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Abstract

Background: The objective of this study was to investigate the dynamic brain activity following auricular point acupressure
(APA) in chemotherapy-induced neuropathy (CIN).

Methods: Participants received 4 weeks of APA in an open-pilot trial with repeated observation. Along with the clinical self-
reported CIN outcomes, objective outcomes were measured over the course of the treatment by physiological changes in
pain sensory thresholds from quantitative sensory testing (QST) and repeated functional magnetic resonance imaging scans.
Results: After 4 weeks of APA, participants had reported clinically significant improvements (ie, >30%) in a reduction of
CIN symptoms (including pain, numbness, tingling, and stiffness) in lower extremity stiffness (32%), reduced foot sensitivity
(13%), and higher pain threshold (13%). Across the || intrinsic brain networks examined, there was a trend toward
significance of the connectivity of the basal ganglia network (BGN) to the salience network (SAL), which was decreased
pre-APA versus immediate-APA (effect size [ES] = 1.04, P=.07). The BGN also demonstrated decreased connectivity with
the language network pre-APA versus delayed imaging post-APA (ES = —0.92, P =.07). Furthermore, there was increased
executive control network (ECN) and SAL within-network connectivity comparing pre-APA to delayed imaging post-APA,
trending toward significance (ES=0.41, P=.09 and ES=0.17, P=.09, respectively).

Conclusion: The changes in connectivity and activity within or between the ECN, SAL, and BGN from pre- to post-APA
suggest ongoing alterations in brain functional connectivity following APA, particularly in the insula, anterior cingulate, and
dorsolateral prefrontal cortices, which play significant roles in pain, memory, and cognitive function.
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Chemotherapy-induced peripheral neuropathy (CIN)—
pain, numbness, and/or tingling distributed in the hands
and feet in a stocking-and-glove distribution—is a severe
adverse result of chemotherapeutic agents such as plat-
inum drugs, vinca alkaloids, bortezomib, and taxanes.' #
With improved cancer treatments and longer survival,
the burdensome effects on sensation and balance from
CIN arise in more than 80% of patients receiving treat-
ment® and persist in up to 50% of cancer survivors as
they continue to suffer CIN 6 years after their initial
treatments.®

Currently, there is no established treatment that
effectively and consistently manages CIN.® While
Duloxetine, the only recommended drug by the
American Society of Clinical Oncology,® demonstrated
more successful effects when compared to placebo, it
only improved CIN by 0.73 points on a 0 to 10 scale.”
One of the few suggested treatments for CIN is exercise,
yet its ES is <0.50 and therefore cannot adequately
manage CIN symptoms.® Although opioids alleviate
neuropathic pain,”!° long-term usage presents a serious
risk of opioid overuse as well as other psychological
and physical side effects.!" Prolonged CIN increases
the risk of dangerous falls 1.8-fold,'* which can lead to
a significant loss of functional abilities and overall
poorer quality of life (QOL).>** The impact of CIN
remains extensive, as it may lead to treatment delays,
dose reductions, and discontinuation of therapy, which
can then adversely affect survival rates and raise health-
care costs."?

The pathophysiology of CIN is not well-understood,’
as underlying mechanisms leading to the development of
CIN appear to be medication specific.'"* For example,
platinum agent-induced formation of platinum-DNA
adducts leads to apoptosis, whereas taxane agent-
induced microtubule depolymerization prompts mitotic
arrest."® Such variety in CIN pathophysiology may
explain the lack of effective pharmacological treatments.
Recent studies have identified dorsal root ganglion
(DRG) neurons playing an active role in the develop-
ment of neuropathic pain.'>'® Given that DRG neurons
are not protected by the blood-brain barrier,'” they
remain especially susceptible to damage from chemo-
therapeutic agents'® and subsequently provoke symp-
toms of CIN such as pain, numbness, and even
sensory ataxia.'” Based on this assumption, interven-
tions that do not damage DRG neurons or repair
DRG neuron function could potentially prevent and
manage CIN.

