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Temporally shifted hemodynamic response model helps to extract

acupuncture-induced functional magnetic resonance imaging
blood oxygenation-level dependent activities

Tsung-Jung Ho, Jeng-Ren Duann, Chun-Ming Chen, Jeon-Hor Chen, Wu-Chung Shen, Tung-Wu Lu,
Jan-Ray Liao, Zen-Pin Lin, Kuo-Ning Shaw and Jaung-Geng Lin
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Background The onsets of needling sensation introduced by acupuncture stimulus can vary widely from subject to
subject. This should be explicitly accounted for by the model blood oxygenation-level dependent (BOLD) time course
used in general linear model (GLM) analysis to obtain more consistent across-subject group results. However, in
standard GLM analysis, the model BOLD time course obtained by convolving a canonical hemodynamic response
function with an experimental paradigm time course is assumed identical across subjects. Although some added-on
properties to the model BOLD time course, such as temporal and dispersion derivatives, may be used to account for
different BOLD response onsets, they can only account for the BOLD onset deviations to the extent of less than one
repetition time (TR).

Methods In this study, we explicitly manipulated the onsets of model BOLD time course by shifting it with —2, -1, or 1
TR and used these temporally shifted BOLD model to analyze the functional magnetic resonance imaging (fMRI) data
obtained from three acupuncture fMRI experiments with GLM analysis. One involved acupuncture stimulus on left ST42
acupoint and the other two on left GB40 and left BL64 acupoints.

Results The model BOLD time course with temporal shifts, in addition to temporal and dispersion derivatives, could
result in better statistical power of the data analysis in terms of the average correlation coefficients between the used
BOLD models and extracted BOLD responses from individual subject data and the T-values of the activation clusters in
the grouped random effects.

Conclusions The GLM analysis with ordinary BOLD model failed to catch the large variability of the onsets of the
BOLD responses associated with the acupuncture needling sensation. Shifts in time with more than a TR on model
BOLD time course might be required to better extract the acupuncture stimulus-induced BOLD activities from individual

fMRI data.

he emergence of acupuncture, a traditional oriental

healing technique, can be traced back to at least 2500
years ago. It was first named by western medical society
as alternative medicine, and was now renamed as
“complementary medicine” after its effectiveness in
treating many conditions.'” Recently, WHO published 64
symptoms, which acupuncture has proven effective to
cure or relieve. For example, acupuncture has been
successfully applied to chronic pain, fatigue, nausea,
arthritis, and digestive problems.”® In 1997, the US
National Institute of Health issued a report claiming that
acupuncture is a useful method for treating many
conditions with fewer side effects compared with other
medical procedures, such as surgery or pharmaceuticals.
It also suggested that the acupuncture treatment should be
covered by health insurance. This suggestion has had
large impact on the status of acupuncture. However, as
acupuncture has been gaining more and more attention in
the medical society, the mechanism of how it can be of
use is still controversial.

The discovery of opioid peptides release by
acupuncture™® and modern neurophysiological evidences,
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especially in the field of acupuncture analgesia, suggest
that the effect of acupuncture may be transmitted through
the neuronal system. In an acupuncture functional
magnetic resonance imaging (fMRI) experiment with
stimulus on the BL67 acupoint, Cho et al” presented the
first evidence revealing the neurological effects induced
by acupuncture, which equivalently induced increasing
blood oxygenation-level dependent (BOLD) signal in the
primary visual cortex as a passive visual stimulation of
light could do. BOLD signal induced local cerebral
oxygenation changes due to the neural activities in the
brain areas involving in the brain processes in response to
the endogenous or exogenous events. Such oxygenation
effects can further alter the fractions of oxy- and
deoxy-hemoglobin and, in turn, change the MR T2"
properties in the brain areas. This changing signal
evolving with time can be detected using specific MR
pulse sequences and form so-called fMRI BOLD signal.
This BOLD activity induced by acupuncture stimulation
has proved related to the neurological mechanism of how
acupuncture might work through altering the brain state
and, in turn, encourages further research in finding the
neural correlates of acupuncture stimulus using functional
neuroimaging techniques.”™

