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The modulatory effects on the brain during right versus left side acupuncture stimulation of the same acupuncture point have
been a subject of controversy. For clarification of this important methodological issue, the present study was designed to compare
the blood oxygen level-dependent responses of acupuncture stimulation on the right versus left Yanglingquan (GB34). Twenty-
two healthy subjects received right or left GB34 acupuncture. Our results show that acupuncture on the left GB34 induced neural
responses in the left putamen, caudate body, insula, postcentral gyrus, claustrum, right and left thalamus, right middle frontal
gyrus, hypothalamus, and subthalamic nucleus. Acupuncture on the right GB34 induced neural responses in the right middle
frontal gyrus, inferior parietal lobule, thalamus, putamen, lateral globus pallidus, medial globus pallidus, and insula. Interestingly,
the putamen and insula were ipsilaterally activated by acupuncture on either the left or right GB34; therefore, they seem to be the
main target areas affected by GB34 acupuncture. This is the first reported functional magnetic resonance imaging study directly
comparing needling on the right and left GB34. Although more replication studies are needed, our preliminary results prove that
acupuncture has different modulatory effects on the brain when performed on the right versus left side.

1. Introduction

Acupuncture is an important modality of complementary
medicine and is used in the treatment of pain, mood, and
autonomic-related disorders [1–3]. In spite of its long history
and public acceptance for medical management, the mech-
anisms of acupuncture are still unclear [4]. One leading
investigatory approach includes mapping or localizing acu-
puncture-associated changes in the brain’s functions [5].
Several tools have been applied to explore the central effects
of acupuncture on the state of the brain. In particular, func-
tional magnetic resonance imaging (fMRI) has been used
extensively [6–8] because it can indirectly measure the brain’s
activity and the functional changes in the brain’s state as well
as discover connectivity patterns, in response to acupuncture
without radiation or invasive procedures [9].

fMRI has been frequently applied for research on the neu-
rophysiological mechanisms and the effects of acupuncture
[10–13]. The majority of these studies used an experimental
paradigm of acupuncture stimulations on only one side, that
is, the left [14, 15] or the right acupuncture point [16, 17],
but in some studies, both the left and the right side points
were stimulated [10, 18]. Still, the neuronal effects of left side
versus right side acupuncture at a particular acupuncture
point are controversial. Hui and colleagues [10] suggested that
a consistent modulation of multiple bilateral cortical and
subcortical limbic and paralimbic structures was observed
during acupuncture manipulations at LI4, nomatter whether
the right LI4 or the left LI4 was stimulated. However, not all
results point in the same direction; for instance, bilateral
deactivations of the brain were found during acupuncture
stimulation at the left LI4 [14] while bilateral activations and
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deactivations were found during acupuncture stimulation at
the right LI4 [19].

In this study, we will focus on the acupuncture point
Yanglingquan (GB34) with respect to the right side versus the
left side neuronal-effects controversy. GB34 has been used
to treat motor dysfunctions such as hemiplegia, a variety of
muscle disorders, knee pain [20], and Parkinson’s disease
(PD) [7, 21]. Particularly in a Parkinsonism animalmodel, ac-
upuncture was found to prevent neuronal death [22, 23] and
to inhibit the microglial activation and inflammatory events
in the substantia nigra-striatum dopaminergic system [24].

Several fMRI studies demonstrated that acupuncture
stimulation at GB34 produced robust patterns of activity
within the central nervous system. In these studies, acupunc-
ture stimulation increased neural responses in regions that
were impaired as a result of Parkinson’s disease [7, 25]. fMRI
studies on healthy participants revealed that acupuncture
at GB34 specifically activated the putamen, caudate body,
claustrum, thalamus, and cerebellum [26, 27]. However, so
far, different neural effects in response to GB34 acupuncture
have been found, which can be explained by various factors,
such as differences in the ages of the subjects, the kinds of
patients [28, 29], the recruitment and intervention, and the
sides used for GB34 acupuncture stimulation [26, 27].

Therefore, to clarify this important methodological issue,
with possible widespread clinical implications (for instance,
how to best treat patients with Parkinson’s disease), we
designed the present study to compare the blood oxygen
level-dependent (BOLD) responses to acupuncture stimu-
lation at the right versus the left GB34. Based on previous
research, we hypothesized that acupuncture stimulations at
the right and the left GB34 would activate different neural
areas, but at the same time, we expected that, among the
various activated areas, we would find common areas (the
so-called “key GB34 regions”) that had been activated in
response to both right and left GB34 acupuncture.