Auricular point acupressure (APA), a noninvasive
and nonpharmacological treatment, presents a promis-
ing solution for patients suffering from CIN. Derived
from traditional Chinese medicine auricular acupunc-
ture, Dr Nogier, a French neurosurgeon, theorized a

somatotopic map of the human body onto the ear to
show that auricular points correspond to specific organs
and regions of the body.'®?° Functional magnetic reso-
nance imaging (fMRI) studies corroborate changes in
brain activity correlating with auricular acupuncture,>'**
body symptoms can be treated by the stimulation of
auricular points, via needle, electricity, or acupressure,
to elicit a therapeutic effect.*>** Original findings, using
self-reported outcomes, and meta-analyses>*® studying
the analgesic effects of APA consistently reveal a decrease
in pain intensity, a reduction in pain medication usage,
and a recommendation to implement APA as an adjunct
therapy to current pain management strategies.”’ >

fMRI* has provided an objective method for mea-
suring pain-related brain activity and acquiring details
related to the neural mechanisms involved in pain proc-
essing. Recent neuroimaging studies have enhanced our
understanding that acupuncture can affect cortical thick-
ness or restore normal functional connectivity related to
pain reduction®> >’ and elucidated the effect of placebo
(sham acupuncture).’®>*° In the only 2, small published
fMRI auricular acupuncture studies,?'*** evidence sup-
ports the existence of a body—ear—brain somatotopical
connection, suggesting neuroimaging may be a useful
tool to determine the correlations of body structures
and auricular points. However, we cannot assume that
the beneficial effects of body or auricular acupuncture
for pain relief will simply translate into APA because the
stimulation between needle and acupressure may differ.
APA has shown the immediate and lasting pain relief in
chronic low back pain®®>° and breast cancer patients
with pain.?”* However, mechanisms of APA on pain
relief have yet to be clearly explained. We have examined
APA on CIN management.*>*! In this article, using self-
reported pain outcomes, quantitative sensory testing
(QST) battery, and multiple fMRI scans, we report the
findings of alterations in connectivity and/or activity
within the brain’s cortical pain processing system follow-
ing APA.

Methods

Complete details of the study design, sample, and data
collection are provided in our previous manuscripts.**!
A subgroup of the study participants from the main
study*®*! underwent an fMRI scan. An open-pilot trial
with repeated observation study design was used.
Participants received a 4-week APA treatment protocol
to manage their CIN. The recorded data included self-
report clinical assessments and sensory function mea-
sured by QST battery. A detailed description of the
questionnaires and QST battery are explained in previ-
ous reports. After baseline data were collected, partici-
pants received a pre-APA fMRI scan (hereafter, pre-),
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followed by 10minutes of APA. Immediately after the
treatment, a repeat fMRI was performed (hereafter,
immediate-; see Procedure in detail). Participants
received another fMRI after completion of 4 weeks of
APA (hereafter, post-).

Participants and Setting

Potential participants were referred from a study of
scrambler therapy for CIN and from oncology outpa-
tient clinics at Johns Hopkins Hospital. Participants
were eligible for the study if they (1) were cancer patients
who were 18 years of age or older, (2) were able to read
and write in English, (3) had CIN due to receiving
neurotoxic chemotherapy for cancer, (4) had average
intensity of pain/or numbness/or tingling due to CIN
>4 on a 11-point numerical pain scale in the previous
week, (5) pain/or numbness/or tingling > 3 months dura-
tion attributed to CIN. Participants were excluded from
the study if they reported any of the following: (1) use of
an investigational agent for pain control concurrently or
within the past 30days; (2) prior celiac plexus block
or other neurolytic pain control treatment; (3) other
identified causes of painful paresthesia existing prior to
chemotherapy (eg, radiation or malignant plexopathy,
lumbar or cervical radiculopathy, pre-existing peripheral
neuropathy of another etiology); (4) allergy to latex (the
tapes for the APA include latex); and (5) any MRI
contraindications.

APA Treatment Protocol

The APA treatment protocol has been described in detail
in our previous publications.***' In brief, auricular
points for the CIN included (1) points corresponding
to the body pain location (ear points selected for treat-
ment were individualized to the specified CIN bodily
location such as toes, sole, or heel), (2) 4 points known
for alleviating stress and pain (ie, shenmen, sympathetic,
cingulate gyrus, and nervous subcortex), and (3) 2 points
related to brain (ie, brain and spinal cord sensory
neurons).

Participants received 4 weekly APA treatments. Each
week, after seed placement by the first author (CHY),
participants were instructed to evenly press the tape and
seed covering each ear point without rubbing (to avoid
skin irritation and infection at the acupuncture point)
for 3minutes, 3 times daily (9min total), even if they
did not experience pain. A 2-second pause occurred
between each of the 2 pressings. The optimal pressure
was achieved when the participant felt localized tingling
or mild discomfort. The tape and seeds remained on the
ear points for 5days. Participants were instructed to

remove both at the end of the fifth day and let the ears
rest for 2 days to regain their sensitivity.

