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The Vagus Nerve and the Microbiota May Play a Reciprocal
Role in the Chronicity of Pain: Traditional Review
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ABSTRACT Chronic pain is defined by continuous nociceptive hy-  OZET Kronik agr1, siirekli nosiseptif asir1 duyarlilik ile tamimlanir ve
persensitivity and for more than 3 and/or 6 months duration, it is clas- 3 ve/veya 6 aydan uzun siiredir devam eden agr1 olarak siniflandirilir.
sified as longstanding pain. Most of the suffered pain is caused by  Yasanan agrilarin cogu kas-iskelet sistemi patolojilerinden kaynaklanir.
musculoskeletal pathologies. Multiple anomalies in genetic structure, — Genetik yapida ¢ok sayida anomali, otonom sinir sistemi diizensizligi,
autonomic nervous system dysregulation, dysbiosis, oxidative stress,  disbiyozis, oksidatif stres, merkezi ve periferik duyarlilagma, inhibitor
central and peripheral sensitization, the drawing reduction or inhibition ~ kontroliin ¢ekilmesi veya inhibisyonu, bozulmus kas yapist ve norot-
of inhibitory control, altered muscular structure and changes in neuro-  ransmitterlerdeki hipotalamik-hipofiz-adrenal aks, hormonlarindaki ve
transmitters, hypothalamic-hypophyseal-adrenal axe hormones, and  agr1 modiilasyon merkezlerindeki degisiklikler kronik kas-iskelet sis-
pain modulation centers may occur in chronic musculoskeletal condi-  temi rahatsizliklarinda ortaya ¢ikabilir, ancak kroniklesme hala tam ola-
tions but chronicity still remains not fully explained. Inadequate func-  rak agiklanamamistir. Vagus sinirinin yetersiz islevi mikrobiyotay1
tion of the vagus nerve may alter the microbiota and may be involved  degistirebilir ve ¢ift yonlii etkilesim ile beraberce agrinin patofizyolo-
in the pathophysiology of pain with bidirectional interaction. In chronic  jisinde rol oynayabilirler. Kronik agr1 sendromlarinda, devamlilik gos-
pain syndromes, patterns of incorrect adaptation to ongoing pain have  teren agriya yanlis adaptasyon kaliplari gelismistir; subjektif agri,
been developed; subjective pain persists after objective tissue damage  objektif doku hasarindan sonra veya doku hasari olmadan devam eder.
or without tissue damage. In the literature, it is stated that dysbiosis can  Literatiirde, disbiyozisin agrinin kroniklesmesine neden olabilecegi be-
cause the pain to become chronic, but possible problems in the vagus  lirtilmektedir, ancak vagus sinirinde olasi sorunlardan yeterince bah-
nerve are not mentioned enough. We propose that vagus nerve func-  sedilmemektedir. Vagus siniri, fonksiyonel diizensizliginin bagirsaktaki
tion irregularity may cause or contribute to the dysbiosis in the gutand  disbiyozise neden olabilecegini veya katkida bulunabilecegini ve niha-
eventually may give rise to chronicity of the pain. In this review, we  yetinde agrinin kroniklesmesine yol agabilecegini 6ne siiriiyoruz. Bu
aimed to point out the possible crosstalking between the vagus nerve  derlemede, kas-iskelet sistemi ile iliskili kronik agri sendromlarinda
and microbiota accompanied by vagus nerve dysfunction and dysbio-  vagus siniri disfonksiyonu ve disbiyozisin eslik ettigi, vagus siniri ve

sis in chronic pain syndromes related to the musculoskeletal system. mikrobiyota arasindaki karsilikli iliskiye dikkat ¢cekmeyi amagladik.
Keywords: Autonomic nervous system; chronic pain; Anahtar Kelimeler: Otonom sinir sistemi; kronik agri;
microbiota; vagus nerve mikrobiyota; vagus siniri
Humankind struggle with pain for centuries. Re- something is going wrong on body and affects the qual-