2. Materials and Methods

2.1. Participants. Twenty-two healthy volunteers participated
in this study. Written informed consent procedures, accord-
ing to the institutional guidelines of the Human Research
Committee of Kyung Hee Medical Hospital (reference num-
ber: KMC IRB 0861-06), were followed. Informed writ-
ten consent was obtained from all participants, and this
study was conducted in accordance with the Declaration of
Helsinki-Ethical Principles for Medical Research Involving
Human Subjects (http://www.wma.net/en/30publications/
10policies/b3/). The participants did not receive any payment
for their participation. The subjects included 11 males and
11 females, and their average age was 43.9 (range: 25–66)
years. All participants were without history of any chronic
disease, allergy, and neurological or psychiatric disorder and
were all right-handed as verified by the Edinburgh Hand-
edness Inventory [30]; the average score of the participants
(± standard deviation) within the left GB34 group was 95%
(± 5.00%), and the average score of the participants within
the right GB34 group was 100% (± 0%).

2.2. Acupuncture. Acupuncture was conducted on the right
and left Yanglingquan (GB34) by an experienced traditional
Chinesemedicine doctor, and theWorldHealthOrganization
Standard Acupuncture Point Locations were followed. GB34
is located on the fibular aspect of the leg in the depres-
sion anterior and distal to the head of the fibula (World
Health Organization, 2008). For the acupuncture stimula-
tions, stainless-steel needles (0.25mm × 40mm; Dong Bang
Acupuncture, Inc., Seoul, Republic of Korea) were used. The
needlesweremanually inserted into either the rightGB34 (for
the right GB34 group) or the left GB34 (for the left GB34
group) to a depth of approximately 1.0 cm. The following
experimental paradigmwas used for the acupuncture and the
sham acupuncture stimulations. First, the needle remained
at rest for 1 minute and was then subjected to 1 minute of
bidirectional rotation at 1Hz (i.e., one second to the left,
one second to the right, etc., for a total of 1 minute). Then,
the needle was at rest for 1 minute, followed by 1 minute of
bidirectional rotation again, and finally, the needle was not
moved for another 1 minute of rest. For sham acupuncture
stimulation, a blunt needle was used [29] to generate a soma-
tosensory response by gently contacting the skin at the right
GB34 (for the right GB34 group) or at the left GB34 (for the
left GB34 group) without needle insertion. All other aspects
followed the same paradigm as for the previously described
acupuncture condition.

2.3. Experimental Design and Procedure. The participants
received general instructions for the experiment, followed by
more detailed instructions for specific tasks. First, partici-
pants provided signed informed consent. Then, all partici-
pants completed the Edinburgh Handedness Inventory [30].
After that, the participants were reminded of the specific task
instructions for the fMRI experiment andwere instructed not
to move their bodies and to be particularly careful not to
move their heads during the imaging procedures. The scan-
ning started with the sham acupuncture condition, which
took about 5 minutes. Then, structural images were acquired
for about 15 minutes. After the structural imaging, acupunc-
ture was performed and lasted for about 5 minutes. Finally,
after the sham acupuncture and the acupuncture scan blocks,
the participants rated the intensities of the sensations they
had felt [31]. At the end of the experiment, all the participants
were debriefed. The total duration of the experiment was
about 45 minutes.

2.4. MRI Data Acquisition. The data acquisition was con-
ducted using a Philips 3.0 T MR scanner that was equipped
for echo planar imaging (EPI). In total, 150 contiguous
EPI functional volumes for the acupuncture and the sham
acupuncture conditions (repetition time (TR) = 2000ms,
echo time (TE) = 35ms, flip angle = 90∘, slice thickness =
4.5mm, number of slices = 30, matrix = 96 × 128, field of
view (FOV) = 230 × 182 × 135mm3, and acquisition voxel
size = 2.4 × 2.4 × 4.5mm3) were collected per individual. The
participants were reminded of the instructions to rest with
their eyes closed and not to move. During the scanning,
participants wore earplugs to reduce discomfort due to MRI
gradient noise. The participants remained comfortably in
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Table 1: Sample characteristics: specified for the left versus the right GB34 acupuncture group.

Group Left (𝑛 = 10) Right (𝑛 = 12) P value
Age 54.9 ± 2.43 56.58 ± 2.96 0.39
Gender 5 males/5 females 6 males/6 females
Asian (%) 100% 100%
Edinburgh Handedness Inventory Right 95 ± 5.00% Right 100 ± 0%
Total deqi score 13.00 ± 4.07 16.82 ± 3.82 0.50

Aching score Median 0, range 0∼4 Median 0, range 0∼5 0.39
Dull pain score Median 0, range 0∼3 Median 0, range 0∼5 0.76
Soreness score Median 0, range 0∼4 Median 0, range 0∼5 0.56
Warm score Median 0, range 0∼5 Median 0, range 0∼4 0.56
Cold score Median 0, range 0 Median 0, range 0∼2 0.51
Tingling score Median 4.5, range 0∼6 Median 5, range 2∼7 0.86
Throbbing score Median 0, range 0∼5 Median 0, range 0∼4 0.86
Sharp pain score Median 0, range 0∼7 Median 1, range 0∼7 0.35
Heaviness score Median 0, range 0∼7 Median 0, range 0∼5 0.47
Numbness score Median 0, range 0∼5 Median 0, range 0∼4 0.70
Fullness Median 0, range 0∼7 Median 0, range 0∼4 0.56
Deep pressure score Median 0, range 0∼4 Median 0, range 0∼5 0.35

Data are mean ± SEM or median, range.

a supine position, and their heads were immobilized with
support cushions in order to prevent movement. Finally, a
high-resolution T1-weighted anatomical image was acquired
for each participant by using a magnetization prepared
gradient echo sequence (TR = 9.9ms, TE = 4.6ms, flip angle
= 90∘, slice thickness = 1mm, number of slices = 196, matrix
= 236 × 240, FOV = 235 × 235 × 196mm3, and acquisition
voxel size = 1×1×1mm3) to allow spatial normalization and
localization.

