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KEYWORDS Abstract This review summaries the available research on nuclear magnetic resonance to
Brain modulation; show the Auriculotherapy (AA) effect in human brains. Through search and analysis of clinical
Aur iculotherapy; research in the PubMed/MEDLINE database, available related articles up to January 2023 were
Ear innervation; used only in English. This overview is not comprehensive and is due to be predominantly
Anxiety; informative. A total of 4 trials met our inclusion criteria and were included in the quality
Parasympathetic analysis. Electrical stimulations were more frequent (3 studies) than needles (1 study). The
nervous above research delivers insufficient evidence that the AA at different points led to other brain

structures’ modulation. Although, the brain structures activated by the AA seems to overlap
territories belonging to the anxiety's neurobiology. The endeavor to link the AA mechanisms to
the cranial nerves combined with an embryological approach is promising. Nevertheless,
additional studies with imaging, different AA techniques, and auricular points are necessary to
provide evidence for this effect on mental health.
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PALABRAS CLAVE Esquematizacion de la auriculoterapia en la ansiedad Como Medicina basada en la
Modulacion cerebral; evidencia: Breve perspectiva

Auriculoterapia;

Inervacion del oido; Resumen Esta revision resume la investigacion disponible sobre resonancia magnética nuclear
Ansiedad; para mostrar el efecto de la Auriculoterapia (AA) en cerebros humanos. A través de la
Sistema nervioso investigacion y el analisis de la investigacion clinica en la base de datos de PubMed/MEDLINE, se

utilizaron los articulos relacionados disponibles hasta enero de 2023 solo en inglés. Esta
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perspectiva no es amplia, y parece ser predominantemente informativa. Un total de 4 ensayos

cumplieron nuestros criterios de inclusion, y fueron incluidos en el analisis de calidad. Las
estimulaciones eléctricas fueron mas frecuentes (3 estudios) que las de las agujas (1 estudio). La
investigacion anterior aporta evidencia insuficiente en cuanto a que la AA en diferentes puntos
origind una modulacion de otras estructuras cerebrales, a pesar de que las estructuras
cerebrales activadas por la AA parecen solapar territorios que pertenecen a la neurobiologia de
la ansiedad. El esfuerzo por vincular los mecanismos de la AA con los nervios craneales junto con
un enfoque embriologico es prometedor. Sin embargo, son necesarios estudios adicionales con
técnicas de imagen, diferentes técnicas de AA, y puntos auriculares para aportar evidencia para

este efecto en la salud mental.

© 2023 The Author(s). Publicado por Elsevier Espaia, S.L.U. Este es un articulo Open Access bajo
la licencia CC BY (http://creativecommons.org/licenses/by/4.0/).

Introduction

According to the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), anxiety is the future anticipation of
unbalanced, often associated with muscle tension and
caution in preparation for future hazards.' The excess may
trigger severe psychopathological events disturbing an
individual's everyday life.?2 Anxiety disorders are highly
prevalent, with global estimations varying from 3.8 to 25%
across countries, with incidence rates as high as 70% in
people with chronic health conditions.?

Succeeding the National Institute for Health and Care
Excellence regarding pharmacological therapies for anxiety
disorders, such as Benzodiazepines and antipsychotics, are
associated with tolerance, dependence, and linked with
several adverse effects.* Therefore, they should not be used
regularly to manage anxiety disorders.# Conventional med-
icine, such as psychotherapy and medication, has success-
fully treated anxiety disorders; however, those patients with
anxiety struggling to achieve complete remission of their
condition feel the need to use Complementary and Alterna-
tive Medicine (CAM).>

The National Center for Complementary and Integrative
Health classified CAM as respects: i) Nutritional (e.g.,
special diets, dietary supplements, herbs, probiotics, and
microbial-based therapies), ii) Psychological (e.g., medita-
tion, hypnosis, music therapies, relaxation therapies), iii)
Physical (e.g., acupuncture, auriculotherapy, massage,
spinal manipulation) and iv) combinations such as psycho-
logical and physical (e.g., yoga, tai chi, dance therapies,
some forms of art therapy) or psychological and nutritional
(e.g., mindful eating).®

Auriculotherapy (AA) is a therapy somewhat based on the
ancient Chinese practice of body acupuncture, originating
from a French physician's discoveries in the 1950s (Dr Paul
Nogier and colleagues) demonstrating that specific areas of
the external ear were associated with pathology in partic-
ular body parts.>® Typically, AA involves the insertion of
needles® (e.g., semipermanent or metal filiform needles and
bloodletting) or pressure’ (e.g., using seeds, massage, or
magnetic stones) or heating (e.g., moxibustion)® or by
stimulation as laser therapy,® and electrostimulation® in
the auricular skin for therapeutic purposes.’%

It is a technique known to diagnose and treat physical and
psychosomatic dysfunctions by stimulating a specific point in
the ear.’? In 2018, only fourteen systematic reviews with
high methodological quality were published about AA, which
focused on managing insomnia, smoking cessation, and
pain.’3 Since then, exponential research has grown, describ-
ing it as a strategy capable of adjusting signal processing in
the central nervous system,™ and exploiting brain
plasticity, ' which is the perfect complementary technique
to address psychological impairments. Curiously, AA
evaluated with anxiety scales had a positive effect on
pre-operative anxiety.'¢~22 The salivary cortisol was reduced
in students before an exam compared with the control
group,??~2* and in post-cesarean woman.?> Regarding gen-
eralized anxiety disorder, Rivadeneira et al. (2015) reported
AA was more effective than conventional drug in decreasing
the Self-Assessment Inventory and anxiety symptoms remis-
sion after four weeks, which could potentially reduce the
use of psychopharmacologic drugs.2®

This narrative review aims to clarify the relationship
between the possible auriculotherapy's neuromodulators'
effects on anxiety management. As the current understand-
ing of the mechanisms behind AA stands on the embryolog-
ical hypothesis and the solid innervation of the ear, its
relevance stands out in summarizing existing research and
supporting future research using AA.

Methods

The authors first identified studies through keywords search
“ear or auricular” and “fMRI” using Pubmed/Medline.
Articles were collected from inception to January 2023, in
English, and the outcome was the fMRI bold signal activation
and signal reduction in humans. We excluded all guidelines
for treatments, surveys, case series, case reports,
interrupted time-series trials, qualitative trials, trials with
missing or incomplete data, cohort studies, reviews, confer-
ence abstracts/posters, expert opinion, ‘duplicate publica-
tions’, newspaper articles, book reviews, ‘mass media
publications’, health publications, general comments, or
letters, due to their potential high risk of bias.?” This
overview is not comprehensive and is due to be predomi-
nantly informative.
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7,587 Records identified
through Pubmed
database searching

Records excluded:

Not clinical trial n= 7421

166 studies screened

4

Notin Englishn=5
Not humans n=3
Not auricular or ear therapy n= 154

studiesincluded in the
narrative review n=4

Fig. 1  Study diagram flow.

Results

Our search identified 7587 citations where only 166 titles
were reviewed, as shown in the diagram flow (Fig. 1). A total
of 4 trials met our inclusion criteria and were included in the
quality analysis.

