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Purpose: The present study evaluated the modulation effect of a painless acupuncture tech-
nique, ankle acupuncture (AA), on resting-state functional change in patients with chronic low
back pain (CLBP).

Patients and methods: Fourteen participants diagnosed with CLBP received AA and under-
went one brain functional image scan after tactile stimulation and another one following the
insertion of the needle. The needling sensations and clinical pain intensities were evaluated
after the end of each functional image scan. The significance levels of Visual Analog Scales/
Scores (VASs) before and after acupuncture were determined using paired #-test. The brain areas
showing differences in the amplitude of low-frequency fluctuation (ALFF) and fractional ALFF
(fALFF) between the two scans were identified. We also explored the relationship between mean
ALFF values in brain areas identified and VAS scores based on Pearson correlation coefficient.
Results: A complete-case analysis was performed on 12 participants. Neither different needling
sensations nor any local sensations during the two scans was found. The clinical findings indi-
cated that the scores of VAS scores were significantly lower after AA intervention (£<0.001).
Compared with those after tactile stimulation, ALFF decreased in the left insular and increased
in the left precuneus and right precentral gyrus, and fALFF decreased in the left insular, during
retaining of AA (corrected). Moreover, there was a positive correlation found between mean
ALFF change in the left insular and that of VAS values (P<0.05).

Conclusion: The present study demonstrated the low-frequency BOLD signal oscillation
response in the left insular in brain activity was associated with an immediate analgesia of AA
in patients with CLBP, which provides new insights into intrinsic connections between low-
frequency brain signals and analgesic effects of acupuncture.
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Introduction

Acupuncture, an alternative and complementary therapeutic intervention, has been
commonly used for the treatment of various kinds of pain. A growing body of evidence
demonstrates the effectiveness of acupuncture in the treatment of acute and chronic
pains, such as chronic low back pain (CLBP) and osteoarthritis.'* Nevertheless, the
neural mechanisms underlying the analgesic effects of acupuncture treatment are still
not fully understood. The development of imaging techniques such as positron reso-
nance imaging and functional magnetic resonance imaging (fMRI) has provided tools
to investigate the anatomical and physiological mechanisms targeted by acupuncture
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in humans and animals noninvasively.>* Recent advances in
brain imaging have contributed to our understanding of the
neural activity associated with acupuncture analgesia.’

Traditionally, acupuncture needles are inserted into the
body, and sufficient needling manipulation typically elicits
the characteristic needle-manipulation sensation termed
deqi. Deqi manifests as numbness, heaviness, distention, and
soreness, and is believed to reflect a characteristic effect.®’
It is noteworthy that deqi is a strong stimulation and can
evoke widespread brain activity changes.'®!" Thus, it is
hard to distinguish widespread brain activation of the brain
induced by acupuncture from the brain activity resulting
from its therapeutic effect. Indeed, the results of many fMRI
studies have suggested differences depending on stimulation
intensity (mild vs strong) correlated differences and temporal
variability (immediate vs cumulative effects of acupuncture
treatment elicit different temporal neural responses) in a
wide range of brain networks following acupuncture.'?!?
And the emergence or disappearance of needling sensations
(including deqi and sharp pain) is always involved in the
above mentioned differential brain functional responses.
In addition, somatosensory/tactile stimulation is one of the
primary components during acupuncture processing. Tactile
sensation on its own can induce brain responses in the areas
similar to these activated by acupuncture.!' Above all, the
widespread response induced by acupuncture represents a
major confounding variable for the assessment of the spe-
cific brain activation patterns associated with acupuncture
effectiveness.

The aim of our study was conducted to assess the modula-
tory effect of a painless acupuncture technique, ankle acu-
puncture (AA), on resting-state functional change in patients
with CLBP. AA is a type of subcutaneous acupuncture that
has been developed in the 1970s." It requires only the inser-
tion of a single needle with no further manual manipulation.
The needle is inserted through the skin shallowly in the
subcutaneous tissue above the ankle, with no characteristic
needle-manipulation sensation. AA stimulation is mild and
mimics tactile sensation in the skin. Interestingly, AA exerts
therapeutic effects similar to those induced by traditional
acupuncture in the treatment of pain.'>! This raises the pos-
sibility that the analysis of AA might be helpful in determin-
ing brain responses specifically associated with acupuncture
analgesia by excluding or minimizing the interference from
general stimulation induced by deqi needle manipulation of
traditional acupuncture. Such findings indicate that studying
AA may help to address the efficacy and mechanism of the
action of acupuncture treatment.

