAM.
n.b. figure in (B) wasmodified from a image in ‘WHORegional Office for theWestern Pacific, 2008,WHO Standard Acupuncture Point Locations in theWestern Pacific Region, Manila’.
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For SHAM, needle insertion was first simulated by briskly poking
the skin over PC-6 with a 5.88 von Frey monofilament passed through
a needle guide tube (similar to the one used for ACUP). During the
scan run, the acupuncturist performed non-invasive cutaneous
stimulation over the acupoint (tapping at 0.5 Hz) using the same
monofilament. Subjects were acupuncture-naive and were informed
that there would be “different forms” of acupuncture during fMRI.
Subjects lay supine in the scanner with their vision of distal body
regions blocked by the MRI head coil, preventing them from viewing
the intervention occurring at their periphery. SHAM aimed to control
for both tactile stimulation of cutaneous somatosensory receptors
over the acupoint, as well as the cognitive processing induced by
subjects expecting “acupuncture” stimulation. Hence, the “specific
effect” in ACUP that is not controlled for by SHAM is the stimulation of
deep (sub-dermal) somatosensory receptors by the “invasive”
acupuncture needle. Furthermore, non-insertive sham acupuncture
stimulation is typically used as a placebo control in many acupuncture
clinical trials; thus using this control in our study is warranted and
relevant to the field.

Psychophysical sensation data collection and analysis

During each scan run (on-line) as well as after (retrospective),
subjects were asked to rate the sensation induced by ACUP and SHAM
stimulation. For on-line rating, subjects were not informed about the
block-design paradigm in the experiment, and were instructed to rate
the sensation continuously throughout the entire run. On-line rating
was accomplished by the use of a custom-built MR-compatible
handheld potentiometer and rotating knob connected to a visual
display projecting an intensity scale. While the potentiometer knob
was set to traverse the entire rating range with minimal thumb/index
finger twisting, sensitivity was limited by a finite fMRI-induced noise
floor in the signal. The device was held in the dominant right arm,
opposite to the acupuncture-stimulated arm. The visual feedback
consisted of a 100 point visual analog scale (VAS), which contained
only the following guidewords: “none” corresponding to 0, and
“unbearable” corresponding to 100. Intermediate guidewords also
included “mild,” which corresponded to a value of 20, “moderate,”
which corresponded to 50, and “strong,” which corresponded to 80.
Potentiometer response was acquired at 200 Hz with a laptop running
Labview software (Labview 7.0, DAQCard 6024E, National Instru-
ments, Austin, Texas).

For retrospective psychophysical data collection, following the
ACUP and SHAM portions of the scan session, subjects were presented
with a 10-point VAS and were asked to rate the intensity of different
sensations they felt during the active stimulation run. The rated
sensations were commonly associated with the experience of deqi (i.e.
aching, soreness, pressure, heaviness, fullness, warmth, cool, numb-
ness, tingling, and dull pain).

Several analyses of the on-line ratings were performed. Spearman
correlation coefficients were calculated to investigate the relation-
ship between the on-line sensation ratings and the block design
(which matches needle stimulation). A spectral analysis of the
ratings time series was performed (MATLAB, Mathworks Inc., Natick,
MA) to compare the power spectral density (PSD) between ACUP
and SHAM. Timeseries were first linearly detrended to remove any
DC offset. We then calculated power within the stimulation
frequency band (0.0166±0.003 Hz), corresponding to our stimulus
block design (30 s OFF and 30 s ON), as well as a low frequency band
(0.001–0.0136 Hz) below the stimulation band. The PSD of both
frequency bands was normalized by dividing by the total power (up
to the first harmonic of the stimulation frequency, or 0.03 Hz). We
also calculated the time that subjects spent rating minimal (0–10),
low (10–40), moderate (40–70), and high (70–100) intensity
sensations. Comparisons between ACUP and SHAM were performed
using a paired Students' t-test, significant at alpha b0.05. The rating

time series were also used as regressors in the fMRI GLM analysis
(described below).

We performed both a prevalence and intensity analysis for
retrospective sensations. A sensation was counted as present if the
intensity was greater than 0.5. Subjects were also asked to assess the
intensity of throbbing, sharp pain (this sensation is not considered to
be characteristic of deqi), and anxiety/relaxation. The anxiety/
relaxation scale ranged from very anxious (5) to fully relaxed (−5),
with a zero (0) value signifying neither anxious nor relaxed.
Additionally, subjects were asked to assess the extent of “spreading”
that may have occurred for any of the listed sensations. A modified
version of this procedure has been successfully used by our group in
the past to assess psychophysical response in conjunction with
neuroimaging (Hui et al., 2005; Napadow et al., 2005). In order to
quantify the total intensity of deqi experienced we used the MGH
Acupuncture Sensation Scale Index (MASS Index (Kong et al., 2007a)).
This index attempts to balance breadth and depth of sensations aswell
as the number of different sensations chosen by the subject. TheMASS
Index and individual sensation intensities were compared between
stimulation groups using a paired t-test, significant at pb0.05 (SPSS
10.0.7, Chicago, Illinois). Furthermore, frequency counts of specific
sensations were compared between stimulation type with a Pearson
Chi-squared test, significant at pb0.05. An omnibus test (Fisher's
combined probability test) was used to test if the commonality of
sensations elicited by ACUP differed from that elicited by SHAM. These
data were also used in a previous report correlating acupuncture
sensation with acupuncture effects on resting state connectivity
(Dhond et al., 2008).

