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ABSTRACT 
 
 

Salivary Levels of Cortisol, 17β-Estradiol, Progesterone, 

Dehydroepiandrosterone and α-Amylase in Patients 

with Burning Mouth Syndrome 

 
 

Hyung-Il Kim, D.D.S., M.S.D. 

 

Program in Oral Medicine and Oral Diagnosis, Dept. of Dental Science,  

Graduate School, Seoul National University 

(Directed by Professor Hong-Seop Kho, D.D.S., M.S.D., Ph.D.) 

 

 

Burning mouth syndrome (BMS) is characterized by a painful burning sensation or 

other dysesthesias of the oral mucosa, with no visible mucosal abnormalities upon clinical 

examination, so that seriously exacerbates quality of life. The anatomical proximity 

between saliva and the area of BMS symptoms and the importance of steroid hormones in 

the pathophysiology of BMS have resulted in the investigation of possible salivary 

biomarkers. The aim of this study was to investigate salivary cortisol, 17β-estradiol, 

progesterone, dehydroepiandrosterone (DHEA) and α-amylase levels in patients with BMS 

compared with controls and to investigate whether these levels could be predictors for 

treatment outcome in patients with BMS. Thirty female patients with BMS and twenty 

female control subjects were included. Unstimulated whole saliva (UWS) and stimulated 

whole saliva (SWS) samples were collected, and their flow rates were determined. Salivary 

levels of cortisol, 17β-estradiol, progesterone and DHEA were analyzed using enzyme 

immunoassay kits. The enzymatic activity of α-amylase was determined using maltotriose 

as a substrate. Salivary transferrin level was measured to determine the level of blood 

contamination in saliva samples. Symptom checklist-90-revision (SCL-90-R) was used for 



psychological characteristics of patients with BMS. Treatment protocols of patients with 

BMS included control of parafunctional habits, use of artificial saliva, and clonazepam 

medication. 

 

 

The obtained results were as follows: 

 

1. The patient group showed significantly higher levels of cortisol in UWS (P < 0.05) 

and of 17β-estradiol in SWS (P < 0.05). 

 

2. When the patients were divided into older (≥60 years) and younger (<60 years) 

groups, the older group showed a significantly lower level of progesterone in UWS (P < 

0.05). 

 

3. There was no significant correlation between all scales of SCL-90-R and the levels of 

salivary analytes. 

 

4. There was no significant correlation between the treatment efficacy and the levels of 

salivary analytes. 

 

 

In conclusion, patients with BMS had significantly higher levels of cortisol in UWS and 

of 17β-estradiol in SWS. These indicate that dysregulations of the hypothalamic-pituitary-

adrenal (HPA) axis and gonadal steroids are involved in the pathogenesis of BMS. 
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I. INTRODUCTION 

 

Burning mouth syndrome (BMS) is characterized by a painful burning sensation or 

other dysesthesias of the oral mucosa, with no visible mucosal abnormalities upon clinical 

examination. Multiple sites in the oral cavity are usually affected with the tongue being the 

most common area.1,2 BMS usually affects aged women; about 90% of women who attend 

healthcare clinics for BMS symptoms are peri⁄postmenopausal.3 The etiology of BMS is 

multifactorial, probably involving complex interactions among local, systemic, and 

psychogenic factors.4 Based on the recent findings,5-7 BMS is believed to be a neuropathic 

pain entity involving the peripheral and⁄or central nervous system. 

It has been suggested that altered levels of female sex hormones in the 

peri⁄postmenopausal period may predispose women to BMS.3,8 Disturbances of local 

neuroactive steroids have also been suggested to explain the very restricted location of the 

burning sensation.7 In addition, previous studies found that chronic stress and⁄or adverse 

life events of long duration correlate with BMS, suggesting an association of BMS with 

dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous 

system.7,9-12 Therefore, comprehensive information about changes in female sex hormones, 

local neuroactive steroids, and molecules related with dysregulation of the HPA axis and 

sympathetic nervous system is needed. 

Like other chronic pain disorders, BMS is characterized by accompanying 

psychological problems. Personality and mood changes, especially anxiety and depression, 

are consistently demonstrated in patients with BMS, leading to the suggestion that BMS is 

a psychogenic problem.13 BMS has also been suggested as a complex somatoform disorder 

because of the high prevalence of unexplained extraoral comorbidities.14 

The treatment for BMS is usually focused on symptom relief and is similar to the 

medical management of other neuropathic pain conditions.2 Among pharmacological 

options including benzodiazepines, tricyclic antidepressants, anticonvulsants, capsaicin, 

and α-lipoic acid,4 clonazepam therapy is the most widely accepted.15-18 However, 

clonazepam therapy is not always effective for all patients with BMS because of the 
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complexity of BMS pathogenesis.5,19,20 In addition to drugs, psychological interventions 

can sometimes help patients cope with the symptoms of BMS.21 

Recent advances in the etiology, pathophysiology, and management of BMS have lead 

to an interest in finding diagnostic and prognostic BMS biomarkers.8-11 The anatomical 

proximity between saliva and the area of BMS symptoms and the importance of steroid 

hormones in the pathophysiology of BMS7 have resulted in the investigation of possible 

salivary biomarkers. Moreover, the use of saliva for diagnostic purposes has received 

special attention, as saliva is easily obtained non-invasively, repetitively, and by individuals 

with limited training.22 The levels of salivary steroid hormones are of clinical importance 

because of their excellent correlations with free serum levels.22,23 In addition, salivary α-

amylase  has been proposed as a biomarker reflecting the sympathetic nervous system 

activity.24,25 

The aim of this study was therefore to investigate salivary cortisol, 17β-estradiol, 

progesterone, dehydroepiandrosterone (DHEA), and α-amylase levels in patients with BMS 

compared with controls and to investigate whether these levels could be predictors for 

treatment outcome in patients with BMS. 

 

 

II. REVIEW OF LITERATURE 

 

1. General aspects of BMS 

 

(1) Definition and epidemiology 

BMS is a burning sensation in the oral cavity with clinically normal oral mucosa, in 

which no medical and dental cause is existed.2 The tongue is the primary location of the 

burning complaint in the majority of cases.1 This principle clinical feature of oral mucosal 

pain is often accompanied by symptoms of dysgeusia and xerostomia, with or without the 

presence of salivary hypofunction.3,23,27 

The prevalence of BMS has been reported to range from 3.7% to 18% (or even up to 
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40%) in older age groups,1 especially in postmenopausal women.2,28 This wide range of 

prevalence of BMS is obviously due to rather loose diagnostic criteria applied in earlier 

studies that has resulted in heterogeneous patient populations in many studies performed 

before the more distinct definitions of primary BMS and secondary BMS were launched.1,3 

   

(2) Etiology and pathophysiology 

The etiopathogenesis of BMS is still unclear. The obvious fact is that BMS represents a 

complex of multiple diseases with overlapping symptoms. Several evidences reveal local / 

systemic factors in the majority of patients suffering from BMS symptoms.29-33 This 

subgroup of patients is classified as “secondary” BMS due to local / systemic factors, 

removal or treatment of these contributing factors resulting in clinical improvement. In this 

context, therapeutic failures might be explained by an underlying irreversible neuropathic 

damage or disorder which can result in the persistence of BMS even after removal of 

precipitating factors.34 The remains of BMS patients are classified as “primary” BMS in 

whom it is not possible to identify clear etiological factors and who are, therefore, 

particularly difficult to manage and treatment.3 

 

1) Local factors 

As far as local factors are concerned, there is strong evidence for local nerve trauma, 

oral parafunctional habits, and salivary gland dysfunction. 

The observation of taste changes and / or dysfunctions in BMS has suggested that a 

peripheral nerve injury is associated with BMS because oral burning sensation exhibits 

similar patterns observed in some inflammatory neural conditions (neuritis) or regional 

nerve trauma (neuroma).35 In addition, some patients with taste dysfuction show a loss of 

inhibitory interactions between the central projection areas of the chorda tympani or 

glossopharyngeal taste nerves following peripheral injury to either nerve.36,37 

Several studies report that parafunctional habits are observed in patients with 

BMS.38,39 Parafunctional activity appears to be influenced by various exogenous factors, 

such as stressful life events, alcohol abuse, some personality characteristics, and psychiatric 
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or neurological pathologies.40 The parafunction (especially night bruxism) is probably the 

result of an interaction between the limbic system and the motor system, but the 

dopaminergic system might also be involved.41-43 

Decrease in salivary flow rate by radiation therapy, some systemic diseases, and 

various pharmacologic agents might play a role in the onset of this syndrome.44-46 Salivary 

dysfunction have reportedly been associated with increased incidence of BMS.47,48 It has 

been suggested that, in some cases, BMS results from either a reduction in salivary output 

(volume)38,49,50 or a decrease in the salivary components (glycoproteins) required for 

lubricating and protecting the oral mucosa.48,51 

 

2) Systemic factors 

Several systemic factors may influence the prevalence, development, and severity of 

BMS symptoms. The most significant systemic predisposing conditions for BMS are 

menopausal disorders, diabetes, and nutritional deficiencies. 

Approximately 90% of women who attend healthcare clinics for their BMS symptoms 

are peri/postmenopausal women.3 In an attempt to understand a possible explanation for 

this association, researchers examined several features of menopause in BMS women. The 

duration and the type (e.g., natural, surgical, etc.) of menopause as well as the treatment-

related features do not appear to play a pivotal role in either BMS development or 

severity.49 The most possible theory regards menopausal hormonal changes as a "master 

player" in BMS onset,52 although estrogen replacement therapy (ERT) does not relieve pain 

in many cases.53,54 The variable response to ERT treatment may be due to either the 

presence/absence of the expression of nuclear estrogen receptors in oral mucosa52 or the 

possible activation of reversible/irreversible neuropathic mechanism(s). 

The association between BMS and nutritional deficiencies has also been examined. 

Occasionally, BMS patients exhibit low levels of blood serum vitamins B1, B2, and B6,
55,56 

but a decrease in serum vitamin B12
57 is the most common finding in this subgroup of 

patients. Vitamin B complex replacement therapy, however, often proves ineffective for 

pain relief.55,56 Other minor findings of nutritional deficiency in BMS subjects may include 
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low levels of blood serum folic acid and iron,56 suggesting a possible role of some type of 

anemia in the pathogenesis of this syndrome.3 

The correlation between diabetes mellitus and BMS is still controversial. It has been 

suggested that type II diabetes mellitus plays a role in BMS development.38,58 In contrast, 

other studies report a lack of association between these two conditions.59-61 A possible 

explanation for this controversy may be that these diabetic patients were erroneously 

classified as BMS. In fact, at the time of the above studies, a lack of strict criteria for BMS 

diagnosis could have affected the selection of the patients. For instance, burning oral 

complaints in diabetic subjects, who are more prone to oral infections, are probably caused 

by oral candidiasis.62 However, the lack of data cannot exclude the possibility that the 

alteration of pain thresholds in this BMS subgroup is related to the neuropathy,63 which is a 

common complication in type II diabetes mellitus. 