2.5. Behavioral Data Analysis. The Statistical Package for the
Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, UL,
USA) was used for all statistical analyses. Average scores for
age, cultural background, handedness, and deqi (i.e., the to-
tal deqi score, and 12 different deqi subscores: aching, dull
pain, soreness, warmth, cold, tingling, throbbing, sharp pain,
heaviness, numbness, fullness, and pressure) [31] were com-
pared between the right GB34 group and the left GB34 group
by using the Mann-Whitney 𝑈-test and the 𝑡-test. A signifi-
cance level of 𝑃 < 0.05 was used for all behavioral analyses.

2.6. Neuroimaging Data Analysis. The fMRI data were ana-
lyzed using SPM5 (http://www.fil.ion.ucl.ac.uk/spm/) (Wel-
comeDepartment ofCognitiveNeurology, London,UK).The
first five volumes of each participant’s dataset were discarded
to allow for MR signal equilibration. The functional EPI-
BOLD images were realigned, and the subject-mean func-
tional MR images were coregistered with the corresponding
structural MR images. These images were spatially normal-
ized and transformed into a common space, following the
definition of the SPMMontreal Neurological Institute (MNI)
T1 template.

The fMRI data were then statistically analyzed using the
general linear model and statistical parametric mapping of

SPM5. At the first-level, single-subject fixed effect analyses
were conducted. A model with the experimental conditions
was tested in each participant’s data separately. For second-
level analysis, the generated contrast images for the main
effects were assessed by conducting a one-sample 𝑡-test. The
comparison between right GB34 group and the left GB34
group was assessed by conducting a two-sample 𝑡-test. Sig-
nificant differences were accepted at a threshold of corrected
cluster level 𝑃 < 0.05. In addition, the cluster sizes and the
peak 𝑡 values of areas of significant change were determined.
Relevant anatomical landmarks and Brodmann areas were
identified by using GingerALE (http://www.brainmap.org/),
which was developed at the Research Imaging Center of
Texas, and were analyzed step by step. Moreover, all local
maxima were reported as Talairach coordinates by using
Talairach Client (http://www.talairach.org/). The voxels of
the putamen, which had been activated by acupuncture
stimulation at GB34, were measured using Rex [32]. Finally,
the deqi scores and the MR signals of the putamen and the
insula, which had been activated by acupuncture stimulation
at GB34, were correlated using SPSS.

3. Results

3.1. Behavioral Results. The data for all 22 subjects were
included in the behavioral analyses. All of the subjects
reported deqi sensations. As can be seen in Table 1, the total
deqi scores between the right GB34 group (mean ± standard
error (SE): 16.82±3.82) and the left GB34 group (mean ± SE:
13.00 ± 4.07) did not differ (𝑃 = 0.50).

3.2. Neuroimaging Results

3.2.1. Areas of the Brain Activated by Acupuncture Stimulation
on Either the Left or Right GB34. Acupuncture stimulation on
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Table 2: Areas of brain activation induced by acupuncture stimulation on either the left or the right GB34.

Regions
Left acupuncture Right acupuncture

Talairach Talairach
𝑋 𝑌 𝑍 𝑡 value BAa

𝑋 𝑌 𝑍 𝑡 value BAa

Frontal lobe
Middle frontal gyrus Rb 44.82 2.14 39.47 4.82 6 30.43 41.09 6.92 4.98 9, 10, 46

Parietal lobe
Postcentral gyrus Lc −56.87 −29.48 20.34 4.45 40
Inferior parietal lobule R 55.95 −32.45 27.37 4.02 40

Sublobar
Thalamus R 8.21 −1.99 6.03 4.62 10.03 −5.9 7.49 5.95
Thalamus L −17.77 −18.8 5.8 5.01
Putamen R 22.95 6.55 14.29 3.98
Putamen L −25.06 −1.47 1.91 7.03
Lateral globus pallidus R 24.92 −9.01 0.24 6.62
Medial globus pallidus R 15.7 −5.06 −1.34 4.09
Caudate body L −10.3 5.39 8.22 4.58
Hypothalamus R 2.81 −6.33 −7.09 4.67
Insula R 52.34 −31.74 20.17 5.57 13
Insula L −43.7 −7.83 10 6.31 13
Extranuclear R 32.52 14.36 −8.23 5.41 13
Claustrum L −25.27 −19.46 12.82 4.86