garding the pain, that human beings encountered in ity of life seriously. Also its underlying pathology for
the first in utero at 26 weeks, the Hippocrates said chronic pain still remains doubtful. International Asso-
“Sedare Dolorem Opis Divinum Artem” (Relieving ciation for the Study of Pain describes the pain as fol-
pain is a divine art).! Pain is a kind of feeling that makes low; an unpleasant sensation or emotional experience
patient uncomfortable, varies between individuals, says by accompanying existing or potential tissue damage.’
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There are many publications about the ways by
which pain occurs and becomes chronic but exact
mechanism has not been fully clarified. The process
of the formation and chronicity of pain in these syn-
dromes still remains a mystery. Central sensitization,
peripheral sensitization, autonomic nervous system
(ANS) dysfunction or dysregulation, hypothalamic-
hypophyseal-adrenal axis (HPA) distortion, periph-
eric nociceptive and cognitive processes, dysbiosis
are explained in many papers but not fully reveal
mechanism of pain.** Dysfunction of the neuroen-
docrine immune network guard of the ANS; vagus
nerve, may change microbiota and participate in pain
pathophysiology with bidirectional interaction.’
Well, the pathophysiology that makes the acute pain
chronic may be the vagus nerve itself.

In this review, we aimed to point out the possi-
ble interactions-crosstalks between chronicity of pain
in chronic pain syndromes expecially in muscu-
loskeletal pain disorders and dysbiosis caused by
vagus nerve dysfunction.

CHRONIC PAIN AND RELATED
MUSCULOSKELETAL DISEASES

Chronic pain is defined by continuous nociceptive
hypersensitivity and for more than 3 and/or 6 months
duration, it is classified as longstanding pain. In
chronic pain syndromes, pain is the most common
reason for patients to admit to clinics and real chal-
lange to clinicians because of unexplained etiology,
little or no response to treatment. Most of the suffered

pain is caused by musculoskeletal pathologies.
Chronic musculoskeletal pain is a major clinical
problem and has a significant socio-economic impact
with only a few current effective pain management
strategies. Chronic musculoskeletal pain disorders
consist of interaction between psychologic, physio-
logic, biologic, social and genetic factors and these
disorders require a multidisciplinary approach of the
clinician. The teories about the etiology of pain first
started with Decartes and cannot be explained only
by biomedical mechanisms.? In addition to the mus-
culoskeletal system, you can find the other chronic
pain syndromes in different regions of the body in
Table 1.

Multiple anomalies in genetic structure, ANS
dysregulation, dysbiosis, oxidative stress, central and
peripheral sensitization, the drawing reduction or in-
hibition of inhibitory control, altered muscular struc-
ture and changes in neurotransmitters, HPA axis
hormones, and pain modulation centers occur in
chronic musculoskeletal conditions but chronicity
still remains not fully explained.® Beyond this
biomedical mechanisms patient related factors such
as sex, environmental, behavioral, emotional, cogni-
tive are also relevant with chronic pain.? It is known
that one of the mechanisms of muscoloskeletal pain
disorders is due to peripheral and central sensitiza-
tion.” Nociceptive signals from the periphery cause
the opening of voltage-gated calcium channels in the
nerve terminations in the posterior horn. Calcium
entry into the presynaptic nerve end causes neuro-

TABLE 1: Chronic pain related diseases/disorders.

Musculoskeletal Neurological Gastrointestinal

Fibromyalgia Neuropathic pain,
neuralgias syndrome

Myofascial pain syndrome Nerve entrapment Gastroesophageal

syndromes reflux
Temporomandibular disorder

Polyneuropathies Inflammatory

bowel diseases

Chronic spinal pain Diverticulitis

Chronic visceral pain

Osteoarthritis Migraine, headaches Irritable bowel
syndrome
Rheumatoid arthritis Central pain Chronic
syndome constipation
Polymyalgia Rheumatica Causalgia Chronic Pancreatitis

Gynecological Urological Others

Endometriosis Chronic, recurrent urinary Cardiovascular
tract infections diseases