 

3) Psychological factors 

Many BMS patients exhibit high levels of anxiety and depression as well as pain relief 

after suitable administrations of psychotropic drugs/medications such as anti-depressants or 

benzodiazepines.3 However, there is increasing controversy as to whether depression and 

anxiety are primary64 or secondary events51 to the oral pain. It is noteworthy that 

psychological dysfunctions are common within patients with different types of chronic pain 

conditions. No association has been found between BMS development and stressful life 

events, even in the cases with high levels of psychological distress.27 In addition, 

depression, anxiety, and somatic complaints subsequent to emotional/psychosocial stresses 

may be absent in BMS patients, and there may be only a few disruptions in their normal 

activities due to oral burning.65 Finally, BMS patients with psychological disorders 

frequently show other precipitating factors, such as masticatory muscular tensions, denture 

design errors, and parafunctional habits, all of which are strictly associated with anxiety 

and depression in these individuals.39,66 These findings do not seem to support the 

hypothesis that BMS is primarily a psychogenic disorder. On the contrary, they draw 

interest to an extensive psychogenic part of the pain in symptoms of BMS,67 which may 
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result from the patients' difficulty in coping with their suffering and/or emotional distress.68 

 

4) Neuropathic influences on BMS 

Taste changes and/or sensory dysfunctions have been observed in many BMS patients, 

suggesting neuropathic alterations in BMS.51,69 In the last decade, the neuropathic origin of 

BMS has been emphasized by findings suggesting that there is an underlying disorder of 

the autonomic innervations of the oral cavity in BMS patients. It has been documented, in 

fact, that BMS patients may show: (1) abnormal perception of intensities in the pre-pain 

range and disturbances in the perception of non-nociceptive and nociceptive thermal 

stimuli,70 (2) raised trigeminal nerve sensitivity and alterations in neuronal transmission,71 

and (3) disturbances of the mucosal neurovascular microcirculatory system.72 These 

findings suggest peripheral alterations in the function of the sensory trigeminal nervous 

system in BMS. In further support of these preliminary results, it should be noted that 

electrophysiological examination reveals an abnormal blink reflex (BR) in BMS subjects.73 

This reflex is under dopaminergic inhibitory control through the basal ganglia connection 

with the facial motor nuclei,74 and an abnormal blink reflex is also a common finding in 

extra-pyramidal disorders such as Parkinson's disease and facial dyskinesias.75,76 In these 

conditions, the abnormal reflex is thought to be due to a deficient dopaminergic striatal 

influence on the brainstem nuclei.77 These considerations, together with the very recent 

evidence of a decreased dopaminergic inhibition in BMS subjects by Fluordopa-Pet scans,74 

lead one to suggest that BMS is a disorder of the nigrostriatal dopaminergic system, which 

would primarily affect the regulation of nociception of the trigeminal system, and thus 

cause a loss of sensory inhibition. 

A more recent study provides further support for the hypothesis that a neuropathic 

dysfunction is involved in BMS.5 These investigators used quantitative sensory testing 

(QST) in addition to the BR recordings in a large group of BMS patients. This study is very 

important, because it is the first attempt to evaluate the peripheral and central neural 

pathways of the trigeminal system in a large group of BMS patients. There was 

considerable heterogeneity in the findings, with some patients showing signs of large-fiber 
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neuropathy, others of small-fiber neuropathy, and about one-fifth of the patients showing 

signs of increased excitability of the trigeminal system. In most patients, however, a link 

between the electrophysiological signs of sensory disturbance and an anatomical alteration 

was not possible and, furthermore, was not strictly confined to the site of the pain. Overall, 

the authors interpret their findings as suggestive of a generalized, possibly multilevel 

abnormality in the processing of somatosensory information in BMS, with 

electrophysiological evidence pointing to a peripheral neurogenic mechanism in the 

majority of patients. 

 

2. Biomarker research of BMS at present 

   

(1) Biomarker candidates for BMS research 

1) Cytokines 

Cytokines are closely associated with central neurotransmitters and cytokine 

regulation is affected by stress. A number of studies have investigated a possible role for 

cytokines in major psychiatric disorders78 and it has been implicated in the development of 

BMS.79-81 IL-2 is an immune regulator playing a major role in inflammatory reactions as 

well as in tumor control. During inflammation, IL-2 stimulates secretion of 

proinflammatory cytokines such as IL-1, TNF-α and TNF-β.82 IL-6 is a pleotropic cytokine 

that influences the antigen-specific immune responses and inflammatory reactions. 

Together with IL-1 and TNF-α (which also stimulate IL-6 secretion), IL-6 belongs to the 

group of main proinflammatory cytokines.83 

 

2) Serotonin 

The neurotransmitter serotonin (5-HT) plays an important role in the configuration of 

mood, emotion, cognition and motor functions. This monoamine is synthesized from its 

precursor tryptophan and metabolized to 5-hydroxyindoleacetic acid.84 Several findings on 

platelet/blood serotonin levels have been reported in various psychiatric, neurological, and 

immune system disorders.85,86 
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3) Immune proteins 

Soluble forms of innate immune associated proteins including CD14 and toll-like 

receptor-2 (TLR-2) have been reported in adult human saliva.87,88 CD14 and TLR-2 belong 

to a family of proteins called the pattern recognition receptors (PRR). The PRRs recognize 

conserved microbe/pathogen associated molecular patterns (M/PAMP) typically shared by a 

large group of microorganisms.89 CD14 is widely considered as a co-receptor for TLR-4 

mediated recognition of lipopolysaccharides of Gram negative bacteria.90 TLR-2 interacts 

with multiple M/PAMPs including peptidoglycans of the Gram positive bacterial and the 

lipopeptides of mycobacterial cell wall.91,92 CD14 has also been shown to associate with 

TLR-2 in recognizing specific MAMPS such as LPS of Porphyromonas gingivalis and a 

leucine-rich protein of Bacteroides forsythus.93,94 Oral epithelial cells stimulated via TLR-2 

and CD14 respond by secreting inflammatory cytokines such as IL-8.87,88 Identification of 

soluble forms of some TLRs is suggestive of additional levels of regulation in the processes 

of host microbial recognition and immune activation.88,95 

 

4) Salivary proteins 

The submandibular gland functions as an endocrine gland secreting several 

compounds such as glycosaminoglycans (GAG) [hyaluronic acid (HA) and chondroitin 

sulfate (CS)], several proteins and enzymes into the saliva as the glandular kallikrein.96 

Active kallikrein cleaves the high molecular weight kininogen (HK), resulting in a burst of 

active kinins release in the proximity of its receptors. These peptides are short-lived 

hormones that serve as key regulators of local blood pressure and inflammatory response 

by increasing intracellular Ca2+ levels, stimulating nitric oxide production, and enhancing 

prostaglandin biosynthesis. 

 

5) Neuropeptides 

It is becoming increasingly evident that periodontitis and indeed other orofacial 

inflammatory disorders maybe modulated by imbalances in certain neuropeptides. In 
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periodontitis affected subjects, levels of both substance P (SP) and neurokinin A (NKA) 

were significantly elevated in gingival crevicular fluid of disease-affected teeth compared 

with healthy sites. The role of neuropeptides in exerting a trophic effect on peripheral 

tissues is also worthy of mention. Such system has been proposed to act tonically so that 

normal sensory stimuli would produce a continuous outflow of sensory transmitters whose 

actions would maintain tissue integrity.97 

It is also important to note that nociceptive signals from periphery may be amplified or 

diminished during spinal processing, resulting in either central sensitization or 

desensitization, respectively. The stimulation of capsaicin-sensitive fibers [SP, calcitonin 

gene-related peptide (CGRP)] induce, on the one hand, an orthodromic noxious-sensory 

signal travelling toward cortical areas, and on the other hand, anaxoaxon reflex of primary 

sensory fibers which antidromically releases transmitters from peripheral terminals evoking 

a number of changes in peripheral substrates (neurogenic inflammation, gland secretion, 

smooth muscle contraction). Therefore, it has been claimed that capsaicin-sensitive 

neurotransmitters are implicated in the pathophysiology of local reactions accompanying 

painful conditions. Despite the presence of degrading enzymes, saliva appears to be fluid 

which seemingly being close enough to peripheral receptors for sensory neuropeptides, can 

offer an image of the peptides release by sensory endings, roughly mirroring the central 

release pattern. In fact, capsaicin-sensitive neuropeptides (SP, CGRP) have unique property 

in that impulses may travel orthodromically or antidromically: therefore the transmitter 

may be released in both central and peripheral neural endings.98 

A number of neuropeptides exert a biologic effect that may play a role in the clinical 

presentation of BMS. SP, NKA and CGRP for example all have active vasodilatory effects 

and the latter two play a direct role in pain. Furthermore they have attracted a considerable 

amount of attention in other pain syndromes including fibromyalgia and 

temporomandibular disorders.99 

Nerve growth factor (NGF), the prototypical member of neurotrophin family, is crucial 

for survival of nociceptive neurons during development and has been shown to play an 

important role in nociceptive function in adults.100-102 In addition to neuronal sensitization, 



10 

 

NGF directly interacts with some immune cell types. Mast cells (MC) are considered 

important components in the action of neuropeptides.103 There is strong evidence for 

functional interactions between MC and nerves in human oral mucosa.104 MC might play an 

important role in BMS tissue since, upon stimulation by neuropeptides, they release a 

number of mediators involved in inflammation and neuropathic pain (e.g. tryptase) as well 

as NGF itself.103,105-109 Furthermore, NGF and NGF-induced MC activation can lead to 

neutrophil accumulation which maybe critical for the sensitizing actions of NGF,110,111 but 

may also have an anti-inflammatory and anti-nociceptive role via calprotectin, capable of 

inhibiting inflammatory pain in mice.112 

 

6) Trace elements 

It was reported that serum copper (Cu) concentration in depressive patients was 

significantly higher (by 21%) compared with that in controls.113 Some studies suggested 

that magnesium (Mg) deficit occurs in patients with anxiety, depression and psychological 

complaints.114,115 Other study suggested that lower serum zinc (Zn) in depression is in part 

explained by lowered serum albumin and by another depression related mechanism.116 It is 

suggested that lower serum Zn in depression may be secondary to sequestration of 

metallothionein in the liver, which may be related to increased production of IL-6. 

 

(2) Blood biomarker research for BMS  

Xia et al.81 reported that there was no significant difference in serum IL-2 and IL-6 

between BMS patients with depression and without depression. Vucićević-Boras et al.117 

concluded that evaluation of tumor markers in patients with BMS was useless and in terms 

of cost-benefit the evaluation should not be performed in BMS patients. Chen et al.118 

showed that serum IL-6 in BMS patients was decreased and negatively correlated to pain 

level. Pekiner et al.119 reported that serum IL-2 and TNF-α levels were significantly 

decreased in BMS patients compared with controls. Loeb et al.120 revealed that serum 

serotonin level was decreased in BMS patients. Guimaraes et al.121 showed that IL-1β high 

production genotype was increased in BMS patients. 
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(3) Salivary biomarker research for BMS 

Simcic et al.80 showed that salivary IL-2 and IL-6 was increased and correlated to pain 

severity in BMS patients. Vucićević-Boras et al.79 concluded that there was no difference in 

salivary IL-6 and TNF-α between BMS patients and controls. Loeb et al.120 reported that 

chondroitin sulfate concentration was decreased and kallikrein activity was increased in 

saliva of BMS patients. Srinvasan et al.122 displayed that the level of soluble TLR-2 (sTLR-

2) was upregulated in saliva of BMS patients. Pekiner et al.123 exhibited that the level of 

Mg was decreased in saliva of BMS patients, although there was no difference in the level 

of Zn, Cu, IL-2 and IL-6 between BMS patients and controls. 