Materials and methods

Participants

This was a pilot study registered in the Chinese Clinical Trial
Register (ChiCTR-IPR-15007127). Fourteen right-handed
patients, diagnosed with CLBP, originally recruited from
Hangzhou Red Cross Hospital, participated in this study.
Written informed consent was obtained from all patients.
The protocol applied was in accordance with the Declara-
tion of Helsinki and approved by the ethical committee of
the Center of Cognition and Brain Disorders of Hangzhou
Normal University (20151208).

The inclusion criteria were that all patients 1) would be
aged between 18 and 65 years, 2) had a disease duration of
>6 months, and 3) were experiencing pain intensity of at least
3 (Visual Analog Scale/Score (VAS)=0-10). Patients were
excluded if they 1) were accompanied with pain unrelated
to the present diagnosis, or were suffering from psychiatric,
or neurological disorders, or serious infections; 2) had MRI
contraindications, such as claustrophobia; 3) showed contra-
indications for acupuncture, such as bleeding tendency and
pregnancy; 4) had received any therapies within the past 5
days; 5) consumed alcohol within 10 hours preceding the first
scan; 6) had head motion that exceeded 2 mm in translation
or 2° in rotation during scans; or 7) reported a different level
of local sensation between the two interventions.

Study paradigm

As shown in Figure 1A, this was a single-blinded and tactile-
controlled study. Tactile stimulation was designed with the aim
to control the effect of momentary sensation, as a potential
confounder, upon the insertion of the needle during acupuncture
manipulation. Similar processes were performed in the previous
studies of acupuncture.'”!* Two fMRI scanning sessions, that
is, rest, after the tactile stimulation and rest, after the insertion
of the acupuncture needle, were completed. The present study
focused on the low frequency blood oxygen level-dependent
(BOLD) signals. All the individuals were required to provide an
evaluation of the pain intensity after rest, and rest,, respectively.
Data collection was completed in the Center for Cognition and
Brain Disorders of Hangzhou Normal University.

Tactile stimulation

All participants underwent a tactile stimulation before the
acupuncture manipulation. The tactile sensation was released
by consistently pricking the skin without penetration at the
needle-insertion point for around 3 seconds. The type of the
needle and its angle (ie, 30°) to the skin surface were the
same as those depicted in the following section.
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Figure I Design of the present study. (A) The paradigm of interventions (tactile stimulation and acupuncture), functional-image scans (rest, and rest,), structural-image scan
(T1) and evaluations (VAS, and VAS,) of pain intensity; (B) The tactile stimulation/needle insertion time point; (C) The needle retaining of ankle acupuncture.

Acupuncture manipulation

AA was performed by an experienced acupuncturist (J. Rong)
with over 20 years of clinical practice. The needle-insertion
point was the ankle zone 5 of the left leg, located at the cross-
point of three-finger width above the lateral malleolus and
posterior margin. The disposable silver acupuncture needles
(0.35%40 mm; Taihe Brand, Beijing, China) were applied in
the present study. After sterilizing the skin at the selected
point, the acupuncturist held the needle and swiftly inserted
it into the subcutis with an angle of about 30° to the surface
(Figure 1B), then placed the needle down to the skin and
pushed it toward the knee direction until half of the needle
was inserted into the subcutaneous tissue (Figure 1C). The
participants would not feel any sensation while retaining the
needles if the AA was successfully performed.

Pain evaluation

A VAS was used to evaluate the intensity of the pain expe-
rienced by the participants. The scale comprised a 10-cm
horizontal line with a “0” (indicating no pain) at the start point
and a “10” (indicating the strongest pain imaginable) at the
end. Each participant completed the evaluation by marking

a cross on the line. The length (in centimeters) from “0” to
point marked at VAS was measured using a ruler to represent
the score of pain intensity score. The evaluations were per-
formed immediately following rest, and rest,, respectively.