Measures. Study outcomes include self-report surveys,
QST, and fMRI. fMRI scans were collected at pre-,
immediate-, and post- 4-week APA. Self-report and
QST were collected at pre- and post- 4-week APA.

Self-report Survey

1. CIN symptoms. CIN symptoms were used to assess 4
common CIN symptoms (ie, pain, numbness, tin-
gling, and stiffness).** Participants were asked to
rate their CIN symptoms on their lower extremities
location (ie, toes, soles, feet, and ankles). Scores for
each symptom severity and body locations ranged
from 0 to 10. The average of the total score from
each location was used, with higher scores indicating
greater symptom intensity.

2. Physical function. Physical functioning was measured
by the following questionnaires:

a. The subscale of Physical Dysfunction from The
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)* version 3.1 was
used to assess physical function (17 items). Each
item scored from 1 “none” to 5 “extreme difficulty.”
WOMAC has been widely used to assess nonos-
teoarthritic pain, particularly for lower extremity
function with demonstrated psychometrics.*?

b. BPI-CIN-Symptoms-Interferences® (wording was
revised from BPI-sf) was used to measure the
impact of CIN on physical function for the follow-
ing 7 items: general activity, mood, walking ability,
normal work, relations with other persons, sleep,
and enjoyment of life. Participants rated these
items from 0, “does not interfere” to 10,
“completely interferes.” Their scores were subse-
quently summed to determine the level of interfer-
ence, ranging from 0 to 70.

3. Quality of Life. PROMIS-29 v2.0 was used to measure 5
subscales of health QOL on each domain: anxiety,
depression, fatigue, sleep disturbance, and satisfaction
with participation in social roles. Each subscale includes
4 items of a 5-point Likert scale plus a pain intensity
scale using a 0 to 10 numeric rating item. PROMIS-29
has established reliability and validity**** and is widely

used in the United States. Scores were summed to deter-

mine each domain’s health QOL, ranging from 0 to 20.

The higher the score on a subscale, the better the quality

of each domain. PROMIS-29 has shown satisfactory

reliability (Cronbach’s alpha coefficients ranged from

.86 in sleep disturbance to .96 fatigue).
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Quantitative Sensory Testing

The QST battery included the following: (1) mechanical
QST (ie, mechanical detection threshold and mechanical
pain threshold), (2) cold pressor testing and conditioned
pain modulation, and (3) pressure pain threshold.
Detailed QST procedures were described in our previous
publication.!

fMRI Data Acquisition

All MRIs were acquired on a 3.0 Tesla Siemens Prisma
System  (Siemens Medical Solutions, Erlangen,
Germany) using a 12-channel head matrix coil.
Structural images were obtained utilizing a 3-dimens-
tional T1 sequence (TR =2300ms, TI=900ms, TE=
3.5ms, flip angle=9 degrees, field of view=24cm,
acquisition matrix 256 x 256 x 176, slice thickness=
I mm. Functional T2*-weighted blood-oxygen-level-
dependent (BOLD) images for resting state fMRI (rs-
fMRI) were acquired using 2-dimensional gradient
echo echo-planar imaging (TR =2000ms, TE =30ms,
flip angle 90 degrees, field of view 24 cm, acquisition
matrix 64 x 64 x 33, slice thickness=4mm, slice
gap = 1 mm, interleaved acquisition). Moreover, 300 vol-
umes (10min) of rs-fMRI data were acquired.
Participants were instructed to stay as motionless as pos-
sible, not think of anything in particular, and keep eyes
open for the duration of the scan.

Procedure

After consent was obtained and all of the survey and
QST data were collected (hereafter, pre-), participants
received the first fMRI scan (10 min; pre-). After com-
pletion of the first scan, participants were removed from
the scanner but remained on the table. The first author

(CHY) instructed the participants to keep their head
still and administered the APA to the participants on
ear points corresponding to the lower extremity
points (including toes, soles, and feet; see Yeh et al.*’;
Figure 1). The whole procedure took up to 10 minutes,
including seed placements and pressing. Then, partici-
pants were returned into the scanner for a repeated
fMRI scan (immediate-APA; 10 min). The whole proce-
dure took up to 1 hour. After completion of both scans,
seeds/tapes were removed and reapplied according to the
CIN treatment protocol. After 4 weeks of APA, partic-
ipants received another fMRI scan (10 min; post-).

fMRI Data Analyses

Descriptive statistics were conducted for the demograph-
ic characteristics of the participants and clinical out-
comes of APA effects on CIN. To examine the study
outcomes and consideration of small sample size, the
Wilcoxon signed-rank test, nonparametric statistics,
was used to compare the differences of mean ranks on
the pair outcomes.

