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Abstract Acupuncture stimulation at specific points, or

trigger points (TPs), elicits sensations called ‘‘de-qi’’. De-qi

sensations relate to the clinical efficacy of the treatment.

However, it is neither clear whether de-qi sensations are

associated with TPs, nor clear whether acupuncture effects

on brain activity are associated with TPs or de-qi. We

recorded cerebral hemodynamic responses during acu-

puncture stimulation at TPs and non-TPs by functional

near-infrared spectroscopy. The acupuncture needle was

inserted into both TPs and non-TPs within the right

extensor muscle in the forearm. Typical acupuncture nee-

dle manipulation was conducted eight times for 15 s. The

subjects pressed a button if they felt a de-qi sensation. We

investigated how hemodynamic responses related to de-qi

sensations induced at TPs and non-TPs. We observed that

acupuncture stimulations producing de-qi sensations sig-

nificantly decreased the Oxy-Hb concentration in the sup-

plementary motor area (SMA), pre-supplementary motor

area, and anterior dorsomedial prefrontal cortex regardless

of the point stimulated. The hemodynamic responses were

statistically analyzed using a general linear model and a

boxcar function approximating the hemodynamic response.

We observed that hemodynamic responses best fit the

boxcar function when an onset delay was introduced into

the analyses, and that the latency of de-qi sensations cor-

related with the onset delay of the best-fit function applied

to the SMA. Our findings suggest that de-qi sensations

favorably predict acupuncture effects on cerebral hemo-

dynamics regardless of the type of site stimulated. Also, the

effect of acupuncture stimulation in producing de-qi sen-

sation was partly mediated by the central nervous system

including the SMA.

Keywords De-qi � Supplementary motor cortex �
NIRS � Deactivation � Analgesia

Introduction

It has been reported that stimulation of specific points on

body surfaces (called ‘‘acupoints’’) during acupuncture

therapy can effectively treat general pain, visceral pain,

psychoneurotic disorders, as well as other ailments (Esch

et al. 2004). In acupuncture therapy, it has been suggested

that a sensation unique to acupuncture called ‘‘hibiki’’ in

Japanese and ‘‘de-qi’’ in Chinese, is an important thera-

peutic index. Effective acupuncture usually induces a de-qi

sensation described as aching, soreness, pressure, heavi-

ness, fullness, warmth, cooling, numbness, tingling, or dull

pain around the acupuncture point. Acupuncturists typi-

cally insert needles into the acupoints, and then perform

various needle manipulations such as a back-and-forth

vertical movement and/or a rotation. These manipulations

are important factors to induce these unique acupuncture-

related sensations. During acupuncture therapy, acupunc-

turists try to induce a de-qi sensation, and use them to

assess the effect of the therapy (Denmei 1990; Helms 1995;
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Stux and Pomeranz 1995; Ezzo et al. 2000; Langevin et al.

2001; Sakai et al. 2007).

Recent noninvasive imaging studies reported that de-qi

sensations are particularly important in modulating activity

in the central nervous system among the different effects of

acupuncture stimulation. When compared with other acu-

points, acupuncture stimulation at the acupoints used for

analgesia (LI4, ST36, GB34) most prominently affected

the activity in the pain centers of the brain including the

limbic-hypothalamic system (Wu et al. 1999, 2002; Biella

et al. 2001; Hui et al. 2000). For example, pain stimulated

the activity of the limbic system, but these limbic responses

only decreased when a de-qi sensation was achieved (Hui

et al. 2005). Individual variations in de-qi sensations have

been reported, and variability in the intensity of de-qi

sensations has been correlated with activity in the hypo-

thalamus (Liu et al. 2007). However, the stimulation of

both acupoints and non-acupoints has been shown to

induce de-qi sensations. In addition, no apparent difference

in brain activity results between these two locations (Fang

et al. 2008). Therefore, until date, the exact anatomical

locations of the effective acupoints had not been clearly

identified in terms of their effects on brain activity.

The term ‘‘trigger points’’ (TPs) has been coined in the

West, instead of acupoints, when referring to the points

targeted during acupuncture needling. Identified TPs (71%)

correlate anatomically with acupoints (Melzack et al.

1977). Acupuncture needling at TPs is widely utilized for

the treatment for myofascial pain syndrome (MPS), fibro-

myalgia, chronic fatigue, secondary muscular strain

accompanying other diseases, as well as other conditions.

TPs are specific sites on the body surface exhibiting ten-

derness, which is one of the characteristics of MPS. These

are defined as highly localized, exquisitely tender spots in a

palpable taut band (Travell and Simons 1983). A charac-

teristic pattern of referred pain and a flexion withdrawal

reflex (jump sign) (Travell and Simons 1983) are elicited

when these spots are pressed. It was reported that a sen-

sation similar to de-qi was obtained by acupuncture stim-

ulation at TPs (Kong et al. 2001). However, the effect of

de-qi sensations resulting from acupuncture stimulation at

TPs on the central nervous system has not been investi-

gated. Because the exact nature of TPs is still unclear, it is

unknown whether TPs are specific points that induce

unique de-qi sensations and a specific brain activity related

to acupuncture.