Midbrain
Subthalamic nucleus R 8.32 −13.99 −5.92 5.03

Cerebellum
Cerebellar tonsil R 34.44 −49.12 −32.22 13.14
Cerebellar tonsil L −4.44 −54.51 −33.39 3.82
Culmen R 36.25 −45.75 −28.27 9.12
Culmen L 0.82 −42.07 −6.9 4.05
Uvula L −11.92 −66 −31 3.71

aBrodmann area, bR = right hemisphere, and cL = left hemisphere.

the left GB34 induced neural responses in the left putamen,
left caudate body, left insula, left postcentral gyrus, left
claustrum, right and left thalamus, right middle frontal
gyrus, right hypothalamus, and right subthalamic nucleus
(Figure 1 and Table 2). Acupuncture stimulation on the right
GB34 induced neural responses in the right middle frontal
gyrus, right inferior parietal lobule, right thalamus, right
putamen, right lateral globus pallidus, right medial globus
pallidus, right insula, right and left cerebellar tonsil, right
and left culmen, and left uvula (Figure 1 and Table 2). Among
these, the putamen and insula were ipsilaterally activated by
acupuncture stimulation at GB34 (Figure 2).

3.2.2. Deqi Sensation of Tingling Correlated with Activity in
the Insula and Putamen Areas of the Brain. An increase in
the intensity of the tingling sensation during acupuncture
stimulation was associated with an increase in brain activity
in the insula (Figure 3(a)). However, the tingling sensation
showed a negative correlation with brain activity in the puta-
men (Figure 3(b)).

3.2.3. Neural Response Comparison between Left and Right
Acupuncture Stimulation at GB34. When the neural respons-
es associated with left and right acupuncture were compared,
those associated with left acupuncture showed stronger acti-
vation than those associatedwith right acupuncture (Table 3).

4. Discussion

The behavioral results of our study showed that all subjects
reported deqi sensations. The total deqi score and the 12
different deqi subscores did not differ between the right GB34
group and the left GB34 group, indicating that the partici-
pants receiving right side GB34 acupuncture experienced the
same feeling as those receiving left side GB34 acupuncture.

Our neuroimaging results revealed that acupuncture
stimulation at the right and the left GB34 demonstrated
a robust pattern of activation, with the putamen and the
insula being activated in the ipsilateral hemisphere for both
right and left side acupuncture stimulations; therefore, the
putamen and the insula seem to be the so-called “key GB34
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Figure 1: Brain activation during acupuncture stimulation on either the right or left GB34 (one-sample 𝑡-test with corrected cluster level
𝑃 < 0.05). Bars show the 𝑡 value.

Right GB34 Left GB34

Right putamen & insula Left putamen & insula

Figure 2: The putamen and insula were ipsilaterally activated by
acupuncture stimulation at GB34.

regions.” Note that the putamen is a part of the striatum,
which is interconnected with many other structures, and that
it works in conjunction with those other structures to control
various types of motor skills [33], such as motor learning,
motor performance and tasks [34], and motor preparation
[35], and to specify the amplitudes of movement [36] and
the movement sequences [33]. GB34 acupuncture has been

reported to improve the performance of patients with Parkin-
son’s disease on a finger tapping task [25]. Moreover, in
animal research using a specific Parkinson’s disease model,
acupuncture at GB34 was found to prevent neuronal death
[22, 23] in the putamen [24]. Taken together, our results
seem to support the hypothesis that acupuncture stimulation
at GB34 may control motor function by activation of the
striatum. Acupuncture at GB34 was reported to be involved
in motor function treatment [25], and the effect of treatment
on the putamen is in line with previous findings in other
motor task studies [37, 38]. More precisely, we found that
GB34 acupuncture on healthy participants activated the puta-
men in the ipsilateral hemisphere. This finding is in line with
the findings in previous studies, showing more dominant
acupuncture-induced changes of BOLD signal intensities in
the ipsilateral, as opposed to the contralateral, hemisphere.
For instance, these ipsilateral acupuncture-induced changes
were evident in the activation of the visual cortex induced by
laser acupuncture at BL67 [39], as well as in the activation
of the motor area induced by acupuncture manipulations at
GB34 [27].

Besides the putamen, a robust pattern of activation in
the insula in the ipsilateral hemisphere in response to right
and left GB34 acupuncture was also found. The insula has
been suggested to be involved in consciousness [40] and
to play a role in diverse functions frequently linked to
emotion [41] or the regulation of the body’s homeostasis
[42]. The insula is thought to have various functions, such
as motor control, perception, self-awareness, and decision-
making [43]. Acupuncture stimulation has been reported to
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Figure 3: Variance in activity is accounted for by scores for the intensity of tingling during acupuncture. A positive correlation between the
score for tingling and the mean MR signal change was shown in the (a) insula. A negative correlation between the score for tingling and the
mean MR signal change was shown in the (b) putamen.

Table 3: Neural response comparison between left and right GB34 acupuncture stimulation.