Imaging data collection and analysis

FMRI Data were acquired using a 3 T Siemens Tim Trio MRI System
(Siemens Medical, Erlangen, Germany) equipped for echo planer
imaging with a 12-channel head coil. During scanning, subjects
remained in the supine position with their heads immobilized by
cushioned supports. Subjects wore earplugs throughout the experi-
ment to attenuate MRI gradient noise. Structural scans consisted of a
T1-weighted anatomical (TR/TE=2.73/3.19 ms, flip angle=7°,
FOV=256×256 mm; slice thickness=1.33 mm) and a multi-echo
fieldmap scan (f.a.=55°, TR/TE1/TE2=500/3.38/5.84 ms). Blood
oxygenation level-dependent (BOLD) functional imaging was per-
formed using a gradient echo T2⁎-weighted pulse sequence (TR/
TE=3000/30 ms, flip angle=90°, FOV=200×200 mm, 48 coronal
slices, slice thickness=3.0 mm with 0.6 mm interslice gap,
matrix=64×64, 110 time points for a total of 5.5 min). Image
collection was preceded by 5 dummy scans. Coronal slices were used
to minimize susceptibility artifact (gradient distortion) in subcortical
limbic regions (Ojemann et al., 1997).

Data analysis was performed using a combination of analysis
packages including FSL (FMRIB's Software Library) and AFNI. Func-
tional data were pre-processed to correct for magnetic field
inhomogeneities caused by magnetic susceptibility differences in
neighboring tissues within the head (FSLFUGUE) and motion
corrected to compensate for any head movements using a linear
(affine) transformation procedure (FSL-FLIRT). Brain extraction was
performed on functional data using FSL-BET while skull stripping of
structural data for alignment utilized Freesurfer software. Functional
data were smoothed using a Gaussian kernel of FWHM 5 mm; and
high-pass temporal filtering (f=1/330 Hz) was also performed.

Single-subject fMRI and structural data analysis

Statistical parametric mapping at the single subject level was
completed via a generalized linear model (GLM) by using FMRI Expert
Analysis Tool (FEAT, FSL). The explanatory variable utilized in the
general linear model (GLM) analysis was defined by the on-line
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sensation rating time series convolved with a canonical gamma
function (SD= 3 s, mean lag=6 s). The on-line rating sensation was
re-scaled to fall within the range of 0 to 1 (from the initial rating of 0 to
100). For comparison, we performed a separate, more traditional GLM
analysis using the block design as explanatory variable. As our
difference map results (see below) did not contain significant
subcortical response, the resulting parameter estimates associated
with both analyses were used in both a volumetric and surface-based
group analysis, which provides better fidelity for cortical response.

In order to perform a surface-based group analysis, structural T1-
weighted MPRAGE images from each subject were processed by the
Freesurfer software package, which was used to generate a model of
the cortical surface through intensity normalization, skull stripping,
segmentation, and tessellation of the gray/white matter interface
surface (Dale et al., 1999). This reconstructed cortical surface was
inflated using spring force and metric-preserving terms. The tessel-
lated surface was also projected onto a unit sphere (spherical space),
using algorithms that minimize metric distortions, thereby parame-
terizing the surface into a spherical-based coordinate system (Fischl
et al., 1999).

Group fMRI data analysis

Surface-based group analysis was completed using the Freesurfer
software package. The cortical surface of each subject brain was
normalized to an average brain template by maximizing alignment of
the folding patterns in a spherical representation, a process that
provides accurate group-averaged statistical analysis over surface
elements from topologically homologous regions in the brains of
different subjects. Parameter estimates and their variance from each
subject were mapped to surface space with a 0.5 projection fraction

(half the distance between gray/white boundary and pial surface).
Group maps for both ACUP and SHAM were generated with a one-
sample t-test under mixed effects estimation (weighted least
squares). A Difference map contrasting ACUP and SHAM was also
created under amixed effects model using a paired t-test. As sensation
intensity was found to be significantly greater for ACUP compared to
SHAM (see Results), the mixed effects model controlled for the mean
sensation intensity calculated across the entire time series, using a
covariate of no-interest. This difference map helps control for brain
activity associated with cutaneous stimulation, placebo effects, and
with performing a motor/rating task, as this task was performed for
both ACUP and SHAM, and would be subtracted off in the difference
map. Resultant statistical parametric maps were corrected for multi-
ple comparisons using a Monte Carlo simulation (10,000 iterations)
combining node-wise and cluster-wise probability thresholding.
Significant clusters were retained with cluster-wise probability
threshold of 0.05.

The volumetric group analysis for subcortical regions was
performed by transforming subject level parameter estimates and
their variance into MNI space, and performing single-sample and
paired t-tests using a mixed effects model (FLAME, FSL). The results
were corrected for multiple comparisons using Gaussian Random
Field theory. Significant clusters were retained with cluster-wise
probability threshold of 0.05.

Results

All 15 subjects were able to complete both stimulation runs,
however one subject was excluded from further fMRI GLM analysis
because their on-line rating for SHAM was near zero (2.8+1.9, μ±σ,
on a scale of 0–100).