Imaging data were processed using Statistical
Parametric Mapping (SPM) version 12 (Wellcome

Department of Imaging Neuroscience, University
College, London, UK) and custom MATLAB
(Mathworks, Natick Massachusetts) scripts. fMRI

underwent slice timing correction and motion correc-
tion. The ArtRepair toolbox was then used to detect
outlier fMRI volumes (based on global signal mean
intensity, affected by scan to scan motion) which were
tagged for subsequent removal from analysis.*® The
fMRI data were linearly normalized to a Montreal
Neurological Institute (MNI) 152 brain template follow-
ing coregistration to T1-weighted images. Images were
detrended, and physiological nuisance data were

Figure |. Group Functional Connectivity Matrices of APA Effects. Connectivity matrices of (A) pre-APA, (B) immediate-APA, and (C)
post-APA. Z score normalized mean connectivity is shown within (diagonal of matrix) and between (off-diagonal of matrix) networks.
Positive values (toward red) denote positive correlations, negative values (toward blue) denote negative correlations, and values near zero
(green) denote absence of correlation. The black boxes outline connectivity of the ECN versus SAL in the 3 different conditions,
demonstrating progressive negative connectivity from A to C. ATT, attention network; AUD, auditory network; BGN, basal ganglia
network; DMN, default mode network; ECN, executive control network; LAN, language network; LIM, limbic network; SAL, salience
network; SMN, sensorimotor network; THA, thalamic network; VIZ, visual network.
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removed from the fMRI utilizing the CompCor
method.*” Bandpass filtering was performed at 0.01 to
0.1Hz and then spatial smoothing performed with a
6mm full width at half maximum Gaussian kernel. The
outlier volumes tagged by ArtRepair were then removed.

For this exploratory analysis of functional connectivi-
ty, 11 intrinsic brain networks were analyzed: the atten-
tion network (ATT), default mode network (DMN),
executive control network (ECN), salience network
(SAL), auditory network (AUD), basal ganglia network
(BGN), language network (LAN), limbic network (LIM),
sensorimotor network (SMN), thalamic network (THA),
and the visual network (VIZ). Seed regions of interest
(ROIs) were previously generated from a cohort of
healthy volunteers® as per Sair et al.*’ There were 79
total 6 mm in radius seed ROIs comprising the 11 differ-
ent networks. For each ROI, the eigenvariate of the time
course was extracted across the fMRI acquisition.
Pearson correlation coefficients were calculated for each
ROI pair. Within-network connectivity was calculated for
each intrinsic network as the mean of the correlation of
all seeds within the network. Between-network connectiv-
ity was calculated as the mean correlation between all
ROIs in network pairs. Correlations were z-score normal-
ized to allow for between-subject comparison.

Results

Characteristics of the Participants

Eight participants were enrolled in the study (6 females
and 2 males; 2 Africa-Americans and 6 Caucasians).

The mean age of the participants was 57.15years
(standard deviation [SD]=9.74, range, 40-70). Cancer
diagnosis included breast cancer (n=3), leukemia
(n=1), non-Hodgkin lymphoma (n=1), endometrial
cancer (n=1), and colon cancer (n=1). Average body
mass index was 27.68 (SD =5.68, range, 21.97-38.57).
Two participants dropped out due to the time strain of
study appointments (n = 1) and kidney transplant (n=1).

Self-report of Clinical Outcomes

Table 1 presents the basic descriptive CIN findings (ie,
mean and standard deviation) and percent change from
pre-APA. After 4 weeks of APA, participants had
reported clinical significant improvements (ie, >30%)
in CIN symptoms (including pain, numbness, tingling,
and stiffness, measured by the CIN symptoms), and
lower extremity stiffness (32%). The Wilcoxon signed-
ranks test indicated that post-APA ranks were statisti-
cally significantly lower than pre-APA on pain intensity
(z=-2.02, P=.04) and numbness (z=-2.01, P=.04)
in the feet (z=—-2.03, P=.04; see Table 1 for details).