With almost identical settings to the study conducted by
Cho et al,’ Siedentoph and colleagues'® successfully
induced the activations in the primary visual cortex by
stimulating the BL67 acupoint with laser acupuncture. Li
and colleagues'' were also able to successfully provoke
the visual activations with an electro-acupuncture applied
to more than one acupoint (connecting positive electrodes
to the BL65 and BL67 acupoints and negative electrodes
to the BL60 and BL66 acupoints) along the same
meridian. However, also with almost identical settings to
Cho's study, except that the acupuncture stimulus was
applied to the GB37 (instead of the BL67) acupoint,
Gareus and colleagues'> failed to find any
acupuncture-related brain activities. In other similar
studies, researchers reported activations in only the
hypothalamus in addition to the pain matrix (M1/S1,
anterior cingulate cortex, amygdala, hippocampus,
superior temporal gyrus, insula, etc) instead of the brain
areas supposed to associate with the acupoints
stimulated.* ™"

In the abovementioned studies, they all utilized a
block-designed fMRI experiments with multiple ON/OFF
blocks. Each block lasted for 20—40 seconds. Previous
study has shown that once the needling sensation (the
feeling of sourness, numbness, distension, and pain
surrounding the needling point) was produced, it would
last for from few minutes to even days.'® In turn, the
evoked BOLD responses could be carried over to the
upcoming stimulation trials and possibly alter the
baseline of the BOLD signals in a multi-block fMRI
experiment with sub-minute block length. This might
further affect the contrasts between ON and OFF
conditions designated for and needed in the data

analysis.!” Furthermore, not only are the offsets of BOLD
responses highly subject-dependent, but also are the
onsets. The variability of the onsets of BOLD responses
across subjects may also cause problems for the
predefined model BOLD time course to catch in the data
analysis. As a result, the inconsistency between the
timings of the BOLD onsets and offsets and the structure
of the predefined BOLD contrasts may together obscure
finding the acupuncture-induced brain activities.

In this study, we conducted an fMRI study with
acupuncture stimuli applied to three acupoints, namely
Chong-Yang (ST42), Jing-Gu (BL64), and Qiu-Xu
(GB40). As noted, the acupoints we tested in this paper
are all the Yuan- (Primary-) acupoints of the
corresponding meridians. According to Miraculous Pivot,
the Yuan-acupoints are located in the vicinity of the wrist
and ankle and thus are very easy to access for daily
clinical treatment. The twelve Yuan-acupoints are closely
related to the five zang and the six fu organs, and, most
importantly, they are the acupoints where the primary Qi
of the zang and fu organs is retained. Disorder of the
zang-fu organs are usually relieved by needling the
twelve Yuan-acupoints.'® As a result, people have been
interested in finding the neural correlates with needling
the twelve Yuan-acupoints, especially after the evidence
of the neural correlates with needling the acupoints in
relation with the primary sensory organs.

However, as mentioned previously, due to the difficulties
in conducting fMRI experiments with acupuncture
paradigm (for example, the long carryover effects
proposed by Ho et al'’) as well as in analyzing fMRI data,
the previous acupuncture fMRI studies have derived
inconclusive results. Before the true hemodynamic
BOLD responses in relation to the acupuncture stimuli
can be pinpointed, it is extremely desirable to refine not
only the experimental paradigms, which are able to avoid
all sorts of confounding factors associated with
acupuncture stimuli, but also the data analysis methods to
account for great amount of inter-subject variability.
Therefore, in this study, we specifically modeled the
onsets of acupuncture stimulus-induced BOLD responses
according to each individual-subject data set. The fMRI
data were analyzed using general linear model (GLM) as
implemented in SPM2 with a predefined model BOLD
time course, however, further with the time-to-onset
shifted in time with -2, —1, 0, and 1 TR. In so doing, we
were to, first, reveal the wide variability of the onsets of
the acupuncture-induced BOLD responses across subjects
and, more importantly, to demonstrate a better approach
to precisely catch the true BOLD onsets specifically to
each of the individual subjects.

METHODS
Participants

In total, 56 healthy right-handed subjects (26 females, age
range (21.7 + 2.7) years) participated in this study. None
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of these subjects has had pathological history of head
trauma, neurological diseases, and substance abuse. None
of them reported painful or stressful responses to the
experiment and its environment before and after
experimental sessions. The Institutional Review Board
(IRB) of China Medical University Hospital approved
this experimental protocol. All subjects provided their
signed consents prior to experiment and understood that
they could withdraw from the experiment any time when
they felt uncomfortable.

