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Abstract 

Objective: This literature review is intended to explain the mechanism behind which 

fibromyalgia exists.  The relationship of inflammation as the cause of the widespread pain and 

tenderness that is felt by those who have this syndrome will be discussed, along with sources of 

that inflammation, as well as possible treatment methods for fibromyalgia. 

Data Collection: A computer search using the databases PubMed and EBSCOHost generated 

articles relevant to central sensitization, neurogenic inflammation, and fibromyalgia.  The 

selection strategy included free full text articles that were available from Logan Online.  Sources 

were referenced from individual searches and from an overall review of the literature.  The 

following are articles that were chosen: articles discussing the process of central sensitization 

and neurogenic inflammation, articles discussing the mechanism of fibromyalgia, articles of 

studies performed regarding pain threshold in those with fibromyalgia, articles about chronic 

pain, and articles about treatment of fibromyalgia 

Data Synthesis: Fibromyalgia is a chronic pain syndrome that has been around for centuries.  It 

involves central sensitization and neurogenic inflammation.  Understanding these physiological 

relationships in the production of pain is important in determining appropriate treatment. 

Conclusion: Research supports the concept of central sensitization and neurogenic inflammation 

as main contributors to fibromyalgia.  Increasing evidence is demonstrating that diet is a large 

component of the inflammatory process that leads to the chronic pain involved with this 

pathology.  Additional research needs to be performed to determine the best course of treatment.  

It appears that pharmaceuticals may cause other symptoms while not providing a lasting effect; 

while chiropractic care may prove to have lasting benefits without adverse reactions by patients.   

Key Words: central sensitization, neurogenic inflammation, fibromyalgia 
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Introduction 

This literature review will discuss the effects of central sensitization and neurogenic 

inflammation in relationship to fibromyalgia.  The research will address the mechanism of 

central sensitization, how it creates neurogenic inflammation, and how this relates to the 

diagnosis of fibromyalgia.  Sources of inflammation, especially nutritional factors specific to 

fibromyalgia, will be examined in regards to how they promote or inhibit the inflammatory 

process.   

Fibromyalgia is a chronic pain syndrome that is characterized by widespread pain and 

diffuse musculoskeletal tenderness.  The standard indication is that people suffering from this 

condition have tenderness at 11 of the 18 specified points throughout their body.  The reference 

points are symmetrically located at the occiput, lower cervical region, trapezius, supraspinatus, 

second rib, lateral epicondyle, gluteus, greater trochanter and medial fat pad of the knee.  The 

examiner uses their thumb over each spot while applying increasing pressure.  If tenderness is 

felt by the person with less than 4 kg of pressure applied by the examiner then it is considered 

positive.  Additional symptoms of the syndrome include difficulty sleeping, stiffness, fatigue, 

irritable bowel syndrome (IBS), and allodynia, which is the perception of pain from a non-

painful stimulus (1, 2). 

Fibromyalgia is a pain syndrome that is categorized as nociceptive.  The majority of pain 

complaints that are addressed clinically arise from this mechanism of pain (3).  Nociception is 

defined as the physiologic response to tissue damage or prior tissue damage (4).    This type of 

widespread chronic pain can be due to central sensitization.  Sensitization is when nociceptor 

thresholds are lowered (3).  Therefore, central sensitization involves a hyper-excitability of 

central nervous system neurons.  This leads to hyperalgesia, which is an exaggerated perception 
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of painful stimuli, and allodynia across multiple segments of the body (5, 6).  Sensitization can 

be activated by several mechanisms, some of which include wind-up, also known as temporal 

summation, dysregulated descending inhibitory pathways, and upregulated facilitatory 

modulation (5).  

It is believed that activation of pain receptors, transmission and modulation of pain 

signals, neuroplasticity, and central sensitization are all part of the inflammatory response (7).  

Therefore, all pain, including that which is felt by those who suffer from fibromyalgia, may 

prove to have its‟ roots in inflammation and the inflammatory response.   

Inflammation 

4 Cardinal Signs of Inflammation 

The inflammation system is in many ways looked upon as the classic biological stimulation-

response system.  This is because the innate immune system, followed by the adaptive immune 

system, responds to invading microorganisms.  This stimulation-response activity promotes 

various aspects of inflammation, including large amounts of cytokine production, activation of 

multiple cell types, and the four cardinal signs of inflammation.  The four cardinal signs of 

inflammation include calor, dolor, rubor, and tumor.  These are otherwise known as heat, pain, 

redness, and swelling, respectively.  However, the inflammation system is also considered a 

classic homeostatic system too, since it functions each moment to maintain organ and organism 

function.  Therefore, inflammation appears to serve a dual function; as both a stimulation-

response and homeostatic system.  This dual function system raises the question of whether C-

reactive protein (CRP), part of the innate immune system; fibrinogen, part of the coagulation 

system; and interleukin-6 (IL-6), a proinflammatory cytokine mediator; represent typical 

homeostatic function or serve as a response to pathological conditions.  Research indicates that 
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these biomarkers do both, likely to varying degrees in different people and in the same person at 

different times under different conditions.  This is implying that in younger, healthier people, the 

biomarkers represent more of an ongoing homeostatic function; whereas, increasing age is 

accompanied by increasing input from chronic pathological processes leading to a stimulation-

response function of inflammation as a result of increased disease burden (17).   