Local needling sensation evaluation

All the participants reported their local needling sensations
attributed to tactile stimulation and AA manipulation, respec-
tively, in addition to sensations during each scan period as
well, using a numerical rate scale (NRS) of O=no sensation;
1=mild sensation; 2=moderate sensation; and 3=strong
sensation. The individuals who reported a different level of
local sensation between the two interventions, or any local
sensations during rest, and rest,, were excluded to ensure the
validity of both AA and tactile control.

Imaging data acquisition

MRI data were acquired using a 3.0 Tesla GE MR 750 scanner.
All participants were fitted with foam padding to minimize head
movement, and the participants were asked to keep their eyes
closed and not think of anything in particular. Headphones were
provided as protection from scanner noise. The 3 D T1-weighted
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structural images were acquired between two functional image
scans, that is, rest, and rest,. Functional images were acquired
using the following parameters: 43 contiguous axial slices,
repetition time (TR) of 2,000 ms, echo time (TE) of 30 ms,
slice thickness of 1.33 mm, flip angle (FA) of 90°, matrix size
of 64x64, field of view (FOV) 0of 200x200 mm?, total scan time
of 8°00”. 3D T1-weighted structural images were acquired
using the following parameters: 128 slices, TR of 8,100 ms,
TE of 3.1 ms, slice thickness of 1 mm, FA of 8°, matrix size of
256x256, FOV of 256x256 mm?, total scan time of 5°05”. The
time interval between rest, and rest, was 15 minutes.

fMRI preprocessing

The resting-state fMRI data were processed using SPM12
(http://www.fil.ion.ucl.ac.uk/spm) and RESTplus V1.2
(http://www.restfmri.net/forum/RESTplusV1.2). The first 10
time points were discarded as adaptation of the participant

to the scanner noise. The data preprocessing steps included
slice timing, realignment, and spatial normalization. First,
an individual T1-weighted image was co-registered to the
mean functional image and then the T1-weighted image was
segmented into gray matter (GM), white matter (WM), and
cerebrospinal fluid (CSF). Using y_* .nii, all EPI images were
spatially normalized to the Montreal Neurological Institute
(MNI) space and voxel size was resampled to 3x3x3 mm?.
Smoothing was performed with a 6 mm full width-half
maximum (FWHM) Gaussian kernel. After removing the
linear trend, we regressed out of covariates, which consisted
of Friston-24 head motion parameters,”® WM, and CSF.

ALFF and fractional ALFF (fALFF)
computing

We performed amplitude of low-frequency fluctuation
(ALFF) and fALFF analysis for each scan. ALFF calcula-
tion was based on fast Fourier transform (FFT).?! Using FFT,
each time course was converted to frequency domain. Then,
the square root of the power spectrum at each frequency
was averaged across the filtered band (0.01-0.08 Hz). This
averaged square root was taken as ALFF. Then we calculated
fALFF by obtaining the ratio of the power spectrum of low
frequency (0.01-0.08 Hz) to that of the entire frequency range
(0-0.25 Hz, with TR=2 seconds).?

Statistical analyses

Scales analysis

The VAS scores before and after AA, and NRS scores on
the two manipulations were analyzed with SPSS software

(version 19.0; SPSS Inc., Chicago, IL, USA) using paired
t-test, or nonparametric f-test only when data were not sub-
jected to normal distribution. An alpha level of 0.05 or less
was accepted as statistically significant.

ALFF and fALFF analysis

RESTplus V1.2 was used for statistical analysis on ALFF
and fALFF. Paired #-test was used to compare the values
between rest, and rest,. Multiple comparison correction was
performed based on Gaussian random field theory (voxel-
wise P<0.05, cluster-wise P<0.05, and two-tailed test) and
a threshold of a minimum cluster size of 10 and connection
criteria (rmm)=5 (edge connected).

