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Objectives : There has been some controversy about the modulatory effects on brain function during acupuncture on each side 

of the same acupoint. This study was designed to investigate and compare the blood oxygen level-dependent(BOLD) responses of 

acupuncture on each side of ST36.  Methods : Fourteen healthy subjects were recruited for imaging and received acupuncture or 

placebo stimulations either on the left or on the right acupoint of ST36 in each scan. For the voxel-wise statistical analysis, one 

sample T-test and the within-subject analysis of variance(ANOVA) test were performed using SPM8 software. Results :  This study 

showed that acupuncture on each side of ST36 showed different BOLD signal patterns. Higher BOLD responses after acupuncture 

stimulations at the left ST36 compared to the right were observed mainly in the parahippocampal gyrus(BA 28), dorsolateral 

prefrontal cortex(DLPFC, BA 44), thalamus, culmen and claustrum. We investigated the different neural responses between rest 

and activation periods of placebo and acupuncture stimulations on each side of ST36. Acupuncture at the right ST36 elicited 

activation mainly in the insula, supplementary motor area(SMA) and anterior cingulate cortex(ACC), while acupuncture at the left 

ST36 elicited activation mainly in the insula, primary somatosensory cortex(SI, BA 2) and DLPFC(BA 44). Conclusions : To our 

knowledge, this is the first reported functional MRI study directly comparing when needling at the right and at the left side of ST36. 

This study’s preliminary results proved to be evidence of acupuncture’s different effects when performed on opposite sides of an 

acupoint.

Key words : acupuncture, BOLD(blood oxygen level-dependent), contralateral acupuncture, fMRI(functional MRI), ST36

Introduction

Acupuncture, an ancient East Asian therapeutic technique, 

is currently emerging as an important modality in comple-

mentary and alternative medicine around the world1). In spite 

of its long history and public acceptance for medical ma-

nagement, the mechanism of acupuncture is still unclear2). One 

leading investigatory approach includes mapping or lo-

calizing acupuncture-associated changes in brain function3). 

The development of imaging techniques, such as positron 

emission tomography(PET) and functional magnetic reson-

ance imaging(fMRI), have opened a window into the brain 
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Subject Sex Age Smoke Drink
Weight 

(kg)
Height 
(cm)

Foot 
side

S1 M 25 N Y 69 179 R
S2 M 27 N N 82 178 R
S3 M 27 N N 60 174 R
S4 M 34 Y Y 72 170 R
S5 M 40 N Y 78 177 L
S6 M 29 N Y 66 168 L
S7 M 27 N N 65 178 R
S8 M 25 N Y 80 185 R
S9 M 27 N Y 61 173 R
S10 M 45 N Y 65 170 R
S11 M 29 N Y 97 184 R
S12 M 30 N Y 75 178 R
S13 M 30 Y Y 74 176 R
S14 M 26 N Y 67 171 R
S15 M 27 N Y 73 178 R

S : Subject, M : Male, smoke and drink : History of experience, 
Y : Yes, N : No, R : Right side, L : Left side.

Table 1. Baseline Characteristics of Participants 

that allows us to gain an appreciation of the anatomy and 

physiological function involved during non-invasive acupun-

cture in humans4). 

Recently, functional MRI(fMRI) has been used to investi-

gate the neurophysiological mechanisms and effects of acu-

puncture5-9). Many of these studies have the experimental 

paradigm of sequential acupuncture stimulations being used in 

a block design at only the left10-12) or right acupoint13-17), but 

others have also stimulated both the left and right points5,18). 

There have been some controversies concerning the neuronal 

effects of the left and right side of an acupoint. Hui et al.5) 

suggested that the consistent modulation of multiple bilateral 

cortical and subcortical limbic and paralimbic structures was 

observed during acupuncture manipulations at LI4 no matter 

which side was stimulated. However, bilateral deactivations 

of the brain were revealed during manual acupuncture 

stimulations at the left LI410), while bilateral activations and 

deactivations were revealed during manual acupuncture 

stimulations at the right LI417). 

According to the Yellow Emperor's Inner Classic(HuangDi 

neijing) and other Eastern medical literature, left and right 

represent roads by which yin and yang go up and down. This 

makes the side of stimulation a very important clinical index 

for circulation and keeping the balance of yin-yang in the 

human body19). Therefore, it is possible to treat a disease by 

inserting needles in the meridian on the opposite side of the 

disease location, known as ʽʽcontralateral acupunctureʼʼ. Re-

searchers have shown the effects of contralateral acupun-

cture on pain20) in animals and blood flow21) in stroke patients. 