Regions
Left > right Left < right
Talairach Talairach

𝑋 𝑌 𝑍 𝑡 value BAa
𝑋 𝑌 𝑍 𝑡 value BAa

Frontal lobe
Middle frontal gyrus Rb 32.4 40.91 8.7 4.42 10
Medial frontal gyrus Lc −10.83 8.83 49.97 3.4 6
Precentral gyrus L −45.84 −4.5 33.7 3.3 6

Parietal lobe
Postcentral gyrus L −29.43 −37.48 43.47 3.51 3

Sublobar
Thalamus L −23.45 −23.37 14.28 3.24
Putamen L −25.32 −3.38 21.55 5.29
Caudate body L −8.43 5.55 6.46 3.91
Hypothalamus R 2.81 −4.47 −6.91 3.9
Insula L −43.67 −7.66 8.22 5.26 13

Limbic lobe
Parahippocampal gyrus R 15.58 −40.63 −2.91 3.32 30
Cingulate gyrus L −14.59 −4.37 50.46 3.26 24

Midbrain
Subthalamic nucleus R 8.29 −16.02 −4.31 3.71

Cerebellum
Cerebellar tonsil R 19.63 −60.05 −35.31 3.4
Fastigium L −8.29 −57.4 −22.92 3.24

aBrodmann area, bR = right hemisphere, and cL = left hemisphere.

activate the insula and to be involved in the regulation of the
body’s homeostasis [10, 44]. The present study demonstrates
that acupuncture at either the right GB34 or the left GB34
activates the ipsilateral part of the insula. Moreover, an
increase in the intensity of the tingling sensation during

acupuncture stimulation was associated with an increase in
brain activity in the insula (Figure 3(a)). This is in the line
with previous research in which insular activation was found
to be associated with deqi sensation [45] and in which the
tingling sensation correlated positively with brain activity
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[46]. Our study also demonstrated that insular activation
was positively associated with deqi sensation. A report in the
literature [47] suggested that with deep stimulation at LV3,
a gentle, repetitive manipulation producing mechanical pres-
sure and tissue distortions activated more of the mechanore-
ceptors and the nociceptors that were innervated by thin
myelinated A𝛿- and C-fibers. Previous electroencephalogra-
phy (EEG) [48] and magnetoencephalography (MEG) [49]
studies showed that selective stimulation of C-fibers induced
ultra-late evoked brain potentials at the insula. Moreover, in a
previous fMRI study, an increased activity in the insula due to
C-fiber stimulation alone, compared to A𝛿-fiber stimulation
alone [50], was found. In addition, a costimulation of C-
and A-fiber inputs, as produced by usual large-area laser
stimulations, was found to prevent the recording of ultra-late
evoked brain potentials, potentials that could be recorded in
response to selective stimulation of C-fibers [48, 50].

Interestingly, the tingling sensation showed a negative
correlation with brain activity in the putamen. The negative
association with tingling sensation may be the result of cos-
timulation of C- and A𝛿-fiber inputs, leading to a repression
of the central processing of the C-fiber input [46].

On the comparison of neural responses between left side
and right side GB34 acupuncture, the neural responses for
left side GB34 acupuncture showed stronger activations than
those for right side GB34 acupuncture. This is in line with
previous research reporting that the intensity of perceived
pain was significantly higher for the left, as compared to the
right hand [51]. Another study, which investigated the central
effect of acupuncture on the left and the right LI4, showed
a dissymmetry, indicating right hemisphere laterality [52].
However, we should mention that those results might have
been affected by brain function lateralization [53–55]. Note
that brain function lateralization is evident in the phenomena
of right- or left-handedness [56], showing, for instance, that
95% of right-handed people have left-hemisphere dominance
for language while only 70% of left-handed people have
left-hemisphere dominance for language [57]. This tendency
could affect information processing subject to needling. In
the present study, all participants were right-handed because
of our attempt at controlling this important methodologi-
cal issue. Future studies are needed to further investigate
this brain function lateralization and handedness issue in
response to acupuncture stimulation; however, our first re-
sults stress the importance of carefully controlling this in
fundamental and clinical acupuncture research.

Finally, our study has several limitations, which should be
taken into account in order to correctly interpret its results.
Note that the present study is the first reported fMRI study
directly comparing needling at the right and the left side
GB34; moreover, the present study included only 22 partic-
ipants. Therefore, replication studies, if possible with larger
samples, are required in order to verify the present findings.
Although acupuncture at the right and the left GB34 was
shown to have different effects, this study was conducted on
healthy participants; therefore, replication studies are needed
with right versus left GB34 acupuncture on patients with
motor problems (e.g., patients with Parkinson’s disease) [7].
Also, replication studies with different scanning procedures

(e.g., the resting state fMRI acupuncture procedure [58]
instead of the present block design) or with different neu-
roimaging techniques, such as EEG [59] or MEG [60], are
warranted. Moreover, if the question of whether the dif-
ference between the effects of right side versus left side
acupuncture stimulation is a general issue that needs to be
considered in acupuncture treatment is to be answered,
replication studies with acupuncture points other than GB34,
for instance, with Hegu (LI4), Zusanli (ST36), and Taichong
(LV3), are needed.