Types of Inflammation: 

Acute 

Acute inflammation begins instantly following the injury of tissues.  It is the body‟s 

normal protective response to injury or irritation.  There are three main processes that occur 

throughout this defense process.  They include increased blood flow, increased permeability of 

the capillaries, and migration of neutrophils.  Increased blood flow is due to dilation of blood 

vessels supplying the region.  Increased permeability of the capillaries is to allow fluid and blood 

proteins to move into the interstitial spaces.  And migration of neutrophils and possibly 

macrophages out of the venules is so that they can go into the interstitial spaces (18). 

Immunogenic 

 Immunogenic inflammation is the result of an antigen binding to an antibody or 

leukocyte receptor to trigger an inflammatory cascade.  Prior sensitization is required and the 

inflammatory response can take several forms.  These forms include immediate and cell-mediate 

hyper-sensitivity (19).   

Neurogenic 

 Neurogenic inflammation is when a chemical combines with the chemical irritant 

receptors on sensory nerves, leading to the release of substance P and other inflammatory 

neuropeptides (19, 20).  It can also occur when a nerve impulse travels down an axon to release 
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substance P at the terminus (19, 21, 22).  Neurogenic inflammation describes the nervous 

systems participation in the inflammatory and disease process.  Research suggests that most 

inflammatory diseases and pain syndromes are driven by neurogenic inflammation (23). 

Relationship Between the Different Types of Inflammation 

 There is significant crossover between immunogenic and neurogenic inflammation since 

substance P can degranulate mast cells and histamine can activate sensory nerves (24).  

Clinically, the two forms may lead to the same end result.  Foreign materials can produce 

inflammation in a tissue through both of these interrelated systems.  In fact, an interesting feature 

of the inflammation response is that a stimulus in one tissue can lead to inflammation at another 

site, known as neurogenic switching.  This process where stimulation of inflammation at one site 

can lead to inflammation at another site involves an exposure to either an allergen or chemical 

irritant at one site leading to a sensory nerve impulse.  With allergens, mast cell degranulation 

occurs.  This results in antigen binding IgE molecules on mast cells to release histamine and 

other mast cell mediators.  This histamine binds to receptors on sensory neurons.  With chemical 

irritants, receptors on peripheral nerves are directly triggered by the binding of sensory neurons.  

When the afferent signal reaches the central nervous system, it is redirected to another peripheral 

location, leading to the release of substance P and other neuropeptides.  This produces 

inflammation at the second site.  Histamine can bind to receptors on sensory neurons, and 

substance P can bind to receptors on mast cells.  Both histamine and substance P can bind 

effector cells, such as endothelial cells, mucus-secreting cells, and bronchial smooth muscle cells 

to produce inflammation.  Therefore, neurogenic switching occurs when an efferent signal from 

the central nervous system causes release of neuropeptides at another site, producing 

inflammation at the second site without local stimulation (19).   
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Disease Correlation  

 Neurogenic switching provides an explanation for many different illnesses and diseases.  

Food allergy is one example.  When a food allergen is ingested it can produce gastrointestinal 

symptoms with diarrhea, abdominal pain, bloating, and emesis.  This is due to the direct 

degranulation of gut mast cells with local mediator release.  However, some patients with food 

allergies will develop symptoms at other sites, manifesting as asthma (25), rhinitis (26), or 

urticaria (27).  This type of food hypersensitivity can also present as arthritis (28, 29) and 

migraine (30, 31).  As described earlier, this is a result of histamine from the gut mast cells 

binding to sensory nerves to produce an afferent signal, which is rerouted by the central nervous 

system to another site (19).   

 Another example is systemic anaphylaxis.  Multiple organ systems are affected 

immediately, such as: respiratory involvement with bronchospasm, bronchorrhea, and laryngeal 

edema; gastrointestinal symptoms; skin involvement away from the site of inoculation; and 

cardiovascular symptoms with hypotension from vasodilation (19). 

 Neurogenic switching may also play a role in multiple chemical sensitivity syndrome (32, 

33, 34), which is thought to be mediated by neurogenic inflammation (35).  This syndrome is 

characterized by exposure to respiratory irritants triggering symptoms in more than one organ 

system.  Individuals with chemical sensitivities usually have recurrent sites of symptomatology 

and inflammation which reoccur with a well-defined pattern.  Some examples of these sites 

include myalgias in the nape of the neck, inflammation of a particular set of joints, or 

gastrointestinal symptoms occurring repeatedly.  Therefore, the creation of a neuronal pathway 

so that stimulation of irritant receptors in the airway leads to inflammation in a given tissue may 

be the mechanism for involvement of secondary organ systems (19). 
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 In addition, neurogenic inflammation is thought to play a role in rheumatoid arthritis 

(36), migraine headache (37, 38), and fibromyalgia (39).  These conditions may be due to an 

acquired neuronal pathway that shunts inflammatory stimuli to the joints, cerebral vasculature, or 

muscles.  Then, inflammatory stimuli arising from allergens, chemical irritants, or infectious 

agents could lead to a flare in inflammation at the diseased site.  Emotional stress might also lead 

to neuronal signals that could result in inflammation at susceptible sites (19). 