Fig. 2. (A) In a single subject, SHAM induced on-line sensation that followed the stimulation paradigmmore closely than for ACUP, where sensationwas even noted to peak during a
rest block. (B) Group analysis demonstrated greater correlation between on-line sensation and the stimulation paradigm for SHAM, compared to ACUP. (C) Group-averaged
timeseries for ACUP and SHAM. Compared to SHAM, ACUP demonstrated both greater persistence of sensation into non-stimulation rest blocks and a gradual increase of sensation
across the scan run. n.b. error bars in (B) represent standard deviation. ⁎⁎⁎pb0.001.
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Psychophysics results

Both on-line rating and retrospective psychophysical data were
collected. While notable inter-subject variability existed, particularly
for ACUP (Supplementary Figs. 1, 2), on-line acupuncture sensation
timeseries demonstrated different patterns between ACUP and SHAM
stimulation runs (Fig. 2). The SHAM (Spearman's r=0.63) rating time
series correlated better with the stimulation block design (pb0.001)
compared to ACUP (r=0.32, Fig. 2-B). Furthermore, while SHAM
showed greater power (pb0.05) within the stimulation frequency
band, ACUP showed greater power (pb0.05) within the low frequency
band (Fig. 3). This result was partly due to increased sensation
persistence into the no-stimulation rest block following the stimula-
tion block for ACUP compared to SHAM (Fig. 2–C). However, some
subjects had more unusual patterns of sensation response —

occasionally with even more sensation during no-stimulation blocks
than during stimulation blocks (Fig. 2–A, Supplementary Figs. 1, 2). As
a result, subjects spent more of the ACUP scan run rating low (10–40,
pb0.005) and moderate (40–70, pb0.05) sensations, than during
SHAM (Fig. 4). In contrast, during SHAM, subjects spent significantly
more time (pb0.001) rating minimal or no sensation (0–10),

compared to ACUP. There was no difference in the time spent rating
strong sensations (pN0.1).

Retrospective sensation ratings using the MASS scale were also
collected and revealed different qualities and intensity of sensation
(Fig. 5). The MASS Index, a measure of overall sensation intensity, was
greater for ACUP compared to SHAM stimulation (paired t-test,
pb0.01). Interestingly, our on-line data corroborated this result, as
average on-line rating intensity was greater (pb0.05) for ACUP
(29.2±11.3) than for SHAM (20.7±14.0). Additionally, MASS Index
was correlated with average on-line rating intensity (ACUP: r=0.79,
pb0.001; SHAM: r=0.74, pb0.005). Specific MASS sensations were
also different, in intensity (0–10 scale) and prevalence, between the
two stimulation runs. ACUP demonstrated greater intensity than
SHAM for the following sensations: soreness (ACUP: 2.7±2.6, μ±σ;
SHAM: 1.3±1.8; pb0.05), aching (ACUP: 3.8±2.5; SHAM: 1.3±1.8;
pb0.005), Fullness (ACUP: 1.5±2.1; SHAM: 0.3±0.5; pb0.05), dull
pain (ACUP: 4.2±1.9; SHAM: 1.3±1.8; pb0.001), and spreading
(ACUP: 2.2±2.6; SHAM: 0.6±1.0; pb0.05). Interestingly, SHAM
(−1.2±2.4) was associated with greater (pb0.05) relaxation com-
pared to ACUP (0.2±2.3). However, there was no significant
difference in the intensity of sharp pain (ACUP: 3.5±2.7; SHAM:
4.0±3.1) or throbbing (ACUP: 2.4±2.5; SHAM: 1.2±2.1), sensations
which have not been associated with deqi (Hui et al., 2007). In regard
to sensation prevalence, an omnibus test (Fisher's combined prob-
ability test) found that ACUP and SHAM also differed in the types of
sensations elicited (pb0.001). The prevalence of “aching” (ACUP:
86.7% of subjects, SHAM: 40.0%, pb0.01), “fullness” (ACUP: 46.7%,
SHAM: 13.3%, pb0.05), and “dull pain” (ACUP: 93.3%, SHAM: 40.0%,
pb0.005) was found to be greater for ACUP. It should also be noted
that while sharp pain was reported for both ACUP and SHAM, when
debriefed, most subjects who reported sharp pain described this
sensation as only transient, occurring typically at the start of
stimulation.

fMRI results

Group maps of the main effect for percept-related fMRI demon-
strated many similarities between ACUP and SHAM (Figs. 6, 7, Tables
1, 2). The sensation elicited by both stimulations was associated with
activation in areas implicated in sensorimotor processing: bilateral SI,
SII, posterior parietal (angular (angG) and supramarginal (SMG) gyri),
anterior and posterior insula, supplementary motor area (SMA), and
precentral gyrus (more left than right hemisphere). Sensation

Fig. 3. Spectral analysis of on-line sensation ratings. (A) Average spectra for both ACUP and SHAM demonstrated a large peak in the stimulation frequency band (0.014 - 0.020 Hz).
(B) SHAM demonstrated greater power in the stimulation frequency band, while ACUP demonstrated greater power in a lower frequency band, below the stimulation band. n.b error
bars in (B) represent standard deviation. ⁎pb0.05.

Fig. 4. Cognitive load was inferred from the amount of time subjects spent rating
different sensation intensities. For ACUP, subjects spent more of the scan run (330 s
total) rating both low (10–40) and moderate (40–70) sensations than for SHAM. In
turn, subjects experiencing SHAM spent more time rating minimal to no sensation
(0–10). No difference was found for strong sensations. n.b. error bars represent
standard deviation. ⁎⁎⁎pb0.001, ⁎⁎pb0.005, ⁎pb0.05.
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induced by both ACUP and SHAM was also associated with deactiva-
tion in the default-mode network (DMN) of brain regions, which
constitutes regions known to more active during rest than during
most externally focused tasks (Raichle et al., 2001). In our data,
deactivation was found in the precuneus, posterior cingulate cortex
(PCC), and inferior parietal lobule (IPL). Deactivation outside of the
DMN was also found in medial occipital (visual) areas and right
central sulcus (BA 3a). Higher cognitive areas, such as the dorsolateral
prefrontal cortex (dlPFC, consistent with BA 9, 10, 44, 45, 46), were
also modulated (mostly activated) bilaterally by both forms of
stimulation. For ACUP, activation was also seen in the dorsomedial

prefrontal cortex (dmPFC). For SHAM, activation was also seen in the
caudate, putamen, cerebellum, and regions associated with sensor-
imotor processing, such as the posterior middle cingulate cortex
(pMCC), and lateral occipital complex (LOC). Deactivation in default-
mode regions also included the ventromedial prefrontal cortex
(vmPFC) and hippocampal formation.