5. Conclusion

To the best of our knowledge, this is the first reported
fMRI study directly comparing needling at the right and the
left GB34. Although more replication studies are needed,
our preliminary results showed that the putamen and the
insula were key GB34 regions; moreover, proof was found
for acupuncture’s having different modulatory effects on the
brain when performed on the right versus the left side,
leading to important methodological and clinical implica-
tions. The brain function lateralization and handedness issue
should be taken into account in designing future fundamental
and clinical acupuncture studies, for instance, by carefully
controlling handedness, and this might eventually result in
more optimal individual (GB34) acupuncture treatments.
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influencing further acupuncture usage and a more positive
outcome in patients with osteoarthritis of the knee and the hip:
a 3-year follow-up of a randomized pragmatic trial,”TheClinical
Journal of Pain, vol. 30, no. 11, pp. 953–959, 2014.

[3] J.-T. Kong, R.N. Schnyer, K.A. Johnson, and S.Mackey, “Under-
standing central mechanisms of acupuncture analgesia using



8 Evidence-Based Complementary and Alternative Medicine

dynamic quantitative sensory testing: a review,” Evidence-Based
Complementary and Alternative Medicine, vol. 2013, Article ID
187182, 12 pages, 2013.

[4] S.-M. Wang, Z. N. Kain, and P. F. White, “Acupuncture analge-
sia: II. Clinical considerations,” Anesthesia and Analgesia, vol.
106, no. 2, pp. 611–621, 2008.

[5] R. P. Dhond, N. Kettner, and V. Napadow, “Neuroimaging acu-
puncture effects in the human brain,” Journal of Alternative and
Complementary Medicine, vol. 13, no. 6, pp. 603–616, 2007.

[6] H. Liu, J.-Y. Xu, L. Li, B.-C. Shan, B.-B. Nie, and J.-Q. Xue, “fMRI
evidence of acupoints specificity in two adjacent acupoints,”
Evidence-Based Complementary and Alternative Medicine, vol.
2013, Article ID 932581, 5 pages, 2013.

[7] S. Yeo, S. Lim, I.-H. Choe et al., “Acupuncture stimulation on
GB34 activates neural responses associated with parkinson’s
disease,” CNS Neuroscience and Therapeutics, vol. 18, no. 9, pp.
781–790, 2012.

[8] S.-Y. Cho,M. Kim, J. J. Sun et al., “A comparison of brain activity
between healthy subjects and stroke patients on fMRI by
acupuncture stimulation,” Chinese Journal of Integrative Medi-
cine, vol. 19, no. 4, pp. 269–276, 2013.

[9] W.Huang,D. Pach,V.Napadow et al., “Characterizing acupunc-
ture stimuli using brain imaging with fMRI—a systematic
review and meta-analysis of the literature,” PLoS ONE, vol. 7,
no. 4, Article ID e32960, 2012.

[10] K. K. S. Hui, J. Liu, N. Makris et al., “Acupuncture modulates
the limbic system and subcortical gray structures of the human
brain: evidence from fMRI studies in normal subjects,” Human
Brain Mapping, vol. 9, no. 1, pp. 13–25, 2000.

[11] G. Biella, M. L. Sotgiu, G. Pellegata, E. Paulesu, I. Castiglioni,
and F. Fazio, “Acupuncture produces central activations in pain
regions,” NeuroImage, vol. 14, no. 1, pp. 60–66, 2001.

[12] W.-T. Zhang, Z. Jin, J. Huang et al., “Modulation of cold pain
in human brain by electric acupoint stimulation: evidence from
fMRI,” NeuroReport, vol. 14, no. 12, pp. 1591–1596, 2003.

[13] D.D.Dougherty, J. Kong,M.Webb,A.A. Bonab,A. J. Fischman,
and R. L. Gollub, “A combined [11C]diprenorphine PET study
and fMRI study of acupuncture analgesia,” Behavioural Brain
Research, vol. 193, no. 1, pp. 63–68, 2008.

[14] J. Kong, F. Li, R. Li et al., “A pilot study of functional magnetic
resonance imaging of the brain during manual and elec-
troacupuncture stimulation of acupuncture point (LI-4 Hegu)
in normal subjects reveals differential brain activation between
methods,” Journal of Alternative and Complementary Medicine,
vol. 8, no. 4, pp. 411–419, 2002.

[15] Y. Chae, H. Lee, H. Kim, H. Sohn, J.-H. Park, and H.-J. Park,
“The neural substrates of verum acupuncture compared to
non-penetrating placebo needle: an fMRI study,” Neuroscience
Letters, vol. 450, no. 2, pp. 80–84, 2009.

[16] K. K. S. Hui, J. Liu, O. Marina et al., “The integrated response of
the human cerebro-cerebellar and limbic systems to acupunc-
ture stimulation at ST 36 as evidenced by fMRI,” NeuroImage,
vol. 27, no. 3, pp. 479–496, 2005.