Neurogenic Inflammation 

Mechanisms of Central Sensitization 

Nociception is defined as the physiologic response to tissue damage or prior tissue damage 

(4).    This type of widespread chronic pain can be due to central sensitization.  Sensitization is 

when nociceptor thresholds are lowered (3).  Therefore, central sensitization involves a hyper-

excitability of central nervous system neurons.  This leads to hyperalgesia, which is an 

exaggerated perception of painful stimuli, and allodynia across multiple segments of the body (5, 

6).   

The International Association for the Study of Pain states that “pain is an unpleasant sensory 

and emotional experience associated with actual or potential tissue damage, or described in terms 

of such damage” (40).  According to Winkelstein, there are a number of physiologic mechanisms 

by which injuries lead to nociceptive responses and ultimately to pain (4).  Nociceptive input 

mainly activates two types of pain receptors.  These include low-threshold nociceptors and high-

threshold nociceptors.  The low-threshold nociceptors are connected to A-delta pain fibers, 

which are fast conductors, and the high-threshold nociceptors are connected to C-fibers, which 

are slow, unmyelinated conductors.  These A- and C-pain fibers synapse with spinal neurons in 

the dorsal horn of the spinal cord by way of synaptic transmission.  Many neurotransmitters are 
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then able to modulate the postsynaptic responses with further transmission to supraspinal sites by 

way of the ascending pathways (4, 41, 42).   

The simplest form of plasticity in nervous systems is that repeated noxious stimulation may 

lead to habituation, which is a decreased response, or sensitization, which is an increased 

response (43).  Therefore, prolonged or strong activity of dorsal horn neurons caused by repeated 

or sustained noxious stimulation may lead to increased responsive of the neurons, or central 

sensitization (42, 44).  This neuroplasticity followed by central nervous system sensitization 

includes altered function of chemical, electrophysiological, and pharmacological systems (4, 45).  

These changes cause hyperalgesia, allodynia, and may be involved in the generation of referred 

pain and hyperalgesia across multiple spinal segments (42, 46, 47, 48, 49).  Sensitization can be 

activated by several mechanisms, some of which include wind-up, also known as temporal 

summation, dysregulated descending inhibitory pathways, and upregulated facilitatory 

modulation (5).   

Nociceptive Afferentation Model of C Fibers 

Wind-up  

Wind-up refers to a central spinal mechanism in which repetitive noxious stimulation results 

in a slow temporal summation that is experienced in humans as increased pain (50).  This wind-

up, or second pain, is more dull and strongly related to chronic pain states, and is transmitted 

through unmyelinated C fibers to dorsal horn nociceptive neurons.  During the C-fibers 

transmitted stimuli, N-methyl-D-aspartate (NMDA) receptors of second-order neurons become 

activated (5).   

NMDA activation induces calcium entry into the dorsal horn neurons (5, 51).  This calcium 

entry into the sensory neurons in the dorsal horn induces activation of nitric oxide (NO) 



Central Sensitization and Neurogenic Inflammation in Relationship to Fibromyalgia 

 

10 

 

synthase, which leads to the synthesis of NO (5, 52).  The NO can affect the nociceptor terminals 

and enhance the release of sensory neuropeptides, specifically Substance P, from pre-synaptic 

neurons, which contributes to the development of hyperalgesia and maintenance of central 

sensitization (5, 53).  Substance P is an important neurotransmitter for a couple of reasons.  First, 

it lowers the threshold of synaptic excitability, resulting in the release of normally silent 

interspinal synapses and the sensitization of second-order spinal neurons (5, 54).  Second, it can 

extend for long distances in the spinal cord and sensitize dorsal horn neurons at a distance from 

the initial input site, which results in an expansion of receptive fields and the activation of wide 

dynamic neurons by non-nociceptive afferent impulses (5, 41). 

Dysregulated Descending Inhibitory Pathways 

 The dorsolateral funiculus appears to be a preferred pathway for descending pain 

inhibitory systems (5, 55).  There is experimental evidence for the existence of descending 

inhibitory pathways and their connection with central sensitization.  There were observations that 

bilateral lesions of the dorsolateral funiculus in the rat led to a significant decrease in latency for 

paw withdrawal to noxious stimulus (5, 56).  In addition, temporary spinal cord block, lidocaine, 

caused dorsal horn nociceptive neurons to expand their receptive fields and their responsiveness 

to afferent input (5, 57).  Selective chemical lesion of serotonergic inhibitory neurons in 

experimentally “inflamed” animals also resulted in demonstrable behavioral “pain” 

hypersensitivity (5, 56).   

 Woolf and Salter (58) discuss that a major function of the descending inhibitory pathway 

is to focus the excitation of the dorsal horn neurons.  The effect is to generate a more urgent, 

localized, and rapid pain signal by suppressing surrounding activity of the neurons.  This role is 

described by Le Bars and Villaneuva (59).  They attribute it to the “diffuse noxious inhibitory 
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controls” (DNIC) phenomenon.  This model illustrates that descending pathways reduce the level 

of irrelevant noise in the system, which results in effectively enhancing the biologically valuable 

pain signal (5).  