Zidverc-Traikovic et al.124 expressed that the level of CGRP was no difference in BMS 

patients in comparison to healthy subjects. Suh et al.125 showed that there was no difference 

in the salivary levels of IL-1β, IL-6, IL-8, and TNF-α between BMS patients and controls. 

Borelli et al.126 reported that NGF and tryptase activity was increased in saliva of BMS 

patients although the level of SP was decreased in saliva of BMS patients. 

 

3. Salivary biomarker research for BMS in the future 

 

(1) Importance of saliva as a diagnostic tool 

Saliva offers distinctive advantages over serum because it can be collected non-

invasively, repetitively, and by individuals with limited training. The correlation between 

saliva and plasma levels make saliva a valuable clinical tool. Furthermore, 

micromethodological and molecular biological advances over the past decades have 

enabled saliva to expand its usefulness in the diagnosis of disease, prediction of disease 

progression, monitoring of therapeutic drug levels and detection of illicit drugs.127-129 

 

(2) The dysregulation of sympathetic nerve and hypothalamic-pituitary-adrenal (HPA) axis 

in BMS 

Pain sensation, and modulation and control of autonomic output are integrated by a 
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central network that is critical for adaptation and survival. There are extensive interactions 

between the nociceptive and the autonomic systems at the levels of the central and 

peripheral nervous systems. Especially, it is well known that the change of sympathetic 

nerve function and HPA axis activity is closely related to chronic pain as headache, 

temporomandibular disorders and fibromyalgia.130 The fuction of sympathetic nerve system 

represents as the activity of epinephrine / norepinephrine and the activity of HPA axis 

represents as the level of serum cortisol concentration.  

It has been suggested that salivary α-amylase activity reflect the activity of 

sympathetic nerve system.131 The concentration of salivary cortisol is closely correlated 

with the concentration of serum cortisol and salivary cortisol appears to be a valid measure 

for HPA axis activity.132 

 

1) Relationship of sympathetic nerve system with BMS 

Among the pathophysiology of BMS, it was reported that BMS was caused by 

degenerations of peripheral nerves and the functional change of central nerve system.133 It 

seems that BMS is relative to the dysregulation of sympathetic nerve system likewise other 

chronic pain disorders. Accordingly, the further evaluation is mandatory about the 

possibility that the dysregulation of sympathetic nerve system represents as prognostic 

biomarker of BMS. 

 

2) Relationship of HPA axis with BMS 

Several studies revealed that high level of anxiety and depression correlated with BMS 

and chronic stress with long duration was related to BMS, suggesting that symptom and 

severity of BMS is related with the dysregulation of HPA axis.10,11 Accordingly, the further 

study is necessary about the possibility that the dysregulation of HPA axis represents as 

prognostic biomarker of BMS. 

 

(3) Dysregulation of sex steroid hormone in BMS 

It is well known that the levels of salivary steroid hormones are closely correlated with 
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free serum levels.127,128 The fact that chronic pain disorders generally affect women is 

applied to chronic pain disorders of orofacial region. Almost all patients with BMS are 

peri⁄postmenopausal women. It has been suggested that altered levels of female sex 

hormones in the peri⁄postmenopausal period may predispose women to BMS.3,8 

Accordingly, the further examination is essential about the relationship of the altered level 

of salivary sex hormone with the severity and intensity of BMS. 

 

(4) Dysregulation of neuroactive steroid in BMS 

The fact that the burning sensation is retricted to oral cavity is suggested that 

disturbances of local neuroactive steroids also play an important role in BMS. Neuroactive 

steroids may explain the restricted location of the symptoms: they are synthesized by 

nearby cells and are active through paracrine, autocrine, or intracrine activities either 

peripherally or in the brain. This has the advantage of limiting the steroid activity to the 

restricted body regions where the synthesizing cells are located and points to the site-

specific feature of neuroactive steroid action.134-138 It has been suggested that the possible 

precursors of local neuroactive steroids are DHEA and progesterone.7 Accordingly, the 

precise study is necessary about the relationship of dysregulation of neuroactive steroid in 

oral cavity with the severity and intensity of BMS. 

 

4. Future of BMS research 

BMS remains a fascinating, though poorly understood, condition in the field of oral 

medicine. Several evidence for the neuropathic change as BMS origin is emerging.3 Recent 

advances in the etiology, pathophysiology, and management of BMS have lead to an 

interest in finding diagnostic and prognostic BMS biomarkers.8-11 The anatomical proximity 

between saliva and the area of BMS symptoms and the importance of steroid hormones in 

the pathophysiology of BMS have resulted in the investigation of possible salivary 

biomarkers.7  

Research in this area, undertaken according to a variety of approaches, is needed. 

Thoughtful studies for a clear definition of the associations between BMS and systemic 
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disorders based on a uniform definition, strict diagnostic criteria, and proper patient 

selection are also essential. In addition, evidence involving the peripheral and/or central 

nervous system in BMS should be better documented and confirmed. A caring supportive 

attitude, a correct patient stratification, and an appropriate multidisciplinary approach will 

be the gold standards for a rational and beneficial application of current knowledge. 

 

 

III. MATERIALS AND METHODS 

 

1. Participants 

Patients were consecutively recruited among female patients who visited the 

Department of Oral Medicine, Seoul National University Dental Hospital, with a complaint 

of burning or painful sensation in the mouth without any visible causative signs. Thirty 

consecutive female patients with BMS (mean age: 54.5 ± 6.3 years) were included in this 

study. All were not smokers. Twenty female volunteers without burning mouth symptoms 

(mean age: 70.6 ± 5.7 years) were recruited from social welfare facilities and served as a 

control group. Exclusion criteria included smoking, oral mucosal pain or diseases, history 

of treatments for cancer, uncontrolled diabetes, history of taking psychiatric and⁄or 

neurologic medications or antihistamines during the past 3 months, and inability to 

communicate. Clinical evaluation procedures for the control group included oral 

examination and collection of saliva samples. The research protocol was approved by the 

Institutional Review Board of the University Hospital (#CRI10032). 

 

2. Clinical evaluation 

 Clinical evaluation procedures for the patient group included oral examination, 

interview, panoramic radiography, a questionnaire, a simplified psychological evaluation 

(symptom checklist-90-revision, SCL-90-R), blood tests, and a measurement of salivary 

flow rate. The questionnaire was used to evaluate subjective symptoms and included 

questions about the duration of suffering, area of symptoms, type of discomfort (burning, 
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aching, stinging, itching, numbness, bad taste, taste alteration, xerostomia, and sore throat), 

and the effect of oral complaints on daily life (Eff-life). The question - How much do your 

oral symptoms interfere with your daily life? was asked for the evaluation of Eff-life. The 

intensities of oral complaints and Eff-life were measured using a visual analog scale (VAS) 

(0–10 cm, with 10 cm meaning the worst possible). 

 

3. Blood tests 

Blood tests were performed to exclude patients with other possible systemic causes of 

intraoral burning pain or abnormal oral sensation such as anemia, uncontrolled diabetes, 

and vitamin B12 deficiency. The tests included complete blood counts with leukocyte 

differential counts, erythrocyte sedimentation rate, blood glucose, liver function tests [total 

protein, albumin, total bilirubin, alkaline phosphatase, aspartate transaminase (AST), 

alanine transaminase (ALT), and cholesterol], kidney function tests [blood urea nitrogen 

(BUN) and creatinine], thyroid function tests [triiodothyronine (T3), free thyroxine (T4), 

and thyroid stimulating hormone (TSH)], calcium, phosphorus, ferritin, vitamin B12, and 

folate levels. 

 

4. Psychological evaluation 

The SCL-90-R was used to evaluate the psychological characteristics of patients. The 

SCL-90-R is a 90-item self-report measure that has been used to assess psychological 

symptoms; it comprises nine symptom dimensions, including somatization, obsessive-

compulsive, interpersonal sensitivity, anxiety, depression, hostility, phobic anxiety, 

paranoid ideation, and psychoticism, and three global indices of functioning, including 

global severity index (GSI), positive symptom distress index (PSDI), and positive symptom 

total (PST).139 The GSI is the average score of the 90 items of the questionnaire and is 

suggested to be the best single indicator of the current level of the disorder. The PST is the 

number of items scored above zero. The PSDI is the average score of the items scored 

above zero.  
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5. Measurement of stimulated and unstimulated whole salivary flow rates 

Saliva was collected by a standardized reproducible method. Briefly, samples were 

collected from the subjects between 09:00 and 11:00 a.m., to minimize diurnal variability. 

All subjects abstained from eating and drinking for 2 h prior to the measurement of salivary 

flow rate. Unstimulated whole saliva (UWS) was collected for 10 min by the spitting 

method. Stimulated whole saliva (SWS) was collected for 5 min by habitual chewing of 1 g 

of gum base. SWS collected during the first 2 min was discarded. SWS could not be 

collected from four subjects (two in controls and two in patients) who were unable to chew 

the gum base because of the loss of posterior teeth. The flow rate of whole saliva was 

expressed as millilitre per minute. Each saliva sample was collected into a sterile tube and 

centrifuged at 4000×g for 20 min to remove any cellular debris. The aliquots of the clarified 

supernatants were stored at -70°C for the experiments. 

 

6. Determination of blood contamination in saliva samples 

To determine blood contamination of saliva samples, a salivary blood contamination 

enzyme immunoassay kit (Salimetrics, State College, PA, USA), which measures the level 

of transferring in saliva samples, was used. The assay was duplicated, and data were 

averaged. Subjects having the levels of blood contamination >1.0 ml/dl in SWS were 

excluded.140 In the case of UWS, a level of 2.0 ml/dl was used as a guideline because of 

relatively high levels of blood contamination in UWS. 

 

7. Analysis of salivary cortisol, 17β-estradiol, progesterone, DHEA, and α-amylase 

The concentrations of cortisol, 17β-estradiol, progesterone, and DHEA were analyzed 

from UWS and SWS using enzyme immunoassay kits (Salimetrics). The enzymatic activity 

of α-amylase from UWS and SWS was determined using a salivary α-amylase assay kit 

(Salimetrics), which utilizes a chromogenic substrate, 2-chlorop-nitrophenol, linked to 

maltotriose. All assays were duplicated, and data were averaged. For the duplicated assays 

of all six items including blood contamination, at least 0.64 ml of saliva sample was needed. 

In the case of shortage of sample amount owing to a very low salivary flow rate, the 
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experiments were performed in the order of blood contamination, α-amylase, cortisol, 

DHEA, progesterone, and 17β-estradiol. 