The 4 trials included two different type of AA interven-
tions retrieved, where electrical stimulations were more
frequent?®-3° than needles.3’

In two different sessions, the author's Zhang et al. (2019)
applied auricular electrical stimulation to twenty-six pa-
tients with migraines. The authors reported that the left
cymba concha area produced significant fMRI signal reduc-
tions at the LC and improved signal in other brain areas (e.g.,
right temporoparietal junction, right para-hippocampus,
left secondary somatosensory cortex, and left amygdala)
compared to the left tail of the helix area.?®

Badran et al. (2018) enrolled 17 healthy adults who
received either left tragus or earlobe electric stimulation.
They documented the tragus area activates the cerebral
afferents of the vagal pathway (e.g., the Contralateral
postcentral gyrus, bilateral insula, frontal cortex, right
operculum, and left cerebellum), while the earlobe stimu-
lation only produced activation in the contralateral
postcentral gyrus.?’

Kraus et al. (2013) investigated fMRI effects in response
to electrical stimulation of two zones in the left outer
auditory canal.° Eight healthy subjects received electrical
stimulation at the anterior wall area, and the other eight
participants received it at the posterior side of their left
external auditory canal, and both groups were later
stimulated on their corresponding ear lobe.*° The authors
found the anterior part of the auricular stimulation
decreased fMRI bold signal in the locus coeruleus and the

solitary tract compared with the ear lobe region.3° In
contrast, the stimulation at the posterior wall leads to
unspecific changes in the bold signal within the solitary
tract.3°

M Romoli et al. (2014) deliver preliminary evidence on
the specificity of two auricular acupoints, the “Brain Stem
Auricular Acupoint” and the “Thumb Auricular Acupoint” in 6
healthy volunteers who experienced two fMRI sessions.'
These authors reported that the needle in the “Brain Stem
Auricular Acupoint” of the left ear showed a pattern that
largely overlapped regions belonging to the pain matrix.'* At
the same time, the “Thumb Auricular Acupoint” increased
activation bilaterally in the parietal operculum, the terri-
tory of the secondary somatosensory area.'

Discussion

Many neurotransmitters have been connected to anxiety’
neurobiology, including serotonin,3? Gamma-aminobutyric
acid (GABA),33 Norepinephrine (NE),3* and dopamine.3>
Curiously, disbalances of any hormone may also affect the
balance of activity in the brain's emotional centers in
distinct ways.3® However, cause and effect are rarely
known, and it's often unattainable to distinguish between
inadequate neurotransmitter balance (e.g because of life
experiences) or underlying genetic predisposition.37-38 Both
can happen to anyone with anxiety; in some cases, a mix of
both may be responsible for it. The limbic system processes
sensory input from the external and internal environment
(Fig. 2) to determine, through memory and motivation, the
emotional, autonomic, motor and cognitive responses
essential for self-preservation and survival.?° The emotional
circuit can be influenced by many chemical messengers
implicated in anxiety psychopathology (such the co-release



A. Vieira, A. Moreira, and J. Machado

3s
o e
po°

Fig. 2 Schematic illustration from the sagittal view of slice
representing a normal limbic system midline connection after
visual, olfactory, tactile, and auditory stimulus. Legend: LC:
Locus coeruleus, A: Amygdala, Hy: Hypothalamus, T: Thalamus,
Hi: Hippocampus. Schematic illustration created with
BioRender.com.

of neurotransmitters and neuropeptides) which are repre-
sented in limbic regions in the central nervous system
(CNS).38 One of those chemical messengers contain chole-
cystokinin, a peptide hormone found in the gastrointestinal
system responsible for stimulating the digestion also respon-
sible to inhibit the vagus nerve (VN).%°

By receiving projections directly from olfactory and
tactile stimulus and indirectly (through thalamus or somato-
sensory cortex) by auditory and visual areas, the amygdala
(Fig. 3) mediates threats and other emotional responses
including the regulation of the cortisol via hypothalamus.*'
Potential threats identified by the sensory system (e.g.,
anxiety) appear to also trigger the locus coeruleus (LC),*
the main supplier of NE in the CNS.#* The secretion of NE
from the LC reaches the amygdala and the prefrontal cortex.
This pathway affects HPA activation by producing cortisol,
which elevates glucocorticoid distribution for a coordinated
physiological reaction** (Fig. 3a). While the cortisol released
from the adrenal cortex allows the body to persist on high
alert,* the disproportionate concentration of these struc-
tures is associated with a prolonged anxious state.*
Combined with this amplified response, there can also be
deficient HPA regulation, leading to an inability to control
the physiological response (Fig. 3b). Further functional
magnetic resonance imaging (fMRI) will hopefully allow
human LC assessment and a better understanding of its
role in anxiety‘s neurobiology.*”

AA has been applied more systematically in Europe since
Doctor Nogier presented the inverted fetus map conception
in 1957.° Nogier also found that the stimulation of the
auricle leads to fluctuations in the radial artery (e.g., heart
rate) known as “Vascular Autonomic Signal”."%4° Paul Nogier
and later Frank Bahr explained that the ear has a so-called
somatotopy, meaning that the whole person is represented
on the ear.'®* Based on his AA experience, Paul Nogier
began to take his patients’ pulses while examining their ears.
He discovered variations of the pulse when he touched
different ear zones. This variation of pulse, or vascular
autonomic signal, is a reaction from the CNS (sympathetic
and parasympathetic) after auricular points stimulation.>°
The ear reflex map of a French physician, Paul Nogier, was
introduced to China in 1958 by Dr. Ye Xiao-Lin.3" Since then,
numerous reports arrived founding AA helpful for tooth
extraction and sciatica management conducted by ear
cauterization.

AA books sometimes refer to an embryological hypoth-
esis which strives to explain how the ear's reflex map
relates to the rest of the body.'?5'-33 On the one hand,
the embryological view is based on the somatotopic
organization of the human fetus theory® in the auricle
(Fig. 4A) and the adult ear's nerve network (Fig. 4B). On
the other hand, it uses a general anatomical understanding
of how organs and tissues grow from the fetus's three
germinative layers.

The ears are not an exemption; it originates from the
proliferation of organized embryonic tissue of undifferenti-
ated cells.®® In all vertebrates, the pharyngeal arches
developed from the cephalic portion of the neural crest
(e.g., strip of tissue that runs down the back of the origin
and gives genesis to a large number of different organs) are
responsible for producing the cartilage, bone, nerves,
muscles, glands, and connective tissue of the face and
neck.>®> The pharyngeal arches are banded externally by
ectoderm and internally by endoderm and are filled with
neural crest cells (Fig. 5) surrounding a mesodermal
core.53’55’56

These germinative layers become specialized into differ-
ent types of organs. For example, the endoderm develops
most internal organs: the stomach and intestinal system,
lungs, tonsils, liver, pancreas, bladder, urinary system,
thyroid, parathyroid and thymus represented in the concha
(Fig. 6A); innervated by the vagus nerve. The ectoderm
creates the skin, the brain, the spinal cord, the subcortex,
cortex and peripheral nerves, the pineal gland, the pituitary
gland, kidney marrow, hair, nails, sweat glands, cornea, teeth,
the mucous membrane of the nose, and the lenses of the eye,
innervated by a branch of plexus cervicalis (Fig. 6B), which has
indirect connections with the cortex.>>% The mesoderm
origins the skeletal muscles, smooth muscle, blood vessels,
bone, cartilage, joints, connective tissue, endocrine glands,
kidney cortex, heart muscle, urogenital organ, uterus, fallopian
tube, testicles and blood cells from the spinal cord and
lymphatic tissue, represented by the trigeminal nerve (TN).>”
This reflects the scientifically validated organization and
inverted orientation of the homunculus in the cerebral cortex
as developed by Penfield.>® However, the body reflected in the
brain does not illustrate the exact proportions of the actual
body, such as Penfield's Homunculus. In 1937, Penfield and
Boldrey described their work on the stimulation effects of
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a) Standard organism modulation response to acute physiological input. Legend: The red lines reveal the global and the