Therefore, based on the function of the descending inhibitory pathway and the studies 

conducted, the suggestion is that disruption of one or more of the elements of the inhibitory 

system can result in the equivalent of central sensitization (5, 60). 

Upregulated Facilitatory Modulation 

There are also facilitatory pathways leading from the brainstem.  Behavioral evidence 

shows that forebrain centers are capable of exerting powerful clinically significant influences on 

various nuclei of the brainstem, which include the nuclei identified as the origin of the 

descending facilitatory pathway (5, 60).  It is believed that the activity that occurs in descending 

pathways is not constant but can be modulated.  Evidence by Dubner and Ren (5, 55) suggests 

that selective attention to relevant stimuli activated descending pain modulatory systems, turning 

the balance in favor of facilitation.  The dominance of descending facilitation then led to 

sensitization of second-order neurons (5, 60).   

The sensitization of second-order pain pathway neurons was directly related to the 

strength of attention.  Forebrain activities including cognition, emotions, attention, and 

motivation have influence on the clinical pain experience (5, 60).  Therefore, behavioral 

modulation associated with selective attention utilizes the same forebrain and brainstem 

structures and mechanisms that are involved in the development, amplification, and maintenance 

of persistent pain after actual tissue damage and inflammation (5, 55).   

 As a result, amplification of pain and its extension in the absence of tissue damage is 

associated to certain personality traits and cognitive styles.  Therefore, descending pathways 
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behavioral and cognitive therapies might also effect synaptic transmission in the spinal cord and 

thereby have the capacity to prevent or reverse long-term changes of synaptic strength in pain 

pathways (5, 61). 

Fibromyalgia 

History 

 Although Fibromyalgia Syndrome (FMS) is often thought about as a somewhat new 

illness, it has actually been around for many, many years.  For several centuries, the muscle pains 

were known as rheumatism, and then as muscular rheumatism.  Then, in 1904, Sir William 

Gowers coined the term fibrositis, literally meaning inflammation of fibers, to describe the 

tender points found in patients with muscular rheumatism.  Dr. Hugh Smythe laid the foundation 

for the modern definition of FMS by describing widespread pain and tender points in 1972.  

Then, in 1975, the first sleep electroencephalogram study was performed, which identified the 

sleep disturbaces that accompany fibromyalgia.   

 In 1976, physicians changed the name of fibrositis to fibromyalgia since there was no 

evidence of inflammation.  The term fibromyalgia meant pain in muscles and tissues, with the 

literal breakdown as follows: fibro = fibrous tissue, my = muscle, algia = pain.  The first 

controlled clinical study with validation of known symptoms and tender points was established 

and published in 1981.  This study also proposed the first data-based criteria.   In 1984, the 

important concept that FMS and other similar conditions are interconnected was proposed.   

 Then in 1990, the American College of Rheumatology developed diagnostic criteria for 

fibromyalgia to be used for research purposes.  These criteria soon began to be used by clinicians 

as a tool to help them diagnose patients.  The concept of neurohormonal mechanisms with 

central sensitization was developed in the 1990s (62). 
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 Today it is believed that activation of pain receptors, transmission and modulation of pain 

signals, neuroplasticity, and central sensitization are all part of the inflammatory response (7).  

Therefore, all pain, including that which is felt by those who suffer from fibromyalgia, may 

prove to have its‟ roots in inflammation and the inflammatory response afterall.   

Signs and Symptomatology 

Fibromyalgia is a chronic pain syndrome that is characterized by widespread pain and 

diffuse musculoskeletal tenderness (1, 2).  The patient population consists of a female to male 

ratio of 9:1, and the most common age group is 45 to 60 years old (63).   

Laboratory tests warranted in the initial evaluation of a patient suspected of suffering 

from fibromyalgia include: a complete blood count, a renal function test, liver enzymes, ESR, 

CRP, TSH, serum calcium, PTH, rheumatoid factor, EBV, CMV, and HIV.  Since there are no 

specific laboratory findings typical of fibromyalgia, the workup is ordered in the evaluation 

mainly to exclude alternative differential diagnoses.  Tests such as ESR, CRP, and rheumatoid 

factor are expected to be normal, although fibromyalgia should not be ruled out if they are not.  It 

is important to rule out hyperparathyroidism since it is classically associated with widespread 

pain.  Given that the lab tests are not able to confirm fibromyalgia, it is not a diagnosis of 

exclusion.  It must be diagnosed by its own characteristic features (1).   

According to the 1990 Criteria for the Classification of Fibromyalgia by the American 

College of Rheumatology, there are two criteria that must be met before the diagnosis of 

fibromyalgia can be made.  The first is that there must be a history of widespread pain.  Based on 

their definition, pain is considered widespread when all of the following are present: pain in the 

left side of the body, pain in the right side of the body, pain above the waist, and pain below the 

waist.  In addition, axial skeletal pain must be present.  In their definition, axial skeletal pain 
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includes cervical spine, anterior chest, thoracic spine, or the low back.  In addition, shoulder and 

buttock pain is considered as pain for each involved side and low back pain is considered lower 

segment pain (64). 