Pain Sensitivity and Threshold Outcome

Mechanical detection threshold (MDT). Compared to pre-
APA, the mean scores of the monofilament for each
tested site on the feet decreased, indicating a reduction
in numbness in the participant’s feet (Table 1). For the
plantar side of the foot, the mean percentage change was
8%, whereas the dorsal side of the food showed the larg-
est decrease of 31% post-APA. In general, the effects of

Table 1. Impact of Auricular Point Acupressure on Clinical Outcomes of Chemotherapy-Induced Neuropathy.
Pre-APA Post-APA
(n=6) (n=6) Change
Mean £+ SD Mean £+ SD %
CIN
Pain 5.56 +2.44 2.00+ 1.90 —64°
Numbness 4204326 2.55+£2.77 -39"
Tingling 4.65+3.47 240+ 1.91 —48
Stiffness 3.60£2.55 1.90 & 1.46 —47

Physical function
CIN inference

Function (WOMAC) 21.60+ 13.07
QuickDash 35.00 + 16.82
QST parameter
MDT plantar 3.21+£0.93
MDT dorsal 305+ 1.14
MDT total foot 3.18+0.97
MPT total hand 230+ 1.37
CPM/PPT 16.39 +£8.55

17.80 + 10.92 —18
2545+8.10 —27
2.96 £0.92 -8
2.10£0.96 =31
2.77+£0.92 —13
3.13+£2.28 44
18.52+11.00 13

Abbreviations: CIN, chemotherapy-induced neuropathy; CPM, conditional pain modulation; MDT, mechanical detection threshold;
MPT, mechanical pain threshold; PPT, pressure pain threshold; QST, quantitative sensory test; QuickDash, Disabilities of the Arm,
Shoulder and Hand Score; SD, standard deviation; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

*P <.05.
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APA on the entire foot resulted in a mean percentage
change of 13%.

Mechanical pain threshold (MPT). The suprathreshold pin-
prick stimuli mean scores for the total hand increased
from pre-APA to post-APA, indicating increased pain
threshold or reduced sensitivity (Table 1). After
the 4-week APA, the mean percentage change score
increased by 44% for the entire hand compared to the
pre-APA intervention. Total hand scores were calculated
by calculating the average of all tested sites on the hand
including index finger, thumb, middle finger, hypothe-
nar, and dorsum.

Conditional pain modulation (CPM). The pressure pain
thresholds for thumb and trapezius increased by 13%
post-APA while the participant underwent a series of
cold pressor tasks. The change in pressure pain thresh-
olds between cold pressor tasks indicated an increase in
the pain threshold for the thumb and trapezius, meaning
enhanced endogenous pain modulation (Table 1).

Resting-State Functional Connectivity Results

Figure 1 illustrates the group mean within-network and
between-network connectivity across all network pairs
for pre-, immediate-, and post- 4-week APA. For
between-network connectivity, during pre-APA versus
immediate-APA, the following pairs demonstrated a
trend toward significance: SAL-BGN (Pearson correla-
tion coefficients change from 0.41 [pre-] to —0.01
[immediate-], P=.06), LAN-BGN (Pearson correlation
coefficients change from 0.12 [pre-] to —0.17 [immediate-],

P =.07). During immediate-APA versus post-APA, the
pair of SAL-BGN demonstrated trend toward signifi-
cance (Pearson correlation coefficients change from
—0.01 [immediate-] to 0.05 [post-], P=.07). During
pre- versus post-APA, the pair of SAL-BGN demon-
strated decreased trend toward significance from 0.41
(pre-) to 0.05 (post-) (P=.07). For within network con-
nectivity, the Pearson correlation coefficient of ECN
(pre-=0.82; immediate-=0.94; and post-=1.12,
P = .82 [pre- vs immediate-] or 0.09 [pre- vs post-]) and
SAL (pre-=1.48; immediate- =1.52; and post-=1.65,
P=.5 [pre- vs immediate-] or .09 [pre- vs immediate-])
demonstrated a trend toward increased connectivity
between pre-APA and immediate-APA as well as con-
tinued increased connectivity after 4 weeks of APA.
However, BGE demonstrated a trend toward decreased
connectivity after the APA (pre-=1.45; immediate-
=1.20; and post-=1.20, P=.4 [pre- vs immediate-] or
.99 [pre- vs post-]). Figure 2 provides a representative
depiction of the anterior cingulate cortex and insula of
the SAL and the dorsolateral prefrontal cortex and infe-
rior parietal lobule of the ECN from a group indepen-
dent component analysis of the resting state fMRI post-
APA treatment.