 

8. Treatment protocol 

The flowchart of patient treatment is illustrated in Figure 1. At the first visit, an oral 

examination, panoramic radiography, and blood test were performed on each patient, and 

the questionnaire was provided to the patients. At the second appointment, scheduled in the 

morning, the salivary flow rate was measured, the SCL-90-R was administered, and the 

questionnaire was checked by the staff to ensure the completion of any omitted sections. 

Patients were then interviewed by one doctor (HSK) and received an explanation regarding 

the possible etiology and management strategies for BMS. All patients were provided with 

the initial treatment with the application of topical lubricant and parafunctional habit 

control.141,142 Twenty four patients were re-evaluated using the same questionnaire after 2–4 

weeks, and seventeen patients who did not respond to the initial approach were 

administered clonazepam therapy (0.5 mg clonazepam nightly). If unwanted side effects (in 

particular, severe drowsiness and⁄or dizziness) occurred, patients were instructed to take 

half of a tablet. In this study, three patients experienced unwanted side effects and took half 

of a tablet. Changes in subjective symptoms were also evaluated after 2–4 weeks using the 

same questionnaire for the assessment of the efficacy of clonazepam therapy. 

 

9. Statistics 

The Kolmogorov–Smirnov normality test was applied to our data. Because the data 

were not normally distributed, non-parametric tests were used in this study. The Mann–

Whitney U-test or Wilcoxon signed rank test was used to determine whether differences 

existed between or within the groups, respectively. The Spearman correlation analysis was 

used to determine relationships between the variables. 
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IV. RESULTS 

 

1. Assessment of BMS questionnaire 

To allow for homogeneous grouping of patients with BMS, two non-menopausal 

patients were excluded from the analyses. Most of the patients (n = 26, 92.9%) complained 

of oral burning sensations, one patient complained of aching pain, and one patient 

complained of dysesthesia. The mean duration of oral discomfort was 27.9 months (range 

2–180 months). The severity (VAS) of burning pain was 6.86 ± 2.23, and the effect of 

oral complaints on daily life (Eff-life) was 5.11 ± 2.75. Besides the burning sensation in 

the oral mucosa, some of the patients reported xerostomia (n = 17, 60.7%) and taste 

disturbance (n = 18, 64.3%). All the patients complained of a certain discomfort in the 

tongue area, especially on the tip and lateral borders of the tongue. Some of the patients 

reported discomfort elsewhere in the oral cavity (lip, n = 6, 21.4%; gingiva ⁄ alveolar 

mucosa, n = 5, 17.9%; palate, n = 5, 17.9%). 

Among 28 patients, 22 had history of previous treatments for their burning symptoms. 

Thirteen patients visited otolaryngology and received various medications including 

clonazepam, gabapentin, corticosteroids, and gargles. Six visited physicians and received 

hypnotics or sedatives. Two visited psychiatry and one visited neurology. They also 

received hypnotics or sedatives. Five visited oriental medicine doctors and received oriental 

medicines. One visited gynecology and received consultation. Two visited other oral 

medicine clinics, and one received antifungal medications. One visited oral surgery and 

received analgesics. Six visited general dental practitioners and received consultation. 

 

2. Comparison between the age-matched patient and control groups 

Two patients who were not menopausal and five control subjects showing high blood 

contamination (≥2.0 mg/dl) in their saliva samples were excluded from analyses, and then, 

28 patients (58.8 ± 7.8 years) and fifteen control subjects (68.1 ± 2.3 years) were 

included the analyses. Among all 43 subjects, the levels of all six analytes including blood 
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contamination in UWS were significantly correlated with those of SWS (rs = 0.467–0.858). 

The levels of 17β-estradiol (rs = -0.360, P < 0.05), progesterone (rs = -0.730, P < 0.01), and 

DHEA (rs = -0.529, P < 0.01) in UWS were significantly correlated with age. 

For the age-matched comparison between patient and control groups, 28 patients were 

divided into two groups according to their ages, the older (≥60 years, mean age: 65.7 ± 

4.9 years) and younger (<60 years, mean age: 52.5 ± 2.7 years) groups. Then, fifteen 

control subjects were compared with the older patient group. The salivary flow rate of 

UWS was significantly lower in the patient group than in the controls (P < 0.01). The 

patient group also showed a significantly higher levels of cortisol in UWS (P < 0.05) and of 

17β-estradiol in SWS (P < 0.05) (Table 1). 

 

3. Comparison between older and younger patients 

The differences in salivary flow rate and levels of salivary steroids and α-amylase 

between the older and younger patients with BMS were shown in Table 2. Although the 

older group had low salivary flow rates and high blood contamination levels in UWS, there 

were no significant differences. The older group showed a significantly lower level of 

progesterone in UWS (P < 0.05). The levels of progesterone (rs = -0.581, P < 0.01) and 

DHEA (rs = -0.469, P < 0.05) in UWS were significantly correlated with age. 

 

4. Relationships among the symptoms, the SCL-90-R results, and the levels of salivary 

analytes of patients 

The severity of burning pain or Eff-life showed no significant correlations with the 

levels of salivary cortisol, 17β-estradiol, progesterone, DHEA, and α-amylase activity. 

There were no significant correlations between the symptom dimensions and global scales 

of SCL-90-R and the levels of salivary analytes. The severity of burning pain or Eff-life 

showed no significant correlations with the results of SCL-90-R (data not shown). 

 

5. Relationships between the levels of salivary analytes and treatment efficacy in the 

patient group 
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The severity of initial symptoms and changes in symptoms in the patients following 

the treatments are shown in Table 3. The severity of burning symptoms decreased 

significantly following the initial treatment and⁄or clonazepam therapy. The symptom  

severity was higher in the patients who did not respond to the initial treatment. 

There were no significant correlations (rs = -0.192-0.307 in burning, rs = -0.278-0.263 

in Eff-life) between the treatment efficacy (decreases of VAS in burning and Eff-life) 

following the initial treatment and the levels of salivary cortisol, 17β-estradiol, 

progesterone, DHEA, and α-amylase activity. There were also no significant correlations (rs 

= -0.385-0.438 in burning, rs = -0.331-0.336 in Eff-life) between the treatment efficacy 

following the clonazepam therapy and the levels of salivary analytes. 

 

 

V. DISCUSSION 

 

I investigated differences in the levels of salivary cortisol, 17β-estradiol, progesterone, 

DHEA, and α-amylase activity between patients with BMS and controls and found that the 

levels of cortisol in UWS and of 17β-estradiol in SWS were significantly higher in patients 

with BMS. However, the levels of salivary analytes examined could not be predictors of 

treatment outcome. To the best of our knowledge, this is the first study to consider the level 

of blood contamination in saliva samples when investigating steroid hormones and α-

amylase in patients with BMS. The gingival tissues in the oral cavity usually have certain 

levels of inflammation, especially in older persons, and therefore, saliva samples usually 

contain blood contamination. Considering the very big differences in the levels of analytes 

between blood and saliva, it is very important to exclude saliva samples containing high 

levels of blood contamination to obtain right answers to the raised hypotheses. In fact, the 

levels of total protein and pro-inflammatory cytokines in saliva samples are highly 

correlated with the levels of blood contamination.125 

Patients with BMS usually report higher levels of psychosocial stress and show 
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significantly more symptoms of depression and anxiety than controls.65,143 It is clear that 

chronic stress and posttraumatic stress disorders, anxiety, and major depression can induce 

dysfunction of the HPA axis.7 However, the results of previous studies concerning the level 

of salivary cortisol in patients with BMS are contradictory. It has been suggested that 

higher anxiety and salivary cortisol levels are positively associated with the presence of 

BMS.10 The results of another study suggested that salivary cortisol levels are not different 

between patients with BMS and controls, and salivary cortisol levels were found not to be 

associated with psychosocial stress as measured by the Hospital Anxiety and Depression 

Scale or the Oral Health Impact Profile quality of life score.144 These both previous studies 

did not consider blood contamination of their saliva samples, and the subjects in the latter 

study were not gender-matched between patients and controls and included male subjects. 

In fact, after the period of prolonged stress, the factors activating the HPA axis disappeared, 

but negative feedback suppression of the HPA axis could have persisted and contributed to 

the reduced cortisol awakening response.7,145,146 Even though saliva collection was 

performed between 09:00 and 11:00 a.m. in the present study, the subjects might be at 

different points in the circadian rhythm of cortisol secretion according to how long after 

waking up or having sleeping difficulties, which might be related to a large variability of 

cortisol levels. Despite such complex mechanisms of the HPA axis, our results showed that 

the level of salivary cortisol is higher in patients with BMS. Further investigations are 

needed to explain how dysregulation of the HPA axis is involved during the chronic course 

of BMS pathogenesis. 

The possible role of local neuroactive steroids such as DHEA and progesterone in the 

pathophysiology of BMS has been suggested because of the very restricted location of the 

burning sensation in the body.7 The hypothesis was the occurrence of BMS at the time of 

menopause in women with chronic stress⁄anxiety disorders was attributed to a fall in 

gonadal steroids levels concomitantly with a change in adrenal steroid regulation including 

precursors for neuroactive steroids.7 

A decreased level of morning salivary DHEA in patients with BMS has been reported.11 

Changes in DHEA in certain diseases or under certain conditions have been explained by its 
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multifunctional aspects. DHEA could produce neuronal excitability and could increase 

sensitivity to pain.147 In contrast, DHEA could exhibit anxiolytic and antidepressive 

effects.148,149 The decreased level of salivary DHEA in patients with BMS could thus be 

accounted for in two ways. The reduction in DHEA could represent an adaptive response to 

the disorders or could be responsible for aggravation and perpetuation of the symptoms.11 

Contrary to the previous study,11 the levels of DHEA were higher in our study, although not 

significantly, in both UWS and SWS in patients with BMS compared with age-matched 

controls. The increase in salivary DHEA in our study is supported by considering that the 

main secretagogue for DHEA is ACTH, and DHEA is secreted synchronously with 

cortisol.146,150 

Almost all patients with BMS are peri⁄postmenopausal women. Several lines of 

evidence have suggested that altered levels of female sex hormones may predispose women 

to BMS.3 A higher level of follicular stimulating hormone and a lower level of estradiol 

have been reported in blood analyses of patients with BMS compared with controls,8 but 

the salivary levels of female sex hormones have not been reported in patients with BMS. In 

this study, the level of 17β-estradiol in SWS was found to be significantly higher in patients 

with BMS. The levels of 17β-estradiol in UWS and of progesterone in both UWS and SWS 

were also higher in patients with BMS, although the differences were not significant. 

Although these results were inconsistent with previous results using blood,8 possible 

different adaptive responses of each patient with BMS or possible differences between 

systemic and local environments could explain our results. In fact, DHEA could be a 

precursor for sex hormones.151 

In addition to the long-term dysfunction of the HPA axis and its effects on neural tissues, 

dysregulation of the sympathetic nervous system can also occur in the presence of chronic 

stress.7 For instance, hypocortisolism in patients with stress-related chronic disorders is 

associated with a hyperactive sympathetic nervous system producing increased 

catecholamine levels.152 Salivary α-amylase activity has received increasing attention as a 

stress marker of the sympathetic nervous system.24,25 One previous study reported elevated  

salivary α-amylase levels in patients with oral sensory complains and suggested a 
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relationship between high levels of α-amylase  and increased warm thresholds in patients.9 

However, we did not find any significant differences in the enzymatic activity of α-amylase 

in both UWS and SWS between patients with BMS and controls. 