Secondly, pain must be present in at least 11 of 18 tender point sites on digital palpation.  

These sites include: the occiput, low cervical, trapezius, supraspinatus, second rib, lateral 

epicondyle, gluteal, greater trochanter, and knee regions.  More specifically, the tender points for 

each of these regions are as follows: the occiput, bilateral, at the suboccipital muscle insertions; 

the low cervical, bilateral, at the anterior aspects of the intertransverse spaces at C5-C7; the 

trapezius, bilateral, at the midpoint of the upper border; the supraspinatus, bilateral, at origins, 

above the scapular spine near the medial border; the second rib, bilateral, at the second 

costochondral junctions, just lateral to the junctions on upper surfaces; the lateral epicondyle, 

bilateral, 2 cm distal to the epicondyles; the gluteal, bilateral, in the upper outer quadrants of the 

buttocks in the anterior fold of muscle; the greater trochanter, bilateral, posterior to the 

trochanteric prominence; and the knee, bilateral, at the medial fat pad proximal to the joint line 

(64).   

In addition, the digital palpation should be performed with an approximate force of 4 kg.  

And for a tender point to be considered “positive”, the subject must state that the palpation was 

painful.  “Tender” is not to be considered “painful”.  For classification purposes, patients will be 

said to have fibromyalgia if both criteria are satisfied.  Widespread pain must have been present 

for at least 3 months and the presence of a second clinical disorder does not exclude the 

diagnosis of fibromyalgia (64).   

Other symptoms of the syndrome include difficulty sleeping, stiffness, fatigue, irritable 

bowel syndrome (IBS), and allodynia, which is the perception of pain from a non-painful 
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stimulus (1, 2).  According to Omoigui (7), restless leg syndrome, mood disturbances, interstitial 

cystitis, migraine headaches, temperomandibular joint dysfunction, and disequilibrium including 

nerve mediated hypotension, sicca syndrome, and growth hormone deficiency.      

Pathophysiology of Fibromyalgia 

 Fibromyalgia is related to sensitization of central nervous system pain pathways.  It is a 

pain amplification syndrome of patients who are highly sensitive to painful and non-painful 

stimuli.  The pathogenesis of fibromyalgia is uncertain since the cause for the heightened 

sensitivity of fibromyalgia patients is unknown (65).  However, most fibromyalgia patients show 

increased levels of substance P (66, 67), excitatory amino acids (68), and excitatory 

neurotrophins (69) in the cerebrospinal fluid (CSF), as well as alterations of the hypothalamic-

pituitary-adrenal (HPA) axis in response to stressors (70, 71). 

 Substance P (SP) is an 11-amino-acid neuropeptide, which acts as a neuromodulator by 

way of the neruokinin-1 (NK 1) receptor.  Substance P sensitizes dorsal horn neurons to the 

effects of other neuromodulators.  Although elevated levels of substance P in cerebrospinal fluid 

is not specific to fibromyalgia, the high cerebrospinal fluid concentrations of substance P 

represent the most prominent neurochemical abnormality found in fibromyalgia patients (65).  

According to Murphy and Zemlan (72),   significant negative correlations also exist between 

levels of substance P and serotonin (5-HT), its precursor tryptophan (TRP), and its primary 

metabolite hydroxyindoleacetic acid (5-HIAA) in the serum of patients with fibromyalgia.   

 Nerve growth factor (NGF) stimulates the production of substance P in small afferent 

unmyelinated neurons.  Nerve growth factor was found to be elevated in the CSF of patients with 

primary fibromyalgia, but not in secondary fibromyalgia, which is when a fibromyalgia patient 

has an associated painful inflammatory condition (73).  This suggests that subgroups of 
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fibromyalgia patients utilize different pain mechanisms.  Primary and secondary fibromyalgia 

share a common link of elevated substance P in cerebrospinal fluid; however, both groups utilize 

different pathways that result in the increased substance P levels.  In patients with primary 

fibromyalgia, nerve growth factor produced by central interneurons appears to increase substance 

P.  However, in patients with secondary fibromyalgia, the inflammation characteristic for the 

underlying rheumatic or infectious conditions appears to be responsible for the elevated 

substance P.  Therefore, according to Giovengo, Russell, and Larson (73), it appears that nerve 

growth factor could be essential for the initiation and/or perpetuation of painful symptoms of 

primary fibromyalgia but not secondary.  It is important to note that central sensitization is 

associated with the release of excitatory amino acids such as glutamate (GLU), which interacts 

both with its receptor and with neuropeptides such as substance P and nerve growth factor (65). 

 The hypothalamic-pituitary-adrenal axis is part of an adaptive system that responds to 

stressors such as pain and trauma, as well as physiologic stressors.  The key regulator of the HPA 

axis is corticotrophin-releasing hormone (CRH).  The mechanisms of the HPA axis in 

fibromyalgia patients are not completely understood, but it is clear that serotonin plays a critical 

role.  The serotonin neurons projecting from the midbrain raphe nuclei deliver synaptic input to 

the corticotrophin-releasing hormone neurons in the hypothalamus, which changes the level of 

corticotrophin-releasing hormone neuronal activity (65). 