Discussion

We report a comprehensive and novel investigation of
APA effects on CIN using fMRI to examine the dynamic
functional connectivity change patterns in cancer
patients with CIN. After 4 weeks of APA, patients who
showed a decrease in CIN-related symptoms concurrent-
ly demonstrated an increase in sensation and pain

Executive Control Network

DLPFC

Figure 2. Representative Depiction of the Executive Control Network (Red) and the Salience Network (Blue), Generated From Group
Independent Component Analysis of the Resting State fMRI Data. Networks are overlaid onto a standard T |-weighted MNI template brain
(MNI coordinates x: Oy: 18 z: 46). ACC, anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex; IPL, inferior parietal lobule.
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thresholds. The functional connectivity change patterns
revealed (1) a decreased activity within-network of BGN
and between-network of SAL and BGN and (2)
increased activity within-network of ECN and SAL,
respectively. Although the functional connectivity results
did not reach statistical significance, imaging of the SAL,
ECN, and BGN does provide an objective method for
the assessment of APA-induced CIN relief. These find-
ings suggested that CIN improvement is associated with
network connectivity between the BGN and SAL. The
alteration of brain activity in different networks follow-
ing APA treatment suggests that a correlation may exist
between APA and alterations in brain functional
connectivity.

Based on the fMRI findings, we speculate that APA-
induced CIN relief may result from direct or indirect
effects. For direct effects, the stimulation of ear points
may take advantage of trigeminal and vagus nerve inner-
vation distributed on the ear. The stimulation of these
cranial nerves may elicit changes in brain connectivity
and thereby alter pain processing in the central nervous
system; for example, the changes seen in SAL, ECN, and
BGN after APA. Given the role of SAL,” > ECN,>*>
and BGN’*7 in the central pain processing pathway,
the possible modification of cortical activity and/or con-
nectivity within these brain regions involved in cerebral
top-down, inhibitory mechanisms of pain processing fol-
lowing APA reveals that APA can be an exciting and
promising treatment for CIN.

For indirect effects, we recognize the intentional
stimulation of ear points as a conscience behavior and
speculate it consequently results in an altered awareness
of pain, specifically through an interaction with SAL and
ECN. Directing attention and cognitive behaviors (eg,
stimulating auricular points) to respond to CIN with
simultanecous SAL, ECN or BGN activity, cortical
areas associate with affective-,>®> attention-,°>®! and
pain-related processing”’*** might explain CIN symptom
reduction in APA. Possible normalization of brain activ-
ity in the salience, executive control, and BGNs follow-
ing APA may provide a new direction for the treatment
of CIN. The potential interaction between APA and
these brain networks certainly requires further investiga-
tion, but it may also provide insight for future therapeu-
tic targets for pharmacological approaches as well as
behavioral or psychological interventions.

Given the small sample size of this pilot study and the
relatively uncertain pathophysiology of CIN, it remains
difficult to pin point a specific physiological mechanism
for the observed analgesic effect of APA. Although our
initial analysis did not reach statistical significance, our
findings show promise in revealing the possibility of a
relationship between APA-induced analgesic effects and
the cortical pain processing pathway. A large clinical

trial is needed to determine the specific neural pathway
by which APA modulates CIN-related symptoms.

In summary, we find that APA can (1) reduce CIN
symptoms*” and (2) improve pain sensitivity (evaluated
by pinprick sensibility*' and Semmes-Weinstein mono-
filaments*"). Our previous studies have shown that APA
can modulate neurotransmitter levels by blocking cyto-
kine production (decreased pro-inflammatory cytokines
[IL-1B,2763%% TL-12,%7 IL-6,>"%* and TNF-0a%*%Y) or
inhibiting cytokine release (increased anti-inflammatory
cytokines [IL-13?7 and IL-4%]). In conjunction with
these findings, fMRI data suggest that APA may alter
pain processing in the central nervous system through (1)
top-down regulation of brain regions involved in sensory
discrimination, the cognitive and affective dimensions of
pain, and the regulation of nociceptive information to
modulate CIN relief; and (2) bottom-up detection of a
salient events by modulating A-6 and A-B sensitivity
and/or directing the individual’s attention to respond
to CIN (i.e., change of threat after 4 weeks of APA).
CIN patients improve not only their CIN (self-reported
data) but also their pain sensitivity (evaluated by pin-
prick sensibility on their hand and Semmes-Weinstein
monofilaments on their foot). These findings indicate
that APA may impact peripheral and central neuronal
signaling by modulating nerve sensitivity via A-0 fibers
(findings from pinprick test) and/or A-B fibers (findings
from Semmes-Weinstein monofilaments). Larger ran-
domized clinical trials with the consideration of the
place effects are needed to confirm our hypotheses of
APA on CIN relief.
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