Ovulation pain Chronic pelvic pain Peripheral
syndromes vascular diseases

Adhesions Chronic Prostatitis Surgical

complications

Pelvic inflammatory Chronic urethral Chemotherapy

disease syndrome complications

Adnexal cyst Radiotherapy
complications

Chronic endometritis
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transmitters such as substance P (SP) and glutamate
to discharge into the synaptic space. Substance-P
binds to neurokinin-1 receptors on the postsynaptic
membrane, and glutamate to alpha amino-3-hydroxy-
(AMPA)
metabotropic glutamate receptors, especially to N-

5 methyl-4-isoxazolepropionate and
methyl-D aspartic acid. They enable the activation of
the pathways at the nerve end. This synaptic interac-
tion is under the influence of gamma-aminobutyric
acid-ergic (GABAergic) inhibitory neurons. If the no-
ciceptive signal from the periphery becomes chronic,
plastic changes occur, like the appearance of recep-
tors on the postsynaptic membrane. Even if the signal
from the periphery ceases due to apoptosis of
GABAergic inhibitory neurons, the postsynaptic
nerve end continues to send signals perceived as pain
in the center.® Increased excitation or reduced inhibi-
tion of the central nervous system due to central sen-
sitization can cause pain hypersensitivity, temporal
summation, tactile allodynia, and secondary hyperal-
gesia, thereby increasing the perception of pain.’
Heightened sensitivity resulting from central sensiti-
zation produce intolerable discomfort like myalgias,
artralgias, headaches etc.!® Central sensitization man-
ifests as hypersensitivity to various detrimental (eg,
pressure and heat) and nondetrimental (eg, touch)
stimuli. It is one of the possible mechanisms involved
in the transition from acute pain to chronic pain.
Sympathetic hyperactivity may be related to central
sensitization and cause of diffuse pain, poor sleep, fa-
tigue etc.!! Central sensitivity syndromes such as fi-
bromyalgia (FM), complex regional pain syndrome,
myofascial pain syndrome, migraine, chronic fatigue,
low back pain, irritable bowel syndrome, chronic ten-
sion type headache, temporomandibular joint disease,
restless leg syndrome, multiple chemical sensitivity,
primary dysmenorrhea, female urethral syndrome,
major depression, panic attacks and post-traumatic
stress disorder have no clear etiological factor. HPA
axis distortion together with ANS dysfunction may
contribute to the process or besides central sensitiza-
tion, ANS dysfunction may play a pivot role in
etiopathogenesis of musculoskeletal pain or in pain
survival.!'"!3 Chronic stress plays a role in the devel-
opment of chronic musculoskeletal disorders and
sympathetic nervous system (SNS) activity predom-
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inance exists. These syndromes can be viewed as an
unsuccessful attempt or overreaction of our main
complex adaptive system, ANS to stress.'t

ANS is the main network responsible for main-
taining the overall homeostasis and allostasis of the
body. The ANS is made up of 2 branches: the sym-
pathetic system, associated with energy mobilization
(fight or flight response) and the parasympathetic sys-
tem, associated with vegetative and restorative func-
tions, (rest and digest). There is one addition in some
sources, the enteric nervous system. Normally, the ac-
tivities of these branches are in a dynamic balance.
When this turns into a chronic imbalance, for exam-
ple, under internal and external challenges or stress,
the organism becomes vulnerable to this disorder
and the predisposing condition it creates.!> The in-
tensity of ANS function is determined in part by ge-
netics, and a chronic “hyperadrenergic state” is
often associated with hypersensitivity to pain, al-
though pain itself can increase sympathetic activity.
ANS modulates and integrates afferent and efferent
nerve activities related to physiological processes
such as pain, fever, and hunger, to provide home-
ostasis, thanks to its extensions in the central and pe-
ripheral nervous system. The role of ANS in pain
response can vary according to personality, experi-
ence and situation. Visceral and somatic pain doesn’t
differ in ANS function and may overlap in clinical
painful conditions.'® Gockel and collegues say that
autonomic nervous function is associated with dis-
ability, not pain in chronic low back pain patients.
They found decreased parasympathetic and increased
sympathetic activity by heart rate variability (HRV)
analysis.!”