 There is also increasing evidence that indicates dorsal horn glia cells might have a large 

role in producing and maintaining abnormal pain sensitivity (74, 75).  Synapses within the CNS 

are encapsulated by glia that do not normally respond to nociceptive input from local sites.  

However, following the initiation of central sensitization, spinal glia cells are activated by a wide 

array of factors that contribute to hyperalgesia.  These factors include immune activation within 
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the spinal cord, substance P, excitatory amino acids, nitric oxide, and prostaglandins.  Once 

activated, glia cells release proinflammatory cytokines, including tumor necrosis factor, 

interleukin-6 (IL-6), interleukin-1 (IL-1), nitric oxide, prostaglandins, excitatory amino acids, 

adenosine triphosphate (ATP), and fractalkine (76).  These proinflammatory cytokines further 

increase the discharge of excitatory amino acids and substance P from the Aβ and C afferents 

that synapse in the dorsal horn and also enhance the hyperexcitability of the dorsal horn neurons 

(74, 77).   

  Given that fibromyalgia is associated with extensive secondary hyperalgesia and 

allodynia, central sensitization through wind-up appears to play a critical role.  When wind-up 

pain is evoked both in fibromyalgia patients and in normal controls, the perceived pain increase 

by experimental stimuli and the magnitude of wind-up within a series of stimuli is greater for 

fibromyalgia patients compared with the control subjects.  Following a series of stimuli, wind-up 

after sensations is also increased, lasts longer, and is more frequently painful in fibromyalgia 

patients.  These results indicate both augmentation and prolonged decay of nociceptive input in 

fibromyalgia patients and provide strong evidence for central sensitization‟s role in the 

pathogenesis of fibromyalgia (65). 

 Staud and Spaeth (65) indicate that the mechanisms underlying the central sensitization 

that occurs in patients with fibromyalgia relies on hyperexcitability of spinal dorsal horn neurons 

that transmit nociceptive input to the brain.  As a result, low intensity stimuli delivered to the 

skin or deep muscle tissue generate high levels of nociceptive input to the brain, as well as the 

perception of pain.  More specifically, intense or prolonged impulse input from Aβ and C 

afferents sufficiently depolarizes the dorsal horn neurons, which results in the removal of the 

magnesium block of NMDA-gated ion channels.  Following this occurrence, there is an influx of 
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extracellular calcium and production of nitric oxide, which diffuses out of the dorsal horn 

neurons.  As a result, nitric oxide promotes the exaggerated release of excitatory amino acids and 

substance P from presynaptic afferent terminals and causes the dorsal horn neurons to become 

hyperexcitable.  Subsequently, low intensity stimuli evoked by minor physical activity may be 

amplified in the spinal cord resulting in painful sensations.  

Nutritional Factors 

 A study conducted by Sendur, Tastaban, Turan and Ulman (78) examined the association 

between serum trace elements and clinical findings, such as the number of sensitive tender 

points, severity of fatigue, and functional status in patients with fibromyalgia.  Thirty-two 

patients diagnosed as having fibromyalgia according to the 1990 Criteria for the Classification of 

Fibromyalgia by the American College of Rheumatology and thirty-two normal, healthy controls 

were included in this study. 

 Serum selenium (mug/dL) and serum zinc (mug/dL) levels were measured by atomic 

absorption spectrometer.  Serum magnesium (mmol/L) level was measured by the original kits of 

Abbott Aeroset auto-analyzer.  The mean age of patients in the fibromyalgia group were 

calculated as 42.9 (SD = 7.7) years and the mean age of patients in the control group were 

calculated as 41.3 (SD = 9.7) years.  Serum levels of zinc (P = 0.001) and magnesium                

(P = 0.002) were significantly decreased by the fibromyalgia group.  According to the results of 

this study, it was asserted that serum zinc and magnesium levels may play an important role in 

the pathophysiology of fibromyalgia. 

 In addition, according to Holick (79), it is estimated that 40-60% of patients with 

fibromyalgia may have some component of vitamin D deficiency and osteomalacia.  A recent 

study was done at Medical OPD of Civil Hospital Karachi, from January to March 2009, to 
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check the vitamin D levels in patients diagnosed with fibromyalgia.  Forty female patients that 

were diagnosed with fibromyalgia according to the 1990 Criteria for the Classification of 

Fibromyalgia by the American College of Rheumatology and exclusion of systemic illness on 

examination and normal reports of blood CP, ESR, serum calcium, phosphate, and alkaline 

phosphatase were included in the study.   The mean age of the participants was 37.65 ± 11.5 

years.  Vitamin D deficiency is defined as less than 20 ng/ml, vitamin D insufficiency is defined 

as 21-29 ng/ml, and vitamin D sufficiency is defined as equal to or greater than 30 ng/ml.  The 

mean vitamin D level was 17.41±5.497 ng/ml.  Thirty-two or 80% of the participants had 

vitamin D deficiency with mean levels of 15.855±4.918 ng/ml and 8 or 20% of the participants 

had vitamin D insufficiency with mean levels of 23.64±2.39 ng/ml.  The study results further 

detailed that there were 22 or 68.75% of participants less than 45 years old with a mean vitamin 

D level of 16.87±4.48 ng/ml and there were 10 or 31.25% of participants 46 to 75 years old that 

had a mean vitamin D level of 16.09±6.45 ng/ml.  As a result of this study, vitamin D deficiency 

is frequently seen in patients diagnosed with fibromyalgia (80).   