These previous studies suggested that acupoints on oppo-

site sides of the body might have different modulatory effects 

in the human brain. In order to investigate the neuronal 

effects of acupuncture on each side of the same acupoint, 

this study examined the blood oxygen level-dependent 

(BOLD) response to acupuncture on each side of ST36 and 

compared needling at the right side of ST36 with that at the 

left side.

Materials and Methods

1. Subjects

This study was conducted after obtaining written consent 

from all subjects and being approved by the local institutional 

review board. Fifteen healthy subjects(all males, age 29.9± 

5.7 years, mean±SD) participated in this study. They had no 

history of psychological or neurological disorders and did not 

smoke or drink starting 24 hours before the experiment. One 

subject was excluded for a large congenital cyst in the right 

hemisphere. Thus, we used 14 subjects for further evalu-

ations. Dominant foot side was evaluated because ST34 is in 

on the leg, it was thought that dominant foot might affect 

the results. Table 1 summarizes the baseline characteristics 

of participants in this study.

2. Experimental design and procedures

The experimental design and procedure are shown in Fig. 1. 

The experimental design of this study consisted of four di-

fferent scans. In the first scan, sham stimulation(SHAM) on 

the right side of ST36 was performed only during the acti-

vation periods. Scanning commenced with a rest period(30 

s) and was followed by three identical active blocks(45 s) of 

needle stimulations, each separated by a rest period(30 s). 
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Fig. 1. Diagram of SHAM and ACUP 
at ST36 is presented in the left 
panel. 
The protocol of this study is pre-
sented in the right panel. 
Rt : the right side of ST36, Lt : the
left side of ST36, R : Rest, S : stimu-
lation.

The manipulation method included giving tactile stimulation 

to mimic the acupuncture stimulation. SHAM was performed 

using a blunt, non-penetrating needle. When it touches the 

skin, a pricking sensation is felt by the participant, simulating 

puncturing of the skin. After 1 min of break without sca-

nning, the same timing paradigm was repeated once more 

for SHAM at the left side of the acupoint in the second scan. 

In the third scan, the acupuncture stimulation(ACUP) was 

carried out on the right side of ST36 using the same timing 

paradigm as in the first scan. The process of ACUP consisted 

of the insertion, stimulation and removal of an acupuncture 

needle. ACUP was performed only during the activation 

period. During activation periods, the needle was inserted 

and rotated manually clockwise and counterclockwise at a 

rate of about two times per second(2 Hz). When the sti-

mulation was finished, the needle was withdrawn. During the 

rest period scans, the acupuncture needle was removed from 

the acupoint. This was repeated until the scan was done. In 

the fourth scan, the same timing paradigm was repeated once 

more for acupuncture stimulations at the left side of the acu-

point. In order to eliminate the possibility of conditioning and 

long-lasting effects of the acupuncture stimulations, we 

scheduled SHAM before ACUP. The acupuncture needle used 

in this study was made of stainless steel and its size was 0.25 

mm in diameter and 40 mm in length(Dong Bang Acu-

puncture Inc. Korea) for ACUP and the blunt, non-pene-

trating needle of same size which was made by Dong Bang 

Acupuncture inc. was used for SHAM. The stimulations were 

performed by an experienced Korean medical doctor at the 

right or left ST36, which is located in the tibialis anterior 

muscle, 4 fingerbreadth lateral to the anterior crest of the 

tibia. The duration of each scan task was 3 minutes 45 

seconds. There was a 1 minute gap between each scan. There 

were 75 scans for each scan task and a total of 300 scans(2 

placebo tasks and 2 acupuncture tasks) for each subject. The 

total scan time of each subject was about 18 minutes.  

The experiment was performed with an 8 channel head 

coil and a 3.0T MRI system(Philips Achieva, Best, The Neth-

erlands). The subject lied down supine in the scanner with 

a supporting head cushion. Transverse BOLD-MRI images 

were acquired with a gradient-echo echo-planar imaging 

sequence. The corresponding imaging parameters were: TR= 

3000 ms, TE=35 ms, flip angle= 90o, FOV=230×230 mm, slice 

thickness=4.5 mm without gaps between slices, number of 
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Fig. 2. Normalized SPM T-maps overlaid on the corresponding
axial T1-weighted images of side effects. 
It is showing statistically significant(p＜0.005, uncorrected with
10 continuous voxels) brain activation from SHAM at the left ST36
compared to that at the right acupoint (A) and ACUP at the left 
ST36 compared with that at the right acupoint (B). The significant
difference was observed in (a) the medial frontal gyrus, (b) the 
inferior frontal gyrus, (c) the superior temporal gyrus, (d) the 
precentral gyrus, (e) the thalamus, (f) the claustrum, (g) the cul-
men and (h) the parahippocampal gyrus. Talairach Z coordinates
for slices are indicated below each figure. The Z value thresholds
were above 2.81.