Most patients with BMS suffer from chronic pain conditions and experience diminished 

quality of life. Many patients spend lots of time visiting clinicians in diverse specialties. 

Clinicians usually attempt various treatments including medications and behavioral 

therapies, but there is no single treatment modality or medication that is effective for most 

patients with BMS. As a result, clinicians are usually faced with difficulties when selecting 

treatment options and predicting treatment efficacy. It is therefore critical to identify an 

effective mode of treatment and to find factors for prognosis prediction.20 We have reported 

clinical outcome predictors in previous studies.20,142 The psychological status and initial 

symptom severity were outcome predictors for the initial treatment and⁄or clonazepam 

therapy in patients with BMS. However, in this study, we were unable to identify salivary 

markers related to treatment outcome in patients with BMS. There were no significant 

correlations among the symptom severity, the symptom dimensions and global scales of 

SCL-90-R, and the levels of salivary analytes in patients with BMS. However, our results 

showed that the levels of all salivary analytes were increased, although not always 

significantly, in patients with BMS, indicating that dysregulations of the HPA axis and 

gonadal steroids are involved in the pathogenesis of BMS. 

 

 

VI. CONCLUSIONS 

 

BMS is characterized by a painful burning sensation or other dysesthesias of the oral 

mucosa, with no visible mucosal abnormalities upon clinical examination, so that seriously 

exacerbates quality of life. The anatomical proximity between saliva and the area of BMS 

symptoms and the importance of steroid hormones in the pathophysiology of BMS have 

resulted in the investigation of possible salivary biomarkers. The aim of this study was to 

investigate salivary cortisol, 17β-estradiol, progesterone, DHEA and α-amylase levels in 
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patients with BMS compared with controls and to investigate whether these levels could be 

predictors for treatment outcome in patients with BMS. Thirty female patients with BMS 

and twenty female control subjects were included. UWS and SWS samples were collected, 

and their flow rates were determined. Salivary levels of cortisol, 17β-estradiol, 

progesterone and DHEA were analyzed using enzyme immunoassay kits. The enzymatic 

activity of α-amylase was determined using maltotriose as a substrate. Salivary transferrin 

level was measured to determine the level of blood contamination in saliva samples. SCL-

90-R was used for psychological characteristics of patients with BMS. Treatment protocols 

of patients with BMS included control of parafunctional habits, use of artificial saliva, and 

clonazepam medication. 

 

 

The obtained results were as follows: 

 

1. The patient group showed significantly higher levels of cortisol in UWS (P < 0.05) 

and of 17β-estradiol in SWS (P < 0.05). 

 

2. When the patients were divided into older (≥60 years) and younger (<60 years) 

groups, the older group showed a significantly lower level of progesterone in UWS (P < 

0.05). 

 

3. There was no significant correlation between all scales of SCL-90-R and the levels of 

salivary analytes. 

 

4. There was no significant correlation between the treatment efficacy and the levels of 

salivary analytes. 

 

 

In conclusion, patients with BMS had significantly higher levels of cortisol in UWS and 
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of 17β-estradiol in SWS. These indicate that dysregulations of the HPA axis and gonadal 

steroids are involved in the pathogenesis of BMS. 

 



26 

 

REFERENCES 

 

1. Bergdahl M, Bergdahl J. Burning mouth syndrome: prevalence and associated factors. J 

Oral Pathol Med 1999;28:350–354. 

 

2. Grushka M, Epstein JB, Gorsky M. Burning mouth syndrome. Am Fam Physician 

2002;65:615–620. 

 

3. Scala A, Checchi L, Montevecchi M, Marini I, Giamberardino MA. Update on burning 

mouth syndrome: overview and patient management. Crit Rev Oral Biol Med 2003;14:275-

291. 

 

4. Patton LL, Siegel MA, Benoliel R, De Laat A. Management of burning mouth syndrome: 

systematic review and management recommendations. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod 2007;103(Suppl. S39):e1–e13. 

 

5. Forssell H, Jaaskelainen S, Tenovuo O, Hinkka S. Sensory dysfunction in burning mouth 

syndrome. Pain 2002;99:41-47. 

 

6. Lauria G, Majorana A, Borgna M, Lombardi R, Penza P, Padovani A, Sapelli P. 

Trigeminal small-fiber sensory neuropathy causes burning mouth syndrome. Pain 

2005;115:332-337. 

 

7. Woda A, Dao T, Gremeau-Richard C. Steroid dysregulation and stomatodynia (burning 

mouth syndrome). J Orofac Pain 2009;23:202–210. 

 

8. Gao J, Chen L, Zhou J, Peng J. A case - control study on etiological factors involved in 

patients with burning mouth syndrome. J Oral Pathol Med 2009;38:24–28. 



27 

 

 

9. Granot M, Nagler RM. Association between regional idiopathic neuropathy and salivary 

involvement as the possible mechanism for oral sensory complaints. J Pain 2005;6:581–587. 

 

10. Amenábar JM, Pawlowski J, Hilgert JB et al. Anxiety and salivary cortisol levels in 

patients with burning mouth syndrome: case-control study. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod 2008;105:460–465. 

 

11. Dias Fernandes CS, Salum FG, Bandeira D, Pawlowski J, Luz C, Cherubini K. Salivary 

dehydroepiandrosterone (DHEA) levels in patients with the complaint of burning mouth: a 

case-control study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2009;108:537–543. 

 

12. Hellhammer DH, Wüst S, Kudielka BM. Salivary cortisol as a biomarker in stress 

research. Psychoneuroendocrinology 2009;34:163–171. 

 

13. Grushka M, Kawalec J, Epstein JB. Burning mouth syndrome: evolving concepts. Oral 

Maxillofac Surg Clin North Am 2000;12:287–295. 

 

14. Mignogna MD, Pollio A, Fortuna G et al. Unexplained somatic comorbidities in 

patients with burning mouth syndrome: a controlled clinical study. J Orofac Pain 

2011;25:131–140. 

 

15. Grushka M, Epstein J, Mott A. An open-label, dose escalation pilot study of the effect 

of clonazepam in burning mouth syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol 

Endod 1998;86:557–561. 

 

16. Woda A, Navez ML, Picard P, Gremeau C, Pichard-Leandri E. A possible therapeutic 

solution for stomatodynia (burning mouth syndrome). J Orofac Pain 1998;12:272–278. 



28 

 

 

17. Gremeau-Richard C, Woda A, Navez ML et al. Topical clonazepam in stomatodynia: a 

randomized placebo controlled study. Pain 2004;108: 51–57. 

 

18. Amos K, Yeoh SC, Farah CS. Combined topical and systemic clonazepam therapy for 

the management of burning mouth syndrome: a retrospective pilot study. J Orofac Pain 

2011;25:125–130. 

 

19. Gremeau-Richard C, Dubray C, Aublet-Cuvelier B, Ughetto S, Woda A. Effect of 

lingual nerve block on burning mouth syndrome (stomatodynia): a randomized crossover 

trial. Pain 2010;149:27–32. 

 

20. Ko JY, Kim MJ, Lee SG, Kho HS. Outcome predictors affecting the efficacy of 

clonazepam therapy for the management of burning mouth syndrome (BMS). Arch 

Gerontol Geriatr 2012;55:755-761. 

 

21. Zakrzewska JM, Forssell H, Glenny AM. Interventions for the treatment of burning 

mouth syndrome: a systematic review. J Orofac Pain 2003;17:293–300. 

 

22. Kaufman E, Lamster IB. The diagnostic applications of saliva - a review. Crit Rev Oral 

Biol Med 2002;13:197–212. 

 

23. Streckfus CF, Bigler LR. Saliva as a diagnostic fluid. Oral Dis 2002;8:69–76. 

 

24. Rohleder N, Wolf JM, Maldonado EF, Kirschbaum C. The psychosocial stress-induced 

increase in salivary alpha amylase is independent of saliva flow rate. Psychophysiology 

2006;43:645–652. 

 



29 

 

25. Nater UM, Rohleder N. Salivary alpha-amylase as a non-invasive biomarker for the 

sympathetic nervous system. Psychoneuroendocrinology 2009;34:486–496. 

 

26. Woda A, Pionchon P. A unified concept of idiopathic orofacial pain: clinical features. J 

Orofac Pain 1999;13:172-184;discussion 185-195. 

 

27. Eli I, Kleinhauz M, Baht R, Littner M. Antecedents of burning mouth syndrome 

(glossodynia) - recent life events vs. psychopathologic aspects. J Dent Res 1994;73:567-

572. 

 

28. Jääskeläinen SK. Pathophysiology of primary burning mouth syndrome. Clin 

Neurophysiol 2012;123:71-77 

 

29. Bergdahl J, Anneroth G. Burning mouth syndrome: literature review and model for 

research and management. J Oral Pathol Med 1993;22:433-438. 

 

30. Ship JA, Grushka M, Lipton JA, Mott AE, Sessle BJ, Dionne RA. Burning mouth 

syndrome: an update. J Am Dent Assoc 1995;126:842-853. 

 

31. Zakrzewska JM. The burning mouth syndrome remains an enigma. Pain 1995;62:253-

257. 

 

32. Cibirka RM, Nelson SK, Lefebvre CA. Burning mouth syndrome: a review of 

etiologies. J Prosthet Dent 1997;78:93-97. 

 

33. Muzyka BC, De Rossi SS. A review of burning mouth syndrome. Cutis 1999;64:29-35. 

 

34. Jääskeläinen SK, Rinne JO, Forssell H, Tenovuo O, Kaasinen V, Sonninen P et al. Role 



30 

 

of the dopaminergic system in chronic pain - a fluorodopa-PET study. Pain 2001;90:257-

260. 

 

35. Grushka M, Epstein J. Burning Mouth Syndrome. World Workshop on Oral Medicine 

III. Section 3: Orofacial pain, Aug 1-5, 1998. Chicago, USA. 

 

36. Lehman C, Bartoshuk L, Catalanotto F, Kveton J, Lowlicht R. Effect of anesthesia of 

the chorda tympani nerve on taste perception in humans. Physiol Behav 1995;57:943-951. 

 

37. Bartoshuk LM, Duffy VB, Reed D, Williams A. Supertasting, earaches and head injury: 

genetics and pathology alter our taste worlds. Neurosci Biobehav Rev 1996;20:79-87. 

 

38. Lamey PJ, Lamb AB. Prospective study of aetiological factors in burning mouth 

syndrome. Br Med J (Clin Res Ed) 1988;296:1243-1246. 

 

39. Paterson AJ, Lamb AB, Clifford TJ, Lamey PJ. Burning mouth syndrome: the 

relationship between the HAD scale and parafunctional habits. J Oral Pathol Med 

1995;24:289-292. 