Locus coeruleus (LC) regulation by the secretion of noradrenalin (NE) reaching the amygdala (Amy) and the Prefrontal cortex. This
path affects Hypothalamic—pituitary—adrenal (HPA) activation by producing cortisol. (b) Abnormal organism reaction facing chronic
physiologic input. Chronic anxiety can lead to less HPA regulation (dotted red lines). Therefore, increased NE in LC, amygdala, and
hippocampus will deliver excessive cortisol production and contribute to reduced regulation of pathological anxiety. Fig. created
with BioRender.com based on Morris, McCall, Charney, & Murrough (2020) work.*® (For interpretation of the references to color in this
fig. legend, the reader is referred to the web version of this article.)

the cerebral cortex in man. The homunculus can be
considered as some form of “map” of human cortical
representation, being more or less precisely in relation to
actual brain areas identified at surgery.>® The same organi-
zation is thought to happen in the auricle, the acupuncture
points corresponding to reflexes with body organs would be
divided according to an organized anatomical arrangement.
Thus, the head and hand occupy a larger area than they would
if they were proportionate, while the thigh bone and arm
reach a small space in the ear, precisely as in the somatotopic
map of the brain. Consequently, the brain's somatotopic map
is related to its functional importance rather than its actual
physical size.

Between the epidermis, dermis, and hypodermis are
around 10.000 unique sensory receptors (including extero-
ceptors, interceptors and proprioceptors), at most 0.1 mm
large.®® These sensory receptors are mainly made of
collagen fibers wrapped by a plasma membrane containing
a negative electrical charge (low acid dissociation values of
the lipid head group).®" Each auricular point includes a group
of these receptors®? served by the same nerve and blood
vessel branch (majority from the external carotid artery),®3
which are activated by mechanical pressure (e.g., seeds,
massage, needle), heat (e.g., moxibustion) and stimuli such
as laser light and electrical stimulation.®* According to Gate
Control Theory by Melzack and Wall,®> the receptors deliver

Fig. 4 A. Schematic representation of a fetus in the intrauterine position projected on the pinna exemplifying Paul Nogier and
Frank Bahr somatotopic theory, where the whole person (and its organs) is represented on the ear; B: Schematic representation of the
regions of the human body reflected in the cerebral cortex - somatotopic map of the brain, simulating the Penfield homunculi theory.
Combining both theories, when auriculotherapy is performed is believed the specific point chosen by the acupuncturist is correlated
with the somatotopic cortex in the brain. Fig. created with BioRender.com.


http://BioRender.com
http://BioRender.com

A. Vieira, A. Moreira, and J. Machado

Ectoderm

PA1

» .

\ Neural

Mesoderm

Endoderm

\

crest

Ectodermal e

Fig. 5

Schematic illustration the early set-up of the ear. Legend: (A) The pharyngeal arches (PA) are filled by neural crest streams;

the first PA1 is filled with neural crest cells from the midbrain (M), rhombomere (r1) and r2, while the second PA2 is filled with crest
predominantly from r4. (B) The first and second PA are divided internally by the endodermal and externally by the ectodermal tissue.
(C) division of the embryological cells in auricular area theory created based on Anthwal., N and Thompson.,H (2015); Liu C et al.,
(2020) and Terry Oleson (2014) works. Schematic illustration created with BioRender.com.

the information to the brain based on the stimulation
location, pressure-generation which triggers the small
myelin nerves to conduct stimulations to spinal cord,
midbrain, hypothalamus and pituitary axis where therefore,
neuropeptides are released.®¢-¢7

The information provided by thermal, algic and proprio-
ceptive stimuli is transmitted from the auricular pavilion by
the fibers by a great deal of overlap between multiple
nerves: i) auriculotemporal nerve; ii) auricular branch of the
VN; iii) greater auricular nerve (GAN) and minor occipital
nerve (sensitive branch of the cervical plexus).'? The
auriculotemporal nerve originates from the mandibular
branch of the TN, which mainly supplies the antero-
superior and antero-medial areas of the external ear.
Auricular branch of the VN is the only peripheral branch of

the vagus nerve, covering a considerable part of the
auricular area and most of the region around the auditory
canal. The minor and greater occipital nerve originates from
the C-2 branch of the cervical plexus, being responsible for
the sensitive innervation of the upper third of the auricle.
Finally, the major auricular nerve originates from the C-2 to
C-3 branches of the cervical plexus, being responsible for
the innervation of the lower region of the auricle.%®

The VN is a mixed nerve composed of 20% “efferent”
fibers (sending signals from the brain to the body) and 80%
“afferent” (sensory) structures (carrying information from
the body to the brain).®° The efferent cholinergic fibers are
the main parasympathetic component of the autonomic
nervous system, but a vital function of the VN is transmitting
and mediating sensory information from throughout the

Symba
Conchae

L §

Cavum
Conchae

Fig. 6

Schematic illustration about the human auricle anatomy. Legend: (A) and auricular innervation (B), 1: pink area exemplifies

the trigeminal, and auriculotemporal nerve innervation; 2: includes the auricular branch of the vagus nerve (blue shading); 3: Green
area is represented by the greater auricular nerve, desenvolved from Liu C et al., (2020) and Terry Oleson (2014) works. (For
interpretation of the references to color in this fig. legend, the reader is referred to the web version of this article.)
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body to the brain.”® The VN is the most extensive cranial
nerve from the brain stem to the abdomen,”! with a somatic
afferent distribution to the external auricular area. The VN
contains direct and indirect connections to the cortical—
limbic-thalamic-corpus callosum neural circuit relevant to
emotional and cognitive functions in psychological disor-
ders.”>73 The association between VN stimulation effects
and AA was highlighted by procedures developed to
electrically stimulate the VN through the AA points found
in the auricle's concha region to treat depression’+”> and
epilepsy.’®77 The VN stimulation seems to boost the NE
release in structures responsible for regulating autonomic
function and improve levels of neurotransmitters (e.g.,
GABA) in the brain and spinal cord while reducing glutamate
levels.”®

On the other side, TN stimulation has also been suggested
as an explanation via AA, providing anatomical support for
physiologic results where the TN stimulation affects
brainstem structures,®® and in turn, influence forebrain
areas involved in the pathophysiology of specific CNS
disorders.

TN is responsible for perceiving touch and pain between
the anterior ear site to the CNS via the spinal trigeminal
nucleus (SpV).> Interestingly, unlike the VN, the TN
does not contain autonomic fibers.”! However, the impulses
from the Spv reach extra-trigeminal regions in the CNS,
including the posterior parietal, auricular, occipital areas,
and thalamus, essential for controlling many autonomic
functions.®? Besides that, SpV transmits nociceptive and
tactile stimulus to the thalamus reaching the somatosensory
cortex. It also has projections for the nucleus tractus
solitarius (NST), the LC and the Raphe nucleus (RN). In the
brainstem, the vagus afferent fibers end in the NST which
has fibers linking directly or indirectly different brain
regions [83]. These regions include the dorsal raphe nuclei,
locus coeruleus, amygdala, hypothalamus, thalamus, and
orbitofrontal cortex. The NST, located in the dorsomedial
medulla, is the first brain structure responsible for con-
ducting visceral and taste afferents carried by the cranial
nerves and has a critical role in the initiation and integration
of a wide variety of reflexes controlling cardiovascular
function, respiration, and gastrointestinal motility [84,85].
The RN which contain primarily serotonergic neurons,
release serotonin, as well as synaptic connections with the
limbic system [87]. Moreover, the RN receives catechol-
aminergic innervation from the periaqueductal gray (PAG),
amygdala, and hypothalamic nuclei, supporting those sys-
tems with mood regulation [88].