Functional near-infrared spectroscopy (fNIRS) is a rel-

atively new brain function imaging technique that can non-

invasively measure Hb concentration with near-infrared

light. Because fNIRS allows subjects to behave freely in a

non-restricting manner, this method enables measuring of

brain activity under more natural conditions. The aim of

our study was to investigate the effects of de-qi sensations

elicited by acupuncture needling at TPs and non-TPs on

cerebral hemodynamic responses, and analyze whether

these effects were related to specific stimulation sites (TPs)

or unique de-qi sensations.

Materials and Methods

Subjects

Twenty healthy male and female subjects were used (mean

age: 23.5 years; age range; 19–30 years; 15 males and 5

females). A well-trained acupuncturist who had a national

Japanese license conducted the acupuncture needling. The

subjects had no previous experience of acupuncture ther-

apy. All subjects were treated in strict compliance with the

Declaration of Helsinki and U.S. Code of Federal Regu-

lations for the protection of human subjects. The experi-

ments were conducted with the full consent of each subject

using a protocol approved by the ethical committee of our

university.

Acupuncture Stimulation

In the present study, the acupuncturists who had a national

license in Japan (T.K., S.S.) located TPs and non-TPs. For

the acupuncture regimen, sterile disposable stainless steel

needles were inserted into the TPs or non-TPs of the right

extensor muscle in the forearm. Needles 0.24 mm in

diameter and 40 mm in length were used. The TPs were

defined as areas having a palpable taut band. Pressing on

these areas induced tenderness and specific referred pain.

For the control, non-TPs that were 2 cm away and proxi-

mal to a given TP were stimulated by needling in the same

way as was done for the TPs. Acupuncture needles were

inserted vertically 1.0 cm from the skin. fNIRS recording

was initiated 2 min after the insertion of the needle. Needle

manipulations were started 1 min after start of fNIRS

recording. Acupuncture needles were manipulated using a

standard vertical back-and-forth movement between the

two points 1.0 and 1.5 cm from the skin (length of the

movements, 0.5 cm; 1 movement/sec) for 15 s, followed

by a resting period 60 s. The needle remained there during

the resting period. The procedure was repeated eight giving

eight cycles.The 20 subjects were randomly assigned to

one of the two groups. Ten of the subjects (9 males, 1

females) first received needling at the TPs, followed by

needling at the non-TPs after a 5-min interval. The

remaining 10 subjects (7 males, 3 females) first received

needling at the non-TPs, followed by needling at the TPs.

The subjects were instructed to press a button using their

left hand whenever they felt a unique de-qi sensation

(aching, soreness, pressure, heaviness, fullness, warmth,

280 Brain Topogr (2010) 23:279–291
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cooling, numbness, tingling or dull pain) in the region of

the given TP or non-TP.

Since the subjects were naive to acupuncture, prepara-

tory acupuncture had been applied to each subject on the

day before the experimental day according to our previous

study (Sakai et al. 2007), although a previous study

reported that experience of de-qi was not different between

the experienced and naive subjects (Park et al. 2005). On

that day, acupuncture was applied to in the same way as in

the experimental day in order to eliminate fear or prejudice

against acupuncture and to let the subjects be experienced

with de-qi sensations as well as the procedures in the

experiment.

Scoring the Sensations Induced by the Acupuncture

Procedure

It is noted that de-qi is complicated sensation that consist of

several sensations (a single-valued summary of the repor-

ted simultaneous sensations) (Hui et al. 2007). Therefore, it

is difficult to relate de-qi only to one of these sensations.

Instead, usage of complex sensation profile of de-qi as a

single value is useful for correlating the de-qi response to

various physiological measures including hemodynamic

responses in the brain (Hui et al. 2007). To evaluate the

responses of each subject to the applied needle manipula-

tion, acupuncture-unique de-qi sensations were scored as a

single value by self-evaluation using a previously pub-

lished method (Wu et al. 2002). The subjects were asked to

comprehensively evaluate their de-qi sensations once after

NIRS recording on a scale of 1–10 (0 = no sensation;

5 = moderate de-qi sensation; 10 = maximum de-qi sen-

sation). The number of de-qi sensations experienced during

the needle manipulation was assessed by counting the

number of times the subject pressed the button. The de-qi

sensations usually last from the time subjects signaled its

onset until the end of the cycle.

fNIRS Recording

Two NIRS instruments (OMM 3000, Shimadzu, Co. Ltd,

Kyoto, Japan) were used to examine the entire brain. The

probes (source and detector) for the NIRS measurements

were fixed on a head cap (Takeuchi et al. 2009) (Fig. 1A,

B). The system consisted of 30 optical sources and 32

detectors, resulting in a total of 100 recording channels.

The NIRS source and detector were positioned across from

each other at 3 cm intervals. The midpoint between the

source and the detector was called the ‘‘NIRS channel.’’