Precise assessment of ANS function and level in
clinical practice is difficult. Changes in mental stress,
breathing pattern, or even posture, can immediately
affect the sympathetic/parasympathetic activity lev-
els. Therefore, this dynamic system cannot be clearly
evaluated by ‘static’ tests such as the levels of circu-
lating neurotransmitters or their urinary catabolites.
HRYV analysis, tilt table test can be used to detect car-
diovascular autonomic function and the sympathetic
skin response for sudomotor function but these tests
also give clues.'® The vagus nerve provides the brain-
gut connection and communicates with the micro-
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biota through the enteric nervous system. As a re-
sult of subdiaphragmatic vagotomy, it creates sen-
sitization in afferent nociceptors with the release of
catecholamines.!” Based on these, we think that both
dysbiosis and vagus dysfunction may be responsi-
ble for the development of chronic pain, and the ef-
fect of the vagus nerve may be greater than
previously thought. We should consider that an un-
explained part of all these chronic pain mechanisms
may be the impaired microbiota caused by the sick
vagus nerve, and we can resolve the clinician’s
dilemma in chronic pain with the regulation of the
vagus nerve and the ANS. Therefore, dysfunctional
condition in vagus nerve should be noticed together
with dysbiosis.

FM

FM is a chronic, diffuse muscle tenderness syndrome
with central sensitization. Sleep disturbance, fatigue,
headache, morning stiffness, irritable bowel syn-
drome, interstitial cystitis, dyspareunia, and mood
disturbance can accompany to FM. Sleep disturbance
has been reported in FM with alpha activity entering
delta wave sleep, and patients complain of non-
restorative, non-regenerative sleep.?! In contrast,
Chervin and colleagues found no sleep difference be-
tween FM patients and healthy controls but found
sympathetic hyperactivity in FM by HRV analysis.??
Altered neuroendocrine and ANS function also may
play a role in etiopathogenesis of FM. Persistent hy-
peractive SNS activity most apparent at night can be
seen.!? Patients may have excessive amounts of nore-
pinephrine in their body and this may prevent recep-
tors in the brain from being activated when necessary.
So, a large increement in the SNS activity can be
needed to affect the brain.”> HPA axis and ANS show
hyporeactivity to subsequent stressful situations (be-
cause already hyperactivated). This altered neuroen-
docrine response appears to result from functional
changes in central centers of the ANS, such as the hy-
pothalamus. It is unknown whether these neuroen-
docrine changes are involved in the pathophysiology
of FM and contribute to its ongoing symptomatology
or whether they are the result of pain and associated
symptoms (eg, fatigue, low physical fitness, sleep and
mood disorder), or both.'?
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Eisinger says that ANS dysfunction exists in FM
but it is not same in all patients.>* It is a bit contro-
versy because there are also studies saying ANS dys-
function doesn’t exist in FM. In one study like this,
however, it is found that resting systolic and diastolic
blood pressure is significantly higher in the patients
with FM as compared to the healthy controls. Patients
with FM have higher vascular sympathetic tones.” In
FM, sympathetic tone elevation may occur in vascu-
lar bed not in the heart.? It is proposed by Katz et al.
and collegues that prominent cause of the FM is mus-
cle hypoperfusion and low-grade ischemia induced
by vasomotor dysregulation in separate vascular
beds. Chronic sympathetic activity can induce beta
adrenergic receptor desensitization and as a result hy-
poperfusion.?! Kulshreshtha and Deepak further sug-
gest that HRV changes in FM may not represent
increased cardiac sympathetic tone. Normal muscle
sympathetic nerve activity and normal autonomic re-
activity tests can be seen in FM patients with defec-
tive vascular end organ.” Exercise intolerance is a
common problem in patients with FM. Hypoactive
sympatho-adrenal system and the hyporeactive HPA-
axis during exercise is seen in FM.?” This condition
may be because of chronic muscle hypoperfusion in
FM and/or due to SNS which is already hyperactive,
so can not respond suitably to exercise in a normal
physiologic manner.