 

40. Levigne G, Montplaisir J. Bruxism. Epidemiology, diagnosis, pathophysiology, and 

pharmacology. In: Orofacial pain and temporomandibular disorders. Advances in pain 

research and therapy. Vol. 21. Fricton J, Dubner R, editors. New York: Raven Press, 1995. 

pp. 387-404. 

 

41. Kydd W, Daly C. Duration of nocturnal tooth contacts during bruxing. J Prosthet Dent 

1985;53:717-721. 

 

42. Okeson J, Phillips BA, Berry DT. Nocturnal bruxing events: a report of normative data 



31 

 

and cardiovascular response. J Oral Rehabil 1994;21:623-630. 

 

43. Gomez F, Giralt MT, Sainz B, Arrue A, Prieto M, Garcia-Vallejo P. A possible 

attenuation of stress-induced increases in striatal dopamine metabolism by the expression 

of non-functional masticatory activity in the rat. Eur J Oral Sci 1999;107:461-467. 

 

44. Niedermeier W, Huber M, Fischer D, Beier K, Muller N, Schuler R, et al. Significance 

of saliva for the denture-wearing population. Gerodontology 2000;17:104-118. 

 

45. Glass BJ. Drug-induced xerostomia as a cause of glossodynia. Ear Nose Throat J 

1989;68:776, 779-781. 

 

46. Astor FC, Hanft KL, Ciocon JO. Xerostomia: a prevalent condition in the elderly. Ear 

Nose Throat J 1999;78:476-479. 

 

47. Main DM, Basker RM. Patients complaining of a burning mouth. Further experience in 

clinical assessment and management. Br Dent J 1983;154:206-211. 

 

48. Jensen JL, Barkvoll P. Clinical implications of the dry mouth. Oral mucosal diseases. 

Ann NY Acad Sci 1998;842:156-162. 

 

49. Grushka M. Clinical features of burning mouth syndrome. Oral Surg Oral Med Oral 

Pathol 1987;63:30-36. 

 

50. Gorsky M, Silverman S Jr, Chinn H. Clinical characteristics and management outcome 

in the burning mouth syndrome. An open study of 130 patients. Oral Surg Oral Med Oral 

Pathol 1991;72:192-195. 

 



32 

 

51. Grushka M, Sessle BJ. Burning mouth syndrome. Dent Clin North Am 1991;35:171-

184. 

 

52. Forabosco A, Criscuolo M, Coukos G, Uccelli E, Weinstein R, Spinato S, et al.. Efficacy 

of hormone replacement therapy in postmenopausal women with oral discomfort. Oral Surg 

Oral Med Oral Pathol 1992;73:570-574. 

 

53. Basker RM, Sturdee DW, Davenport JC. Patients with burning mouths. A clinical 

investigation of causative factors, including the climacteric and diabetes. Br Dent J 

1978;145:9-16. 

 

54. Wardrop RW, Hailes J, Burger H, Reade PC. Oral discomfort at menopause. Oral Surg 

Oral Med Oral Pathol 1989;67:535-540. 

 

55. Hugoson A, Thorstensson B. Vitamin B status and response to replacement therapy in 

patients with burning mouth syndrome. Acta Odontol Scand 1991;49:367-375. 

 

56. Dutree-Meulenberg RO, Kozel MM, van Joost T. Burning mouth syndrome: a possible 

etiologic role for local contact hypersensitivity. J Am Acad Dermatol 1992;26:935-940. 

 

57. Vucicevic-Boras V, Topic B, Cekic-Arambasin A, Zadro R, Stavljenic-Rukavina A. 

Lack of association between burning mouth syndrome and hematinic deficiencies. Eur J 

Med Res 2001;6:409-412. 

 

58. Brody HA, Prendergast JJ, Silverman S Jr. The relationship between oral symptoms, 

insulin release, and glucose intolerance. Oral Surg Oral Med Oral Pathol 1971;31:777-782. 

 

59. Mott AE, Grushka M, Sessle BJ. Diagnosis and management of taste disorders and 



33 

 

burning mouth syndrome. Dent Clin North Am 1993;37:33-71. 

 

60. Lamey PJ, Lewis MA. Oral medicine in practice: burning mouth syndrome. Br Dent J 

1989;167:197-200. 

 

61. Lamey PJ, Lamb AB. Lip component of burning mouth syndrome. Oral Surg Oral Med 

Oral Pathol 1994;78:590-593. 

 

62. Tourne LP, Fricton JR. Burning mouth syndrome. Critical review and proposed clinical 

management. Oral Surg Oral Med Oral Pathol 1992;74:158-167. 

 

63. Carrington J, Getter L, Brown RS. Diabetic neuropathy masquerading as glossodynia. J 

Am Dent Assoc 2001;132:1549-1551. 

 

64. Pokupec-Gruden JS, Cekic-Arambasin A, Gruden V. Psychogenic factors in the 

aetiology of stomatopyrosis. Coll Antropol 2000;24(Suppl 1):119-126. 

 

65. Carlson CR, Miller CS, Reid KI. Psychosocial profiles of patients with burning mouth 

syndrome. J Orofac Pain 2000;14:59–64. 

 

66. Svensson P, Kaaber S. General health factors and denture function in patients with 

burning mouth syndrome and matched control subjects. J Oral Rehabil 1995;22:887-895. 

 

67. Nicholson M, Wilkinson G, Field E, Longman L, Fitzgerald B. A pilot study: stability of 

psychiatric diagnoses over 6 months in burning mouth syndrome. J Psychosom Res 

2000;49:1-2. 

 

68. Jerlang BB. Burning mouth syndrome (BMS) and the concept of alexithymia—a 



34 

 

preliminary study. J Oral Pathol Med 1997;26:249-253. 

 

69. Grushka M, Sessle BJ, Howley TP. Psychophysical assessment of tactile, pain and 

thermal sensory functions in burning mouth syndrome. Pain 1987;28:169-184. 

 

70. Svensson P, Bjerring P, Arendt-Nielsen L, Kaaber S. Sensory and pain thresholds to 

orofacial argon laser stimulation in patients with chronic burning mouth syndrome. Clin J 

Pain 1993;9:207-215. 

 

71. Gao S, Wang Y, Wang Z. Assessment of trigeminal somatosensory evoked potentials in 

burning mouth syndrome. Chin J Dent Res 2000;3:40-46. 

 

72. Heckmann SM, Heckmann JG, Hilz MJ et al. Oral mucosal blood flow in patients with 

burning mouth syndrome. Pain 2001;90:281-286. 

 

73. Jaaskelainen SK, Forssell H, Tenovuo O. Abnormalities of the blink reflex in burning 

mouth syndrome. Pain 1997;73:455-460. 

 

74. Jaaskelainen SK, Rinne JO, Forssell H, Tenovuo O, Kaasinen V, Sonninen P, et al.. Role 

of the dopaminergic system in chronic pain - a fluorodopa-PET study. Pain 2001;90:257-

260. 

 

75. Kimura J. Disorder of interneurons in Parkinsonism. The orbicularis oculi reflex to 

paired stimuli. Brain 1973;96:87-96. 

 

76. Berardelli A, Rothwell JC, Day BL, Marsden CD. Pathophysiology of blepharospasm 

and oromandibular dystonia. Brain 1985;108:593-608. 

 



35 

 

77. Evinger C, Basso M, Manning K, Sibony P, Pellegrini J, Horn A. A role for the basal 

ganglia in nicotinic modulation of the blink reflex. Exp Brain Res 1993;92:507-515. 

 

78. Kronfol Z, Remick DG. Cytokines and the brain: implications for clinical psychiatry. 

Am J Psychiatry. 2000;157:683-694. 

 

79. Vucićević-Boras V, Brailo V, Lukac J, Kordić D, Blazić-Potocki Z. Salivary interleukin-

6 and tumor necrosis factor-alpha in patients with burning mouth syndrome. Oral Dis 

2006;12:353-355. 

 

80. Simcić D, Pezelj-Ribarić S, Grzić R, Horvat J, Brumini G, Muhvić-Urek M. Detection 

of salivary interleukin 2 and interleukin 6 in patients with burning mouth syndrome. 

Mediators Inflamm 2006;2006:54632. 

 

81. Xia J, Lin M, Jin Z. Correlations among mood disorder, serum interleukin-2 and 

interleukin-6 in patients with burning mouth syndrome.Hua Xi Kou Qiang Yi XueZaZhi 

2003;21:377-378.  

 

82. Rhodus NL, Cheng B, Myers S, Bowles W, Ho V, Ondrey F. A comparison of the pro-

inflammatory, NF-kappa B dependent cytokines: TNF-alpha, IL-1-alpha, IL-6, and IL-8 in 

different oral fluids from oral lichen planus patients. Clin Immunol 2005; 114:278–283. 

 

83. Yamano S, Atkinson JC, Baum BJ, Fox PC. Salivary gland cytokine expression in NOD 

and normal BALB⁄c mice. Clin Immunol 1999; 92:265–275. 

 

84. Schwarz MJ, Späth M, Müller-Bardorff H, Pongratz DE, Bondy B, Ackenheil M. 

Relationship of substance P, 5-hydroxyindole acetic acid and tryptophan in serum of 

fibromyalgia patients. Neurosci Lett 1999;259:196-198. 



36 

 

 

85. Hofmann P, Loimer N, Chaudhry HR, Pfersmann D, Schmid R, Wieselmann G. 5-

Hydroxy-indolacetic-acid (5-HIAA) serum levels in depressive patients and ECT. J 

Psychiatr Res 1996;30:209-216 

 

86. Artigas F, Sarrias MJ, Martinez E, Gelpi E, Alvarez E, Udina C. Increased plasma free 

serotonin but unchanged platelet serotonin in bipolar patients treated chronically with 

lithium. Psychopharmacology 1989;99:328–332. 

 

87. Kuroishi T, Tanaka Y, Sakai A, Sugawara Y, Komine K, Sugawara S. Human parotid 

saliva contains soluble toll-likereceptor (TLR) 2 and modulates TLR2-mediated 

interleukin-8 production by monocytic cells. Mol Immunol 2007;44:1969–1976. 

 

88. Uehara A, Sugawara S, Watanabe K, Echigo S, Sato M, Yamaguchi T, Takada H. 

Constitutive expression of a bacterial pattern recognition receptor, CD14, in human salivary 

glands and secretion as a soluble form in saliva. Clin Diagn Lab Immunol 2003;10:286–292. 

 

89. Pulendran B, Palucka K, Banchereau J. Sensing pathogens and tuning immune 

responses. Science 2001;293:253–256. 

 

90. Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate immunity. Cell 

2006;124:783–801. 

 

91. Ishii KJ, Coban C, Akira S. Manifold mechanisms of toll-like receptor-ligand 

recognition. J Clin Immunol 2005;25:511–521. 

 

92. Wang PL, Ohura K. Porphyromonas gingivalis lipopolysaccharide signaling in gingival 

fibroblasts-CD14 and Toll-like receptors. Crit Rev Oral Biol Med 2002;13:132–142. 



37 

 

 

93. Hajishengallis G, Martin M, Sojar HT et al. Dependence of bacterial protein adhesins on 

toll-like receptors for proinflammatory cytokine induction. Clin Diagn Lab Immunol 

2002;9:403–411. 