A group difference map contrasting ACUP and SHAM was
completed in order to better control for cutaneous tactile, placebo,
and motor/rating task effects, as these aspects would play a role for
both modes of stimulation. The ACUP-SHAM difference map noted
several important differences between ACUP and SHAM (Fig. 8,

Fig. 5. Retrospective psychophysical analysis using theMASS scale. (A) Differences in the types of sensations elicited (expressed as a histogram)were found between ACUP and Sham.
ACUP more frequently induced “aching”, “fullness”, and “dull pain”. (B) MASS Index, a summary measure of sensation intensity, was greater for ACUP compared to SHAM. n.b. Error
bars in (A) represent a 90% confidence interval for binomial distribution. Sensations on the abscissa are in the order presented to the subjects. Error bars in (B) represent standard
deviation. ⁎pb0.05, ⁎⁎pb0.01, ⁎⁎⁎pb0.005.

Fig. 6. Percept-related fMRI main effect group map for ACUP. Percept-related fMRI using on-line sensation rating yielded activation in sensorimotor processing regions (SII, angG,
insula, precentG) and deactivation in default-mode regions (e.g. PCC). Higher cognitive areas (e.g. dmPFC, dlPFC) were also modulated. PCC=posterior cingulate cortex,
SMA=supplementary motor area, dmPFC=dorsomedial prefrontal cortex, precentG=precentral gyrus, angG=angular gyrus, SII=secondary somatosensory cortex.
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Table 3). Clusters with significant positive Z-scores could arise from
either greater ACUP activation, or greater SHAM deactivation. The
inverse is true for clusters with significant negative Z-scores. With this
caveat in mind (and dissociated by group %-change for each cluster in
Table 3), SHAM induced greater activation in sensorimotor processing
regions including bilateral SI (BA 2), SII, and LOC. SHAM sensationwas
also correlated with greater activation in the left anterior insula.
Furthermore, SHAM also induced greater deactivation in default-
mode regions including PCC (both dorsal and ventral), precuneus,
vmPFC, IPL, and parahippocampus. Greater deactivation was also
induced by SHAM in a medial parietal paracentral region, MTG/STG,
and cuneus. However, ACUP induced greater activation in the dlPFC,
and both the cognitive/evaluative (posterior) and emotional/inter-
oceptive (anterior) subregions of the dmPFC, as anatomically and
functionally parcellated by Amodio and Frith, as well as Steele and
Lawrie (Amodio and Frith, 2006; Steele and Lawrie, 2004).

Comparing the above percept-related results to a more traditional
analysis using the stimulation block design, some similar trends were
noted in that SHAM induced greater activation in sensorimotor
processing regions and deactivation in default-mode regions (Sup-
plementary Fig. 3). However, the block-design group map for ACUP
also demonstrated deactivation in the vmPFC and sub-genual anterior
cingulate cortex (sgACC), while there was no activation in the dmPFC
(which was activated in the percept-related analysis for ACUP). The
block-design group map for SHAM was very similar to the percept-
related analysis, which was not surprising as SHAM ratings were
significantly more similar to the block design than were ACUP ratings.

Discussion

Our study applied percept-related fMRI to evaluate the neural
correlates of an important component of acupuncture therapy — the
sensation elicited by needle manipulation. We contrasted real ACUP
with a non-insertive SHAM, and found that the sensations elicited by
ACUP were qualitatively more complex, persisted after cessation of

Fig. 7. Percept-related fMRI main effect group map for SHAM. Percept-related fMRI using on-line sensation rating yielded activation in sensorimotor processing regions (SII, angG,
insula, SMG, precentG, pMCC) and deactivation in default-mode regions (e.g. PCC, vmPFC, parahipp). Higher cognitive areas (e.g. dlPFC) were also modulated. PCC=posterior
cingulate cortex; pMCC=posterior middle cingulate cortex; SMA=supplementary motor area; dlPFC, vmPFC=dorsolateral, ventromedial prefrontal cortex; precentG=precentral
gyrus; angG=angular gyrus; SII=secondary somatosensory cortex; SMG=supramarginal gyrus.

Table 1
Summary of percept-fMRI main effect map for ACUP.