slices=27, the acquired imaging matrix size=64×64 and reco-

nstructed matrix size=128×128, scan resolution=3.6×3.6×4.5 

mm and reconstructed resolution=1.80×1.80×4.50 mm. In 

addition, we obtained anatomical images by using 2 dimen-

sional T2-weighted transverse sequence(TR=3000 ms, TE=80 

ms, flip angle=90o, FOV=230×230 mm, slice thickness=3 mm, 

matrix size=256×190, resolution=0.9×1.20×3.00 mm) and 3 

dimensional T1-weighted sagittal sequence(TR=9.9 ms, 

TE=4.6 ms, flip angle=8o, FOV=240×240 mm, slice thick-

ness=1 mm, matrix size=240×240, resolution=1.00×1.00× 

1.00 mm). 

3. Pre-processing of data 

Pre-processing and statistical analysis were performed 

using SPM8 software(Statistical Parameter Mapping, version 8, 

The Wellcome Trust Centre for Neuroimaging). Pre-pro-

cessing began with slice timing correction to adjust the ac-

quisition time delay between slices of a volume. To mi-

nimize the effect of the subject’s motion during scans, we 

performed realignments for two scans separately and a mean 

image was generated. The co-registration was performed 

between the realigned BOLD-MRI data and the 3 dimensional 

T1-weighted anatomical images. After the 3D T1-weighted 

images were normalized into the Montreal Neurological 

Institute(MNI) space, the co-registered BOLD-MRI data were 

also normalized into the standard space and smoothed with 

a full width of half maximum(FWHM) of 8×8×10 mm. 

To examine BOLD responses to placebo/acupuncture sti-

mulations for each scan, contrast images were obtained to 

compare the baseline signals to the right stimulation(base 

versus right, con1) as well as to the left stimulation(base 

versus left, con2). These analyses were repeated for both the 

positive and negative findings of activations or deactivations. 

The resulting individual contrast maps were used in ran-

dom-effects group analyses. 

4. Group analyses

Voxel-wise group analyses were performed by using con-

trast(con) images obtained from the single subject analysis. 

We constructed the matrix of activated functional maps in 

placebo/acupuncture stimulations for each scan. In order to 

investigate BOLD responses of acupuncture/placebo stimu-

lations at the right and left side of ST36, the data were 

analyzed using a one sample t-test with a statistical threshold 

of p＜0.001(uncorrected) combined with the spatial extent 

threshold of 10 contiguous voxels. In order to investigate the 

differences between needling at the left and right side of 

ST36(side effect), the data were analyzed using the within- 
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BA Side

SHAM-Rt＞Rest ACUP-Rt＞Rest SHAM-Lt＞Rest ACUP-Lt＞Rest

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

X Y Z X Y Z X Y Z X Y Z

PPG 2 Rt -56 -23 32 3.79 --------------- -60 -19 23 3.82 -54 -23 -32 4.13
2 Lt --------------- --------------- -51 -25 32 4.22 -50 -31 -35 3.95

FPG 6 Lt --------------- -36   2 24 3.41 --------------- ---------------
Ins 13 Rt -45 -10 15 3.51 --------------- -49 -21 25 3.50 -44 -17 --1 4.53

13 Lt -33 -23 19 4--- -57 -37 21 3.63 --------------- ---------------
ACC 24 Lt ---------------  -5 0-9 41 3.32 --------------- ---------------

32 Rt --------------- --------------- -17 -32 20 3.85 ---------------
IPL 40 Rt --------------- --------------- -52 -31 35 3.26 -54 -40 -28 3.40

40 Lt -55 -31 31 3.83 -50 -32 22 3.77 --------------- -59 -28 -24 5.02
FPG 44 Lt -47   2  9 3.27 --------------- --------------- -46 --4 --9 3.45
IFG 44 Rt --------------- --------------- --------------- -49 -14 -19 3.86