Correlation analysis

To investigate the relationship between the immediate analge-
sic effect of AA and brain functional alterations, we explored
the potential correlation between mean values of ALFF and
fALFF in characterized brain areas and VAS scores based on
Pearson correlation coefficient. Signals within the clusters of
statistically significant ALFF and fALFF maps and overlap
clusters of statistically significant ALFF and fALFF maps
were extracted for correlation analysis. To determine the
potential role of pain duration in analgesic effect of AA, we
calculated the Pearson correlation coefficient between the
amplitude of VAS change and pain duration.

Results

Subjects information

Fourteen right-handed participants completed the experiment.
The data of two participants were excluded in subsequent
analyses because of significant head motion (>2 mm/2°).
Twelve participants (five females, seven males), with a mean
age of 44.4216.99 years and a pain duration of 7.581+6.60
years, were included in the subsequent data analysis. All the
participants were Han Chinese. There was no significant
difference of local needling sensations reported between the
two interventions.

Clinical results

As shown in Figure 2A, the group-level results indicated
that the VAS score of pain intensity significantly decreased
(T=5.38, P<0.001) after the 8-minute AA (3.79+1.84) com-
pared to that before the acupuncture intervention (5.6812.07).
Additionally, as shown in Figure 2B, there was a significantly
negative correlation found between the change of VAS score
(ie, VAS —VAS,) and the duration of pain (=—0.67, P=0.02).
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ALFF result

As shown in Figure 3 and Table 1, the ALFF values of four
clusters significantly altered during the scan after the insertion
of the needle (ie, rest,), in contrast to those obtained during
the scan after tactile stimulation (ie, rest,). The ALFF value
decreased in the left insular (T-value=—4.11) and increased
in the right cuneus (T-value=3.57) and precentral gyrus (PG,
T-value=3.66 and 2.40, respectively). The distributions of
mean ALFF values within the areas stated above at each scan

VAS score
N

Pre Post

passed the Kolmogorov—Smirnov normality test (P>0.1). The
individual and group ALFF values are presented in Figure S1.

fALFF result

As shown in Figure 4 and Table 2, the group fALFF value
of one cluster showed significant alterations during the
scan after the insertion of the needle (ie, rest)), in contrast
to those obtained during the scan after tactile stimulation
(ie, rest,). The fALFF value decreased in the left insular

B
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Figure 2 Results of investigation of the pain intensity. (A) The VAS scores of the pain intensity pre (VAS ) and post (VAS,) acupuncture (paired t-test, **P=0.001); (B) The
negative correlation between the change in VAS (ie, VAS —VAS,) and pain duration (Pearson correlation, P=0.02).

Figure 3 Map of brain functional changes before and after AA.

Notes: Brain areas showing increased (red and yellow) and decreased (blue) ALFF during ankle acupuncture (rest,) contrast to those showing changes after tactile stimulation
(rest,) with GRF threshold (voxel-wise P<0.05, cluster-wise P<0.05, and two-tailed testing).
Abbreviations: AA, ankle acupuncture; ALFF, amplitude of low-frequency fluctuation; GRF, Gaussian random field.
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(T-value=—4.11). The distributions of mean fALFF values
within the left insular at each scan passed the Kolmogorov—
Smirnov normality test (P>0.1). The individual and group
fALFF values are presented in Figure S2.

Correlations between ALFF and VAS

As shown in Figure 5A, the ALFF value in a spherical area
(MNI central coordinate, —57, 12, 6; radium, 6 mm) in rest,
and rest, was positively correlated with VAS | score (r=0.73,
P=0.01) and VAS, score (r=0.65, P=0.02), respectively.
Meanwhile, as shown in Figure 5B, one overlapping cluster
of statistically significant ALFF and fALFF maps was located
in the left insular. Moreover, a positive correlation was found

Table | The areas of statistically different ALFF values during
ankle acupuncture contrast to those after tactile stimulation

Brain area | BA L/R | Cluster MNI T-value
size (mm?®) | coordinates
Insular 13,44 | L 169 -57,12,6 —4.11
Precuneus/ | 7,19 |L 222 15, -90, 36 3.57
OL/PL
PG 6,4 R 107 21, -9, 60 3.66
6 R 14 42,15, 39 2.40

Abbreviations: ALFF, amplitude of low-frequency fluctuation; BA, Brodmann area;
L, left; MNI, Montreal Neurological Institute; OL, occipital lobe; PG, precentral
gyrus; PL, parietal lobe; R, right.