[17] V. Napadow, N. Makris, J. Liu, N. W. Kettner, K. K. Kwong,
and K. K. S. Hui, “Effects of electroacupuncture versus manual
acupuncture on the humanbrain asmeasured by fMRI,”Human
Brain Mapping, vol. 24, no. 3, pp. 193–205, 2005.

[18] I. K. Gareus, M. Lacour, A.-C. Schulte, and J. Hennig, “Is there
a BOLD response of the visual cortex on stimulation of the
vision-related acupoint GB 37?” Journal of Magnetic Resonance
Imaging, vol. 15, no. 3, pp. 227–232, 2002.

[19] K. Li, B. Shan, J. Xu et al., “Changes in fMRI in the human brain
related to different durations of manual acupuncture needling,”
Journal of Alternative and Complementary Medicine, vol. 12, no.
7, pp. 615–623, 2006.

[20] J. Park and J. T. Hopkins, “Immediate effects of acupuncture and
cryotherapy on quadriceps motoneuron pool excitability: ran-
domised trial using anterior knee infusionmodel,”Acupuncture
in Medicine, vol. 30, no. 3, pp. 195–202, 2012.

[21] A. Cristian, M. Katz, E. Cutrone, and R. H. Walker, “Evaluation
of acupuncture in the treatment of Parkinson’s disease: a
double-blind pilot study,”MovementDisorders, vol. 20, no. 9, pp.
1185–1188, 2005.

[22] H.-J. Park, S. Lim, W.-S. Joo et al., “Acupuncture prevents 6-
hydroxydopamine-induced neuronal death in the nigrostriatal
dopaminergic system in the rat Parkinson’s disease model,”
Experimental neurology, vol. 180, no. 1, pp. 93–98, 2003.

[23] Y. Lin and X. Lin, “Comparative study of D2 receptors and
dopamine content in striatumbefore and after electro-acupunc-
ture treatment in rats,” Chinese Medical Journal, vol. 113, no. 5,
pp. 408–411, 2000.

[24] J. M. Kang, H. J. Park, Y. G. Choi et al., “Acupuncture inhibits
microglial activation and inflammatory events in the MPTP-
induced mouse model,” Brain Research, vol. 1131, no. 1, pp. 211–
219, 2007.

[25] Y. Chae, H. Lee, H. Kim et al., “Parsing brain activity associated
with acupuncture treatment in Parkinson’s diseases,”Movement
Disorders, vol. 24, no. 12, pp. 1794–1802, 2009.

[26] B.-J. Na, G.-H. Jahng, S.-U. Park et al., “An fMRI study of neu-
ronal specificity of an acupoint: electroacupuncture stimulation
of Yanglingquan (GB34) and its sham point,” Neuroscience
Letters, vol. 464, no. 1, pp. 1–5, 2009.

[27] S.-S. Jeun, J.-S. Kim, B.-S. Kim et al., “Acupuncture stimulation
for motor cortex activities: a 3T fMRI Study,” The American
Journal of Chinese Medicine, vol. 33, no. 4, pp. 573–578, 2005.

[28] X. Chen, H. Zhang, and Y. Zou, “A functional magnetic reso-
nance imaging study on the effect of acupuncture at GB34 (Yan-
glingquan) on motor-related network in hemiplegic patients,”
Brain Research, vol. 1601, Article ID 44034, pp. 64–72, 2015.

[29] S. Yeo, I.-H. Choe, M. van den Noort et al., “Acupuncture on
GB34 activates the precentral gyrus and prefrontal cortex in
Parkinson’s disease,” BMC Complementary and Alternative
Medicine, vol. 14, no. 1, article no. 336, 2014.

[30] R. C. Oldfield, “The assessment and analysis of handedness: the
edinburgh inventory,”Neuropsychologia, vol. 9, no. 1, pp. 97–113,
1971.

[31] R. P. Dhond, C. Yeh, K. Park, N. Kettner, and V. Napadow,
“Acupuncture modulates resting state connectivity in default
and sensorimotor brain networks,” Pain, vol. 136, no. 3, pp. 407–
418, 2008.

[32] E. P. Duff, R. Cunnington, and G. F. Egan, “REX: response
exploration for neuroimaging datasets,” Neuroinformatics, vol.
5, no. 4, pp. 223–234, 2007.

[33] W. R. Marchand, J. N. Lee, J. W.Thatcher et al., “Putamen coac-
tivation during motor task execution,” NeuroReport, vol. 19, no.
9, pp. 957–960, 2008.

[34] M. R. DeLong, G. E. Alexander, A. P. Georgopoulos, M. D.
Crutcher, S. J. Mitchell, and R. T. Richardson, “Role of basal
ganglia in limb movements,” Human Neurobiology, vol. 2, no.
4, pp. 235–244, 1984.