44 Lt -49 --6 18 3.13 --------------- --------------- -51 --8 -22 3.93
46 Rt -43 -39 10 3.81 --------------- --------------- ---------------

MFG 46 Rt -40 -31 19 3.27 --------------- --------------- ---------------
Clm Rt --------------- --------------- --------------- -32 --1 --4 3.93
Uvl Lt --------------- --------------- --------------- -21 -66 -26 3.57

PPG : Parietal lobe, postcentral gyrus, Ins : Insula, ACC : Anterior cingulate cortex, IPL : Inferior parietal lobule, MFG : Middle frontal 
gyrus, Uvl : Uvula. 
The other indicators are the same as Table 2. 
The activation foci of the right hemisphere are printed in bold letters.
The data were analyzed using one sample T-tests. 
The threshold is set to p＜0.001 uncorrected with 10 contiguous voxels.

Table 3. The Activated Neural Response Areas between Rest and Activation Periods of SHAM and ACUP on Each Side of ST36

BA Side

SHAM-Rt＞SHAM-Lt SHAM-Lt＞SHAM-Rt ACUP-Rt＞ACUP-Lt ACUP-Lt＞ACUP-Rt

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

X Y Z X Y Z X Y Z X Y Z

MFG 9 Rt --------------- 21 36 22 3.39 --------------- ---------------
LPG 28 Lt --------------- --------------- --------------- -14 -18 -19 3.20
STG 39 Lt --------------- --------------- --------------- -51 -53 -   90 2.86
IFG 44 Rt --------------- --------------- --------------- -51 -13 -21 4.13
FPG 44 Rt --------------- --------------- --------------- -49 -18 - 7 2.89
Thl Lt --------------- --------------- ---------------  -8   -1   8 2.96
Cul Lt --------------- --------------- --------------- -19 -30 -15 2.81
Clm Rt --------------- --------------- --------------- -29 -12  -7 2.93

MFG : Medial frontal gyrus, LPG : Limbic lobe, parahippocampal gyrus, STG : Superior temporal gyrus, IFG : Inferior frontal gyrus, 
FPG : Frontal lobe, precentral gyrus, Thl : Thalamus, Cul : Culmen, Clm : Claustrum, BA : Brodmann area, Rt : The right side of ST36, 
Lt : The left side of ST36. 
The activation foci of the right hemisphere are printed in bold letters. 
The data were analyzed using within-subject ANOVA test.
The threshold is set to p＜0.005 uncorrected with 10 contiguous voxels.

Table 2. Significantly Different Brain Areas Based on the Side of Stimulation at ST36

subject analysis of variance(ANOVA) test with a statistical 

threshold of p＜0.005(uncorrected) combined with the spa-

tial extent threshold of 10 contiguous voxels. The results 

were reported using the coordinates of Talairach space.

Results

1. Significantly different brain areas based on the 

side of stimulation at ST36

As shown in Fig. 2A, a higher BOLD response was obser-
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Fig. 3. Normalized SPM T-maps overlaid on the corresponding
axial T1-weighted images of group activation results.

It is showing statistically significant(p＜0.001, uncorrected with
10 continuous voxels) brain activation from SHAM at the right 
ST36 compared to the resting state (A), ACUP at the right ST36 
compared to the resting state (B), SHAM at the left ST36 
compared to the resting state (C) and ACUP at the right ST36
compared to the resting state (D). The activation was observed 
in (a) the primary somatosensory cortex, (b) the dorsolateral 
prefrontal cortex, (c) the insula, (d) the anterior cingulate cortex 
and (e) the supplementary motor area. Talairach Z coordinates 
for slices are indicated below each figure. The Z value thresholds 
were above 3.41.

ved with SHAM at the left ST36 than with those at the right 

acupoint in the right medial frontal gyrus(BA 9). No higher 

BOLD response was observed in the SHAM at the right ST36 

compared to those at the left acupoint. As shown in Fig. 2B, 

higher BOLD response was observed after ACUP at the left 

ST36 than after those at the right acupoint in the left 

parahippocampal gyrus(BA 28), left superior temporal gyrus 

(BA 39), right inferior frontal gyrus(BA 44), right precentral 

gyrus(BA 44), left thalamus, left culmen and right claustrum. 

No higher BOLD response was observed in ACUP at the right 

ST36 compared to those at the left acupoint. The above 

results are summarized in Table 2.

2. The activated neural response areas between 

rest and activation periods of SHAM and ACUP 

on each side of ST36

 Table 3 lists the group activation results for ACUP and 

SHAM on each side of ST36 compared to the rest periods. 