 It is important to note that according to Seaman (23), neurogenic inflammation is quite 

possibly the driving force behind pro-inflammatory diseases and lack of healing.  According to 

O‟Connor (81), Substance P has pro-inflammatory effects in immune and epithelial cells and 

participates in inflammatory diseases of the respiratory, gastrointestinal, and musculoskeletal 

systems.   

Cell derived mediators that are released as a result of the inflammatory process then 

contribute to exciting group IV afferent C fibers which affect the spinal cord, as well as 

substance P.  This substance P affects the cells, leading to the release of additional cell derived 

mediators.  This abbreviated inflammatory cycle is neurogenic inflammation.  Some of the fatty 
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acid-derived mediators that are pro-inflammatory include leukotriene B4 (LTB4), prostaglandin 

E1 (PGE2), and thromboxane A2 (TXA2).  Some of the amino acid/peptide mediators that are 

pro-inflammatory include serotonin (5-HT), histamine, interleukin-1 (IL-1), interleukin-6 (IL-6), 

tumor necrosis factor (TNF), and growth factors.  These fatty acid-derived and amino 

acid/peptide pro-inflammatory mediators are increased by several factors.  These include reduced 

micronutrient intake of vitamins and minerals, lack of nuclear factor-kappa B (NF-kB) 

modulation, increased omega-6 fatty acids and reduced omega-3 fatty acids, reduced magnesium 

intake, reduced potassium intake, reduced phytonutrient and antioxidant intake, reduced vitamin 

D, and diabetes (23).  

This physiology explains why an anti-inflammatory diet and key supplements are thought 

to help with many diseases that have their roots in inflammation, such as fibromyalgia.  The 

main idea behind eating a low inflammatory diet is that the omega-6 to omega-3 ratio becomes 

more balanced, with an ideal set at no higher than 4:1, respectively.  The diet consists of lean 

protein, such as fish, omega-3 beef, chicken, and eggs; dark chocolate; vegetables and fruits; 

olive oil; herbs and spices, including garlic, ginger, and turmeric; raw nuts; green tea; red wine; 

and stout beer.  These food choices are good for disease prevention and health promotion.  The 

key supplements include a basic daily intake of a multi-vitamin, magnesium with calcium, 

EPA/DHA, vitamin D, and a probiotic.  The diet and supplements work to modulate 

inflammation within the system, thereby reducing the promotion and effects of the disease (23).   

Treatment Options for Fibromyalgia 

 As mentioned previously, when central sensitization has occurred in chronic pain 

patients, little additional nociceptive input is required to maintain the sensitized state.  Therefore, 

daily activities that seem harmless may contribute to the maintenance of chronic pain.  In 
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addition, the dissolution of painful sensations is prolonged in patients with fibromyalgia, which 

results in slow reductions of their pain levels during rest as well as brief therapeutic 

interventions.  Many frequently used analgesic medications do not improve central sensitization.  

In fact, there are some medications, including opioids, which have been shown to maintain or 

even worsen this central nervous system condition (65). 

 Pregabalin, also known as Lyrica, is a common drug used to treat fibromyalgia.  It is a 

synthetic molecule and a structural derivative of the inhibitory neurotransmitter [gamma]-

aminobutyric acid.  It is a ligand that has analgesic, anticonvulsant, anxiolytic, and sleep-

modulating activities.  The pregabalin mainly binds to the [alpha]2-[delta] subunit of 

presynaptic, voltage-dependent calcium channels that are widely distributed throughout the 

peripheral and central nervous system.  This results in a reduction in the release of several 

neurotransmitters, including glutamate, noradrenaline, serotonin, dopamine, and substance P.  

Up-regulation of the [alpha]2-[delta] subunit may play an important role in hypersensitization 

processes.  Pregabalin appears to produce an inhibitory modulation of neuronal excitability, 

particularly in areas of the central nervous system dense in synaptic connections, such as the 

neocortex, amygdale, and hippocampus (82).   

 The efficacy and safety of pregabalin up to 450 mg/day, taking 150 mg three times a day, 

were evaluated for reducing pain and associated symptoms in patients with fibromyalgia.  

Patients were randomized to receive 150, 300, or 450 mg/day of pregabalin or placebo.  

Compared with those receiving placebo, patients treated with pregabalin 450 mg/day showed 

significant improvement in pain scores at week 1, and this was maintained throughout week 7.  

However, there was no statistically significant improvement from placebo at week 8.  Reasons 

for the loss of statistically significant difference at week 8 may include reduced statistical power 
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at later time points or lack of durability of analgesic effect.  Patients receiving 300 and 450 

mg/day pregabalin also experienced reduced fatigue and improved sleep quality compared with 

those receiving pregabalin 150 mg/day or placebo.  In addition, forty-eight patients (9%) 

withdrew because of adverse events, and 44 patients (8%) withdrew because of lack of efficacy.  