The hemodynamic responses of these channels were

9 25 9 26 10
27 28 29
10 30 11 31 11 

× 32 33 34 ×
× 12 35 12 36 13 ×
× 37 38 39 ×
7 18 5 11 3 4 1 47 13 40 14 41 14 46 1 4 3 11 5 18 7
22 15 8 1 42 43 44 1 8 15 22
7 19 5 12 3 5 1 48 15 45 15 46 16 49 1 5 3 12 5 19 7
23 16 9 2 51 47 50 2 9 16 23
8 20 6 13 4 6 2 52 9 25 9 26 10 44 2 6 4 13 6 20 8
24 17 10 3 27 28 29 3 10 17 24
8 21 6 14 4 7 2 48 10 30 11 31 11 45 2 7 4 14 6 21 8

××
× 12 32 12 33 13 ×
× 34 35 36 ×

13 37 14 38 14
39 40 41
15 42 15 43 16

Head cap 

Probe

Source no. 

Detector no. 

NIRS ch no. 

A

B

mPFC

pre-
SMA

SMALSI RSI

p-LSI p-RSIlp-LSI lp-RSI

l-LSI l-RSI

C

Fig. 1 Head cap used for fNIRS recording (A), the arrangement of

probes (sources and detectors) and recording channels (B), and a

schematic illustration of the 11 brain regions for the analyses of the

group-averaged fNIRS data (C). SMA supplementary motor area, pre-
SMA pre-supplementary motor area, mPFC medial prefrontal cortex,

RSI right SI area, LSI left SI area, l-RSI area lateral to the RSI, l-LSI
area lateral to the LSI, p-RSI area posterior to the RSI, p-LSI area

posterior to the LSI, lp-RSI area lateral and posterior to the RSI,

lp-LSI area lateral and posterior to the LSI
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detected by the NIRS source and detector. Three different

wavelengths (708, 805, and 830 nm) with a pulse width of

5 ms were used to detect the hemodynamic responses. The

mean total irradiation power was less than 1 mW. Changes

in the Hb concentration [DOxy-Hb, DDeoxy-Hb, and

DTotal-Hb (DOxy-Hb ? DDeoxy-Hb)] from the baseline

were estimated based on a modified Lambert–Beer law

(Seiyama et al. 1988; Wray et al. 1988). Since continuous

wave systems cannot measure the optical path length

(Hoshi 2003) and no specific value for the optical path

length was defined in any previous publication (e.g.,

Duncan et al. 1996), we adopted the molar-concentration

multiplied by the unknown path length (mM 9 cm) for our

measurements. In this unit (mM 9 cm), the path length

(cm) is supposed to be constant across the time in the same

channel although the path length is unknown. This indi-

cates that the resultant changes in this unit (mM 9 cm)

across the time reflect changes in concentration of Oxy-Hb,

Deoxy-Hb, or Total-Hb (mM).

The depth of light penetration from the surface of the

brain in adult humans has been reported to range from 0.5

to 2 cm (Fukui et al. 2003). Furthermore, recent studies, in

which simultaneous recording of PET and fNIRS were

conducted, reported that the changes in fNIRS data were

correlated with those in the cerebral blood flow in the gray

matter, but not with those in the scalp and skull (Ohmae

et al. 2006). In addition, local blood flow in the scalp and

skull is supposed to be constant in usual cognitive tasks.

Therefore, we calculated the change in the Oxy-Hb con-

centration as the change in the regional cerebral blood

volume (Tanosaki et al. 2001, 2003).

After recording, the 3-D location of the fNIRS probes

was measured using a Digitizer (Real NeuroTechnology

Co. Ltd., Japan) with reference to the nasion and bilateral

external auditory meatus. The location of each NIRS

channel was then determined by stereotaxic superimposi-

tion on the surface of the reconstructed 3-D MRI brain

image obtained for each subject.

Analysis of fNIRS Data: Processing of the Raw fNIRS

Data

In this study, we focused only on changes in Oxy-Hb

concentration, which has been reported to be sensitive to

neuro-hemodynamic relationships in NIRS studies (Hoshi

et al. 2001; Strangman et al. 2002; Yamamoto and Kato

2002). From the eight cycles, those with and without a de-

qi sensation were denoted by ‘‘de-qi (?)’’ and ‘‘de-qi (-)’’,

respectively; de-qi (?) was defined as the cycle during

which the subjects pressed the button more than once,

while de-qi (-) was defined as the cycle during which the

subjects did not press the button. The NIRS data obtained

(Oxy-Hb concentration) for each of these cycles was

separately summed and averaged with reference to the

onset of each needle manipulation block. These averaged

responses were corrected for the baseline activity measured

during the 10 s interval prior to the needle manipulation.

The corrected data were stereotaxically superimposed on

the 3D-MRI of each subject. Hemodynamic topographical

brain images were then reconstructed by linear

interpolation.

Statistical analyses of the hemodynamic responses were

performed for three areas; the supplementary motor area

(SMA), presupplementary motor area (pre-SMA), and

dorsomedial prefrontal cortex area (mPFC), which is

located rostral to the pre-SMA. The border between the

pre-SMA and SMA was defined by a vertical line drawn

from the ventral anterior commissure (VCA) line between

the two structures (Picard and Strick 2001; Suzuki et al.