During the last years, some fMRI studies revealed
different central nervous activations in distinct auricular
areas accessed via electrical stimulation?®-3° and by tita-
nium semi-permanent needles of the external ear.

Electrically, the stimulation on the inner side of the
tragus showed by fMRI decreased activation in limbic brain
areas (including the amygdala, hippocampus, and para-
hippocampal gyrus) and the middle/superior temporal gyrus
but increased activation in the insula, precentral gyrus and
the thalamus.2%:3%73 Also, electrical stimulation at the
cymba concha produced deactivations bilaterally in the
hippocampus and hypothalamus,?® and activation of the
conventional vagal projections. While the stimulation led to
unspecific activation patterns; precisely in the ventral

region of the caudal medulla,?® in the primary somatosen-
sory cortex activation was consistent with the location of the
face, and side/back of the head which goes in line with the
Penfield homuncular map concept.

Interestingly, in M. Romoli and colleagues in 2014 study's
support the auricular points” specificity and the Penfield
homuncular map that the AA explanation relays. The
needling of the auricular point found in the Scaphoid fossa,
related in AA with the “Thumb” produced an increase in
activation bilaterally in the parietal operculum, the region
of the secondary somatosensory area. Furthermore, the
needling of the auricular point in the antitragus area showed
a pattern that essentially corresponds with regions fitting to
the pain matrix, with local differences in the left amygdala,
anterior cingulate cortex, and cerebellum. The above
research provides preliminary evidence that the AA at
different points led to other brain structures' activation or
deactivation, which seems to overlap regions belonging to
the anxiety's neurobiology.®®7° Although most studies have
shown several therapeutic effects induced by invasive VN
and TN electrical stimulation, those can be reproduced
without the electric current.' However, is still too early to
make any recommendations for clinical practice and further
randomized trials using fMRI to confirm the AA brain's
activation are needed.

Limitations and future challenges

There are several limitations to this study. Firstly, our
narrative review offers an overview of the possible mecha-
nisms of AA in anxiety proved by fMRI; however, the used
selection of publications is potentially biased since the
present study is descriptive but not systematic. One of the
primary biases of our work was not to limit the chosen
keywords for anxiety. For example, we include an article
from Zhang et al. (2019). This published paper reported the
application of auricular electrical stimulation in 26 patients
with migraines?® (not anxiety). We include this article due to
the difficulty of finding papers demonstrating the nuclear
magnetic resonance effect of AA in human brains.

Secondly, AA is commonly used in traditional Chinese
medicine; the exclusion of Chinese databases and any
unpublished trials may impact the results of this narrative
review. Finally, only English language publications were
retrieved, leaving out potential vital data from other
languages. Accordingly, we suggest further updated analysis
in the future with the inclusion of Chinese databases and
other languages to corroborate this work.

Tendentially, researchers are inclined to confirm the AA
effects via the VN and TN stimulation. However, AA covers
more areas, calling attention to the possible co-activation of
the GAN when triggered through the auricular lobe area. The
GAN communicates with several cranial nerves; for example,
the anterior branch sends a tiny twig (or several small twigs)
into the substance of the parotid gland, connects to the
facial nerve,® and the posterior branch communicates with
the auricular branch of the VN.2' So, it would make sense to
study the AA effects under GAN stimulation in the future.

Generally, some articles refers to how AA evidence is
limited®%-83 and unclear?; still, the diversity of AA modali-
ties, such as invasive or noninvasive, may be associated with
different treatment effects and physiological mechanisms,
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to the Central nervous system (CNS) and Thalamus (Th) via the spinal trigeminal nucleus; the vagus nerve (VN) via the solitaries'
nucleus tract; and the greater auricular nerve (GAN) via facial and VN. Decreased activation in Locus coeruleus (LC) and in limbic
brain areas, including the amygdala (A), hippocampus (Hy), and para-hippocampal gyrus leads to improvements in regulation of
cortisol segregation. The increase activation in the parietal operculum and the secondary somatosensory area activation region aligns
with the Penfield homuncular map concept. T. The catecholaminergic innervation from the PAG, amygdala, Raphe nucleus (RN) and
hypothalamic nuclei towards the solitary nucleus tract supports the mood regulation and the release of serotonin. Schematic

illustration created with BioRender.com.

even if treating the same clinical condition. Also, the skin is
composed of specific sensory receptors (e.g., exteroceptors,
interceptors and proprioceptors), which could also be
activated by different AA approaches showing supplemental
pathways to reach the CNS. In this case, we raise the
question if all noninvasive AA techniques performed with
seeds, massage, moxibustion, laser light and electrical
stimulation, could trigger exteroceptors and proprioceptors.
At the same time, the invasive AA (with or without
electrostimulation) could also reach interceptors and offer
a prompter body response, regardless of noninvasive
procedures could be a more practical way to use in young
and elderly patients or those who are afraid of needles.?48
Despite some adverse effects, such as transient dizziness,
headaches, and fatigue, have been expressed with noninva-
sive AA,8¢ however, these noninvasive techniques also
minimize the risk of adverse events, such as infection or
bleeding complications.83-86-8°

Conclusion

Invasive (needling) and non-invasive (electrical stimula-
tion) AA at distinct auricular points led to the activation or

deactivation of diverse brain structures. This effect
appears to overlap regions belonging to the anxiety's
neurobiology.

The attempt to link the AA mechanisms to the cranial
nerves combined with an embryological approach is prom-
ising. Yet, more studies with imaging and different AA
techniques and auricular points are necessary to provide
evidence for this effect of AA. Meanwhile, we present a
speculatory model in Fig. 7.

Funding
This research received no external funding.

Declaration of Conflicts Interest

AV carried out this work as part of her PhD work. There are
no other conflicts of interest to declare.

Ethical approval

This mapping review does not require ethical approval.


http://BioRender.com

Revista Internacional de Acupuntura 17 (2023) 100252

CRediT authorship contribution statement

Andreia Vieira: Conceptualization, Methodology, Software,
Data curation, Writing — original draft. Antéonio Moreira:
Writing — review & editing. Jorge Machado: Visualization,
Supervision.

Acknowledgments

This article results from work supported by the Abel Salazar
Institute of Biomedical Sciences of the University of Porto
resources and facilities.

References

. Diagnostic and statistical manual of mental disorders : DSM-5.

Arlington, VA: American Psychiatric Association; 2013.

. Schneiderman N, Ironson G, Siegel SD. Stress and health:

psychological, behavioral, and biological determinants. Annu
Rev Clin Psychol. 2005;1:607-28. https://doi.org/10.1146/
annurev.clinpsy.1.102803.144141.

. Remes O, Brayne C, van der Linde R, Lafortune L. A systematic

review of reviews on the prevalence of anxiety disorders in
adult populations. Brain Behav. Jul 2016;6(7), e00497. https://
doi.org/10.1002/brb3.497.