Experimental paradigms

This study included three different acupuncture
experiments. They were conducted with exactly the same
experimental paradigm; however, the acupuncture stimuli
were applied to different acupoints: left ST42, left GB40,
and left BL64. After subjects arrived, they were randomly
assigned to one of these three experimental groups.
Because subjects in ST42 group were scanned for three
fMRI runs (with repetitions), we assigned only 11
subjects in this group. For GB40 and BL64 groups, 23
and 22 subjects were assigned to these groups,
respectively. For subjects in these two groups, only one
fMRI run was scanned.

All participants were requested to come 20 minutes
before fMRI sessions. After explaining to them their
rights and experimental procedures, an experienced
acupuncturist (TJH) performed acupuncture on the
subjects’ left ST42, GB40, or BL64 acupoint using an
aseptic acupuncture needle (0.25 mm in diameter and
25.4 mm in length). Needle was manipulated by twisting
in both clockwise and counterclockwise at a rate of 2 Hz
to produce needling sensation and to make sure the
needle was inserted in the right position. After needling
sensation was produced, the subjects were asked to
subjectively rate the strength of their needling sensation,
from 0 to 10. The highest score (10) was defined as the
maximum level of needling sensation the subjects could
ever imagine."””’ In all three experiments, all subjects
reported needling sensation greater than 8 on average in
the prescreening phase.

Subjects were then positioned in the MR scanner after
their needling sensation returned to baseline. Before the
first acupuncture fMRI run was performed, subjective
needling sensation rating was recorded again to confirm
that subjects’ needling sensation had returned to baseline
(<2 on average). In ST42 experiment, three fMRI runs
with acupuncture stimulation followed. Each acupuncture
fMRI run consisted of one alternation of 26-second OFF
and 26-second ON blocks, starting with OFF condition.
During ON period, the acupuncturist manipulated the
needle at the same pace as was used in the prescreening
phase; during OFF period, acupuncturist kept his right
hand off the needle; however, his left hand kept holding
subjects’ foot during the entire acupuncture run to avoid
subjects’ anticipating the onsets of needle manipulation.
In between fMRI runs, we acquired one structural

(T1-weight images with identical slice position as
prescribed for fMRI scans) and high-resolution 3D
anatomical scans to allow subjects’ needling sensation to
die down (with at least 8 minutes separation between two
consecutive fMRI scans). Subjects’ needling sensation
scores were recorded after all three fMRI runs were
finished. In GB40 and BL64 experiments, the same
experimental paradigm of single 26-second-ON-and-26-
second-OFF block was used; however, only one fMRI run
was acquired for each individual subject.

Image acquisition

MR images were acquired using a 1.5-T MR scanner (GE
Excite-2, Milwaukee, MI, USA) installed in China
Medical University Hospital, Taichung, Taiwan, China.
For each subject, the fMRI image data were acquired
using an echoplanar image sequence (EPI, TR/TE =
2000/60 ms, flip angle = 90°, image matrix = 64 x 64,
FOV = 23 cm x 23 cm, resolving a 3.6 mm x 3.6 mm
in-plane resolution, slice thickness = 7 mm plus 0.7 mm
gap). Eighteen axial slices parallel to the AC-PC line
were acquired from brain base to vertex. Each fMRI run
consisted of 26 image volumes. Dummy scans were
discarded before image data were stored. Anatomical
image data were obtained using a 3D Space SPGR
sequence (TR/TE = 33/3 ms, flip angle = 35°, image
matrix = 256 x 256, FOV 23 cm x 23 cm resulting in a
0.9 mm x 0.9 mm in-plane resolution). A series of 2D
T1-weighted images were also acquired using a T1
FLAIR sequence for registering functional images to
individual subjects’ brain anatomies.

Data analysis

FMRI data were analyzed using SPM2 running in a
Windows XP computer. For ST42 experiment, the data
obtained from multiple fMRI runs were analyzed
separately as were from three different sessions. All the
functional imaging data were first slice timing adjusted to
compensate the inhomogeneity introduced by acquiring
different images slices at slightly different times. The
image volumes were then realigned to the middle (14th)
image volume of the image sequence of each fMRI run
for motion correction. After motion correction, image
data were spatially normalized to the standard MNI brain
template and then spatially smoothed using an 8-mm
FWHM Gaussian kernel. The preprocessed data were
then subjected to GLM analysis to derive fixed effects
against the model BOLD signal created by convolving a
canonical hemodynamic response function (HRF) with a
step function representing the OFF/ON stimulus design
time course. Temporal and dispersion derivatives were
added to model the onset wvariability of the
stimulus-induced BOLD responses.