2008; Hatakenaka et al. 2007). The rostral boundary of the

pre-SMA (the border between the pre-SMA and mPFC)

was defined by a line 30 mm rostral to the vertical line

drawn from the VCA line (Deiber et al. 1999). The rostral

boundary of the mPFC was defined by a 60 mm line drawn

rostral to the vertical line drawn from the VCA line. The

posterior boundary of the SMA (the border between the

SMA and the primary motor area) was reportedly located

halfway between the extension of the central and precentral

sulci onto the medial wall of the hemisphere (Cramer et al.

2001). The posterior boundary in the present study was

defined by the 30 mm line drawn caudal to the vertical line

drawn from the VCA line, which corresponded to the line

between the extension of the central and precentral sulci.

Three channels for each area were selected and averaged

for each subject.

The other eight brain regions were similarly analyzed as

the control brain regions. First, bilateral SI areas of the

hand [right SI area (RSI), left SI area (LSI)], which were

located in the postcentral gyrus just posterior to the ipsi-

lateral motor hand area in the precental gyrus (i.e., knob-

like area) (Yousry et al. 1997), were identified based on the

MRI data. Two or three NIRS channels were located in

each SI area. The remaining six brain regions were iden-

tified based on the locations of the bilateral SI areas as the

reference points. The areas lateral to the SI areas were

designated as the l-RSI and l-LSI. The areas posterior to

the SI areas were designated as the p-RSI and p-LSI. The

areas lateral and posterior to the SI areas were designated

as the lp-RSI and lp-LSI. In each area, two or three NIRS

channels closest to the center of the SI areas were selected.

A schematic presentation of these brain regions are shown

in Fig. 1C.

The mean changes in the Oxy-Hb concentration for each

area over 20 s following the start of the needle manipu-

lation were compared among the three experimental con-

ditions [de-qi (-) cycles at non-TPs, de-qi (?) cycles at
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non-TPs, de-qi (?) cycles at TPs] since the all subjects felt

de-qi sensation when the TPs were stimulated by needle

manipulation (see results).

Analysis of fNIRS Data Using a General Linear Model

(GLM)

The statistical significance of the hemodynamic responses

was assessed using a general linear model (GLM)

(Schroeter et al. 2004; Takeuchi et al. 2009). The time

course of DOxy-Hb correlated with the design matrix using

a boxcar function (a function with two possible values: 0

and 1). The model equation, including the observation data,

design matrix and the error term, was convoluted with a

Gaussian kernel (Schroeter et al. 2004). To account for the

response delay between neural and hemodynamic respon-

ses in our study, a 4-s delay was imposed between the onset

and the peak of the function using a positively accelerated

exponential function (Gaussian function) [full width at half

maximum (FWHM) = 4 s]. Notably, the latency of the

de-qi sensation from the beginning of the needle manipu-

lation varied depending on the subject. To account for the

time interval preceding the de-qi sensation, we introduced

an onset delay to the boxcar function (defined as ‘‘onset

delay’’) (Takeuchi et al. 2009). The statistical significance

of the hemodynamic responses was similarly evaluated

using the GLM when the whole boxcar function with a 4-s

peak delay was further delayed from 0 to 20 s in 2.5 s step.

The statistical significance of the GLM analysis with one

tailed t-test was based on an adjusted alpha level of less

than 0.001, which corresponded to T-values greater than

4.3. The T-values were corrected by Bonferroni’s method.

In this test, we evaluated significance of hemoglobin con-

centration changes (increase or decrease) individually.

The fNIRS data were stereotaxically superimposed on

the 3D-MRIs of the brain of each individual subject to

construct the Oxy-Hb concentration and T-value maps

(Takeuchi et al. 2009).

Results

Subjective De-qi Sensations

In the present study, TPs were accidentally coincident with

acupoints in 15 of the 20 subjects while non-TPs were not

coincident with acupoints in the all subjects. The data

derived from the three subjects who felt sharp pain during

the needle manipulation were excluded from following our

analysis. TP stimulation elicited de-qi sensations in all the

cycles for each subject. These were all recorded as de-qi (?)

in the seventeen subjects. Following non-TP stimulation, all

the cycles were scored as de-qi (?) for two subjects, while

both de-qi (?) and de-qi (-) were observed for eight sub-

jects and these were cycle dependant. All the cycles were

scored as de-qi (-) for the remaining seven subjects. Thus,

de-qi (?) results were obtained for at least one cycle after

non-TP stimulation for ten of the seventeen subjects, while

de-qi (-) was observed for at least one cycle after non-TP

stimulation in fifteen of the seventeen subjects.

Figure 2 shows the de-qi score and de-qi frequency

elicited following TP and non-TP stimulation. Twelve

subjects mainly experienced a heavy/dull sensation among

the de-qi sensation categories. Both the de-qi score and

de-qi frequency were higher after TP stimulation when

compared with non-TP stimulation (Wilcoxon signed ranks

test, P \ 0.05). These results indicated a functional spec-

ificity for the TPs.