Figure 4 Map of brain functional changes before and after AA.

between the change level of ALFF value in the left insular
and the decrease level of VAS (r=0.62, P=0.03).

Discussion

The present study has shown a significant decrease in VAS
pain scores after AA intervention in patients with CLBP.
Decreased low-frequency oscillation responses (ALFF and
fALFF) in the left insular and an increased ALFF in the
left precuneus and right precentral gyrus during AA were
observed during needle retaining when compared with those
obtained during tactile stimulation. There was a significant
correlation between the low-frequency oscillation responses
in the left insular and immediate analgesic effect of AA in
patients with CLBP. Additionally, we found a negative cor-
relation between the duration of pain and immediate analgesic
effect of AA, consistent with the clinical observation that pain
duration positively correlates with difficulties in achieving

Table 2 The areas of statistically different fALFF values during
ankle acupuncture contrast to those after tactile stimulation

Brain BA L/R | Cluster MNI T-value
area size (mm?®) | coordinates
Insular | 22,44, 13 | L 123 -57,9,-3 —4.11

Abbreviations: BA, brodmann area; fALFF, fractional amplitude of low-frequency
fluctuation; L, left; MNI, R, right.

Notes: Brain areas showing increased (red and yellow) and decreased (blue) fALFF during ankle acupuncture (rest,) contrast to those showing changes after tactile
stimulation (rest,) with GRF threshold (voxel-wise P<0.05, cluster-wise P<0.05, and two-tailed testing).
Abbreviations: AA, ankle acupuncture; fALFF, fractional amplitude of low-frequency fluctuation; GRF, Gaussian random field.
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Figure 5 Scatter plots of ALFF and VAS pain. (A) Significant correlation between VAS and ALFF in the left insular (Pearson correlation, P=0.01 on rest,, P=0.02 on rest,).
(B) The left insular (overlapping area of statistically significant ALFF and fALFF maps) and significant correlation between ALFF change in the left insular and VAS change

(Pearson correlation, P=0.03).

Abbreviations: ALFF, amplitude of low-frequency fluctuation; fALFF, fractional ALFF; VAS, Visual Analog Scale/Score.

satisfactory pain relief by currently available treatments.?
Given that there was no significant difference in the local
needling sensation induced by tactile stimulation vs AA,
our results provided evidence for an intrinsic connection
between low-frequency brain signals with “real” analgesic
effect of acupuncture.

AA stimulation resembles tactile stimulation on the skin
and does not induce any characteristic needle-manipulation
sensation. Interestingly, AA has similar therapeutic effects
as traditional acupuncture in the treatment of pain, but tactile
stimulation (or non-penetrating sham acupuncture) does
not.">!¢ By excluding or minimizing the interference from
widespread response in brain networks induced by degi
during traditional acupuncture, our present study detected
low-frequency oscillation response in only a few brain areas
during AA, when contrasted to the responses during tactile
stimulation. It is suggested that AA is not only effective in the

treatment of acute and chronic pain but also a useful tool to
elucidate the specific brain activity associated with effective-
ness of acupuncture. Clinically, in view of the controversial
conclusions regarding the necessity of degi in achieving a
satisfactory therapeutic effect,** such findings in our study
indicated that AA may help address the efficacy and essential
mechanism underlying the effects of acupuncture treatment.

In the present study, we evaluated the modulation effect of
AA on resting-state functional change (ie, ALFF and fALFF)
in patients with CLBP. Unlike block-designed fMRI used in
previous acupuncture studies, the resting-state fMRI tech-
nique is practical to integrate with clinical practice in patients
diagnosed with specific diseases because it is performed in
task-free conditions.?® The low-frequency BOLD signals,
reflecting predominant spontaneous brain activity physi-
ologically, have been successfully characterized in human
brains of specific pathological states.”’” ALFF is a potentially

Journal of Pain Research 2019:12

submit your manuscript

847

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Xiang et al

Dove

significant and reliable algorithm for investigating intrinsic
responses of the brain to acupuncture effect in clinical pain
practice as well. A recent study revealed that the modulation
of abnormal ALFF in a specific area (brainstem) correlated
to an accumulating effect of acupuncture in migraine without
aura patients.?® Then considering that fALFF is more effec-
tive than ALFF in some brain regions,?® our study combined
the ALFF and fALFF algorithm. The results further revealed
that altered ALFF in the left insular was associated with the
immediate analgesic effect of AA.

