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In Western society, acupuncture is becoming a popular alternative for medical treatment—as evidenced
by the 15 million Americans who have reported treatment with that procedure in a single year. The
World Health Organization (WHO) reported that there are approximately 10,000 acupuncture specialists
in the United States, and an estimated 3,000 practicing acupuncturists are physicians [1]. A scientific
understanding of the neuroanatomical regions involved in acupuncture treatment has not been
completely developed but will likely be necessary for the increased acceptance of acupuncture by the
Western medical community.
With the advent of functional magnetic resonance imaging (fMRI), it is possible to noninvasively
measure brain activation in response to a stimulus (for a review, see [2]–[5]). fMRI exploits the magnetic
differences in the blood when it is oxygenated (active state) or deoxygenated (resting state) [2]–[6].
These magnetic variations in the blood are brought about by changes in cerebral blood flow. The use of
new imaging technology to reveal the anatomic components involved in acupuncture allows a
scientifically based approach for understanding acupuncture and sham treatment. Previous studies that
have looked at the effects of acupuncture with functional imaging methods have met with mixed
success [7]–[9]. Robust scientific evidence demonstrating an effect in the brain following acupuncture
will provide momentum and support to the investigation of the mechanisms behind acupuncture
treatment.
Methods
All functional brain activation studies investigating acupuncture effects on the brain were conducted at
the Center for Advanced Magnetic Resonance Imaging, which houses a research-dedicated 3 Tesla (3T)
whole-body imaging system. A total of 28 normal, young, healthy, right-handed volunteers participated
in this study. Prior to entering the magnet, the subject was interviewed by the acupuncturist, which
included a questionnaire about past acupuncture treatment and a measure of the pulse.
The protocol employed a simple block design. All subjects were naïve to acupuncture and were told they
would receive acupuncture treatments in their lower leg. Some subjects were apprehensive about the
needles. However, their fears were reduced once they were shown the fineness (34 G × 25 mm) of the
needles (Seirin) used in the study. The single-use, sterile, stainless steel needles were slightly magnetic
in the 3T environment. A hospital sheet was taped across the opening of the magnet for safety
purposes. The sheet blocked the subject from overtly visualizing any of the acupuncture treatments,
which would contaminate the functional imaging results. The acupuncturist was in the magnet room for
the entire functional imaging session. Instructions about when to insert or remove the acupuncture

needle were given via headphones connected only to the acupuncturist. During the rest period, and
when not placing the needles, the acupuncturist sat quietly in a wooden chair until instructed to act.
Before imaging, the order of the needle placement (called needling) was randomized, and a list was
given to the acupuncturist. Typically, three experiments with different block lengths and
acupuncturepoint stimulation were performed on each subject. The data in this study were from a larger
investigation of the temporal changes in the blood-flow response induced by acupuncture. As such,
different subjects were used to compose the data for each acupuncture point; no one subject had all
three acupuncture points stimulated by the 5-min block design. However, they may have had two of the
three points stimulated. No needle was present at the control period, and the active condition was
when the needle was placed at a specific acupuncture point. Throughout the entire experiment, the
subject was instructed to relax and to not think about anything. To reduce the motion involved in having
a needle placed, the acupuncturist would lightly touch the subject before applying the needle. In three
subjects, the motion effects were so large and synchronized with the needle placement that the data
were not useable and were discarded from the study. The acupuncture points used in the study were 1)
Bladder 60 (BL60) for visual stimulation; 2) Kidney 3 (K3) for auditory stimulation; and 3) Spleen 6 (SP6)
for the sham point because it is not considered to have a visual or auditory treatment component but
instead affects the digestive and immune systems. The BL60 and K3 points were located on the lateral
and medial portion of the ankle, respectively. The SP6 point was located in a slightly more superior
portion of the leg than the BL60 and K3 points. Since the hypothesis of the study was to explore the
involvement of the visual and auditory cortex and not the somatosensory cortex, this difference in the
control stimuli was acceptable.
fMRI Data Acquisition
Inside the circularly polarized transmit/receive head coil, the subject's head was placed in a vacuum
pillow in order to reduce head motion during the study. Once the subject was completely situated on
the table and the headphones were in place, the pillow was evacuated to form a rigid cast. The pillow
evenly distributed the weight of the head, reducing motion related to discomfort and allowing the
subject to remain in the magnet for a longer period of time. Localizer scans were performed to aid in the
identification of the anterior commisure—the posterior commisure plane to which all scans were
oriented [10]. A susceptibility weighted single-shot echo-planar imaging sequence was used to obtain
the functional data. The imaging parameters were TR = 3 s, TE = 30 ms, matrix = 64 × 64, FOV = 220 mm;
32 slices that were 3 mm thick with zero gap and an optimized flip angle of 82° were used. Four volumes
(12 s) were collected at the beginning of each run and discarded to allow the MR signal to reach
steadystate.
A total of 500 volumes were collected during the experiment for analysis, and each block consisted of
100 volumes. Three resting and two active blocks were acquired in an alternating pattern starting with
rest. The total imaging time per run was 25 min. Once the functional imaging session was completed, a
high-resolution anatomic scan was acquired for localizing the activations from the functional data. The
three-dimensional (3-D) MP-RAGE sequence had parameters of TR = 2.1 s, TE = 4.38 ms, flip angle of 15°,
matrix size of 256 × 256, FOV = 220 mm, and 160 1-mm-thick partitions oriented in the same plane as
the functional data. fMRI Data Analysis