Hemodynamic Responses

Figure 3A shows the changes in Oxy-Hb concentration in

the right SMA (ch 46) in the de-qi (-) cycle (Aa) of non-

TP needle manipulation and de-qi (?) cycle (Ab) of TP

needle manipulation. In the de-qi (-) cycle following non-

TP needle manipulation in a typical subject, the Oxy-Hb

concentration did not show any marked change. However,

in the de-qi (?) cycle with TP needle manipulation, the

Oxy-Hb concentration decreased gradually during the

needle manipulation. An Oxy-Hb map made using data

collected 10 s after the beginning of the needle manipu-

lation during a de-qi (?) cycle following TP needle

manipulation is shown in Fig. 3Ac. Oxy-Hb levels mark-

edly decreased in the bilateral SMA. Figure 3B show the

group-averaged NIRS data corresponding to those in

Fig. 3A. The data from three subjects who felt pain, and

those from another three subjects in which onset of de-qi

sensation was uncertain were further excluded from the

data analysis. The data in Fig. 3B replicated those in
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Fig. 3A. In the de-qi (-) cycle following non-TP needle

manipulation, the Oxy-Hb, did not show any marked

change (Ba). However, in the de-qi (?) cycle with TP and

non-TP, the Oxy-Hb decreased gradually during the needle

manipulation (Bb).

Figure 4 shows brain maps depicting the changes in

Oxy-Hb after different time periods following the needle

manipulation at a non-TP (A) and at a TP (B) in the same

subject as used for the data shown in Fig. 3. The averaged

data derived from the subject were just interpolated onto the

surface of the brain. There were almost no changes in non-

TP needle manipulation, while the activity in the bilateral

SMA gradually decreased after TP needle manipulation.

Furthermore, the detected hemodynamic responses moved

rostrally to the pre-SMA and mPFC with time.

Figure 5A shows the group-averaged changes in Oxy-

Hb concentration in the SMA, pre-SMA, and mPFC 20 s

after the start of the needle manipulation. The data were

individually analyzed in terms of their de-qi sensation and

stimulation site; de-qi (?) cycles after TP stimulation,

de-qi (?) cycles following non-TP stimulation, and de-qi

(-) resulting from non-TP stimulation. Statistical analyses

by one-way ANOVA for each area indicated that there

were significant overall effects in all three areas: F(2,39) =

6.285 (P \ 0.01) in the SMA, F(2,39) = 3.821 (P \ 0.05)

in the pre-SMA, and F(2,39) = 4.258 (P \ 0.05) in the

mPFC. Post-hoc comparisons using a Fisher’s PLSD test

indicated that the Oxy-Hb concentration was significantly

lower during the de-qi (?) cycles, regardless of whether

TPs or non-TPs were stimulated, when compared with the

de-qi (-) cycles following non-TP stimulation in the SMA,

pre-SMA, and mPFC. Furthermore, there were no signifi-

cant differences in Oxy-Hb concentration during the de-qi

(?) cycles between TP and non-TP stimulation (Fisher’s

PLSD test, P [ 0.05).

Figure 5B and C shows the group-averaged changes in

Oxy-Hb concentration in the other eight brain regions 20 s

after the start of the needle manipulation; the bilateral hand
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subject. A topographical Oxy-
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needling (c) is shown. Images

were superimposed on an

individual 3D-MRI. Each
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averaged hemodynamic
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SI areas and six neighboring brain regions. The data were

similarly analyzed. Statistical analyses by one-way

ANOVA for each area indicated that there were no sig-

nificant main effects in all of these eight brain regions

(statistical data not shown).

Temporal Changes of Hemodynamic Responses

To examine temporal correlation between changes in Oxy-

Hb concentration and the moment when the subject felt a

de-qi sensation, we analyzed the Oxy-Hb data by con-

structing two boxcar functions for each subject and for each

TP analysis. One of these would have eight on periods that

would be stereotyped—when the acupuncturist started

needling the subject, the function would go from 0 to 1;

when the acupuncturist stopped needling the subject, the

function would go from 1 to 0. This function would model

the needling. The second boxcar function would go from 0

to 1 only when the subject indicated a de-qi sensation, and

would then stay on for the remainder of the needling. This

second function would capture the variance in the data

uniquely associated with de-qi sensations. Figure 6 shows

the results of the above analysis. If timing of the boxcar

function was adjusted to the moment when the acupunc-

turist started needling the subject (Needling), the mean

T-values were greater than -4.0 in all of these three brain

regions (mPFC, pre-SMA, SMA). However, if timing of the

boxcar function was adjusted to the moment when the

subject indicated a de-qi sensation (De-qi), the mean

T-values were decreased to less than -4.0 only in the SMA.