 

94. Hajishengallis G, Tapping RI, Harokopakis E et al. Differential interactions of fimbriae 

and lipopolysaccharide from Porphyromonas gingivalis with the Toll-like receptor 2-

centred pattern recognition apparatus. Cell Microbiol 2006;8:1557–1570. 

 

95. LeBouder E, Rey-Nores JE, Rushmere NK et al. Soluble forms of Toll-like receptor 

(TLR)2 capable of modulating TLR2 signaling are present in human plasma and breast 

milk. J Immunol 2003;171:6680–6689. 

 

96. Pogrel MA, Low LM, Stern R. Hyaluronan (hyaluronic acid) and its regulation in 

human saliva by hyaluronidase and its inhibitors. J Oral Sci 2003;41:667–671. 

 

97. Lundy FT, Linden GJ. Neuropeptides and neurogenic mechanisms in oral and 

periodontal inflammation. Crit Rev Oral Biol Med 2004;15:82-98. 

 

98. Nicolodi M, Del Bianco E. Sensory neuropeptides (substance P, calcitonin gene-related 

peptide) and vasoactive intestinal polypeptide in human saliva: their pattern in migraine and 

cluster headache. Cephalalgia 1990;10:39-50. 

 

99. Staud R, Spaeth M. Psychophysical and neurochemical abnormalities of pain 

processing in fibromyalgia. CNS Spectr 2008;13:12-17. 

 

100. Thoenen H. The changing scene of neurotrophic factors. Trends Neurosci 

1991;14:165–170. 



38 

 

 

101. Indo Y, Tsuruta M, Hayashida Y et al. Mutations in the TRKA⁄NGF receptor gene in 

patients with congenital insensitivity to pain with anhidrosis. Nat Genet 1996;13:485–488. 

 

102. Shu XQ, Mendell LM. Neurotrophins and hyperalgesia. Proc Natl Acad Sci USA 

1999;96:7693–7696. 

 

103. Kulka M, Sheen CH, Tancowny BP, Grammer LC, Schleimer RP. Neuropeptides 

activate human mast cell degranulation and chemokine production. Immunol 

2008;123:398–410. 

 

104. Walsh LJ. Mast cells and oral inflammation. Crit Rev Oral Biol Med 2003;14:188-198. 

 

105. Metcalfe DD, Baram D, Mekori YA. Mast cells. Physiol Rev 1997;77:1033–1079. 

 

106. Galli SJ, Nakae S, Tsai M. Mast cells in the development of adaptive immune 

responses. Nat Immunol 2005;6:135–142. 

 

107. Kawabata A, Kawao N, Kuroda R et al. Peripheral PAR-2 triggers thermal 

hyperalgesia and nociceptive responses in rats. NeuroReport 2001;12:715–719. 

 

108. Vergnolle N, Bunnett NW, Sharkey KA et al. Proteinase activated receptor-2 and 

hyperalgesia: a novel pain pathway. Nat Med 2001;7:821–826. 

 

109. Leon A, Buriani A, Dal Toso R et al. Mast cells synthesize, store, and release nerve 

growth factor. Proc Natl Acad Sci USA 1994;91:3739–3743. 

 

110. Amann R, Schuligoi R, Lanz I, Peskar BA. Effect of a 5-lipoxygenase inhibitor on 



39 

 

nerve growth factor-induced thermal hyperalgesia in the rat. Eur J Pharmacol 1996;306:89–

91. 

 

111. Bennett G, Al-Rashed S, Hoult JR, Brain SD. Nerve growth factor induced 

hyperalgesia in the rat hind paw is dependent on circulating neutrophils. Pain 1998;77:315–

322. 

 

112. Giorgi R, Pagano RL, Dias MA et al. Antinociceptive effect of the calcium binding 

protein MRP-14 and the role played by neutrophils on the control of inflammatory pain. J 

Leukocyte Biol 1998;64:214–220. 

 

113. Schlegel-Zawadzka M, Zieba A, Dudek D, Zak-Knapik J, Nowak G. Is serum copper a 

trait marker of unipolar depression? A preliminary clinical study. Pol J Pharmacol 

1999;51:535–538. 

 

114. Banki CM, Vojnik M, Papp Z, Balla KZ, Arató M. Cerebrospinal fluid magnesium and 

calcium related to amine metabolites, diagnosis, and suicide attempts. Biol Psychiatry 

1985; 20: 163–171. 

 

115. Galland L. Magnesium and inflammatory bowel disease. Magnesium 1988;7:78–83. 

 

116. Maes M, De Vos N, Demedts P, Wauters A, Neels H. Lower serum zinc in major 

depression in relation to changes in serum acute phase proteins. J Affect Disord 

1999;56:189–194. 

 

117. Vucićević-Boras V, Lukinac LJ, Cekić-Arambasin A. Evaluation of tumour markers in 

patients with burning mouth syndrome. Oral Oncol 2003;39:742-744. 

 



40 

 

118. Chen Q, Xia J, Lin M, Zhou H, Li B. Serum interleukin-6 in patients with burning 

mouth syndrome and relationship with depression and perceived pain. Mediators Inflamm 

2007;2007:45327. 

 

119. Pekiner FN, Demirel GY, Gümrü B, Ozbayrak S. Serum cytokine and T regulatory cell 

levels in patients with burning mouth syndrome. J Oral Pathol Med 2008;37:528-534. 

 

120. Loeb LM, Naffah-Mazzacoratti MG, Porcionatto MA et al. Chondroitin sulfate and 

kallikrein in saliva: markers for glossodynia. Int Immunopharmacol 2008;8:1056-1058. 

 

121. Guimarães AL, de Sá AR, Victoria JM, de Fátima Correia-Silva J, Gomez MV, Gomez 

RS. Interleukin-1beta and serotonin transporter gene polymorphisms in burning mouth 

syndrome patients. J Pain 2006;7:654-658. 

 

122. Srinivasan M, Kodumudi KN, Zunt SL. Soluble CD14 and toll-like receptor-2 are 

potential salivary biomarkers for oral lichen planus and burning mouth syndrome. Clin 

Immunol 2008;126:31-37. 

 

123. Pekiner FN, Gümrü B, Demirel GY, Ozbayrak S. Burning mouth syndrome and saliva: 

detection of salivary trace elements and cytokines. J Oral Pathol Med 2009;38:269-275. 

 

124. Zidverc-Trajkovic J, Stanimirovic D, Obrenovic R et al. Calcitonin gene-related 

peptide levels in saliva of patients with burning mouth syndrome. J Oral Pathol Med 

2009;38:29-33. 

 

125. Suh KI, Kim YK, Kho HS. Salivary levels of IL-1beta, IL-6, IL-8, and TNF-alpha in 

patients with burning mouth syndrome. Arch Oral Biol 2009;54:797-802. 

 



41 

 

126. Borelli V, Marchioli A, Di Taranto R et al. Neuropeptides in saliva of subjects with 

burning mouth syndrome: a pilot study. Oral Dis 2010;16:365-374. 

 

127. Streckfus CF, Bigler LR. Saliva as a diagnostic fluid. Oral Dis 2002;8:69-76. 

 

128. Kaufman E, Lamster IB. The diagnostic applications of saliva - a review. Crit Rev 

Oral Biol Med 2002;13:197-212. 

 

129. Choo RE, Huestis MA. Oral fluid as a diagnostic tool. Clin Chem Lab Med 

2004;42:1273-1287. 

 

130. Benarroch EE. Pain-autonomic interactions. Neurol Sci 2006;27(Suppl 2):s130-s133. 

 

131. Nater UM, Rohleder N. Salivary alpha-amylase as a non-invasive biomarker for the 

sympathetic nervous system: current state of research. Psychoneuroendocrinology 

2009;34:486-496. 

 

132. van Stegeren AH, Wolf OT, Kindt M. Salivary alpha amylase and cortisol responses to 

different stress tasks: impact of sex. Int J Psychophysiol 2008;69:33-40. 

 

133. Lauria G, Majorana A, Borgna M et al. Trigeminal small-fiber sensory neuropathy 

causes burning mouth syndrome. Pain 2005;115:332-337. 

 

134. Labrie F, Luu-The V, Labrie C, et al. Endocrine and intracrine sources of androgens in 

women: Inhibition of breast cancer and other roles of androgens and their 

precursordehydroepiandrosterone. Endocr Rev 2003;24:152–182. 

 

135. Gago N, El-Etr M, Sananès N et al. 3alhpa, 5alpha-Tetrahydroprogesterone 



42 

 

(allopregnanolone) and gamma aminobutyricacid: Autocrine / paracrine interactions in the 

control of neonatal PSA-NCAM+ progenitor proliferation. J Neurosci Res 2004;78:770–

783. 

 

136. Mameli M, Carta M, Partridge LD, Valenzuela CF. Neurosteroid-induced plasticity of 

immature synapses via retrograde modulation of presynaptic NMDA receptors. J Neurosci 

2005;25:2285–2294. 

 

137. Rune GM, Frotscher M. Neurosteroid synthesis in the hippocampus: Role in synaptic 

plasticity. Neuroscience 2005;136:833–842. 

 

138. Belelli D, Herd MB, Mitchell EA et al. Neuroactive steroids and inhibitory 

neurotransmission: Mechanisms of action and physiological relevance. Neuroscience 

2006;138:821–829. 

 

139. Derogatis LR. SCL-90 (Revised) manual. Clinical Psychometrics Research Unit, 

Baltimore, MD. 

 

140. Schwartz E, Granger DA. Transferrin enzyme immunoassay for quantitative 

monitoring of blood contamination in saliva. Clin Chem 2004;50:654–656. 

 

141. Kho HS, Lee JS, Lee EJ, Lee JY. The effects of parafunctional habit control and 

topical lubricant on discomforts associated with burning mouth syndrome (BMS). Arch 

Gerontol Geriatr 2010;51:95–99. 

 

142. Ko JY, Park IH, Park HK, Kho HS. Outcome predictors of initial treatment with 

topical lubricant and parafunctional habit control in burning mouth syndrome (BMS). Arch 

Gerontol Geriatr 2011;53:263-269. 



43 

 

143. Rojo L, Silvestre FJ, Bagan JV, de Vicente T. Prevalence of psychopathology in 

burning mouth syndrome. A comparative study among patients with and without psychiatric 

disorders and controls. Oral Surg Oral Med Oral Pathol 1994;78:312–316. 

 

144. Lopez-Jornet P, Camacho-Alonso F, Andujar-Mateos MP. Salivary cortisol, stress and 

quality of life in patients with burning mouth syndrome. J Eur Acad Dermatol Venereol 

2009;23: 1212–1213. 

 

145. Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic stress and the 

hypothalamic-pituitary-adrenocortical axis in humans. Psychol Bull 2007;133:25–45. 

 

146. Izawa S, Saito K, Shirotsuki K, Sugaya N, Nomura S. Effects of prolonged stress on 

salivary cortisol and dehydroepiandrosterone: A study of a two-week teaching practice. 

Psychoneuroendocrinology 2012;37:852-858. 