The most common adverse effects were somnolence in 29.2% and dizziness in 22.2%.  Other 

adverse effects include dry mouth in 9.1%, peripheral edema in 6.1%, blurred vision in 6.4%, 

weight gain in 5.6%, and abnormal thinking in 5.4% (82).   

 Previous studies have suggested that there is a potential role for chiropractic care in the 

management of patients with fibromyalgia.  One study by G. Hains and F. Hains (83) set two 

main objectives.  First, to provide preliminary information on whether a regimen of 30 

chiropractic treatments combining ischemic compression and spinal manipulation effectively 

reduces the intensity of pain, sleep disturbance, and fatigue associated with fibromyalgia.  

Secondly, to study the dose-response relationship and identify the baseline characteristics that 

may serve as predictors of outcome.  Participating subjects were adult members of a regional 

Fibromyalgia Association that were greater than 18 years old, had widespread pain for greater 

than 3 months, and had previously been diagnosed with fibromyalgia by their family physician 

or rheumatologist.  A minimum 50% improvement in pain intensity from baseline to the end of 

the treatment trial was needed to include the patient in the respondent category.  Subjects were 

assessed with self-administered questionnaires taken at baseline, after 15 and 30 treatments, and 

1 month after the end of the treatment trial. 

  Fifteen women with a mean age of 51.1 years completed the trial.  A total of 9 or 60% of 

the patients were classified as respondents.  A statistically significant lessening of pain intensity 

and corresponding improvement in quality of sleep and fatigue level were observed after 15 and 
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30 treatments.  After 30 treatments, the respondents showed an average lessening of 77.2% with 

a standard deviation of 12.3% in pain intensity, an improvement of 63.5% with a standard 

deviation of 31.6% in sleep quality, and a decrease of 74.8% with a standard deviation of 23.1% 

in fatigue level.  The improvement in the 3 outcome measures was maintained after 1 month 

without treatment.  Subjects with less than 35% improvement after 15 treatments did not show a 

satisfactory response after 30 treatments.  A trend, determined as not statistically significant, 

suggests that older subjects with severe and or chronic pain and a greater number of tender points 

respond more poorly to treatment.  Two nonrespondents underwent an additional course of 30 

treatments and therefore did not complete the 1 month follow-up period required for the last 

assessment.  A total of 13 subjects completed the 1 month follow-up assessment.  This study 

suggests that chiropractic care combining ischemic compression and spinal manipulation may 

help patients with fibromyalgia.  A placebo-controlled randomized clinical trial is recommended 

to test this hypothesis (83). 

Conclusion 

 Fibromyalgia is a chronic pain syndrome characterized by a history of widespread pain 

that is present in at least 11 of 18 tender point sites on digital palpation.  It affects mostly women 

between 45 and 60 years of age.  Although the exact cause of this condition is uncertain, there is 

increasing evidence suggesting that activation of pain receptors, transmission and modulation of 

pain signals, neuroplasticity, and central sensitization are all part of the inflammatory response.     

Central sensitization involves the central nervous system neurons becoming hyper-excitable, 

leading to hyperalgesia and allodynia.  This results in the type of chronic widespread pain that 

characterizes fibromyalgia.  This sensitization can be activated by different mechanisms, 
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including wind-up, dysregulated descending inhibitory pathways, and upregulated facilitatory 

modulation.     

Significant factors contributing to central sensitization, resulting in neurogenic inflammation, 

include, but are not limited to: substance P, nitric oxide, tumor necrosis factor (TNF), serotonin 

(5-HT), histamine, interleukin-1 (IL-1), interleukin-6 (IL-6), growth factors, leukotriene B4 

(LTB4), prostaglandin E1 (PGE2), and thromboxane A2 (TXA2).  Decreases in zinc, 

magnesium, and vitamin D have also been proven to show clinical correlation in patients with 

fibromyalgia.  Based on these contributing factors, it is believed that a diet that moderates 

inflammation, along with key supplementation, can help patients with fibromyalgia.   

 Other treatment options include pharmaceuticals, with one of the most popular being 

Lyrica.  However, it was not proven to show any lasting benefit after a couple months of use and 

presented with several different side effects.  Chiropractic care was also suggested as a treatment 

method for patients.  Based on preliminary research, there appears to be some lasting benefit 

with the use of ischemic compression and spinal manipulation. 

Additional research is needed in determining the causes of fibromyalgia and effective 

treatment options.  Over the last several years there has been an increase in the number of people 

diagnosed with fibromyalgia.  This supports the idea that nutritional factors related to central 

sensitization and neurogenic inflammation play a large role in this pathology.   

As a healthcare professional, it is extremely important that the mechanism which brings 

on this syndrome is understood.  With knowledge of its' origin, treatments can be better 

developed and applied.  In addition, patients can have a better understanding of their condition 

and methods available to reduce their pain.  This should result in a better quality of life for these 

people, which is the ultimate goal in our healthcare profession. 
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