Statistical analysis by a repeated measures 2-way ANOVA

with ‘mode (needling or de-qi)’ and ‘brain region’ as the

two factors indicated that there were a significant main

effect of mode [F(1,13) = 7.198, P \ 0.05] and a signifi-

cant interaction between mode and brain region

[F(2,26) = 13.702, P \ 0.01]. Post-hoc comparisons using

test for simple main effect indicated that the T-values sig-

nificantly decreased in the second boxcar function associ-

ated with de-qi sensation, compared with the first boxcar

function associated with needling, only in the SMA

[F(1,13) = 34, P \ 0.01]. This suggests that changes in

Oxy-Hb concentration were associated with de-qi sensation.

Furthermore, for each of the frontal areas (mPFC, pre-

SMA, and SMA), we analyzed the relationship between an

onset delay in which the T-value showed the largest

decrease in the GLM analysis and the median latency when

the subjects felt a de-qi sensation in the eight cycles

(Fig. 7). Simple linear regression analysis indicated that the

onset delay in the GLM analysis was significant and posi-

tively correlated with the latency of de-qi sensations in the

SMA [F(1,10) = 23.481, P \ 0.01]. We did not, however,

observe a significant correlation in the pre-SMA [F(1,10) =

0.314, P [ 0.05] or the mPFC [F(1,10) = 0.189, P [
0.05]. These results suggest that de-qi sensations elicited

neural activity changes most prominently in the SMA.

Discussion

Characteristics of the Hemodynamic Responses

In our study, Oxy-Hb concentrations decreased by the

needle manipulation. Such decreases were reported in

previous NIRS studies (Hock et al. 1997; Sakatani et al.

1999; Wenzel et al. 2000). In previous noninvasive studies,

deactivation was defined as a decrease in fMRI signal

intensity with a decrease in regional cerebral blood flow

(rCBF) in PET studies (Shimada et al. 2004). Recent

studies using the simultaneous recording of fMRI and

NIRS data reported that Oxy-Hb concentration strongly

Fig. 4 Examples of Oxy-Hb

maps at various elapsed

latencies from the start of

acupuncture stimulation. Oxy-

Hb maps in a de-qi (-) cycle

after a non-TP stimulation (A)

and in a de-qi (?) cycle after TP

stimulation (B). The elapsed

latencies from the start of

needling are indicated at the

bottom of the maps. Note that

Oxy-Hb decreased in the

bilateral SMA by needling at the

TP (B). When the elapsed time

increased up to 20 s, areas with

decreased Oxy-Hb moved from

the SMA to the more anterior

parts of the prefrontal cortex
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correlates with fMRI signals (Strangman et al. 2002;

Yamamoto and Kato 2002). When the rCBF and fMRI

signals decreased, the Oxy-Hb concentration also

decreased. These findings suggest that a decrease in Oxy-

Hb concentration during fNIRS is comparable to the

deactivation results reported in the fMRI and PET studies

(Shimada et al. 2004). Furthermore, deactivation (decrease

in Oxy-Hb concentration) in fNIRS is suggested to be due

to a suppression of brain activity (Seitz and Roland 1992;

Stefanovic et al. 2004; Shmuel et al. 2002). Taken together,

these findings suggest that the decreases in Oxy-Hb con-

centration observed in our work were a reflection of a

suppression of activity in the given brain areas.

Relationship Between the Effect of Acupuncture on

Cerebral Hemodynamic Responses and Analgesic

Effects

The Oxy-Hb concentrations in the SMA, pre-SMA, and

mPFC significantly decreased by the needle manipulation
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Fig. 5 Comparison of the

group-averaged changes in

Oxy-Hb concentration among

the three conditions examined

[de-qi (-) cycles after non-TP

stimulation, de-qi (?) cycles

after non-TP stimulation, and

de-qi (?) cycles after TP

stimulation]. A Comparison of

group-averaged changes in

Oxy-Hb concentration in the

SMA, pre-SMA, and mPFC.

B, C Comparison of group-

averaged changes in Oxy-Hb

concentration in the bilateral

hand SI areas and neighboring

other brain regions. The

ordinates indicate the mean

change in Oxy-Hb

concentration over 20 s after

acupuncture stimulation for

each condition. Note that the

Oxy-Hb concentration in the

SMA, pre-SMA, and mPFC

decreased significantly during

the de-qi (?) cycles after non-

TP stimulation, and the de-qi

(?) cycles after TP stimulation

when compared with the de-qi

(-) cycles following non-TP

stimulation (post-hoc tests after

one-way ANOVA, P \ 0.05).

Error bars indicate the SEM. *,

** represents a P \ 0.05 and

P \ 0.01, respectively. Other

descriptions as for Fig. 1C
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at TPs associated with a de-qi sensation (Figs. 3, 4, and 5).

The pre-SMA and SMA are included in Brodmann area 6,

and are believed to be involved in general motor function.

Previous studies, however, reported that (1) noxious stim-

ulation such as heat stimulation increased SMA activity

(Hsieh et al. 1995; Farrell et al. 2005; Kwan et al. 2000),

(2) SMA activity correlated with the intensity of pain

(Coghill et al. 1999) or an unpleasant sensation (Drzezga

et al. 2001), (3) SMA activity increased in patients expe-

riencing phantom pain (Dettmers et al. 2001; Willoch et al.