. Correction: Cervical plexus and greater occipital nerve blocks:

controversies and technique update. Reg Anesth Pain Med. Jun
18 2019 https://doi.org/10.1136/rapm-2018-100261corr1.

. Oleson T. 1 - overview and history of auriculotherapy.In: Oleson

T, editor. Auriculotherapy Manual (Fourth Edition). Churchill
Livingstone; 2014. p. 1-24.

. Nogier P, Nogier R. The man in the ear.Maisonneuve; 1985.
. Mehta P, Dhapte V, Kadam S, Dhapte V. Contemporary

acupressure therapy: Adroit cure for painless recovery of
therapeutic ailments. J Tradit Complement Med. Apr 2017;7
(2):251-63. https://doi.org/10.1016/j.jtcme.2016.06.004.

. Jin R, Wang X, Lv Y, et al. The efficacy and safety of auricular

point combined with moxibustion for insomnia: A protocol for
systematic review and meta-analysis. Medicine. 2020;99(41).

. Ulett GA, Han S, Han JS. Electroacupuncture: mechanisms and

clinical application. Biol Psychiatry. Jul 15 1998;44(2):129-38.
https://doi.org/10.1016/s0006-3223(97)00394-6.

. Round R, Litscher G, Bahr F. Auricular acupuncture with laser.

Evid Based Complement Alternat Med. 2013;2013, 984763.
https://doi.org/10.1155/2013/984763.

. Biaggioni I, Kaufmann H. Autonomic nervous system; overview.

In: Aminoff MJ, Daroff RB, editors. Encyclopedia of the
neurological sciences (second edition). Academic Press; 2014.
p. 352-4.

. Hou PW, Hsu HC, Lin YW, Tang NY, Cheng CY, Hsieh CL. The

history, mechanism, and clinical application of auricular
therapy in traditional Chinese medicine. Evid Based Comple-
ment Alternat Med. 2015;2015, 495684. https://doi.org/10.
1155/2015/495684.

. Vieira A, Reis AM, Matos LC, Machado J, Moreira A. Does

auriculotherapy have therapeutic effectiveness? An overview of
systematic reviews. Complement Ther Clin Pract. Nov 2018;33:
61-70. https://doi.org/10.1016/j.ctcp.2018.08.005.

. Romoli M, Allais G, Airola G, Benedetto C, Mana O, Giacobbe M,

Pugliese A M, Battistella G, Fornari E. Ear acupuncture and fMRI:
a pilot study for assessing the specificity of auricular points.
Neurol Sci. May 2014;35(Suppl 1):189-93. https://doi.org/10.
1007/510072-014-1768-7.

. Eugenijus Kaniusas , Stefan Kampusch , Marc Tittgemeyer, Fivos

Panetsos, Raquel Fernandez Gines, Michele Papa, Attila Kiss,

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bruno Podesser, Antonino Mario Cassara , Emmeric Tanghe,
Amine Mohammed Samoudi , Thomas Tarnaud, Wout Joseph,
Vaidotas Marozas, Arunas Lukosevicius, Niko IStuk, Antonio
Saroli¢, Sarah Lechner, Wlodzimierz Klonowski, Giedrius
Varoneckas, Jozsef Constantin Széles, Current directions in
the auricular vagus nerve stimulation i — a physiological
perspective, Rev Front Neurosci, 2019, 13, doi:10.3389/
fnins.2019.00854, August-09 2019.

. Dellovo AG, Souza LMA, de Oliveira JS, Amorim KS, Groppo FC.

Effects of auriculotherapy and midazolam for anxiety control in
patients submitted to third molar extraction. Int J Oral
Maxillofac Surg. 2019;48(5):669—74. https://doi.org/10.1016/
j.ijom.2018.10.014.

. Valiee S, Bassampour SS, Nasrabadi AN, Pouresmaeil Z, Mehran

A. Effect of acupressure on preoperative anxiety: a clinical
trial. J Perianesth Nurs. 2012;27(4):259-66.

. Michalek-Sauberer A, Gusenleitner E, Gleiss A, Tepper G,

Deusch E. Auricular acupuncture effectively reduces state
anxiety before dental treatment—a randomised controlled
trial. Clin Oral Investig. 2012;16:1517-22.

. Wu S, Liang J, Zhu X, Liu X, Miao D. Comparing the treatment

effectiveness of body acupuncture and auricular acupuncture in
preoperative anxiety treatment. J Res Med Sci. 2011;16(1):39.
Mafetoni RR, Rodrigues MH, Jacob LMdS, Shimo AKK. Effective-
ness of auriculotherapy on anxiety during labor: a randomized
clinical trial. Rev Lat Am Enfermagem. 2018:26.

Jakub K Wunsch, Catharina Klausenitz, Henriette Janner,
Thomas Hesse, Alexander Mustea, Klaus Hahnenkamp, Astrid
Petersmann, Taras | Usichenko, Auricular acupuncture for
treatment of preoperative anxiety in patients scheduled for
ambulatory gynaecological surgery: a prospective controlled
investigation with a non-randomised arm, Acupunct Med, 36
(4), 2018, 222-227.

Usichenko T, Wenzel A, Klausenitz C, et al. Auricular stimula-
tion vs. expressive writing for exam anxiety in medical
students—a randomized crossover investigation. PLoS One.
2020;15(8), €0238307.

Andreia Vieira, Paula Sousa, Alexandra Moura, Lara Lopes,
Cristiane Silva, Nicola Robinson, Jorge Machado and Anténio
Moreira, The effect of auriculotherapy on situational anxiety
trigged by examinations: a randomized pilot trial, Healthcare.,
10 (10), 2022, 1816.

Prado JMd, Kurebayashi LFS, Silva MJPd. Auriculotherapy
effectiveness in the reduction of anxiety in nursing students.
Rev Esc Enferm USP. 2012;46:1200-6.

Kuo SY, Tsai SH, Chen SL, Tzeng YL. Auricular acupressure
relieves anxiety and fatigue, and reduces cortisol levels in post-
caesarean section women: a single-blind, randomised con-
trolled study. Int J Nurs Stud. Jan 2016;53:17-26. https://doi.
org/10.1016/j.ijnurstu.2015.10.006.

Diaz Rivadeneira MO, Diaz Cifuentes A, Gonzalez Hidalgo T,
Conteras Tejeda JM, Garcia Sanchez Y. Efectividad de la
auriculoterapia en el tratamiento de la ansiedad en el adulto
mayor.Medicina  Tradicional;  Auriculoterapia;  Anciano;
Ansiedad; 2015. 2015-05-25 2015. 40(6).

Julian P T Higgins, Douglas G Altman, Peter C Ggtzsche, Peter
Jiini, David Moher, Andrew D Oxman, Jelena Savovic, Kenneth F
Schulz, Laura Weeks, Jonathan A C Sterne, Cochrane Bias
Methods Group, Cochrane Statistical Methods Group, The
cochrane collaboration’s tool for assessing risk of bias in
randomised trials, Bmj., 343, Oct 18 2011, d5928, https://
doi.org/10.1136/bmj.d5928.