As shown in Fig. 3A, SHAM at the right ST36 elicited signi-

ficant activation in the ipsilateral postcentral gyrus(BA 2), 

bilateral insula(BA 13), contralateral inferior parietal lobule 

(BA 40), contralateral precentral gyrus(BA 44), bilateral in-

ferior frontal gyrus(BA 44 and 46) and ipsilateral middle 

frontal gyrus(BA 46). As shown in Fig. 3B, ACUP at the right 

ST 36 elicited significant activation in the contralateral precen-

tral gyrus(BA 6), contralateral insula(BA 13), contralateral an-

terior cingulate cortex(ACC, BA 24) and contralateral inferior 

parietal lobule(BA 40). As shown in Fig. 3C, placebo stimu-

lations at the left ST 36 elicited significant activation in the 

bilateral postcentral gyrus(BA 2), contralateral insula(BA 13), 

contralateral ACC(BA 32) and contralateral inferior parietal 

lobule(BA 40). As shown in Fig. 3D, acupuncture stimulations 

at the left ST 36 elicited significant activation in the bilateral 

postcentral gyrus(BA 2), contralateral insula(BA 13), bilateral 

inferior parietal lobule(BA 40), ipsilateral precentral gyrus(BA 

44), bilateral inferior frontal gyrus(BA 44), contralateral clau-

strum and ipsilateral uvula.

3. The deactivated neural response areas between 

rest and activation periods of SHAM and ACUP 

on each side of ST36

Table 4 lists the group deactivation results for ACUP and 

SHAM on each side of ST 36 compared to the rest periods. 

As shown in Fig. 4, SHAM at the left ST 36 elicited significant 

deactivation in the contralateral lingual gyrus(BA 19). ACUP 

at the left and right side of ST 36 elicited no significant 

deactivation in the brain. SHAM at the right side of ST 36 
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BA Side

SHAM-Rt＜Rest ACUP-Rt＜Rest SHAM-Lt＜Rest ACUP-Lt＜Rest

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

X Y Z X Y Z X Y Z X Y Z

OLG 19 Rt --------------- --------------- 30 -61 -3 3.49 ---------------

OLG : Occipital lobe, lingual gyrus. 
The other indicators are the same as Table 2. 
The deactivation foci of the right hemisphere are printed in bold letters.
The data were analyzed using one sample T-tests. 
The threshold is set to p＜0.001 uncorrected with 10 contiguous voxels.

Table 4. The Deactivated Neural Response Areas between Rest and Activation Periods of SHAM and ACUP on Each Side of ST36

Fig. 4. Normalized SPM T-maps overlaid on the corresponding
axial T1-weighted images of group deactivation results.
It is showing statistically significant(p＜0.001, uncorrected with 
10 continuous voxels) brain deactivation from SHAM at the left 
ST36 compared to the resting state. Talairach Z coordinates for
slices are indicated below each figure. The Z value threshold was
3.49. The deactivation was observed in (a) the occipital lobe, 
lingual gyrus. 

Fig. 5. Normalized SPM T-maps overlaid on the corresponding
axial T1-weighted images of ACUP versus SHAM.
It is showing statistically significant(p＜0.005, uncorrected with
10 continuous voxels) brain activation from SHAM at the right 
ST36 compared with ACUP at the right acupoint (A) and SHAM 
at the left ST36 compared with ACUP at the left acupoint (B).
The difference was observed in (a) the inferior parietal lobule,
(b) the precentral gyrus (BA 9), (c) the inferior frontal gyrus, (d)
the middle frontal gyrus, (e) the precentral gyrus (BA 44), (f) the
putamen and (g) the anterior cingulate cortex. Talairach Z 
coordinates for slices are indicated below each figure. The Z value
thresholds were above 2.81.

also elicited no significant deactivation in the brain.

4. Comparison of ACUP and SHAM

As shown in Fig. 5A, higher BOLD responses were obta-

ined with SHAM at the right ST36 compared to ACUP at this 

point in the right inferior frontal gyrus(BA 9), right precentral 

Gyrus(BA 9 and 44), left inferior parietal lobule(BA 40), right 

middle frontal gyrus(BA 46) and right putamen. No higher 

BOLD response was observed in ACUP at the right ST36 than 

in SHAM at the right acupoint. As shown in Fig. 5B, higher 

BOLD responses were observed with SHAM at the left ST36 

compared to ACUP at the same point in the left ACC(BA 32). 