2000) or allodynia (Peyron et al. 2004), and (4) the SMA

receives information from the anterior cingulate gyrus,

which is involved in the emotional evaluation of pain

(Morecraft and Van-Hoesen 1992, 1993; Wang et al.

2001). Furthermore, de-qi sensation was temporally cor-

related with the Oxy-Hb concentrations in the SMA. On the

other hand, simple button pressing did not change Oxy-Hb

levels in the SMA, nor in the pre-SMA and mPFC (data not

shown). These findings strongly suggest that the observed

SMA activity was not associated with simple motor skills,

but rather with de-qi sensations induced by the needle

manipulation. Taken together, our findings suggest that

excessive SMA activity constitutes a portion of pathologic

pain, and that the needle manipulation at TPs might induce

analgesic effects by suppressing such excessive SMA

activity.

Significance of De-qi Sensations in Acupuncture

The results indicated that the needle manipulation accom-

panied by a de-qi sensation significantly decreased Oxy-Hb

concentrations in the pre-SMA, SMA, and mPFC, regard-

less of whether the TPs or non-TPs were stimulated, when

compared with the needle manipulation at the non-TPs

without a resulting de-qi sensation (Fig. 5). These findings

strongly suggested that the presence of de-qi sensations

was more closely linked to the induction of brain hemo-

dynamic responses compared to the stimulation of TPs. In

addition, our results suggest that the clinical effects of the

needle manipulation are also specific to the induction of

de-qi sensations rather than to the stimulation of TPs (see

below in detail).

About 71% of TPs and acupoints correlate anatomically

(Melzack et al. 1977). In order to analyze acupoint-specific

responses, sham points were contrived with reference to

acupoints (Richardson and Vincent 1986). Although the

control points were not acupoints, the same needle

manipulations were performed at these locations. Despite

the fact that the presence or absence of de-qi sensations

was unknown, previous brain imaging studies with such

needle manipulation at sham points reported that, regard-

less of whether acupoints or sham points were stimulated,

BOLD signal intensities decreased in the sensory cortex,

thalamus, anterior cingulate cortex, and the premotor area

when compared with non-stimulated conditions (Cho et al.

2002). On the other hand, when multiple acupoints (Liv3,

Lv2, ST44) and sham points in areas innervated by the

same peripheral nerves were subjected to acupuncture

stimulation that resulted in de-qi sensations, the BOLD

signal intensity decreased in the limbic system (anterior

cingulate, hippocampus, amygdala, etc.), regardless of

whether acupoints or sham points were stimulated (Fang

et al. 2008). Furthermore, in patients suffering from

chronic pain, therapeutic effects were observed in 30% of
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the patients when sham points were stimulated, and in 55–

85% of the patients when acupoints were stimulated

(Richardson and Vincent 1986). These results suggest that

de-qi sensations are likely to be induced even when sham

points are stimulated (Vincent and Lewith 1995). There-

fore, it remains unclear whether effects of acupuncture

stimulation are specific to acupoints or to the effects of

de-qi sensations.

In our study, de-qi sensations were induced regardless of

the type of acupuncture point stimulated (TPs or non-TPs).

Furthermore, hemodynamic responses correlated with

de-qi sensations, regardless of whether TPs or non-TPs

were stimulated. Since TPs and acupoints are anatomically

coincident (Melzack et al. 1977), these findings suggest

that the effect of acupuncture stimulation is specific to

de-qi sensations rather than to the acupoints. Taken toge-

ther, these results suggest that the effects of acupuncture

stimulation at TPs and acupoints on the central nervous

system are mediated through similar neural mechanisms, in

which the information processing of de-qi sensations plays

a major role.

We observed that both the frequency and intensity of

de-qi sensations were greater following the stimulation of

TPs compared to non-TPs. However, when a de-qi sensa-

tion was induced, there was no significant difference in the

Oxy-Hb concentration when either TPs or non-TPs were

targeted. These results are consistent with the hypothesis

that the acupoints are specifically found in areas that are

densely innervated by the somatic sensory nerves when

compared with other regions (Chan 1984; Li et al. 2004). In

addition, these data suggest that both TPs and acupoints are

not anatomically distinct regions, but rather regions where

de-qi sensations can be relatively easily and frequently be

obtained.

Comparison Between Pain and De-qi Sensations

It is suggested that afferent fibers with low nerve conduc-

tion velocity (Ad- and C-fibers) are involved in de-qi

sensations (aching, soreness, dull pain, warmth) induced by

acupuncture stimulation at acupoints (Lu 1983; Wang et al.

1985). An intense, dull pain de-qi sensation is frequently

described. Acupuncture stimulation at LI4, an acupoint

known to induce analgesic effects, induced dull pain sig-

nificantly more frequently than other acupoints (Hui et al.

2007). Kawakita and Gotoh (1996) suggested that sensory

information during acupuncture is transmitted to the central

nervous system through C-fibers from skin polymodal

receptors after both TP and acupoint stimulation.