[35] G. E. Alexander and M. D. Crutcher, “Preparation for move-
ment: neural representations of intended direction in three



Evidence-Based Complementary and Alternative Medicine 9

motor areas of the monkey,” Journal of Neurophysiology, vol. 64,
no. 1, pp. 133–150, 1990.

[36] M. R.Delong, A. P. Georgopoulos,M.D. Crutcher, S. J.Mitchell,
R. T. Richardson, andG. E. Alexander, “Functional organization
of the basal ganglia: contributions of single-cell recording
studies,” Ciba Foundation symposium, vol. 107, pp. 64–82, 1984.

[37] U. Sabatini, K. Boulanouar, N. Fabre et al., “Cortical motor
reorganization in akinetic patients with Parkinson’s disease. A
FunctionalMRI Study,” Brain, vol. 123, no. 2, pp. 394–403, 2000.

[38] M. Jahanshahi, I. H. Jenkins, R. G. Brown, C. D. Marsden, R. E.
Passingham, and D. J. Brooks, “Self-initiated versus externally
triggered movements I. An investigation using measurement of
regional cerebral blood flow with PET and movement-related
potentials in normal and Parkinson’s disease subjects,” Brain,
vol. 118, no. 4, pp. 913–933, 1995.

[39] C. M. Siedentopf, S. M. Golaszewski, F. M. Mottaghy, C. C.
Ruff, S. Felber, andA. Schlager, “Functionalmagnetic resonance
imaging detects activation of the visual association cortex
during laser acupuncture of the foot in humans,” Neuroscience
Letters, vol. 327, no. 1, pp. 53–56, 2002.

[40] M. Z. Koubeissi, F. Bartolomei, A. Beltagy, and F. Picard,
“Electrical stimulation of a small brain area reversibly disrupts
consciousness,” Epilepsy & Behavior, vol. 37, pp. 32–35, 2014.

[41] A. Suzuki, “Emotional functions of the insula,” Brain andNerve,
vol. 64, no. 10, pp. 1103–1112, 2012.

[42] E. A. Mayer, “Gut feelings: the emerging biology of gut-brain
communication,”Nature ReviewsNeuroscience, vol. 12, no. 8, pp.
453–466, 2011.

[43] A. D. Craig, “How do you feel—now? The anterior insula and
human awareness,” Nature Reviews Neuroscience, vol. 10, no. 1,
pp. 59–70, 2009.

[44] S.-S. Yoo, E.-K. Teh, R. A. Blinder, and F. A. Jolesz, “Modulation
of cerebellar activities by acupuncture stimulation: evidence
from fMRI study,”NeuroImage, vol. 22, no. 2, pp. 932–940, 2004.

[45] Y. Chae, I.-S. Lee, W.-M. Jung, K. Park, H.-J. Park, and C. Wall-
raven, “Psychophysical and neurophysiological responses to
acupuncture stimulation to incorporated rubber hand,” Neuro-
science Letters, vol. 591, pp. 48–52, 2015.

[46] X. Wang, S.-T. Chan, J. Fang et al., “Neural encoding of
acupuncture needling sensations: evidence from a fMRI study,”
Evidence-Based Complementary and Alternative Medicine, vol.
2013, Article ID 483105, 15 pages, 2013.

[47] Z.-J. Zhang, X.-M. Wang, and G. M. McAlonan, “Neural
acupuncture unit: a new concept for interpreting effects and
mechanisms of acupuncture,” Evidence-Based Complementary
and Alternative Medicine, vol. 2012, Article ID 429412, 23 pages,
2012.

[48] E. Opsommer, T. Weiss, L. Plaghki, and W. H. R. Miltner,
“Dipole analysis of ultralate (C-fibres) evoked potentials after
laser stimulation of tiny cutaneous surface areas in humans,”
Neuroscience Letters, vol. 298, no. 1, pp. 41–44, 2001.

[49] N. Forss, T. T. Raij, M. Seppä, and R. Hari, “Common cortical
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[56] S. Knecht, B. Dräger, M. Deppe et al., “Handedness and hemi-
spheric language dominance in healthy humans,”Brain, vol. 123,
no. 12, pp. 2512–2518, 2000.

[57] T. Sun and C. A. Walsh, “Molecular approaches to brain asym-
metry and handedness,”Nature Reviews Neuroscience, vol. 7, no.
8, pp. 655–662, 2006.

[58] X. Chen, R. B. Spaeth, S. G. Freeman et al., “The modulation
effect of longitudinal acupuncture on resting state functional
connectivity in knee osteoarthritis patients,” Molecular Pain,
vol. 11, p. 67, 2015.

[59] C.-L. Hsieh, T.-C. Li, C.-Y. Lin, N.-Y. Tang, Q.-Y. Chang, and
J.-G. Lin, “Cerebral cortex participation in the physiological
mechanisms of acupuncture stimulation: a study by auditory
endogenous potentials (P300),”TheAmerican Journal of Chinese
Medicine, vol. 26, no. 3-4, pp. 265–274, 1998.

[60] R. P. Dhond, T. Witzel, M. Hämäläinen, N. Kettner, and V. Na-
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