Side Location (Talairach) Z-score Size (mm2

or mm3)
%-change
(mean±sd)

X
(mm)

Y
(mm)

Z
(mm)

SI R 20 −28 64 b−3.89 218.6 −0.51±0.18
L −42 −31 53 3.54 118.8 0.91±0.21

SII R 49 −20 18 N3.89 119.1 0.76±0.34
L −54 −35 32 3.62 130.9 0.92±0.25

Angular
gyrus

R 54 −43 37 N3.89 120.7 1.02±0.14
L −60 −29 32 N3.89 134.0 1.14±0.22

Superior
parietal

R 38 −46 40 2.32 66.6 1.32±0.17

STG R 52 −8 −1 N3.89 399.8 1.42±0.71
Frontal
operculum

R 53 5 8 N3.89 514.2 1.10±0.33
L −51 13 2 N3.89 282.6 0.98±0.24

Ant+post
insula

R 42 −3 −16 3.43 94.3 0.84±0.24
L −37 −8 3 N3.89 625.7 0.92±0.28

Precentral
gyrus

L −30 −12 58 N3.89 133.3 0.91±0.31

Pre-SMA R 8 12 53 N3.89 169.1 1.18±0.23
L −6 13 56 2.08 68.5 1.02±0.23

dPCC (BA23) L −7 −35 38 −3.43 107.9 −0.40±0.14
Precuneus L −10 −53 39 −3.39 105.1 −0.55±0.18
IPL R 41 −64 25 −2.98 83.9 −0.47±0.13

L −36 −84 28 b−3.89 196.4 −0.43±0.18
Lingual
gyrus

R 10 −59 9 b−3.89 342.8 −0.53±0.20
L −16 −54 −4 b−3.89 139.5 −0.49±0.13

dlPFC R 29 31 38 b−3.89 201.9 −0.78±0.20
R 38 42 8 N3.89 113.5 1.10±0.21
L −45 36 −9 2.78 89.1 1.16±0.34

dmPFC L −10 39 23 2.98 95.3 0.57±0.20
MTG L −64 −38 −6 2.35 76.0 0.83±0.21
Cuneus R 10 −96 21 2.89 81.0 1.69±0.59

L −4 −92 8 N3.89 359.0 1.17±0.35

IPL: inferior parietal lobule, MTG: middle temporal gyrus, dPCC: dorsal posterior
cingulate cortex, dlPFC: dorsolateral prefrontal cortex, dmPFC: dorsomedial prefrontal
cortex, SI: primary somatosensory cortex, SII: secondary somatosensory cortex, SMA:
supplementary motor area, STG: superior temporal gyrus.
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needle manipulation, and varied more appreciably between indivi-
duals. Furthermore, while substantial similarities existed in brain
response to ACUP and SHAM, notably activation of the sensorimotor
system and deactivation of the DMN, important differences were also
found. Specifically, while SHAM sensationwas associated with greater
activation in sensorimotor-linked areas and greater deactivation in the
DMN, ACUP sensationwas associated with greater activation in higher
cognitive areas: dlPFC and both the emotional/interoceptive (ante-
rior) and cognitive/evaluative (posterior) subregions of the dmPFC.
We suggest that this latter finding may be key to understanding
acupuncture sensation processing in the brain, and offers clues to how
the induced sensation might lead to therapeutic response.

Somatosensory sensations are a unique characteristic of acupunc-
ture therapy. Many different styles of acupuncture attempt to elicit
sensations during treatment, as they are classically thought to be
linked with successful therapeutic outcomes (Cheng, 1996). When
sensation was used to guide fMRI data analysis, ACUP sensation (and
not SHAM) was linked with activation in both the anterior and
posterior subregions of the dmPFC. Previous reviews have associated
the former with emotional and interoceptive processing, and the
latter with evaluative processing needed to translate a perception into

a motor rating (behavioral) response (Amodio and Frith, 2006). While
both ACUP and SHAM would require this evaluative processing, we
believe that activity for ACUP was more pronounced due to the
increased cognitive load required to rate the more complex sensa-
tions. This hypothesis is in agreement with indirect measures of
cognitive load — i.e. subjects rating ACUP spent more run-time rating
low and moderate sensations, and less time rating minimal/nil
sensations compared to SHAM. Similarly, Kong et al. (2006b) found
that low and moderate pain stimuli are actually more effective than
strong pain stimuli in activating the evaluative network. On the other
hand, greater ACUP interoceptive processing (and likely emotional
and autonomic response (Park et al., 2007)) is attributed to greater
anterior dmPFC response. The dmPFC is known to connect to lower
level autonomic outflow regions such as the PAG (An et al., 1998) and
hypothalamus (Ongur et al., 1998) in monkeys, and has been
associated with parasympathetic outflow in humans (Napadow
et al., 2008). Greater emotional and interoceptive processing is likely
due to the atypical stimuli coming from deeper, sub-dermal receptors,
compared to the more commonly activated cutaneous mechanor-
eceptors stimulated by SHAM. We suggest that focused bodily
attention following acupuncture serves as a therapeutic mechanism
for some conditions, similar to other mind-body therapies (e.g.
Feldenkreis therapy, t'ai chi ch'uan) that enhance bodily awareness
and have been applied for chronic pain conditions known to be linked
with psychological dissociation, such as chronic pelvic pain (Haugstad
et al., 2006) and fibromyalgia (Gard, 2005). In other words,
acupuncture can function as a somatosensory-guided mind–body
therapy.