All of the functional data were analyzed individually and as a group using SPM99
(http://www.fil.ion.ucl.ac.uk/spm). The data were preprocessed using a slice-timing correction, 3-D
motion correction, and 3-D spatial smoothing using a 6-mm Gaussian kernel. For the individual analysis,
the data were investigated with a physiologically corrected statistical model of the experiment in the
original brain space. For the group analysis, the smoothed and motion-corrected scans were normalized
using the Montreal Neurological Institute template image (MNI305) supplied with SPM-99. This
template conforms to the space defined by the ICBM, the National Institutes of Health P-20 project, and
closely approximates the space described in the atlas of Talairach and Tournoux [10]. These data were
then explored with the same physiologically corrected statistical model.
The hypothesis for this experiment was that acupuncture at a given site (BL60 or K3) would increase the
MR signal intensity in the appropriate cortical regions, whereas the control point (SP6) would not. In
order to interrogate just the cortical regions of interest, a mask was created that included the visual
cortex and auditory cortex. The purpose was to eliminate any spurious activation in brain regions that
were not involved in the experiment and to address the multiple comparisons problem. By decreasing
the number of voxels (volume pixels) involved in the statistical analysis, a less conservative threshold
could be set. Using SPM99 and 12 subjects in each group, the statistical threshold corresponded to a Z
score of 3.0. The statistical maps were then merged with a high-resolution anatomic data set that had
been normalized to a standard brain template in order to localize the activations. The merged maps
were generated for each acupuncture point.
Results
Both positive and negative correlations were explored during the data analysis. However, only positive
correlations demonstrated any significant results. The activation maps generated from visual and
auditory acupuncture point stimulation demonstrated increased activation (increased blood flow) in the
appropriate associated cortices. This was evident in the single subject and group analysis. Since the
population response to acupuncture is more interesting, only the group data will be shown. Figure
1demonstrates the activation pattern obtained from a group analysis of 12 subjects undergoing
stimulation of BL60. Note the strong activation patterns in the visual cortex and the absence of any
patterns in the auditory cortex. In Figure 2, there is the opposite effect; there are strong activations in
the auditory cortex (unilateral, right-sided) but none in the visual areas due to the stimulation of the K3
point. Finally, stimulation of the sham acupuncture point, SP6, did not result in activation in either the
occipital or auditory cortex (Figure 3). The activations present are in the cerebellum and in the basal
ganglia, which may be associated with digestive function or somatosensory stimulation. The same
stimulation paradigm and analysis were used for these data, yet no activations were evident in the
regions of interest.

Fig. 1
Functional imaging maps demonstrating activation in the visual cortex in response to treatment with
acupuncture at the point Bladder 60, which is associated with visual healing. The colored regions
represent areas of the brain that have a significant ...

Fig. 2
Similar activation maps are shown; however, acupuncture is applied to the Kidney 3 point, which is
associated with auditory treatment. Note the different pattern in the activation. It is limited to the
auditory cortex and is much more focal than the visual ...

Fig. 3
Activation maps of the control condition are presented here. In this case, a real acupuncture point is
stimulated, Spleen 6, that has treatment effects for the digestive system. This is independent of the
auditory and visual cortex as demonstrated by ...
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Discussion
Functional magnetic resonance imaging is an ideal method to noninvasively explore the whole brain for
cortical activation related to acupuncture. The results from this study demonstrate that fMRI can
identify specific cortical regions associated with acupuncture stimulation. The choice of acupuncture
stimulation using visual or auditory points simplifies the interpretation of the results because the
anatomic correlates are well defined. The magnitude and extent of the activations were different for the
auditory and the visual stimulation as demonstrated in Figures 1 and and2;2; this may be due to the
relative potency of the acupuncture points used, the overall imbalance associated with these systems,
and the interpretation of the acupuncture point by the acupuncturist. Nevertheless, these data reflect
significant blood-flow changes within the appropriate regions of the brain in response to stimulation of
acupuncture points in the lower leg.

In addition, the stimulation of a sham point—an actual acupuncture point having nothing to do with
audition or vision—resulted in no activation changes in the previously defined anatomic regions. With
the appropriate experimental design, a clearer understanding of the neural substrate associated with
acupuncture is likely to provide considerable insights into acupuncture treatment. This type of scientific
approach to investigating and validating alternative medicine techniques is critical for the widespread
acceptance of these methods.
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