FM is characterized by heightened somatic pain
sensitivity and there are deficits in descending pain
inhibition. FM patients have hyperalgesic responses
to painful stimuli. Thus, sympathetic hyperactivity
may be related to pain inhibitory pathways. Func-
tional pain conditions (FM, irritabl bowel syndrome
etc.) may present common, but graded, pain process-
ing and autonomic dysfunctions.?® Increased arryht-
mia prevelance is found in FM. This might be as a
consequence of decreased parasympathetic and in-
creased sympathetic activity.”” HRV analysis diag-
nostic property vary among studies but it can be used
to estimate FM severity and/or responses to therapies.
Sympathetic hyperactivity, which is correlated with
HRYV parameters, could be the cause of FM symp-
toms.°

When we look at the treatment in terms of ANS,

FM can be considered as a sympathetically main-
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tained neuropathic pain syndrome.'®*° So medically
some anticonvulsants (gabapentin, pregabalin) and
some antidepressants (amitriptyline, duloxetine, mil-
nacipran) can be used, but it is now recognized that
drug treatment alone provides only limited benefit.
Studies show that regular exercise, stress reduction in-
terventions such as relaxation and stress management
training cause decreasing of the high sympathetic ac-
tivity and increasing of the low parasympathetic activ-
ity."*3! Some studies suggest sympatholytic drugs (daily
doses of Pindolol, beta adrenergic receptor blocker) can
reduce symptoms of muscle pain, muscle stiffness and
sleep disorders.”® 0.1 mg/kg intravenous propranolol
treatment diminishes the clinical pain severity by
40% in both FM and temporomandibular disorder
(TMD) patients. Patients who show greater adrener-
gic dysregulation have greater pain decrement after
propranolol infusion.*?

ANS/vagus nerve dysfunction (low parasympa-
thetic and/or high sympathetic) is associated with
higher pain intensity in FM or chronic widespread
pain but there isn’t enough evidence to prove the role
of ANS in the development of the disease.*® Afferent
vagal stimulation has a key role on descending sero-
tonergic and noradrenergic neurons to relieve the
pain.** Vagus nerve stimulation (VNS) is applied to
14 women in a study by Lange G et al. and it was
shown that VNS could reduce musculoskeletal pain
in FM via effect on nociceptive system and lower the
pathophysiological processes.*> Pain pathways orig-
inate from the cortical structures, hypothalamus,
brainstem, and modulate sensory input from primary
afferent fibers and projection neurons within the dor-
sal horn of the spinal cord. Serotonin, norepinephrine
and endogenous opioids launch from that pathway,
which inhibit the release of excitatory neurotrans-
mitters including glutamate. Any disorder in these
pathways including vagus nerve could reason persis-
tent ache syndromes. The foremost hassle of these
pathways might be approximately vagus nerve dys-
function and dysbiosis which may lead to chronic
pain.**3” Dysbiosis appears to prevail in FM patients,
indicated by using disrupted microbiota metabolites,
helping the model that microbiota may additionally
modify mind feature thru the gut-mind axis, with the
gut being a gateway to generalized ache."
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MYOFASCIAL PAIN SYNDROME

Myofascial pain syndrome (MPS) is a muscle pain
syndrome with central sensitization that results from
a primary dysfunction in the muscle and is associated
with a segmental spread leading to the phenomenon
of referred pain.?* MPS and FM can be considered as
distinct syndromes, but there are overlapping points
and some findings are similar. Local muscle ischemia
and autonomic hyperactivity is also seen in MPS.*®
Patients with chronic neck-shoulder pain (trapezius
myalgia) have sedantary life style according to
healthy people. Their diminished parasympathetic
and elevated sympathetic activity is an important el-
ement in maintenance of pain.*

In one study Takamoto et al. found that com-
pression of trigger points by means of massage ther-
apy increases parasympathetic activity and induces
reduction of fatigue. Parasympathetic activity incre-
ment may be one way of the pain relief in trigger
point compression.*’ Ge et al. declare sympathetic fa-
cilitation in local and referred pain reactions and me-
chanical sensitization in MPS. Elevated sympathetic
efferent activity can enable both mechanical hyper-
algesia and allodynia."!

Consequently MPS can be thought as a localized
form of FM. Possible dysfunction of the ANS (simi-
lar to FM) is peripheral, more truely segmental.