No higher BOLD response was observed in ACUP at the left 

ST36 than in SHAM at the left acupoint. The above results 

are summarized in Table 5.
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BA side

SHAM-Rt＞A-Rt ACUP-Rt＞P-Rt SHAM-Lt＞ALt ACUP-Lt＞P-Lt

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

Talairach’s
z-score

X Y Z X Y Z X Y Z X Y Z

IFG 09 Rt -47 --9 -28 3.20 --------------- --------------- ---------------
FPG 09 Rt -41 --7 -33 2.93 --------------- --------------- ---------------
ACC 32 Lt --------------- --------------- -25 39 11 3.06 ---------------
IPL 40 Lt -52 -33 -36 3.43 --------------- --------------- ---------------
FPG 44 Rt -47 -17 --7 2.96 --------------- --------------- ---------------
MFG 46 Rt -43 -34 -17 2.87 --------------- --------------- ---------------
Ptm Rt -31 --1 --8 3.29 --------------- --------------- ---------------

Ptm : Putamen. 
The other indicators are the same as Table 2 and 3. 
The activation foci of the right hemisphere are printed in bold letters.
The data were analyzed using within-subject ANOVA test. 
The threshold is set to p＜0.005 uncorrected with 10 contiguous voxels.

Table 5. Significantly Different Brain Areas in the Comparison of ACUP and SHAM Stimulations on Each Side of ST36

Discussion

The first major finding of this study was that acupuncture 

on each side of ST36 showed different BOLD signal patterns. 

We compared needling on the right side of ST36 to that on 

the left side. A higher BOLD response was observed during 

ACUP at the left ST36 compared to those at the right acu-

point mainly in the parahippocampal gyrus(BA 28), dor-

solateral prefrontal cortex(DLPFC, BA 44), thalamus, culmen 

and claustrum. In contrast to some results of Hui et al5), this 

study showed the possibility of different neuronal effects on 

the brain function during acupuncture manipulations at ST36 

depending on the side. This study is in line with several pre-

vious studies10,17). Future research using other acupoints may 

help to clarify whether there are differences in the neuronal 

effects of acupuncture on each side of the same acupoint.

The neural responses to acupuncture on each side of ST36 

were also investigated. ACUP at the right ST36 elicited acti-

vation mainly in the insula, supplementary motor area(SMA) 

and ACC, while acupuncture at the left ST36 elicited acti-

vation mainly in the insula, primary somatosensory cortex(SI, 

BA 2) and DLPFC(BA 44). This study revealed that different 

BOLD responses to ACUP on each side of ST36 were obser-

ved mainly in pain related areas including SI, ACC, SMA and 

DLPFC, which were in line with the activated and/or de-

activated areas of the brain identified in previous imaging 

studies6-10,22,23). In addition, the previous imaging studies 

demonstrated that analgesic acupoints, such as GB34, LI4 or 

ST36, have significant modulatory effects on networks in the 

brain, which involve the limbic system and limbic-related 

brain structures including the amygdala, hippocampus, hypo-

thalamus, cingulate, prefrontal and insular cortices5-9,22,23). 

This result provides additional evidence in support of pre-

vious reports that acupuncture modulates the limbic system 

and limbic-related structures, which have been considered to 

play a complex pivotal role in the affective-cognitive aspects 

of acupuncture effect. Therefore, this preliminary result indi-

cates that acupuncture on the left or right side of ST36 might 

influence acupuncture’s ability in a different way.

It has been suggested in Eastern medicine that acupun-

cture at the left or right side of an acupoint could affect brain 

function in different ways. The concept of right and left was 

mentioned in the Yellow Emperor's Inner Classic and some 

Eastern medical literature as follows. This concept includes 

the directional right and left which implies the formula of 

man-left-woman-right, left-liver-right-lung and left-yang- 

right-yin. The idea of right and left is also the road of yin- 

yang which implies the formula of left-blood-right-ki, left- 

Sinsu-right-Myungmoon and left-right of pulse. These aspec-

ts of right and left suggest that man-left-woman-right, left- 

liver-right-lung and left-yang-right-yin are expressions of the 

movement of yang. They also suggest that implies left-blood- 
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right-ki, left-Sinsu-right-Myungmoon and left-right of pulse 

are expressions of the yin in response to the movement of 

yang. Finally, contralateral acupuncture involves selecting acu-

points contralateral to the affected side in order to keep the 

balance of yin-yang in the human body. Therefore, this pre-

liminary result might be an evidence of supporting the di-

fferent effects of acupuncture on each side of an acupoint.