In addition, we also temporally shifted the model BOLD
time course with —2, —1 and 1 TR to test if the temporal
shifts applied to the BOLD model could help to more
precisely catch the onsets of the stimulus-induced BOLD
responses. The best onset timing for each individual
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subject was determined by cross-correlation between the
extracted (fitted) BOLD time course resulted from the
derived fixed effects and the temporally shifted model
BOLD time courses. That is, four GLM analyses with
different temporally shifted BOLD models were
performed. Subsequently, the one with maximum
correlation between the BOLD model and the extracted
BOLD response would be selected as the best onset
timing. To further evaluate if the temporal shifts helped to
improve the statistical power of the GLM analysis, the
correlation coefficients between the best fitted BOLD
model (with shift) and its corresponding extracted BOLD
effects were compared with the correlations between the
ordinary BOLD model (without shift) and its extracted
BOLD time courses. Paired t test was used for the
comparison. Furthermore, the fixed effects at individual
level obtained with and without temporal shift were
grouped using SPM2 second level analysis, respectively,
and the statistical power of the group effects would be
also compared against each other. A P <0.05 was
considered statistically significant.

RESULTS

In order to make sure that the needle manipulation during
the fMRI runs could successfully produce needling
sensation in each subject, a post-interview after the entire
fMRI runs was finished confirmed with average needling
sensation score higher than 8.

In order to precisely catch the evoked BOLD responses
by acupuncture stimulation applied to subjects’ left ST42,
GB40, or BL64 acupoint, an explicit temporal shift was
applied to the model BOLD signal with the amount of -2,
-1, 0 (no shift), or 1 TR (TR = 2 seconds). Figure 1
showed the histogram of the temporal shifts applied to the
model BOLD signal to result in maximum correlations
between the model BOLD time course and the time
courses of extracted BOLD responses for all fMRI runs.
Different acupuncture experiments were indicated by
different shades in the figure. The size of the bars indicated
the number of subjects/sessions having best fitted BOLD
responses when the model BOLD time courses were
temporally shifted the amount of TRs as indicated by the
x-axis. It was clearly seen that most of the subjects tended
to have late onset (one TR shift) in response to acupuncture
stimulation. This was mainly because that the needling
itself took some time to develop a needling sensation.
However, there were also considerable amount of subjects
who had earlier onsets, which might reflect subjects’
anticipation or the needling sensation induced by the
needle itself without further needle manipulation as the
needle stayed in the acupoint from the beginning of the
fMRI session. This has to be further examined. On the
other hand, the analysis with ordinary BOLD model gave
relatively worse fit between the time courses of BOLD
model and extract BOLD responses.

It was also worth noting that in ST42 experiment the
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Figure 1. Temporal shifts (in TRs) in hemodynamic response
model that gave the optimal correlations between model time
course and detected BOLD responses in individual
subjects/sessions. Three different shade areas indicated the
temporal shift histograms obtained from different acupuncture
fMRI studies (stimulation site: ST42, GB40, and BL64,
respectively). In ST42 session, there was no significant
difference in amount of temporal shifts across subjects. However,
in GB40 and BL64 sessions, subjects tended to have late (shifted
1 TR) or very early (shifted —2 TR) BOLD responses to the
acupuncture stimuli.

amount of temporal shifts giving best time course fit was
not significantly different from setting to setting; however,
in GB40 and BL64 experiments, 0 TR shift was
significantly less than —2 and 1 TR shifts. This might be
because that in ST42 experiment, some of the
experimental runs were repetitions and subjects might be
more experienced and thus had fewer false alarms
regarding the needling sensation. To this end, we
explicitly took the onset timings associated with each
session and compared, first, if they were significantly
deviating from zero and, second, if the onset timings were
significantly different across sessions using Wilcoxon
signed ranked test. The result showed that there was no
significant difference between the onset timings
associated with different sessions. However, the onset
timings found in the first session were slightly more
negative (earlier, P=0.043) compared with the onset
timings found in the second (P=0.125) and third (P=0.42)
sessions. This further confirmed that for the first session,
subjects tended to have earlier onsets due partly to the
anticipatory responses to the acupuncture stimulation or
the needling sensation induced by the inserted needle
with no manual manipulation. In addition, the wide
spread of onset timings found in the ST42 experiment
also lends itself a good evidence showing the individual
differences in the acupuncture-induced BOLD responses
across subjects or even across different runs within the
same subjects. As a result, manipulation of model BOLD
time courses is indeed necessary to extract the evoked
BOLD responses with large inter-subject or inter-session
variability.