One of the important findings in our present study is a
significant correlation between the changes in the left insular
and pain intensity. As we know, the insular is a key component
within the pain matrix.*® It also tends to be one of the essential
responsive brain areas in the chronic state of LBP. Patients with
CLBP showed increased activation in the anterior insular as
compared with patients with depression and healthy subjects,
which to some extent indicates the significance of the insular as
a dependent area in response to the sensory dimension of pain
in CLBP3! Another rest-state fMRI study measured the ALFF
value in CLBP and indicated that increased ALFF value located
in several brain areas, including the insular.*? The fact that the
low-frequency oscillation in the insular cortex was disrupted in
patients with CLBP was also reported elsewhere.?* The study
by Chen et al** reported that the connectivity between the
right frontoparietal network and left insula was significantly
associated with improvement in clinical pain after repeated
manual acupuncture treatment in knee osteoarthritis patients.
We further found that AA can suppress the increased ALFF
values induced by CLBP. With regard to increased ALFF in the
left precuneus and right precentral gyrus in our results, it was
unrelated to the immediate analgesia of AA, and these areas
may be considered as general responding areas to acupuncture
stimulation compared with tactile stimulation.!

These results suggest that the low-frequency oscillation
response in the insular may be an important neurobiological
mechanism underlying analgesia following AA. Notably,
several studies on healthy subjects revealed a significantly
greater activation at insular after a real acupuncture when
compared with tactile stimulation.!*35 Similar results were
also found in Makary et al’s*® study targeting patients with
CLBP. The discrepancy between the abovementioned study
and the present work might be explained by differences in
needling manipulation. Traditional acupuncture is a strong
stimulation and can evoke widespread brain activity changes.
The widespread response induced by acupuncture represents
a major confounding variable for the assessment of specific
patterns of brain activation associated with acupuncture
effectiveness.

It has been suggested that the duration of pain positively
correlates with the difficulties of achieving satisfactory pain
relief using currently available treatments.? Interestingly, the
transient (>1 hour) analgesic effect of ketamine in chronic
orofacial pain distributed equally between different pain dura-
tions.>” We found that a negative correlation between duration
of pain and immediate (8 minutes following the insertion of the
needle) analgesic effect was induced by AA. Furthermore, Wu
et al® reported diversity of brain areas responding to acupunc-
ture in Bell’s palsy patients with different clinical durations.
Together with the evidence on the correlation of structural
plasticity in certain brain regions with the duration of CLBP
and it being modulated by accumulated analgesia,**° the
therapeutic effect by acupuncture may be mediated by central
nervous system plasticity. Further investigations using a larger
sample size and multiple acupuncture sessions are needed
to support these conclusions. Besides, functional outcomes
alongside the pain should also be considered in future studies.

The insular is also one of the major components in the
default mode network (DMN) and salience network (SN).*142 In
addition, several studies have reported the disruptions of DMN
and SN in chronic pain states.*** Moreover, fMRI studies have
demonstrated the modulation in DMN by acupuncture in both
healthy subjects and patients with CLBP.#4¢ To further unravel
the therapeutic mechanism of AA, network analysis techniques
such as seed-based functional connectivity and independent
component analysis may be helpful in future studies.

Conclusion

The present study demonstrated the low-frequency BOLD
signal oscillation response in the left insular in brain activity
was associated with an immediate analgesia of AA in patients
with CLBP, which provides new insights into intrinsic con-
nections between low-frequency brain signals and the anal-
gesic effects of acupuncture.
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Figure S| Individual and group ALFF values within significant clusters on each functional image scan.
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Figure S2 Individual and group fALFF values within the significant cluster on each

functional image scan.

Abbreviation: fALFF, fractional amplitude of low-frequency fluctuation.
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