In pain research, dull pain is called ‘‘second pain’’ since

it occurs subsequent to sharp pain (Gardner et al. 2000),

and is transmitted by C-fibers (Ngassapa 1996). On the

other hand, it was reported that when Ad- and C-fibers on

the skin were selectively stimulated with laser light, C-fiber

stimulation induced activity in Brodmann areas 32, 8, and 6

(anterior cingulate cortex and its dorsal region, pre-SMA)

and in the bilateral insula anterior regions (Qiu et al. 2006).

These facts suggest that the pre-SMA and the area where

activity decreased by acupuncture producing a de-qi sen-

sation in our work, plays an important role in the recog-

nition of second pain as mediated by C-fibers.

However, dull pain elicited by acupuncture stimulation

is different in nature from the dull pain induced by phys-

iological pain stimulation (Hui et al. 2007). For example,

the dull pain described in pain researches is often referred

to as second pain since it follows sharp pain, while in

acupuncture the dull pain occurs independently or precedes

sharp pain (Hui et al. 2007). Furthermore, it is reported that

brain responses to acupuncture stimulation are different

from those caused by usual pain stimulation (see below).

Previous fMRI studies reported that when acupoints LI4

and ST36 were subjected to acupuncture stimulation with a

resulting de-qi sensation (dull pain), BOLD signals

decreased in the limbic-hypothalamic system related to

pain sensation [amygdala, hippocampus, parahippocampus,

hypothalamus, anterior cingulate gyrus (BA 24)] and in the

premotor area, while a noxious stimulation increased the

BOLD signal (Hui et al. 2000, 2005). These results suggest

that deactivation in the limbic system and motor-related

areas are characteristics of acupoint stimulation accompa-

nied by a de-qi sensation.

In the present study, although activities in the deep brain

regions cannot be studied using fNIRS, the Oxy-Hb con-

centration decreased similarly in motor-related areas

including the pre-SMA, SMA, and mPFC following the

needle manipulation at TPs associated with a de-qi sensa-

tion. It remains unclear why pain and de-qi sensations

induce different brain activities despite the involvement of

the same peripheral nervous system (C-fibers). However,

these results suggest that the sensory processing of de-qi

sensations in the central nervous system is mediated

through different neural mechanisms than those triggered

by painful stimuli. In fact, when the subjects in our study

felt a sharp pain instead of a de-qi sensation, the Oxy-Hb

concentration increased (data not shown) although the data

were not analyzed in detail (these subjects were withdrawn

from the study). Therefore, further studies will be required

to clarify the specific neural mechanisms responsible for

de-qi sensations.

Limitations

First of all, it should be noted that therapeutic effects of

de-qi sensation were not analyzed in the present study,

although it is generally believed that de-qi is essential for

producing acupuncture analgesia and anesthesia. Chiang
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et al. (1973) showed correlations between analgesia and

de-qi sensations (of numbness, fullness, and sometimes

soreness). The results suggest that de-qi is an indispensable

component of acupuncture analgesia. Takeda and Wessel

(1994) investigated the effect of real and sham acupuncture

on osteoarthritis (OA), and found that the experience of

de-qi can be used as a predictor for significant improve-

ment. Consistent with these studies, our previous study

reported that changes in parasympathetic nervous activity

were correlated with number of de-qi sensations during the

needle manipulation (Sakai et al. 2007). Furthermore, these

autonomic changes were correlated with EEG spectral

changes. These results are consistent with the suggestion

that autonomic changes induced by needle manipulation

inducing specific de-qi sensations might be mediated

through the central nervous system, especially through the

forebrain as shown in EEG changes, and are beneficial to

relieve chronic pain by inhibiting sympathetic nervous

activity.

However, the other studies showed no significantly dif-

ference between real and sham acupuncture treatments, and

further concluded that de-qi sensation did not result in

marked effect (e.g., Scharf et al. 2006). Furthermore, except

acupuncture analgesia and anesthesia to acute pain, evi-

dence indicating a significant relationship between de-qi

and therapeutic effect has been rare (Kong et al. 2007).

These findings might suggest that therapeutic effects of

de-qi sensation might be specific to pain. Nevertheless,

some of studies reporting that there were no significant

differences in therapeutic effects between real and sham

acupuncture did not check presence of de-qi sensation in the

sham acupuncture (e.g., Linde et al. 2005). Further detailed

studies are required to examine these discrepancies.

Conclusion

We observed that the needle manipulation accompanied by

a de-qi sensation decreased Oxy-Hb concentrations in the

SMA, pre-SMA, and mPFC, regardless of whether TPs or

non-TPs were stimulated. Pain stimulation, on the other

hand, was reported to increase activity in these regions.

Since our similar previous study reported that number of

de-qi sensations were correlated with parasympathetic

nervous activity (Sakai et al. 2007), acupuncture stimula-

tion accompanied by a de-qi sensation might contribute to

clinical effects of acupuncture such as analgesia. Further-

more, de-qi sensations rather than TP stimulation is more

important in inducing acupuncture effects on the brain.

These results suggest that acupuncture effects are partly

mediated by the resulting effects on the central nervous

system including the SMA.
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