The second major finding of this study was that SHAM on 

each side of ST36 showed different BOLD signal patterns. 

According to the result of within-subject ANOVA test, higher 

BOLD responses were observed with the placebo stimulations 

at the left ST36 than with those at the right acupoint in the 

DLPFC(BA 9). We also investigated the neural responses to 

placebo stimulations on each side of ST36. SHAM at the right 

ST36 elicited activation mainly in the insula, SI(BA 2) and 

DLPFC(BA 44 and 46), while SHAM at the left ST36 elicited 

activation mainly in the insula, SI(BA 2) and ACC(BA 32). The 

activation of SI was more dominant in SHAM at the left 

ST36(z-score=4.22) than in SHAM at the right acu-

point(z-score=3.79). This result was in line with recent resea-

rch reporting that perceived pain intensity was significantly 

higher for the left as compared to the right hand24).

In order to mimic all aspects of the real treatment, the 

experiment was performed with SHAM on the acupoints in 

this study. This study revealed that both ACUP and SHAM 

have some remarkable overlapping activation on limbic and 

paralimbic structures. According to the result of the within- 

subject ANOVA test, higher BOLD responses were observed 

during acupuncture stimulations at the left ST36 than at the 

right acupoint mainly in the parahippocampal gyrus(BA 28), 

DLPFC(BA 44), thalamus, culmen and claustrum. A higher 

BOLD response SHAM at the left ST36 than ACUP at this 

point in the ACC(BA 32). These areas showed similar res-

ponse patterns in the control groups of the previous imaging 

studies with tactile stimulations at the acupoint14,25) and 

minimal electroacupuncture at the non-acupoint22). 

It has been reported that the effectiveness of real or sham 

acupuncture, reflected as increased activity in the prefrontal 

cortex, ACC, and midbrain, depended on the subjects’ belief 

in the treatment26). It has been reported that sham needles 

also produced placebo analgesia27,28). This may explain the 

fact that it is very hard to separate the efficacy of acu-

puncture from placebo in clinical studies. Therefore, it is ne-

cessary to develop the SHAM needle as a control to mimic, 

apart from the physiological effect, all aspects of the real 

treatment.Hemispheric differences have been reported in 

numerous imaging studies on memory29,30), motor function31,32), 

language33-37), auditory processing38) and visuo-spatial proce-

ssing39). More recent studies have explored hemispheric domi-

nance in populations with different demographic charac-

teristics, including handedness34,40), age36,41,42), gender33,43), mul-

tilinguism37,44,45) and the presence of diseases35,46-48). In this 

study, hemispheric dominance might be one of causes of 

different brain activations by acupuncture on each side. 

Moreover, SHAM(which was tactile stimulation, not pene-

tration) on each side evoked different brain activation. He-

mispheric dominance in populations involved in our study 

may affect brain activation tendency and cause the diff-

erence.

Previous studies have found more dominant acupun-

cture-induced changes of BOLD signal intensities in the 

ipsilateral as opposed to the contralateral hemisphere. These 

changes were evident in the activation of the visual cortex 

induced by laser acupuncture at BL6749) as well as in the 

activation of the motor area induced by acupuncture mani-

pulations at GB3411), suggesting that acupuncture stimulation 

evoked an ipsilateral activation of the brain whose signal 

might be transduced to a hemiplegic lesion through a crossed 

corticospinal tract. It has been reported that the cerebral 

cortex and cerebellum as well as basal ganglia are involved 

in the planning, control, and execution of voluntary motor 

functions50). This study showed that acupuncture-induced 

activation was observed in the SMA and claustrum con-

tralaterally as well as in the uvula ipsilaterally. This may due 

to the effects of acupuncture at different sides of the acupoint 

as suggested by previous researches.

In the table 5, SHAM on right GB34 produced greater 

BOLD signal in the right inferior frontal gyrus(BA 9), right 

precentral Gyrus(BA 9 and 44), left inferior parietal lobule(BA 

40), right middle frontal gyrus(BA 46) and right putamen 
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compared to ACUP. It is reported that consecutive acupun-

cture stimulations affected the neural responses in a signi-

ficant way, resulting in decreased activations during the se-

cond acupuncture stimulation51). Our results might reflect this 

methodological issue.