 

147. Strous RD, Maayan R, Lapidus R et al. Dehydroepiandrosterone augmentation in the 

management of negative, depressive, and anxiety symptoms in schizophrenia. Arch Gen 

Psychiatry 2003;60:133–141. 

 

148. Wolkowitz OM, Reus VI, Roberts E et al. Antidepressant and cognition-enhancing 

effects of DHEA in major depression. Ann NY Acad Sci 1995;774:337–339. 

 

149. Wolkowitz OM, Reus VI, Keebler A et al. Double blind treatment of major depression 

with dehydroepiandrosterone. Am J Psychiatry 1999;156:646–649. 

 

150. Rosenfeld RS, Hellman L, Roffwarg H, Weitzman ED, Fukushima DK, Gallagher TF. 

Dehydroisoandrosterone is secreted episodically and synchronously with cortisol by normal 

man. J Clin Endocrinol Metab 1971;33:87–92. 



44 

 

 

151. Nieschlag E, Loriaux DL, Ruder HJ, Zucker IR, Kirschner MA, Lipsett MB. The 

secretion of dehydroepiandrosterone and dehydroepiandrosterone sulphate in man. J 

Endocrinol 1973;57:123–134. 

 

152. Fries E, Hesse J, Hellhammer J, Hellhammer DH. A new view on hypocortisolism. 

Psychoneuroendocrinology 2005;30:1010–1016. 



45 

 

 

Figure Legend 

 

Fig. 1. Patient flow diagram 



46 

 

 

 

Fig. 1



47 

 

Table 1. Age, salivary flow rate, salivary levels of blood contamination, cortisol, 17β-

estradiol, progesterone, DHEA, and salivary α-amylase activity in age-matched BMS patients 

and controls. 

  Controls (n = 15) Patients (n = 14) 
P-valuea 

Mean ± SD Mean ± SD 

Age (years)  68.1 ± 2.3 65.7 ± 4.9 0.102 

Flow rate 

(ml/min) 

UWS 0.15 ± 0.10 

(n = 15) 

0.08 ± 0.10 

(n = 14) 

0.008 

SWS 0.63 ± 0.49 

(n = 15) 

0.46 ± 0.25 

(n = 12) 

0.648 

Blood contaminationb 

(mg/dl) 

UWS 1.06 ± 0.57 

(n = 15) 

1.18 ± 0.46 

(n = 14) 

0.533 

SWS 0.66 ± 0.42 

(n = 15) 

0.61 ± 0.25 

(n = 12) 

0.943 

Cortisol 

 (µg/dl) 

UWS 0.237 ± 0.319 

(n = 15) 

0.263 ± 0.102 

(n = 13) 

0.029 

SWS 0.169 ± 0.098 

(n = 15) 

0.232 ± 0.094 

(n = 12) 

0.114 

17β-Estradiol 

 (pg/ml) 

UWS 2.009 ± 1.037 

(n = 13) 

2.289 ± 0.424 

(n = 8) 

0.064 

SWS 2.447 ± 0.621 

(n = 15) 

3.217 ± 0.942 

(n = 12) 

0.014 

Progesterone 

 (pg/ml) 

UWS 38.3 ± 13.4 

(n = 14) 

55.4 ± 29.9 

(n = 10) 

0.154 

SWS 37.9 ± 9.9 

(n = 15) 

39.2 ± 11.6 

(n = 12) 

0.943 

DHEA 

 (pg/ml) 

UWS 70.1 ± 39.8 

(n = 15) 

102.6 ± 43.8 

(n = 11) 

0.077 

SWS 65.8 ± 37.2 

(n = 15) 

75.2 ± 52.8 

(n = 12) 

0.981 

α-Amylase activity 

 (U/ml) 

UWS 

 

SWS 

158.7 ± 86.1 

(n = 15) 

139.8 ± 73.6 

(n = 15) 

184.3 ± 225.7 

(n = 14) 

154.1 ± 83.1 

(n = 12) 

0.451 

 

0.581 

BMS, burning mouth syndrome; UWS, unstimulated whole saliva; SWS, stimulated whole 

saliva; DHEA, dehydroepiandrosterone 
aThe Mann-Whitney U-test statistics for comparison 
bThe level of blood contamination was determined by measuring the transferrin level in saliva 

samples.
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Table 2. Age, salivary flow rate, salivary levels of blood contamination, cortisol, 17β-

estradiol, progesterone, DHEA, and salivary α-amylase activity in BMS patients according to 

age. 

  < 60 years (n = 14) ≥ 60 years (n = 14) 
P-valuea 

Mean ± SD Mean ± SD 

Age (years)  52.5 ± 2.7 65.7 ± 4.9 0.000 

Flow rate 

(ml/min) 

UWS 0.15 ± 0.13 

(n = 14) 

0.08 ± 0.10 

(n = 14) 

0.062 

SWS 0.51 ± 0.31 

(n = 14) 

0.46 ± 0.25 

(n = 12) 

0.742 

Blood contaminationb 

(mg/dl) 

UWS 0.87 ± 0.38 

(n = 13) 

1.18 ± 0.46 

(n = 14) 

0.054 

SWS 0.64 ± 0.31 

(n = 14) 

0.61 ± 0.25 

(n = 12) 

0.820 

Cortisol 

 (µg/dl) 

UWS 0.313 ± 0.220 

(n = 12) 

0.263 ± 0.102 

(n = 13) 

0.979 

SWS 0.289 ± 0.222 

(n = 14) 

0.232 ± 0.094 

(n = 12) 

0.940 

17β-Estradiol 

 (pg/ml) 

UWS 3.210 ± 2.835 

(n = 11) 

2.289 ± 0.424 

(n = 8) 

0.904 

SWS 3.031 ± 1.651 

(n = 14) 

3.217 ± 0.942 

(n = 12) 

0.193 

Progesterone 

 (pg/ml) 

UWS 91.9 ± 39.9 

(n = 11) 

55.4 ± 29.9 

(n = 10) 

0.036 

SWS 44.0 ± 25.2 

(n = 14) 

39.2 ± 11.6 

(n = 12) 

0.899 

DHEA 

 (pg/ml) 

UWS 162.1 ± 83.7 

(n = 12) 

102.6 ± 43.8 

(n = 11) 

0.190 

SWS 105.1 ± 69.1 

(n = 14) 

75.2 ± 52.8 

(n = 12) 

0.252 

α-Amylase activity 

 (U/ml) 

UWS 

 

SWS 

164.3 ± 112.4 

(n = 13) 

153.4 ± 71.1 

(n = 14) 

184.3 ± 225.7 

(n = 14) 

154.1 ± 83.1 

(n = 12) 

0.685 

 

0.860 

BMS, burning mouth syndrome; UWS, unstimulated whole saliva; SWS, stimulated whole 

saliva; DHEA, dehydroepiandrosterone 
aThe Mann-Whitney U-test statistics for comparison 
bThe level of blood contamination was determined by measuring the transferrin level in saliva 

samples. 
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Table 3. The severity of baseline symptoms and change in symptoms following treatments in 

patients with BMS. 

  

Baseline 

(Group I) 

After  

initial treatment 

(Group II) 

After  

clonazepam treatment 

(Group III) 

Significancea 

 

Burning 

(VAS) 

6.90 ± 2.16 (n = 30)b 

6.86 ± 2.23 (n = 28)c 

6.85 ± 2.24 (n = 24)d 

7.38 ± 1.58 (n = 17)e 

 

 

4.69 ± 2.72 (n = 24)d 

5.68 ± 2.27 (n = 17)e 

 

 

 

4.91 ± 2.27 (n = 17)e 

 

 

***(I,II) 

***(I,III)**(I,II)*(II,III) 

 

Eff-life 

(VAS) 

5.05 ± 2.80 (n = 30) b 

5.11 ± 2.75 (n = 28) c 

4.90 ± 2.73 (n = 24) d 

5.15 ± 2.31 (n = 17) e 

 

 

3.92 ± 2.90 (n = 24) d 

4.71 ± 2.75 (n = 17)e 

 

 

 

3.97 ± 3.21 (n = 17)e 

 

 

N.S. 

N.S. 

BMS, burning mouth syndrome; VAS, visual analog scale; Eff-life, the effect of oral 

complaints on daily life 
aThe Wilcoxon-signed ranked test statistics for comparison 
bThe total patients included 
cPost-menopausal patients 
dPatients re-evaluated following the initial treatment 
ePatients re-evaluated following both the initial treatment and clonazepam therapy 
*, P < 0.05; **, P < 0.01; ***, P < 0.001 
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강 열감증후  환  타액 Cortisol, 17β-Estradiol, Progesterone, 

Dehydroepiandrosterone, α-Amylase 연  

 

울 학  학원 과학과 강내과 · 진단학 공 

(지도 수 고  ) 

   

 

 

강 열감 후  강 막  뚜 한 병변 없   포함한 개 , 

술 막 등 강 막 체 또는  열감  감각 상  래하여 삶  

질  심각하게 하시키는 질 다. 강 열감 후  상  타액  재하는 

강에 한 어 생하고 병태생리학  스 드 몬  하게 

고 고 므  타액 지  연 가 주  고 다. 본 연   

강 열감 후   타액 cortisol, 17β-estradiol, progesterone, 

dehydroepiandrosterone (DHEA), α-amylase 도  과 비 하고, 러한 

질  료 결과  할 수 는 지  사  수 는지  사하는 

것 다. 강 열감 후   30 , 상  20  연 상  하여, 

비 극시 타액과 극시 타액  채취하 고 타액 비  하 다. 

타액 cortisol, 17β-estradiol, progesterone  DHEA 도는 역  하여 

하 고, α-amylase   maltotriose  질  사 하여 하 , 

타액  액 염도  해 타액 transferrin 도  하 다. 또한 

강 열감 후   신·심리학  특 과 타액 과  연  

찰하  해 간 신진단검사 (Symptom Checklist-90-Revision, SCL-90-R)  

시행하 다.  어 강 열감 후   료 과  타액 
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과  상 계  알아보  해 상 능습  , 공타액 처   

clonazepam 여 후 그 변  찰하  다 과 같  결과  얻었다. 

 

1. 에  비 극시 타액  cortisol 도 (P < 0.05)  극시 

타액  17β-estradiol 도 (P < 0.05) 가 하게 았다. 

 

2.  고연  (60  상) 과 저연령층 (60  미만) 로 나누었  

때, 고연령층에  비 극시 전타액  progesterone 도가 하게 낮았다 (P < 

0.05). 

 

3. 타액  도  SCL-90-R  든 항 간에는 한 상 계가 

나타나지 않았다. 

 

4. 타액  도  강 열감 후  료 과 사 에는 한 상  

계가 나타나지 않았다.  

 

 

상  결과는 강 열감 후  에  비 극시 타액  cortisol 

도  극시 타액  17β-estradiol 도가 하게 게 나타났다. 는 

강 열감 후  병태생리학  에 hypothalamic-pituitary-adrenal axis  

여  몬   애가 어  시해 다. 

 

 

                                                                        

주 어: 강 열감 후 ; 타액; Cortisol; 17β-Estradiol; Progesterone;  

Dehydroepiandrosterone; α-Amylase 

학  : 2009-30623 
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