Figure 2 shows the average correlation coefficients
between the model BOLD time course (with (shaded) and
without (clear) temporal shifts) and the extracted BOLD
responses from all the individual fMRI runs. Although
both model BOLD time courses with and without
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Figure 2. Average correlation coefficients between the model
hemodynamic response time course and detected BOLD
responses after (indicated by “S”) and before (indicated by “NS”)
temporally shifted the model time course to derive the best fit.
All comparison pairs were significant under the confidence
interval of P <0.001 using a paired t-test.

temporal shifts all fitted the extracted BOLD response
time courses quite well, the resulting average correlations
from the BOLD model temporally shifted to better fit the
onset timings were still significantly higher (P <0.001)
than the correlations resulted from the ordinary ones in all
cases.

After fixed effects were extracted from each individual
fMRI run using the model BOLD time courses with and
without temporal shifts, these individual fixed effects
were thresholded with the criterion of FDR-corrected P
<0.05 and then spatially smoothed using the Gaussian
kernel with 8 mm of full width at half maximum
(FWHM). The spatial smoothing was to account for the
individual differences in brain anatomies. The processed
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fixed effects at the individual level were then group
analyzed using SPM2 second-level analysis with the
“one-sample t-test” option.

Figure 3 shows the group results derived from the
individual fixed effects obtained using the model BOLD
time courses with (left panel) and without (right panel)
temporal shifts. Figure 3A, 3B, and 3C illustrated the 3
glass brain views of the results of ST42, GB40, and BL64
experiments, respectively. In the table, the top two most
significant activation clusters as well as their sub-clusters
were listed. The table lists the x-, y-, and z-coordinate of
the centroid of the main clusters (in mm) as well as the
t-values of the activation clusters and the size of the main
clusters (in voxel counts). On the left, it showed the
results of the group effects obtained with temporal shifts
applied to the BOLD model and the ones without on the
left.

In these results, the centroid of the main clusters with
higher t-values found with and without temporal shifts
remained similar to each other; however, for the lower
t-value ones started to deviate from each other. In the
group effect maps derived from the individual fixed
obtained with temporal shifts (left panel in Figure 3), they
were more sensitive to find the smaller activation clusters
compared with the one derived from the ordinary BOLD
model. Most importantly, the results obtained with
temporal shifts derived significantly higher t-values
(paired t-test, P <0.00002) and broader coverage of the
activation clusters in all cases (cluster sizes listed in the
Table).

Temporal shift

Mo temporal shift

Figure 3. Group effect maps obtained from the individual results derived from the model hemodynamic response function time course
with (left panel) and without (right panel) temporal shifts: (A) ST42, (B) GB40, and (C) BL64. There was no significant difference
between the two group effect maps in all three fMRI studies. However, with temporal shifts, the group effect maps tended to render
broader activation brain areas, some of which might even cross their borders and become one larger group. In addition, the group effects
obtained with temporal shifts gave higher statistical powers (seen in the Table).
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Table. Comparison of statistical powers of group analysis results
derived from the individual results obtained using a temporally
shifted version of model hemodynamic response function
(columns marked as “shift”) versus a fixed version
(columns marked as “no shift”)

Variables Cluster t values Sizes
ST42 (shift) 62 24 14 10.24 23958
56 4-6 8.95
—58 24 16 7.89
122472 591 8554
6478 5.55
6650 5.26
ST42 (no shift) 622412 10.16 24 250
56 4-6 8.84
—58 24 16 7.90
122472 5.59 8264
8-674 5.13
4254 5.00
GB40 (shift) —52-3024 8.53 14 570
—54 2224 7.45
—16 —48 66 6.86
5622 6.86 9215
523422 6.62
6218 14 6.56
GB40 (no shift) —52-3024 7.74 8880
—54 2224 7.04
—50 42 36 6.81
62 -18 14 6.36 8283
5622 6.20
52-3218 6.17
BL64 (shift) —48 24 16 8.44 6729
-60-18 16 7.09
-38-24 10 6.36
52-26 16 8.12 4334
68 —22 18 6.52
36 266 4.94
BL64 (no shift) —48 24 16 8.16 5950
-60-18 16 6.85
-38-24 10 6.11
52-24 16 7.11 3317
68 —22 20 6.06
342410 4.39