Other potential cognitive mechanisms for acupuncture action also
exist, and may have been accentuated by our percept-related fMRI
approach, which effectively united a cognitive rating task with a
somatosensory perception task. For instance, previous studies have
found that rating pain, versus passively experiencing pain, enhances
activation in most pain-matrix regions. These would include both
dlPFC and dmPFC (Schoedel et al., 2008), and the enhancement is
likely due to more focused attention and evaluation of the perceived
pain sensation. This effect is consistent with our findings — i.e. while
the sensation was different between ACUP and SHAM, it may be the
re-evaluation of this sensation that is even more important. In
addition to dmPFC, ACUP also activated dlPFC to a greater extent than
SHAM. Interestingly, this region is modulated by different forms of
placebo analgesia (Kong et al., 2006a; Petrovic and Ingvar, 2002;
Wager et al., 2004). One aspect of acupuncture analgesia likely
involves cognitive mechanisms which may also be present in placebo
interventions, and acupuncture sensation may serve to enhance this
particular aspect. It should be noted that acupuncture sensation rating
served to focus attention on the stimulus, leading to enhanced
activation in sensorimotor as well as higher brain regions, as
compared to that noted in past non-rating studies from our group
(Dhond et al., 2007; Hui et al., 2005; Napadow et al., 2005).
Importantly, cognition is known to strongly influence pain (for review
see Villemure and Bushnell (2002)). For instance, focused attention
on pain up-regulates, while distraction down-regulates pain percep-
tion (Arntz et al., 1991). In fact, an fMRI study found that distraction
leads to decreased activity in most pain-matrix regions, a phenom-
enon attributed to increased activation of anterior dmPFC, pgACC, and
periaqueductal gray brain regions (Valet et al., 2004). Another
potential mechanism for acupuncture analgesia could then involve
distraction from ongoing nociceptive afference. In many styles of
acupuncture, the acupuncturist commonly asks the patient whether
or not needle manipulation was perceived, what the sensation felt
like, etc. While such feedback is used by the acupuncturist to adjust
their needle manipulation, it also draws the patient's awareness to the
needle site, piquing their attention. Furthermore, many acupuncture
styles use acupoint locations far away from the pain source and, at
least for some localized chronic pain conditions, acupuncture

Table 2
Summary of percept-related fMRI main effect map for SHAM.

Side Location (Talairach) Z-score Size (mm2

or mm3)
%-change
(mean±sd)

X
(mm)

Y
(mm)

Z
(mm)

SI R 39 −23 47 b−3.89 276.0 −1.68±0.55
R 30 −39 50 N3.89 106.4 2.18±0.81

SII R 51 −34 21 N3.89 1621.3 2.18±0.81
L −53 −27 20 N3.89 4215.7 1.83±0.87

STG L −57 −44 15 2.33 75.7 1.01±0.47
LOC R 62 −51 5 N3.89 79.9 1.42±0.36

L −44 −68 11 3.62 111.2 0.91±0.34
Frontal
operculum

R 60 6 12 N3.89 1444.3 1.67±0.61
L −52 4 6 N3.89 944.5 1.35±0.58

Anterior insula R 35 16 0 N3.89 384.5 1.54±0.53
Posterior insula R 39 −8 0 N3.89 169.4 1.20±0.24
Ant+post insula L −39 −14 6 N3.89 2117.0 1.60±0.76
aMCC L −5 13 30 2.39 77.4 1.15±0.46
pMCC R 6 17 29 N3.89 169.5 1.46±0.38
Precentral gyrus R 35 −8 50 N3.89 70.7 1.20±0.54

L −37 −9 57 N3.89 2080.8 1.54±0.69
Pre-SMA R 9 9 49 N3.89 113.9 1.07±0.35

L −10 0 59 N3.89 202.1 2.01±0.52
dPCC R 7 −39 39 b−3.89 128.5 −1.57±0.45

L −4 −46 27 b−3.89 304.7 −1.61±0.62
vPCC R 14 −45 31 b−3.89 48.3 −1.88±0.22
Precuneus R 6 −55 26 b−3.89 516.2 −1.46±0.43

L −11 −44 63 −2.99 93.6 −1.10±0.54
vmPFC L −7 52 −16 −3.72 120.2 −2.30±0.81
IPL R 39 −75 35 −2.96 49.8 −1.75±0.25

L −39 −53 22 b−3.89 1126.8 −1.57±0.83
MTG R 56 −7 −20 b−3.89 140.9 −0.78±0.28
Hippocampal
formation

R 34 −28 −10 −2.99 4136.0 −0.42±0.11

Parahippocampus R 32 −31 −13 b−3.89 452.8 −0.75±0.30
Lingual gyrus R 8 −59 7 b−3.89 174.1 −1.48±0.37
dlPFC R 35 44 20 N3.89 308.8 1.49±0.42

L −44 34 5 N3.89 145.1 1.18±0.62
Cuneus R 10 −85 25 b−3.89 1334.3 −1.62±0.72

L −4 −75 25 b−3.89 3477.6 −1.32±0.77
Caudate nucleus R 16 18 8 2.85 920.0 0.51 ±0.11

L −10 8 10 2.8 352.0 0.49 ±0.10
Putamen R 26 −2 2 2.84 2096.0 0.48 ±0.11

L −24 6 8 2.98 2568.0 0.49 ±0.15
Cerebellum L −30 −60 −24 2.94 6728.0 0.58 ±0.19

LOC: lateral occipital complex, aMCC: anterior midcingulate cortex, pMCC: post
prefrontal cortex, IPL: inferior parietal lobule, MTG: middle temporal gyrus, dPCC:
dorsal posterior cingulate cortex, vPCC: ventral posterior cingulate cortex, dlPFC:
dorsolateral prefrontal cortex, vmPFC: ventromedial prefrontal cortex, SI: primary
somatosensory cortex, SII: secondary somatosensory cortex, SMA: supplementary
motor area, STG: superior temporal gyrus.
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analgesia may work as a distracter stimulus, interrupting or even
gating chronic and pathologic “pain-matrix” activity.