Yue Zhang, Jiao Liu, Hui Li, Zhaoxian Yan, Xian Liu, Jin Cao, Joel
Park, Georgia Wilson, Bo Liu, Jian Kong, Transcutaneous
auricular vagus nerve stimulation at 1 Hz modulates locus
coeruleus activity and resting state functional connectivity in
patients with migraine: An fMRI study, Neuroimage Clin, 24,
2019, 101971, https://doi.org/10.1016/j.nicl.2019.101971.


http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0005
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0005
https://doi.org/10.1146/annurev.clinpsy.1.102803.144141
https://doi.org/10.1146/annurev.clinpsy.1.102803.144141
https://doi.org/10.1002/brb3.497
https://doi.org/10.1002/brb3.497
mailto:up201106326@edu.icbas.up.pt
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0025
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0025
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0025
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0030
https://doi.org/10.1016/j.jtcme.2016.06.004
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0040
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0040
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0040
https://doi.org/10.1016/s0006-3223(97)00394-6
https://doi.org/10.1155/2013/984763
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0055
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0055
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0055
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0055
https://doi.org/10.1155/2015/495684
https://doi.org/10.1155/2015/495684
https://doi.org/10.1016/j.ctcp.2018.08.005
https://doi.org/10.1007/s10072-014-1768-7
https://doi.org/10.1007/s10072-014-1768-7
https://doi.org/10.1016/j.ijom.2018.10.014
https://doi.org/10.1016/j.ijom.2018.10.014
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0085
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0085
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0085
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0090
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0090
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0090
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0090
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0095
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0095
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0095
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0100
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0100
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0100
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0110
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0110
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0110
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0110
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0120
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0120
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0120
https://doi.org/10.1016/j.ijnurstu.2015.10.006
https://doi.org/10.1016/j.ijnurstu.2015.10.006
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0130
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0130
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0130
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0130
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0130
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.nicl.2019.101971

A. Vieira, A. Moreira, and J. Machado

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

Bashar W Badran, Logan T Dowdle, Oliver J Mithoefer, Nicholas
T LaBate, James Coatsworth, Joshua C Brown, William H
DeVries, Christopher W Austelle, Lisa M McTeague, Mark S
George, Neurophysiologic effects of transcutaneous auricular
vagus nerve stimulation (taVNS) via electrical stimulation of the
tragus: a concurrent taVNS/fMRI study and review, Brain
Stimul, 11 (3), May-Jun 2018, 492-500, https://doi.
org/10.1016/j.brs.2017.12.009.

Kraus T, Kiess O, Hosl K, Terekhin P, Kornhuber J, Forster C. CNS
BOLD fMRI effects of sham-controlled transcutaneous electrical
nerve stimulation in the left outer auditory canal - a pilot study.
Brain Stimul. Sep 2013;6(5):798—804. https://doi.org/10.1016/
j.brs.2013.01.011.

Rong P-J, Zhao J-J, Wang L, Zhou L-Q. Analysis of advantages
and disadvantages of the location methods of international
auricular acupuncture points. Evid Based Complement Alternat
Med. 2016;2016:2806424.  https://doi.org/10.1155/2016/
2806424.

Stefansdottir IH, Ivarsson T, Skarphedinsson G. Efficacy and
safety of serotonin reuptake inhibitors (SSRI) and serotonin
noradrenaline reuptake inhibitors (SNRI) for children and
adolescents with anxiety disorders: a systematic review and
meta-analysis. Nord J Psychiatry. May 19 2022:1-10 https://
doi.org/10.1080/08039488.2022.2075460.

Zacharopoulos G, Sella F, Cohen Kadosh K, Emir U, Cohen
Kadosh R. The effect of parietal glutamate/GABA balance on
test anxiety levels in early childhood in a cross-sectional and
longitudinal study. Cereb Cortex. Jul 21 2022;32(15):3243-53.
https://doi.org/10.1093/cercor/bhab412.

Sun Y, Hunt S, Sah P. Norepinephrine and corticotropin-
releasing hormone: partners in the neural circuits that underpin
stress and anxiety. Neuron. Aug 5 2015;87(3):468—70. https://
doi.org/10.1016/j.neuron.2015.07.022.

Steven R DeGroot, Rubing Zhao-Shea, Leeyup Chung, Paul M
Klenowski, Fangmiao Sun, Susanna Molas, Paul D Gardner, Yulong
Li, Andrew R TapperMidbrain dopamine controls anxiety-like
behavior by engaging unique interpeduncular nucleus
microcircuitryBiol Psychiatry,88, 11Dec 1, 2020855866. https://
doi.org/10.1016/j.biopsych.2020.06.018

Karachaliou FH, Karavanaki K, Simatou A, Tsintzou E, Skarakis
NS, Kanaka-Gatenbein C. Association of growth hormone
deficiency (GHD) with anxiety and depression: experimental
data and evidence from GHD children and adolescents.
Hormones (Athens). Dec 2021;20(4):679-89. https://doi.org/
10.1007/s42000-021-00306-1.

Gaoyan Liu, Yamei Liu, Bowen Niu, Yu Zhou, Qingyu Peng, Jinyu
Yan, Yunfei Tang, Fuxue Chen, Feng Li, Shini Feng, Genetic
mutation of TRPV2 induces anxiety by decreasing GABA-B R2
expression in hippocampus, Biochem Biophys Res Commun,
620, Sep 10 2022, 135-142, https://doi.org/10.1016/j.
bbrc.2022.06.079.

Martin El, Ressler KJ, Binder E, Nemeroff CB. The neurobiology
of anxiety disorders: brain imaging, genetics, and
psychoneuroendocrinology. Psychiatr Clin North Am. Sep 2009;32
(3):549-75. https://doi.org/10.1016/j.psc.2009.05.004.
McLachlan RS. A brief review of the anatomy and physiology of
the limbic system. Can J Neurol Sci. Aug 2009;36(Suppl 2):
S84-7.

Schatzberg AF, Nemeroff CB. The American psychiatric publishing
textbook of psychopharmacology.American Psychiatric Pub; 2009.
Davis M. The amygdala: neurobiological aspects of emotion,
memory, and mental dysfunction.The Amygdala and Condi-
tioned Fear. Wiley-Liss New York; 1992. p. 255-306.

Marco Atzori, Roberto Cuevas-Olguin, Eric Esquivel-Rendon,
Francisco Garcia-Oscos, Roberto C Salgado-Delgado, Nadia
Saderi, Marcela Miranda-Morales, Mario Trevino, Juan C Pineda,
Humberto Salgado, Locus ceruleus norepinephrine release: a
central regulator of CNS spatio-temporal activation?, Front

10

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Synapt Neurosci, 8, 2016, 25,
fnsyn.2016.00025.

O'Donnell J, Zeppenfeld D, McConnell E, Pena S, Nedergaard M.
Norepinephrine: a neuromodulator that boosts the function of
multiple cell types to optimize CNS performance. Neurochem
Res. 2012;37(11):2496-512. https://doi.org/10.1007/s11064-
012-0818-x.

Charmandari E, Tsigos C, Chrousos G. Endocrinology of the
stress response. Annu Rev Physiol. 2005;67:259-84. https://
doi.org/10.1146/annurev.physiol.67.040403.120816.

Lee DY, Kim E, Choi MH. Technical and clinical aspects of cortisol
as a biochemical marker of chronic stress. BMB Rep. Apr 2015;48
(4):209—16. https://doi.org/10.5483/bmbrep.2015.48.4.275.
Ulrich-Lai YM, Herman JP. Neural regulation of endocrine and
autonomic stress responses. Nat Rev Neurosci. Jun 2009;10(6):
397-409. https://doi.org/10.1038/nrn2647.