The present study design is exploratory and the sample 

size is limited. Previous studies suggest that a sufficient sam-

ple size and number of repeated scans across the same su-

bject are necessary to ensure ample power to detect changes 

in brain activity associated with a task52). Larger sample stu-

dies with greater statistical strength are required to clarify the 

differential effects of acupuncture on each sides of ST36. 

Another limitation is we did not assess the dominance of a 

subject's right or left hand which referred to as laterality. 

Nonidentical dominant handedness of participants could 

affect to the result. Moreover, our scanning order was right 

side stimulation first and left side stimulation next. This order 

could make habituation or sensitization to the same stimu-

lation time after time.

Conclusion

This study showed that acupuncture on each side of ST36 

showed different BOLD signal patterns. A higher BOLD res-

ponse was observed during acupuncture stimulations at the 

left ST36 compared to those at the right acupoint mainly in 

the parahippocampal gyrus(BA 28), dorsolateral prefrontal 

cortex(DLPFC, BA 44), thalamus, culmen and claustrum. 

Acupuncture at the right ST36 elicited activation mainly in 

the insula, supplementary motor area(SMA) and ACC, while 

acupuncture at the left ST36 elicited activation mainly in the 

insula, primary somatosensory cortex(SI, BA 2) and DLPFC(BA 

44). To our knowledge, this is the first reported functional 

MRI study to directly compare needling at the right to that 

at the left side of ST36. This preliminary result might provide 

evidence supporting the different neuronal effects of acu-

puncture on each side of an acupoint. 
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국문초록

연구배경 : 침의 효과와 신경생리학적 기전에 관한 연구가 기능자기공명을 이용하여 활발히 이루어지고 있다. 좌우측 동일한 혈위에 대한 

자침이 뇌 기능에 미치는 효과에 대하여 논란이 되고 있다. 그러나 동일한 혈위에 대한 좌측 또는 우측 자침이 뇌기능에 미치는 영향에 대한 

연구는 부족한 점이 있다. 목적 : 본 연구의 목적은 좌우측 족삼리 자침에 의한 BOLD (blood oxygen level-dependent) 반응을 살펴보고 

비교하는 것이다.  방법 : 14명의 건강한 남자를 대상으로 좌우측 족삼리에 가짜 침과 진짜 침 자극을 하였다. 좌우측 족삼리 자침이 뇌 기능에 

미치는 영향을 알아보고 비교하기 위해 4가지 실험 디자인을 선택하였다. 첫째와 셋째 스캔은 우측 족삼리에, 둘째와 넷째 스캔은 좌측 족삼리

에 가짜침과 진짜침 자극을 주었다. 또한, 자침은 자극기에 자침 및 자극을 주었으며, 자극기가 끝남과 동시에 발침하기를 반복하였다. 통계분

석을 위해 SPM8을 이용하여 one sample T-test와 within-subject the analysis of variance (ANOVA) test 를 실시하였다. 통계 결과 좌측과 

우측 족삼리 자침에 의해 BOLD 반응의 차이를 보이는 9개 영역의 ROI (regions of interest)에서 BOLD 신호를 추출하였다. 결과 : 좌측과 

우측 족삼리의 자침에 의한 BOLD반응은 서로 다른 방식으로 나타났다. 좌우측 족삼리 자침에 의한 BOLD반응을 비교한 결과, 좌측 족삼리 

자침은 우측 족삼리 자침에 비해 주로 해마옆 이랑 (브로드만 영역 28), 배외측 전전두 피질 (브로드만 영역 44), 시상, 소뇌정상과 기저핵의 

전장에서 더 높은 활성반응이 나타났다. 좌우측 족삼리 자침에 의한 BOLD반응을 각각 조사한 결과, 우측 족삼리 자침은 주로 대뇌섬과 보조운

동영역 그리고 전대상이랑 (브로드만 영역 24)에서 활성화가 나타났으며, 좌측 족삼리 자침은 주로 대뇌섬과 일차 체감각 피질 (브로드만 영역 

2) 그리고 배외측 전전두 피질 (브로드만 영역 44)에서 활성화가 나타났다. 결론 : 본 연구는 기능적 자기공명영상을 이용하여 좌측과 우측의 

족삼리 자침이 인간의 뇌에 미치는 영향을 알아보고 비교한 최초의 연구이다. 본 연구 결과는 좌측과 우측 족삼리 자침은 통증조절효과에 서로 

다른 방식으로 영향을 미칠 수 있다는 것을 의미한다. 또한, 본 연구 결과는 좌측과 우측 자침이 뇌 신경에 미치는 영향의 차이에 대한 증거가 

된다. 