TMD

TMD includes persistent pain in the musculature of
the jaw, neck, and head and has the highest preva-
lence of all chronic orofacial pain conditions world-
wide, estimated at 10%.°> TMD has close relationship
with adrenergic dysregulation and FM.** Disease
process in masticatory muscles and TMD has similar
properties as FM and other chronic musculoskeletal
pain disorders have. An increase in SNS output pro-
duces general arteriolar vasoconstriction, which in-
creases systemic arterial blood pressure and causes a
redistribution of blood flow to organs. In working
muscles, adequate blood flow is usually guaranteed,
as sympathetic vasoconstriction is antagonized by the
potent local vasodilator effect of metabolites released
by the contracting muscles. If sympathetic vasocon-
striction overbears or inadequate relaxation occurs,
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then it leads chronic hypoxia and pain. In addition,
sympathetic activation via a direct effect on muscle
spindle receptors can potentially affect different as-
pects of proprioception and motor control, eventually
leading to TMD.*

People with sleep bruxism have predisposition
to TMD. Sleep bruxism is defined as a stereotypical
movement disorder characterized by grinding and/or
clenching of the teeth during sleep. Increase in the
activity of sympathetic-cardiac and motor neuronal
networks preceeds sleep bruxism onset.**’ The in-
creased sympathetic tone suggests increased stress
and may be associated with occlusal disharmonies.**
Stress may exacerbate bruxism but stress condition
may not affect all muscles in the same way. For ex-
ample, in healthy subjects during the increase in sym-
pathetic outflow caused by mental stress, masseter
muscle seems to be more affected than the temporalis
muscle.* Low dose beta-blocker agents can decrease
pain intensity and normalize adrenergic dysregula-
tion in TMD.***%4° Propranolol and prazosin show
promise in preventing progression from jaw clench-
ing and teeth grinding to chronic muscle-facial pain.*’

TMD, like MPS, may be a local or regional form
of ANS dysfunction. These pathologies mostly coex-
ist with other diseases, not only seen alone. Holistic
or integrative approach seems more appropriate while
considering ANS dysfunction and related disorders
because they might be members of a disease spec-
trum.

COMPLEX REGIONAL PAIN SYNDROME

Complex regional pain syndrome (CRPS) is charac-
terized by spontaneous or stimulus-induced pain, mo-
tion limitation that is disproportionate to the
triggering event and accompanied by a wide variety
of autonomic and motor symptoms in highly variable
combinations. CRPS I is intended to cover reflex
sympathetic dystrophy and similar disorders that
occur without any nerve damage, while CRPS 1II is
equivalent to causalgia, i.e. develops after a periph-
eral nerve injury.>® In the acute stages the skin is often
red and hot; in later chronic stages, the skin becomes
bluish and cold.’! In early CRPS basal sympathetic
function decreases rather than an increment.”® How-
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ever sympatholytics are beneficial in the acute phase
of the condition but not so in chronic cases.”> These
conflicting evidences may be due to central nervous
system predominance in the acute phase or etiopatho-
genetic variability. Another probability is, interven-
tions done after the disease process started may have
little effect. In other words, there are many factors
(inflammation, psychological state, immobilization,
neuropeptides, cytokines, neuropathy, SNS dysfunc-
tion, central nervous system changes) at the root of
CRPS.

The increased vasoconstriction in patients with
“cold” CRPS may actually be due to vascular hyper-
sensitivity to circulating catecholamines rather than a
hyperactive SNS. Additionally, hypersensitivity of
vascular structures in the affected limb due to the rel-
ative low level of initial sympathetic activity may
play a role in the etiopathogenesis.’>>* A group of
patients report pain relief after sympathetic block-
ade but nowadays not advised and thought to have
no effect on disease process. Sympathetic innerva-
tion of deep somatic tissue; including muscle, bone,
tendons, and joints, contributes to the pain together
with the cutaneous sympathetic activity. Neverthe-
less, it is also likely to involve a central pathway of
sympathetically induced pain exacerbation in some
patients. Increased sympathetic activity might con-
tribute to excitation of nociceptive fibers and thus
to the development of pain, correspondingly neuro-
genic inflammation may have additive effects in aug-
mented vasodilation, high local skin temperature, red
skin color and possibly edema.’'-** Further impaired
sensation and non-dermatomal sensory symptoms are
mostly centrally mediated and result form brain plas-
ticity.™