This table listed the x-, y-, and z-coordinates of the centroid of the first two most
significant activation clusters (in bold face) along with one to two subclusters
within these main clusters (in thin face). Table also listed the t values of the
centroids of all the main- and sub-clusters. The sizes of the main clusters were
also given in voxel numbers as listed. The t values obtained with and without
temporally shifting the HRF model were compared using a paired t test. The
statistical power obtained with temporal shift was significantly higher compared
with the one without (P <0.000 02).

DISCUSSION

In this study, we demonstrated that by altering the onset
timing of the model BOLD time course, we were able to
find for each subject a specific onset for his/her brain
BOLD response to the acupuncture stimulus. These
specific  BOLD  onsets widely varied across
subjects/sessions and across the temporal shifts we used
(-2,-1, 0, and 1 TR). Most of the subjects tended to have
early (=2 TRs) or late BOLD response onsets (I TR)
instead of as specified by the ordinary BOLD model.
Although the regular GLM analysis based on the
predefined BOLD model can be incorporated with
temporal and dispersion derivatives to account for the
BOLD onset variability across subjects and fMRI runs,
the effectiveness to account for the onset timing

variability across different subjects is limited. If the
deviation of the BOLD onset is more than one TR,
temporal and dispersion derivatives might fail to do the
adjustment. This in turn affects the statistical power of
data analysis. We showed that by more precisely fitting
the onsets of individual BOLD responses, we were able to
not only improve the goodness-of-fit between the BOLD
model and the associated BOLD responses but also
significantly increase the spatial coverage and t-values of
the derived activation clusters. Some smaller active brain
regions were also found by the approach with better
BOLD onset-fitting, meaning that the proposed approach
could improve the sensitivity and detection rate as well.
These smaller activation clusters could otherwise be
overlooked if the ordinary BOLD model was used.

Interestingly, with repetition of fMRI runs as was done in
ST42 experiment, the histogram of temporal shifts tended
to flat out across different amount of shifts. That is to say,
the histogram became more evenly distributed. Unlike the
cases of GB40 and BL64, wherein only one fMRI run
was conducted for each individual subject, the histogram
was more toward the two extremes, either early or late
onset. This difference might be due to that the subjects’
BOLD activations were more consistent with the onset of
needle manipulation when the subjects underwent more
than one acupuncture stimulus. However, the wide
dispersion of the temporal shifts implies that specific
adjustments on the model BOLD time course are needed
in data analysis.

Together with the carryover effect introduced by
acupuncture-type stimulus, which makes the offset of
BOLD activation uncertain and affects data analysis by
altering the baseline BOLD signal associated with
upcoming stimuli,'” the uncertainty of BOLD onsets and
offsets makes the fMRI data analysis for acupuncture or
alike studies non-trivial. This uncertainty might also give
an answer to why the results of acupuncture fMRI studies
in the literature remain so incongruent. Therefore, a better
experimental design as well as data analysis strategy for
acupuncture fMRI study needed to be reconsidered.

Based on the results of the current study, we found that
the temporal shifts applied to the model BOLD time
course were essential to more specifically find the
acupuncture-induced BOLD activities in individual
subjects. In so doing, it gave significantly better
goodness-of-fit between model and extracted BOLD
effects as well as higher statistics of the resultant
activation brain clusters though the differences in spatial
activation maps were subtle. However, such an analysis
can sometimes be very time-consuming because at least
four analyses will be needed for each single data set
(depending on how many temporal shifts users may want
to incorporate). Therefore, a data-driven analysis
approach may be more preferable for this purpose. With
data-driven analysis methods, one can extract the
stimulus-related BOLD activities from the data without
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specifying the model BOLD time course.”'** This in turn
gets rid of the tests for best BOLD onsets for each
individual image data set and may help to better register
the acupuncture-induced BOLD activations without
tedious test procedure in data analysis.
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