Priovoulos N, Jacobs HIL, Ivanov D, Uludag K, Verhey FRJ, Poser
BA. High-resolution in vivo imaging of human locus coeruleus by
magnetization transfer MRI at 3T and 7T. Neurolmage. 2018;168:
427-36. https://doi.org/10.1016/j.neuroimage.2017.07.045.
Morris LS, McCall JG, Charney DS, Murrough JW. The role of the
locus coeruleus in the generation of pathological anxiety. Brain
Neurosci Adv. Jan-Dec 2020;4. https://doi.org/10.1177/
2398212820930321 2398212820930321.

Gori L, Firenzuoli F. Ear acupuncture in European traditional
medicine. Evid Based Complement Alternat Med. Sep 2007;4
(Suppl 1):13—6. https://doi.org/10.1093/ecam/nem106.

Wang L, Yang J, Zhao B, Zhou L, Wirz-Ridolfi A. The similarities
between the world federation of acupuncture-moxibustion
societies' standards for auricular acupuncture points and the
european system of auriculotherapy points according to Nogier
and Bahr. Eur J Integrat Med. 2016;8(5):817-34. https://doi.
org/10.1016/j.eujim.2016.06.011.

Alimi D, Geissmann A, Gardeur D. Auricular acupuncture
stimulation measured on functional magnetic resonance imag-
ing. Med Acupunct. 2002;13:18-21.

Mercante B, Ginatempo F, Manca A, Melis F, Enrico P, Deriu F.
Anatomo-Physiologic Basis for Auricular Stimulation. Med
Acupuncture. 2018;30(3):141-50. https://doi.org/10.1089/
acu.2017.1254.

Oleson T. 2 - Theoretical Perspectives of Auriculotherapy.in:
Oleson T, editor. Auriculotherapy Manual (Fourth Edition).
Churchill Livingstone; 2014. p. 25-86.

Cheatham MA. Cochlear function reflected in mammalian hair
cell responses. Prog Brain Res. 1993;97:13-9. https://doi.org/
10.1016/50079-6123(08)62258-x.

Anthwal N, Thompson H. The development of the mammalian
outer and middle ear. J Anat. 2016;228(2):217-32. https://doi.
org/10.1111/joa.12344.

Liu C, Jiang H, Yu L, S SP.. Vagal stimulation and arrhythmias. J
Atr Fibrillat. Jun-Jul 2020;13(1):2398. https://doi.org/10.
4022/jafib.2398.

Shafique S. Anatomy, head and neck, maxillary nerve.
StatPearls. StatPearls Publishing Copyright © 2022, StatPearls
Publishing LLC; 2022.

Penfield W, Rasmussen T. The Cerebral Cortex of Man; a Clinical
Study of Localization of Function.#,59]; 1950.

Schott GD. Penfield's homunculus: a note on cerebral cartogra-
phy. J Neurol Neurosurg Psychiatry. Apr 1993;56(4):329-33.
https://doi.org/10.1136/jnnp.56.4.329.

Moini J, Avgeropoulos NG, Samsam M. Chapter 2 - cytology of
the nervous system.In: Moini J, Avgeropoulos NG, Samsam M,
editors. Epidemiology of Brain and Spinal Tumors. Academic
Press; 2021. p. 41-63.

McLaughlin S. The electrostatic properties of membranes. Annu
Rev Biophys Biophys Chem. 1989;18(1):113-36.

Physiology, Sensory Receptors. Accessed 21 Jan 2023. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK539861/.

https://doi.org/10.3389/


https://doi.org/10.1016/j.brs.2017.12.009
https://doi.org/10.1016/j.brs.2017.12.009
https://doi.org/10.1016/j.brs.2013.01.011
https://doi.org/10.1016/j.brs.2013.01.011
https://doi.org/10.1155/2016/2806424
https://doi.org/10.1155/2016/2806424
https://doi.org/10.1080/08039488.2022.2075460
https://doi.org/10.1080/08039488.2022.2075460
https://doi.org/10.1093/cercor/bhab412
https://doi.org/10.1016/j.neuron.2015.07.022
https://doi.org/10.1016/j.neuron.2015.07.022
https://doi.org/10.1016/j.biopsych.2020.06.018
https://doi.org/10.1016/j.biopsych.2020.06.018
https://doi.org/10.1007/s42000-021-00306-1
https://doi.org/10.1007/s42000-021-00306-1
https://doi.org/10.1016/j.bbrc.2022.06.079
https://doi.org/10.1016/j.bbrc.2022.06.079
https://doi.org/10.1016/j.psc.2009.05.004
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0195
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0195
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0195
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0200
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0200
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0205
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0205
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0205
https://doi.org/10.3389/fnsyn.2016.00025
https://doi.org/10.3389/fnsyn.2016.00025
https://doi.org/10.1007/s11064-012-0818-x
https://doi.org/10.1007/s11064-012-0818-x
https://doi.org/10.1146/annurev.physiol.67.040403.120816
https://doi.org/10.1146/annurev.physiol.67.040403.120816
https://doi.org/10.5483/bmbrep.2015.48.4.275
https://doi.org/10.1038/nrn2647
https://doi.org/10.1016/j.neuroimage.2017.07.045
https://doi.org/10.1177/2398212820930321
https://doi.org/10.1177/2398212820930321
https://doi.org/10.1093/ecam/nem106
https://doi.org/10.1016/j.eujim.2016.06.011
https://doi.org/10.1016/j.eujim.2016.06.011
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0255
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0255
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0255
https://doi.org/10.1089/acu.2017.1254
https://doi.org/10.1089/acu.2017.1254
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0265
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0265
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0265
https://doi.org/10.1016/s0079-6123(08)62258-x
https://doi.org/10.1016/s0079-6123(08)62258-x
https://doi.org/10.1111/joa.12344
https://doi.org/10.1111/joa.12344
https://doi.org/10.4022/jafib.2398
https://doi.org/10.4022/jafib.2398
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0285
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0285
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0285
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0290
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0290
https://doi.org/10.1136/jnnp.56.4.329
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0300
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0300
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0300
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0300
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0305
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0305
https://www.ncbi.nlm.nih.gov/books/NBK539861/

Revista Internacional de Acupuntura 17 (2023) 100252

63.

64.

65.

66.

67.

68.

69.

70.

1.

72.

73.

74.

75.

76.

Nguyen JD, Anatomy HD. Head and Neck, Posterior Auricular
Artery Available from: https://www.ncbi.nlm.nih.gov/books/
NBK546687.

French AS, Torkkeli PH. Mechanoreceptors.In: Squire LR,
editor. Encyclopedia of Neuroscience. Academic Press; 2009.
p. 689-95.

Melzack R, Wall PD. Pain mechanisms: a new theory: a gate control
system modulates sensory input from the skin before it evokes pain
perception and response. Science. 1965;150(3699):971-9.

Farivar S, Malekshahabi T, Shiari R. Biological effects of low
level laser therapy. J Lasers Med Sci. Spring 2014;5(2):58-62.
Ezzo J, Streitberger K, Schneider A. Cochrane systematic
reviews examine P6 acupuncture-point stimulation for nausea
and vomiting. J Altern Complement Med. Jun 2006;12(5):489—
95. https://doi.org/10.1089/acm.2006.12.489.

Mercante B, Pilurzi G, Ginatempo F, et al. Trigeminal nerve
stimulation modulates brainstem more than cortical excitability
in healthy humans. Exp Brain Res. 2015;233(11):3301-11.
Oleson T. Application of polyvagal theory to auricular acupunc-
ture. Med Acupunct. Jun 1 2018;30(3):123-5. https://doi.org/
10.1089/acu.2018.29085.tol.