Shortly, CRPS is a very complicated disease.
SNS dysfunction (particularly sympathetic hyperac-
tivity) occurs in CRPS and is strongly associated with
disease morbidity but its role in the disease and the
question where or when it occurs still waits an an-
swer. Additionally, SNS dysfunction doesn’t seem to
go in the same way in all disease duration. However,
vagus nerve dysfunction and dysbiosis should also be
brought to mind as they might play a role in the onset
of the disorder or affect the disease process.
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VAGUS NERVE FUNCTION

Vagus nerve, the basic element of the ANS, has
great importance in maintaining the homeostasis of
the organism. The vagus, the 10" cranial nerve, has
widespread projection with myelinated and non
myelinated fibersin the whole body. 80% of the vagus
nerve consists of afferent fibers which means that car-
rying information to brain is much more important. It
provides a remarkable connection between brain and
the body parts like neck, thorax and abdomen.%
Treatment strategies targeting a shift from sympa-
thetic dominance to equivalance or parasympathetic
dominance like yoga, acupuncture, massage therapy,
thermal or hydrotherapies, relaxation techniques like
breathing exercises or cognitive behavioral therapies
prove their potential unlike medical treatments that
temporarily change ANS activity. These are the treat-
ment methods which have been shown in various
studies that the mechanism of action is through
parasympathetic activity via vagus function.’*’ Be-
yond the vegetative function and anti-inflammatory
effect of the vagus, the number of publications show-
ing its relationship with brain pain centers is increas-
ing. Vagus nerve is related to pain modulation in the
spinal cord and the brain, with effects on nociception,
implicate the involvement of descending 5-HT and
noradrenergic systems which displays analgesic
properties.*®

A study designed by Koopman et al, in which
the cervical vagus nerve in rheumatoid arthritis (RA)
patients was electrically stimulated, showed that RA
symptoms such as pain decreased, and the production
of inflammatory cytokines was inhibited.’* Vagus
nerve is known as having a pain inhibitor action. Gas-
tric vagal afferents have been shown to have an in-
hibitory effect on somatic pain perception in
humans.® Failure or dysfunction of vagus nerve cop-
ing with the pain can make the pain chronic but the
possibility of vagus nerve dysfunction being a pre-
liminary condition in pain production still has to be
debated. We propose that vagus nerve dysfunction
may play a larger-than-anticipated role in the patho-
physiology of musculoskeletal and chronic pain. It is
probably mediated both centrally and peripherally,
under the influence of diysbiosis, has neural-muscu-
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lar-hormonal-social and phsycologic components.
Genetic and environmental factors also affect the dis-
ease process, of course.

In chronic pain syndromes, patterns of incorrect
adaptation to ongoing pain have been developed; sub-
jective pain persists after objective tissue damage or
without tissue damage. We think that vagus nerve
dysregulation, that is, dysbiosis caused by the sick-
ness of the vagus nerve itself, causes the patient to
feel pain in chronic pain syndromes. So we have a
blurred vision in evaluation of vagus nerve but if the
evidences are put on together, vagus nerve dysfunc-
tion becomes clear. It is frequently diffucult to find
preliminary condition in these “complex” diseases,
solve the interconnections and choose the appropriate
treament.