Many recent clinical trials of acupuncture for chronic pain
conditions have reported effectiveness of both real and different
forms of sham acupuncture above and beyond a usual care control
(Cherkin et al., 2009;Moffet, 2009; Park et al., 2008). Our fMRI results,
while demonstrating interesting differences in important brain
regions, also demonstrate a noted similarity between ACUP and

SHAM in the brain networks modulated by the stimulus-associated
sensation. In other words, whether deep or cutaneous receptors are
being stimulated over an acupoint, there is sensorimotor network
activation (including insula response), and DMN deactivation. Future
studies should evaluate whether acupuncture sensation and activity
in these networks, as induced by deep or cutaneous stimulation on or
away from classical acupoints, is associated with eventual clinical
outcomes. We have suggested that some bodily locations may simply

Fig. 8. Percept-related fMRI group differencemap for ACUP-SHAM. Using on-line sensation rating, SHAM induced greater activation in sensorimotor processing regions (SI, SII, insula,
LOC) and greater deactivation in default-mode regions (e.g. PCC, vmPFC, parahipp). However, ACUP induced greater activation in cognitive-evaluative (posterior dmPFC, dlPFC) and
emotional-interoceptive (anterior dmPFC) cortical brain regions. n.b. PCC=posterior cingulate cortex; dlPFC, dmPFC, vmPFC=dorsolateral, dorsomedial, ventromedial prefrontal
cortex; LOC=lateral occipital complex; SI,SII=primary, secondary somatosensory cortex.

Table 3
Summary of percept-fMRI difference map (ACUP-SHAM).

Side Location (Talairach) Z-score Size (mm2) ACUP (mean±sd) SHAM (mean±sd)

X (mm) Y (mm) Z (mm)

SI (BA2) R 31 −39 50 −2.28 70.6 0.16±0.23 2.87±0.99
L −54 −23 41 −3.48 109.2 0.60±0.33 3.01±0.66

SII R 48 −34 20 −3.23 98.6 1.05±0.56 4.11±0.67
L −51 −28 20 b−3.89 241.4 0.80±0.44 4.45±0.89

Medial parietal R 5 −31 53 2.10 66.0 0.35±0.39 −1.51±0.61
L −7 −26 51 2.12 66.0 0.27±0.34 −1.16±0.54

MTG/STG R 56 −7 −20 2.12 66.4 −0.24±0.24 −2.49±1.00
L −55 −7 0 N3.89 127.2 0.35±0.47 −3.29±1.06

LOC R 57 −59 3 −2.70 82.4 −0.15±0.30 1.86±1.03
L −44 −69 10 −3.05 91.0 0.02±0.20 1.81±0.66

Anterior insula L −30 14 5 −3.32 102.0 −0.46±0.54 1.87±1.02
vPCC (BA23) R 10 −54 19 N3.89 434.2 −0.69±0.48 −2.46±0.74

L −6 −49 20 N3.89 282.7 −0.46±0.45 −2.32±0.82
dPCC (BA23) R 9 −41 31 N3.89 344.0 −0.22±0.39 −1.90±0.75
Precuneus R 6 −56 36 3.32 106.1 −0.47±0.59 −1.47±0.87
vmPFC L −6 54 −17 2.98 89.3 1.20±0.39 −1.69±1.16
IPL R 45 −65 31 2.12 66.5 −0.17±0.17 −1.16±0.29
Parahippocampus L −31 −31 −13 2.07 64.9 −0.07±0.26 −2.41±0.54
dlPFC L −22 49 15 3.62 112.5 1.10±0.43 −0.43±0.57
dmPFC L −13 46 9 2.12 65.9 0.88±0.53 0.23±0.25
Cuneus R 19 −72 −2 N3.89 2997.5 −0.30±0.89 −1.89±0.86

L −11 −95 −5 N3.89 1624.2 0.44±0.92 −0.72±0.84

IPL: inferior parietal lobule, LOC: lateral occipital complex, MTG: middle temporal gyrus, dPCC: dorsal posterior cingulate cortex, vPCC: ventral posterior cingulate cortex, dlPFC:
dorsolateral prefrontal cortex, dmPFC: dorsomedial prefrontal cortex, vmPFC: ventromedial prefrontal cortex, SI: primary somatosensory cortex, SII: secondary somatosensory
cortex, STG: superior temporal gyrus.
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be more efficient (e.g. receptor density) in maximizing afference and
sensation (Napadow et al., 2009), which then induces a cascade of
peripheral and brain responses potentially leading to improved
clinical outcomes for some conditions. However, our study's noted
similarities in brain response between ACUP and SHAM (over the
same skin location)may help explain the equivalence of real and sham
acupuncture in the clinical trials mentioned above, and suggests that
somatosensory-based sham controls, particularly over classical acu-
points, may not be the most appropriate placebo control for future
trials of acupuncture.