Zagon A. Does the vagus nerve mediate the sixth sense? Trends
Neurosci. Nov 2001;24(11):671-3. https://doi.org/10.1016/
s0166-2236(00)01929-9.

Hsieh JH, Chen RF, Wu JJ, Yen CT, Chai CY. Vagal innervation of
the gastrointestinal tract arises from dorsal motor nucleus while
that of the heart largely from nucleus ambiguus in the cat. J
Auton Nerv Syst. May 28 1998;70(1-2):38-50. https://doi.org/
10.1016/s0165-1838(98)00027-7.

Howland RH. Vagus nerve stimulation. Curr Behav Neurosci Rep.
Jun  2014;1(2):64-73. https://doi.org/10.1007/s40473-014-
0010-5.

Ruffoli R, Giorgi FS, Pizzanelli C, Murri L, Paparelli A, Fornai F.
The chemical neuroanatomy of vagus nerve stimulation. J Chem
Neuroanat. Dec 2011;42(4):288-96. https://doi.org/10.1016/j.
jchemneu.2010.12.002.

Conway CR, Kumar A, Xiong W, Bunker M, Aaronson ST, Rush AJ.
Chronic vagus nerve stimulation significantly improves quality of
life in treatment-resistant major depression. J Clin Psychiatry. Aug
21 2018;79(5). https://doi.org/10.4088/JCP.18m12178.

Sackeim HA, Dibué M, Bunker MT, Rush AJ. The long and winding
road of vagus nerve stimulation: challenges in developing
an intervention for difficult-to-treat mood disorders.
Neuropsychiatr Dis Treat. 2020;16:3081.

Aihua L, Lu S, Liping L, Xiuru W, Hua L, Yuping W. A controlled
trial of transcutaneous vagus nerve stimulation for the treatment
of pharmacoresistant epilepsy. Epilepsy Behav. Oct 2014;39:105—
10. https://doi.org/10.1016/j.yebeh.2014.08.005.

11

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Mandalaneni K, Vagus Rayi A. Nerve stimulator.StatPearls.
StatPearls Publishing Copyright © 2022, StatPearls Publishing
LLC; 2022.

Marrosu F, Serra A, Maleci A, Puligheddu M, Biggio G, Piga M.
Correlation between GABA(A) receptor density and vagus nerve
stimulation in individuals with drug-resistant partial epilepsy.
Epilepsy Res. Jun-Jul 2003;55(1-2):59-70. https://doi.org/10.
1016/s0920-1211(03)00107-4.

Breit S, Kupferberg A, Rogler G, Hasler G. Vagus nerve as
modulator of the brain-gut axis in psychiatric and inflammatory
disorders. Front Psychol. 2018;9:44. https://doi.org/10.3389/
fpsyt.2018.00044.

Ginsberg LE, Eicher SA. Great auricular nerve: anatomy and
imaging in a case of perineural tumor spread. AJNR Am J
Neuroradiol. Mar 2000;21(3):568-71.

Berry M, Bannister LH, Stranding SM. Nervous system.Anatomy
Gs38th ed. ; 1995. p. 901-1937. New York.

Stanton G. Auriculotherapy in neurology as an evidence-based
medicine: a brief overview. Med Acupunct. Jun 1 2018;30(3):
130-2. https://doi.org/10.1089/acu.2018.1280.

Chon TY, Mallory MJ, Yang J, Bublitz SE, Do A, Dorsher PT. Laser
acupuncture: a concise review. Med Acupunct. Jun 1 2019;31
(3):164-8. https://doi.org/10.1089/acu.2019.1343.

Radmayr C, Schlager A, Studen M, Bartsch G. Prospective
randomized trial using laser acupuncture versus desmopressin in
the treatment of nocturnal enuresis. Eur Urol. Aug 2001;40(2):
201-5. https://doi.org/10.1159/000049773.

Tan JY, Molassiotis A, Wang T, Suen LK. Adverse events of
auricular therapy: a systematic review. Evid Based Complement
Alternat Med. 2014;2014, 506758. https://doi.org/10.1155/
2014/506758.

Quah-Smith I, Williams MA, Lundeberg T, Suo C, Sachdev P.
Differential brain effects of laser and needle acupuncture at
LR8 using functional MRI. Acupunct Med. Sep 2013;31(3):282-9.
https://doi.org/10.1136/acupmed-2012-010297.

Catharina Klausenitz, Henriette Hacker, Hesse Thomas, Thomas
Kohlmann, Endlich Karlhans, Hahnenkamp Klaus, Taras
Usichenko. Auricular acupuncture for exam anxiety in medical
students—a randomized crossover investigation. PLoS One.
2016;11(12), e0168338.

Kurebayashi LFS, Turrini RNT, Souza TPBd, Marques CF,
Rodrigues RTF, Charlesworth K. Auriculotherapy to reduce
anxiety and pain in nursing professionals: a randomized clinical
trial. Rev Lat Am Enfermagem. 2017:25.

Correa HP, Moura CdC, Azevedo C, Bernardes MFVG, Mata
LRFPd, Chianca TCM. Effects of auriculotherapy on stress,
anxiety and depression in adults and older adults: a systematic
review. Rev Esc Enferm USP. 2020:54.


https://www.ncbi.nlm.nih.gov/books/NBK546687
https://www.ncbi.nlm.nih.gov/books/NBK546687
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0320
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0320
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0320
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0325
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0325
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0325
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0330
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0330
https://doi.org/10.1089/acm.2006.12.489
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0340
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0340
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0340
https://doi.org/10.1089/acu.2018.29085.tol
https://doi.org/10.1089/acu.2018.29085.tol
https://doi.org/10.1016/s0166-2236(00)01929-9
https://doi.org/10.1016/s0166-2236(00)01929-9
https://doi.org/10.1016/s0165-1838(98)00027-7
https://doi.org/10.1016/s0165-1838(98)00027-7
https://doi.org/10.1007/s40473-014-0010-5
https://doi.org/10.1007/s40473-014-0010-5
https://doi.org/10.1016/j.jchemneu.2010.12.002
https://doi.org/10.1016/j.jchemneu.2010.12.002
https://doi.org/10.4088/JCP.18m12178
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0375
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0375
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0375
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0375
https://doi.org/10.1016/j.yebeh.2014.08.005
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0385
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0385
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0385
https://doi.org/10.1016/s0920-1211(03)00107-4
https://doi.org/10.1016/s0920-1211(03)00107-4
https://doi.org/10.3389/fpsyt.2018.00044
https://doi.org/10.3389/fpsyt.2018.00044
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0400
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0400
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0400
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0405
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0405
https://doi.org/10.1089/acu.2018.1280
https://doi.org/10.1089/acu.2019.1343
https://doi.org/10.1159/000049773
https://doi.org/10.1155/2014/506758
https://doi.org/10.1155/2014/506758
https://doi.org/10.1136/acupmed-2012-010297
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0435
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0435
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0435
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0435
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0435
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0440
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0440
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0440
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0440
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0445
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0445
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0445
http://refhub.elsevier.com/S1887-8369(23)00024-8/rf0445

	Outlining auriculotherapy in anxiety as an evidence-based medicine: A brief overview
	Introduction
	Methods
	Results
	Discussion
	Limitations and future challenges
	Conclusion
	Funding
	Declaration of Conflicts Interest
	Ethical approval
	CRediT authorship contribution statement
	Acknowledgments
	References