MICROBIOTA

Microbiota plus dysbiosis, which is caused by the de-
terioration of microbiota and balance, which has re-
cently become a favorite of science, plays a role in
the pathophysiology and treatment of many diseases,
and many studies are still being conducted on it. It
is known that the human microbiota, dominated by
bifidobacteria and stabilized during the first 2-3
years, plays a key role in various metabolic, nutri-
tional, physiological and immunological pro-
cesses.®! During life, the microbiota increases and
reaches its highest form in the adult human, domi-
nated by Bacteroidetes and Firmicutes.®

Gut-brain axis is a bidirectional communication
between the gut and the central nervous system, that
integrates immunological, neural, and hormonal sig-
nals. It is increasingly noticed that gut dysbiosis, has
a role in pathophysiology of many diseases, espe-
cially the disease with an inflammatory component
like; obesity, diabetes mellitus, asthma, heart failure,
cancer, inflammatory bowel disease (IBD), non-al-
coholic fatty liver, major depressive disorders, mus-
culoskeletal pain disorders, cardiovascular diseases
and rheumatological diseases.®® Fecal bacteriother-
apy, or fecal transplantation, is the inoculation of lig-
uid filtrate feces from a healthy donor into a patient’s
gut to treat diseases such as Clostridium difficile in-
fection, IBD, obesity, and insulin resistance. Ac-
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cording to a publication by Thurm et al.; a patient
with FM was fully recovered from pain after faecal
microbiota transplantation.®

VAGUS NERVE DYSREGULATION,
DYSBIOSIS AND CHRONICITY OF PAIN
(CROSS TALKING)

The vagus nerve extends to the gut mucosa and pro-
vides the primary bidirectional connection between
the gut microbiome and the brain.®> VNS appears as
an efficient procedure to decrease inflammation so it
can be said that dysfunction of the vagus nerve can
play a role in inflammation rise and as a result pain
becomes evident and chronic.®® Dysbiosis can trigger
processes that occur in the chronicity of pain via
vagus nerve dysfunction. We can expect an increase
in proinflammatory cytokines when any pathology
occurs in the vagus which will eventually disrupt
crosstalk in this communication pathway. Increases
in proinflammatory cytokines such as tumor necro-
sis factor alpha, interleukin (IL)-6, IL-1p contribute
to the sensitization of the nerve fibres in the central
nervous system that causes enhanced pain transmis-
sion.?” Interaction between organs by cytokines, hor-
mones, bioelectricity of nerves etc. are important for
integration. The homeostatic property is maintained
using a complex biological device of reciprocal com-
munication between organs, but these organ interac-
tions can contribute to adverse consequences in the
functional state of distant organs. Interplay of organs
has been described in some diseases, and linking the
nervous and immune systems to modulate end-organ
inflammation is an example of communication be-
tween systems. Interaction between vagus nerve
function and intestinal microbiota could be another
crosstalk model in terms of their interplay. Because
the vagus nerve has such a large distribution and con-
nectivity throughout the body, manipulations such as
VNS are very likely to benefit multiple organs and
affect organ crosstalks.®® The point we want to reach
is that the vagus dysregulation affects the gut micro-
biota or vice versa, the impaired microbiota disrupts
the effective functioning of the vagus; consequently
the result is that the neuroinflammation may cause
pain to become evident and chronic.
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CONCLUSION

When pain becomes chronic, it is likely that there is a
clinical or subclinical disorder in many parts of the
body. The body should be approached holistically and
the source of the problem and other accompanying
problems should be evaluated together. The treatment
program should also be organized in a multidisciplinary
manner and include the whole body. ANS regulation;
the role of the ANS in homestasis, its relationship with
many functions in the body and its widespread distri-
bution should be included in the treatment.

Chronic musculoskeletal painful conditions most
probably have vagus dysfunction or dysregulation. It is
a cause or a result is still under debate and investiga-
tion. Mostly sympathetic predominance and dysbiosis
exists in these disorders. Centrally, peripherally, neuro-
transmitter and/or receptor mediated dysregulations
may give rise to these pathologies. Variability in the ori-
gin possibly makes the difference between the patients
and the diseases. Environmental factors may determine
and emerge underlying genetic susceptibility in differ-
ent ways. It seems to us that vagus nerve dysfunction
and impared microbiota role in human illness is needed
to be revealed more detailed in the future. We hope that
this article could insight into how the vagus nerve works
with taking the microbiome behind and give a new
point of view about pain. Considering that the brain can
also affect the intestines, the underlying cause of dys-
biosis may be a malfunction of the vagus nerve. Both
dysbiosis and vagal dysfunction may contribute to
chronic pain and they may be crosstalking about it.
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