While some cognitive mechanisms for acupuncture action were
accentuated by percept-related fMRI, our approach also introduced
certain implications for the interpretation of results vis-à-vis past
acupuncture fMRI studies. Specifically, compared to our current
results, past studies noted not just less sensorimotor activation (as
noted above), but alsomore prominent deactivation in subcortical and
limbic brain regions for ACUP stimulation (Hui et al., 2000; Hui et al.,
2005; Napadow et al., 2007; Napadow et al., 2005). The paucity of
subcortical response to ACUP in our study was surprising. Several
possible explanations exist. Firstly, while overlaying a cognitive task
(rating) over acupuncture stimulation may have contributed to less
pronounced deactivation; we did note qualitatively more prominent
deactivation in our data when using the block design as GLM
regressor. Hence, deactivations in subcortical regions may be due to
subconscious processing during needle stimulation, which may be
diminished by top-down influences from higher cortical regions
responsible for evaluating needle sensation. Another possibility is that
acupuncture at the acupoint used (PC-6) produces less prominent
limbic deactivation — a hypothesis in agreement with the only other
published fMRI report of PC-6 stimulation (Yoo et al., 2007), which
noted no deactivations. On the other hand, our percept-related fMRI
study demonstrated persistence of ACUP sensation into the no-
stimulation rest block following needle manipulation. This persis-
tence, if present for other acupoints as well, could have affected past
block-design fMRI analyses noting subcortical deactivation, as there
might have been a mismatch between stimulation and afference (and
sensation). This factor may also contribute to the noted inter-subject
variability in fMRI response and heterogeneity of past studies (Dhond
et al., 2007; Kong et al., 2007b).

We also found that SHAM sensation was associated with more
prominent activation of sensorimotor brain regions (SI, SII, LOC)
compared to ACUP. However, ACUP elicited stronger sensation
intensity (by both average rating intensity and retrospective MASS
Index) compared to SHAM. This paradox can be explained by the fact
that during SHAM, subjects spent more run-time rating minimal/nil
ratings. In contrast, rating ACUP sensation may be associated with
greater cognitive load, as sensation intensity gradually increased
throughout the run and subjects spent more run-time rating mild and
moderate sensations. Thus, the SHAM sensation was easier to rate,
with more discrete transitions between existent and non-existent
somatosensory perception — a finding further substantiated by the
significantly less power found in lower frequencies of the ratings
power spectrum. This sharper transition likely resulted from more
certainty in rating and allowed brain activity in sensorimotor areas to
return to a “basal state” during rest blocks. This, in turn, resulted in
greater dynamic range and more significant activation in the
sensorimotor system for SHAM. In addition, an interesting (and
previously not noted) somatosensory processing region demonstrat-
ing activation in SHAM, and not ACUP, was the LOC. This area has been
associated with brain processing of both visual and tactile shape
recognition (Amedi et al., 2002) — a quality typically evaluated by
cutaneous receptors, which were likely more readily activated by
SHAM. Other activated somatosensory areas included SI and SII. These
regions have been noted in past studies to be more prominently
activated for tactile stimulation compared to real acupuncture (Hui et
al., 2000). We also found greater SHAM activation in the STG, a

multimodal sensory area receiving input from the posterior insula
(Hackett et al., 2007), which was also activated in this study.
Furthermore, the pMCC, which was activated in SHAM, interacts
with postero-lateral parietal regions in orienting the body in response
to somatosensory stimuli (Vogt, 2005).

A similar explanation as above (for sensorimotor regions) likely
also holds for greater DMN deactivation for SHAM. Specifically, greater
cognitive load spread throughout the ACUP scan run and less distinct
transitions between existent and non-existent sensation likely led to
less pronounced deactivation of DMN brain regions such as the PCC,
vmPFC, and parahippocampus. In other words, there was significantly
less time during ACUP runs when focus on an external stimulus could
be switched off in preference for internal mentation, unfocused
external monitoring, or any other functions attributed to the DMN
(Buckner et al., 2008). However, it should also be mentioned that
ACUP has been found to enhance resting connectivity in the DMN
following the cessation of needle stimulation (Dhond et al., 2008), and
future studies should attempt to link this lasting influence on the DMN
with brain response to active stimulation.

Several limitations to our approach should be discussed. Firstly, in
addition to the overlay of a cognitive task on top of a somatosensory
task, percept-related fMRI is also associated with a motor task — i.e.
the right-handed rating of sensation using our MR-compatible
potentiometer device. Hence, some of our fMRI results may have
been influenced by brain networks needed to execute this motor task.
Particularly, activation in contralateral M1 and SI (left precentral and
postcentral gyri) and deactivation in ipsilateral SI (right BA 3a) for
both ACUP and SHAM (though greater in SHAM) was likely due to the
execution of the motor aspect of sensation rating. Similarly, brain
response in the cuneus and other visual areas of the medial occipital
lobe are likely due to the visual feedback inherent to the rating task.
These limitations have been noted in the past, and our analysis used a
control condition (SHAM) to attempt to subtract off or minimize the
motor/rating and visual aspects of the task. Furthermore, we (and
others, see Baliki et al., 2006; Davis et al., 2002) believe that these
disadvantages are outweighed by the advantages of collecting,
analyzing, and using on-line ratings to guide fMRI data analysis,
which uniquely allows for the direct inference of the neural correlates
of sensation.

In conclusion, percept-related fMRI demonstrated that sensations
elicited in real ACUP are qualitatively more complex, more persistent,
and vary more appreciably between individuals, compared to SHAM.
Furthermore, while both ACUP and SHAM elicited sensation asso-
ciated with activation of the sensorimotor system and deactivation of
the DMN, important differences were also found. SHAM sensationwas
associated with greater activation in the sensorimotor system and
greater deactivation in the DMN compared to ACUP, a consequence of
more distinct transitions between existent and non-existent sensa-
tion. However, an increased cognitive load for subjects rating ACUP
sensations led to greater activation in the dlPFC, and both the
emotional/interoceptive (anterior) and cognitive/evaluative (poster-
ior) subregions of the dmPFC. This latter finding may be a salient
component of acupuncture analgesia— sensations focus attention and
accentuate bodily awareness, contributing to enhanced top-down
modulation of nociceptive afference and central pain networks.
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